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Data recorded on Z-fold paper by the Hewlett
Packard 7800 Series Rectilinear Recorder is 
instantly retrievable. Each page is numbered to 
simplify reference to recorded data. Z-fold chart 
packs store easily in their original cartons. 

Contactless pen tip sensing and a modulated 
pressure ink system produce traces of equal 
density from all signals and throughout the 
recorder 's variable speed ranges of .025 to 200 
mm. per second . You get blue ink reproducibil
ity compatible to diazo or any similar process. 

Designed witti modular, solid-state electronics, 
the 7800 Systems provide high-resolution, per
manent, rectilinear recording of up to eight vari
ables from de to 150 Hz. 

Eight 8800 Series Preamplifiers provide signal 
conditioning to the driver-amplifiers which drive 
the recording pens. The recording system is 
available with eight different or eight identical 
preamplifiers of your choice. Frequency 

Z-fold paper 
zip codes data 
for quick retrieval 

response of the recorder is 150 Hz for 10 div p-p 
deflection and 58 Hertz maximum for full scale 
deflection. Maximum ac or de non-linearity is 
0.5% full scale. Additional features include: 
choice of chart paper in Z-fold packs or rolls ; 
14 electrically-controlled chart speeds; built-in 
paper take-up ; ink supply warning light ; dispos
able plug-in ink supply cartridge that may be 
replaced while the recorder is in operation and 
modular construction for easy maintenance. 

For complete information on the 7800 Series, 
optional and related equipment, contact your 
local HP Field Office or write Hewlett-Packard, 
Waltham Div., 175 Wyman St., Waltham, Mass. 
02154. In Europe: 1217 Meyrin-Geneva, Switzer
land . 

See the new HP Analog-to-Digital 
Converter at the IEEE Show 
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We furnish the building blocks ... you 
design your system. You can go from 
a single generator to a complex 
system simply by connecting .the 
building blocks. 

The new HP 1900 pulse system is 
a new generation of plug-in pulse 
generators-a new all-around bench 
instrument that solves both high and 
low voltage rise and fall problems. 
It is especially suitable for test
ing magnetic memory devices where 
high current output is required, or 
testing MOS logic devices requiring 
high voltages. 

The HP 1900 now provides 50 V, 
1 amp pulses into 50 n up to 100% 

duty cycle, variable rise and fall times 
from 7 ns to 1 ms, 25 Hz to 25 MHz 
rate, delay from 15 ns to 10 ms-all 
for a total price of $2750. For 2 to 
16-bit word format, add the 50 MHz 
HP 1925A Word Generator. You can 
use this plug-in to create pseudo
random noise or get a word or its 
complement in return-to-zero or 
non-return-to-zero modes. An option 
makes the 1900 system electronically 
programmable. 

And the new 1900A system is no 
paper tiger! All its specifications are 
working specs - if anything, con
servative. 

Plug-in design of the 1900A system 
allows you to select the best per
formance combination for your re
quirements - and modify later to 

It's expandable-the new 
HP 1900 pulse system 
for clean, controllable, 
high-power pulses! 

meet your changing needs. Soon-to
come are new modules providing 
sub-nanosecond rise and fall times, 
lower power output stages at much 
lower prices - and more exotic 
modules with excitingly new state
of-the-art specifications. 

Start designing your pulse genera
tor system today with the expand
able HP 1900A system. Call your 
nearest HP field engineer for com
plete specifications. Or, write to 
Hewlett-Packard, Palo Alto, Cali
fornia 94304. Europe: 1217 Meyrin
Geneva, Switzerland. 
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Readers Comment 

Status at stake 

To the Editor: 
In the article entitled "Engineers 

accept the risk of layoffs as part 
of the game in defense field" [Jan. 
20, p. 122], you missed a couple of 
other bad results of this unstable 
condition. One of these is that the 
continual changing of jobs results 
in broad experience, put not much 
depth. Many engineers are conse
quently not much better off tech
nically than technicians. Excellence 
almost always results from long 
periods of diligent effort in the 
same technical area. 

The continual moving noted in 
tl1e article also contributes to the 
lack of professional recognition of 
engineers. The man who moves 
into the block and stays for a few 
years and then moves out can 
hardly be considered a solid citi
zen like the physician who stays 
in the same spot for years. Being 
laid off does not help the engi
neer's professional standing, either. 
Real professionals do not have that 
kind of problem. 

I am not sure that Robert Tal
bott' s proposed engineers' union is 
the needed solution, but certainly 
a stronger organization is required. 
Our present professional organiza
tions do a great job in the technical 
areas but are a complete flop in 
their approach to the achievement 
of professional recognition. Polish
ing our halos while watching for 
big brother to act just will not 
bring about the needed change. If 
we want to be real professionals, 
we need to lay down some rules 
to govern our own profession. Both 
engineering and society in general 
should benefit. 

Fred L. Washburn Jr. 
Severna Park, Md. 

1-r detectors 

To the Editor: 
Your survey of infrared detectors 

[Jan. 20, p. 91] is excellently pre
sented but is unfortunately limited 
to solid state photoconductor and 
photovoltaic devices. 

This could leave a designer, 
faced with the problem of selecting 
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... looking for a ~P..ecific self-mounting 'lytic? 

Choose from TWIST-LOK® 

INFORMATION RETRIEVAL NO. 109 

or WRAP-LOK 
CAPACITORS / 
Two styles for use in entertainment electronics and other commercial 
equipment with similar environmental conditions. The widely-used 

Twist-Lok has integral mounting ears which are twisted after 
fitting through slots in chassis or mounting plate. The Wrap-Lok has 

sharp-cornered terminals for wire-wrap type connections. 

Both styles have unique sandwich-type end seal and dependable 
venting system. All connections between terminals and capacitor sections 

are welded to assure freedom from intermittents or open circuits. 
Available with bare case, Kraftboard tube, or plastic sleeve. 

4SC·8148 

... need a reliable wire wound resistor? 

Specify ACRASIL® 

INFORMATION RETRIEVAL NO. 110 

PRECISION/POWER 
RESISTORS 
Excellent stability and reliability, even under extended load life, 

extremely high humidity, and other adverse operating conditions. 

Expansion coefficient of silicone coating is closely matched to that of 

ceramic base to insure against damage to resistance winding. 

Coating provides exceptional protection against moisture, shock, 

vibration, fungus. Available with standard and non-inductive windings. 

Resistance tolerances as close as ± 0.05%. 

For complete technical data on Twist-Lok and Wrap-Lok Capacitors, write 
for Engineering Bulletin 3140A. For information on Acrasil Resistors, 
request Bulletins 74SOA and 7450.1. Write to: Technical Literature Serv
ice, Sprague Electric Co., 35 Marshall St., North Adams, Mass. 01247. SPRAGUE® 

THE MARK OF RELIABILITY 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
'Spr11u1' and · @·ere re1istered t,.dtm1rks of the Sp,.cue Electric Co . 
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Close your DVM 
credibility gap 

.. . with the new 1822 Digital Voltmeter Calibrator 

How well do you trust your DVM? Is 
its calibration still right? How about its 
linearity? Is the reading subject to 
hysteresis? Are you sure what effect 
input loading has on accuracy? How 
about the DVM's susceptibility to 
interfering voltages? 

How do you find out? You could tear 
down your setup and drag your DVM 
to the standard s lab for calibration . 
But wouldn't it be nice if the standards 
lab could come to you for a change? 

We think we've worked out a way to 
bring the mountain to Mohammed and 
get those DVM calibration jobs done 
with the new GR 1822 Digital Voltmeter 
Cal ibrator. Here's an instrument that 
doesn't need the security blanket of 
standard lab conditions to do its job -
it can come to you . And, convenient ly 
too . A ll calibration functions are 
incorporated into one, small, easily 
transportable instrument. 

All you have to do is bring the 1822 
to your DVM, select a test voltage range, 
connect in your DVM, and push a 
button. Then, sit back and watch while 
an automatic test program takes you r 

--- ' - ·~ 

- - .. ,._ -· 
'~ ":" .. • • -.- 't:.'.,.:.. 
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DVM progressively through its decades . 
Se lect in put loading or interfering 
voltages as desired. That's all there is 
to it. The test in g method is in 
accord ance with propos,~d USASI 
procedures for DVM's and Ratio 
Meters (USAS C39-6; soon to be 
released). 

The 1822 is not limited to DVM testing . 
Anything that measures, transmits, or 
transduces analog voltages can be 
checked. And, the 1822 can be remote 
programmed for use as a systems 
cal ibration device. 

The 1822 may create a credibi li ty gap 
between you and your DVM's. But on ly 
for a little while . Then you'll swear by 
DVM's and not at them. 

SPECIFICATIONS 
DC Calibrating Voltages: 100µVto 1111.1 V 
in 7 decade ranges. 
Voltages Available in Each Range: 0.11111, 
0.22222, 0.33333, etc., to 1.1111. Zeros can 
be substituted if desired in the last four, 
two, or one digits (i.e., 0.30000, 0.33300, or 
0.33330). Standard cell output can also be 
selected (1.018700 to 1.019100 V, adjustable 
to match standard). 

Voltage Accuracy: Six-month accuracy is 
±(30 ppm of voltage + 10 ppm of full 
range + 3µV), except on 1-kV range which 
is ± (50 ppm of voltage + 10 mV). 
Warmup and Stability: Output essentially 
within above accuracy after 15 minutes 
warmup from cold start. Stability over a 
24-hour period is within ± (20 ppm of 
voltage + 2 µV). 
Interference Voltages Available: 1, 10, 
100 V ± 10%, de or peak ac. Choice of 
common-mode ac and de (low terminal to 
case) and normal-mode ac (algebraically 
added to output). AC voltage is from line 
or can be provided externally (5-V pk) . 
Output Impedance: Less than 0.2 fl 
above 1 V and 200 fl below 100-mV in 
"zero"-ohm position; 1-kfl, 10-kfl, or 
100-kfl outputs, switch selectable. 
Programmability: Internal automatic 
program sequences voltages from 1 /10 of 
full scale to full scale and back down 
again. Maximum voltage range is switch 
se lected. Program begins at maximum 
range, then drops a range and repeats the 
program. Process continues until range 
reaches either a 1-V or 1-mV preselected 
minimum, or unt il told to stop. In addition, 
fun ctions controlling output range, digits 
and zeros can be remote programmed by 
switch closure or by "on" signal. 
Price: $2800 in U.S.A. 

For complete information, write 
General Radio Company.West Concord, 
Massachusetts 01781 ; telephone (617) 
369-4400. In Europe: Postfach 124, 
CH 8034, Zurich 34, Switzerland . 

GENERAL RADIO 
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Readers Comment 

a detector for a particular applica
tion, with the erroneous impression 
that only cryostatically cooled pho
todetectors can reach the spectral 
range over 10 microns. Actually, 
there are commercial thermal de
tectors that provide a nearly linear 
spectral response from the visible 
region to 40 microns and over, and 
that don't require cooling. 

A complementary article cover
ing such uncooled thermal detec
tors as bolometer, pyroelectric, and 
ferroelectric i-r cells might there
fore be in order. 

Alexis Argamakoff 
Cannes, France 

• Philip Shapiro of Aerojet-Gen
eral, author of the piece in ques
tion, replies: "The survey covered 
only solid state quantum detectors. 
A separate article on thermal radi
ation detectors would certainly be 
valuable, as would coverage of 
such devices as photomultiplier 
tubes and film. Quantum detectors 
were chosen for this survey be
cause their high detectivity and 
short time constants make them 
attractive for a majority of military 
applications in spite of the engi
neering complexities imposed by 
cryogenics." 

Zero-firing 

To the Editor: 
We have noted a New Products 

story [Jan. 20, p. 140] in which 
Omnionics claims that their zero
firing controls are the only commer
cial proportional controllers using 

this technique. Actually, zero-firing 
SCR power controls have been 
available since 1963 or so through
out the process-control industry. 

Our company, for example, has 
had them listed in our general cat
alog for two years now, and we 
know of several competitors who 
have been listing them longer than 
we have. In addition, we offer this 
feature for 120, 240, and 480 volts 
a-c, single phase or three phase 
from 10 amps to 600 amps. A typi
cal 10-amp, 120-volt (60- or 400-
hertz) unit would cost about $92 
and would operate up to 40°C. 

We have no particular ax to 
grind - if anything, proportional 
zero-firing has many operational 
limitations - but we thought that 
you should know that this is far 
from being a new product in 
the nonaerospace industrial world. 

Henry E. Payne 
President, 
Payne Engineering Co. 
South Charleston, W.Va. 

Missing in action 

To the Editor: 
The RCA Electronic Components 

division has been reported missing 
from a recent listing of infrared 
detectors and their suppliers [Jan. 
20, p. 93]. 

Though its name was omitted, 
RCA does produce a line of photo
tubes that are sensitive in the infra
red region. 

Arnold M. Durham 
RCA Electronic Components 
Harrison, N.J. 
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Applications Power* 

PUTTING 
CURRENT
LIMITER 
DIODES 
TO WORK 
Problem: How to provide a linear 
voltage sweep? 

Solution: Provide a constant charg
ing current to a capacitor ... with 
a Siliconix CL diode. 

.. 

r 

T 

The FET switch is initially closed 
with C charged to +lOv. At t, a 
-IOv opens the FET switch. C dis
charges linearly, due to the constant 
current characteristic of the CL 
diode. At t" the switch is closed; C 
is again charged. Sweep time is de
termined by the values of C and the 
CL diode. Flyback time depends on 
C and the FET switch RoN· FET 
switches are available with RoN as 
low as 5 ohms! 

For immediate applications assist
ance call the number below; ask for 
ex tension 19. 

~Silicanix 
~in carp crated 
1140 W. Evelyn Ave. • Sunnyvale, CA 94086 
Phone (408) 245-1000 • TWX: 910-339-9216 

*Applications Power: A wide prod
uct line and an in-depth applica
tions team to help you over new 
design hurdles. 
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Who's Who in this issue 

Blue Chen 

Apparently circuitous routes brought together Di Chen and M.D. Blue, 
co-authors of the article on elech·o-optical memories on page 108. 
Chen, who was born in Chekiang, China, got his BS from the National 
Taiwan University in Taipei, later going on to win a master's at the 
University of Minnesota and then a doctorate at Stanford. He taught 
for three years at Minnesota and did research on lasers and mag
netism. Since joining Honeywell's research center in 1962, he's been 
working on laser modulation and magneto-optic effects in feno
magnetic films. 

Blue's primary research interests are in the field of solid state 
physics. At the moment, he's heading a stepped-up program investi
gating wide-gap semiconductors; this activity resulted in part from 
prior research in optical memories. Applications efforts have reached 
the simulation stage-a development Blue sees as a timesaving step 
toward demonstrating eventual feasibility and getting on to the con
struction of prototype units. 

Reisman 

8 

Advancing the state of the art 
has been Arnold Reisman' s 
preoccupation since he joined 
IBM's Watson Laboratories in 
1953. Author of the article on 
the ins and outs of designing 
picosecond computers that 
begins on page 88, he worked 
for over three years as pro
gram manager in the com
pany's exploratory technol
ogy department investigating 
high-speed machines. Reis
man is now on a one-year as
signment as an advisor to the 
manager of technology at 
IBM's Components division. 

Maguire 

January is the time when assistant 
managing editor Tom Maguire 
alerts domestic bureau managers 
and department editors to get going 
on IEEE coverage. Tom, who 
headed Electronics' bureau in Bos
ton for over a decade before being 
moved to New York in 1967, co
ordinated the field reporting, which 
pointed to 1969 as the year of the 
instrument. As a result, the product 
preview beginning on page 98 
turned into an instrument roundup. 

Vena tor 

The need for more detailed design 
information-particularly a quick 
and accurate way to determine the 
coupling requirements of multi
resonator yig filters-impelled Walt 
Venator to assemble material for 
the article that begins on page 118. 
Now assistant national sales man
ager at Airtron, a division of Litton 
Industries, he's marketing the fer
rite devices he once used in design
ing filters . Walt anticipates a bright 
future for yig tuned devices. 
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Something He~ Has Been Added I 

Body EIA 
Code 1 Charac-

teristic 

082 NPO 

075 N750 

067 X7R 

023 Z5U 

CAPACITORS 

TRANSISTORS 

RESISTORS 

I Operating 
Temperature 

Range 

- 55 c 
to 

+125 c 

+25 c 
to 

+85 c 
- 55 c 

to 
+ 125 c 
- 55 c 

to 
+125 c 
+ 10 c 

to 
+85 c 

4x actual size 

UE MONOLYTHIC® 
CERAMIC CAPACITORS 

now have a phenolic terminal base 
Type 7C Radial-lead Capacitors are made with alternate layers of sprayed ceramic di
electric material and screened metallic electrodes, fired into a solid homogeneous block 
and coated with a tough phenolic resin. Their new bossed terminal base construction 
provides these advantages: (1) No resin run-down on leads. (2) Uniform lead spacing is 
automatically maintained. (3) No dirt and moisture entrapment; degreasing fluid flows 
freely between capacitor and board. 

1 

Maximum -1 
Cap.Change 

over WVDC 
Temp. Range 

50 
±60ppmj°C 100 

200 

-750 ± 120 
ppm;oc 50 

100 
Meets 200 

MIL-C-20 
Char. UJ 

50 
± 153 100 

+223, 50 - 563 

Capac- 1 Capac-
itance itance 
Range Tolerance 

51 pF ±203 
to ± 103 

.024 µF ± 53 
± 23 

± 203 
.001 µF ± 103 

to ± 53 
.082 µF ± 23 

.0018 µF ± 203 to ± 103 1.5 µF 

.01 µF + 80,-203 to 
3.3 µF ± 203 

Also made with axial 
leads, Monolythic® Ce
ramic Capacitors are 
available in four body 

formulations, including a newly-devel
oped 075 ceramic material, as de
scribed in the adjacent chart. 

• • • 
For complete fec:hnic:al clafa write for 
engineering hul/efins on Monolythic: 
Ceramic: Capacitors fo: T ec:hnic:al Litera
ture Service, Sprague E/ec:fric: Co., 35 
Marshall Sf., North Aclams, Mass. 01247. 

SPRAGUE COMPONENTS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES SPRAGUE® 
INTEGRATED CIRCUITS 

THIN·FILM MICROCIRCUITS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE-FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

THE MARK OF RELIABILITY 

' Spra1ue' and ·@· are re1istered trademarks of the Spra1ue Electric Co. 
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With Fairchild's new MOS MICROMOSAICr" arrays, you get low-cost, custom digital 
subsystems so fast they're almost off-the-shelf. 

The key to this lower cost and rapid turnaround time is the new computer-aided design 
technology we've developed for our MICROMOSAIC arrays. The entire design sequence
logic simulation and verification, cell selection and placement, artwork and test sequence 

generation- is performed by the computer directly from a logic diagram. Logic cells for the 
arrays are selected from a library of more than 45 pre-designed MOS functions (using 
either high- or low-threshold technology for MOS or bipolar interface compatibility). 

Each completed MICROMOSAIC array consists of only the logic your application calls for. 
With MICROMOSAIC arrays, your small, custom computers and special-purpose logic 

functions for industrial or military control systems can be competitive with standard products 

on price and delivery. And way ahead on performance. (It offers so much, we're 
using MICROMOSAIC for some of our own standard products.) 

Take the first step toward getting this technology into your -systems. Write for our Micromosaic 
Array Design Handbook today. It' ll tell you how much integration we can apply to your 
system. And give you an idea of how much time and money we can save you doing it. 

Fairchild Semiconductor A Division of Fairchild Camera 
FAIRCHILC and Instrument Corporation Mountain View, California 94040 
SEMICONDUCTOR (415) 962-5011 TWX: 910-379-6435. 
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When Pete Sylvan was a boy, 
if an adjustment wasn't needed 
it didn't exist. 



"Waste not, want not" was the life mode of technology 
when Pete Sylvan was growing up in Montclair, N.J. Function 
outranked form. Substance outweighed style. The'Thirties 
had no room for extravagance, no patience with overdesign. 
Planned obsolescence was an alien concept and a phrase 
unknown. 

Today Pete Sylvan designs semiconductor test instru
ments for Teradyne. His list of innovative patents is as long as 
your arm. Each one of them is as practical as a shoehorn. 

Like Pete Sylvan there's a bit of the'Thirties in all the 
designers at Teradyne. Each instrument is created to meet the 
practical needs of the production line and the quality-control 
and incoming-inspection operations of the manufacturers, 
distributors and users of electronic components. 

Take adjustments. They don't exist on Teradyne instru
ments. Not a single trimming potentiometer has ever been used. 
Calibration is reduced to a simple and infrequent verification 
procedure. 

Circuits with field adjustments are not used either, 
thereby preventing inevitable, embarrassing and expensive 
errors or readjustment. 

· Hard-nosed managers of companies who make, sell or 
use semiconductors have long since learned a painful axiom: the 
final cost of one bad electronic component that gets into an 
assembly is often greater than the purchase cost of the entire lot 
it came from. 

Accept the fact. You're in electronics to make money, 
not to tickle the creative fancy of an instrument designer. If an 
adjustment isn't needed, it shouldn't exist. It doesn't at 
Teradyne, 183 Essex Street, Boston, Massachusetts 02111. 

Teradyne makes sense. 



~iconductor 
Burn-in 

Economical TEC 
power aging and 
life test systems 

save you 
time and money 

Test Equipment Corporation has 
for years designed and developed 
sophisticated environmental test 
equipment. This experience plus 
total "in-house" capabilities of
fers both manufacturer and user 
significant time and cost savings 
for semiconductor burn-in and 
life test. 

Total "in-house" TEC manu
facturing capabilities range from 
printed circuit boards, fixturing 
and socketing to NASA-approved 
machine shop, electrical assem
bly and micro-welding facilities. 
This makes possible extremely 
fast turn-around, thus saving 
valuable time and money. 

In addition, TEC develops, 
builds and operates for customers 
complete "in-house" power aging 
and test facilities capable of 
meeting the most stringent 
requirements. 

To discover 
how TEC burn

l: in systems and 
"in-house" f acili
t ie s can help 
you, please write 
for this descrip-

' tive brochure. 

Test Equrpment 
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CORPORATION 
P.O. BOX 20215, DALLAS, TEXAS 75220 • 214/357-6271 
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Between now and next September, 
when the plan for the next decade 
of space exploration is laid on 
President Nixon's desk, Lee A. Du
Bridge, 67, is going to be a busy 
man. The Presidential adviser on 
science and his still-small staff will 
be talking to scores of experts and 
sorting out hundred of ideas in 
drawing up the document that may 
be the most important statement 
of purpose for the national space 
program since President Kennedy 
announced the U.S. would place a 
man on the moon by 1970. 

DuBridge announced last month 
that his group will submit a set of 
proposals for an "entirely new" 
space program for the decade fol
lowing the first manned landing on 
the moon. "My personal feeling," 
said DuBridge, "is that a balanced 
space program is more desirable 
for the next 10 years than one dom
inated by a single national goal." 

He went on to hint that space 
applications and unmanned plane
tary exploration may be most ap
propriate in the decade ahead. 

Special interests. Preparing the 
document won't be easy; Du
Bridge's major problem will be to 
satisfy the needs of NASA, the Pen
tagon, the National Space Council, 
and the White House Office of Sci
ence and Technology. He is now 
searching for a new NASA admin
istrator and a new executive secre
tary for the National Space Coun
cil. 

Du Bridge 

Besides space, DuBridge is go
ing to have a great deal to say 
about such important issues as dis
armament, defense, and the appli
cation of technology to urban 
problems. Though the issues he 
will confront are diverse, they're 
probably no more so than Du
Bridge himself. A physicist who 
has made his greatest mark as an 
administrator, he has been presi
dent of the California Institute of 
Technology since 1946. Before that 
he was wartime director of the 
MIT's Radiation Laboratory, where 
crucial radar development work 
was done. 

Extra duty. His ties to the Gov
ernment are as strong as his ties to 
the academic community. Over the 
years, he has served on a host of 
councils and boards exerting great 
influence on U.S. science policy. 
Among the many: the General Ad
visory Council to the Atomic En
ergy Commission and the Air 
Force Science Advisory Board. 
And as president of Cal Tech, his 
relationship with the space pro
gram was close; the institution 
manages the Jet Propulsion Labor
atory for NASA. 

There is much speculation as to 
how his political influence will 
affect science, but nobody is pre
dicting that he will sell it short. 
One official at NASA headquarters 
puts it this way: "We're really in 
limbo until DuBridge sets things 
straight. Nobody thinks he'll put 
us in high gear for a mammoth 
program, but most of us think he'll 
schedule a program that will keep 
us in good health." 

"It's not economical for a large 
company to devote a lot of time to 
one type of transducer with a total 
market of $40,000 to $50,000 a 
year," says Ephraim Konigsberg. 
"They won't be paid back, but I 
can be." 

When he worked for Electro
Optical Systems, he established 
and managed the biomedical in
strumentation department, and 
made it profitable by specializing in 
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Helipot 
building blocks 
stack up 
to more 
convenience 
and economy. 
Helipot's wide and expanding selection of standard 
hybrid cermet microcircuits-locally stocked throughout 
the country-give you reliable, inexpel')sive, off-the-shelf 
solutions to your complex design problems. In addition, 
Helipot building blocks help eliminate expensive design 
time and reduce purchasing, stocking, and production 
to their minimums. Whatever your need, you'll be 
interested in the new 48-page He/ipot Microcircuits 
Catalog. For your copy, simply send a 
request on your company letterhead. 

Beckman"" 

INSTRUMENTS, INC. 

HELIPOT DIVISION 

2500 HARBO R BOUlEVARD 

FUll ERTON, CAll fO RN IA • 9263• 

INTERNATIONAL SUBSIDIARIES: AMSTERDAM , CAPE TOWN, GENEVA, GlENROTHES. SCOTLAN D; 

lONOON, MEXICO CITY; M UNICH. PARIS; STOCKHOLM; TOKYO; Vl(NNA 

\ 
20 ... 

HIGH 
SPEED 
FUSES 

LAMP & RELAY 
DRIVERS 

LADDER 
NETWORKS 

HEAT 
DI SS IPATORS 

OVERVOLTAGE 
CROWBARS 

LADDER 
SWITCHES 
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- SOLID CARBIDE 
Va" SHANK 
CIRCUIT BOARD DRILLS 
Series 260, 262 & 265 

Precision drilling with every orill size. 
58 drill sizes from 0.005" to 0.125". 
Maintain location and hole size tolerances 
to very close limits .. . at drill feeds 
up to 15 feet per minute. Ends delamination 
and bur problems. Use same collets and 
bushings for every drill size. Write for 
Catalog 067. 

Unique four facet drill point 
for chip-clearing 

precision penetration. 

AIR 
BEARING 
SPINDLES 

Rotational center line runs true 
to less than 2 millionths of an inch! 
Speeds up to 100,000 RPM. 
Totally free of vibration ... 
spindle shaft literally floats on air. 
Friction free with air turbine 
drive for cool operation constantly! 
Ideal for circui~ board drilling 
and routing. Also supplied with 
electric high-frequency drive. 
Write for Catalog AB&B. 

SOLID CARBIDE 
DIAMOND CUT ROUTERS 
Diamond cut teeth, not flute edges, give 
faster, smoother routing of all materials. 
Hold closer tolerances, last'longer than 
standard design routers. Cut stacked boards 
without board flutter. 
Write for Catalog E68. 

THE METAL REMOVAL COMPANY 
1859 West Columbia Avenue / Chicago, Illinois 60626 
Plants located in CHICAGO • LOS ANGELES • SAN JUAN 

MASTER TOOL AND WHEEL MAKERS FOR THE WORLD 
END MILLS I DRILLS I REAMERS I BURS I SPECIAL TOOLING 
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implantable pressure transducers 
for medical researchers. Then, 
when EOS sold the line to the Whit
taker Corp., Konigsberg, now 44, 
decided to go into business for 
himself. 

He founded Konigsberg Instru
ments in January 1968, and finds 
that Whittaker, with about 60% 
of a $250,000 annual market in im
plantable transducers, is his chief 
competitor-ironically, with a line 
he originally developed. With 
about $60,000 in sales after the 
first year, Konigsberg's share of the 
market is now about 25%. 

Many facets. He started his own 
company because he "didn't want 
to become an organization man, 
and because most large companies 
put you in a sales, engineering, or 
managerial slot, and I didn't want 
to abi,mdon any facet of my interest 
in all three." He thoroughly en
joys working directly with medical 
researchers to help them solve new 
pressure-measuring problems. 

A researcher recently asked Kon
igsberg for a low-pro6le transducer 
to be implanted in a lamb foetus. 
He redesigned one of his standard 
products, built it in two days, and 
was ready to ship it in five. "In a 
larger corporation, you have to get 
approval for this sort of thing, and 
in my former job, getting approval 
alone would have taken two weeks 
-if I got approval. Large corpora
tions want to satisfy human needs, 
just as I do, but they prefer to 
satisfy million-dollar-market human 
needs because they can't afford to 
sustain more modest ones." 

New areas. Konigsberg doesn't 
expect to become head of a large 
corporation, but he isn't content to 
stay at $60,000, either. He wants to 
master the manufacture of implant
able pressure transducers, hire a 
manager for that field, then move 
on to other areas-measuring tem
perature and blood flow, making 
telemetry devices-and beyond into 
clinical medical instrumentation. 
Each time he develops a new trans
ducer, however, he hopes to turn 
it over to a product manager and 
return to the thing he enjoys most 
-working with a few pioneering 
researchers in a few selected areas 
of technology. 

Electrolube stand# should be 4H33-+-



Beckman Instruments is 
one of the most demanding custorner~s~ 

we've ever had. 

We make so many taut-band meters at 
Honeywell, that when Beckman Instruments 
came to us for a taut-band meter, we were 
pretty confident. 

" Take a look through oar catalog," we 
told them. "Just tell us which one you 
want." 

" We've taken a look through your cata
log," they told us, "and .you don't have the 
one we want." 

Then they told us what they wanted : 

They wanted a very special meter to be 
used as the readout device in a new line 
of pH instruments that Beckman was de
signing. 

The meter had to have incredible accu
racy : To 0.05 pH (0.35% F.S.). A read
ability within 0.02 pH units. And an 8.1 inch 
scale. (They were asking us to make the 
largest meter we had ever made.) 

Wow. 
Well , Beckman got the meter they 

wanted. Because they were demanding. 
If you need a very special meter, we sug

gest you write Honeywell Precision Meter 
Division, Manchester, N.H. 03105. 

Take a look through our catalog. Just 
tell us which one you want. 

And if we don 't have the one you want, 
be demanding. 

Honeywell 
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Insisting on one bran 
or the right product? 



5 revealing questions to 
ask hybrid manufacturers: 

2 How large is your 
selection of hybrid 

components? Back to the 
Fairchild stores, where 
we've got those 10 mil
lion dice. They include 
everything from simple 
diodes to complex LSI 
functions. If you need it, 
you can get it right now. 
From Fairchild. 

1 Do you manufacture your own chips? Fairchild 
does. We're the only manufacturer that manufac,... 

tures, tests and stores our own chips. We test over 
three million dice in our hybrid facility every month. 
And we store over 10 million dice, ready to be used 
right now. Response to any demand is quick and in 
volume. From Fairchild. 

3 Can you offer computer-aided design? Fairchild not only offers, but delivers. 
If th6se 10 million single chips in our facility won't do your job best, we give 

your problem to our CAD group. With our new computer-aided design tech

26 

nology, the whole design procedure 
-choosing the logic elements to 
implement your function, gener
ating diffusion and metalization 
masks, even setting up functional 
and electrical test sequences for 
checking out the completed device 
-is all handled by the computer. 
It's just one of the things that 

Electronics I March 3, 1969 



makes our prices the lowest in the industry. Your special functions are available 
fast and economically. From Fairchild. 

4 Are you limited to any SPEt-
cific technology? Not at 

Fairchild.We use the technique 
that's best for you. Thick film 
for economy. Thin film for accu
racy and radiation resistance. 
Thin film on silicon if the func
tion calls_ for a lot of active 
devices-discretes, MOS or LSI 
r-and few passive ones. What
ever's right. From Fairchild. 

5 Can you make hybrids in production quantities? At 
Fairchild, we make so many hybrids we've even got a 

line of standard hybrid functions priced like discretes. Hybrid 
production is on an assembly line basis, with the lines split 
according to the complexity of the functions being manu
factured. Skills and equipment are matched exactly to the 
products. The products are right on price, performance and 
reliability. From Fairchild. 

When all the answers are in, you'll find that Fairchild is the 
only manufacturer that qualifies as a complete hybrid source. 
For everything. Packages. Products. Substrates. Volume. 

If there are more questions, 
you can get one brochure that F ~ I RC 1-11 L. CJ 
has all the answers. Only from 
Fairchild. Write for it today! SEMICONDUCTOR 

Fairchild Semiconductor/ A Division of Fairchild Camera and Instrument Corporation 
313 Fairchild Drive, Mountain View, California 94040 (415) 962-5011/TWX:910-379-6435 
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Specify E.S.I. 

quadrature 
hybrid 

couplers 
Our line of 3 db Quadrature 

Couplers features an equal power 
split with a 90° phase differential 

between output ports. 

There are 5 models in our current 

line. All use standard 3mm 

miniature coaxial connectors. 

Freq. Typical Typical Main 
Model (GHz) lsol. Line VSWR 

D-5924-L 1-2 28 1.20 
D-5924.S 2-4 25 1.20 
0-5924-C 4-8 20 1.25 
D-5924-X 8-12 18 1.30 

Max. Deviation from mean output on all 
models= ±.5db. Typical mean coupling 
= 3+ .2- 0. 

E.S.I. also makes connectors, 
terminators, filters, attenuators, 
and Radite. 

Electro Science Industries 
Electro Science Industries, Inc. 
300 S. Geddes St., Syracuse, N.Y. 13204 
Phone 315-475-2181 
TWX: 710-541-0432 
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Magnetics conference attracts international cast 

The International Conference on 
Magnetics (Intermag), scheduled 
for April 15 to 18 in Amsterdam, 
is truly international this year, with 
technical papers listed from all 
around the world. Because it's be
ing held in the Netherlands, an 
extraordinarily large number of 
engineers and scientists from Phil
ips' Gloeilampenfabrieken will be 
attending and deliv~ring papers. 
And an unusually large contingent 
of researchers from Russia, Czecho
slovakia, and Rumania will be 
there. 

The emphasis of this year's tech
nical program appears to be on the 
technology and application of mag
netic recording. This area will be 
explored in sessions on digital and 
analog recording, magnetic interac
tions in recording media, unconven
tional recording systems, and film 
memory processes. There will also 
be workshops on magnetic record
ings. 

Microwave IC's. Attention is also 
being given to the microwave ap
plications of ferrite substrate lines. 

Calendar 
Particle Accelerator Conference, IEEE: 
Shoreham Hotel, Washington, 
March 5·7. 

Spring Conference of the American 
Society for Nondestructive Testing; 
Biltmore Hotel, Los Angeles, 
March 10-13. 

Medical Engineering and Automation 
Exhibition, Electronic Engineering 
Association and the Scientific 
Instrument Manufacturers' Association; 
Earls Court, London, March 10-14. 

International Colloquium on Data 
Transmission, Federation Nationale 
des Industries Electroniques; Paris, 
March 24-28. 

International Convention & Exhibition, 
IEEE; Coliseum and Hilton Hotel, 
New York, March 24-27. 

Second International Laser Safety 
Conference, Medical Center of the 

R.L. Huntt, A.C. Blankenship, and 
R.G. West of Trans-Tech, a U.S. 
firm, will deliver a paper on micro
wave integrated circuits, and P. 
Holst and M. Lemke of Philips' re
search labs will discuss microwave 
systems. 

The use of computer-aided de
sign to produce magnetic circuits, 
inductors, and transformers will 
also grab some of the spotlight. 
J.J. Suozzi of Bell Telephone Lab
oratories will outline his work on 
CAD, and David Nitzan of Stanford 
Research Institute will describe 
computer analysis of magnetic 
cores, among other components. 

The technical program clearly 
reflects the growing attention being 
given new types of magnetic mem
ories. For example, the topics slated 
for one session on mass memories 
range from thin-film w6rk to high
capacity holographic memories. 

The meeting is sponsored by the 
Magnetic Group of the IEEE, and 
two European technical societies. 
For more information, write to lntermag, 
Congresdienst, Oudezijds Achterburgwal 199, 
Amsterdam. 

University of Cincinnati; Stouffer's 
Motor Inn , March 24-25. 

Semiconductor Device Research 
Conference, IEEE; Munich, Germany, 
March 24-27. 

Conference on Lasers & Optoelec
tronics, IEEE; Southampton, England, 
March 25-27. 

Symposium on Engineering Aspects 
of Magnetohydrodynamics; 
Massachusetts Institute of Technology, 
Cambridge, Mass., March 26·28. 

The Changing Interface: An IC 
Systems Seminar, 
Electronics/Management Center; 
Park Sheraton Hotel, New York, 
March 28. 

International Components Show, 
Federation Nationale des Industries 
Electroniques; Paris, March 29-April 2. 

(Continued on p. 30) 
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TY"E BB 1/8 WATT 

TY"ll El!I 1/2 WATT 

TY"ll CB 1/• WATT 

TY"E GB 1 WATT 

After more than three decades and untold billions of 
hot-molded resistors, Allen-Bradley has accumulated 
manufacturing "know-how" which cannot be 
approached by anyone else. The fact that the resistors 
made by A-B over the years-if placed side by side
would more than reach to the moon and back, may be 
impressive. But "how" they are made is the key. 

Allen-Bradley resistors are produced by an exclusive 
hot-molding technique-developed by A-B. They're made 
by completely automatic machines-also developed, 
built, and used only by Allen-Bradley. The human ele
ment of error is removed. Uniformity is so precise from 
one resistor to the next-year in and year out-that 
long-term resistor performance can be closely predicted. 

EC 6815 

QUALITY E~ECTRONIC COMPONENTS 

TY"E HB 2 WATT8 

A-8 hot-molded fixed resistors are available in all 
standard resistance values and tolerances, plus values 
above and below standard limits. A-B hot-molded 
resistors meet or exceed all applicable military spec
ifications including the new Established Reliability 
Specification at the S level. Shown actual size. 

And there has been no known incident of catastrophic 
failure of an A-B hot-molded resistor. 

The reputation for quality and performance established 
by Allen-Bradley hot-molded resistors is reflected in the 
fact that they have been an integral part of virtually 
every U .S. space probe. And they are "on" the moon. 
No other resistor applications demand a higher measure 
of reliability. 

For detailed specifications on this superior line of hot
molded resistors, please write Henry G. Rosenkranz and 
request a copy of Technical Bulletin 5000 : Allen-Bradley 
Co., 1201 South Second Street, Milwaukee, Wisconsin 
53204. Export Office: 1293 Broad St., Bloomfield, N.J ., 
U.S.A. 07003. In Canada : Allen-Bradley Canada Limited. 

-ALLEN -BRADLEY 
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&ravhill "Exce11en1 5D'S" 
A new generation of Tiny Rotary Switches 
with practically unlimited variations 

Solder Lug 
Terminals 

Series 50 
1h" Diameter 

"Excellent SO's" 

Printed Circuit 
Terminals 

Solder Lug 
Terminals 

Series 51 
'/i 6' Diameter 

Printed Circuit 
Terminals 

36° - 10 Terminals 
45° - 8 Terminals 
60° - 6 Terminals 

30° - 12 Terminals 

1 Pole 
2 Pole 

Adjustable ar Fixed Stop - Shorting 
or Non-Shorting Contacts - Sealed or 
Unsealed - Fully Enclosed - Mili· 
tary ar Commercial. 

1 Pole 
2 Pole 
3 Pole 
4 Pole 

Meets requirements of MIL-S-3786/20 

Send for technical sheets 
fully describing the Grayhill 
"Excellent 50's". 

Another Grayhill innovation developed 
to unusually exacting criteria required 
by a highly classified application. 

NOW - the proven superiority of this 
new, versatile generation of Grayhill 
Rotary Switches - the "Excellent 50's" 

- is being made available to the 
commercial market through increased 
facilities. They are available from stock. 

... the Difference Between Excellent and Adequate 
- . ,._ ·-'' . _,__,.. ·- -· ...... ·~ 
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(Continued from p. 28) 

Vibrations Conference, Association of 
Mechanical Engineers; Philadelphia, 
March 30-April 2. 

Quality Control Conference, 
University of Rochester; 
Rochester, N.Y., April 1. 

Numerical Control Society; Stouffer's 
Motor Inn and Convention Center, 
Cincinnati, April 1-3. 

Mathematical Aspects of Electrical 
Network Analysis, American 
Mathematical Society; Providence, 
R. I., April 2-3. 

International Symposium on Computer 
Processing in Communications. 
Polytechnic Institute of Brooklyn; 
Waldorf-Astoria Hotel, New York, 
April 8-10. 

Computer Aided Design Conference, 
IEEE; University of Southampton, 
England, April 15·18. 

Joint Railroad Conference, IEEE; 
Queen Elizabeth Hotel, Montreal, 
April 15·16. 

International Magnetics Conference 
(lntermag), IEEE; RAI Building, 
Amsterdam, Holland, April 15-18. 

International Geoscience Electronics 
Meeting, IEEE; Twin Bridges Marriott 
Hotel, Washington, April 16-18. 

Conference on Switching Techniques 
for Telecommunications Networks, 
IEEE; London, April 21·25. 

Conference and Exhibit, Temperature 
Measurements Society; Hawthorne, 
Calif., April 21·22. 

Spring Meeting, United States 
National Committee, International 
Scientific Radio Union, 
IEEE; Shoreham Hotel, Washington, 
April 21·25. 

Symposium on Circuit Theory, Depart· 
ment of Electrical Engineering and 
Electronics Research Center; University 
of Texas at Austin, April 21·22. 

RTCM Assembly Meeting, Radio Tech· 
nical Commission for Marine Services; 
Hollenden House, Cleveland, April 
21·23. 

National Telemetering Conference, 
IEEE; Hilton Hotel, Washington, April 
22·24. 

International ISA Pulp & Paper Instru
mentation Symposium, Instrument So· 

(Continued on p. 32) 
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A-B Type J hot molded 
variable resistor rated 2.25 
watts @ 70°C. Available in 
single, dual, and triple 
units. Standard total resis
tance values from 50 ohms 
to 5 megohms. Special re
sistance values and tapers 
can be supplied. 

CAiien-Bradiey Company 1967 

867E· 2 

Widely used throughout the process 
industries, the Foxboro Model 62H 
Universal Controller is a highly depend
able precision instrument. During the 
years of painstaking development, 
Allen-Bradley engineers worked closely 
with Foxboro to provide a potentiome
ter having unusually high resistance 
values, which would provide the precise 
performance required. 

Allen-Bradley Type J potentiometers 
were the answer. They have a solid hot 
molded resistance track which is pro
duced by an exclusive A-B molding tech
nique that assures extremely long oper
ating life. Accelerated tests-exceeding 
100,000 revolutions-show very slight 
resistance change. Control is smooth at 
all times with adjustment approaching 
infinite resolution. There are none of 
the abrupt turn-to-turn resistance vari-

Foxboro Model 62H electronlci 
controller for process regulatiori. 

The control mode adjustments use 
Allen-Bradley Type J hot molded variable 

resistors with values of 10, 100, 
and 200 megohms. 

ations inherent in wirewound controls. 
Furthermore, Allen-Bradley Type J po
tentiometers are-for all practical pur
poses-noninductive, permitting their 
use throughout the frequency spectrum. 

Whether your particular circuit de
sign can be best satisfied with one of 
the millions of standard Type J varia
tions or whether it calls for unusual 
resistance characteristics, it will pay you 
to look first to A-B Type J potentiome
ters. Their more than 25-year history of 
providing superior performance is your 
guarantee of complete satisfaction. For 
full details, please write for Technical 
Bulletin 5200: Allen-Bradley Co., 
1201 South Second Street, Milwaukee, 
Wisconsin 53204. Export Office : 1293 
Broad St., Bloomfield, New Jersey, 
U.S.A. 07003. In Canada: Allen-Bradley 
Canada Limited. 

ALLEN - BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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·an the face of it-
a·.major improvement 
in electromanometers. 

The new solid state 1-169 is the first servo 
amplifier to place the adjustment 
controls for complete system calibration 
on the froni panel. 
As a result, it is no longer necessary to 
make zero adjustments on the 
precision pressure balance. 
The 1-169 also offers several other 
advantages. A response capability of 100 
milliseconds, And a compact configuration 
about one-third the size of previous 
vacuum tube units. 
We don't have to tell you about the greater 
reliability of solid state components. 
But we should add that the 1-169 is 
fully compatible with the following 
CEC Precision Force Balance 
Pressure Transducers: 4-332-0003, CEC/TRAnSDUCER DIVISIOn 
4-334-0001, 4-336-0001 
and 4-336-0002. 
For all the face-saving facts and 
specs on electromanometers, 
call our nearest office or 
write Bell & Howell, Pasadena, 
California 91109. Ask for 
Bulletin Kit 3325-X4. 
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Meetings 

(Continued from p. 30) 

ciety of America; Vancouver, Canada, 
April 22·26. 

Relay Conference, National Association 
of Relay Manufacturers and Oklahoma 
State University's School of Electrical 
Engineering; Oklahoma State's Student 
Union Building, Stillwater, April 22·23 • 

. -. 
Southwestern Conference & Exhibition, 
IEEE; Convention & Exhibition Center, 
San Antonio, April 23·~5. 

Photo-optical Techniques in Simulators, 
Society of Photo-optical lnstrumenta· 
tion Engineers; South Fallsburg, N.Y., 
April 28·29. 

Symposium on Information Processing, 
Purdue University's School of Electrical 
Engineering; Memorial Center, 
Lafayette, Ind., April 28-3,0 

Short courses 

Integrated circuits, University of Mich· 
igan, Ann Arbor; June 9·13.; $225 fee. 

Laser - quantum mechanics - holo· 
graphy, University of California at Los 
Angeles; June 23-July 11; $275 fee. 

Digital systems, Center for Advanced 
Engineering Study, Massachusetts In· 
stitute of Technology; Aug. 4-29; 
$1,000 fee. 

Call for papers 

Electronic Components Conference, 
Electronic Industries Association, Shore
ham Hotel, Washington April 30·May 2. 
April 1 is deadline for submission of 
abstracts to Dr. J. O'Connell, ECC tech· 
nical program chairman Electronic In· 
dustries Association 2001 Eye St., N.W., 
Washington, D.C. 20006. 

Systems Science and Cybernetics Con· 
ference, IEEE; Philadelphia, Oct. 22·24. 
April 15 is deadline for submission of 
abstracts to Hugh A. Raymond, Valley 
Forge Space Technology Center, Gen· 
eral Electric Co., P.O. Box 8555, Phila· 
delphia 19101. 

ACM Symposium on Programing Lan· 
guages Definition, San Francisco, Aug. 
24-25. April 30 is deadline for submis· 
sion of papers to Dr. James A. Painter, 
IBM Research Laboratory, Dept. 978, 
Bldg. 025, Monterey and Cottle Rds., 
San Jose, Calif. 95114. 
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This Howard Cyclohm Fan was engineered to run 
10 years. So far it's been running 12 years, 6 
months, 21 days. 

Our modest 5-year guarantee on Cyclohm Fans 
and Blowers is based on an engineered lifespan 
of 10 years. So, what do we tell our customers 
when they report the fans are still blowing strong 
12 or even 14 years after installation? We tell them 
we goofed-and they benefit. 

There's more to the Howard Cyclohm Fans and 

----

Blowers success story than just long life. There's 
the high reliability of Howard's unit bearing 
motor that never needs maintenance or re-lubrica
tion. And all metal construction. Indestructible 
nylon blades. Standard mounting on 4-1 /8" 
centers. UL yellow card listing. And still more. All 
the facts are in five newly-published bulletins that 
are yours for the asking. Just write for the 
Cyclohm Fans and Blowers Information Packet 
No. EL39, From Howard. 

HOWARD 
HOWARD INDUSTRIES 
MSL INDUSTRIES, INC./MOTOR GROUP 
2420 18th STREET, RACINE, WISCONSIN 53403 
414-632-2731 TWX 910-271-2387 
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Astrodata is ... 

INSTRUMENTATION PRODUCTS 
Tens of thousands of standard 
product• doing very special Jobs. 

PRINTED CIRCUIT BOARDS 
A high quality-high production 
operation using advanced equipment. 

DIGITAL DATA DEVICES 
The Important peripherals for 
today's modern computers. 

INFORMATION SERVICES 
An advanced software capability 
Just leaving the launch pad. 



lfstem PlexlbilitJ. 
The 100 IBz lstroverterl 

DATA AND TELEMETRY SYSTEMS 
Over 350 systems delivered-more 
than 100 using dlgltal computers. 

ELECTRONIC SWITCHING SYSTEMS 
To multiply the capability of the 
largest communication companies. 

ANALOG AND HYBRID COMPUTERS TIMING EQUIPMENT 
The largest hybrid systems In the Supplying the free world with more 
world have been delivered by Comcor. precision Instrumentation than anyone. 
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from the leader in 
assemblg equ · ment 

A line of advanc 

MODEL 1350 ULTRASONIC WIRE BONDER 

• Hybrid circuits up to 3" · 
• Stitch bonds at multiple levels 
• .010" wire bonds with automatic wire cut-off 

MODEL 1370 RACK FEED ULTRASONIC BONDER 

• Hi-speed transistor bonding 
• Production bonding of 14 lead IC's 
• .010" wires for power device production 

MODEL 2000 FLIP CHIP BONDER 

• Totally automatic bond cycle 
• Adaptable to automatic die attach 
• Digitally controlled leveling force 

--t 
Cl • 
• t • 

c• • 

MODEL 2100 UNIVERSAL ASSEMBLY MACHINE 

• Automatic beam lead bonding 
• Thermocompression flip chip bonding 
• Reflow soldering with a heated substage 

Other Hugle Industries' products include : Horizontal Epitaxial Reactors • Vertical Barrel Re
actors • Epitaxial and Diffusion Doping Systems • IR Microscopes • PCD Process Controller 

HUGLE Industries 
750 North Pastoria Avenue Sunnyvale, California 94086 (408) 738-1700 
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Editorial comment 

Teamwork for hospital safety 

Unwanted leakage paths to the heart, along with 
stray voltages; may be the cause of a growing num
ber of hospital deaths. Some experts claim that 
patients undergoing such medical tests as probings 
with a cardiac catheter run the risk of electrocution 
[Electronics, Feb. 17, p. 92]. The situation is con
troversial and ill-defined, but these experts insist 
that existing evidence indicates the need for strin
gent standards for equipment and techniques. 

The problem is obscured by the impossibility of 
determining whether death has resulted from na
tural causes or from leakage-current-induced fibril

·lation. And the exact amount of current that will 
cause fibrillation is in question. Some experts says 
as little. as 10 milliamps of 60-hertz current, which 
could result from a voltage transient of as little 
as 5 millivolts, can be lethal. Furthermore, the 
medical profession is reluctant to air the details 
of a problem that could invite lawsuits. On the 
other hand, the steps that could safeguard the pa
tient seem clear enough. The following are sug
gested by those who have studied the problem: 

• Medical instrumentation designers must build 
equipment that is reliable, rugged and, as one doc
tor puts it, "as foolproof as a Coke machine." 
Particular attention should be paid to the power 
cord; it should contain a ground wire and a rugged 
plug with a ground lug, and it should be no more 
than 10 feet long to limit capacitance. Equipment 
should also have a dynamic ground fault detector 
with an alarm. 

• The instrument does not live alone; the entire 
system and its environment must be controlled. A 
prime need is for an equalizer grounding bus to 
provide a low-impedance reference ground for all 
equipment within reach of the patient. Life-support 
systems should be wired to a "safe power center" 
such as a standby power generator-preferably one 
with batteries to bridge the critical seconds-long 
power gap during switchover to the standby sup
ply. Isolating transformers should be limited in 
size to control transients, and the primaries and 
secondaries should be protected by electrostatic 
shields connected permanently to the equalizer bus. 

• The "safest" system can be dangerous in igno
rant hands. Medical personnel must be well trained 
in the use of instrumentation, and particularly 
versed in its safety features. 

• Finally, the safeguards must be standardized 
and guarante~d, undoubtedly by the Federal Gov
ernment. Yet a Medical Device Safety Act (not a 
particularly stringent one) proposed by the FDA 
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was permitted to languish in committee during the 
last Congress. Furthermore, when the FDA sent 
copies of the proposed legislation to industry repre
sentatives, it received not a single response. · 

We urge that manufacturers, hospital adminis
trators, doctors, and technicians pool their exper
tise to help generate standards that are feasible 
and fair and, above all, that protect the patient. • 

The numbers game, again 

Tfie controversial Stubbing report [Electronics, 
Feb. 17, p. 60] put the electronics industry in the 
national spotlight by suggesting that the electronics 
systems for major military aircraft and missile pro
grams are generally substandard and almost always 
behind schedule. 

One trouble with the report is that its only meas
ure of performance was actual mean time between 
failures as a percentage of target MTBF. No other 
performance parameters were stated, nor were the 
actual magnitudes of the MTBF's given. Were target 
MTBF's for second- and third-generation gear 
higher than those for first-generation gear? Were 
the performance parameters to which the latest 
MTBF's applied more (or less) stringent than the 
earlier ones? The reader of the report was not told. 
Small wonder that newspaper reporters concluded 
that "the . performance of the multibillion-dollar 
equipment started in the 1950' s was bad; that of 
the 1960's is worse." 

Unfortunately, the Stubbing report told the Pen
tagon nothing it did not already know. N~verthe
less, Mr. Stubbing gets A for effort. His intentions 
were to show how the acquisition programs for 
high-risk electronic systems (defined as those in 
which at least one major component must be re
designed) might be improved. But . the systems he 
considered were too diverse and complex to com
pare by means of a simple "numbers game." 

The same effort applied to a detailed analysis 
of the development program for just one of the 
systems in question might have been more fruitful. 
It might have shown where systems analysis went 
astray in predicting MTBF. Perhaps the model for 
some portion of the system was faulty. Perhaps 
computer-aided reliability analysis could have been 
applied to better advantage. A more valuable anal
ysis would have involved digging deeper, not 
rehashing facts already on record. • 
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now ... Clare-Quality 

lndus·trial T0-5 Relays! 
• Only .275" high by 

.37011 maximum diameter 

I • Rigid frame keeps elements stable ... 
/ balanced armature precisely aligned 

• High, consistent contact force . .. 
low contact resistance 

• Form C and 2 Form C contacts 

New Clare TF Industrial-Type Relays 
provide true reliability in subminiature 
relay operation ... new compatibility 
in pcb design-backed by the simple, 
precision construction in eight types of 
Clare military relays. 

Optimized magnetic circuitry assures 
maximum contact pressure. Balanced 
armature design. Withstands shock to 
30G ... vibration to 1 OG, without false 
operation . Serves over temperature 
range from -55° C to + 75 ° C. All 
welded construction. Pressurized nitro
gen atmosphere minimizes arcing, ex
tends contact life. 

TF Relay 
actual size 

• Speeds to 4 ms 
Design dependable new capabilities 

for interface, input/ output isolation, 
and buffering into subminiature cir
cuits. Circle Reader Service Number
or ask Clare for Date sheet 759. 
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• 10,000,000 operations (min) mechanical 
1,000,000 operations at 0 .5 amp, 

28 vdc resistive 
1 00,000 operations at 1.0 amp, 

28 vdc resistive 

• Pressurized, hermetically-sealed 
· welded case 

C. P. Clare & Co., Chicago, Ill. 60645 
.. . and worldwide 

n;-1 
l!ILI a GENERAL INSTRUMENT company 

TYPE TF RELAY CONTACT ARRANGEMENTS 

1 Form C, 
movable contact 

connected to case 

1 Form C, 
all contacts 

insulated from case 

., 
~ ....... 

/(~;'\ 

l ?:;i. ·~ ) 
,~:J~ / 
~., '/ -
2 Form C, 

all contacts 
insulated from case 

SUBMINIATURE INDUSTRIAL-TYPE RELAYS 
for airborne and ground support equipment, instruments, 
process controls, test equipment, communications, 
business machines, computer peripheral products 

Circle 38 on reader service card Electronics I March 3, 1969 



621BgetsanA 
on technical health 
but a D in finance 

$35 million FAA pact 

awarded to Univac 

Honeywell DDP-316 

is ready for market 
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Everyone now seems to be agreed on the technical approach to the Air 
Force's 621B navigation satellite program al).d to be convinced that its 
development is within the state of the art. But there's still the problem of 
getting enough money to start building. T:h~ secur~. system will probably 

. be the navigation part of the ptoposed integrated corrirminications, navi
gation, and identification sy~tem [Electronics, August 19, 1968, p. 33], 
which the Air Force Systems Command is now trying to expand to a 
full-fledged program. . 

What makes 621B a strong- competitor, and even a threat, to other 
navigation schemes is that it could provide navigation data to any spot 
on earth to pinpoint accuracies-within feet. 

Two companies funded to make nine-month project definition studies
Hughes and TRW Systems-delivered final reports in January to the Air 
Force's Space and Missile Systems Organization (Samso). And both agree 
with the Aerospace Corp., which conceived the 621B navigation approach, 
that hardware development should begin immediately. 

Samso had wanted to pick a c;ontractor in fiscal 1969, but the Air Force 
got only $500,000 in this year's budget, just enough to keep the program 
going [Electronics, July 22, 1968, p. 34]. This money is being used to pin 
down system parameters and do more work on thermal noise and jam 
protection. 

The Air Force is looking for a minimum of $1 million in fiscal 1970 
for more studie~, but it wants enough to begin hardware development. 

The Univac Federal Systems division of Sperry Rand has jumped into 
a strong position in the market for terminal air traffic control equip
ment by winning a $35 million FAA contract · for ·· automated radar 
tracking systems. Called Arts 3, they're ,to . he installed at 62 of the 
nation's busiest airports. Univac previously supplied the computer for 
Arts 1, a terminal air traffic control system operating at Atlanta since 
1964, and had supplied the computer for the common IFR room at 
New York's Kennedy International Airport last year. 

For .th.e bjg contract, Univac competed against F&M Systems, Ray
theon, Sanders AssoCiates, and Westinghouse. The Arts 3 equipment 
will be built in modules so that different configurations can be com
piled for airports of various sizes [Electronics, Feb. 19, 1968, p. 155]. 
Univac will deliver the equipment on a turnkey basis, :with first deliveries 
scheduled for the end of 1971 and all 62 units scheduled to be in opera
tion at the end of 1973. Major subcontractors are Texas Instruments, 
which will p:i;ovide display equipment, and Burroughs, for data acquisi-
tion gear. -

The DDP-316 computer will be marketed ·within the next two weeks 
by Honeywell's Computer Control division. A subject of speculation 
for months [Electronics, July 8, 1968, p. 33], the computer is reported 
to be a 16-bit machine with scientific, remote-temtlnal, process-control, 
and networking applications. · 

. Honeywell is said to have priced the computer below $10,000 and 
to have equipped it to use powerful software designed for its faster 
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Hughes said to win 
DSCS-2 contract 

Tacfire to get LSI 
for data terminals 

Sentinel may switch 
to TTL from RTL 

Addendum 

40 
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and more costly DDP-516. Representing Honeywell's first plunge into 
the under-$10,000 class, the new machine may make the first large 
dents in a market now dominated by the Digital Equipment Corp. 

The Air Force's Space and Missile Systems Organization is understood 
to have chosen the builder of the second-generation Defense Satellite 
Communications System (DSCS-2). Announcement is expected from 
the Pentagon shortly even though planners can't agree on a mission 
description for the entire system. 

Hughes Aircraft reportedly is the winner of the contract, which would 
be for six stationary-orbit satellites, including backups, to replace the 
small initial defense communications satellites now in orbit. One big 
Hughes advantage was said to have been that the DSCS-2 design bore 
a definite resemblance to the Intelsat 4 satellite, built by Hughes. 

Still confronting the program is a political fight between the services, 
who operate the tactical communications satellite (Tacsat) just orbited, 
and the Defense Communications Agency, which would operate the 
DSCS-2 long-haul communications link. Each seems to have an eye on 
the other side's satellite communications responsibilities. The services, 
for example, would like to perform some of the DSCS-2 communications 
jobs with Tacsat. 

Until the mission description can be agreed upon by a triservice 
committee, the agency, and a team of Pentagon systems analysts, such 
items as final specifications of ground stations to operate through DSCS-2 
can't be decided. Slowed down to a crawl, for example, is an Army 
request for quotes on a ground terminal for DSCS-2; the request is 
apparently being written, but the job is going very slowly. 

The Army is in for a bonus as part of its Tacfire (tactical fire-direction) 
system because the contractor, Litton, has been forced to build the 
data terminal assemblies in house. The bonus will be mechanization of 
data modems in the terminals with two MOS LSI arrays instead of the 
75 to 80 bipolar flatpacks of transistor-transistor logic in the original. 

Litton's Data Systems division decided to build the assemblies after 
RCA's Defense Electronics division, a team member during contract 
definition, dropped out. 

Even after the Sentinel antiballistic missile system has survived its cur
rent review-and chances are it will in some form [see p. 66]-the data 
processing equipment specified for it may be outmoded. In fact, IC
industry sources are wondering if a massive redesign is in the works. 

According to one insider, "The time is ripe to redesign the whole 
thing with TTL. It would be more dependable and cheaper, and the 
computers' electronic and beam controls could be much faster." 

Sentinel now is said to use large quantities of the nearly archaic 
hybrid RTL. 

National Video, a high-flying manufacturer of tv picture tubes just a few 
years ago, may be dying but it isn't quite dead yet. The company, which 
suspended production indefinitely last week, may be merged with MPI 
Industries of Jackson, Miss., a maker of wood cabinets for tv sets. 
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DLARGE-SCALE LOGICG 
MOTOROLA NEWS about MTTL Complex Elements and their Application 

64 WORD, MEMORY ADDRESS REGISTER 

4 BIT MEMORY 4 0 

MC4006 
DECODER 

0 

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 -..--..- -..--..- -..--..- -..--..-
SENSE WRITE 

BIT 0 
SENSE WRITE 

BIT 1 
SENSE WRITE 

BIT 2 
SENSE WRITE 

BIT 3 

16-Bit Memories Are 
"Building Blocks" 
For 100 nS 
Scratch-Pad Systems 

Two 16-bit random access mem
ories, MC4004 and MC4005, provide 
16-words of one-bit memory, oper
ating in the NDRO mode. Each of 
these MTTL memory chips contains 
16 flip-flops arranged in a four-by
four matrix, plus two amplifiers and 
2 write circuits. 

These "building blocks" can be 
paralleled on a vertical plane, to 
expand the matrix and provide a 
larger number of words. In the same 
manner, the number of bits can also 
be expanded by paralleling select 
lines. 

Eight select lines provide for the 
selection of one of the bits by apply
ing a logic "1" level to one of the 
"X" and one of the "Y" select lines. 
After selection, information may be 
written into the bit by applying a 
logic "l" level to one of the write 
circuit inputs. Information stored in 
the selected bit will appear at the 
output of one of the sense amplifiers. 

Under this system, it's easy to 
design, for example, 128 word, N-Bit 
Memories for Scratch-Pad Systems, 
with cycle times of less than 100 nS. 

Both of these memories are avail
able in the 14-pin dual in-line as 
well as the ceramic flat pack. 
Circle 318 on reader service card 

New Decoder Improves 
Operating Efficiency, 
Lowers System Costs! 

The M C4006 is a Binary to One
of-Eight Line Decoder. Its unique 
design philosophy uses a combina
tion of low-level, non-saturating 
gates and high-level gates with im
proved TTL transfer characteristics. 
This technique makes possible com
plex circuits that combine lower 
power dissipation, lower parts count 
and results in greater funct ional 
complexity. This increased complex
ity, resulting in reduced package 
count, thereby lowers total system 
costs. In fact, the MC4006 reduces 
power dissipation and propagation 
delay time by 503 over conventional 
TTL design techniques. 

Motorola Semiconductor Products Inc. I P. 0 . Box 20912 

+ Circle 44 on reader service card 

Over-all, the MC4006 provides the 
advantages of complex-function cir
cuits combined with the speed and 
noise-immunity of T 2L for many 
new applications. , 

The MC4006 converts three lines 
of input data to a one-of-eight out
put. The enable line provides an 
inhibit capability and also allows 
the decoder to be expanded for larger 
decoder systems. 

Packaging for the MC4006 is the 
14-pin dual in-line and ceramic pack. 
Circle 319 on reader service card 

MTTL Complex-Elements 
Also Offer System 
Operating Improvements 

The first 3 of 23 new MTTL com
plex-function integrated circuits -
two 16-bit memories and a decoder 
- are now on distributors' shelves; 
and, the others are scheduled for 
introduction during the first quarter 
of 1969. 

These new circuits provide the 
same system compatibility improve
ments pioneered by Motorola on its 
MTTL III line. That is, diode
clamped inputs - to improve the 
transfer characteristic and reduce 
" ringing. " Flip-Flops contain a 
unique input network that makes it 
possible to enter data at any time 
during the clock cycle, except dur
ing set-up and hold times. This net
work also enables these devices to 
operate effectively with an unre
stricted clock cycle. 

To find out more about MTTL 
complex-function integrated cir
cuits, send for data sheets. We'll also 
send you the latest application note 
about their use in a variety of mem
ory applications. 
Circle 320 on reader service card 
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I Phoenix, Arizona 85036 
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1. Select the equipment required 
for your experiment. The avail
ability of signal processing 
instruments in modular form 
enables you to select the 
specific units required to fill 
your immediate needs. 

ASSEMBLE 
YOUR 
OWN 
INSTRUMENTATION 
SYSTEM 
1-2-3 
PART" Research Instrument Modules (RIM) offer new flexibility, 
economy and convenience in research instrumentation 

2. Assemble the instrument sys
tem you require by plugging 
the modules selected into a 
rack-mountable bin which also 
supplies power to the modules. 
All Research Instrument Mod
ules are designed to meet the 
universally-accepted NIM stan
dards developed for modular 
instruments [AEC TID-20893) . 
These standards greatly sim
plify assembly of precision 
measuring systems by provid
ing common power input levels 
and reducing significantly the 
need for concern with inter
face voltages and impedance 
levels. 

3. Operate your assembled sys
tem to achieve state-of-the-art 
signal processing. Then reas
semble the modules to form 
other instrument systems when 
your current experiment is 
completed. The ease with 
which a central stock of mod
ules can form the basis of a 
rotating set of laboratory in
struments permits both rapid 
experimental set-up and long
term economy of capital out
lay. Obsolescence is avoided 
since the modular assembly 
can be updated by merely sub
stituting an improved module. 
Also, system breakdown can 
easily be remedied with read
ily available spare modules, 
greatly reducing maintenance 
problems. 

For more information write Princeton Applied Research Corporation, Box 565, Princeton, N.J. 08540, or call (609) 924-6835. 

~PRINCETON APPLIED RESEARCH CORPORATION 
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Big push for beam-lead IC's 
sparks demand for special bonders 
One company, in a wobble bonding technique, uses a heated vacuum needle; 

etch-separating and lining up the chip on a substrate remain problems 

The semiconductor industry plans 
its first large-scale introductions of 
beam-lead integrated circuits this 
year; Raytheon and Western Elec
tric already are producing limited 
quantities [Electronics, Dec. 9, 
1968, p. 88]. But like flat packs and 
flip chips, beam leads bring their 
own problems and among these is 
the need for special bonders to at
tach the IC's to hybrid substrates. 

Potential users demand bonders 
before circuits, according to one 
manufacturer's spokesman. "They 
saw our beam lead IC' s and said, 
'Great-but we want to see your 
bonder before we buy.'" Such reac
tions triggered development pro
grams at most major IC firms. But 
the Bell System's work on a bonder 
stemmed from Bell's involvement 
in the Sentinel system, which will 
use the beam-lead designs. 

Now two bonders have reached 
the market and three more are 
close. Kulicke & Soffa of Fort 
Washington, Pa., seems to have 
gotten there first and claims to have 
sold 25 of their $7,000 systems. 

Endorsed for Sentinel. Though 
K&S has applied for patents on 
some parts of its bonder, industry 
sources say that K&S worked out 
many of its design features with 
Western Electric. Thus it's not sur
prising that it was endorsed for 
Sentinel system work. 

The K&S machine uses thermo
compression to bond beams to sub
strates. Its bonding tool is a heated 
vacuum needle shaped to enclose 
the IC. It picks it up, carries it to 
the substrate, and then rolls around 
on the beams like a toy top. Each 
beam is heated and compressed in 
turn; it's called "wobble bonding." 

The other form of bonding now 

+Circle 46 on reader service card 

in vogue was also originally worked 
out by the Bell System and uses a 
conformal bonding tool-it doesn't 
wobble; it presses straight down, 
accommodating itself to any irregu
larities in the IC or substrate. 

The Lindberg Heavy Duty divi
sion of Sola Basic Industries, 
Mountain View, Calif., seems to be 
the only company using this ap
proach. According to applications 
engineer Howard Spicer, Sola has 
delivered four of the units. Sola's 
bonder, at $14,000, costs twice as 
much and is more complex than 
K&S'. Nearly automatic, Sola's only 
requires the operator to align the 
IC and press a button-the machine 
does the rest while a special belt-

like chip handler feeds more IC' s to 
the bonding station. 

The lowest priced bonder yet 
should be announced in a couple of 
weeks, and though it sells for only 
$6,000 and lacks an automatic feed 
system, it sounds as simple to run 
as Sola's. Developed by Sprague 
Electric, it will be sold by Sprague' s 
subsidiary, Micro Tech Mfg., Wor
cester, Mass. 

It uses a wobble bonder vacuum 
needle combination and substitutes 
a joystick for Sola's push button. 
The Micro Tech bonder also will 
feature independent control of both 
substrate and IC temperature. Ac
cording to Sprague' s director of re
search, development, and engineer-

Leading off. Automatic bonders for beam-lead circuits, like this one from 
Kulicke & Soffa, are just now becoming commercially available. 
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ing, Robert Pepper, there is too 
little data to make a firm decision 
as to the best temperature relation 
between chip and substrate, so the 
new machine will leave the settings 
to process control engineers. 

What's left undone. The similari
ties between various bonders ex
tend to a number of common prob
lems that will need solving. One of 
these is the way in which a chip is 
lined up on the substrate. Almost 
all of the bonders use a half
silvered mirror and a stereo micro
scope to create superimposed im
ages of chip and substrate during 
alignment. But the images lack con
trast, and operators of first-genera
tion bonders may suffer from con
fusion, eyestrain, and rejects. 

According to a Sprague spokes
man, the half-silvered glass plate 

also distorts when heated, and it 
must be heated if placed above the 
substrate. Sprague' s answer to this 
is to set the plate to one side and 
view the bonding tool and substrate 
through :the plate from an angle. 
But this makes the perspective con
fusing and the IC's are more dilli
cult to align, they say. 

Sprague is investigating a prism 
system like that in reflex cameras. 
They figure that the mass of the 
prism will make it more immune to 
heat distortion, and that it could 
also yield a clearer, brighter image 
without perspective problems. 

Another problem is that of etch
separating the IC's without upset
ting their positional relationships. 
For automatic bonding, the IC's 
would have to arrive at the machine 
in near perfect x-y orientation. 
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1967 1968 1969 

Segment of 
industry 

Jan. 
1969 

Consumer electronics ............ . . 101.1 
Defense electronics 
Industrial-commercial electronics 
Total industry . . .. 

. 181.6 
.. 129.7 
.. 152.7 

Dec. 
1968* 

100.7 
166.1 
128.2 
143.8 

Jan. 
1968 

96.2 
150.2 
121.4 
132.5 

Electronics production rose 8.9 index points in January from the pre
vious month and a sharp 20.2 points from the year-earlier level. All 
sectors showed marked gains, with the biggest being regi tered in the 
defense area. Defense output climbed 15.5 points from December 1968 
and 31.4 from a year before. Consumer production edged up 0.4 point 
in the month and 4.9 points in the year, while the corresponding gains in 
the industrial-commercial index were 1.5 and 8.3 points. 

Indexes chart pace of production volume for total industry and each segment. The 
base period, equal to 100, is the average of 1965 monthly output for each of the 
three parts of the industry. Index numbers are expressed as a percentage of the 
base period. Data is seasonally adjusted. 
•Revised 

There are almost as many methods 
of doing this (or attempting it) as 
there are beam lead IC makers, but 
so far none seem to achieve the 
needed accuracy. But when this 
problem is overcome, the way will 
open for automatic bonders which 
would pick an IC out of an array, 
step to an exact location on a sub
strate, and bond it into the circuit. 

A system approaching this ideal 
condition is being built for a large 
user of flip-ohip IC's by Hugle In
dustries of Sunnyvale, Calif. Like 
the Lindberg machine, it is tape or 
belt fed. But since each chip must 
be aligned as it's placed on the 
tape, there's no effort saved. 

Hugle may try to adapt the tape 
feed to a beam-lead bonder it is 
building, but Donald G. Pedrotti, 
engineering vice president at Hu
gle, says that removing the IC' s 
from their wafer carrier and placing 
them on tape can damage their 
beams. Thus, in a bonder Hugle 
will show at the IEEE Show this 
month, there will be no tape feed. 

Sidestep. A possible answer to 
the automatic alignment problem
or at least an interim solution-may 
have appeared more than two years 
ago in Itek' s so-called electronic 
eye, which used a flying spot scan
ner and comparator to align semi
conductor chips [Electronics, Nov. 
28, 1966, p. 38]. At the time, Itek 
claimed that the servo-controlled 
system could position chips in x, y, 
and z axis to within 0.04 mil-more 
accurate than is required for today's 
beam lead automation needs. 

Motorola is said to have pur
chased one for use in its spider 
bonding process. And Texas In
struments has bought all of Itek' s 
"eye" equipment in a hush-hush, 
in-house bonder automation pro
gram, say industry sources. 

Packaging 

Setting a standard 

There's a variety of planar and 
plug-in packages available today, 
but most standard integrated cir
cuits and large-scale integrated ar
rays have packages with either 14, 
22, or 40 leads. Thus the usual 
package has 7, 11, or 20 leads per 
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Switch-hitters. Autonetics has designed this standard package for 
both planar and plug-in circuits. 

side. If an IC supplier uses all three 
types of packages, he has to switch 
tooling-particularly lead frames
when he goes from the 7- or 11-
sided (odd numbers) packages to 
the 20-sided design. Or the vendor 
may have a separate production 
line to handle the 40-lead type. 

Recognizing the benefits of han
dling all lines with one set of tool
ing, Autonetics engineers have de
veloped and are using a 42-lead 
package (21 per side) that can be 
either planar or plu"g-in and ac
cepts the same lead frames used 
for 14- and 22-lead packages. 
David Nixen, chief of research and 
engineering at the firm's micro -
electronics laboratory, says he 
knows of no other package that 
functions both as a planar and 
plug-in unit and still conforms to 
Electronic Industries Association 
lead-spacing standards. 

Hard seal. The new package also 
eliminates the need for glass-to
metal seal-a prime target of attack 
by moisture. Its top and bottom 
plates, both of which are alumina, 
are pressure-baked and joined un
der high force by the package 
manufacturer, "making reliability 
inherent," according to Nixen. Six 
firms bid for the package and two 
are now supplying it-the National 
Beryllia Corp. and the Centralab 
division of Globe-Union. 

"Ceramic is about 10 times more 
resistant to thermal and mechani
cal stresses than is glass," Nixen 
states. He notes that the mechani-
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cal stresses involved in handling a 
glass-sealed package, plus the 
thermal cycling associated with die 
bonding, lid-sealing, and burn-in, 
can weaken the seal and thus 
threaten hermeticity. 

The new package's plate bears 
the screened conductors that con
nect the semiconductor die to the 
outside leads. The die itself (any 
of the metal oxide semiconductor 
LSI arrays Autonetics makes) is 
bonded to a circular floor section 
made of Kovar, alumina, or beryllia. 
The lead frame is Kovar. The top 
plate completely covers the con
ductors, protecting them against 
handling damage. 

For customers who want electri
cally "hot" packages, the Kovar 
floor provides a common intercon
nect through a circuit board. Cus
tomers seeking electrically isolated 
packages will specify either alumina 
or beryllia floors; besides giving 
isolation, beryllia has about seven 
times the thermal conductivity of 
alumina. The same tooling is em
ployed for any of these floors. 

Round top. Kovar is also used 
for the package's circular top ring, 
which provides the hermetic seal. 
(The usual square lid is subject to 
stresses at its corners.) The ring is 
resistance-welded into place by 
Autonetics. "The process is cheaper 
than brazing," Nixen explains. 
"Brazing dictates use of a preform, 
which melts away. We can save 6 
to 12 cents per package by elim
inating the preform." Beyond that, 
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Nixen will say only that the 42-
lead package costs less than con
ventional 40-lead units. 

Instead of having its leads on 
100-mil centers to conform to EIA. 
standards for plug-in packages, the 
Autonetics package employs the 50-
mil centers specified for planar use. 
But converting the unit to plug-in 
form is relatively simple, Nixen 
maintains. In this process, every 
other lead is bent downward close 
to the package edge, leaving it as 
one of a row of plug-in pins on 
100-mil centers. The other leads, 
which extend farther from the 
package, are bent down to form an
other row of pins, also on 100-mil 
centers. Either Autonetics or its 
customers may bend both rows in 
one automatic operation, depend
ing on the customers' desires. 

Double duty. A Kovar stud con
necting the lead frame with the 
package at each end eases handling 
and testing. The lead frame doubles 
as a carrier for the entire assembly 
after the leads have been auto
matically severed from the frame. 
This leaves the leads electrically 
isolated for probing but protected 
by the carrier. After testing, the 
studs are cut automatically and the 
lead frame/carrier falls away, leav
ing a sealed and tested assembly. 

At less than 2.5 grams, the 42-
lead package is about a third the 
weight of conventional 40-lead 
units and a third the size. 

Nixen believes the new unit is 
easier to test than the 40-lead 
types, many of which have a metal 
webbing between leads in addition 
to the lead frame. The webbing 
prevents lead damage before test
ing, but it dictates an extra step
severing of the webbing from the 
package along with the lead frame. 

Communications 

Pinpointing whispers 

Almost any kind of radio used by 
the military can be jammed or in
tercepted. Very narrow-beam milli
meter-wave systems would be im
mune to such intrusion, but efforts 
to sell them to the military have 
generally met with frustration: the 
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Straight talk. Designer Pal le Christensen of Raytheon adjusts his 60-gigahertz 
transceiver. Narrow-beam signal is hard to jam or interrupt. 

components are extremely hard to 
produce in any quantity and with 
any reliability [Electronics, March 
18, 1968, p. 151]. At Raytheon, 
however, a 60-gigahertz transceiver 
has been developed, and the de
signer, Palle S. Christensen, antic
ipates no production problems. 

Raytheon's point-to-point relay 
has an output of only 15 to 20 mil
liwatts and an antenna that nar
rows its bean1 to only 0.75° to 0.8°. 
Christensen, manager for electrical 
design at Raytheon's Communica
tions and Data Processing opera
tion in Norwood, Mass., says that 
despite its low power, the system's 
high frequency and narrow beam 
make it almost impossible to tap or 
jam. "The idea is to transmit only 
far enough, and only to the receiver 
desired," he notes. 

No leaks. The 60-Ghz carrier 
frequency, he points out, "is right 
in the middle of the so-called oxy
gen absorption band. Thus our sig
nal is attenuated by tens of deci
bels for each kilom~ter it travels
and it's not that powerful to begin 
with." The narrow beamwidth also 
helps, by placing almost all the 
transmitted energy in the dish of 
the receiver antenna. 

Christensen says a I-kilowatt 
jammer only two miles away 
couldn't impair the signal, and 
adds: "Besides, it will be a while 
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before anyone can produce that 
much power at 60 Ghz." 

"In fact," he adds, "we didn't 
expect as much output as we got." 
Christensen says the two-stage 
varactor multipliers that make pos
sible the 60-Ghz output were far 
more efficient than Raytheon had 
hoped. "vVe asked for 5 milliwatts, 
expected 2, and got 15 or 20." 

The proprietary multipliers were 
built by a small West Coast firm 
that Christensen won't identify. 
"They are part of our competitive 
edge," he notes. The 'i\lest Coast 
firm makes the multipliers from 
Sylvania 5200 series gallium arse
nide varactors. 

Applications. Christensen says 
the system should find its way into 
antiaircraft missile batteries, bat
tlefield data processing systems, 
front-line telephone communica
tions systems, and radar remote 
operation and surveillance schemes. 
And it has a long-range chance to 
replace blinker-light systems-still 
considered more secure than radio 
-on ships. 

An early application might be 
transmission of ¥adar video in
formation from several transmitter
receiver sites to a single control 
center. This is the role of another 
Raytheon system-the TMR-1 point
to-point link-in the forthcoming 
TPN-19 advanced radar system for 

tactical air control applications. 
Several hundred TMR-l's are 

slated for delivery to the Air Force 
with the air ' control system, and 
Christensen plans to make an add
on module that would contain the 
multipliers and antenna needed to 
raise the TMR-l's C-band output to 
60 Ghz from 7.5 Ghz. 

Compatible. "The TMR-1 thus 
would be converted to a secure 
system with a range of about a 
half-mile," he says. "This would be 
a low-cost conversion since the 
TMR-1 would supply modulator, 
demodulator, i-f circuitry, a local 
oscillator, and frequency syn
thesizer." 

Since the TMR-1 is modular, the 
60-Ghz system would form another 
plug-in. Spares and replacement 
parts for all but the frequency mul
tiplier could come out of existing 
inventories for the TMR-1, says 
Christensen. 

Raytheon hasn't tried to sell its 
new idea to any of the services yet, 
but spokesmen feel that the secur
ity, bandwidth, and antijam capa
bility shou ld be enough to 
tempt the services into reviewing 
their point-to-point communica
tions needs. 

Oceanography 

Open and shut case 

Offshore distribution of natural gas 
and peh·oleum, as residents of 
Santa Barbara, Calif., will tell you, 
is beginning to proliferate in the 
waters around the United States. 
But as firms go farther and farther 
offshore with their pipelines, it be
comes more expensive to provide 
a reliable and secure way to open 
and close the valves that control 
the flow along these underwater 
routes. Hard wires, used along 
most lines to carry signals that 
trigger the valves, get expensive 
when you start talking about 80 to 
100 miles of pipeline. 

With this in mind, engineers at 
the Bendix Corp.'s Electrodynamics 
division developed a system that 
locates and actuates these valves 
by remote sonic signals from a 
command unit aboard a surface 
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Crystal Fiiters. 

IMMEDIATE DELIVERY ON "STANDARDS" 
Custom designs take a I ittle longer. 

If one of the 4 "standards" in the 
accompanying chart meets the require
ments of your communications system, 
you can forget the delivery problem. 
Damon is making immediate off-the
shelf delivery of evaluation quantities. 
In addition, you get all these extra 
advantages over conventional , multi 
component filters : much smaller 

"STANDARD" 4 POLE MONOLITHIC CRYSTAL FILTERS 

size, significantly lower price and 
practically zero failure rate. 

Damon also offers a wide variety 
of computer-assisted custom designs 
but these take a little longer -
3 weeks from date of order. 

For detailed technical brochure 
on Damon Monolithic Crystal Filters, 
write Electronics Division, 
Damon Engineering, Inc., 
115 Fourth Ave., Needham, Mass. 02194. 
Or call (617) 449-0800. 

MODEL NO. 

Center Frequency 
Bandwidth, 3 dB 
Bandwidth, 40 dB 
Ripple, Max 
Insertion Loss, Max 
Spurious Returns 
Terminations 

(Resistive) 
Ultimate Atten . 
Op. Tem p Range 
Case 

1ITTt 
6347 MA 

10.7 MHz z .5 KH z 
6 KHz min 
24 KHz max 
!dB 
3 dB 
> 40 dB down 
1.5 kilohms 

55 dB 
0°-60° c 
T0-8 

1ITTt 1ITTt w 
6347 MB 6348 MA 6348 MB 

10.7 MHz z I KHz 21.4 MHz z .5 KHz 21.4 MHz z I KHz 
15 KHz min 6 KHz min 15 KHz min 
50 KHz max 24 KHz max 55 KHz max 
!dB !dB 0.5dB 
2d B 3d B 2d B 
> 30 dB down > 30 dB down > 20 dB down 
3.9 ki lohms 0.38 kilohms 1.3 kilohms 

50dB 50d B 45 dB 
0°-60° c 0°-60° c 0°-60° c 
T0-8 T0-8 T0-5 

DAMON 
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TOWING VESSEL 

CRUDE OIL PIPE 

Run silent. Chance of leakage from underwater oil pipelines is reduced by Bendix sonic underwater-valve locator. 
When in range-half a mile or less-acoustic transducer in torpedo-shaped unit actuates valve. 

vessel half a mile away. 
Towed unit. Along with a port

able display and associated elec
tronics aboard the ship, the system 
consists of a torpedo-shaped unit 
linked by wire to the ship. This 
unit, towed well beneath the 
ocean's surface, contains an acous
tic transducer that actuates an elec
tronics package at the valve. The 
package contains a hydraulic ac
tuator, a transponder command ac
tuator, a limit switch assembly, and 
a five-year power supply consisting 
of a six-volt battery for the receiver 
as well as a 24-volt supply for the 
transmitter and control mechanism. 

As the ship tows the transducer
bearing unit toward a valve loca
tion, an electrical signal from the 
ship is converted to pulsed acoustic 
energy. This interrogation code is 
sent at a discrete frequency-some
where between 10 and 19 kilohertz. 
Wallace Haase, program manager 
for offshore acoustic systems at the 
North Hollywood, Calif., facility, 
explains that security against in
advertent, or even deliberate, trip
ping of the wrong valve is an 
understandably important consid
eration. And since no Government 
agency has jurisdiction over acous
tic frequencies, Bendix has had to 
devise elaborate codes oo provide 
secure operation in a field that may 
be crisscrossed with pipes oper
ated by different companies. 

Three-mile range. The transpon-
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der at the valve, preset to react at 
that frequency, answers the inter
rogation at one of three frequen
cies between 8 and 9 khz. When 
the answer is received, the Nixie
tube display aboard the ship shows 
the sonar slant range oo t'he target 
valve as well as the status of the 
valve-open, closed, or moving be
tween these two positions-depend
ing on which of the three reply 
frequencies is received. The sys
tem can locate a valve from three 
miles away. 

The actual command to open or 
close the valve is a high-frequency 
signal somewhere between 78 and 
90 khz. Haase says the operate sig
nal is sent at a higher frequency to 
further enhance security because at 
78 to 90 khz a sonar signal is only 
effective at short range-a half mile 
or less; longer distances bring on 
severe attenuation. 

When actuating the valve, the 
surface ship must slow to about 
two knots in order to reduce radi
ated noise and to minimize the 
doppler effect on the command 
code. But Haase says the company 
is currently studying the possible 
use - of helicopters in emergency 
situations such as impending hur
ricanes where speed is essential. 

Bendix, which won't talk about 
costs, does indicate, however, that 
one firm operating in the Gulf of 
Mexico has already agreed to buy 
the system. Bendix officials are also 

talking with 10 other companies 
who have pipelines there. 

Computers 

In the factory 

Today's •automated production lines 
use any of four types of controllers: 
relay racks that cantrol operations 
sequentially, numerical control sys
tems, general-pmpose computers, 
and special-purpose dirgital systems 
huilt from printed-circuit logic 
modules. 

Now there is a fifth. 
The new entry is a digital com

puter called the PDP-14 and it 
s'hortly will ibe introduced by the 
Digital Equipment Corp., Maynard, 
Mass. Inexpensive by almost any 
industry standard, the smallest 
version af the PDP-14 will sell for 
about $4,400 and include a 12-bit 
processor unit, a 1,000-word read
only memory, one input interface 
module (32 inputs), one output in
terface module (16 outputs), power 
supplies, package, and cable. 

The PDP-14 is designed to con
trol the repetitive functions found, 
for example, on automobile pro
duction lines and could control 
quite large facilities-it is expand
able to 4,000 words of memory and 
up to 24 input or output modules. 
Accessory modules, such :rs non-
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destructive memories, counters, 
timers, status displays, and nu
merical readouts will also be avaH
aJble. 

Price comparison. "Our immedi
ate goal is to displace many of the 
relay-type control systems that now 
account for up to $400 million in 
yearly domestic sales," says proj
ect manager John J. Holzer Jr. 
"Though our price is low compared 
with relay systems," he says, "our 
biggest advantage will be reduced 
downtime. A major auto maker tells 
us that his relay-operated control 
systems are out of action about 
35% of the time, and reckons that 
solid state PDP-14's could save him 
about $10 million worth of down
time yearly." 

Longer life. "System life should 
be longer as well," he adds. "Relay 
controllers are good for about two 
to five years at most while the 
PDP-14 should last 10 or more." 

The company's market research
ers also found that about 80% of 
a rnlay conh·ollers' downtime was 
taken up in just finding the trouble. 
To cut troubleshooting time to a 
minimum, Digital Equipment will 
make available a diagnostic r.ead
only memory board that can exer
cise all the logic in the PDP-14, and 
a maintenance control board that 
can be plugged in temporarily to 
check out the machine's response 
to its inputs and read-only memory 
content. 

Checkup. "By switching through 
a combination of inputs, and watch
ing the play of lights on the diag
nostic panel, a user can check out 
the whole PDP-14 and isolate prob
lems fast," says Donald E. Chace, 
project engineer. "If the fault is 
too severe to correct on the spot, 
the processor lifts right out for re-
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Inexpensive. 

Small process
control computer 
developed by 
Digital Equipment 
will sell for 
about $4,400. 

placement. This should mmumze 
production line outages and for a 
user with several PDP-14's, the 
price of a spare should be rela
tively low at only $2,000 or $3,000." 

Manufacturers who alter their 
products frequently should like the 
PDP-14. The controller's braided 
wire memory is built by Memory 
Technology Inc. of Waltham, Mass. 
[Electronics, Dec. 9, 1969, p. 148], 
and to change the machine's in
stmctions it's necessary only to 
change the memory. John J. Ma
rino, Memory Technology's presi
dent, says that it takes only minutes 
to exchange one mem01y board for 
another. 

To automakers, who retool 
yearly, the plug-in memory could 
mean great savings, and two auto
makers ah-eady are said to be test
ing the computer. 

'i\Tith relay systems, a minor 
model change could mean the com
plete reconstmction of 30 to 40 
relay panels-a major model change 
might effect as many as 2,000 pan
els, according to Holzer. Though 
the cost of a panel varies with ap
plication and size, he says that such 
panels are a cinch to cost more 
than a new read-only memory's 
$200 to $300. 

Programing. Digital Equipment 
doesn't plan to sell p110gramed de
vices but will let the user write 
his own. 

"Starting with the Boolean equa
tions, users can translate their 
needs into a read-only memo1y for
mat with a PDP-8L computer and 
a special compiler program," says 
Holzer. Large users will probably 
buy their own PDP-8L' s because, he 
notes, its cost is small compared 
with the cost of the relay control 
gear that the PDP-14 replaces. 

After the equations are translated 
into a read-only memory format the 
user can connect his PDP-8L and 
PDP-14 and use the -8L' s core 
memory to simulate the -14's read
only memory. Using a program 
called SIM-14, the two computers 
are mn to debug the program, and 
aften~ard the -SL cuts a paper tape 
that is sent to Memory Technology 
and translated into a braided wire 
read-only memory. 

Digital Equipment may rent 
-8L' s to small users to aid them in 
programing. 

Application. Though some $10 
million to $20 million worth of 
printed circuit logic modules are 
sold into special-purpose control 
schemes each year, Holzer figures 
that the programed flexibility of 
the PDP-14's read-only memory 
should suit it to all but a few of 
the applications now held by logic 
modules. He expects that the mod
ule makers will be forced to build 
their own machines as their mar
kets dry up. 

He also expects to cut into sales 
of general-purpose computers now 
used for repetitive control, but 
states that process control, as is 
common to the chemical industry
" control applications which in
volve many accurate analog inputs 
or insh·uctions" -will remain the 
province of the general-purpose 
machine and numerical conh·ollers. 

But even numerical control 
should feel some pinch, as 'the 
PDP-14 takes over any repetitive 
functions that may exist in such 
systems, he feels. 

Mini machine 

Ask ·any engineer who is building, 
say, a process control system, what 
his biggest !headache is in working 
a computer into it, and he'll prob
ably tell you it's writing and de
bugging programs. He's not a pro
gramer, he usually doesn't have 
one to do the task for him, and 
while there are a number of small 
processors available, their manu
facturers haven't always taken into 
consideration this customer's limi
tations. 

But people in the System Prod-
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POLISHED CERAMIC SUBSTRATES 
Especially processed AISiBase substrates are now being 
produced up to 5" x 8" with a ground surface of l 0 
microinches CLA or better. Smaller substrates on the 
order of l" x 3" with surface of 2 or better and sub
strates of l" x l" with surface of l microinch CLA or 
better are now practical. The surface is remarkably uni
form with a minimum of voids . These substrates are pro
duced, ground for flatness and thickness control and 
polished for surface finish under one responsibility . 

The basic ceramic is AISiMag 772, a 99 Vi % alumina 
ceramic composition of extraordinary strength and su
perior electrical characteristics. 

PROTOTYPES normally can be hand made 
at no tooling cost. Consultation is sug

gested to arrive at the design most 
desirable for your application. 
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ucts department of Scientific Data 
Systems have been supplying him 
logic modules and digital-to-analog 
and analog~to-digital converters, 
and they think they know him 
pretty well. They !believe they've 
taken a big stride towai·d helping 
him put together his special-pur
pose system lby introducing their 
CE 16 and CF 16 digital computers. 
The two machines differ only in 
speed and price: 42-microsecond 
multiply subroutine and $14,900 for 
the CF 16 and 126 microseconds 
and $12,800 for the CE 16. The 
prices include 4,096 words of core 
memory plus an ASR33 teletype
writer and coupler. 

Because the machines have a 
large instruction set-126, includ
ing 15 memory reference instruc
tions-the multiply times are soft
ware multiply limes. Kenneth Isaac, 
manager of the small-computer pro
gram, says, "These are fully signed 
subroutine times ·compared with 
the unsigned, in-line code of four 
instructions in other small control-

lers." Such a multiply operation 
vequires 10 instructions and 13 
memory locations with the SDS ma
chines, compared with 26 instruc
tions and 29 locations in more con
ventional small computers with a 
"hai·dware multiply" option. And 
that 42-µ.sec multiply time on the 
CF 16 compares with 200 µ.sec on 
a ·competitively priced 16-bit small 
computer. The improvement results 
from eliminating excess data ma
nipulation performed by software 
in older machines. 

Comparison. The SDS machine 
needs only half as many instruc
tions as other small computers to 
perform a three-way compare oper
ation. It uses a direct "compare" 
followed by three "jump" com
mands for the less-than, equal-to, 
or greater-than conditions. Other 
models require eight instructions 
to carry out the additional steps to 
peiform the subtraction and storage 
needed when a ·command routine 
does not exist. 

Norman Meyers, director of the 

Self-sufficient. Scientific Data Systems introduces small computer 
that needs less software than comparable machines. 

56 

System Products department, says 
instructions for a given operation 
are ·reduced by building many of 
them into logic. "These are con
ventional parallel-bus, 16-bit con
trollers," he ·explains, "but we 
oommit some exh·a hardware to 
in1plementing each instruction. We 
use more logic than competitive 
machines, but iat present integrated
circuit prices, extra logic isn't pro
hibitive." Both DTL and TTL ·are 
used, with DTL NAND gates used 
for all buses. 

Efficiency. Two other advantages 
of the large instruction set, Meyers 
says, are that it allows more effi
cient use of the core memory and 
input/ output system. "Since we've 
reduced the number of instructions, 
we can cut the core space needed 
to store that program, and the user 
can often get by with the basic 
4,096 words." 

The I/ O is also one of the good 
things about the machines. There 
are three priority interrupt lines 
built in. 

"In a process-conh·ol application, 
there may be signals coming from 
25 a-d converters with each tied 
into the interrupt system. Each 
could ask for priority and have its 
input stored without interrupting 
2. progmm. The program would 
stop, but would pick up at the 
same point after the priority inter
rupt." 

SDS will supply inteiface hard
ware for peripherals such as tape, 
disk, and punch-card equipment. 
The firm is playing catch-up with 
others such as Digital Equipment, 
Hewlett-Packard, Varian, Data 
General, and Lockheed Electronics 
in introducing a low-cost computer, 
but Meyers believes the large in
sh·uction set will give SDS an ad
vantage over the competitive com
panies. 

H e says it took so long to come 
out with a small machine because 
with the growth expectations for 
larger, general-purpose computers 
at SDS, it wasn't immediately clear 
that there was enough of a market 
to pursue the smaller-machine 
business. 

Both controllers are 8.75 inches 
high, 19 inches wide, and 15 inches 
deep; they're designed to fit in a 
19-inch rack. The power supply is 
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How to build a 
$1000 A/D converter 

for less than $200. 

Start with the Fairchild µ,A722 10-bit A/D-D/ A Converter Current 
Source at $65. Add $30 for ten precision resistors*, $15 for a 
comparator and $25 for logic, then spend $10 tying all these 
together and testing the completed assembly. For $145 you've iust 
built a successive approximation A/D Converter that will give 
you a conversion accurate to 8 bits in 1 Oµ,s. If you need more accuracy 
and can give up some speed, tailor the resistors and cut your 
clock rate -you'll get 10-bit accuracy with a 20µ,s conversion time. 

The µ,A722 is our first linear MSI IC. The chip contains a reference 
supply and 10 current sources connected to a single summing 
line through 10 current-steering switches. The built-in reference 

D TO A CONVERTER 

saves you money; the current steering prevents 
ringing and yields a switching time of 600ns. 

DATA REGISTER 
(3- 9300'5) 

11-------------2 

Besides A/D conversion, you can use the 
µ,A722 Current Source for D/ A conversion, 
logarithmic D/ A conversion and high-speed 
hybrid multiplication and division. It will handle 
more data faster than any comparable system. 
You can get the µ,A722 from your stocking 
Fairchild distributor. Or, if you're not ready for 

+6.0V ---i 12 

200pF 13 
- 6.0V 14 

/J.A722 

15- ----- ----- - 24 

Accu racy: 0.25% 
l inearity: 0.01 o/o 

PART NUM BER 

U3M7722333 

U3M7722334 

P:\C KAG E 

Flatpak 

Flatpa k 

it yet, send for the complete specs and appli
cation notes. They'll give you all the design 
information you need. 

To order the µ,A722, ask for: 

PRICES 
ACCURACY TEMPERATURE 1-24 25-99 100-999 

8-bits ± Y2 LSB o•c to + 55°C $97. $79. $65. 
7-bi ts ± Y.LSB - 20°c to +s5•c 

7-bits ±Y2LSB o • c ta +55°C 75. 60. 50. 
6-bits ± Y2 LSB - 20°c to +s5•c 

*Packaged precision networks compatible with the µ A722 are ava ilable off the shelf from 
major resistor manufacturers. 

FAIRCHIL..C 

SEMICONDUCTO R 

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mou ntain View, Cali forn ia 94040, (415) 962-5011 TWX: 910-379-6435 
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[Kl@JWQ 
5VDC atlA 
IC POWER SUPPLY 
for ... s2400 

IN SINGLE 
QUANTITY 

The LIC5-1A is another of Elasco's new 
series of low-cost, high-quality plug-in 
power supplies. This power supply is 
designed to power approximately 25 
IC's. The unit delivers 5 volts D.C. at 
1 Ampere with regulation and ripple 
specifications commensurate with in
tegrated circuit requirements. The pow· 
er supply is manufactured to mount in 
a standard 51,4'' basket, and is available 
with an overvoltage protection option. 

The LIC5-IA power supply is designed 
for mounting either on a chassis or in a 
51,4'' IC Basket. As many as 9 units can 
be mounted in a standard Elasco basket. 

FEATURES 
• SHORT CIRCUIT PROOF 

• 71°C OPERATION 
• LOW COST OVERVOLTAGE OPTION 
• DELIVERY: STOCK TO 2 WEEKS 
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a separate package for each ma
chine, but each weighs just 35 
pounds. 

Meetings 

Support for Ovshinsky 

Some confirmation of the claims 
made for Stanford R. Ovshinsky' s 
rather unconventional work with a 
glass semiconductor material was 
presented at the International Solid 
State Circuits Conference in Phila
delphia last month. An electrically 
alterable but nonvolatile read-only 
memory has been built at Iowa 
State University with the material
which is ordinary glass with smal1 
amounts of arsenic, tellurium, and 
germanium added. 

The memory's operation is based 
on the Ovshinsky memory effect. 
When the molten material is cooled 
slowly for several hours, it has 
either of two resistivities and can 
be electrically switched from one 
to the other. The resistivity change 
is a phase change in the material, 
which acquires crystalline charac
teristics as it cools. The resistivity 
the material has when power is 
turned off is retained when power 
returns-whether it's minutes or 
months later. 

Another switch. This effect is dif
ferent from the Ovshinsky thresh
old effect, for which Ovshinsky has 
become famous-or notorious-re
cently [Electronics, Nov. 25, 1968, 
p. 49]. The latter occurs in glass 
semiconductors that have been 
cooled quickly. 

Again there are two resistivities, 
but the switch from high to low is 
made by applying a voltage above 
a threshold; the reverse change oc
curs when the voltage is turned off. 
The threshold effect is bilateral; it 
can be used in switching circuits 
[Electronics, July 24, 1967, p. 72]. 

The new developments were re
ported by Charles H. Sie, who got 
his doctorate at Iowa State for re
search on the material and who is 
now working for Ovshinsky at En
ergy Conversion Devices in Troy, 
Mich. 

In corridor conversations during 
the conference, representatives of 

Germany's Siemens AG said s·imilar 
effects have been observed in tel
lurium oxide. 

They didn't report any work be
yond the materials level at Siemens, 
however, whereas work has been 
done at Iowa State not only on the 
glass material but on the develop
ment of circuits and small memory 
systems made from the glass mate
rial. 

LSI under discussion 

Opinions vary on the question of 
who will do what when it comes to 
putting large-scale integration into 
practice in new systems. Panelists 
at the session on custom vs. stand
ard LSI, at the International Solid 
State Circuits Conference, dis
agreed on several major points. 

First of all, where is the interface 
-at the mask or at the logic dia
gram? 

It makes a lot of difference. 
If it's at the mask, the systems 

designer will design the mask and 
turn it over to the semiconductor 
house, which simply processes the 
device. 

If it's at the logic diagram, the 
semiconductor maker does all the 
mask design work. 

One panelist, W.R. Raisanen of 
Motorola Semiconductor, Phoenix, 
emphasized that it's the systems 
designer who should design the 
mask. By 1973, he said, there will 
be about 1,000 systems companies 
designing their own masks. In fact, 
he adds, the people who are serious 
about MOS LSI are doing it that 
way now. "Once the systems 
houses find out how easy it is to 
design MOS circuits and once they 
learn how to make the masks, they 
will go this way." The semiconduc
tor vendor then will simply process 
the masks and deliver the compo
nent. 

Job shop. Don Winsted of Sig
netics, Sunnyvale, Calif., saw it 
differently. He said that if the semi
conductor maker accepts the role 
of processor his business would be
come a job-shop operation. 

Raisanen's estimate of a typical 
time was 22 weeks from the first 
agreement on the product to the 
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Series 216 Wafer 

Series 212 Wafer 

These are the facts that make CTS Switches the engineer's choice 
NO BREAKAGE·They don't break on production lines 
or on finished equipment if dropped or jarred ... CTS 
glass alkyd wafers are not brittle like phenolic .. . 
easy to handle. 
NO SHIFTING• Precision molded construction elimi · 
nates mechanical shifting of stator circuitry and 
terminals. 
MORE COMPACT• No spacers needed when stacking 
wafers ... Maximum switching capability with mini· 
mum depth ... Smaller diameter-only 11/8" (Series 
212 wafers) 
VERSATILITY OF CIRCUITS· Many circuit variations 
available due to varied rotor contact configurations . 

External jumpers eliminated by CTS internal con 
nectors between adjacent positions. 

AVAILABILITY OF POWER SWITCHES•Available with 
4 types of power switches and/or numerous poten
tiometers. 

SUPERIOR INSULATION· Glass alkyd is superior to 
phenolic Insulation . 
•Soldering heat can 't loosen terminals . 
•Meet MIL-S-3786 A&B, Style SR03 

(Series 211, 212 and 215) 
• Balanced contact spring. 
• Natural solder barrier provided by 

glass alkyd insulation. 

Which Detent best fits your requirement? 
Detent 

Type 211-Star Wheel Detent 

Type 215-Double Ball Detent 

Type 212-Hill and Valley Detent 

Type 212 ND-Die Cast Detent . . . + 
Application :-1 

Highest quality applica tions 

Quality instrum ent applications 

Home entertainment and low cost 
instrument apolications 

Lowest cost applications 

4-6 WEEKS DELIVERY 

Cycle Life t Switching Torque 
250,000 10-50" oz. 

100,000 6-35" oz. 

25,000 20-48" oz. 

20,000 18-40" QZ . 

Western Source 
CTS Electronics, Inc. 
(formerly Chicago Telephone 
of California, Inc .) 

CTS CORPORATION 
1010 Sycamore Avenue 
S. Pasadena, Ca lifornia 91031 
Phone: 213. 254-914 1 
TWX : 910-321-4060 
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ELKHART, INDIANA 46514 
Phone: 219, 523-0210. TWX: 810-294-2256 

Canadian Source 
CTS of Canada, Ltd . 
Streetsville, Ontario 
Phone: 416, TA 6-1141 
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60 

cost cutting 
svstem 

oower 
SUDO lies 

MMS Serles Slot Range 

FEATURING THE TODD FORMULA FOR 
SYSTEM POWER SUPPLY ECONOMY 

More watts/in 3/°C/$ 

More watts/ cubic inch 
Space saver-only 3%4"x321~2"x41h" 
More watts/°C 
71 °C operating temperature. Designed 
to meet MIL environmental SPECS. 

More watts/ cost dollar 
M Series - your. best buy in a system 
power supply. 

7 series - 33 amperes max. 
18 models per series 
Outputs to 150 Vdc 
.01 % regulation 
.5 mV rms ripple 
Remote sensing/ programming 
5 year warranty - parts & labor 

*Slight increase in price 
for higher voltage units 

For complete information, con
tact your local Todd representa
tive or: 
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delivery of the first piece to the 
customer. He said that it now costs 
about $16,000 in the initial phase 
to produce a few samples for a cus
tomer, and about the same amount 
to get the needed quantities to 
drive the costs down to an accept
able level. Computer-aided design 
will save about half the $16,000 
initial cost but the rest will not be 
cut because a computer can't side
step the creative effort. 

Raisanen will get another crack 
at the subject when he appears at 
the Electronics Magazine spon
sored Conference on The Changing 
Interface, March 28 in New York. 

Raisanen also expressed skepti
cism on the future of bipolar LSI, 
saying that although it was a nat
ural extension of DTL and TTL 
(which in tum were natural exten
sions of discrete circuits that users 
were comfortable with), bipolar 
LSI may tum out to be another 
tunnel diode-widely heralded but 
never living up to the tremendous 
advance publicity. 

Government 

Robes of office 

The duties of an Undersecretary of 
the Air Force depend for the most 
part on the man who occupies the 
office, and John L. McLucas will 
bring technical knowhow, adminis
trative experience, and a human
istic attitude to the post. Now 
president and chief executive offi
cer of the Mitre Corp., Bedford, 
Mass., McLucas will report to 
Washington in mid-March. 

First approached in late January 
by Defense Secretary Melvin Laird 
and Air Force Secretary John C. 
Seamans, McLucas is said to have 
bargained hard tJo get second-in
command responsibility before he 
accepted. He also made it clear 
that he wanted to continue his 
efforts to bring technology out of 
the military sphere to solve social 
problems. 

But social programs are a per
sonal interest. "Obviously my first 
preoccupation will be with Air 
Force needs. It is probable that one 
of my prime duties will be watch
dogging research and development, 

and in this area, I'll be working 
closely with DDR&E (the Defense 
Department's Research & Engi
neering office) and John Foster, 
(the director)," he says. 

Old friend. McLucas implies that 
he might have turned the job down 
if Poster had been replaced under 
the Nixon administration. Foster is 
an old acquaintance of McLucas. 

The mechanics of R&D will be 
·Scrutinized. McLucas feels that it 
takes too long to get ran idea into 
operational hardware and involves 
too much useless paperwork. "I 
want to see less report writing and 
more laboratory work,'' he says. 
But he makes it clear that he's not 
out to get systems engineering. 
"It's the shuttling of paper be
tween the services and DOD sys
tems analysts which should be bet
ter supervised." He implies that 
even before contractors find out 
about a system, reams of needless 
documentation already have col
lected in the Pentagon's files, and 
it's this he wants to get rid of. 

Air Force in the ghetto. McLucas 
takes a philosopher king's attitude 
to technology: "It's time we har
nessed it to human needs. In some 
ways we are captives of tools 
which should be our servants." 

Air Force Secretary Seamans is 
already on record as favoring more 
spinoff from military programs 
[Electronics, Jan. 20, p. 14], and 
while this sort of statement is 
easier for Seamans to back up than 
for his number-two man, both seem 
to work from a common point of 
view. They feel that the country 
needs to find civilian applications 
for the costly techniques developed 
for the military. 

But how does a man in the 
Pentagon aid other branches of 
Government, like Housing and Ur
ban Development and Health, Ed
ucation, and Welfare? According 
to McLucas, "the problems of in
teragency programs are so severe 
that often the only recourse is to 
let the guy with the problem solve 
it himself-even though you may al
ready have the solution." Differ
ences in point of view and opinion 
are hard to resolve in Government, 
he feels. 

But already on the Air Force 
shelves •are advanced biomedical 
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# 678 Ser ies Three Phase 25 Amp Br idges 

# 679 Series Single Phase 25 Amp Br idges 
#680 Series Single Phase 10 Amp Bridges 

#681 Ser ies 15 Amp Doublers and 
Center Tap Rectifiers 

PIV 'S to SOOY. 
4 different packages 

6 circuit configurations 
Al l availab le in regu lar, 

fast , or ultra-fast recovery 
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The "inside-out" bridge -
the first 

high-current 
rectifier assemblies 

designed for reliability 
from the inside out . .. 

and priced competitively 

• Aluminum package optimizes heat dissipation. 

• Every chip individually fused in glass in a complete 

Unitrode monolithic package, so . .. silicon is not 

exposed to possible contamination by plastic filler. 

• Only controlled avalanche rectifiers used. 

• Terminal pins directly connected to silicon make direct 

thermal path - not only to case, but to lead wires -

thus lower junction temperatures. 

THE MAGNU M RECT<"E R A S S EM B CY o, ~· 
UNITRODE 
580 Pl easant Street, Watertown , Massachusetts 02172 • {617) 926-0404 

IN ITS HEART, YOU KNOW IT'S RIGHT ... 

HERE'S WHAT IT 
LOOKS LIKE INSIDE 

Even before it's potted, the 
Magnum has all the 
toughness, reliability, and 
e le ctr I cal characteristi cs 
of the unique Unitrode 
fused-in-glass diode as the 
heart of its construction. 

HARO GLASS FUSl:O TO 

\ "CON SU""' 

I 
TERMINAL PINS MUALlURGICAL L'I' 

BONDED DI AECfl'I' TO SI LICON 

HERE'S WHAT IT 
LOOKS LIKE INSIDE 
THE INSIDE 

With the silicon die 
metallurgically bonded 
between terminal p ins of 
the same therma l 
coefficient, the hard glass 
sleeve is fused to the 
entire outer silicon surface. 
Resu lt - a voidless, 
monolithic structure . 

For fast action, call Dave Greene COLLECT at (617) 926-0404. 
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instrumentation, air traffic control 
schemes that might be of great 
aid to the FAA, sophisticated elec
tronic data-processing methods, 
and other techniques. McLucas 
wants ·them to be applied widely. 

One way of making technology 
more readily available, without suf
fering interagency committees, is to 
open the resources of organizations 
like Mitre to civilian problems. Mc
Lucas began moving in this direc
tion years ago. 

During his 32 months as presi
dent and chief executive officer of 
Mitre, he guided the corporation 
into areas like air traffic control, 
housing, urban transport, and pol
lution control. And what couldn't 
be done during business hours, he 
worked on in his spare time, espe
cially ghetto capitalism and hous
ing. Meanwhile, he encouraged 
Mih·e employees to do the same. 
As a result, while Mitre has grown, 
Air Force support is now only 65% 
of its income, and the figure is still 
declining. 

As be leaves, Mitre is on the 
verge of announcing a further re
direction of some of its resources 
into civilian channels, and Mitre 
spokesmen expect to feel McLucas' 
influence despite his Pentagon du
ties. 

For the record 

Diversification. The Bechtel 
Corp. is the world's largest engi
neering construction firm and is 
known mainly for the dams and 
bridges it has built. But it's been 
unobtrusively moving into the mi
crowave power business during the 
past year. The most recent, though 
not the biggest, move in this direc
tion was the company's decision to 
participate with Varian's Eimac di
vision and a large, unidentified pa
per company in effort to develop a 
microwave paper-drying machine. 

Buyer. The Monsanto Co., a 
chemical giant but an electronics 
newcomer, has leaped into the 
process control business by pur
chasing The Fisher Governor Co. 
of Marshalltown, Iowa. To be 
known as Fisher Controls, the firm 
will retain present management. 
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THE WORLD'S MOST ADVANCED 
ALL-SOLID-STATE VOM 

''601'' 
It's the first of its kind. Triplett's creative engineering has 
gone and done it. It has de.signed and engineered an 
entirely new concept in All-Solid-State VOM's for fast 
in-circuit testing of electronic and electrical applications. 
It has built the new portable Model 601 with Field Effect 
Transistorized circuitry, push-button and battery operation 
and with 11 Megohm Input Resistance on all AC-DC 
voltage ranges. It's ideal for testing IC's, making audio 
measurements, and usable with Frequencies to 50 KHz. 

0 14 Ohmmeter ranges with 7 Low-Power ranges at 
75 mV DC for transistorized and Integrated Circuits . 
Voltage ranges from 10 mV AC and 100 mV DC 
full scale; plus AC and DC Current ranges from 10 
uA full scale. 

C) Modern, easy-to-use push-button selection of DC 
Polarity, AC and Low-Power Ohms functions. 

See this new, All-Solid-State (F-E-T) VOM at your local 
Triplett distributor and you'll be Testing 1 ... 2 .. . 3 

Model 601 (F-E-T) VOM 

$150 
Suggested U.S. A. User Net 

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY BLUFFTON, OHIO 45817 
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MICROWAVE IC 
PROGRESS 
REPORT#6 

PACT reduces 
losses 30°/o for 
C band microstrip 
ferrite phase 
shifters 
One of the latest successes scored by Sperry's PACT (Progress 
in Advanced Component Technology) program is a marked im
provement in loss performance of C band microstrip ferrite 
phase shifters. Non-reciprocal, latching devices in external loop 
configuration show an improvement in loss characteristics from 
3 db to 2 db for 360° shift . 

C BAND, NON-RECIPROCAL FERRITE 
PHASE SHIFTER IN TEST FIXTURE 

PACT engineers attacked the problem of improving ferrite 
planar phase shifter performance by concentrating ori two 
troublesome areas: substrate materials selection and optimum 
configuration of the microstrip circuitry. 

The search for materials was aimed at optimizing and con
trolling the material characteristics, thus minimizing loss and 
maximizing phase shift. It led eventually to the selection of 
aluminum-doped VIG as the most promising material. Circuitry 
investigations were directed toward maximizing the rf coupling 
to the ferrite substrate. Meanderlines have been one of the most 
promising approaches. 

st=E~Y 
MICROWAVE ELECTRONICS DIVISION 
CLEARWATER. FLORIDA 
64 Circle 64 on reader service card 

C BAND RECIPROCAL FERRITE PHASE SHIFTER 
IN TEST FIXTURE 

To optimize circuitry configurations, PACT personnel used 
calculations based on established filter theory for meanderline 
designs. Complexity of these calculations led to the establish
ment of a special computer program. The computer not only 
optimized configurations - it also generated large economies 
in design time and expense. As a result of the computer opera
tions PACT people were able to increase line-to-line coupling of 
their devices and effect a considerable loss reduction. 
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FREOUENCYIGHal 

TYPICAL PERFORMANCE OF PACT-DEVli:LOPED 
PHASE SHIFTERS 

The results of this program have been applied to both recip
rocal and non-reciprocal devices. They are also expected to 
speed Sperry's progress toward commercially available micro
wave integrated circuits. 

To get more information about PACT progress in phase 
shifters and other areas of microwave IC technology for your 
application, contact your Cain & Co. representative or write 
Sperry Microwave Electronics Division, Sperry Rand Corpora
tion, Clearwater, Fla . 

For faster microwave progress, 
make a PACT with people 

who know microwaves. 
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Pentagon weighing 

paper vs prototypes 

Bids due in April 

for satellite laser 

Viking rfp's 

ready to sail 
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The Pentagon may return to the old practice of a "faceoff' between 
competing prototypes before selecting a company to build an item, at 
least on smaller systems. This would mean junking the approach devised 
by former Defense Secretary Robert S. McNamara whereby specifica
tions on an item were defined by conceptual and contract definition 
studies instead of spending money on prototypes. Critics, especially 
Republicans unimpressed by systems analysis, charge that companies 
might tend to exaggerate in the heat of competition so that produc
tion contracts wind up costing more. They cite the Lockheed C25A 
transport plane, the Cheyenne armed helicopters, and the Boeing short 
range attack missile (SRAM) as examples. 

Now, under Presidential direction, the Defense Department is seeing 
if spending more in development means less cost in production. Chances 
are, however, that the Pentagon would shy away from the high initial 
cost of funding parallel prototype development for expensive systems. 

The Goddard Space Flight Center plans to have its request for pro
posals out this week for the laser communications experiment to be 
carried aboard Applications Technology Satellite F, which will be 
launched in 1972. Bids will be due in late April. The experiment, the 
first of its kind, would give the winning firm a nice edge in laser space 
communications. One insider predicts six to eight bidders. 

The procurement will call for identical space and ground hardware 
using 10.2-micron carbon dioxide lasers. NASA is requiring a 30-pound 
package able to operate at 30 watts and a minimum 2,000-hour life
time for the laser. According to Harry Gerwin, project manager for 
ATS-F, NASA needs a contractor with advanced capability in long
lived carbon dioxide lasers and optical communications. 

The basic experiment will involve transmission of laser signals to 
a satellite for conversion to other signals (such as tv) for return to 
earth, and sending of nonlaser signals from earth to the spacecraft 
to be reh1rned as lasers. Later, satellite-to-satellite experiments will 
be attempted when ATS-G is launched [Electronics, Dec. 23, 1968, 
p. 103]. 

Within the next few weeks, NASA's Langley Research Center will issue 
requests for proposals for the total Project Viking-from development 
of the Mars spacecraft and orbiters to the collation of data after the 
two 1973 missions have been completed. The contract will get the lion's 
share of the total $325 million expected to be spent on Viking. 

With the rfp's about to go out, NASA is moving quickly in other 
directions on the program. A group of 38 scientists has been appointed 
to assist in the design and development of instrumentation for the two 
soft landers which will be deposited on Mars from the Viking orbiters. 
Eight teams of scientists will work up, by next December, the final 
plans for the lander experiments. And the titles of the teams indicate 
for the first time what the landers will investigate. 

The Active Biology team will study instrumentation to determine if 
life exists on the planet; the Imagery group will work on a landed
camera system; Entry Science will determine how atmospheric com-
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Congress may move 

to realign the FCC 

Packer quits as P.O. 

research chief 

Sentinel expected 
to relocate sites 

Four firms· bid 
on punch-card job 
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position can be studied during the descent of the landers; Radio will 
investigate radio techniques to study Mars. The remaining teams are 
Ultraviolet Photometer, Seismometer, Meteorology, and Surface Sam
pling. 

Despite a Hurry of headline-making activity in recent months by the 
FCC, there is a chance that Congress might move to reorganize it. 

More and more Congressmen feel that the commission can't respond 
to the problems generated by new communications technology, and 
at least one senator thinks that the commission should be reduced from 
seven to three members. He believes that the liberals and conservatives 
on the FCC have completely polarized their views after a series of 3-to-
3 votes. 

The newest member of the commission, H. Rex Lee, is a moderate 
and is casting the swing vote on many issues. The senator thinks three 
members would work together more closely and avoid bitter polarization. 

After nearly three years, Leo S. Packer has resigned as assistant post
master general for research and engineering. Packer, who insists he 
never intended to make a career out of the job, apparently felt he 
accomplished his task of getting the R&E Bureau organized and mov
ing. During his tenure, the postal R&E budget has shot up from $16 
million in 1967 to a $50 million request for 1970. Packer, who was engi
neering manager of Xerox before accepting the Post Office job, says 
he has made no decision yet on whether to take a new Government 
job or return to private industry. 

The Nixon Administration will probably approve going ahead with the 
controversial Sentinel antiballistic missile system but sites for the missile 
will be moved to isolated areas to mollify infuriated residents near 
designated cities. 

It is believed that the Pentagon had hoped to muster support for 
the system by placing the sites near cities and claiming the system 
would defend the populous areas. The brass figured a large number of 
city Congressmen would become solid supporters of the system since 
they could use it to make political points with constituents, city poli
ticians, and local contractors. Instead the scheme backfired. City dwel
lers didn't want the nuclear-tipped missiles anywhere nearby. 

Now, the Pentagon hopes that the furor will die down while a com
mittee headed by Deputy Secretary of Defense David Packard reviews 
the project. 

Four leasing companies have submitted bids to provide the General 
Services Administration with IBM-made punch-card machinery. IBM, 
which has been providing the equipment up to now at a cost of about 
$37 million annually, did not bid. 

The GSA asked for bids in an effort to get better prices through 
competition [Electronics, Feb. 3, p. 57]. Even though IBM declined 
to submit a bid, this does not mean it is leaving the market: the firm 
has a running contract with GSA and could wind up with the business 
if its prices are lowest. 
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Blgh efflclener / mgh rellabllltJ 
industrial and lab power supplies 

The OCR Series is composed of 34 models - 9 models 
with power levels of 400 and 800 watts are available, 
from stock, at 0-40, 0-60, 0-80, 0-150 and 0-300 Vdc irt ,
the 5%" high package utilized by the model DC~" 
40-10A. 

Other features include: • compliance with 
RFI specifications MIL-1-26600 and MIL-1-
61810 • ± 0.075% voltage regulation for 
line and load changes combined • volt
age and current regulation with auto-

- I 
•• 

matic crossover • adjustable current l_imiting with 
automatic recovery • optional overvoltage protection 
• remote sensing and remote programming. 

For more information contact your local Sorensen 
representative or; Raytheon Company, Soren

sen Operation, Richards Avenue, Nor
walk, Connecticut 06856. 
Tel : 203-838-6571; ____ ._ __ 

TWX:710-468-2940; [RAYTHEON] 
TELEX: 96-5953•--------• 

Circle 200 on Inquiry Card 



••• 
For the past five years Analog Devices 
has consistently been first to off er 
state-of-the-art hardware with priITiary 
eITiphasis on maximum user value ... 
Now these three NEW aITiplifiers once 
Inore set the pace in the op-amp 
performance per dollar competition ... 
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LOW COST/GENERAL PURPOSE-$11 
Maximized user value really shows up in this new low 
cost series. The Model 118 offers performance that was 
simply unheard of just a few months ago. With every 
spec "one up" from I .C. types, the 118 is the best value 
available for literally hundreds of general purpose appli
cations. Not even the spec table tells the whole story ... 
A dual input transistor stage, usually found in much 
higher priced amplifiers, means immunity from "ther
mal gradient" errors and low noise. Other important 
advantages are high open loop gain, fast slew rate and 
low bias current. 

Models with 20 volt output swing and 20mA output 
currents are also available under $25. 

CHOPPER STABILIZED OP-AMP-$64 
This new series sets the price standard for sophisticated 
chopper stabilized op-amps. At $64 unit price, the 232J 
is less than half the cost of comparable units available 
just last year. Performance has also been improved over 
previous types. . .long term drift tests indicate that 
initial offset voltage will stay within 5µ.V indefinitely 
and low frequency "flicker" noise has been reduced. 
Package size is only 0.4" high for card rack mounting. 

A selected high performance version designated 232K is 
available at $99 unit cost. The units are identical 
except for initial offset voltage and drift rates (10µV, 
0.1µV /°C) and initial bias current and drift rate (50pA, 
0.5pA/°C). 

ELECTROMETER AMPLIFIER-$50 
The Models 310 and 311 are varactor bridge input amp
lifiers with ultra low bias currents ... not exceeding 
10- 14A. These new amplifiers offer for the first time 
a realistic, solid-state alternative to vacuum electrometer 
tubes. In addition, voltage drift of only 30µV/°C is 10 
times less, and $50 in hundred lots is highly competi
tive. 
The 310 is for inverting operation and is useful where 
ultra low currents are measured as is typified by photo
multiplier tubes and gas chromatograph flame detec
tors. The 311 is essentially identical but is optimized for 
non-inverting circuits. It is the best choice where vol
tages from high source impedances are found (pH 
cells, chemical transducers, etc.I 

SPECIFICATIONS 

Open Loop Gain, min 

Rated Output, min 

Full Power Resp. min 

Slew Rate, min 

Voltage Drift, max 

Bias Current, max 

Price (1-9) 

(10-24) 

SPECIFICATIONS 

Open Loop Gain, min 

Initial Offset, max 

Voltage Drift, max 

Long Term Stability 

Noise, de to 1 Hz 

Bias Current, max 

Current Drift, max 

Rated Output, min 

Price (1-9) 

(10-24) 

SPECIFICATIONS 

Open Loop Gain, min 

Rated Output, min 

Voltage Drift, max 

Signal Input 

Input Bias Current 
Input Impedance 

Noise (.01-1Hzl 

Price (1 - 9) 
(100 lotl 

118A/K 

2.5x105 

±10V@5mA 

100kHz 

6V/µsec 

±20/5µV/°C 

±.6/ .5nA/°C 

$11/$21 

$10.50/$19 

232J 
107 

15µV 

0.25µV/°C 

1µV/month 

1.5µV, p-p 

100pA 

1pA/°C 

±10V@4mA 

$64 

$58 

310/311 

105 

±10V@5mA 

30µV/°C 

.01pA, max 
1014 ohms 

.001pA, p-p 

$75 
$50 

These are just three examples of the 19 

brand new products which appear for the 

first time in our new comprehensive 

catalog for 1969. All have been specifically 

designed for maximum user value ... get 

your FREE copy today, available from any 

sales office or use the Reader Service Card. 

ANALOG 
DEVICES 

SEE US AT IEEE BOOTH 4E-26, 4E-28 

Two Twenty One Fifth Street 
Cambridge • Massachusetts 02142 
Tel.: (617) 492-6000 • TWX: (710) 320-0326 
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Here's the scope that makes the Jolly Giant green-Data 
Instruments Mode l 7100. For the eng ineer w ho looks at the 
trace instead of the nameplate, it has no equal. It's portable, 
and has a 5 inch rectangular PDA tube w ith a varie ty of 
plug-in amp li fiers geared to the most current needs. The unit 
shown here is SOMHz, dual trace with chopper, alternati ng 
and summing modes, and a 10mv/cm sensitiv ity. 
Now, it is true, that for a few hundred dollars more, you 
can get a midget vers ion from the Jolly Giant. And if you 
focus on the nameplate, it's very readable. As far as the trace 
goes, the 7100 is 25% larger and consequent ly faster and 
more sensit ive. Still, if you can ca librate your eyeba ll s you 
can read the midget almost as wel l. 
A lmost. But not quite. The 7100 has a much sma ll er spot and 
consequently a measurably c leaner trace. Besides all this, 
the 7100 is built to the req uirements of critical military appli
ca ti ons. It is rugged ized at no extra cost. And speaking of 
cost, the main frame is $880. A series of time bases and 
verti ca l amp li fiers ranging from $142 to $482 gives the unit 
wide applications including single shot function, TV moni
toring, etc. 
But why guess. Demonstrate it side by side with the midget 
trace, and decide which is better-a bigger trace o r a bigger 
nam eplate. 
Data Instruments Div., 7300 Crescent Blvd., Pennsauken, N.J. 08110 

50MHz, portable, plug-in 

and you don't need calibrated eyeballs 
$1698 

TIMEB"SE IX2 

ti 1: t NC lEYH " .,::., /. . ~ 
J1 Ill:. + 

~O A.Cf -

MAINS.WEEP A 

"" "' ~· , j 

DISPL"Y UNIT 07100 
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want to 
take off 

in electronics? ask us 



Components manufac tured by O/ E/ N compan ies are vital in keeping today's 
jets flying . On the control panel you'll find pushbuttons, indicator lights, 
thumbwheel and rota ry switches. In co mmuni cat ion s systems .. . crysta l filters 
and osci ll ato rs, and potentiometers. And elsewhere, from the cockpit to the 
tail . .. rel ays, so leno ids and electronic in sul ation . 

Each component is engineered to provide instant, accurate response, as well 
as compact, clean and readable visual information . We're in ground contro l 
equ ipment, up in the jets, and even beyond ... in aerospace. We 're a single 
so urce of supp ly for a variety of components used by almost every industry 
today. 
Matter of fact, we ' re not sure where we ' ll be next. Our R/ D people are a 
restless lot, never sa ti sfied, always trying to make something better. Thi s 
constant updating of technology has been O/E/ N 's driving fo rce. 
Here are a few highlights and we 'd be pleased to tell you even more about 
them. Write for individual product literatu re and/or booklet describing 
0 / E/ N, its companies and produ cts . 

Re ader Serv ice Card No. 310 

simpler, better control 
panels result 
from 
Multidex® 
switches 
Multidex switches were enginee red to meet the increasing demands for 
flexible and fast designs faced by today's electronic engineers. 
This versatile switch line offers an almost unlimited number of variations of 
the most popular options and features and eliminates much tedious design 
work for the engineer. In fact, it is his best choice to replace seven older 
sizes and types of switches. What's more, Multidex switches are smaller 
and yet provide more contacts (even 32 and 36 positions). 
Detent mechanism offeri ng a crisp, uni form action is ava ilabl e in a wide 
number of throws. Diall yl phthalate insulation is used and Oak-pioneered 
double-wipin g contacts are a further guarantee of dependable operation. 
If rotary switch design is your job, you ' ll want full detail s on the versatile, 
new Multidex line of rotaries . 

OAK MANUFACTURING CO. 
Crystal L ake, Ill inois 60014 

Read er Service Card No. 311 

0. K., now ... by the numbers! 
Zero to nine (optiona l decimal point) daylight visib le 
and from wide angles .. . that's LAM P's new filament 
readout Numeralamp. This 4-vo lt AC/DC lamp offers 
200,000 hours average life. Numerals (0.4" x 0.7" ) 
formed by seven tun gsten fi laments operating at 
1800° K., emit 4,000 foot-lamber! brightness. Filaments 
are the type used in Military Standard lamps of high 
reli abi lity and duration. 
Lamps, (2.1 " high x 0.83 " dia.) sea led in a sta ndard 
9-pin vacuum tube base, mount on 1" centers. 

LOS ANGELES 
MINIATURE PRODUCTS 
17000 South Western A venue 
Gardena, Californ ia 90247 

Reader Service Card No. 312 

dot-lite 
lamps 
aim high 
They' re a natural for comp uters, but 
the extremely small size and hi gh 
brightness of these bantam-weight 
indi cator lights makes them a logical 
choice fo r sophisticated airborne dis
plays as well. 
Sixteen of these tiny T-1 uni ts ca n be 
mou nted in a single square in ch of 
panel space and the lamp base snaps 
right into the panel mounting holes 
(without any hardware) o n 0.218 
centers. 
In addition , the T-1 lamp ca n be re
placed in just seconds, from the front 
of the pane l, without tools. 
There's no guesswork in rep lacing 
lamps either, as far as proper voltage 
rati ng is co ncerned. Lamp rati n gs 
range from 1.5 V to 28 V and each base 
is co lor-coded for instant identifica
ti on. Snap-on lens caps are avai I able 
in a wide choice of colors and shapes. 

MARCO-OAK 
P . 0 . Box 4011 
207 S. Helena Street 
Anaheim, Cal ifornia 92803 

Reader Service Card No. 3 13 



midget tick-tock 
for computers 
Compact, inexpensive, versatile-sum s up the 
reaso ns for designing MCCoy's new MC109A1 clock 
osc ill ator into computers and peripheral equipment. 
It's onl y 1" squa re by 1/2" high, yet offers output over 
the entire 30 kHz to 50 MHz range. It holds ±150 ppm 
maximum from - 55° to +1 05° C. over the 30-650 kHz 

range, ±so ppm from -55 ° to +125°C. 
ove r the 180 kHz to 50 MHz range. Over 

smaller temperature ranges, even better sta-
bilities are poss ible. 

With an input voltage of only 5 vdc (±5%), this 
clock osc ill ator is compatible with DTL, RTL or TTL 
logic. Meets all requirements of MIL-E-5400, class 2 
(co mmercial versions also available). While the basic 
styles give general capabilities, all electrical specifica
tions are variable and can be altered for specific require
ments. Delivery time is 2-6 weeks, depending on fre
quency des ired. 

MCCOY ELECTRONICS COMPANY 
Reader Service Card No. 314 Mt. Holly Springs, Pennsylvania 17065 

trim your controls with 
a wee pot 
Onl y 1/4" sq uare, these effic ient littl e wirewound trimming potentiometers st ill all ow a 
25 turn screw adjustment . .. trim over a 10 to 25 k ohm range. They' re rated for 3/s watts 
@ 85°C., with excellent reso luti on at al l resistances. High temperature diall yl phthalate 
case-with mo ld ed " O" ring moisture res istant sea l-e liminates insulation problems. 
The units are ava il able with positive clutch stops or opitional continuous rotation. Load 
life of 1,000 hours meets or exceeds MIL-R-27208, Style RT27, requirements. Printed 
circui t pins meet MIL-STD-1276, Type N2, requirements. 

TECHNO COMPONENTS CORP. 
7803 Lemona A venue 
Van Nuys, C alifornia 9 1405 

Reader Servic e Card No. 315 

insulation problems ... 
call for Fluorglas® 

products 

They' ll do any job 
that ca ll s for in su lat ion 

w i th high dielectric 
strength, low dissipa

tion factor ... that won't 
burn, carbon ize or 

support combust ion. 
Fluo rglas products are 

compatible w ith al l materials , resista nt to 
chem icals and fungus, thermally-stable, moi s
ture-resistant and strong. 

They're made in laci ng tapes for wire-bundling, 
yarns for wire wrap and harnesses, ad hesive 
tapes for cable wrap and lam inates for micro
wave uses. You co uldn 't want much more . .. 
write today for Catalog DE-03 . 

DODGE 
INDUSTRIES, INC. 
Hoosick Falls, New York 12090 

Reader Service Card No. 316 

turn on ... 
with a 
tom thumb 
relay 
When space, weight and cost are 
important, " Versapac" 67 relays fil l 
the bill. These mini ature rel ays do a 
tremendously big job for their compact, 
less-than-a-cubic-inch size. 

They' re the only industrial rel ays available offe r-
in g 2 to 8 Fo rm C's, single and bifurcated 3 o r 5 amp 
contacts. They' re versatile and adaptable with solder 
lu gs or printed circuit sockets, and a mechanical life 
tested at over 100-million operations. 

Unusually precise adjustments are made possi ble by the 
use of Armco stee l for the one-piece frame and core. 
Th ese rel ays are protected by a clear plastic cover and 
ope rate at ambients from - 55° to + 71°C. 

HART-ADVANCE 
RELAY DIVISION 
Crystal L ake, Illinois 60014 
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O/E/N IS WORLDWIDE 
Electronic components for the free world are supplied 
by the worldwide operations of fifteen O /E/N subsidi
aries and divisions, which operate 24 plants-16 in the 
U.S. and 8 off shore. 

This import-export balance assures domestic customers 
the same O / E/ N quality for their overseas operations, 
whether from local inventories, U.S. exports or manu 
factured by 0 /E/N plants in England, Europe, South 
Africa and Asia . 

/E/ OAK ELECTAO/NETICS CORP 

CORPORATE OFFICE 
CRYSTAL LAKE, ILLINOIS 60014 



Our Data Systems Division is continuing its expansion into areas which will present 
the greatest challenge for the foreseeable future-advanced aerospace weapon de
livery, navigation digital and analog computers, advanced analog/ digital control and 
telemetry. Openings exist in a wide variety of disciplines in Laboratories which are 
responsible for advanced technology, preliminary design and applications, and dig
ital and analog circuitry. All of these require accredited degrees and a demonstrable 
capacity to do creative design or analysis. Although experience is required for most 
of the positions, several are open to recent graduates. Opportunities are immediately 
available for: 
Preliminary Design Engineers: 
Helpful experience would include: 
Digital, Analog and Hybrid Systems 
Applications Engineering; Logical 
Design; Memory Design (solid 
state, ferrite or drum); Electro
mechanical Design Engineering; 
Physical Product Design; Thermal 
Analysis or Packaging Trade-off 
Studies. 

Automatic Test Program Analysts: 
Systems Test, In-flight Self Test, 
Time-sharing or Maintenance Depot 
experience would be directly ap
plicable to our openings. A basic 
understanding of the mathematics 
involved with circuitry and com
puters, or weapon systems analysis 
would be of particular value. 

Microcircuitry: Development of hy
brid-integrated devices, both digital 
and linear. Experience with proc
esses and applicable techniques is 
required. 

Circuit Design Engineers: Duties 
would involve the design of logic 
and computingcircuits,manyforms 
of input/ output devices, high-reli
ability low-power circuits for space
craft VHF and UHF telemetry. 

Electronics J March 3, 1969 

Systems Integration Engineers: 
Experience is required in such 
areas as system integration, sys
tem checkout, test equipment, 
design, test specification and pro
cedure writing. 

There are also several openings 
for Mechanical Engineers and 
Physicists who have acquired spe
cialized professional experience 
which is directly applicable to the 
design or analysis of aerospace 
digital systems. 

Computer Program Design: 
Requires experience in the design 
of real-time command and control 
programs, or of .software programs 
for execution on an IBM 7094 or 
GE 635 computer. Responsibilities 
include: specification, design, im
plementation, checkout and sup
port of computer programs for a 
wide variety of applications includ
ing: Airborne Navigation & Fire 
Control, Digital Simulation of Air
borne Computer and its environ
ment, Automatic In-Flight & Depot 
System Testing, Assemblers and 
Compilers and Automation of Elec
tronic Equipment Design. 

For immediate consideration, 
please airmail your resume to: 

Mr. Robert A. Martin 
Head of Employment 

Hughes Aerospace Divisions 
Dept. 71 

11940 W. Jefferson Blvd. 
Culver City, Calif. 90230 

U.S. citizenship is required 
An equal opportunity employer-M & F r------------------, 

I I 

: HUGHES: 
I I 

L------------------J HUGHES AIRCRAFT COMPANY 

AEROSP'ACE DIVISIONS 
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FROM YOUR TRUTH TABLE 

Inputs Output s 

A B c D E F G H w x y z 
0 0 0 0 0 0 0 0 0 I 0 I 
0 0 0 0 0 0 0 I 0 0 I I 
0 0 0 0 0 0 I 0 0 I I 0 
0 0 0 0 0 0 I I I I 0 0 
0 0 0 0 0 I 0 0 0 I 0 0 
0 0 0 0 0 I 0 I 0 I I I 
0 0 0 0 0 I I 0 0 0 0 0 
0 0 0 0 0 I I I I 0 I 0 
0 0 0 0 I 0 0 0 I 0 I I 
0 0 0 0 I 0 0 I I I I I 
0 0 I I I I 0 I 

TO YOUR MM 521 

Inputs 

ABCDEFGH 

16 pin Dual In-Line 

CHIP ENABLE w x y z 
Outputs 

Use the logic easily programmed into our ROM 
(Read Only Memory) elements. With a minimum of 
time ( typically four weeks), we can set up the simple 
interconnection metalizat ion pattern yo ur need s 
dictate and start shipment . Costs about a thousand 
dollars. 

ROM elements are far simpl er to make than a new. 
untried logic des ign. No logic race conditions; no 
logic circuit dPbugging. Our MOS ROM elements are 
fast, 500 nanoseconds. They operate from ± 12 volt 
supplies, easil y compatibl P with DTL and TTL. 

MM521 , 1024 bit element (256 x 4), 16 pin Dual 
In-Line device, is $45.00 in 100 quantity . MM522, 
1024 bit elPment ( 128 x 8), 24 pin Dual In-Line is 
$60.00. 

Write for a memorable pa cke t of information. 
National Semicondu ctor , 2975 San Ysidro Wa y, 
Santa Clara , California 95051. (408) 245-43 20. 
TWX: 910-339-9240. Cables : NATSEMICON. 

National/MOS 
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Our new KBM-7 Koldweld® Machine 
is really fine. It cold welds wire from 
.0025" to .0126" ... is hand-operated, 
with no other power required ... and 
is easy loading. It butt-welds, to 
themselves and each other, practically 
all non-ferrous metals ... copper, 
aluminum, nickel, etc. Like all 
Koldweld Machines, the KBM-7 
produces a perfect metallurgical and 
mechanical butt weld in non-ferrous 
metals in seconds-with pressure 

alone. No end preparation is necessary 
and exact end-to-end alignment is 
assured. With the KBM-7 joining the 
Koldweld line, there's now a Koldweld 
unit designed to butt-weld virtually all 
sizes of wire and rod stock up to 
half-inch diameter. For further 
information , write: KOLDWELD, 
Heintz Division, Kelsey-Hayes 
Company, Front Street and Olney 
Avenue, Philadelphia, Pa. 19120. 

1. KBM-9 
Range #30 AWG (.010") 
- #15 AWG (.057") 

2. KBM-5 
Range #18 AWG (.040") 
- #8 AWG (.1285") 

3. KIH 
Range-up to .187" dia. copper 

-up to .25" dia. aluminum 
Strip -Min. th ickness .020" 

-Max. w idth .750" 
4. HRB 

Range- up to .375" dia. copper 
-up to .500" dia. aluminu m 

Strip -Min. thi ckness .030" 
-Max. width 1.25" 

Our newest Koldweld machine is the 
finest we've ever built. 

' 
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Lapwelding: We also supply lapwelders 
tor welding a wide range of non-ferrous 
sheet and strip materials. Write for 
further i ntormation. 

~0025'' fine. 
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RCA Announces 

The industry's first 
integrated circuits 
high-reliability program 
based on MIL·STD·883 
Now you can evaluate and design across a 
broad range of critical applications with 
integrated circuits processed to the require
ments of the first military standard of test 
procedures for microelectronics. 
RCA's high-reliability program-conform
ing to the test methods and procedures 
of MIL-STD-883-covers integrated circuits 
for aerospace, military, and other critical 
applications fro_m RCA's major integrated 
circuit lines : RCA Linear Integrated Circuits; 
RCA Digital Integrated Circuits; and 
shortly this program will be expanded to 

"' include RCA COS/MOS (Complementary
Symmetry MOS) Integrated Circuits. 
Integrated Circuits in this program are 
classified in four screening levels corre
sponding to the three classes of 
MIL-STD-883. (See chart below.) A compari
son of RCA's four screening levels is 

RCA 
Level 

Level/1 
and 
Level /2 

Level /3 

Level /4 

MIL-STD-883 
Equivalent 

Class A 

Class B 

Class C 
(Class B 
without 
Burn-in) 

Application 

Aerospace and 
Missiles 

Military & Industrial
For example in 
Airborne Electronics 

Military & Industrial
For example on 
Ground Based 
Electronics 

illustrated in the flow chart at right. 
Comprehensive high-reliability-format data 
bulletins are now available for the following 
types: 
·HIGH-RELIABILITY VERSIONS OF 

CA3000, CA3001, CA3006, CA3015A, 
C3020A 

• 19 HIGH-RELIABILITY VERSIONS OF 
CD2300 Series DTL in flat pack 

• 19 HIGH-RELIABILITY VERSIONS OF 
CD2300D Series DTL in dual-in-line 
ceramic package 

(RCA Levels I 1, I 2, I 3, and I 4 are detailed 
for each type) 
Add your name to our mailing list for these 
bulletins and subsequent high-reliability 
information. Contact your RCA Representa
tive or write: RCA Electronic Components, 
Commercial Engineering, Section FK-2-4A, 
Harrison, N. J. 07029. 

Description 

For devices intended for use where maintenance 
and replacement are extremely difficult or 
impossible and reliability is imperative 

For devices intended for use where maintenance 
and replacement can be performed but are difficult 
and expensive 

For devices intended for use where replacement 
can readily be accomplished 

RCA scrpening level /1 is equivalent to MIL-STD-883 Class A except that reverse-bias burn-in 
is performed only in Group_B. 
RCA screening level/2 is the same as I eve Ii 1 but radiographic inspection is not performed . 



RCA High-Reliability Integrated Circuits Product Flow Diagram 

Conditioning Screens 

Stabilization Bake 
Thermal Shock 
Temperature Cycling 
Mechanical Sbock 
Centrifuge 
Fine Leak 
Gross Leak 

Seal and 
Lot Identi
fication 

Conditioning Screens 

Stabilization Bake 
Thermal Shock 
Temperature Cycling 
Centrifuge 
Fine Leak 
Gross Leak 

Burn-In 

Burn-In 

Final __________________ .,. Electrical ~-----t 



Litton Puts a lKW TWT 
Pulse Amplifier into 1/3 cu. ft. 

Electron Tube Division is a leader in mating sophisticated com
ponents into integrated equipment sub-systems. This capability 
includes a working insight of the tube I equipment inter-
face, as well as an understanding of 
environmental, heat transfer 
and high density packaging 
problems. 

Among our recent produc
tion units are airborne Pulse 
Amplifier packages utilizing 
TWT's with 1 KW pulse 
output, 1-2 % duty at S, S-C, 
C and X-bands. Built modu
larly , they're designed to 

achieve small size and weight, 
and offer self-contained 
internal cooling and pro
tective circuits. 

An exam pie of this packaging is the Model 
549 for ECM and radar applications . This 
X-band equipment is capable of operating in 
a MIL-E-5400, Class 2 environment, con-
sumes an impressively small V> cubic foot of 
space and weighs only 25 pounds. 

For information about the Model 549 and 
other TWT Pulse Amplifiers contact Electron 
Tube Division , 960 Industrial Road, San 
Carlos, California 94070. (415) 591-8411. 

DURING IEEE, VISIT OUR HOSPITALITY 
SUITE AT THE ESSEX HOUSE. 
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What! Another 8 new counters 
and pulse generators from CMC? 

NO! 8 GREAT CLASSICS 
... that can't be beat for price and performance! 

You've been hearing a lot about CMC's new state-of-the
art instruments, but maybe you've been overlooking some 
of our other high-quality precision products. These field
proved and reliable instruments have always been superior 
to the competition, and now we have improved the perform
ance and reduced the prices of many of them. So before you 
order something new, check these eight classic instruments 
from CMC. 

Our Model 607 Universal Counter-Timer was a winner 
at 5 MHz for $1195. Now-with a 20-MHz range for the 
same money-our new improved version, the Model 609, 
has got to be an even better buy! Or take a look at the up
dated version of our 603 counter-the Model 608. It, too, is 
the same in everything but performance. Now, for $740 you 
get a 15-MHz range instead of 2.5 MHz. And, if you're look
ing for a high-frequency instrument with a low-frequency 
price tag, you can't beat our combination Model 738/ 735. 

Here's a fine, field-proved, solid-state frequency meter with 
a range to 100 MHz that has been selling for $1775. Now 
we are offering it to you, complete with a $350 heterodyne 
converter plug-in, for less than the old price of the counter 
alone- just $1650! Where else can you get 500-MHz per
formance for such little cost? 

So much for counters. But be sure to check our unique 
target simulator and our pulse and time delay generators. 
The CMC Model 301 Dynamic Target Simulator is a must 
for anyone concerned with the calibration or checkout of 
radar. It's a truly unique off-the-shelf product that may meet 
your requirements at a fraction of the cost of custom-made 
special-purpose equipment. And it's almost certain, too, that 
we have a pulse or time delay generator to meet your needs 
within your budget. 

So for more inf or mat ion and prices on these eight lll!l 
classic instruments from CMG, please turn the page. ~ 



MODEL 608 Price: $740. 

15-MHz Electronic Counter-Measures fre
quency and period, determines frequency 
ratio and totalizes. Frequency range: 2 Hz 
to 15 MHz. Period and frequency ratio 
range: 2 Hz to 2.5 MHz. Period average and 
multiple ratio : 1, 10 and 100. In -line long
life biquinary display. Five decades are 
standard, a sixth is optional. 

CIRCLE NO. 330 

MODEL 609 Price $1195. 

20-MHz Electronic Counter-Measures Fre
quency, period, multiple period average, 
frequency ratio, time interval, and total
izes. Frequency measurement range: 0 to 
20 MHz. Period : 0 to 1 MHz. Multiple 
period average measurement from 0 to 2.5 
MHz, from 10° to 107 periods in decade 
steps. 1 MHz crystal time base; stability 
± 2 parts in 107 per month. Six decade in
line biqu inary display, automatically posi
tioned decimal point. 

CIRCLE NO. 331 

Your local CMG representative will 
demonstrate these products on 
your premises at your conveni
ence. Call him or call CMG direct. 

Printed in U .S.A. 1701 HP69 

MODEL 614 Price: $1300. 

Preset Multi-function Counter-Extends 
applications to normalizing and multipli
cation by any preselected constant. Gate 
time presets to any interval from lOµsec 
to 100 seconds. Gate time presets by re
mote selection. Direct displays as mph, 
rpm, ms, per N periods, etc. 614 also mea
sures frequency and period and totalizes. 
Frequency range: 2Hz to 2.5 MHz. Period 
and frequency ratio ranges : 2 Hz to 500 
kHz. Preset count circuitry operates de
pendably at frequencies through 300 kHz
up to three times as fast as other variable 
gate time counters . 100 kHz crystal time 
base; stability ± 2 parts in 106 per week. 
Standard five decade in -line biquinary dis
play (sixth optional) with automatically 
positioned decimal point. 

CIRCLE NO. 332 

MODEL 738 Price: (with 735) $1650. 

100-MHz Direct Reading, Frequency Meter 
Frequency from 10 Hz to 100 MHz meas
ured directly. Seven decade in-line readout. 
Extends to 500 MHz in 50 MHz steps with 
Model 735 turret-type, positive switching 
heterodyne converter. 

CIRCLE NO. 333 

-j ·---... 
MODEL 301 Price: $6330. 

Dynamic Target Simulator-Model 301 is a 
moving target simulator. It is applicable to 
tracking radars, weapons control systems, 
or sonar for calibration, production check
out, or operator training. 
The standard Model 301 has a target 
Range from Oto 1,000,000 feet in one foot 
increments with 0 .1 % of setting accuracy. 
It has a target Velocity from 0.0 to 100,-
000.0 feet / second in 0.1 foot / second incre
ments with 0.005 % of setting accuracy. 
Target Acceleration can be set from 0.00 
to 10,000.00 feet/second/second in 0.01 
foot / second / second increments with 
0.005 % of setting accuracy. 

Special versions of the Digital Target 
Simulator are available with increased ac
curacies . 301's have also been built with 
remote-programming capabilities and rug
gedized to meet MIL specifications. 

CIRCLE NO. 334 

A Division of Pacific Industries 

\·: • • .... ••• .. .. 
MODELS A-10, A-11, A-12 Prices: from 

$1070. to $3120. 

Solid-State Delay Generators-A-IO has 
time delays 0 to 1 sec in 100 nsec incre
ments. Accuracy 0.001 % of delay. Jitter 
less than 1 nsec. Amplitude lOV. Rise time 
15 nsec. 
A-11 has same features as A-10 with ex
ception of amplitude, 6V and rise time 
10 nsec. 

A-12 was designed for fail -safe operation 
in explosives testing or other tests where 
premature triggering might destroy infor
mation. Amplitude, 70V; rise time, 100 
nsec. 

CIRCLE NO. 335 

MODELS B-78, B-7D, B-7F Prices: from 
$695. to $825. 

Basic Pulse Generator-8-78 is a general 
purpose instrument with repetition rate to 
2 MHz and 50V into 50 ohms. Variable 
rise/fall time control. 

8-7D has all specifications of 8-78 and 
simultaneous positive and negative output 
pulses; separate and independent rise/fall 
time controls. 
8 -7F has all 8 -78 features plus: 2 Hz repe
tition rate; separate rise/fall time controls; 
and double pulse output. 

CIRCLE NO. 336 

MODELS B-14, B-15, B-16 Prices: from 
$340. to $595. 

Portable Pulse Generators-Model 8 -14 is 
a low cost, portable unit with repetition 
rate of 20 Hz to 2 MHz. Delay is 0 to 10 
msec. Amplitude is 15V into lk, BV into 50 
ohms. Pulse width of 60 nsec to 10 msec. 
Rise / fall time is less than 10 nsec fixed . 

8 -15 has same rise/falf time, delay, and 
pulse width. Also offers a repetition rate 
of 5 Hz to 5 MHz. 

8-16 offers repetition rate of 20 Hz to 20 
MHz. Variable rise/fall times of less than 5 
nsec to greater than 200 nsec. Pulse width 
15 nsec to 10 msec. Amplitude lOV. Single 
or pulse pair operation. 

Rack mount available for 8-14, -15, -16. 

CIRCLE NO. 337 

12970 Bradley Avenue 
San Fernando, California 91342 
Phone (213) 367-2161 
TWX 910-496-1487 
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MSI HYBRIDS 
In 1967 we started taking the circuit design out of 
system designing by making MSI available off -the
shelf. Since then, we've developed a series of 12 
digital MSI building blocks that do the work of a 
hundred IC's. 

Now we've even one-upped ourselves with MSI 
hybrids. We pack several MSI chips on a single sub
strate using multi-layer ceramic for the intercon
nections. You need fewer external connections to 
your system, so reliability goes up, and fewer pack
ages, so space needs go down. And our MSI hybrids 
come to you fully assembled, fully tested, so total 
system costs go down. 

We started on our MSI hybrids by doubling up on 
our reliable 9304, a Dual Full Adder with a carry 
propagation delay of only 8ns. Shown are three 
examples of what this does for you. They're all avail
able now from your stocking Fairchild distributor. 
Write for complete spec ifications. 

SH2204 
em 
PARITY 
GENERATOR/ 
CHECKER 

-== 

I 

- product number 65. 
The SH2204 Byte Parity Generator/ Checker generates parity 

for an 8-b it byte or checks parity over 9 bits with a typical delay 
of only 3Sns from input to odd parity. for longer words, just 

connect additional units in parallel. 
The SH2204 uses two Fairchild 9304 dual full adders inter· 

connected on a multi·layer substrate. It is fully compatible 
with all Fairchild CCSL devices. 

The SH2204 is ava ilable in a ~"1W' 1 4-lead flat pack and 
operates over the full military and industrial temperature 

ranges. It's in stock at your Fairchild distributor now. 
Write for complete specifications. 

To order theSH2204, ask for , 

Part I Temperature I Number Range 
1-24 

HBK22041XX -55°c to +t25°c $68.00 
HBK22049XX o•c to + 1o•c 32.00 

Prices 

25-99 100999 
$54.00 $48.00 
26.00 22.00 

SHBOBO 
4-BIT 
ARITH
METIC 
UNIT 

Sff 2205 
RIPPLE
CARRY 
ADDER 

F=AIRCHIL.CJ 

SEM ICOND UCTO R 

- product number 84. 
The SH8080 is a 4-bit ripple-carry adder with a built in holding 

register. Typical carry propagation delay is 32ns and the 
noise margin is one volt. Several units may be connected in series 

to handle longer words. 
The SH8080 uses two Fairchild 9304 dual full adders and two 

Fairchild 9020 dual JKK flip-flops interconnected on a multi-layer 
substrate. It is fully compatible with all Fairchild CCSL devices. 

The SH8080 is available in a 32-lead flat pack and operates over the 
full military and industrial temperature ranges. You can get it from 
your Fairchild distributor today. Write for complete specifications. 

To order the SH8080, ask for , 

Part I Temperature I Number Range 
1·24 

HBY80801xx -55°C to+ 125•c $t20.oo 
HBY80809XX o•c to+ 1o•c 46.00 

Prices 

25-99 100-999 
$96.00 $79.25 

35.80 30.80 

New product number BG. 
The SH2205 is a ripple-carry parallel addition (or subtraction) 

function block containing four full adders. Typical carry 
propagation delay is 8.0ns per bit. The circuits are high speed, 

high fan.out TI µl with input diode clamping. 
The SH2205 uses two Fairchild 9304 dual full adders 

interconnected on a mult~ layer substrate. It is fully compatible 
with all Fairchild CCSL devices. 

The SH2205 comes in a 16-pin ceramic DIP and operates over 
the full military temperature range. Your Fairchild distributor 

has it in stock now. Write for complete specifications. 

Part I Temperature 
Number Range 

HBK22051XX -SS°C to+ 125°C 
HBK22059XX 0°C to + 70°C 

To a<der the SH2205, ask for, 

I 

Prices 

t-24 25-99 100999 
$63.00 $50.00 $44.00 
32.00 26.00 22.00 

FAIRCHILD SEMICONDUCTOR A Division of Fai rchild Camera and Instrument Corporation Mountain View, California 94040, (41 5) 962-5011 TWX: 910-379-6435 
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Burroughs is your pref erred source for hybrid circuits 

Burroughs, a prime producer of high-volume, high-quality hybrid microcircuits, offers the 
entire circuit package and its components at competitive prices. Circuits are now 
available in various configurations with screened resistors and capacitors, as well 
as discrete components including IC and MSI chips. Burroughs does the whole job, 
and does it right-enabling you to reduce system size with increased reliability. 

Every circuit is custom-designed and fabricated under the eyes of experts 
in complete in-house semiconductor and hybrid operations- assuring 
you economy, high reliability, quality control and on-schedule delivery. 

Buy your hybrid microcircuits NOW from Burroughs, and discover 
what Burroughs' one-source circuitry capability can do for you. 

We also offer hermetic packaging, computer testing, complete 
environmental facilities. And we are fully documented to MIL Specs. 

Call or write Burroughs Corporation, Electronic Components Division, 
P.O. Box 1226, Dept. Hl, Plainfield, New Jersey 07061. 
Tel. (201) 757-5000, or contact your nearest Burroughs 
representative or sales engineer. 

1.1 Semi-automatic dual latch hybrid test 
unit for efficient, high-speed tests. 

2.1 High-speed resistor abrading process 
assures.±1% tolerances. 

3./ Modern, contamination-free diffusion 
operation, atmospherically controlled 
for maximum quality assurance. 

4.1 Multifunctional computerized system 
performs all forms of AC & DC tests. 

1.1 Burroughs 
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Germanium IC's point the 
way towards picosecond 

computers 
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at IEEE exhibition 
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Combining light and 
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storage memories 
page 108 

Charting a simpler course 
to the design of yig filters 

page 118 

Automotive electronics 
hits high gear 
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March 3, 1969 I Highlights of this issue 

Technical Articles 

Germanium integrated circuits with switch
ing delays as low as 150 picoseconds have 
been fabricated with an assist from a num
ber of inventive new processing techniques. 
At the same time, a good deal of progress 
has been made in developing other ele
ments that can measure up to the stringent 
requirements of ultrahigh-speed computers. 
IBM is seeking to increase circuit packing 

density with an eye to developing a superfast machine that 
would operate well below room temperature. Germanium's 
performance keeps improving down to -150°C, which gives 
the material an edge on silicon in this application. 

In this year of the instrument, producers-to judge by the evi
dence of the new wares they're unveiling at the IEEE Show a 
few weeks hence-are following through on earlier decisions 
rather than striking off in new directions. For example, inte
grated circuits have become accepted building blocks, and 
even bottom-of-the-line meters are being outfitted with digital 
displays. And most manufacturers continue to respond to 
customers' demands for plug-ins, as well as for binary-coded 
decimal and remote-programing capabilities. 

In this sixth installment of Electronics' special report on com
puter memories, the first article discusses a number of electro
optic techniques being worked on around the industry; the 
second delves into the unique advantages of optoelectronic 
units whose elements radiate light or remain dark as they store 
binary l's or O's. 

Coupling bandwidth design charts now give engineers a 
handy tool with which they can quickly determine require
ments for multiresonator yig filters without first having to 
build and align a device. In addition to determining coupling 
requirements for as many sections as necessary, the engineer 
can check insertion loss, off-band isolation, and limiting levels. 

Coming 
Solid state controls are now being readied for mass applica
tions in automobiles; discrete devices dominate the picture 
now, but integrated circuits are moving from the drawing
board into road-ready systems. 
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Advanced technology 

Germa,nium IC's point the way 
towards picoseco1nd computers 

The high-speed machines envisioned would operate at low temperatures 

and employ high-performance thin-film resistors and capacitors; 

circuitry would be densely packed on very small chips 

By Arnold Reisman 
IBM Watson Research Center, Yorktown Heights, N.Y. 

Pure speed is an increasingly important factor in 
the data processing field. The growing demand for 
time-sharing services is creating a need for com
puters that can perform logic operations in pico
seconds. And an important step towards meeting 
this need has been taken by the International Busi
ness Machines Corp.'s researchers with their re
cent fabrication of germanium planar integrated 
circuits having a switching delay of 150 picosec
onds. 

Headway is being made on other fronts as well. 
Researchers at IBM and elsewhere have improved 
thin-film passive-component technology, developed 
models for signal propagation on the microstrip 
lines interconnecting circuits, and minimized sys-

tern delay by devising some new high-density pack
ing techniques. 

To be sure, there's a price to be paid for squeez
ing a lot of circuitry into a little space, but 
germanium is the material that can meet that price. 
Tomorrow's computers will have to dissipate 
enormous amounts of power in very small areas, and 
their complexity will make maintenance difficult 
and costly. All this points to operation below room 
temperature to improve device and interconnection 
reliability and increase the electrical conductivity of 
interconnections. 

Here's where germanium holds the strong suit. 
Not only is it inherently faster than silicon because 
of its higher carrier mobility, but its performance, 

(BASE METALIZATION ( EMITTER METALIZATIO• (BASE METALIZATION 

OXIDE DELINEATED 
ALLOYED REGROWN EMITTER 

EPITAXIAL p TYPE COLLECTOR 
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Packing 'em in. Computers operating in picoseconds will not only require faster devices and circuits but very high 

packing densities. A first step is the fabrication of planar germanium circuits by post-alloy diffusion techniques (a). 

Circuits such as the one shown (b) have delays of 150 picoseconds. Four similar circuits have been fabricated on a chip 

(c), but to reduce delay to an acceptable level, 700 circuits have to be squeezed into a square inch (d). And the 

enormous amount of heat that future high-density packages will dissipate will necessitate low-temperature operation. 

Electronics I March 3, 1969 

7 CIRCUITS PER SQUARE INCH 

fO INCHES TOTAL PATH 
TOTAL DELAY, 2 NANOSECONDS 

700 CIRCUITS 
PER SQUARE INCH 

1 INCH TOTAL PATH 

TOTAL DELAY, 
0.2 NANOSECONDS 
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Small delay. Input-output waveforms of germanium IC 
with 150-picosecond delay are shown on vertical scale 
of 100 mv/cm and horizontal scale of 100 psec/cm. 

unlike silicon's, improves at lower temperatures. 
Germanium has been adapted to planar tech

nology as the result of two processes. In the first, 
introduced by several companies, thin silicon di
oxide films are deposited on the germanium by heat
ing and decomposing such compounds as tetra
orthosilicate. This process opens germanium to the 
oxide masking techniques once restricted to silicon. 

In the second, developed by IBM, n- or p-type 
germanium wafers of all resistivities are polished to 
a smooth surface, thereby making it possible to 
grow the planar epitaxial layers needed for IC fab
rication. It also permits the epitaxial growth of ger
manium on semi-insulating gallium arsenide for bet
ter component isolation. 

In the polishing process, semiconductor wafers 
are placed face down to contact a tnat through open
ings in a rotating plate. As the plate turns, sodium 
oxychloride squirts onto the mat, and the com
bined chemical-mechanical action polishes the 
wafers to a smooth, planar finish. 

The extension of planar technology to germanium 
has brought with it an option not possible with 
silicon-the ability to fabricate devices by post
alloy diffusion as well as by the double diffusion 
technique applied to silicon. In the post-alloy 
process, emitters and bases are formed in a single 
operation by evaporating metals doped with n- and 
p-type impurities onto the epitaxial layer. During a 
subsequent heating, these dopants diffuse out of 
the metal at different rates, forming the transistor 
emitter and base. The process is feasible with 
germanium because there's an order of magnitude 
difference between the diffusion constants of the 
n- and p-type impurities in the material. 

One advantage of this process is that contacts 
can be made directly to the emitter metal. In double 
diffusion, on the other hand, it's necessary to first 
metalize the semiconductor contact areas. To do 
this, the silicon dioxide formed on the contact area 
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from exposure to the air must be etched away. Un
fortunately, etching proceeds laterally as well as 
horizontally and can expose the emitter-base junc
tion at the surface of shallow (high speed) tran
sistors. 

The very first planar post-alloy diffused transis
tors, fabricated by IBM in 1965, were plagued by 
two problems. During alloying, the molten metal 
attacked the oxide mask, making it impossible to 
control the horizontal spreading of the emitter. In 
addition, the vertical dimensions of the alloyed 
emitter varied from device to device, preventing 
reproducible fabrication. Nevertheless, hybrid 
circuits incorporating these germanium devices had 
a delay of 600 picoseconds-well ahead of the sili
con state of the art. 

Holding action 

But major improvements have since been made. 
In 1966, IBM researchers developed techniques for 
protecting the oxide from the molten alloy, thereby 
permitting horizontal control of the emitter shape. 
Soon after, the company introduced a method of 
confining the alloy vertically through the use of 
intersecting 111 crystal planes. Under this method, 
devices are fabricated on a 110 crystal surface. 
During the heating cycle, the Ill planes take 
longest to dissolve and confine the emitter to a 
wedge shape as the germanium recrystallizes. 

Using devices fabricated by this method, J. J. 
DeCillo of IBM's Watson Research Center reported 
on emitter-follower current switch circuits with 
0.1-mil transistor emitters separated from the bases 
by 0.15 mils. Circuit switching delay is the afore
mentioned 150 psec. 

Somewhat longer delays per stage-265 psec
have been reported by IBM's F. H. Dill and H. N. Yu 
for germanium planar IC's made with double diffu
sion techniques. This work was done at an earlier 
stage in the planar germanium technology. 

The basic logic circuit resulting from either the 
post-alloy or double diffusion process consists of 
six transistors and three resistors; it has a fan-in of 
three and a fan-out of five. Four such circuits have 
been fabricated on a 35- by 35-mil germanium chip. 

Lab workers have tried building this kind of 
circuit on semi-insulating gallium-arsenide sub
strates to cut down on junction isolation capaci
tance. Here again, germanium has an edge on 
silicon because its crystal lattice constant-5.6575 
angstroms-closely matches that of semi-insulating 
GaAs-5.6533 A-from below room temperature to 
about 350°C. IBM researchers have formed islands 
of germanium by epitaxially growing the material 
on this type of GaAs and then etching through to 
the substrate and filling the holes with GaAs of the 
same crystal structure. 

Because the ratio of lateral to vertical diffusion 
during device isolation is about the same as that 
of the etchant, it's possible to pack circuits as 
densely as with junction-isolated techniques. For 
the same reason, the same masks can be used for 
both isolation processes. 
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LOW TEMPERATURE Ge EPITAXY 

FLASH EVAPORATED 
SEMI-INSULATING 
Ga As 

SEMI-INSULATING Ga As 

Fabrication technique. In post-alloy diffusion, metal doped with n- and p-type impurities ·is alloyed into germanium. 
The impurities diffuse out at different rates, forming base and emitter. In the first transistors of this type, emitter 
shape couldn't be controlled. New technique uses crystal planes to achieve wedge-shaped emitter. Experiments are 
under way to fabricate such circuits on semi-insulating gallium-arsenide substrates for lowest parasitics. 

However, the performance of these gallium
arsenide isolated circuits is relatively poor, mainly 
because the epitaxial layer must be grown at lnw 
temperatures so that it won't react with the GaAs 
substrate. At these low temperatures, it's difficult 
to incorporate impurities in an electrically active 
state. 

Still, this process holds great potential for very 
fast logic circuits because it offers a way of lower
ing parasitics without creating other problems at 
the same time. In dielectric isolation techniques 
using silicon dioxide, on the other hand, semicon
ductor material is wasted during etching, and 
mechanical stresses are set up in the crystal. As 
noted before, etching proceeds laterally as well as 
vertically. The stresses build up because the struc
tures of crystal and dielectric are very different. 

Film land 

Along with these advances in active-device tech
nology have come improvements in the fabrication 
of thin-film resistors and capacitors. 

IBM researchers have developed a sputtering 
process for making thin-film nichrome resistors as 
small as 1 mil wide and with tolerances of ±5%. 
The film's sheet resistivity varies less than ± 1 % 
and is the same as bulk nichrome's. The resistivity 
of nichrome film fabricated by conventional means 
usually exceeds that of the bulk material, making 
tolerance control difficult. 

The close tolerances of the sputtered resistors 
makes trimming unnecessary-an important ad
vantage in picosecond circuits with many densely 
packed components. Films with resistivities of up 
to 40 ohms per square can be made with the 
process. 

Thin films also give best results when used to 
fabricate capacitors for power-supply decoupling 
in the picosecond circuits. One of the most promi~
ing materials-strontium titanate-has excellent 
characteristics well into the high gigahertz range 
and can be fabricated into devices with capaci-
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tances per square mil of 5 to 7 picofarads. 
For all these advances, however, efforts to narrow 

the delay time of high-performance germanium !C's 
are useless if chip and module intetconnections 
delay signals excessively. Packaging problems
usually treated as an afterthought-become particu
larly formidable in the context of high-speed logic 
systems. 

Consider that circuits in present-day high-speed 
computers might be packed seven per square inch 
on the average and that the average worst-case path 
per stage-the distance between two circuits in a 
data flow path-is about IO inches. Signals take 2 
nanoseconds to travel this distance. (Propagation 
velocity in a microstrip line equals the velocity of 
light divided by the square root of the dielectric 
constant-in the case of silicon dioxide, four.) Thus, 
even if it were possible to design circuits with no 
delay :at all, total system delay would still be 2 nsec, 
an unacceptable figure for the high-speed com
puters envisioned. 

Shortcuts 

Shortening the worst-case per stage path to 1 inch 
to reduce wire delay to 0.2 nsec, however, requires 
a:bout a 102 increase in circuit packing density. 
Therefore, to improve wiring delay by a factor of IO 
would thus entail an .increase in packing density to 
700 circuits per square inch. For a hypothetical 
picosecond computer with circuits having a 200-
psec delay, :a fan-in of three, a fon-out of five, :and a 
loading delay of 15 psec, the worst-case path del:ay 
shouldn't exceed 500 psec. 

The graph on page 92 showing system delay per 
stage as a function of packing density in·dicates that 
within the current state of the :ad-with circuits 
packed 100,000 per square inch-the total wiring 
delay per stage is .around 100 psec. As lens design 
•and photolithographic techniques imo;rove, device 
dimensions will shrink and packing densities rise. 

Then, too, present two-dimensional packaging 
may eventually give way to three-dimensional meth-
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ods that will reduce delay. In present-day com
puters, several chips are mounted on modules and 
interconnected, and a number of these modules are 
mounted on cards. It's been estimated that 90% 
of the worst-case path delay involves signals travel
ing from a module on one card to ·a module on an
other; such signals often have to travel around the 
periphery of ia card to get to the output pins. IBM's 
Watson Research Center is now trying to develop 
ways to arealy connect modules on different cards. 

Whittling the chips 

Confining a worst-case path to a few chips in 
order to perform one type of operation creates new 
worst-case paths for handling other types of opera
tions. The net result is that the same circuits must 
be interconnected differently in different portions 
of the computer, thereby raising the parts number 
count-the number of different chips required. 

For this reason, future computers using, say, 50 
different types of circuits could require several 
hundred kinds of chips-each with different circuit 
interconnections. Mask costs, let alone yield prob
lems, would be frightening. 

Keeping the number of circuits per chip at a 
minimum and having a large number of chips per 
module seems one solution. After all, it's the 
number of circuits per square inch that counts, not 
the number of circuits per chip. The latter is just a 
means of achieving the former. 

For example, 100 chips per square inch with 
seven circuits to a chip would give the 700-circuit
per-square-inch density required for the operation 
of a picosecond system. Of course, as chip-module 
interconnections increase, so does the chance of a 
contact failure. On the other hand, though, the 
many levels or interconnections required on a 
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Making time. To reduce worst-case delay in a computer 
by a factor of 10 it's necessary to increase circuit 
packing density a hundredfold. 

multi-circuit chip would also be a hazard to 
reliability and yield. 

But .there's another argument for keeping chip 
size down: signals propagating on microstrip lines 
interconnecting IC' s can travel at speeds as slow as 
a 50th that of light. This phenomenon is a result of 
the way integrated circuits are structured. Follow
ing land and chip adhesion metalizations, IC' s 
essentially become strip lines consisting of two di
electric layers. The first, silicon dioxide, is several 
thousand angstroms thick and has an almost in
finite resistance. The second, the semiconductor 
chip, is several times thicker and has a resistivity 
ranging from more than 10 ohm/ centimeters to 
below 0.01 ohm/ cm. 

Model study 

In the normal range of IC resistivities, signal 
velocity is primarily determined by the semicon
ductor, not the oxide. When Henry Guckel and P.A. 
Brennen of the Watson Research Center analyzed 
IC strip lines using a parallel-plate waveguide 
model, they found that if semiconductor resistivity 
is intermediate-as it is in most IC' s-the transverse 
electromagnetic propagation mode changes to the 
slower transverse magnetic mode. 

However, measurements proved delays were as 
much as 50% smaller than calculated-about 2.5 
psec per mil. Initial calculations hadn't taken into 
account the effect of .the air dielectric on the borders 
of the strip line. Isolating junctions would also help, 
probably paring delays to 1 or 2 psec per mil. 
Nevertheless, a 100-mil chip with land lengths of 
200 mils would still hold up signals as much as 400 
psec. With fast circuits that respond in less than 
100 psec, delays due to interconnections would be 
the principal limit on system performance. 
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Guckel and Brennen have also shown that delay 
could be reduced by optimizing strip lines. On a 
semiconductor with a resistivity of 0.1 ohm/ cm, for 
instance, the optimum line width is 1 mil. 

Against the tide 

Certainly at this point in the technology it seems 
reasonable to keep chip size small. While this 
seems to go against what's now an accepted fact 
of life in the semiconductor indus.try, it may repre~ 
sent the best tradeoff. LSI is, after all, primarily di
rected at cutting costs, not increasing circuit speed. 

The limits on chip size could be lifted, however, 
if such techniques as depositing ground planes on 
the oxide or upper metalization levels are per
fected. And future packaging schemes using areal 
interconnections could also affect size. 

Let's assume, then, a future computer with four 
to 10 circuits per chip and module packing densi
ties of 700 to 1,000 circuits per square inch. Such 
a machine might rnquire 1-mil-wide microstrip line 
interconnections with a characteristic impedance of 
50 ohms and a 10% tolerance or better. Using cop
per signal and ground planes, the dielectric and 
lines would have to be 7 microns thick and would 
vary no more than 5%. 

Interconnecting the modules in this type com
puter presents a problem. There's little space avail
able for lateral spreading, so the holes through 
which the interconnections are made must be of 
extremely small diameter. 

Then there's also the difficulty of bonding many 
chips to modules simultaneously. Present multiple 
bonding techniques apply only to interconnections 
at the chip periphery. Techniques for making areal 
interconnections could be most easily adapted to 
flip chipping, but such a design would raise posi
tioning problems. 

Some of the problems of picosecond computer 
operation cited here vanish, or at least diminish, 
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Pin count. There are good reasons for keeping the 
number of circuits on a chip to a minimum, but there's 
the disadvantage of an increased number of input
output connections. 
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at low temperatures. Operating germanium-based 
computers at temperatures down to -100°C would 
reduce undesirable physical and chemical effects 
by orders of magnitude. 

For example, current densities in the type of 
circuits discussed here could be as high as 106 amps 
per cm2 in device contacts and interconnections. 
And in the devices themselves, junction current 
densities reach 5 x 104 amps. At such densities, 
electromigration-the diffusion of atoms into un
wanted regions-becomes increasingly probable and 
reliability suffers. But a reduction in temperature 
from +100°c to -100°C cuts electromigration by 
a factor of a million or more. 

At -100°C, the conductivity of metal intercon
nections is two or three times better than it is at 
50°C, an important factor in tightly packed sys
tems where d-c loss due to resistance in intercon
nections can become prohi!bitive. Equally important 
is the fact that metals with established technologies 
-such as aluminum-can perform as well or better 
at low temperatures than can less familiar mate
rials at high temperatures. 

Another important plus at low temperatures is 
that the spread in the forward characteristic of the 
emitter-base junction, V be, for different devices de
creases. In addition, the band gap becomes larger. 
These two factors make it easier to design the cir
cuits and eliminate the necessity for a voltage trans
lation stage to prevent the cirouits from operating 
in a saturated mode. 

Opposite reactions 

The performance of germanium circuits is some 
30% better at -100°C than at room temperature. 
With silicon, on the other hand, performance de
teriorates by about the same percentage at -100°C. 
W.P. Dumke of the Watson Research Center at
tributes this behavior to the different binding ener
gies of the two semiconductors; he notes that 
trapped minority carriers in silicon increase as the 
temperature is lowered, sharply reducing f T, the 
frequency at which common-emitter current gain 
falls to unity. In germanium, such trapping mounts 
at much lower temperatures. 

Of course, the cooling of computers will create 
its own problems. For example, it might cause 
mechanical stresses in semiconductor circuits, com
plicate maintenance, make it difficult to change the 
functions of a system, and raise the cost of remov
ing power . 

On the other hand, refrigeration techniques are 
probably advanced enough today to cope with heat
dissipation and temperature-control problems. And 
no matter what temperature the computer operates 
at, the relative difficulty of making engineering 
changes or replacing components will depend pri
marily upon the packing density. It's not incon
ceivable that 1,000 circuits might have to be re
moved just to replace one. And that's perhaps the 
strongest argument for cooling: the low tempera
tures can boost reliability to the point where such 
repairs are minimal. • 
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Circuit design 

Designer's casebook 
19 op-amp gains are 
switched without offset 

By Robert Guyton 
Mississippi State University, State College, Miss. 
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Changing the gain of operational amplifiers built 
with integrated circuits usually requires a readjust
ment each time of the offset voltage at the output, 
because changing the gain varies the resistance 
from pin 2 to ground of the amplifier. This resist
ance change in tum varies the small constant input 
current that is needed to bias the input base. With 
the switching scheme shown in the diagram, the 
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designer can select as many as 19 different gains 
while the resistance from pin 2 to ground remains 
the same without further adjustment. This feature 
improves the drift and offset characteristics of the 
circuit. 

The gains are selected by two switches. The 
first switch, S1, which is a IO-position, four-deck 

MOS FET prevents loading 
by a pulse stretcher 

By John Holland 
Government Communications Headquarters, 
Gloucester, England 

Unless a metal oxide semiconductor field effect 
transistor is used, circuits designed to stretch nar
row pulses by large factors can load the preceding 
stage. With the field effect transistor, however, the 
circuit's input impedance is several megohms and 
therefore prevents this loading. 

The stretching circuit consists of R1, R2, C1, and 
D1 • R1 and R2 provide a small forward bias to the 
diode, making possible low-amplitude input pulses. 
R1 also acts as a good match to the input. C1 charges 

Rz 4.7k t.8m 

lf D1 a, 
FDl77 3N98 

INPUT 

R1 c, 
50 15pf 
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switch, picks the integral value, and the second, S2 , 

a double-pole, double-throw, decides on multipli
cation or division by this integer. 

R6 guards against short circuits while still retain
ing low output resistance. The 10-kilohm poten
tiometer nulls the output when the input is zero, 
and needs to be adjusted only once. 

through the forward resistance of the diode and 
discharges through the parallel combination of R2, 
the diode's back resistance, and the FET' s input 
resistance. Since the FET's input resistance and the 
diode's back resistance are larger than R2, the 
stretching factor can be controlled by R2. The best 
output waveform with maximum stretching is ob
tained for C=t/ l.25R, where t is the input pulse 
width in seconds, R is the diode's forward resist
ance and the source resistance in ohms, and C is 
in farads. 

The stretched output from the field effect tran
sistor is further amplified by the two pnp tran
sistors. The circuit will provide a stretching factor 
of about 2,000 times to a 2.5-nanosecond negative
going pulse having a peak amplitude of at least 
0.5 volt. 

For very narrow pulses, the charging rate of C1 
becomes important, and therefore a diode having 
a low forward resistance with a fast response time 
should be used. 

-12v 
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Sweep circuit triggers 
on only 200 millivolts 

By Edwin Feuer 
Army Electronics Command, Philadelphia 

This sweep circuit will trigger on as little as 200 
millivolts from d-c to over 10 megahertz. Like 
many other devices these days, it's made mostly 
with integrated circuits, which makes it cheap to 
build and easy to assemble. 

The input stage has a low input impedance, 
which can be raise".! with an additional circuit 
such as an emitter follower. The stage serves as 
a preamplifier and phase inverter, allowing selec
tion of positive- or negative-slope triggering. The 
second stage is a Schmitt trigger, which supplies a 
fast-rising positive pulse to an R-S Hip-Hop-making 
up the third stage-when an incoming signal of 
sufficient amplitude arrives. 

The fourth stage acts as a buffer and drives Qi 
at input frequencies above 1 Mhz. This sets the 
Hip-Hop's output high and the buffer's output low. 
Q1 turns off, reverse-biasing D5, and C begins to 

INPUT 

1Ct •2•3•5 • 914 

JC4 =900 

D1 , 05 =SILICON 

D2 ,03 =GERMANIUM 
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02 = 2N1132 

96 

charge through R from the constant-current source, 
Q2. The resultant sawtooth output waveform has 
very good linearity, and its sweep length can be 
adjusted for speeds as fast as 0.5 microsecond 
(with C equaling 100 picofarads and R equaling 3 
kilohms). 

When the sawtooth amplitude reaches a peak of 
10 volts, the zener diode breaks down and delivers 
a pulse to emitter follower Q3 • Q3's output restores 
the flip-flop to its original low state and turns Qi on 
again via the buffer stage. C rapidly discharges 
through the diode, and this causes the sweep to 
retrace. 

Qg also triggers the fifth stage-a monostable
which supplies a positive pulse of a certain width 
to the flip-flop. This inhibits incoming signals from 
retriggering the third stage before C has fully dis
charged. The entire cycle repeats itself at the next 
input. 

"Lock-up" cannot occur in this circuit, because 
as soon as the charge on C exceeds 10 volts, Qs 
resets the flip-flop's output low, which therefore 
arms the circuit for the arrival of the next incoming 
pulse. 

The 10-volt sawtooth amplitude can be set at a 
different threshold by using a different zener diode. 
A positive square wave at Qi's collector can be used 
for cathode-ray tube unblanking. Connebting a 10-

t3.6v 
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kilohm variable resistor from pin 2 to the supply 
of the third stage adjusts the sweep for "free run." 

Sawtooth generator delivers 
constant peak voltage 

By Paul R. Adby 
University of Sussex, England 

Some circuits that generate sawtooth waveforms 
might not deliver constant amplitudes if the trigger 
frequency should vary. With the addition of a feed
back amplifier that compares the ramp's peak vglt
age with some reference and uses th~ error to con
trol the charging current, the ramp's height can be 
kept at a constant peak voltage regardless of varia
tions in the trigger frequency. 

The constant current source, Qi, charges capac
itor C, which periodically discharges through Q3 to 
ground. The circuit's output is taken from the ca-
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The capacitor in the output circuit of IC5 adjusts 
the monostable' s pulse width. 

r--------------, 
1 -18v DC AMPLIFIER I 

pacitor via field effect transistor Q4, which acts as 
a source follower. The d-c amplifier consisting of 
transistor Q6 through Q12 and shown boxed in the 
circuit diagram, takes the signal from the peak 
detector, amplifies it, and feeds back the difference 
between the peak ramp voltage and the d-c level 
set by the potentiometer to Q1' s base to control 
the charging current. 

The input that discharges C is a positive 5-volt, 
20-microsecond pulse delivered from a 5-kilohm 
source impedance. With the capacitors shown, the 
circuit is limited in its frequency range to 10 hertz 
to 1 kilohertz over which the output voltage is con
stant to within ±5%. At lower frequencies, the cir
cuit will tend to oscillate, and at higher frequencies 
there will not be sufficient current from Q1 to 
charge C. 

When combined with a comparator that is set be
tween 0 and 100% of the ramp amplitude, this cir
cuit can be used as a frequency compensated phase 
delay. 
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IEEE Show 

Instruments win top billing 
with more IC's and digital designs 

Trends away from analog indicators and toward circuit integration, 

evident at earlier IEEE exhibitions, have really taken hold-

as has the industry's move toward modular construction 

By Owen Doyle 
Assistant editor 

A visitor to the 1969 IEEE exhibit may at times get 
the feeling that he's at an instrumentation show, 
because most of the products on display are from 
instrument makers. And the kind of products these 
firms are bringing to New York indicate that the 
trends discernible at earlier IEEE Shows have 
entered the mainstream of the industry. 

Most companies are switching to integrated cir
cuits, for instance, to boost performance and lower 
prices. Also, the visitor to IEEE will see more 
digital machines than ever before as more com
panies abandon higher-priced analog displays. And 
the growing number of modular instruments and 
plug-ins indicate that instrument designers are 
considering not only what their instrument is 
supposed to measure, but with what other instru
ments, handling devices, and controllers it's sup
posed to interface. 

Instrument flrrns producing digital displays 
generally plan to expand their lines. Weston Instru
ments and Datascan, among others, plan to intro
duce digital panel meters, and Data Technology 
and the Cimron div_ision of Lear Siegler are just 
two of the firms showing digital voltmeters at IEEE. 

And some holdouts will be jumping on the digital 
bandwagon. Keithley Instruments will unveil a 
three-digit picoammeter, and Triplett Electrical In
struments will probably have its first digital meter 
ready by March 24. 

Most makers say analog meters are safe in the 
$100-and-under price range, but they agree with 
Fred Katzmann, director of Monsanto Electronic 
Instruments, who says, "There's always going to 
be a place for analog meters, but the days of the 
high-precision-I% and better-device are over." 

More volume, improved production techniques, 
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and some technical advances have combined to 
push the prices of digital meters steadily down
ward. Before the year is over, three-digit multi
meters will be selling for under $200, and panel 
meters, in 100-unit lots, for $150. But 1969 may 
also be the year that prices start leveling off as 
designers run into major technical roadblocks. 

"Performance of many insh·uments is being held 
back by the limitations of linear IC's," explains 
one engineer. And Delbert Johnson, chief engineer 
at Cimron, points out that the response time of 
digital meters is still high. "It takes 300 micro
seconds for the input amplifiers on digital volt
meters to settle. In the microvolt ranges, the set
tling time is hundreds of milliseconds, although 
solid state choppers are improving this speed." 
Johnson says this problem won't be solved soon. 

The big factor in the price of digital meters is 
the cost of displays. Just about all digital instru
ments use cold-cathode tubes, which require volt
ages far above the voltage levels in the rest of the 
instrument. 

Says Johnson: "Nixie tubes are fast and reliable, 
but they take a lot of voltage. So I think there'll 
be a lot of interest in phosphor-type displays such 
as those Tung-Sol is making [Electronics, Oct. 28, 
1968, p. 160], which are compatible with MOS FET 
logic levels. Within two years, I think all logic will 
be on one MOS chip." 

All the instrument makers are looking for less 
expensive display techniques. "No matter what we 
do with IC's, the bottom level of the price is always 
limited by the cost of traditional displays," says 
Ken Petersen, marketing vice president at Hickok 
Electrical Instruments. "We need something 
cheaper, and it doesn't necessarily have to be all 
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It counts; it figures. Hewlett-Packard's newest entrant 
in the counter timer race is the 5360A which, is both 

a fast and accurate counter and a calculator. 

electronic. I don't rule out the possibility of an 
electromechanical system. But I don't see anything 
coming soon; all the proposed replacements for 
Nixies are hard to make and require expensive 
logic circuits." 

One who does see a change coming soon is 
Monsanto's Katzmann. He predicts that within a 
year his company will be selling instruments with 
displays made from its light-emitting diodes. 

As for IC's, more of the instruments at this year's 
show will have more of their insides made with 
integrated circuitry. "What would have been a 
huge blob without IC's," says Robert Boole, mar
keting research manager at General Radio, "is a 
small, cheap, reliable instrument with them." 

As an example, Boole points to his company's 
model 1822 dvm calibrator, which will be intro
duced at the show. Light enough to be hand
carried, the 1822 can check out a d-c dvm in 
minutes, stepping through voltages from 100 micro
volts to 1,000 volts, checking the meter's divider 
network, exercising every digit in the display, and 
testing the meter's response to various loads. 

Home or away? 

But with their increasing use of IC's the instru
ment companies have to decide not only whether 
they will buy or make the circuits they need, but 
if they will use custom-made IC's that fit their de
signs or design their circuits to fit IC's available off
the-self. 

Many of the larger companies make most of the 
IC's they use, particularly the specialized hybrid 
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and microwave circuits. For example, Hewlett
Packard engineers designed and made the micro
wave IC's in the firm's new 8554L r-f section, a 
plug-in for a spectrum analyzer [Electronics, Jan. 6, 
p. 196]. Among the IC's in the 8554L are a 13-pole 
Tchebycheff filter and a 2.0-to-2.3-megahertz oscil
lator that delivers 20 milliwatts. 

However, Stephen Lipsky, a vice president of 
Polorad Electronics, another maker of spectrum 
analyzers, questions the wisdom of making IC's in
house. "We can make microwave IC' s too," says 
Lipsky, "but if you invest heavily in fabrication 
equipment, it's expensive to change designs if bet
ter components become available." Besides, he 
adds, no matter how much you pretest an instru
ment, things can start going wrong when it's in a 
customer's hands, and it's a lot easier to modify 
an instrument's design in the field when you're not 
committed to a specific IC. 

Monsanto's Katzmann expects his company to in
crease the number of IC types it produces, but he 
predicts that the ratio of store-bought to home
mades will stay at about its present level because 
the total number of IC's Monsanto uses is on the 
rise. Katzmann also notes that Monsanto only buys 
IC's that are available from more than one supplier. 
"We don't want to be at the mercy of any one 
company,'; he explains. 

Hickok's Petersen says that "regardless of who 
is making them, there's a swing towards custom 
IC's. It's more economical in the long run to design 
your IC' s to fit an instrument design. Big companies 
like H-P and Tektronix can afford, in fact, have to 
develop their own IC capability because it's so ex
pensive to buy customized units. But smaller firms 
like us just don't have the broad product base to 
support an IC capability. There's a real market for 
inexpensive customized IC's." 

Block after block 

Another thing that will be apparent to the IEEE 
visitor is the industry's swing to modular types of 
instruments-instruments that can be controlled by 
a computer, that can easily interface with other 
instruments, that have binary-coded-decimal inputs 
and outputs, and that can accept plug-ins. 

The last few years have seen many companies 
go the modular route. Hickok, for a long time a 
maker of portable work-alone instruments, started 
making what the company calls semisophisticated 
measuring systems about four years ago. It first 
introduced a mainframe with a three-digit display, 
which now sells for $375, and a plug-in for meas
uring d-c voltage. It has added four plug-ins since 
then, and at the IEEE Show will unveil four more: 
a d-c microvoltmeter, an a-c voltmeter, an BO-mega
hertz counter, and a time-interval meter. 

One company that's just decided to make the 
switch is Ballantine Laboratories, which notes that 
a lot of its customers, particularly General Radio, 
insist that instruments be designed with the build
ing-block concept in mind. So Ballantine is starting 
a line of modular instruments with outputs and 
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remote programing capabilities, and hopes to have 
its first ready for IEEE. 

The trend towards modular instruments is par
alleled by moves towards programable instruments, 
like the John Fluke Mfg. Co.'s 3330A calibrator, 
and completely automatic systems, like the linear
IC tester that Teradyne hopes to ready for IEEE. 

The Teradyne system, including a PDP 81 com
puter, is priced at around $80,000. Similar in des,ign 
to the company's J259 digital-IC tester, the new 
system measures, among other parameters, input 
bias current, output offset voltage, output voltage 
swing and common-mode rejection. 

Alexander D'Arbeloff, a Teradyne vice president, 
says: "One finds input-ouput jacks on the backs of 
more and more instruments these days as manu
facturers find that their gear is likely to find its way 
into an automated setup. I'm told that some larger 
firms, rather than equipping a lab with the usual 
scope, digital voltmeters, and standards, now buy 
a computer-based system and add to suit their 
needs. 

"If anything' particularly identifies this trend, 
D'Arbeloff continues, it's the use of software as a 
means of improving performance without obsolet
ing one's hardware." 

Bob Brunner H-P's group director of marketing, 
feels the move to computerized systems is inevit
able and says he welcomes it. But Brunner warns 
that computer control isn't an unmixed blessing. 
The buyer is faced with the fact that "any hard
wired digital process can be done 10 times faster 
than it can be on a digital computer so the user 
might need a special-purpose instrument instead. 
As for the maker, Brunner goes on, if sales of sys
tems don't affect the amount of dollars available, 
system sales may cut into instrument sales. 

Both maker and user have an interface problem, 
too, Brunner observes. "We don't really have inter
face standards. TTL circuitry is becoming the de 
facto component, but no Government agency, com
pany, or trade association is tackling the problem 
of standardization.'' 

One product area that will generate some excite
ment at this year's show is the field of counter/
timers. Hewlett-Packard has been dominating the 
medium-price (arnund $3,000) market with its 
5245L, but at least three companies-Beckman 
Instruments, Nanosecond Systems, and Systron
Donner-are coming to New York intent on 
knocking the king off that mountain. 

Counter insurgency 

Meanwhile, however, the king is climbing an
other mountain. Probably the most technically 
significant instrument at the show will be H-P's new 
5360A computing counter. Priced near $7,000, the 
5360 has I-nanosecond accuracy and 100-picosec
ond resolution. The measuring range of the basic 
instrument is 0.01 hertz to 320 Mhz, but plug-ins 
can push it up to 18 gigahertz. 

The 5360 can automatically measure a short 
burst of an r-f carrier and display the frequency, 

100 

can calculate phase information from time-interval 
measurements and display the information, and can 
directly measure and display the ratio of frequency 
change to frequency. 

On command from a keyboard-a $1,000 option
the 5360 will, among other things, make differential 
measurements, take square roots and calculate 
standard deviations. 

One instrument due for technical improvements 
is the oscilloscope. A couple of makers claim 
they're close to building 500-Mhz real-time scopes, 
but they won't be displaying any at this year's 
show. One of the fastest of the scopes slated for the 
show will be on the SS-211, a 200-Mhz unit from 
E-H Research Laboratories. 

A scope likely to get a lot of attention is almost 
an old-timer-Tektronix 576 curve tracer [Elec
tronics, Oct. 28, 1968, p. 149]. This unit, introduced 
last fall, uses fiber optics to display horizontal and 
vertical scales, increments of input current, and 
transistor gain. 

Back for its second debut at IEEE will be Boon
ton Electronics' Q bridge. According to Raymond 
Lafferty, a Boonton vice president, after displaying 
a mockup of the bridge last year the company 
received more than 35 orders. Boonton ran into 
some technical problems, however, but Lafferty 
says the firm is ready to start deliveries this year. 

The bridge can directly measure the Q of a ca
pacitor over a range from 5 to 10,000 and with an 
accuracy of better than 15%, the executive says. 
"That's a lot better than you can do with a Q 
meter," he adds, "and there's no caculating 
needed.'' The bridge also measures capacitance 
from 20 to 1,000 picofarads with better than 1 % 
accuracy, and has a frequency range of 100 kilo
hertz to 50 Mhz. 

On the make 

There'll be no big-name dropouts this year, but 
spokesmen for large established firms continue ,to 
feel that it's the new or small companies that derive 
the most benefit from the show. 

Says Teradyne's D'Arbeloff: "For new compan
ies, IEEE is great. One gets good market penetra
tion per dollar and sees the people one needs to 
see. For example, when Teradyne was new, IEEE 
enabled us to reach the production people who 
were our real customers. 

"But for a mature company, IEEE's usefulness 
declines. If one knows one's customers and is 
known by them, the show becomes only a con
venient place to chat with old friends and to do 
a little pulse-taking.'' 

But no matter who's the big gainer, at these 
shows many participants feel that the spotlight is 
shifting away from technical improvements in in
struments and focusing more on marketing efforts. 

H-P's Brunner believes that for most types of 
instruments, the parameters that people have been 
fussing about-frequency, speed, size-have reached 
useful levels. "The question now is not so much 
what we can do, but what we can do profitably.'' 

Electronics I March 3, 1969 



New instruments to see at IEEE 

Small counter aims high 
A giant-killer: that's the way Systron-Donner sees 
one of the two frequency- and time-measuring 
instruments it's unveiling. The company has de
signed this unit to challenge Hewlett-Packard's 
pre-eminence in the field of small, lightweight 
counter/ timers, the most used instruments of all. 

The job of the 13-pound model 7035 universal 
counter/ timer will be to grab some of the large 
market now dominated by H-P's 5245L counter and 
assorted plug-ins, its 5253B heterodyne frequency 
converter, and its 5262A time-interval plug-in. 

The seven-digit 7035 measures frequencies up to 
500 megahertz without a plug-in heterodyne; Sys
tron-Donner has used an internal divide-by-four 
prescaler with a range of 10 Mhz to 500 Mhz to 
reach that level. Gate time is 0.1 microsecond to 
100 seconds in decade steps. 

The device's 1-Mhz crystal frequency changes 
at a rate of only + 5 x 10-9 per day after 45 days 
of dynamic aging. Time-interval measurements 
range from 0.1 µ.sec to 109 seconds, with frequency 
counted from 10 Mhz .to 0.01 hertz in decade steps; 
resolution is 100 nanoseconds. Time intervals are 
displayed in microseconds, milliseconds, seconds, 
and kiloseconds with positioned decimal points. 

The instrument's weight is less than half that 
of the 30-pound Hewlett-Packard 5245L without 
plug-ins, says Charles Rice, sales manager at Sys
tron-Donner' s Measurements division. And at 5% 
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by 15 by 10% inches, the 7035 is only half as large 
as previous counter/timers. 

The divide-by-four prescaler is a major factor 
in these size and weight reductions. Richard Hall, 
the firm's manager for frequency counters, says 
that with transistor-transistor-logic circuits, tunnel 
diodes, and other circuit refinements, the prescaler 
takes up but one 3-by-4-inch printed-circuit card. 
TTL circuits are used extensively. 

According to Rice, devices measuring levels 
below 500 Mhz account for 80% of the counter/ 
timer market. And he says most frequency-counter 
applications don't require an instrument with the 
kind of versatility afforded by a variety of optional 
plug-ins. Any job previously requiring a counter 
and two plug-ins, he says, can be handled by the 
7035. Price is $2,275 and delivery time is 60 days. 

Others in this same new family of Systron-Don
ner instruments are the model 7038, which is 
essentially the same as the 7005 but has no pre
scaler and measures to only 125 Mhz, and the 
model 7034, which measures to 20 Mhz. The 7008 
costs $1,825 and the 7034 $1,075. 

The second product Systron-Donner is intro
ducing is the model 153 microwave counter, an 
instrument that operates from 300 Mhz .to 3 Ghz, 
again without a heterodyne plug-in. 

Because its operation is simple, this counter 
should find a place on production lines employing 

Checkout. Portable counter/ 
timer 7035 is shown on a test 
bench, making a frequency 
measurement in the 500 Mhz 
band. In the foreground is one 
of the plug-in boards that 
combines the decimal count 
chains with the digital indicators. 
The board shows the extensive 
use of integrated circuitry that 
is characteristic of the 
instrument line. 
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unskilled workers. After an input signal is con
nected to its front panel, the counter provides a 
six-digit, readout that requires no offsets. Two 
wide-band sampling mixers are employed here, one 
to phase-lock the internal oscillator to the input, 
the other to detect the harmonic number of the 

local oscillator. Computing circuitry corrects the 
time base by multiplying it by the harmonic num
ber. The 153 is priced at $1,350; delivery time is 
60 days. IEEE Booth No. 2B41. 
Systron·Donner Corp., Systron Drive, 
Concord, Calif. 94520 [511] 

Fast scope aims at computer market 
When you're No. 3, you have to do more than try 
harder; you have to provide something different. 
"We don't want to fight the big companies on the 
basis of copied products," says William Bosboom 
of E-H Research Laboratories Inc. "That's a losing 
game." E-H, a maker of sophisticated test equip
ment, also handles U.S. marketing for the lwatsu 
Electric Co. a Tokyo concern that claims to be the 
third largest oscilloscope maker in Japan. 

Says Bosboom: "We will concentrate on the 
lwatsu products that advance the state of the art." 

E-H will market 100-megahertz and 200-Mhz real
time scopes, both with the extremely fast writing 
time of 1 nanosecond per centimeter, and an 18-
gigahertz sampling scope that triggers automati
cally at the 18-Ghz rate. 

"One of the biggest opportunities for cracking 
the oscilloscope market is in the computer field," 
says Robert H. Ragsdale, marketing manager for 
Automated Measurements Corp., the E-H subsid
iary that handles the scopes. "It used to be that 
only makers of test equipment wanted fast oscillo
scopes; now it's IBM and Control Data that demand 
them. They have to watch a hundred thousand O's 
go by and then trigger when a 1 appears, so the 

scopes must respond at the computer clock rate. 
Also, the 1 comes only once, so the scope must 
have a fast write rate with good visibility." 

The high writing speed is provided by an off
the-shelf cathode-ray tube made by Philips' Gloei
lampenfabrieken of the Netherlands. 

Some of the vertical amplification techniques in 
the lwatsu ss-112 (the 100-Mhz instrument) and 
the SS-211 (200-Mhz) were provided by E-H. The 
scopes use-- a distributed deflection system with 
special transistors that were built to an E-H house 
number by Motorola's Semiconductor Products di
vision. The transistors provide an improved ratio 
of transconductance to .capacitance (Gm/pf). Rise 
times are 3.5 nanoseconds for the SS-112 and 1.75 
nsec for the SS-211. The 100-Mhz scope has a sen
sitivity of 5 millivolts per centimeter to 12.5 volts 
per cm, and an input impedance of 1 megohm; the 
200-Mhz scope has sensitivity of 10 mv/cm to 1 
volt/ cm, and an input impedance of 50 ohms. 

Prices haven't been set but will be about $5,000 
for the 18-Ghz scope, $3,000 for the SS-211, and 
$2,500 for the SS-112. IEEE Booth No. 2C29. 
E-H Research Laboratories Inc., 515 Eleventh St., Oak
land, Calif. 94607 [512] 

Fast, faster. The bandwidth of 
this sampling oscilloscope is 
either 7 Ghz or 18 Ghz, 
depending on the choice of 
plug-in. The scope is also fast 
along the horizontal, with speeds 
up to 10 picoseconds per 
centimeter. 



Programable. A remote 
programing feature is optional 
with the 1714. By insertion 
of circuit cards, the function, 
time base, trigger level, 
attenuation slope, and other 
parameters can be controlled 
automatically. To program, 
three eight· bit words have to be 
provided in sequence at the 
remote programing jack. 

The 'compleat' counter-without plug-ins 
Measurement of frequency, period, multiple-period 
average, ratio and multiple-ratio average of two in
put frequencies, time interval, and event accumula
tion can be accomplished by several \'ersatile 
counters on the market. But Nanosecond Systems 
Inc. calls its model 1714 the first counter that does 
it all without plug-ins. The counter has a resolu
tion of 10 nanoseconds. 

The model 1714 measures frequency over a range 
of 0 to 125 megahertz with error no greater than 
-+-1 count -+- the time-base error. It can measure 
single periods over the range of 10 nsec to 1010 

seconds with maximum enor of ± 1 count ± the 
time base error -+- the trigger error. For multiple 
periods, the range is 8 nsec to 103 sec. This low 
error is possible because the instrument measures 
directly, instead of by heterodyning. 

A trio of testers 
One's for the fast, one's for the thrifty, and one's 
for the bench. 

Engineers at the John Fluke Mfg. Co. have de
signed a trio of d-c calibrator·s, eaoh intended for 
a different type of user. The 3330A is a programable 
voltage or current calibrator intended for use in 
automatic and semiautomatic test and calibration 
systems. 

The 343A is a voltage calibrator that Fluke says 
has the lowest price-$1,700-and the lowest 
silhouette-31/2 inches high-of any such instru
ment with the 343A's capabilities. Its place is in 
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It can measure the ratio of frequency A to fre
quency B over a range of 0 to 125 Mhz on both 
channels. 

The numeric read-out has nine digits; it auto
matically positions the decimal point and displays 
the units of measurement. 

The oscillator is temperature controlled to main
tain a stability of 3 parts in 109 per day over an 
external environment temperature range of 0 to 
50°C. The instrument can be used as an external 
frequency standard, with the output adjustable in 
decade steps from 0.1 hertz to 100 Mhz. 

The 1714 is 3.5 by 8.5 by 14 inches and weighs 
12 pounds. The price is $2,750. IEEE Booth No. 
3A48. 
Nanosecond Systems Inc., 176 Linwood Ave., Fairfield, 
Conn. 06430 [513] 

the standards laboratory as a precision reference. 
In contrast, the 341A is a voltage calibrator for 

the laboratory workbench. The price is $1,000 and 
the 0.01 % accuracy is good enough for calibrating 
most voltmeters. This calibrator doesn't need a 
temperature-controlled room to live in; its accuracy 
stays within 0.01 % bounds for temperature swings 
as wide as 10°C. 

The 3330A, which costs $3,000, is for calibrating 
meters and analog-to-digital converters and for 
testing precision components and gyros. Whether 
it's in its constant-current or constant-voltage mode, 
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the instrument's output and current-limiting, crow
bar, and standby-operate functions can be remotely 
controlled. 

The 3330A has three voltage ranges-10, 100, and 
1,000 volts- and an accuracy of 0.005%. The tem
perature coefficient from 0°C to 50°C is the sum 
of 0.001 % of the setting, 0.00001 % of the range, 
and 2 microvolts expressed per degree centigrade. 
Stability is 25 parts per million per month. 

The output current can go up to 100 milliamps 
for the lower ranges, and up to 50 ma for the 1,000 
range. For constant-current work, the 3330A has 
ranges of 1, 10, and 100 ma. Accuracy is 0.01 %, 
temperature coefficient is 6 ppm. 

When the 3330A is set to one of the lower current 

An in-between source 
The road to success with test instruments is paved 
with holes. Rather than meet bigger companies 
head-on, young firms prefer to make units that fill 
holes in the big boys' product lines. 

For example, there was once a gap in the signal
source market. "If money was the problem, you 
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Steady I or V. The 3330A 
calibrator provides a programable 
constant current or constant 
voltage and operates in 
automatic systems. 

ranges, the output voltages will go as high as 1,000 
volts to keep the current constant; in the 100-ma 
range, the output can go to 500 volts. 

Both the 343A and the 341A have three ranges: 
10, 100, and 1,000 volts. The 343A has an accuracy 
of 0.003%, a temperature coefficient of about 
0.0005%/°C, and stability of 0.00015% per month. 
The coefficient of the 341A is 0.001%I°C and sta
bility is 0.004% per month. Both instruments meas
ure 3Y2 by 19 by 18 inches. 

Delivery time is two to three months for the 
341A and 343A, and three to four months for 
3330A. IEEE Booth No. 2C02. 
John Fluke Mfg. Co., P.O. Box 7429, Seattle, Wash. 
98133 [514] 

bought a signal generator for $1,500 or less," says 
Robert Hesselberth, sales manager for RF Commu
nications Inc. "If purity was the thing, you put out 
$5,000 to $10,000 for a frequency synthesizer. There 
was nothing in between." 

Now the hole is starting to fill. LogiMetrics 

Locked in. The 808 uses an 
indirect technique-phase 
locking-to generate its output 
frequencies, which run from 50 
khz to 80 M hz. 
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brought out a radio-frequency generator late last 
year [Electronics, Dec. 23, 1968, p. 110], and now 
Hesselberth's company is ready with its in-between 
source. 

The RF-808 signal generator is a $3,000 instru
ment with a range of 50 kilohertz to 80 megahertz. 
It can put 2 watts into a 50-ohm load, and sweep 
is either manual or automatic. 

The output's purity and linearity, according to 
Hesselberth, are "just a little bit under what you 
get from a synthesizer." Harmonics in the output 
are at least 30 decibels below the selected fre
quency. RF hasn't set the spurious-signal specifica
tion, but Hesselberth predicts it will be 70 db. 

I.. _, ---- - ,,,., 

-- I . 

An internal 400- or 1,000-.hertz signal or an ex
ternal signal up to 100 khz can modulate the out
put. For a-m operation, the output's amplitude can 
be varied by as much as 100%; for changes up to 
70%, linearity is better than 1 %. 

When the output is frequency-modulated, maxi
mum deviation of 5, 15, 75, or 375 khz can be 
selected; linearity is within 1 % when the deviation 
is 75 khz. / 

The 808 is 17 by 5 by 15 inches and weighs 40 
pounds. RF will start' making deliveries in July. 
IEEE Booth No. 2C01. 

RF Communications Inc., 1680 University Ave., Rochester, 
N.Y. 14610 [515] 

' . 
DAlA '""NOlOGf c.oe~ ... ,.o .. 

Four-plus. The OT 350 has a four 
digit-plus-overrange readout, 

or Jso 

"""'"""'''" 

Add IC's, subtract cost 
It would be hard to name a more competitive mar
ket in the instrumentation field than the one for 
digital voltmeters. But the Data Teohnology Corp. 
is planning to gain some ground in that market in 
the simplest way possible-by offering a basic unit 
priced considerably lower than the competition. 

The series 350 dvm costs a rock-bottom $695; 
purchase of the plug-in options that give it the 
functions of a full multimeter-measuring a-c volt
age, millivolts, and ohms-boosts the price of the 
equipment to $1,380. 

The instrument's designer, Takashi Mori, says 
that he has replaced at least half the discrete com
ponents of earlier versions with IC's. And this cut
back in discretes has allowed Mori to dispense 
with half the printed-circuit-board area required in 
the older instruments. The result, of course, has 
been reduced manufacturing costs. 
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and four ranges from 1 to 
1,000 volts. Accuracy of the 
dvm is 0.01 %. and it has a 
1-microvolt resolution. 

The 350 employs dual-slope integration, which 
Mori says is cheaper than other analog-to-digital 
conversion techniques and eliminates many of the 
problems associated with them. Since the base line 
(reference level) of the integrator voltage doesn't 
have to be stable, according to Mori, integration 
can begin from a different level at each measure
ment. The designer notes that in the dual-slope 
integration method, the only reactive passive cir
cuit element of importance is the integrating ca
pacitor. And the technique doesn't require an accu
rate, drift-free clock. Transistor-transistor logic is 
used in the 350. 

The meter is sold in a half-rack package measur
ing 31h by 14 by 8% inches. Delivery: 30-60 days. 

Data Technology Corp., 1050 East Meadow Circle, Palo 
Alto, Calif. 94303. [516] 
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MAGNETICS 
BY ARNOLD 

RUB-A-DUB-DUB ... GOODBYE! 

So who wants the hand crank on the washer and wringer? 

On today's automatics you push the button and you're in business. 
Of course the timer requires an Arnold hard ferrite unit and 

so does the motor. But they get the job done with much 
less scrub. And a good many other appliances around the 

home lean on Arnold to get their job done. 

Forward-looking manufacturers always look to Arnold for 
high-quality magnetic materials, design, technology and 

components; Magnetic cores. Powder cores. Laminations. You 

ask. We'll supply. The best in magnetic materials. 

The Arnold Engineering Company, Main Offi ce: Marengo, Ill. 
Branch Offices and Representat ives in Principal Cities 

Write for your free guide to the only complete line of magnetic materials. 

Other Arnold products can also fit easily into the appliance industry: MPP and 
powdered iron cores Tape and Bobbin Cores Alnico and Arnox ® perma· 
nent magnets Supermendur transformer cores. 
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Memories XV 

Optical techniques light the 
way to mass-storage media 

By M.D. Blue and D. Chen 
Honeywell Research Center, Hopkins, Minn. 

Optical techniques, though still in an early stage 
of development, off er a number of advantages in 
mass-storage applications. In fact, beam-alterable, 
beam-addressable mass memories are a definite 
possibility within the foreseeable future. 

Optical methods permit information-packing 
densities greater than those possible with magnetic 
recording, which provides a different approach to 
problems of power consumption, weight, and me
chanical complexity. In the meantime, of course, 
computer systems and applications are evolving to 
the point where ever greater storage capacities are 
required. · 

Given the present rate of growth in data process
ing, IO-billion-bit memories are conceivable. With 
optical techniques, such a memory could be con
tained in less than a square foot of surface. Mag
netic techniques on the other hand would require 
at least 100 times as much area. 

Researchers in their approaches to optical mem
ories take advantage of all the latest tricks of the 
trade-such as holography, high-resolution photo
graphic emulsions, and photochromism. They use 
lasers to vaporize material or to heat it above some 
critical temperature, where it can be affected by ex
ternal magnetic or electric fields. 

An optical beam, for example, can be focused 
to a diffraction-limited spot size whose diameter 
is approximately equal to the light wavelength. 
Thus when the wavelength is 1 micron (near infra
red) the potential density of resolvable focused 
spots is more than 100 million per square inch. 
Visible light wavelengths are about half a micron, 
which makes the potential density of stored infor
mation even greater. 

By contrast, magnetic recording-on drums, 
disks, cards, and tapes-currently offers densities 
of about 100,000 bits per square inch. Improved 
materials and techniques might conceivably in
crease density to a million or so, but it's limited by 
signal amplitude and noise, in tum determined by 
tradeoff s in track width, track spacing, and surface
to-head distance. 
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This is the sixth instalhnent in Electronics' continu
ing series on memory technology, which began in 
the October 28, 1968, issue. 

Given these available densities, therefore, a 
memory of ten billion bits requires 10,000 square 
inches of magnetic recording surface, or an area 
eight feet square. This is obviously too large to be 
addressed directly in a single module; if divided 
into smaller areas, problems of mechanical motion 
in access arise. 

The performance of various types of computer 
memories plotted on a storage capacity-access time 
plane [see opposite page], illustrates the general 
tradeoff between capacity and access time. Viewed 
in .this way, the projected performance of optical 
mass memories can include a larger capacity, a 
shorter access time, or both. 

A typical optical memory, diagramed on page 
110, uses a laser as a light source. It is thus dis
tinguished from an optoelectronic memory, whose 
light is internal to the element [see following arti
cle]. Almost all proposed optical memories use 
lasers to get light of high power density (very 
bright), spatial coherence (waves in phase), or both. 
The light-beam modulator is a high-speed switch. 
The beam-deflection system directs the modulated 
beam to the recorded information, either mechan
ically-with a scanning prism arrangement, for 
example-or electrically, using electro-optic or 
acoustic techniques. The light beam emerges from 
the deflection system and passes through the stor
age plane, whose information content alters the 
beam's character-that is, its intensity, its phase, 
or its polarization. It then is focused onto a detec
tor, whose signal fluctuations can be interpreted as 
binary l's and O's. 

This mode of operation in an optical mass mem
ory system imposes several general requirements 
on the storage medium: 

• It must be readable by the beam, and change
able except in special applications requiring a very 
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How optical memories compare with other" mass-storage units 

MAGNETIC 
TAPE UNITS 

MAGNETIC 
CARDS 

MAGNETIC DRUMS 
AND DISKS 

MAGNETIC 
CORES 

SEMICONDUCTOR 

10-2 10-4 

ACCESS TIME (SECONDS) 

Big and fast. Optical memo~ies hold the promise of capacities larger than presently 
available units, yet significantly faster than today's big ones. 

large permanent memory. 
• It must require a reasonable beam intensity. 
• It should operate at a reasonable temperature

preferably room temperature. 
• Its intensity threshold must permit repeated 

reading and tolerate scattered beam intensities 
without affecting the stored information. 

• It must be stable over extended periods of 
time. 

• It must be effectively grainless to permit re
cording information at high densities. 

Permanent storage 

A novel approach to optical read-only memories, 
studied at Bell Telephone Laboratories, stores in
formation in a rectangular array of holograms, each 
of which contains a page of information.1•2 The 
holograms are recorded on a high-resolution pho
tographic plate; thus the information cannot be 
altered. Each page, or individual hologram, is read 
by illuminating it with a laser beam, which recon
structs the image-an array of light and dark spots 
corresponding to l's and O's. These are detected 
by an array of photodiodes. Each hologram can 
produce a reconstruction at the same location at 
the readout plane, and as a result, the same array 
of photodetectors can monitor the entire sudace of 
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the hologram array. 
The Bell Labs group, using the holographic 

technique, demonstrated a system with a capacity 
of about 4 million bits, and now suggests extending 
this technology into a system with 100 times the 
capacity and an access time of less than 10 micro
seconds. 

To erase old and store new information in this 
system, an alterable material that can record holo
grams is needed. A photochromic material may 
turn the trick; such materials are described later 
in this article. 

Photographic emulsions are generally more 
sensitive than photochromic and other direct 
recording approaches. The chemical processing of 
photographic emulsions after exposure effectively 
amplifies the latent image. However, the advantage 
of amplification is offset by the delay that the chem
ical processing requires. Because of the time lag, 
the information isn't available for reading immedi
ately after writing. 

High-resolution photographic emulsions are also 
permanent. However, they fill the bill for applica
tions that require high information storage den,sity 
in a fixed form using optical techniques. Recording 
densities greater than 109 bits per square inch have 
been achieved,3 and various coating methods are 
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possible. Writing schemes that use diffraction tech
niques reduce sensitivity to dust and dirt; these 
schemes are somewhat analogous to the hologra
phic approach. 

Standing waves within the thickness of the photo
graphic emulsion offer another approach toward 
increasing information storage density. This stand
ing wave occurs when a light beam exposing the 
film to store a 1 reflects off the substrate below the 
emulsion and interferes with itself. In doing so 
the beam sets up a periodic layer strncture in the 
developed silver image, and has a spacing related 
to the light's wavelength, or color. Light is masked 
out of areas where O's are stored, so that these 
spots remain unexposed. When a beam of light 
reflects from the developed emulsion, it reproduces 
the information stored by the light that originally 
exposed the emulsion. In principle, by using a num
ber of light sources of different colors, many bits 
could. be stored and retrieved at each location in 
the memory.4 

Laser on tape 

_ Several proposed laser writing schemes are 
based on material removal or vaporization by laser 
beam bombardment. For example, the Precision 
Instrument Co. has an experimental digital-tape 
recording system called the Unicon [Electronics, 
Feb. 3, p. 52]. The system uses a one-watt argon 
laser, controlled by an electro-optic modulator, 
which vaporizes 1.5-micron holes in an opaque 
coating on a clear polyester tape. The tape itself 
is not damaged. This system records data at several 
megabits per second, with information densities 
above 10 million bits per square inch. A lower
power laser, too weak to alter the opaque coating, 
reads the information from the tape. The stored 
information is permanent. 

Scientists at the National Cash Register Co. 
report laser beam recordings on evaporated metallic 

films5 500 to 1,000 angstroms thick, and on organic 
coatings several microns thick. In this technique 
a helium-neon gas laser with a maximum power of 
38 milliwatts , focused to a spot 1.8 micron in diam
eter, records more than a million spo.ts per sec
ond. A two-dimensional scanner permits direct 
facsimile recordings of capital letters approximately 
30 microns high. 

Itek has studied an optical memory system which 
uses a laser to write on IO-inch-diameter storage 
disks coated with photographic emulsion. Data is 
recorded on five-micron-wide tracks within a 1-
inch band at the outer edge of the disks. A store 
of 650 disks, each holding 200 million bits of data, 
gives on-line random access to approximately one 
trillion bits of data. 

Beam-alterable memory 

A photochromic-holographic optical memory 
overcomes some of the disadvantages of photogra
phic emulsions, and has some advantages of its 
own. Photochromism6-a characteristic of many 
organic dyes and other organic or inorganic com
pounds-is a reversible change in a compound's 
absorption spectrum when it's irradiated with a 
specific wavelength of light. In general, short wave
lengths cause the spectrum to shift toward the red; 
longer wavelengths shift it back toward the blue. 
Thus, a pho.tochromic material that is transparent to 
visible light can be darkened by ultraviolet irradia
tion and bleached by visible or infrared light. Alkali 
halides, such as potassium iodide and potassium 
bromide, are examples of these crystals. Other ma
terials are transparent only to infrared light; they 
can be "darkened" by visible light and "bleached" 
by infrared. The darkened crystal absorbs radiation 
of a specific wavelength, and continues to transmit 
other radiation. For example, a material might ap
pear to the eye to change color from yellow-orange 
to blue-gray, because the red component of white 

FOCUSING OPTICS 

LASER 

X-Y DEFLECTION SYSTEM INFORMATION STORAGE PLANE 

Components. All optical memories re:quire these basic parts, most of which can be implemented in various 
ways. Common to most of them is the laser, which is both bright and coherent. 
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light would be absorbed. 
Carson Laboratories Inc. took the photochromic 

approach, and built a system in which the same 
laser beam bleaches and subsequently reads the 
alkali halide crystal. The crystal must be heated to 
approximately 80°C during recording and cooled 
to 0°C during readout. Its operation requires a high 
energy level, in terms of much power or a long time; 
it takes 100 seconds of bleaching to produce a 
5% density change when the heliUIIJ-neon laser's 
Hux density is 50 megawatts per square centimeter 
and its wavelength is 6,328 angstroms. 

Other companies studying photochromic tech
niques for computer memory applications include 
RCA, the Univac division of the Sperry Rand Corp., 
the International Business Machines Corp., NCR, 
the Control Data Corp., and Itek. 

These memories have some unique advantages. 
Since information can be stored three-dimension
ally, the volume instead of the area of the medium 
is available for storage. Using holography in com
bination with photochromism, information about 
each bit is distributed over the entire area of the 
hologram, so that the memory isn't sensitive to dust 
particles or mechanical damage. The light deflec
tor's specifications are simpler and the illumination 
need not be uniform over the hologram area. Photo
chromic media employ molecular or atomic pheno
mena and are therefore virtually grainless. Other 
properties of holograms permit a memory system 
to be organized in a variety of ways. 

But present photochromic media are subject to 
fatigue after repeated operation, long-time insta
bility, lack of a well-defined threshold of intensity
that is, the media are too nearly linear-and sensi
tivity to scattered light. Research is under way to 
solve many of these problems. 

Lights and magnets 

Magnetic materials when combined with optical 
systems lead to several novel approaches for re
versible storage media. Now that high-power lasers 
and materials that have improved magneto-optical 
properties have been developed, the laser can in
duce usable changes in the magnetic storage me
dium. Typically, a focusing system concentrates 
the laser energy on a small region of the material. 
Information is written in the material with a ther
momagnetic effect. 

Honeywell Inc. is currently studying how to 
store information in thin magnetic film of a man
ganese-bismuth alloy.7 This material, in thin-film 
form, can be magnetized perpendicularly to the film 
plane, with two stable magnetic states; in both of 
these it exhibits the magneto-optic Faraday effect. 
In one stable state, the magnetic field is directed 
upward through the film. In the other state, the field 
is directed downward. Regions in the film mag
netized up or down correspond to binary l's and O's. 

The films are first saturated magnetically so that 
all regions are in the same state. To write informa
tion, a laser beam is focused onto a small region, 
whose temperature rises rapidly. At a temperature 
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of 360°C-the alloy's Curie . temperature-this 
region loses its magnetization. As the region cools, 
the magnetic flux from an external field or from the 
surrounding region aligns the magnetization in the 
desired direction. This localized region now stores 
a hit of information. This is called a Curie-point 
writing technique. 

Stored information is retrieved using the mag
neto-optic Faraday effect. A beam of plane-polar
ized light from a beam deflector passes through the 
desired region of the film. Because the film is mag
netized, it rotates the plane of polarization of the 
transmitted beam, one way for a stored 1, the other 
for a 0. If an analyzer has been set to extinguish 
light from a 0 bit, then a region magnetized the 
other way will rotate the beam in the opposite 
direction, so that it is partially transmitted by the 
analyzer. A photodetector reads the stored informa
tion. 

New twist 

This readout technique requires a medium, such 
as MnBi, that has a high Faraday rotation. This 
rotation is about half a million degrees per centi
meter of the material's thickness; but since the 
thickness in this case is measured in angstroms, 
the actual rotation is only a few degrees. 

The Curie-point writing technique would seem 
to be inherently slow, depending as it does upon 
heating a localized region. However, typical laser 
pulses as short as 0.1 microsecond have been used 
successfully. After all, spot sizes are only one or 
two microns in diameter; as a result the amount 
of material to be heated is very small. 

These tiny spots, spaced from 5 to 10 microns 
apart, can have a density of from six to 24 million 
bits per square inch. 

This writing technique is also applicable .to other 
ferromagnetic materials, notably europium selenide 
and europium oxide. IBM has been actively en
gaged in using these materials to demonstrate a 
technique for an optical memory.8 These media 
have a very large Faraday'rotations, but their Curie 
temperatures are very low-4.2°K for EuSe and 
60°K for EuO-so that they must be operated in 
a cryogenic environment. 

Multilayer films whose components have differ
ent Curie-temperatures, can also store data using 
the Curie-point writing technique.9 Heating a spot 
in the multilayer film to a temperature above the 
Curie point of one of the component films reduces 
the coercive force of all the layers as a whole to 
a lower level. An external field slightly above this 
level then writes data in that spot without affect· 
ing the rest of the film. 

Garnet adds up 

Single crystal garnet materials for magneto-optic 
memories have been investigated at Bell Labs and 
at Univac. Gadolinium iron garnet (GdIG), for 
example, has some very interesting magnetic prop
erties.10011 This material's total magnetization is 
attributed to two opposing sublattice magnetiza-
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Optical mass memory performance 
Writing Readout Packing 
speed, Readout speed, density, 

Material Writing technique bits/sec technique bits/sec Erasure bits/cm2 Stability 

Manganese Thermomagnetic Curie- 106 Magneto- 108 Applied 4X 106 Good 
bismuth point writing using 10- o·ptic magnetic below 

mw laser beam; magne- effect field and 340° c 
tization determined by coincidence 
field near Curie point laser heating 
(350° C) 

Alkali halide Photochromic process; 1Q6 Absorption 1Q6 Near 106 Poor 
illumination by ultra· of light infrared 
violet or blue beam laser or heat 
causes absorption spec-
trum of bits to shift 
toward red 

Europium Thermomagnetic Curie· 107 Magneto· lQS Applied 106 Must be 
oxide point writing using low- optic magnetic below 

power laser beam; mag- effect field and -190° c 
netization determined coincidence 
by field near Curie tern- laser heating 
perature (-190° C) 

Garnet Thermomagnetic com- 104 Magneto· lQS Applied 105 Must be 
pensation-point writing optic magnetic at com-
using low-power laser effect field and pensation 
beam; magnetization coincidence temp. 
determined by field laser heating 
near compensation tern-
perature (15° C =1:3° C) 

Ferroelectric Combination of photo· 104 Discharge 108 Destructive 104 Good 
conductivity and ferro- current read only 
electric effect. Light sensing 
beam reduces resist-
ance of photoconduc-
tive layer, allowing the 
applied field to affect 
ferroelectric polariza-
ti on. 

tions. At a certain temperature, called the compen
sation temperature, the two magnetizations cancel 
in a way that results in a very large increase 
in the coercive force over its normal value. This 
compensation temperature can be near room tem
perature-usually slightly below. 

Wafers of this material have only two stable 
magnetic states, similar to those of manganese
bismuth films. With the crystal magnetically sat
urated in one state, switching localized regions 
into the other state stores information in those 
regions. They can be switched by locally raising 
the temperature from the compensation level with 
a focused laser beam, and simultaneously apply
ing an external magnetic field exceeding the coer
cive force. A small temperature rise-approximately 
3°C in GdIG-sharply reduces the coercive force 
which is the magnetic field required to reverse the 
local magnetization. Therefore the applied field can 
switch the heated region, but will not affect the 
unheated region, which remains at the compensa
tion temperature. 

The smallest regions that can be switched on a 
smooth wafer of GdIG are approximately 100 mi-
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crons in diameter, corresponding to about 64,000 
bits per square inch. Smaller regions have been 
obtained by scribing the material into squares. 
Using this approach, information packing densities 
approaching a million bits per square mch have 
been achieved. 

Scientists at IBM have recently succeeded in 
preparing thin films of GdIG chemically. This thin 
film medium can support a packing density of 10 
million bits per square inch, but it requires a 
higher magnetic field to write, and a larger tem
perature rise.12 

Ceramic sandwich 

Ferroelectric material, like ferromagnetic mate
rial, can have two stable polarization states. Apply
ing an electric field switches the material from 
one state to the other, just as magnetic fields cause 
a switch of magnetization in ferromagnetic mate
rials. These basic properties make ferroelectric ma
terials such as barium titanate and triglycine sul
fate appear suitable for an alterable medium. 

The "ferrotron" scheme suggested by the Mar
quardt Corp. is an interesting application of ferro-
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electrics to optical memory.11 This device consists 
of a photoconductive and a ferroelectric layer sand
wiched between two electrodes; the electrode next 
to the photoconductive layer is transparent. When 
the photoconductive layer is dark, it prevents the 
electric field applied at the electrodes from reach
ing the ferroelectric layer. But a light beam fo
cused on a particular spot of this device reduces 
the photoconductive layer's resistivity at that spot. 
Consequently, the external field reaches the ferro
electric layer at a localized region and orients its 
polarization accordingly. 

The written information is read out by discharg
ing the ferroelectric medium when the beam ad
dresses it. The direction of the discharge current 
indicates the direction of the polarization, and thus 
indicates that a 1 or 0 had been stored. 

The readout is destructive because it removes 
the stored electric charge. A nondestructive read
out in the ferroelectric would be possible using 
the electro-optic effect, which would alter the char
acter of a polarized light beam as mentioned pre
viously. But the development of a ferroelectric op
tical memory lags other techniques. The main diffi
culties are in the material preparation and in the 
lack of well-defined switching thresholds in many 
practical ferroelectric materials. Recent studies in 
polycrystalline electric ceramics suggest these dif
ficulties eventually will be resolved. 

The major approaches to optical memories are 
summarized in the table opposite. The performance 
figures are estimates, based on material limitations 
and in some instances on preliminary experimental 
results. • 
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Memories XVI ~Jo 

Optoelectronic memoriesT 
light to read out by 

By Richard D. Stewart 
General Electric Co., Syracuse, N.Y. 

Optoelectronic memories have two unique features: 
First their electrically bistable, light-emitting stor
age ~lements are completely independent of their 
detectors which read out the stored information. 
Second, partly as a result of this isolation, much 
intermediate processing can be done during read
out-in fact, almost as a part of it. 

Optoelectronic memory technology, however, has 
a long way to go. The big problem is system de
sign; even though some remarkable devices have 
been invented, such as the light-emitting switch 
and the electroluminescent-photoconductor cell, 
few advances have been incorporated into practical 
systems. 

The isolation means that there's no limit to the 
number of detectors that can be operated simul
taneously, in any kind of sequence or pattern. 
Readout can be serial, parallel, or by block. If the 
application warrants it, even reading and writing 
can be simultaneous-although not in the same 
element, of course. And the light emitters and de
tectors can operate with different ground references 
without interference. 

By contrast, most other forms of storage elements 
are built into a linear array that permits reading 
or writing in only one element at a time, so they 
are intrinsically serial. Some configurations permit 
reading or writing in an entire row or column at 
a time, but this is the closest approach to true 
parallel operation of nonoptoelectronic arrays, short 
of operating several small arrays at once, and it's 
very expensive. Designers must take care to elim
inate ground loops and other paths for spurious 
signals. 

'i'\Thile the data is being read out, intermediate 
processing can be done with an opaque mask, a 
filter, or a Kerr cell. Thus, with optoelectronics, 
an associative memory, for example, could be built; 
or a correlation function could be applied to the 
data as it is being read out. For example, if an 
optoelectronic memory contained the digital equiv
alent of a pictorial in1age, correlation would permit 
the .image to be separated from a noisy background, 
or would establish the existence of certain charac
teristics in the image. This technique has already 
been used successfully in a fingerprint identifica
tion experiment. 

The General Electric electronics laboratory is 
currently developing new ways to fabricate high
density arrays of optoelectronic elements, not only 
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for memories as such but also for memories with 
optical readout-that is, for displays. In another 
current program, the British Ministry of Technol
ogy is evaluating optical mass memory storage 
techniques. International Computers Ltd. is build
ing an optical read-only memory, based on a 
cathode-ray tube scanner, photographic data store, 
and a photomultiplier readout. The system is de
signed to store 65,536 words of 69 bits each. This 
program's results will indicate the capability of an 
optoelectronic system based on well-established 
optical romponents. 

The difference between optoelectronic and elec
tro-optical memories should be kept carefully in 
mind. Optoelectronic memories contain an array of 
electrically bistable light-emitting elements, any of 
which can be turned on or off, so binary data can 
be stored. Because each bit requires a separate 
electrically switchable element accessible from the 
array's exterior, optoelectronics is most suitable 
for small, fast memories, such as scratchpads. 

Electro-optical memories, on the other hand, 
store data in some kind of mask that transmits or 
obstructs a beam of light [see preceding article]. 
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Threshold. Voltage-current characteristic of light· 
emitting switch shows threshold, where gradually 
increasing current suddenly begins to climb steeply as 
voltage drops back. Curve is also discontinuous 
with decreasing current. 

Etching. Black stripes 
are semi-insulating 
substrate, showing 
through where p-type 
material (gray) has 
been etched away to 
isolate the columns 
in a memory array 
about 1,1.i -inch square. 
Continuous gray 
material connects the 
anodes of a column 
of d,iodes. The bottom 
photograph shows 
the re.verse side of 
a 1h·by-1 inch wafer 
that, except for size, is 
similar to the one 
above. Each white dot 
is a spot of n-type 
material. A memory 
array would be made 
from this wafer by 
evaporating a thin-film 
resistor beside each 
dot, then connecting 
the resistors in rows 
perpendicular to the 
columns, as shown 
on page 116. 
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Disturbance. In the matrix on the next page, a single disturb pulse at either end of a diode has no effect on it, but 
pulsing both ends of the same diode can change its state. These six diagrams trace the sequence of events. 

Since the mask can be large and the data densely 
packed, the electro-optical memory is suitable for 
bulk storage. Also, because often the data in the 
mask cannot be changed easily or at all, most 
electro-optical units are either read-only or up
datable memories, that is, data can be added but 
not removed. 

Optical feedback 

Several kinds of devices or combinations of de
vices meet the requirements of an optoelectronic 
memory. One simple combination is the photocon
ductor and neon bulb; a similar unit is the electro
luminescent-photoconductor (EL-PC) cell. These de
vices are connected as a series circuit, with optical 
feedback to establish bistability. Once the bulb or 
EL device begins to emit, its light reduces the 
photoconductor' s resistance, ensuring that the 
emission continues. In addition, the emitted light 
indicates the storage cell's state. It's turned on by 
applying a momentary overvoltage to the series cir
cuit, or by shining an external light source on the 
PC element; it's turned off by removing the power 
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momentarily. 
The combination, however, is larger than mono

lithic circuitry. A much smaller cell is a combina
tion of a silicon integrated flip-flop and a light
emitting diode. The silicon IC provides· the three
hold and storage action. In this configuration the 
light emission is solely for external detection; it 
doesn't enter into the circuit function. 

A light-emitting switch developed by GE em
bodies· the concept of an optoelectronic memory 
element in a single device. 0 It's essentially the only 
unit now being developed. Unlike a light~emitting 
p-n diode, the LES contains a layer of semi-insulat
ing material between the p and n regions. This 
material's resistivity-generally between 105 and 
106 ohm-centimeters-is considerably higher than 
that of the usual doped semiconductor, which is 
about 0.01 to 1 ohm-cm, yet isn't quite as high as 
that of an ideally pure, or intrinsic, semiconductor-
about 108• (The classic insulating materials, such 

• The LES device was investigated for memory and display appli· 
cations under military contracts AF30(602)-3615 and DA28(043)· 
01486(E), respectively. 
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as rubber or porcelain, have resistivities of about 
1QL5; copper is about 2 X 10·6.) This material also 
distinguishes the LES from the superficially similar 
p-i-n diode, whose interposed layer's resistivity 
closely approximates that of intrinsic material. 

The LES, when properly biased, will maintain a 
steady state with either high or low impedance. 
Its voltage-current characteristic curve, shown on 
page 114, and the diagrams on page 115 show how 
it does this. In the low-impedance, or "on" state, the 
LES emits radiation characteristic of its bandgap. 
For a gallium arsenide structure this radiation 
occurs near 8,800 angstroms, similar to the GaAs 
p-n emitter. Since the LES emits no radiation in 
the high-impedance mode, its state can be interro
gated by sensing its optical output. 

To use any optoelectronic device in a practical 
memory, many units must be integrated into a 
high-density array. The LES structure is well suited 
to this array fabrication, because the individual 
device element consists of a p region and an n 
region formed on opposite faces of a high-resistiv
ity wafer. The isolation between adjacent devices 
depends on the starting wafer's bulk resistivity; 
since this is on the order of 106 ohm-.cm, several 
tens of megohms are easily achieved. 

To apply an optoelectronic storage element as 
a memory, appropriate signals must be presented 
to each element in the array so that it can be 
switched independently from the high-impedance 
or "off" state to the low-impedance or "on" state, 
or vice versa. These can be obtained from three
level drivers connected to the rows and columns 
of the array, as shown above. Writing a 1 into a 
particular element in the matrix requires each of 
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MATRIX 

Three levels. The 
two connections 
to each row and 
column permit any 
element in the 
matrix to be turned 
on or off. Once on, 
it is kept on 
through the path 
containing no 
transistor. 

the two drivers that control the element's row and 
column to apply half the selection voltage. This 
increases the voltage applied to the element above 
its threshold level, switching it to the low-imped
ance state. Writing a 0 is similar; the applied volt
age is reduced below its lower stable level. 

Because data retrieval is optical, it's independent 
of the switching electronics. The read part of the 
memory consists of an image sensor system that 
can sample each of the storage locations. This can 
be done serially, in parallel, or in a combination 
of both. The most basic detector system is an array 
of photodetector elements-one for each of the 
emitters. Several kinds of solid state arrays of 
photoconductors, photodiodes, or phototransistors 
are available for this function. 

Another type of detector can be made from a 
vidicon sensitive to near-infrared light. One diffi
culty in this approach is aligning the electron beam 
to a particular location on the photo-cathode cor
responding to a specific storage element. A poten
tial solution entails a discrete diode array for the 
vidicon cathode, so that a unique correspondence 
exists between each emitter and detector. Similar 
photodiode vidicons have been successfully oper
ated at Bell Telephone Laboratories at densities 
of about a million per square inch. • 
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This North American 
LSI Test Console is 
D AVAILABLE 
D ECONOMICAL 

o VERSATILE 
D RELIABLE 

... and it's PROVEN! 

Available now . .. not "soon." (Normal delivery is 
within 60 days.) Reliable now ... proved in regular 
use by several of the largest producers and users 
of arrays. (Names on request.) Economical now 
... costs far less than computer-driven testers or 
building your own black box. Versatile now ... 
can be programmed in 15 minutes to test almost 
any array or IC (LSl-MSl-MOS) without punched 
cards, paper tape or magnetic tape. Building block 
concept permits special panels that aren't special. 
This right now LSI Tester is fast becoming the 
standard of the industry. Write or phone for com
plete information right now. 

The N.A.E.S. mobile LSI Test Console features: 

• a word generator capable of 40 words, each 100 bits 
long, bit rates from DC to 2.5 MHz; 

• a four channel clock generator with adjustable fre
quency, sequencing, positioning, inhibiting, and leveling 
of clock pulses ; 

• a 16 channel comparator with adjustable bit time 
strobe, 1 and O level windows, don't care inhibits and 
error overrides; 

• a 40 channel converter with every word adjustable 
for 1 and O levels ; 

• a work area with quick connect fasteners for different 
array socket carriers, array loading and treeing tie 
points and four adjustable power supplies; 

• word toggeling capability for words up to 800 bits. 

for further information, write or call: 

North American Electronic Systems 
DIVISION OF EDUCATIONAL COMPUTER CORPORATION 

Sicklerville, New Jersey 08081 Telephone: 609-629-4141 
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Applied design 

Charting a simpler course 
to the design of yig filters 

Multiresonator devices can be put together quickly on paper through the use 

of charts to determine input, output, and interstage coupling networks; 

the technique is much faster than trial-and-error work on the bench 

By Walter Venator 
Airtran Division, Litton Industries Inc., Morris Plains, N.J. 

The increasing use of multioctave yig-tuned filters 
as fast scanning preselectors in commercial and 
military equipment makes a quick and accurate 
design procedure invaluable. The usual procedure 
for multiresonator yttrium iron garnet filters-trial 
and error to determine coupling-loop parameters 
and the spacing between resonators-is no longer 
adequate. 

The empirical method was used simply because 
most of the literature treated the response charac
teristics of single-section filters only. Now, how
ever, electronically tunable multiresonator yig 
filters can be designed using only two conventional 
filter tables and -some new coupling-bandwidth de
sign charts. These charts detail the input, output, 
and interstage coupling requirements as a function 
of the sphere's diameter and its saturation mag
netization. 

When using yig spheres as filter resonators, three 
basic techniques can be used to couple r-f energy 
from one sphere to another: one or more full turns, 
semiloop coupling, or sphere-to-sphere coupling. 

The full-turn loop is usually used for the lower
frequency filters-below 2 gigahertz. For example, 
to determine the coupling-loop parameters for two 
ferrimagnetic spheres, assume that they're centered 
in identical coupling loops, have the same diameter 
and saturation magnetization, experience the same 
magnetic field, and are separated by a metallic wall 
so that the coupling is due only to the loops Now, 
the coupling bandwidth, BWcoupllng, in megahertz, 
can be calculated 

2 (d·)3 

BWcoupling = 31r d~ Wm 
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where d. = sphere diameter 
d1 = mean coupling-loop diameter 

Wm = y41TMs = (2.8) 4?TM8 

This equation, an extensfon of Comstock' s work, 1 

shows that the coupling bandwidth depends on the 
. ratio of the loop and sphere diameters and the 

saturation magnetization, 4?TM., of the resonator 
material. 

To find the coupling-loop dimensions, the 
coupling bandwidth of each resonator must be 
calculated from the 3-db bandwidth of the filter 
multiplied by the normalized coupling coefficients. 
The exact values of the coefficients depend on 
whether a flat (Butterworth) or ripple (Tchebycheff) 
passband is desired. These coefficients are listed 
for up to an eight-pole filter in many reference 
texts.2 Multiplying each coefficient by the 3-db filter 
bandwidth gives the coupling bandwidth for the 
input, output, and interstage coupling loops. 

The last parameter that must be determined 
before using the design chart to find the ratio of 
the coupling loop and sphere diameters is the 
maximum value of saturation magnetization. This 
value, which depends on the lowest frequency at 
which the filter mus't operate without limiting the 
r-f signal, is found using the chart shown on page 
121. It is equal to the saturation magnetization just 
below the intersection of the filter's lowest opera
ting frequency and the f2 curve. Now, using this 
value of saturation magnetization, the ratio of the 
coupling-loop and sphere diameters that satisfies 
each coupling bandwidth is determined from the 
appropriate design charts. The chart for the full
loop coupling, for instance, is shown on page 122. 
Once this ratio, the loop-wire thickness, and the 
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Anatomy of a yig filter 
When a d-c magnetic field is applied to yttrium iron 
garnet, the material exhibits a high-Q resonance at a 
frequency proportional to the strength of the field. 
Called the gyromagnetic resonance frequency, this 
can be changed simply by changing the strength of 
the field. 

The basic electronically tunable yig filter uses a 
yig sphere-highly polished for lower loss-placed in 
the center of two coupling loops whose axes are per
pendicular to each other and to the direction of the 
field, Hd-c· With no external field, there is little input
to-output coupling through the unmagnetized yig 
sphere, since the coupling loops are at right angles 
to each other. 

However, in a d-c magnetic .field, the yig ma
terial's magnetic properties change and coupling 
from the input to the output can occur even though 
the coupling loops are at right angles. The amount 
of coupling depends on the r-f signal frequency and 
the magnetic-field strength. R-f energy at the gyro
magnetic resonance frequency, fa = 2.8 Hd-c, will be 
coupled with little attenuation, but at other frequen
cies tne attenuation becomes quite high. 

sphere size are determined, the loop diameter is 
easily found. This same basic design procedure is 
also used for semiloop or sphere-to-sphere coup
ling. 

Suppose a filter with the following specifications 
was required. 

• Tuning range 1-2 Ghz 
• Selectivity -60 db at fa +85 Mhz 
• Passband response maximally flat 
• 3-db bandwidth 25 ±5 Mhz 
• Insertion loss 4 db maximum 
• Off-band isolation 80 db minimum 
• Limiting level 0 dbm at 1 Ghz 
From the design chart shown on page 121, we 

find that 535 gauss is the maximum value of 
saturation magnetization that can be used before 
the filter starts to limit the input signal within its 
passband. To satisfy the selectivity and off-band 
isolation requirements, a four-section filter, similar 
to the one shown on page 120, must be used. The 
normalized coupling coefficients for a maximally 
flat four-pole filter are2 

qi and q4 = 0.766 
ki2 and k34 = 0.840 
k23 = 0.542 

The required coupling bandwidth for each filter 
section is found by multiplying these coefficients 
by 25 Mhz-the over-all 3-db filter bandwidth. The 
coupling bandwidths are 

• 19.1 Mhz between the input and the first 
sphere, and the fourth sphere and the output 

• 21 Mhz between the first and second, and the 
third and the fourth , spheres 

• 13.5 Mhz between the second and third spheres 
Using the design chart on page 122, the ratio of 
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the loop and sphere diameters, d1/ d., can be de
termined for each of the coupling bandwidths for 
the interstages. The coupling bandwidths are used 
directly as calculated, but the input and output 
coupling bandwidths must be doubled. This must 
be done because the input and output coupling 
uses only one sphere and one loop, whereas the 
chart was based on two loops and two spheres. If 
a sphere diameter of 0.03 inch and a coupling-loop 
wire size of 0.005 inch are used, then each coupling
loop diameter is found simply by multiplying di/ 
d. by 0.03 inch. 
k12 and the k34 loop = 0.075 - 0.005 = 0.070 
inch 
k23 loop = 0.087 - 0.005 = 0.082 inch 
q1 and q4 loop = 0.063 - 0.005 = 0.058 inch 

Insertion loss 

The midband insertion loss of a yig filter depends 
on several factors: the 3-db bandwidth, the normal
ized low-pass element values, gk, and the unloaded 
Q, Q0 k , of the resonator material. The low-pass 
element values depend on the desired shape, and 
the unloaded Q depends on the resonator's line
width. And usually, the higher the saturation 
magnetization, the lower the linewidth, and the 
lower the insertion loss. The insertion loss, IL, in 
db, can be expressed as3 

N 

IL = 4.34 ~ '""' -~ 
M L.J Quk 

k- 1 

where gk low-pass element value, Af =3-db filter 
bandwidth, Quk = unloaded resonator Q, fa = 
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q1 COUPLING Loo> q4 COUPLING LOOP The low-pass element values are4 

k12 COUPLING LOOP 

Typical filter. The cutoff section that houses the yig 
resonators and full-turn coupling loops of the L-band 
filter is smaller than the r-f connectors. 

resonant frequency of the filter, and N = number 
of filter sections. 

The unloaded Q of a yig resonator can be ex
pressed as the ratio of the applied magnetic field, 
H0 , and the linewidth, ~H. Multiplying both terms 
by y, the gyromagnetic ratio of the ferrite material, 
we have 

And since the resonance frequency, f0 , is equal to 
yH0 , the unloaded Q can be expressed as f0 /yAH, 
where yAH can be considered the unloaded band
width of the yig sphere. Now if we assume that the 
unloaded Q of each section is the same, then the 
insertion loss, in db, for a yig filter becomes 

N 

'Y ~H "'"""' IL = 4.34 Lif L...J gk 
k-1 

L-band filter performance 

Frequency Bandwidth 
(Ghz).. 3-db (Mhz) 

1.0 22 
1.2 25 
1.4 25 
1.6 24 
1.8 24 
2.0 26 
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IL Off-band 
(db) isolation (db) 

3.0 80 
3.0 80 
2.8 80 
2.5 80 
2.5 80 
2.5 80 

g1 and g4 = 0.7654 
g2 and g3 = L848 

And the sum of these values is 5.22. 
The last parameter required before the insertion 

loss can be calculated is the material's linewidth. 
According to the manufacturer's data, the material 
selected has a linewidth of 1.0 -+- 0.2 oersted. 

Inserting all these terms and y = 2.8 for yig into 
the previous equation, the insertion loss is 2 db 
for a ~H of 0.8 oersted, and 3 db for a ~H of L2 
oersteds. 

An L-band four-section filter was built using the 
calculated loop sizes and 0.030-inch-diameter yig 
spheres with a saturation magnetization of 530 
gauss and a linewidth of LO oersted. The resulting 
filter perfom1ance, tabulated at the lower left, either 
met or exceeded the initial specifications. 

Bandwidth limitations 

Wide-bandwidth filters do pose a greater prob
lem of spurious responses, which are similar to 
those found in a conventional microwave cavity 
when a mode other than the desired one is allowed 
to propagate. 

Narrow-bandwidth yig filters exhibit out-of-band 
spurious responses that are typically 15 db below 
the main response for each filter section-or 60 db 
of rejection in a four-section filter. For a given value 
of saturation magnetization a wider bandwidth re
quires tighter coupling, and this can cause non
uniform r-f magnetic fields that increase the in
band spurious responses. 

Yig filters are inherently narrow-bandwidth 
devices (3% or less); however, bandwidths up to 
300 Mhz at X band can be obtained with pure yig 
as the resonating element. Saturation magnetiza-
tion less than that of pure yig-1,750 gauss-con
siderably reduces the maximum attainable band
width. This is because the r-f coupling properties 
of a material vary directly with the value of satura
tion magnetization. Also, the requirement of a 
loop-to-sphere ratio greater than 1.5:1 to minimize 
spurious responses, and the smaller coupling-loop 
inductance necessary to prevent self-resonances, 
make it particularly difficult to obtain wide-band
width filters below LO Ghz. 

To prevent in-band limiting at 500 Mhz, the 
resonator material's saturation magnetization 
should be no greater than 260 gauss. However, 
with this low a value it's difficult to obtain a wide 
bandwidth with just a single full-tum coupling 
loop, and multiturn loops cause additional prob
lems. A two-section maximally Hat filter, using 260-
gauss material, requires a normalized input loop 
coupling coefficient, qi, of L414. The coupling 
bandwidth required of the filter for a L5 ratio of 
loop-to-sphere diameter is found to be 46 Mhz 
from the chart on page 122. But since the coupling 
is due to only one sphere and one coupling loop, 
the 3-db bandwidth must be halved. The maximum 
3-db bandwidth is found simply by dividing the 
coupling bandwidth by the coupling coefficient. 
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No coincidence. The region enclosed by f2 and f1 where a ferrite exhibits coincidence limiting 
depends primarily on its saturation magnetization, 4?i-M,. 

46 
BW3-db = = 16 Mhz (2) 1.414 

If still wider bandwidths than can be obtained 
using a single-tum loop are required, double- or 
triple-tum loops can be tried. Of course, this in
c~eases the loop inductance, which will most likely 
decrease the off-band isolation and increase the 
spurious resonances. 

To find the loop diameter for the double-tum 
case, halve the required coupling bandwidth and 
proceed as for the single-tum configuration. 
Coupling increases as the number of loops increase 
until the self-resonances caused by the loop in
ductance and the interloop capacitance become 
intolerable. If the coupling-loop diameters are kept 
small enough, triple loops can be used up to 1 Ghz; 
double loops from 1 Ghz to 2 Ghz; single loops 
from 2 Ghz to 4 Ghz, and semiloops from 4 to 12 
Ghz. 

Ano·ther technique that is often employed to 
increase the bandwidth and avoid the self-res
onance problem makes use of low-pass filter trans
formers. This technique reduces the impedance 
seen by the input filter resonator, increasing the 
Q-bandwidth product by the amount of impedance 
reduction. The output impedance of the filter is 
then transformed back up to match the impedance 
that the filter must work into. 

Suppose a wide~bandwidth filter with the fol
lowing characteristics was required 

• Tuning range 4 to 5 Ghz 
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• Number of sections 4 
• 3-db bandwidth: 100 Mhz 
• Response shape: 0.1-db ripple 
• Insertion loss: 1.0 db 
• Limiting level: >0 dbm at 4.0 Ghz 
According to the design chart above, for a 

limiting level of 0 dbm at 4.0 Ghz, pure yig ma
terial, with a saturation magnetization of 1,750 
gauss, can be used. Pure yig should be used 
whenever possible because it has the lowest line
width-highest unloaded Q-of most ferrite 
materials. 

The normalized coupling coefficients for a four
section filter with a passband ripple, (Vp/Vv), of 
0.1 db are 
qi and q4 = 1.05 
ki2 and k34 = 0.737 
k23 = 0.541 
The coupling bandwidths are found by simply 
multiplying the 3-db bandwidth of 100 Mhz by each 
of the coupling coefficients. The coupling band
widths are 

• 105 Mhz between the input and the first sphere, 
and the fourth sphere and the output 

• 73.7 Mhz between the first and second, and the 
third and fourth, spheres 

• 54.1 Mhz between the second and third spheres 
The required ratio of the loop and sphere diam

eters can be found using the design chart shown 
on page 122 for a saturation magnetization of 1,750 
gauss. Since a 0.020-inch sphere diameter and a 
wire thickness of 0.005 inch are used, the coupling-
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4-to-5-Ghz wideband filter performance 

Frequency Bandwidth IL Off-band 
(Ghz) 3-db (Mhz) (db) isolation (db) 

3.4 98 0.6 95 
4.0 100 0.6 94 
5.0 102 0.8 85 

loop diameters can now be determined. They are: 
k12 and k34 = 0.041 inch; k23 = 0.053 inch; and 
qi and q4 = 0.030 inch. 
Such a filter was built, and its performance, tabu
lated above, was well within the specified tolerance. 

One of the unique features of yig-tuned filters 
is the multioctave tuning range. Although the yig 
material imposes no restrictions on the filter's 
maximum operating frequency, other factors do. 
The size and the type of coupling, for instance, 
restrict the tuning range, bandwidth, out-of -band 
isolation, and, to some extent, the limiting level. 

The sphere should be made small to minimize 
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the semiloop diameters, which is necessary to pre
vent any self -resonance of the coupling loops. But 
doing this would limit the maximum 3-db band
width. For a workable sphere size, the tuning range 
and bandwidth must be compromised. 

The bandwidth increases as the filter is tuned 
to higher frequencies. It would double for a 12-to-l 
tuning range. This is due to unwanted magnetic 
and electrostatic coupling that occurs between the 
input and output as well as between the inter
stages. Usually a 2-to-l bandwidth spread is toler
able for many system applications, such as pre
selectors for spectrum analyzers or broad-band 
intercept receivers. However, if greater off-band 
isolation is required, two filters, in tandem, with 
some isolation between them, should provide about 
the selectivity of a four-section filter. A multioctave, 
two-section yig filter that tunes from 1.0 Ghz to 
12.4 Ghz was designed and built using .020-inch
diameter spheres of 535-gauss material. The results 
of a two-section filter that tunes from 1.0 to 12.4 
Ghz are tabulated on page 123. 

The maximum number of sections for a yig filter 
depends primarily on the maximum tolerable in
sertion loss and physical size. The greater the 
number of sections, the more the insertion loss; the 

I 
3.2 4 4.2 4.5 JOL 

I 
. I 

1.5 2 2.2 2.5 d 
RATIO OF LOOP TO SPHERE DIAMETER, i 

Full-loop coupling. Saturation magnetization and coupling bandwidth determine the coupling-loop diameter. 
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Multioctave filter performance 

Frequency Bandwidth IL Off-band 
(Ghz) 3-db (Mhz) (db) isolation (db) 

1.0 20 3.75 60 
2.0 21 2.75 60 
3.0 22 3.0 60 
4.0 23 3.0 60 
5.0 23 2.5 60 
6.0 25 2.75 60 
7.0 26 3.0 60 
8.0 30 3.0 55 
9.0 31 3.25 55 

10.0 36 3.0 55 
11.0 43 3.0 55 
12.0 47 3.5 50 
12.4 51 3.5 50 

larger the magnet's pole face area must be to ensure 
a uniform magnetic field across the sphere, and the 
larger the over-all size. 

It would be better, if possible, to minimize the 
number of sections used and to design the coupling 
loops to give the desired response function. 

Greater selectivity can be obtained using sphere
to-sphere coupling because the technique allows 
greater flexibility in achieving the required band
width. For filters above 4 Ghz, all coupling-loop 
inductances should be eliminated, and it is pos
sible, using this technique, to do this on all but the 
input and output coupling loops. 

Such a filter design would consist of a coaxial 
TEM-mode launcher that terminates into a .005-inch 
semiloop coupler. The launcher couples r-f energy 
to the input coupling loop, which, in turn, couples 
it to the first yig resonator. At the gyromagnetic 
resonance frequency of the yig resonator, the 
magnetic component of the r-f field is rotated by 
90° and then coupled to the second sphere. The 
r-f output from the last sphere is again rotated 90° 
and coupled to the output loop. 

The input and output semiloop coupling still 
depends on di/ d., the ratio of the loop and sphere 
diameters. The coupling bandwidth is plotted for 
different values of saturation magnetization as a 
function of di/ d. on the design chart on page 124. 
The interstage sphere-to-sphere coupling, however, 
depends on the ratio of the center-to-center spacing 
between spheres, r, and the sphere diameter, d., as 
shown on page 126. 

The spheres are placed in an appropriate r-f 
structure and covered with a metal plate. The com
plete assembly then forms a waveguide-beyond
cutoff structure that provides the filter's off-band 
isolation. The amount of off-band isolation that can 
be achieved is , at best, a compromise, and depends 
on the 3-db bandwidth, the number of resonator 
sections, and the sphere's diameter and saturation 
magnetization. 
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The coupling between two ferrimagnetic spheres 
in free space can be determined. 5 This method can 
also be used for spheres in a cutoff waveguide if 
the waveguide walls are far enough away from the 
sphere. 

The coupling bandwidth of a sphere-to-sphere 
system is given by 

BWcoupling = 5.32 X 10-2 
( ~s )3 Wm 

where d. = sphere diameter; r = sphere center-to
center separation; and wm = (2.8) 4irM •. 

Suppose a filter with a passband ripple of 0.1 db 
were required that had the following characteristics 

• Tuning range 4 to 6 Ghz 
• Number of sections 4 
• 3-db bandwidth 15± 1 Mhz 
• Inseition loss 2 db 
• Off-band isolation 70 db 

Since limiting will not occur above 4 Ghz using a 
material with a saturation magnetization of 1,750 
gauss, 0.030-inch pure yig spheres were chosen. 

To determine the center-to-center spacings be
tween the spheres, the coupling bandwidths, which 
depend on the normalized coupling coefficients, 
must be determined. For a four-pole response 
shape with a pas~band ripple of 0.1 db, they are 

k1 2 and kg4 = 0.84 
k23 = 0.542 

The required coupling bandwidth between the 
first and second and the third and fourth spheres 
is 12.6 Mhz, and the coupling bandwidth between 
the second and the third spheres is 8.2 Mhz. 

Now, using the design chart on page 126, the 
ratio of the sphere spacing to sphere diameter, 
r /d,, can be found. 

The sphere separation is found by simply multi
plying this ratio by the sphere diameter. 

For a flat response, the separation between the 
first and second and the third and fourth spheres 
is 0.0825 inch and that between the second and 
third spheres is 0.096 inch. To prevent an under
coupled response due to tolerance dimensions from 
degrading the filter performance, the sphere separa
tion tolerances should be carefully chosen. The 
final response shape would then fall somewhere 
between the flat and the 0.1-db ripple case. Using 
the same procedure as for the flat response shape, 
the center-to-center spacing for a 0.1-db passband 
ripple is found. The separation between the first 
and second and third and fourth spheres is now 
0.088 inch, and that between the second and third 
spheres is 0.096 inch. 

The maximum and minimum separation figures 
for the first and second and third and fourth 
spheres that are necessary so that the bandpass 
response remains within flat and 0.1-db ripple are 
0.0825 and 0.088. Choosing a value of 0.085±0.002 
inch should ensure the required response, allowing 
for normal machining tolerances. Since the separa-
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Semiloop coupling. The coupling-loop diameter depends on the coupling bandwidth and saturation magnetization. 

tion between the second and third spheres is the 
same for either response shape, its actual value is 
more critical and should be held to tighter toler
ances. The semiloop coupling bandwidths that are 
required for the input and output coupling dimen
sions are also determined by multiplying the 3-
db bandwidth and the appropriate normalized 
coupling coefficients. Once the coupling bandwidth 
is determined, the ratio of the loop and sphere 
diameters can be found from the design chart 
shown above. Multiplying this ratio by the sphere 
diameter results in a diameter of 0.050 inch for the 
0.1-db ripple response shape, and 0.055 inch for 
the maximally flat case. The 0.050-inch loop size 
was selected because it provided the greater 
selectivity. 

The calculated midband insertion loss for this 
filter, using a yig sphere with a linewidth of 0.4 
oersted, was 1.7 db. 

For this type of filter the cutoff length depends 
on the distance between the input and output 
coupling loops, so that for a specified 3-db band
width the maximum off-band isolation is limited to 
the cutoff attenuation obtainable in that distance. 

The off-band isolation is inversely proportional 
to the 3-db bandwidth and depends on the sphere 
diameter, since this dimension determines the 
length of the cutoff section. 
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Using the 0.136-inch spacing between the center 
of the end spheres as the length, 1, and 0.093 inch 
as the diameter of the cutoff section, the off-band 
isolation, in db, for a sphere-to-sphere coupled 
filter with a 3-db bandwidth of 15 Mhz is approx~
mately 

L ~ 60 _!_ = 60 ( 
0

·
136

) = 87 db - d 0.093 

Such a filter was built using these calculated 
values for the sphere separations and loop sizes. 
The filter was then tested; the results are tabulated 
on the top of page 125. 

Using sphere-to-sphere coupling reduces the 
fabrication time of the filter, since the inter-stage 
coupling loops have been eliminated. However, the 
maximum bandwidth using this coupling method 
is only one-fourth that which could be realized 
using full-loop coupling if di/ d. = r Id •. 

Beyond X band 
Suppose an engineer wants to know what in

sertion loss and off-band isolation he can expect 
from a four-section waveguide filter that tunes 
from 12 to 18 Ghz and has a 3-db bandwidth of 
100 Mhz. Since the waveguide dimensions deter-

Electronics I March 3, 1969 



mine the off-band isolation loss, he should start 
here. 

The design of the impedance-matching trans
formers-using a WR-62 waveguide, which covers 
this frequency range is straightforward.0 If the 
waveguide wall-to-sphere diameter is held at about 
1.5, then if the smaller dimension of the reduced 
waveguide section is about 0.078 inch, a 0.050-inch 
diameter sphere will suffer little loss in its Q. 

The sphere-to-sphere coupling bandwidth is 
again determined by multiplying the 3-db band
width by the normalized coupling coefficients for 
a four-section filter. Now, once the coupling band
widths and the sphere diameters are known, the 
ratio of the sphere spacing to the sphere diameter 
is found using the design chart on page 126. 

Multiplying these ratios by the sphere diameter 
gives the required center-to-center sphere separa
tions. The separation between the first and second, 
and the third and the fourth , spheres is 0.073 inch, 
and the separation between the second and the 
third spheres is 0.084 inch. 

The input and output yig spheres are placed in 
the propagating region of the waveguide and the 
two interstage spheres placed in the cutoff section. 
The off-band isolation depends on the attenuation 
characteristics of the cutoff guide. Its value, in db, 
is given by 

L = 54.5 ~c [1 - ( ~: YJ2 

where d = length of the cutoff section 
Ac = cutoff wavelength 

0 ~ 0 
DIELECTRIC 
TUNING RODS 

QUARTER-HEIGHT WAVEGUIDE 
CUTOFF SECTION 

STANDARD WAVEGUIDE FLANGE 

Reduced dimensions. The four yig resonators are placed 
in the quarter-height cutoff section of the waveguide 
bandpass filter. 
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4-to-6-Ghz filter performance 

Frequency Bandwidth IL Off-band 
(Ghz) 3-db (Mhz) (db) isolation (db) 

3.4 13.5 2 75 
4.4 14 2 75 
6.0 16 1.8 73 

Ao = operating wavelength 
When Ao> >Ac, then 

L,....., 54.5 ~ 

The length of the cutoff section for the previous 
filter example is 0.084 inch; therefore, the off-band 
isolation is calculated as 23 db. However, the off
hand isolation can be improved for a given band
width by using the largest possible sphere diameter 
for a fixed waveguide dimension. Increasing the 
sphere diameter increases the separation between 
the spheres, which also increases the length of the 
waveguide cutoff section. This, of course, also in
creases the off-band isolation. Since the sphere 
diameter has increased, the waveguide wall thick
ness must be reduced to keep the same wall-to
sphere ratio; otherwise the insertion loss will also 
increase. 

The use of higher-saturation magnetization ma
terials increases the coupling properties, and this 
allows a greater separation between spheres for 
the same bandwidth and hence greater off-band 
isolation. 

For example, if lithium ferrite spheres, which 
have about twice the saturation magnetization of 
yig-3,640 gauss-were used, the distance between 
the spheres could have been doubled, which would 
double the off-band isolation. 

Once the response characteristics of the filter are 
determined, the insertion loss depends mainly on 
the material's linewidth. The linewidth of the yig 
material used for the filter resonators measured 1.2 
to 1.5 oersteds at 18 Ghz. Now, assuming a worst
case linewidth, the midband insertion loss, in db, 
is found by 

12-to-18-Ghz filter performance 

Frequency Bandwidth IL Off-band 
(Ghz) 3-db (Mhz) (db) isolation (db) 

12 90 1.8 28 
14 95 2·.o 28 
16 95 2.0 27 
18 95 2.0 25 
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Sphere spacings. The ratio of the sphere spacing to sphere diameter can be found for various 

values of saturation magnetization and the coupling bandwidth. 

IL = 4.34 (2.S) (1.5) 5.22 = 0.96 db 
100 

This value neglects any reduction in unloaded Q 
due to the nearness of the waveguide walls, or the 
increased losses due to mismatching at the cutoff 
section. However, 1 db is about typical for these 
filters; therefore, the total insertion loss should be 
close to 2 db at 18 Ghz. 

A filter was built and tested over the 12-to-18-
Ghz band. Its performance is tabulated on the 
bottom of page 125. 

How wide a bandwidth is possible in waveguide 
yig filters depends on many factors, but particularly 
on the amount of insertion loss that can be toler
ated. For example, if the filter in the previous 
example used 0.060-inch-diameter spheres instead 

12-to-18-Ghz wideband filter performance 

Frequency Bandwidth IL Off-band 
(Ghz) 3-db (Mhz) (db) isolation (db) 

12. 300 4.0 60 
14 330 3.5 58 
16 270 ~.5 57 
18 250 5.0 5~ 
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of 0.050 inch, a longer cutoff could have been used. 
This would have increased both the off-band isola
tion and the 3-db bandwidth. 

The test results of the increased-bandwidth four
section yig filter, using the 0.060-inch spheres, are 
tabulated below. 

Yig filters are inherently narrowband devices. 
It is not only difficult to obtain a wide bandwidth, 
but the achievable bandwidth shrinks as the opera
ting frequency increases. For instance, suppose we 
must design a four-section, 300-Mhz, 3-db band
width filter that tunes from 18 to 26 Ghz. Then, to 
achieve that bandwidth using 0.020-inch yig 
spheres, a sphere separation of 0.021 inch behveen 
the first and second, and the third and fourth, 
spheres, and 0.024 inch behveen the second and 
third spheres, would be required. With these di
mensions the length of the cutoff section would oe 
approximately 0.023 inch. This, unfortunately, 
would only give about 10 db of off-band isolation. • 
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particularly when you don't need it. 
r------------------------------------------1 
I COST/PERFORMANCE- UTILOGIC II vs "THE OTHERS" 
I 
I 
I 
I 
I 
I 
I 
I 

DECISION FACTOR 
UTILOGIC 930 MC800 7400 MC830 SUHL I SUHL II 

II DTL RTL TTL DTL TTL TTL 
D. C. NOISE MARGIN (mv) 

"'O " Level 800 450 300 400 450 650 550 
"' I "' Level 1100 450 300 400 500 600 600 

FAN OUT 16 8 5 10 8 6 6 

SPEED (ns typical) 25 25 25 13 25 10 6 

PRICE (100-up) 
Quad Gates $1.07 $1.55 $1 .25 $1 .55 $1.55 $2.40 $2.65 

Dual Binaries $1.99 $4.75 $2.30 $3.85 $4.75 $5.95 $6.60 

What the chart says is simply this: except where TTL speed is essential, Utilogic II 
is the best buy in both performance and cost. Utilogic II not only provides fan 
out up to 16 and noise immunity up to 1.1 V (nearly twice what you get in other 
IC families) but is available in reliable silicone DIPs. In addition, it is the only logic 
family that allows you to implement functions any way you choose-with AND, 
OR, NANO or NOR elements. Last thing. Check the prices below. 

Now, wasn't that fast? 

UTILOGIC ELEMENTS 1+10°C to +55°CI IN 14-LEAD DUAL IN-LINE PAK 1100-UPl 

LU300A Dual 3-lnput Gate Expander $0.83 
LU301 A Diode Expander 0.83 
LU305A 6-lnput AND Gate 0.83 
LU306A Dual 3-lnput AND Gate 0.83 
LU314A 7-lnput NOR Gate 0.83 
LU317A Dual 4-lnput NOR Gate 0.89 
LU321 A Dual J-K Binary 1.65 
LU322B Dual J-K Binary 1.83 
LU333A Dual 3-lnput OR Gate 0.89 
LU334A Dual 4-lnput OR Gate 0.94 
LU337A Dual 4-lnput Expandable NAND Gate 0.94 
LU356A Dual 4-lnput Line Driver 1.15 
LU370A Triple 3-lnput NOR Gate 0.89 
LU374A Triple 3-lnput OR Gate 0.94 
LU375A Triple 2-lnput OR Gate 0.94 
LU377A Triple 3-lnput NAND Gate 0.94 
LU380A Quad 2-lnput NOR Gate 0.89 
LU384A Quad 2-lnput OR Gate 0.94 
LU387A Quad 2-lnput NAND Gate 0.94 

For more information call your nearest Signetics sales office or distributor. 

l Signetics Integrated Circuits [5J 
I A SUBSIDIARY OF CORNING GLASS WORKS 
I 811 East Arques Ave ., Sunnyvale, Cal ifornia 94086 

L------------------------------------------J 
See us at IEEE, booth number 3A01 to 3A04 
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Radiation offers the circuit designer two orders of 
magnitude improvement in hardening levels over 
conventional PN junction devices. This is accom
plished by dielectric isolation, thin-film resistors over 
oxide, small -device geometries, shallow diffusions 
and other special design techniques. So when you 
pick the Best IC for a radiation environment appli
cation , doesn 't it make sense to come to the leader 
in hardened circuit technology? 

Our line of defense consists of 930 series DTL, a 
level shifter, a line driver and a linear 709. These 
are not prototype circuits. We can deliver Dual 4 
Input; Dual 4 Input Power or Triple 3 Input Gates; 
Clocked Flip-Flop; Dual 4 Input Buffer; Dual Level 
Shifter; Dual Line Driver and 709 Operational Ampli 
fi ers . With the exception of the Dual Level Shifter 
and Dual Line Driver, all are plug-in replacements 
for their non-hardened 930 Series and 709 counter
parts. The Hardened Dual Line Driver is a pin-for-pin 
replacement for Radiation's standard RD 209 Line 
Driver . 

Want more information? Contact your nearest 
Radiation Sales Representative . He'll give you com
plete details and help you pick the Best IC for the Job. 

WE MAKE THE ~1.~ \\. FOR THE JOB 

RADIATION 
INCORPORATED 

SU B SIDIARY OF HARRIS ·INTERTYPE CORPORATION 
MICROELECTRONICS DIVISION 

RADIATION SALES OFFICES, P. 0. Box 476, Lexington. Mass. 02173. l617) BS2-1055 • 600 Old Country Road. Garden City, N.Y. 11530. (5161747-3730 • 2600 Virginia Ave . N.W .. Washington. O.C. 20037. (202) 337-4914 • 6151 W. Contury 
Blvd. Los Angeles, Calif. 90045. (2131 670-5432 •Saratoga, Calif .. 1408 ) 253-5058 • P. 0. Box 37, Melbourne, Fla. 32901.1305) n7-5430 •International Solos, Morklting 01p1rtm1n1. P. 0. Box 37, M1lbourn1. Flo . 32901, 1305) n7·5412 
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Low-cost motion 
control is here ... 

andPMI 
• • prec1s10 

motor! 

When your motion needs accurate controlling, 

call your PMI Applications Specialist. Our expe

rience in fast response actuators has helped us 

to design a new low cost version with the best 
performance per dollar in the industry. The 

same proven reliability found in our standard 
line is built into these lower cost motors. 

The U9M4F is the first of the new servo series 

which will be used for low cost EDP peripheral 

equipment, fast stop-start applications for indus· 

trial use and low cost video and tape recorders. 

This motor will also be available with our new 

integral tachometer. 

Motion control is our prime concern ... a field 

in which we are constantly innovating. This new 

DC servo motor is another example of our in

terest in help ing you solve your precision control 
problems. We have a broad l ine of fast response 

actuators and an extensive free appl ication assis
tance program to help you with your &M'<t?f.'~ 

special requirements. Write or call us 

(212-676-8000) for all the details . 

PRINTED MOTORS, INC. GLENCOYE.NEWYORK11542 

Engineering, Manufacturing and Sa/es by: PHOTOCIRCUITS CORPORATION, Glen Cove, New York 11542 
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CROWBAR .. ? •• 

The One Inside is FREE 
Not so many years ago, the prudent transmitter engineer 
discharged a high voltage capacitor bank by dropping a 
shorting "crowbar" across its terminals. Today's "crow
bar" is a pr0tective overvoltage circuit found on DC 
power supplies - usually at extra cost. Now HP in
cludes a crowbar as standard on its recently updated 
series of low-voltage rack supplies .. . at no change 
in price. 

Long established as preferred system supplies for 
component aging production testing and special ap
plications, these supplies have now been redesigned 
and expanded to meet the stringent demands of today's 
power supply user. Advantages include low ripple 
(peak-to-peak as well as rms), well-regulated constant 
voltage/constant current DC with outputs to 60 volts 
and 100 amps. 

Where loads are critical and expensive, the extra pro-

HEWLETT irt PACKARD 

POWER SUPPLIES 

Circle .# for details 326 

tection - say, against inadvertent knob-twiddling -
from a crowbar is invaluable. On all internal crowbars 
in this series, the trip voltage margin is set by screw
driver at the front-panel. 

Pertinent specifications are : triggering margins are 
settable at 1V plus 7% of operating level; voltage ripple 
and noise is 200 µV rms/10mV peak-to-peak (DC to 
20 MHz) ; current ripple is 5 mA rms or less depending 
on output rating ; voltage regulation is 0.01 % ; resolu
tion , 0.25% or better; remote programming, RFI con
formance to MIL-1-6181 D. 

Prices start from $350. For complete specifications and 
prices, contact your local HP Sales Office or write : 
Hewlett-Packard, New Jersey Division, 100 Locust 
Avenue , Berkeley Heights, New Jersey 07922 or call 
(201) 464-1234 ... In Europe, 1217 Meyrin, Geneva. 

Additional data sheets 
available upon request 

CROWBA .. S 

A TRCHNICAL 
DISCUSSION 

Alternative Power Supplies 
LAB SERIES, smaller package, 
lower power, optional crowbar 

CROWBARS 

1969 Power 
Supply Catalog 

A Teclinical Discussion 

327 328 

- includes total 
HP power supply 
line. 

329 
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NPN/PNP 
COMPLEMENTARY 
POWER 
TRANSISTORS 

NEW PRODUCT NO. 72 
Fairchild's newest complementary power transistors handle 

more power than any other comparable devices. 

They're rated at collector currents of 2, 5 and 10 amps, but current 
doesn't tell the power story. In the Fairchild series, power dissipation 

is 30W-1 OOW at 40V (50°C case temperature). That's five to ten 
times the power handling capacity of similar transistors on the market. 

We haven't traded power for performance, either. The transistors are 
all designed to minimize mismatch and crossover distortion in 

Class B and complementary symmetry audio amplifiers. fr is a 
minimum of 40MHz, and the beta-linearity shows it. Your amplifier 

power output is linear over an extremely wide frequency range. 
These same characteristics make the devices the best 

choice available for servo amplifiers and high-speed switching 
applications (such as military de-de converters) . 

The operating range for all devices is from -65°C to +200°C, and 
there's a variety of packages available to suit specific 

applications. Write for our spec sheets and applications information. 
Collector I Maximum Power NPN PNP Complement NPN Price PNP Price 
Current Diss ipation • Part No. Part No. (1-99) (1-99) 

2A/30W 2N4998 2N4999 $22.SO $28.SO 
2NSOOO 2NS001 27.00 33.00 

SA/SOW 2NS002 2NS003 30.00 36.00 
2NS004 2NSOOS 4S.OO S4.00 
2NS284 2NS286 S2.SO 60.00 
2N5285 2N5287 60.00 75.00 

10A/100W 2NS006 2NS007 60.00 90.00 
2NS008 2NS009 7S.00 112.50 
2NS288 2NS290 90.00 13S.OO 
2NS289 2NS291 10S.OO 1S7.SO 

•so0 c case temperature 

FAIRCHILCJ 

SEMICONDUCTOR 

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (41S) 962-S011 TWX: 910-379-6435 
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417-the lightweight recorder you carry on the plane 
It's the one data recorder you don't 
have to waste time crating and 
shipping, or possibly having dam
aged by baggage-style handling. 
The compact 417 flies with you, 
safely under the seat, ready to 
work when you step off the plane. 

Only 6"x l 4"x 15", the rugged 417 
weighs just 28 pounds-50 pounds 
less than any comparable 
recorder. Works in any position , 
under roughest vibration condi
tions, for dependable data gather
ing in plants, labs, on and under 
the seas, or out in the wilds. 

Maintenance-free mechanism has 

tion. Phaselock servo for precise 
speed control, with accuracy 
matching large rack machines. 
Records on 7 channels, IRIG com
patible. Runs on l 10/ 220v AC/ DC 
or internal battery. Power con
sumption as low as lOw. Frequency 
response: 100 kc direct, 10 kc FM. 

Priced as low as $7,000. 

Send for our catalog containing full 
details on the 417, one of a family 
of precision data recorders for land, 
ocean, air and space applications. 
Write: Boyd McKnight, Dept. E-3F, 
Lockheed Electronics Company, 
Plainfield, New Jersey. 

exclusive low-mass differential LOCKHEED ELECTRONICS COMPANY Have questions on data recording? 
capstan drive for precision opera- 1):):11 A Divi sion of Lockheed Aircraft Co rporat ion . Call us at (201) 757-1600. 



5 fast, effective ways 
tostopEMI: 

1038 

134 

If you 
want to shield ... 

use 

use 

use 

use 

use 

QUICKLY 

Metex Porcupine Metalastic."' 
Its many contact points make this an ideal 
gasket for RFl/EMI. Silicone rubber 
provides a pressure and moisture barrier. 

Metex Flex-Shield shielded rubber boots. 
Metal mesh, molded in flexible rubber, 
gives maximum reliability against RFl-EMI. 

Metex Shield-Cell honeycomb panels. 
It's designed to meet specific attenuation 
requirements over specified frequency 
ranges. Many standard sizes and 
materials are available. 

Metex Feltex"'materlal. 
Designed for wave guides, specifically 
provided for either pressurized or 
non-pressurized systems. 

Shield-Vun.4 Metex 
Your choice of monel , low carbon steel 
or etched metal laminated in plexiglass. 
Any color, size, or shape. 

For technical assistance on yourl particular requirements-write: 

rnLJ~L1
970 New Durham Road 
Edison, New Jersey 08817 
(201) 287-0800 • TWX 710-998-0578 

CORPORATION 
West Coast : Cal -Metex Corp . 509 Htndry Ave ., Inglewood , Calif 90301 • (213)674 -0650 • TWX 910-328-6100 

See us at IEEE SHOW 3/24-28, Booth 1C31-5. 
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Wire insulations of 
Du Pont TEFLON fluoro
carbon resins have long 
provided highest relia
bility under extremes of 
temperature and adverse 
environments. But did 
you know there are 
composite insulation con
structions of TEFLON 
plus polyvinylidene flu
orides which offer you 
additional benefits for 
all wiring applications? 

TEFLON plus polyvinyli
dene fluoride construc
tions protect against 
installation damage 
because of their extra 
toughness and abrasion 

TEFLON : all by itself 
the most thoroughly proven, 

high-reliability 
insulation 

Now, look at the 
extras you get 

with TEFLON plus 
poly~!nylide!:J.e_ fluorides_ 

resistance. They are 
available in two forms: 1 

PVF :i extruded over the 
primary insulation of 
TEFLON, or with PVF2 
as an enamel coating 
on the TEFLON. 

In either form, these 
"TEFLON plus ... " con
structions are easily 
printed and potted, avail
able in a wide range of 
colors. They are light
weight, small-diameter, 
nonflammable and 
chemically resistant, 
with optimum dielectric 
quality, and operable 
over a wide temperature 
range. 

If you would like addi
tional information on 
composites of TEFLON 
plus polyvinylidene 
fluoride (or composites 
using polyimides or 
mineral fillers with 
TEFLON), write to 
Du Pont and let us know 
about the application 
you have in mind. 
Address: Du Pont 
Company, Room 7295, 
Wilmington, Del. 19898. 

~ 
lt(G U \ P,t,tOH 

TEFLON® 
fluorocarbon resins 
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Let us throw you a curve 
If you've problems with 
LC circuits, Magnetics' 
new lso-Q contour curves 
speed ferrite pot core 
selection. 

No more squinting at tangles of 
curves on log paper to find the 
ferrite pot core size you need. 
Magnetics' new Iso-Q contour 
curves let you zero in on your target 
size in seconds. We've plotted over 
I 00 of these time-savers to handle 
more than 903 of normal design 

requirements. They're all contained 
in our new Ferrite Cores Catalog, 
first of its kind in the industry. 

Magnetics' high purity ferrites 
cover frequencies up to 2 megahertz. 
Linear temperature coefficients 
on 750, 1400 and 2000 permeability 
materials are guaranteed from 
-30° to +70 °C. Flat temperature 
coefficient on 2300 perm material is 
guaranteed from +20° to +7G°C. 

Magnetics' wide selection of ferrites 
comprises eight international stand
anl sizes and five additional sizes-
175 part numbers for design 
freedom. We can give you quick 

! f i 
I 'l 
' t 

I I t 
54 
5 

I 
78 
35 

delivery from our large inventory 
that includes both gapped and un
gappecl cores in your most asked-for 
sizes. Of course, we provide 
one-piece clamping hardware for 
most sizes. Finally, we offer you a 
complete choice of tuning assem
blies, bobbins and shapes-toroid, 
E, U and I. 

Get your set of our 
new lso-Q Curves. 
You ' ll like their 
curvilinearity. 
Magnetics Inc., 
Butler, Pa. 16001 

••• mRBRETICS inc. 
Tape. Powder, Bobbin, Ferrite Cores• Laminations• Photo-etched Parts• Specialty Metals• Engineered Control Systems ~·· ® 

Electronics J March 3, 1969 Circle 137 on reader service card 137 



Today ... the switch is to TECH lABS 
For high quality, precision switches designed for long service life, industry turns to 
Tech Labs. All Tech Lab switches are manufactured for rugged service and exact
ing performance. They meet all applicable Military Specifications and are available 
in a wide range of sizes and types to fit your most demanding designs. 

138 

HEAVY DUTY 
CONTROL SWITCHES 
We manufacture a line of heavy duty con
trol switches in various sizes, which are 
extremely flexible in the combinations 
available. These switches are particularly 
useful where a large number of poles are 
required. 

THUMBWHEEL SWITCHES 
A compact, molded, printed-circuit wafer switch for limited 
space and in line readout. Modular type for either front or 
back of panel mounting: Modules 1/2" between center lines, 
height 2" . Single or double pole, 10 position, binary or 
complementary codes, standard. Other codes available on 
request. Available with adjustable stops. 

Type 2A: An instrument control switch of the high
est quality possible with a reasonable price. This 
switch is a must for all applications where the rating 
and requirements are high. Rating 5 amp carrying. 
Size H'4" by 21/4", Available in all combinations with 
up to 26 decks and 2 to 26 positions. Has adjustable 
$top. Solenoid operated if required. 

Type 3A: A molded miniature switch used in military and 
commercial applications where space is a premium and 
a superior switch is required. Can be furnished with up 
to 8 decks, 12 positions per deck single pole, or 6 posi
tions double pole, adjustable stop. Rating is 5 amps car
rying and it can be solenoid operated and hermetically 
se;iled. Only 11/4" diameter. 

TAP SWITCHES 

ATTENUATORS 
We also manufacture a complete line of attenu
ators, both audio and RF. These include poten
tiometers, ladders, T-pads, H-pads, etc., in many 
varieties of sizes. Our attenuators are approved 
by the most particular users in this country. 

STEPPING SWITCHES 

SPECIAL SWITCHES 
When standard switches will not meet the re
quirement, we design and manufacture spe
cial switches to order. Send us your specs. 

All our switches can be fitted with 
a stepping mechanism and can· be 
furnished HERMETICALLY SEALED, 
EXPLOSION FROOF, if desired. We 
have built stepping ?Witches with 
500 positions per deck. 

FREE! 
Send today 
for our 
24 page 
Switch 
Catalog 

Telephone: 201-944-2221 •TWX: 201·947"4730 

TECH LABORATORIES, INC., Palisades Park, N.J. 
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Most analog tape system users 
don't get the ultimate in time base accuracy 

KNOW WHAT YOU'RE PAYING FOR 
There are specs and there are specs. Especially with 
analog tape recorders. Some are realistic statements 
of recording/ reproducing efficiency. Others are "ulti
mates" that can be achieved only under ideal condi
tions. 
Take Time Base Error (TBE), for example. There's not 
much point in paying for a TBE of 1 or 2 microseconds, 
if the servo reference "Limit of Error" is greater than 
several parts in 106. Although the IRIG 106-66 Docu
ment method of measuring this specification may in
dicate a TBE of 1 or 2 microseconds, it does not take 
into consideration manufacturing tolerances or aging 
and environmental changes. 

Instead of talking about TBE as measured according to 
the IRIG 106-66 Document, it makes bet
ter sense to talk about "Absolute Time 
Base Error" (ATBE). Or a reproduced 
time base that is within 0.01 % of the re
corded time base. 

The Hewlett-Packard 3950 Analog Tape 
Recorder is a dependable all-round work
horse for lab or field usage that offers 
an "ATBE" specification as stated above . 
It also offers a direct Signal-to-Noise ratio 
better than 30 db at 120 ips over a pass
band 400 Hz to 1.5 MHz or 23 db at 120 
ips over a passband 600 Hz to 2.0 MHz. 
Chance of operator error is greatly re
duced by the elmination of complicated 

MAGNETIC REGO ROERS 

A2 8 0 5 

Electronics I March 3, 1969 

tape paths that involve vacuum systems and reel servos. 
Best of all, the Hewlett-Packard Model 3950 is reason
ably priced . For example, a one-inch tape system, 
including 14 channels of record and reproduce ampli
fiers with a phase-lock tape speed servo is less than 
$22,000. 
Why specify "TBE" when "ATBE" is more practical? 
Why specify lower Signal-to-Noise ratios? Why take 
chances on losing valuable data because of operator 
errors? Call your HP field engineer for the simplest 
solution to your recording problems. Or write Hewlett
Packard, Palo Alto, California 94304; Europe: 1217 
Meyrin-Geneva, Switzerland . 
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Tips on cooling 
off hot transistors 
See how circuit designers use IERC heat dissipaters to protect 
semiconductors ... improve circuit performance and life. 

Fan-top dissipators for T0-5 and T0-18 cases drop temperatures 
dramatically; cost just pennies. T-shape adds almost nothing to 
board height; allows components to snuggle close to tran
sistors. Spring fingers provide fast, press-on installation. 

To cool off low-to-medium power transistors in T0-5 and T0-18 cases, use 
IERC's efficient LP's. Patented, staggered-finger design maximizes radia
tion and convection efficiency, radiates heat directly to ambient. Available 
in single or dual mounting for thermal mating of matched transistors. 

IERC Therma-Link Retainers provide efficient thermal links 
between transistors and chassis or heat sinks. (Also, excel
lent dissipation when used on p-c boards.) Integral BeO 
washers reduce capacitance up to 2/3. Fast, no-snap in
stallation; transistors are firmly held. 

New! Dissipators and retainers for 
plastic and epoxy transistors. 3 new 
series for R0-97 A, R0-97 and 
X-20's. Permit a jump of 10% to 33% 
in operating power . 

• 

Free 8-page short form catalog discusses 
IERC's complete line of dissipators, re
tainers and tube shields. Gives specifi
cations, prices, how to order. Send for 
your copy today. 

Special insulating coating - Insulube 448, a special non-hygroscopic 
finish developed by IERC, combines excellent dielectric properties, 
50 K megs insulation resistance, and high heat emissivity. Also pro
tects against salt spray, fungus, etc. 

Tough heat dissipating problem? IERC engineers welcome your letter
head inquiry for specific information or assistance in selecting heat 
dissipators. 

1erc 
See us at the IEEE Show Booth #4F 16-18 

SEMICONDUCTOR 
HEAT DISSIPATORS 

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION •A corporate division of Dynamics Corporation of America~ 135 West Magnolia Ave.• Burbank, Calif. 91502 
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New Type 576 Curve Tracer 
product report 
curve tracer 

Advanced Measurement Features 
for Semiconductor Testing 

Expanded Viewing Area-combines a 
10 cm x 12 cm graticule with fiber-optic 
readout of scale factors, step amplitude, 
and Beta/ div or gm/ div 

Swept or DC Collector Supply to 
1500V 

Leakage Measurements to 1 nA/ div 

Multi-function Switching-direct-read
ing power limits, polarity tracking, auto 
positioning, mode changes 

Calibrated Display Offset-improved 
accuracy ( ± 2% ), increased resolution 

Step Generator Range to 2 A or 40 v 
Calibrated Step Offset-aid or oppose 

Pulsed Base Operation 

Kelvin Sensing for high-current tests 

Interlock Operator Protection 

Provision for Future Expansion 

---------- please turn page for additional information -----------~ 



Making the Measurement . with the unique performance features 

EXPANDED VIEWING AREA-The 
large display area (10 cm x 10 cm, 
12 cm usable horizontal), internal 
illuminated graticule, and bright 
trace bear directly on viewing ease, 
resolution, and readability. 

TYPE 576 CURVE TRACER . " . - ........ -u. 

Scale-factor readout effectively la
bels the display parameters near 
the CRT for convenient reference 
during setup and testing. The sim
ple, but bothersome, correction for 
magnifiers or multipliers is com
puted and displayed, as is the often 
used value of Beta/div or gm/div. 
Calibration data recording during 
photography is a prime conven
ience factor. 

SETUP VERSATILITY FOR DIODES, 
TRANSISTORS, AND FET's-Multi
function switching makes test set
up faster and more understandable. 
By combining and pre-program
ming compatible functions, a single 
switch movement can select several 
normally-used conditions. 
Examples: 

Other than the normal display func
tions, the NPN transistor waveform 
(above) required selection of col
lector range and percent, power 
limit, polarity and step amplitude. 
Step generator polarity and posi
tioning is combined with the polar
ity switch; series resistance is de
termined by the voltage range and 
power limit switch. 

llf Measurement Concepts 

SEMICONDUCTOR 
DEVICE 

MEASUREMENTS 

This new concepts 
book is available 
through Tektronix 
Field Offices . 

of the Tektronix Type 576 Curve Tracer 

This Zener diode display required 
settings for collector volts, power 
limit, and polarity. The negative 
polarity selection positioned the 
trace-start to the upper right-hand 
corner. If desired, the display could 
be inverted with a single pushbut
ton. The Zener voltage at 1 mA 
is 72 V, accurate within 3% . 

This MOSFET drain family test set
up is the same as for transistors 
except the step polarity was invert
ed for operation in the depletion 
region. The DC step offset could 
be used to view both enhancement 
and depletion characteristics by 
positioning the step-start below the 
zero bias level. 

RESOLUTION AND CONTROL is 
enhanced in the Type 576 by the 
concept of calibrated offset. The 
DISPLAY OFFSET is a precision 
positioning control and X10 mag
nifier which calibrates the graticule 
centerline value and expands the 
effective measurement axis to 100 
cm rather than 10 cm. 

The display above is the same 72 V 
Zener diode test previously dis
cussed except the display offset 
and magnifier are used to improve 
resolution and accuracy. The cen
terline value is now 70 V but the 
horizontal deflection factor is 1 VI 
div. The Zener voltage can now 
be resolved as 72.6 V within 2%, 
a X10 increase in resolution and 
improvement from 3% in absolute 
accuracy. 

The calibrated DC STEP OFFSET 
allows the steps to start on a DC 
plateau up to X10 the step ampli
tude setting. It can either AID or 
OPPOSE the step polarity within 
the maximum current or voltage 
limitations of the generator, a con
trol feature which is important to 
certain tests. One example is the 
enhancement-depletion FET dis
play previously mentioned. 

The display above shows a tran
sistor test with voltage drive to the 
base. The DC STEP OFFSET per
mits positioning of the small volt
age steps within the active region 
of the transistor base. 

ADAPTABILITY-Connecting the many types of semiconductors to the 
instrument requires a wide range of adapters. A new line of adapters 
has been designed for the Type 576 which includes a universal unit for 
single and bipolar FET's and transistors, guiding long-lead adapters 
for untrimmed units, high-current adapters with KELVIN sensing, and 
clip or magnetic axial-lead diode holders. 

Your Tektronix Field Engineer will conduct a comprehensive demon
stration of the Type 576 on request. 

For additional information, contact your local Tektronix Field Office, 
circle the Reader Service Number, or write Tektronix, Inc., P. O. Box 
500, Beaverton, Oregon 97005. 

TYPE 576 CURVE TRACER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2125 
U.S. Sales Price FOB Beaverton, Oregon 

Tektronix, Inc. 
committed to progress in waveform measurement 
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Wall Street hunts for systems 
to keep up with volume growth 
Brokers, banks, exchanges agree that electronics can do it, 

but they have yet to decide on how and when 

By Peter J. Schuyten 

Staff writer 

In desperation, the financial com
munity, meaning the two major 
stock exchanges, the brokerage 
houses, and the major banks, last 
month hired the Rand Corp. and 
North American Rockwell to devise 
means of keeping up with the con
stant increase in stock trading. As 
the New York Stock Exchange tells 
it, the contracts are part of a pro-

gram "to revolutionize the securi
ties trading system." 

The current crisis really got go
ing more than a year ago. The ever
increasing volume of trading at 
both the New York and American 
exchanges, as well as in over-the
counter securities, has been caus
ing massive confusion and in some 
cases total breakdowns in the back-

office paperwork at most brokerage 
houses, and the situation isn't im
proving. Last year, for example, 
daily trading volume on the New 
York Stock Exchange, which ac
counts for something over three
fourths of all activity in listed 
securities, was just under 13 million 
shares; in 1965, average daily vol
ume was less than 7 million. By 

A day in the life. It's business as usual on the floor of the stock exchange, where rising volume has created an avalanche 
of paperwork that threatens to bury member firms' back offices. Brokers look to electronic systems to clear up the chaos. 
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HELLTO 
HEAVEN 
&between 
SAICOR REAL TIME 
SPECTRUM ANALYZERS 

MAKE SENSE! 
Devour and analyze data fast - subsur
face or space; natural or man-made; 
esoteric or explosive - with no sacrifice 
of resolution. Engineered for instant ac
tion, simple operation, continuous and 
transient analysis in real time with al
most any output format-digital or ana
log. Solid -state, MOS FET shift register 
memory for non-spurious data. Options 
to fit any application: 1/3 octave, fre
quency tracking, translator, etc. 

Don't buy more resolutlon than you can use. 
5 standard models, each designed for the 
resolution required . SA1·21 (above) was de· 
veloped for applications requiring 200 point 
resolution. Only SAICOR makes such a unit; 
priced at the lowest cost anywhere for the 
finest real time spectrum analyzer. Lighter 
weight, smaller size, portability, make it ideal 
for field and laboratory. 

SAICOR DIGITAL INTEGRATORS FOR 
PSD PLOTS: NO LOOPS, TIME 1 /30 

For hard-copy records including PSD, no tape 
loops are needed; time is reduced from up to 
30 minutes per plot to less than 1 minute. 
Digital-integrated value may be observed dur· 
ing and after integration. Used with the ana
lyzers, the compatible SAICOR Integrators 
effect important economies. They may also 
be used independently. 

For literature, write or call Dept. E, 
Signal Analysis Industries Corp. 

12 Di Tomas Court, Coplague, N. Y. 11726 
Phone: 516/691·8080 
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Mea culpa. At least part of the blame for the volume and paperwork crisis 
belongs to the registered representatives, who, it is maintained, spend their 
money on desktop terminals for the front office-where customers see them. 

1975, predicts exchange economist 
William Freund, daily volume will 
be at least 23 million. 

Not surprisingly, the Securities 
and Exchange Commission is any
thing but sympathetic. In fact, a 
source close to the commission 
says that the SEC is a bit piqued at 
the brokers for spending their 
money on fancy automatic wall dis
plays and desktop terminals for the 
front office-where the customers 
see them-and leaving the back 
office, where the paper is handled, 
to the methods of the Nineteenth 
Century. "But," says the same 
source, "the brokers are paying for 
it now, and in the worst way." 

Accusing finger 

Indeed, the brokerage houses, in 
order to keep pace with their pa
perwork, have had to turn away 
customers, close branch offices, and 
pay huge amounts of overtime to 
back-office workers. Worse still, 
some of the bigger firms have been 
hurt financially; because they can't 
deliver and don't receive traded se
curities on time, the brokerage 
houses are living with an erratic 
cash flow. And the bottom could, 
according to some, fall out anytime. 

The accusing finger, however, is 
not pointed solely at the stock 
brokers. The banks have come in 

for their share of criticism. In fact, 
the brokers claim that the banks, 
because they act as transfer agents 
as well as traders, have their own 
back-office problems. 

Up to now, fines and penalties 
imposed by the exchanges have 
done little to reduce the problem. 
Instead, say some Wall Street ob
servers, studies like those by Rand 
and North American Rockwell ap
pear to be the best solution. 

For its part, the Rand Corp., one 
of the original think tanks, will 
make a year-long survey of the se
curities industry that is expected to 
provide a base for developing sys
tems and methods to restructure 
present ways of processing paper. 
The North American Rockwell 
study, on the other hand, is aimed 
at providing more immediate relief 
by improving existing operations. 

Hope stirs. But these are not the 
only recent developments that give 
rise, if not to optimism, then at 
least to a feeling of hope on Wall 
Street. For example, the New York 
Stock Exchange has established a 
Central Certificate Service (ccs) 
where brokers can deposit stock 
certificates. "In fact," says CCS 
head Charles Lynch, "it's very like 
your checking account. Brokers 
make their deposits-in this case, 
the certificates-with us. Our com-
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puter complex keeps a record of 
all the stock held in the central de
pository for each firm." When in
structed to deliver shares, the 
computer subtracts the number of 
shares from the account of the de
livering firm and adds the same 
number of shares to the account of 
the receiving firm. Title to the 
shares is changed by computerized 
bookkeeping entries. 

Formerly, Lynch explains, some 
50,000 envelopes containing stock 
certificates were hand-delivered 
daily to the clearinghouse from 
about 300 brokers. "With CCS, at 
least we eliminate the physical 
handling of the certificates." 

At the heart of the system is an 
IBM 360/50 computer. Comple
menting the computer are 10 tape 
drives, two printers, IBM 2314 and 
2311 disk drives, and two IBM 1418 
optical scanners, each driven by a 
360/30 computer. Input is by any 
of 20 remote terminals or the two 
scanners, which read mark-sense 
data or already printed material. 
Although some of the data is 

The order of orders 
Typically, a stock transaction 
works this way. The order, be it 
round-lot, odd-lot, limit, buy, or 
sell, comes from the customer to 
the brokerage house. The cus
tomer's man, after making out a 
receipt, writes five copies of the 
order, one of which he keeps. 
The rest go to the order room, 
or the back office. Then one of 
the copies goes to the purchase 
and sales department where 
bookkeeping is done, two go into 
files , and the last is kept by a 
clerk, who either telephones or 
wires it to his counterpart on the 
floor of the exchange. 

The exchange clerk makes out 
still other copies of the order 
and gives one to the specialist 
on the floor, who makes the 
trade. Once the trade is made 
the clerk sends a floor report de
tailing the disposition of the 
order to the back office, where 
duplicates are made and then 
matched with the original five 
copies of the order ticket. 
Finally, if all has worked, the 
broker issues a confirmation to · 
his customer, as well as an up
dated statement of the custom
er's account. 
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THE 
NEW 

SHAPE 
IN 

PLASTIC 
TUBING 

may fit 
your problem 

exactly 
FLEXITE Shrinkdown Plastic Tubing 
shrinks 50% in diameter upon appli
cation of moderate heat to form a 
tight-fitting sheath around objects of 
irregular shape. It's being used to 
solve many different problems ... 
like insulating electrical connec
tions; protecting delicate compo
nents ; strengthening assemblies; 
binding things together; resisting 
corrosion, heat or moisture; prevent
ing wear, vibration and noise. What 
problems do you have that a tight 
sheath of tough plastic might solve? 
Markel offers Shrinkdown in three 
distinct types to meet a broad range 
of needs. Your call or letterhead 
request will bring samples and data. 

L. FRANK MARKEL & SONS, INC. 
Norristown, Pa. 19404 ·Phone: 215/272-8960 
INSULATING TUBINGS AND SLEEVING.$ 
HIGH TEMPERATURE WIRE AND CABLE 
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entered on line, most of it is batch 
processed. However, the input and 
retrieval equipment is being rede
signed, and Lynch hopes the new 
system will provide for more tele
processing and less batching. 

Amex next 

By the end of the month CCS will 
have almost 15% of all NYSE certi
ficates on file, "enough to account 
for about 75% of all the trading 
done on the floor,'' says Lynch. 
Once the Big Board issues are in 
the system, CCS will start phasing 
in Amex certificates, probably this 
summer. Ultimately, the service 
will be expanded to include over
the-counter issues. "Of course," 
Lynch hastens to add, "ccs-even 
when fully operational-can clear 
up only a small bit of the over-all 
paperwork problem." 

Automation of odd-lot, stop, and 
limit orders is yet another program 
currently being implemented at the 
two exchanges. Odd-lot purchases 
-fewer than 100 shares-account 
for about 30% of all trades and 
paperwork, but only about 7% of 
the total volume. These systems 
would, when completed in two or 
three years, take odd-lot, limit, and 
stop orders and switch them di
rectly into a computer complex. 
And because the price of an odd
lot trade is determined by the price 
of the last round-lot trade, the com-
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puter will automatically execute the 
order at the latest price and send 
the broker a confirmation. 

Getting started. At the Amex, for 
example, the first stage of this pro
gram is already under way. There, 
by the end of the year, a computer
ized message-switching center will 
transmit odd-lot orders directly 
from member firms to trading posts 
on the floor. "The rest of the sale 
will be handled as before," says 
Martin S. Weinman, assistant vice 
president for systems and develop
ment at the Amex. "Right now 
we're picking hardware for the sys
tem. Tentatively, we'll be getting 
either three IBM 360/50's or two 
360/65's, along with some external 
devices like a large core memory. 
However, we're still trying to de
termine how much processing ca
pacity we'll need. 

"We're also desperately looking 
for a small, inexpensive terminal 
that smaller brokerage houses could 
afford to buy and we've got to have 
it in about two years." Small brok
ers make up more than 50% of the 
American exchange' s floor mem
bers. Weinman says that such a 
terminal, which will be used to 
send orders to the computer, must 
have a keyboard format that virtu
ally anyone can use, as well as a 
receive mode for verification of an 
order. 

Currently his staff is looking at 

In the cards. Ornate, hard-to-handle stock certificates may soon be 
replaced by more functional punch-card versions. 
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three types of terminals: a key set 
with a video or hardcopy output, a 
card-reader type, and a Touchtone
type terminal with an audio re
ply. Ten vendors have been con
sulted, but so far none has been 
able to quote a price. 

Like the American Exchange, the 
Big Board has its own staff of sys
tems people who are constantly on 
the lookout for new hardware. Ed
ward De Laura, head of the NYSE' s 
systems development group, ex
plains that his department spends 
a lot of time prodding vendors to 
develop new hardware designs. 
Sometimes, De Laura says, the sys
tems he'd like to implement must 
wait for the technology to catch up 
with them. For example he would 
like to see hand-held crt displays 
that would replace the floor spe
cialist's book, as well as order
entry-devices and remote optical 
scanners to input the display~ 

One incentive for the vendor who 
can develop some of these devices, 
De Laura points out, "is that when 
we opt for a new piece of equip
ment, say a new scanner, the brok
ers, when they hear about it, are 
going to be just as interested as we 
are; this makes for a rather large 
market, and our vendors know it." 

Two roads. There are two ways 
to work with a vendor to develop a 
piece of hardware. De Laura ex
plains. "We can pay the whole cost 
or go into partnership with the de
veloper and let him get his money 
back later." 

Currently, the NYSE systems 
group is looking into a radio-paging 
system for brokers on the floor as 
well as a new type of ticker tape 
that is eight times faster and has an 
easier reading format than the 
present 900-character-per-minute 
ticker. The 900, as it's called, was 
installed only 5 years ago with the 
express purpose of eliminating lags 
between tape and transaction; now 
the 900 must be replaced because 
it can't keep up with the trading 
volume. 

While solutions to the New York 
and American exchanges' problems 
are at least on the horizon-how
ever far away-there is little relief 
in sight for the large over-the
counter market. With market mak
ers - brokers who act as agents 
for individual issues-and transfer 
agents scattered all over the coun
try, it's difficult to clear OTC trans-
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StereoZoom® 7, just added to the matchless line of Bausch & Lomb 
Stereomicroscopes, now takes pictures. That's right, takes pictures. 

There's an integrated camera system, which allows you to use a 
35mm or 4" x 5" film; or 3%" x 4%" or 4" x 5" *Polaroid camera, 
and start shooting. You might call it the StereoZoom 7 Triocular 
Photornicrographic System, because that's what it is. 

It's also a multiplex system, because visual and photographic 
functions in no way interfere with each other. You can look while 
you shoot. And you know how important that is. 

This photographic potential plus the widest zoom range, clear
est viewing, highest magnification, and a sufficient variety of mod
els make StereoZoom 7 the one you surely should find out about. 

Write today for Catalog 31-2185 and for our free demonstration 
offer. Bausch & Lomb, Scientific Instrument Division, 61415 Bausch 
Street, Rochester, New York 14602. 

*Reg. Polaroid Corp. BAUSCH & LOMB <i) 
SCIENTIFIC INSTRUMENT DIVISION 

See the Bausch & Lomb lines demonstrated at IEEE, Booths 2(07-09. 



New, low priced 
all solid-state 
variable filters 

cover 2 Hz to 200 KHz 
MODEL 3550 - a new, all solid-state multifunction 
variable filter covering the 2 Hz to 200 KHz frequency 
range. Functions include band-pass, high-pass, band
reject and low-pass with 24-db-per octave attenuation 
slopes extending greater than 60 db. Frequency re
sponse can be switched from Butterworth to Low Q 
(transient free). Low hum and noise (200 µV rms). 
Dynamic range of greater than 80 db. Insertion loss 
0 db. Bench model: 8%" wide x 31h" high x 131h" 
deep. Rack model: 19" wide x 31;2" high x 131;2" deep. 

Price: $525 

MODEL 3500 - a new all solid-state variable band
pass filter covering the 20 Hz to 200 KHz range. 
Switches from Butterworth to Low Q. Attenuation 
slopes: 24-db-per octave extending to greater than 
60 db. Hum and noise: 200 µv rms. Dynamic range 
greater than 80 db. Insertion loss O db. Size: same as 
above. Price: $395 

SEE THEM AT IEEE - Booth No. 2H30-32. See for 
yourself why these new Krohn-Hite solid-state variable 
filters make "do-it-yourself" filter design a relic of 
the past. 

OVERSEAS SALES OFFICES: BELGIUM, C. N. Rood s. a. DENMARK, SC 
Metric A/S; FRANCE, Antares; GERMANY, Nucletron Vertriebs-GMBH; 
HOLLAND, C. N. Rood n. v.; ITALY, Dott. Ing. Mario Vianello; SWEDEN, 
Tele1nstrument; ISRAEL, R.D .T. Elect. Eng. Ltd.; JAPAN, Shoshin Shoji 
Kaisha, Ltd.; AUSTRALIA, Sample Electronics (Vic.) Pty., Ltd.; G, B., 
B & K Inst. ltd. 

l..fLIKRCHN-HITE 
~ c=:c:::::>F=t J=:>c:::::> F=t~ -r1e:> ........... 

580 Massachusetts Ave., Cambridge, Mass. 02139, U.S.A. 
Phone: (617) 491-3211 TWX: 710-320-6583 

'oscillators I Filters I AC Power Sources I DC Power Supplies I Amplifiero. 
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actions within the five-day limit. 
Thus it's not surprising that both 
the Amex and the NYSE estimate 
that most of the failures to fulfill 
order commitments at their mem
ber firms involve OTC transactions. 

Indeed, the OTC problem is so 
critical that last fall the two ex
changes required all their clearing 
brokers who deal in unlisted secur
ities to join the National Over-The
Counter Clearing Corp., which 
operates off the Amex computers. 

Far off. More significant, but 
hardly around the corner, is an am
bitious plan to build an automated 
quotations system for the OTC mar
ket. For this, the National Associa
tion of Securities Dealers, which 
regulates the unlisted securities 
market, contracted with the Bun
ker-Ramo Corp. to build what is 
estimated to be a $12 million sys
tem that will initially provide in
stant quotations on some 1,500 un
listed securities-in effect, an OTC 
ticker. Eventually, NASDAQ, as the 
system is called, will be expanded 
to include as many as 20,000 issues. 
And although Bunker-Ramo has 
already broken ground in Trum
bull, Conn., for the NASDAQ com
puter center, it will be two years 
before the system is operating. 

In the meantime, the National 
Security Traders Association, an 
organization of OTC traders, is im
plementing what to some looks like 
an interim step to NASDAQ. Called 
STAQ, for security trader automated 
quotations, this system will supply 
hourly quotations to the three 
major suppliers of computerized 
market information: Bunker-Ramo, 
Scantlin Electronics, and the Ul
tronic Systems division of Sylvania 
Electric Products. 

Some 30 to 50 market makers will 
send OTC bid and asked prices by 
Teletype to both the Bunker-Ramo 
and Scantlin computer centers; Ul
tronic Systems will get data from 
Bunker-Ramo. When received, the 
data will be processed and trans
mitted to subscribers' displays. 

Hollow victory. But stock market 
officials have mixed feelings about 
STAQ and NASDAQ. They say that 
these systems will speed up OTC 
trading and therefore create just 
that much more paperwork. But 
A.A. Freda, assistant director of 
Bunker-Ramo's Business and In
dustry division, feels that although 
STAQ may do this, NASDAQ, when 
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fully operative, will provide an 
excellent data base for other OTC 
services. 

Punch-card, or machine-readable, 
stock certificates, in the view of 
many brokers, may provide another 
partial answer to the paperwork 
problem. Such cards, were they to 
be authorized by the New York and 
American Exchanges, would be 
much simpler to print, process, and 
store. With this in mind, at least 
one company, Lewis Business 
Forms Inc. of Jacksonville, Fla., is 
manufacturing a certificate that can 
be issued over a high-speed com
puter. Called Contin-u-Card, this 
certificate is currently being used 
by several OTC firms. And, says 
Barney Fishman, the company's 
special products manager, Lewis 
has 60 other jobs in the works. 

Still, in the eyes of most observ
ers of the financial scene, punch
card certificates, OTC instant quo
tations, odd-lot automation, and 
CCS will go only so far in relieving 
the mess that Wall Street finds it
self in. "For these things to be 
completely meaningful," says one 
officer of the New York Stock Ex
change, "the individual brokerage 
house must begin to straighten out 
the real source of the problem, his 
back office." 

Although most of the big broker
age houses long ago installed com
puters to 4elp them with their 
bookkeeping, the fact remains that 
these computers are doing little to 
relieve the paperwork glut. Each 
trade requires that literally a small 
suitcase of accompanying forms 
and receipts be processed. Under 
ideal conditions, at least 10 pieces 
of paper result from each order. 
When complications set in, that 
figure often triples. 

Solutions may be found during 
the course of the several studies 
currently being conducted by a 
number of electronics firms for the 
brokerage industry, including one 
by Autonetics for Merrill Lynch, 
Pierce, Fenner & Smith and an
other by Ultronic Systems for 
Paine, Webber, Jackson & Curtis. 
What these studies will find and 
what type of hardware will be pro
posed is, at this point, anybody's 
guess. Wall Streeters expect that 
the changes recommended will be 
sweeping, "They'll have to be," 
says one market analyst. "Other
wise we'll all drown." • 
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Solve all Resistor 
problems fast ... 

TALK TO THE SPECIALIST .. I LECTROHM 

With LECTROHM's entire produc· 
tion facilities devoted to the manu· 
facture of quality power, wire-wound 
resistors, we are in the unique posi· 
tion to provide quick, economical 
solutions to all resistor problems. As 
specialists in the field, LECTROHM 
knows resistors. 

Whether your products require 
"standard" or "custom" styles -
fixed or adjustable types, vitreous 
enamel or silicone coated - there is 
a LECTROHM resistor to match those 
needs precisely. To meet your pro· 
duction schedules, large stocks of 
standard styles in popular values are 
always available for immediate ship· 
ment, with special facilities geared 
to fast delivery on small orders of 
special values. 

Whatever your resistor problems en· 
tail, you will do better talking to the 
specialist - talk to LECTROHM. 
You'll be time and money ahead, 
everytime. 

Vitreous Enameled 
Fixed Resistors 

Vitreous Enameled 
___ A_d"'-Justable Resistors 

Type FP Resistors 

Lectrahm1 Inc. 
A subsidiary of 

FREE! 
Full line 
LECTROHM 
catalor. 

COOK ELECTRIC 

Send for your 
copy today! 5562 Northwest Highway, Chicago, Ill. 60630 
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Developed from space environment designs at the General Tech
nology Corporation, this new Atomic Standard combines state of 
the art circuitry with GTC's unmatched Rubidium Frequency 
Standard technology. 

• Superior Long Term Stability 
• Internal Standby Batteryt 
• Internal Clock systemt 
• $7,300.00* with internal time scale selector. 

Write for specifications on the new 304-D to 
TRACOR 
INDUSTRIAL INSTRUMENTS 
6500 Tracor Lane, Austin. Texas 78721 

AC 512/926-2800 

FOB Los Angeles toptional 

SEE IT AT THE IEEE, Booth 
#2J-05, OR ASK YOUR 

LOCAL TRACOR 
REPRESENTATIVE FOR A 

DEMONSTRATION. 

i ' Speeializell instruments to meet 'lour spetl/lc needsjf;e! Cl{l};l 
IA-124 
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Production 

Climate friendly in Mexican border zone 
Cheap and plentiful labor, eagerness of officials to help 

lure assembly operations across Rio Grande; Yankees 

find a little bribery makes path smoother 

By Marvin Reid 
Dallas news bureau 

Putting it all together. Mexican employees at Electronic Control Corp.'s Matamoros plant assemble control devices. The 
company operates in a building it has leased for 10 years; it credits the border operation with helping to keep it in the black. 

When a small Dallas-based elec
tronics firm recently won a contract 
to supply 1.5 million semiconduc
tor control components to a large 
Japanese manufacturer, it underbid 
two Japanese suppliers. The com
pany, the Electronic Control Corp., 
was able to do that because its 
Mexican plant just over the Texas 
border turns out the devices for 
22% to 35% less than is possible in 
the United States. 

This is one of the more dramatic 
examples of the economic impact 
that the U.S.-Mexican border in
dustrialization program is begin
ning to have in some electronics 
markets here and abroad. 

Launched in mid-1965, the joint 
project is aimed primarily at 
relieving Mexico's chronic unem
ployment. Electronics firms - par
ticularly fabricators of inexpensive 
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items such as home-appliance con
trol devices-are finding that the 
setup puts them squarely in the 
ballgame with all price competi
tion in most areas. 

Come on over 

The most important feature of 
the border development program is 
a duty-free zone for foreign manu
facturers, a 121/2-mile-wide strip ex
tending along tbe entire boundary 
on the Mexican side. Foreign com
panies may operate manufacturing 
plants within the zone, importing 
raw materials and equipment on a 
duty-free basis. Output must be ex
ported from Mexico, and the U.S. 
charges duty on a complicated 
"value-added" basis only. 

While there are unique problems 
and business procedures, most 
Americans now involved say the 

Going back. Assembled devices 
clearing Customs at the border. 
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to deliver new 
Liberator slot range 

systems power 
in rack-mount and 

modular units .. from $105 
Now the liberator wide-slot line is even wider. 

We've added new LVS low-power modules In voltage 
ranges from 2.5-5.5V to 115-161V1 and up to 2.1 
amps, at prices as low as $105. Optional rear mount
ing OV protection module. Plus new low-price LHS 
half-rack power supplies with ratings to 115-161 V 
and up to 25A; and up to 70A with the L3R/L5R 
liberator Rack series. 

• All silicon design-precision performance 
• 0.01 % regulation-high stability 
• Low noise for IC and systems applications 
• Y4 and Yz rack; full rack; modular and metered 

models 
• Adjustable current limiting and foldback pro

tection-DY protection option 
• Integral meter and control options 
• Convection cooling-no temperature derating 

to 60° C 
• Remote sensing and programming 

liberators offer the ultimate In systems versatility 
when combined in any of TRYGON'S five mlx-n-match 
rack adapters. Up to 7 DC outputs-more perform
ance versatility-combine any of these with TRYGON'S 
famous Series I Module Power Supplies. 

For full details on these and many more, write 
today for your free copy of Trygon's brand-new 
Liberator Power Supply Brochure. 

TrRYGON POWER SUPPLIES 
111 Pleasant Avenue, Roosevelt, LI., N.Y. 11575 
Trygon GmbH 8 Munchen 60, Haidelweg20,Germany 
Write for Trygon 1969 Power Supply Handbook. 
Prices slightly higher in Europe. 
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Picking up business. A new employee at one of the Mexican border plants 
undergoing training. Her supervisor is a graduate EE. Some companies 

send American engineers to serve as supervisors. 

advantages gained by utilizing in
expensive Mexican labor outweigh 
any disadvantages. 

Growing. Twelve or so electron
ics firms are among an estimated 65 
U.S. companies with plants along 
the strip. Many are small compan
ies specializing in control devices 
and such; however, big names
such as Transitron and Fairchild
are represented. RCA has also been 
negotiating for a site. But big or 
small, the main attraction is inex
pensive-and plentiful-labor. 

Some estimates place the avail
able labor pool at 1'5 million with 
unemployment running from 30% 
to 40%. Minimum wages are as 
low as $2.55 a day. Electronics 
assemblers are getting '$3.20 a day 
or slightly better, with fringes and 
other "indirect" costs pushing the 
figure to ·$3.50 to $4. 

Professional help is also plentiful 
at relatively low cost. Typical pay 
for Mexican EE's along the strip 
runs about $350 a month. Several 
American firms there employ them 
as supervisory line foremen. 

To evaluate the benefits and 
spotlight the pitfalls of Mexican 
border operations, the activity 
around Matamoros can be taken as 
typical of what's happening in 
the other cities involved-Tijuana, 
Nuevo Laredo, and Ciudad Juarez. 

Plants in Matamoros include 
those of the Electronic Control 
Corp., Varo, Hunt Electronics, the 
CTS Corp., and Electro-semblies 
Inc. In each case, they have assem
bly-type operations with piece 
parts shipped in for partial or total 
assembly. The firms employ about 
1,100 Mexicans. 

Electronic Control was one of 
the first to establish in Matamoros. 
It now has about 225 employees 
assembling its devices. The payoff, 
says president Ed Kile, is big. 

In the black. "Our labor savings 
at the Matamoros plant repre
sented our profits last year," says 
Kile. "Without the low-cost labor, 
we would have lost some business 
and may have had to operate at an 
over-all loss." 

Harry Hoff, the firm's vice-presi
dent, says that about 85% of the 
labor involved in making the com
pany's products is performed at 
the Matamoros plant. He estimates 
the unit-hour cost of making the 
products in Matamoros runs 56 
cents compared to $3.60 in the 
headquarters plant near Dallas. 

Varo, whose power-conversion 
product line competes with Elec
tronic Control's, estimates that its 
total labor costs in Matamoros run 
47 cents an hour compared to $2.20 
in Dallas. 
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TRW 50-volt Metallized Polycarbon
ate Capacitors are made.to squeeze 
into tight places. Imagine 10 
microfarads measuring .547" x 
11;4" long ... the smallest wound 
capacitor on the market! 
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... small enough to fit! 

Short on size and long on relia
bility, the X463UW series meets 
all requirements of MIL-C-27287. 
VOLTAGE-50V, lOOV, 200V, 400V 
CAPACITANCE-.001through10 mfd 
TOLERANCE-available to +1 %-

For data, write TRW Capacitor 
Div., Ogallala, Neb. Phone (308) 
284-3611. TWX 910-620-0321. 

TRW. 
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Report from 

BELL 
LABORATORIES A New Use for the Sun 
Radio frequencies in the range 

of 10 to 40 GHz are of interest for 
satellite communications. But sig
nals at these frequencies-includ
ing millimeter wavelengths at 30 to 
40 GHz-are attenuated by rain, 
snow, fog, and other weather con
ditions. To study these effects, we 
needed a source of millimeter waves 
in the sky. What could we use? 

Putting up a research satellite 
would be difficult and expensive. 
But fortunately a millimeter-wave 
transmitter in the sky already exists 
... the sun. By tracking the sun and 

SUNRISE , 
I 

I 
I 

,-------

correlating the signal losses with 
atmospheric effects, we are gain
ing valuable insight into the prob
lems and possibilities of maintain
ing reliable communications at 
millimeter-wave frequencies in all 
kinds of weather. 

Our apparatus includes a steer
able, plane metal mirror that re
flects solar energy into a stationary 
horn-reflector antenna (photo). The 
signals are processed and recorded 
in a temperature-controlled equip· 
ment house. The system automati
cally follows the sun on its daily 

SUNSET 

30 GHZ 

,... .... CLEAR WEATHER SIGNAL LEVEL 

/ 
I 

/ 
,,. 

TIME (HOURS) 

16 GHZ 

Intensity of solar radiation at two frequencies, recently observed at Bell Labora
tories' installation at Holmdel, N.J. Graphs show one 9-hour period out of months 
of study. Note attenuation due to rain early in the day. 

Bell Laboratories' station for studying 
atmospheric effects on solar radio energy. 
The flat mirror has two axes. One is par
allel to the earth's polar axis-for daily 
rotation. The other is perpendicular-for 
seasonal variation. Experiment ·designer 
R. W. Wilson checks the horn antenna into 
which signals are reflected. 
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path across the sky by a clock 
mechanism which can be set for a 
full week's automatic observation. 

The sun emits radio signals at a 
great many frequencies, but the 
sun-tracker is tuned only to signals 
at 16 and 30 GHz. The received 
energy has two significant com
ponents: one due to the sun and 
one due to the atmosphere (which 
attenuates solar energy but also 
radiates energy of its own). To al
low for the atmospheric compo
nent, we tilt our mirror away from 
the sun once each second, thus 
getting a sky-only reading. We sub
tract this from the sun/ sky total 
and plot the difference. The equip
ment responds to and records sig
nal changes as rapid as 30 dB in 
15 seconds. 

The graphs (left) indicate that 
there are periods when rain will 
attenuate the received signal by 
30 to 40 dB. Such attenuation 
would seriously impaircommunica
tions signals from satellites. The 
problem can be solved by spacing 
several ground terminals far 
enough apart that at least one of 
them would always have a clear 
path to the satellite. This would be 
done at both receiving and trans
mitting terminals. 

Data from the sun-tracking ex
periments will help us determine 
how many terminals might be 
needed for communication sys
tems operating at high frequen
cies, and how these terminals 
might be spaced to achieve maxi
mum efficiency and economy. 

(if;\ Bell Telephone Laboratories \eJ Research and Development Unit of the Bell System 
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Electro-semblies has come up 
with a new wrinkle in its Mata
moros facility: manual assembly of 
products for customers who furnish 
the parts. It estimates assembly 
charges will be between $2.50 and 
$3 per worker hour. 

But labor economies aren't the 
only lure. The Americans also are 
impressed by the supply and qual
ity of Mexican workers. 

Vox pop. "When we started hir
ing, we had block-long lines of ap
plicants," says Bernie Cunningham, 
manager of Varo's Matamoros op
erations. "It beat anything we had 
seen in a long time." 

The vast numbers of people 
seeking work enable the Americans 
to screen for top quality. The re
sult is a work force better than 
what some managers had expected. 
"We have been extremely pleased," 
says Kile of Electronic Control. 
"We learned that the old mafiana 
stuff doesn't exist with the younger 
generation in Mexico. These people 
are really dedicated and they have 
a great deal of pride in their per
formance." 

Girls averaging 181h years old 
are generally hired for the assem
bly lines. Most have the equivalent 

of a high-school education; com
pany training usually takes six 
weeks or less. After training, says 
Electronic Control's Hoff, "They 
will outperform what we normally 
expect from our lines in Dallas." 

While the quality of help avail
able is good, Electronic Control 
and V aro people report differing 
experiences on working long-dis
tance with engineering in Dallas 
and manufacturing in Matamoros. 
One reason, possibly, lies in the 
approach each took. 

Local talent. Electronic Control 
says it has experienced no diffi
culty. It sent two handpicked man
ufacturing men from Dallas to set 
up and operate its plant. They are 
still the only Americans in it. The 
firm views the operation as "a 
Mexican plant for Mexicans," says 
Kile. Mexican EE' s do all super
visory work. 

This approach may take more 
training initially, but the long-range 
benefits apparently are good. Jim 
McCoy, manager of the Matamoros 
plant, says the Mexican EE's do not 
have the electronics background of 
U.S. graduates "but they learn 
fast.'' Hoff claims that after a few 
months, "we learn solutions to 

Meter readers. Girls at Electronic Control Corp.'s installation testing 
components packaged there. The typical assembly-line worker is a high-school 
graduate who receives six weeks' work training. 
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NEW STH EDITION 
OF THE WORLD-FAMOUS 

Reference Data tor 
Radio Engineers 

Now contains 50% MORE DATA to 
include major information developed 
over the past 12 years. Prepared by 
an outstanding group of practicing en
gineers, professors, and industry and 
government experts, under the -direc
tion of the International Telephone 
and Telegraph Corporation staff. 

OVER 160,000 COPIES SOLD 
IN THE FOURTH EDITION 

The new FIFTH EDITION of this widely 
used reference work has been com
pletely revised and updated. It pro
vides in a single volume comprehen
sive data on all basic phases of 
electronics, including tables, formu
las, standards, and circuit information 
-PLUS-all-new data on microminia
ture electronics, space communica
tions, navigation aids, reliability and 
life testing, international telecom
munication recommendations, switch
ing networks and traffic concepts, and 
quantum electronics. 45 data-packed 
chapters provide invaluable informa
tion for practicing radio and elec
tronics engineers. Includes over 1300 
charts, nomographs, diagrams, tables, 
and illustrations. 1155 pages, plus 
41-page index. 

10-Day Free Examination 
Howard W. Sams & Co., Inc. Dept. EL-3 

A Subsidiary of International Telephone and Tele1raph Corp. 
4300 W. 62nd St., lndlanapolls, Ind. 46268 

Send me REFERENCE DATA FOR RADIO 
ENGINEERS for 10-day examination, without 
cost or obligation. 

If I decide to keep the volume, I will send: 
D $20.00 (plus postage) , or D $7.00 (plus 
postage) In 10 days, and $6.50 per month for 
2 months. Otherwise, I will return the book 
postpaid within 10 days. 

D $20 payment enclosed. Send my copy 
postpaid with full 10-day return privilege. (In
clude sales tax where applicable.) 

Name 

Company 

Address 

City State Zip L _____________ _J 
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Best readability 
among small DPM's 

APl's new digital panel meters are the only ones 
of their size with seven-bar segmented digits, 

Ya" high, all on one plane, readable from 40 feet 

at angles of ± 70 degrees. They need only 1 % " 
behind the panel when the detachable power 
supply is mounted remotely. 

3 and 3% digit models . .---------------

Accuracy ±.1% of 
reading, ± 1 digit. 

BCD output. 

Auto-polarity. 

1000 megohms 
input impedance. 

Front or rear panel 
mounting. 

Priced to compete with high accuracy analog 
meters in OEM quantities. 

Ask for Bulletin DP-1 IEEE Booth No. 2G-34 

... 
ilpl INSTRUMENTS CO. 

Chesterland, Ohio 44026 j (216) 729-1611 
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some problems from these people." 
Varo, on the other hand, has 

tried to handle all engineering with 
its own people. As a result, admits 
Cunningham, it has found "too big 
a physical separation" between its 
engineering in Dallas and manufac
turing in Matamoros. "We haven't 
been too successful in getting our 
engineering people to move to 
Brownsville (across from Mata
moros in Texas) but we will have 
to move some of them. We have 
had some problems and we attrib
ute them primarily to this separa
tion." 

Mordido 

To take advantage of the rela
tively inexpensive and plentiful 
Mexican labor, American firms 
must learn what channels to do 
business through and be prepared 
for the country's well-entrenched 
bribe system. It's known as "mor
dido," which means, literally, 

Whether they approve of mor
dido or not, the Americans learn 
they can't bypass it. "We know 
some companies that tried," says 
one source. "They found nothing 
would move, neither the process
ing of operation permits nor ma
terials and equipment through cus
toms. There are certain procedures 
and channels you follow over 
here." 

Some of the companies take the 
philosophical attitude that this sys
tem is just part of doing business 
in Mexico. "You get used to it," 
says one executive. "We pay our 
mordido to the people we're told 
should get it. We don't know how 
much this amounts to at times nor 
do we know how it is split up. We 
really don't care. It is just another 
operating cost to us." 

Whites and reds. There are two 
major labor union groups in Mex
ico. Americans label them the 
"whites" and "reds." The latter 
group is considered Communist
oriented, and, says one Texan: 
"You certainly don't want any part 
of it." 

Most of the American firms affil
iate with the whites-the Confeder
acion de Trabajadores Mexicanos. 
It has local chapters, and relations 
depend on the local leaders. For 
the most part, however, American 
management finds them much 
easier to deal with than their U.S. 
counterparts. 
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Interior monologue 
Motorola Semiconductor, which 
has a Mexican border-zone plant 
in Nogales, has built a second 
plant-in the interior-at Guad
alajara. The company is quick 
to point out !'hat its decision to 
build deeper inside Mexico does 
not indicate any unhappiness 
with its border operation. As a 
matter of fact, a spokesman 
points out, the border plant 
is being expanded to 15,000 
square feet from 5,000. How
ever, says Motorola, it sees 
three advantages in building at 
Guadalajara: 

• Motorola's policy is to own 
its facilities, which is impossible 
under the border-development 
program. 

• Nogales is small- pop. 
50,000-while Guadalajara's me
tropolitan area is home to 1.3 
million. This gives Motorola a 
huge labor market, while it 
would have trouble staffing a 
second, or greatly enlarged, 
Nogales plant. 

• The border-development 
program requires products made 
in the zone to be shipped back 
to the U.S. before going to 
foreign customers. 

"By having executives follow the 
right procedures, if you know what 
I mean, the Mexican union works 
for management," says one Ameri
can. "They become your represent
ative to the workers instead of the 
reverse." The "right'.' relations can 
also help get around a general rule 
that employees are eligible to re
ceive three months' severance pay 
if they are discharged · after com
pleting a 29-day training period. 

Serious labor trouble, however, 
can make a strike in the U.S. look 
like a church social. "When the 
black flag goes up over there sig
naling a strike," says Kile, "there 
is no question about continuing 
operations. No one goes in or out 
of a struck plant. There can be 
machineguns and that type of 
thing." 

Dual operations 

Some companies that operate 
manufacturing plants on the Mexi
can strip find it advantageous to 
locate warehousing facilities or 
allied plants on the American side. 
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WITH INSERTS. 
THE SAVINGS 

ARE IN THE HOLE 
WIRE INSERT SELF-TAPPING 

TAP-LOK., INSERT 

For the real bargain in inserts, look into the hole. You'll get a new view of what 
really counts - final installed costs. Check these approximate installation figures: 

(Estimated Costs*) 
Wire-Type Inserts 

Insert Cost 5¢ 
Drill Hole 5¢ 
Tap Hole 7¢ 
Gage Hole 3¢ 
Install Insert 8¢ 
Remove lane 5¢ 
Per Finished 33¢ 
Hale 

Do Our Costs Agree With Yours? 
If Not, Fill in Your Own 

(Estimated Costs*) 
Self-Tapping Tap-Lok® Inserts 

Insert Cost 4.4¢ 
Drill Hole 5.0¢ 
Tap Hole (Not Req.) 
Gage Hole (Not Req.) 
Install Insert 8.0¢ 
Remove Tang (Not Req.) 
Per Finished 17 .4¢ 
Hole 

•Estimated cost for wire-type 4-40, .224" long, 25,000 quantity; 
Tap·Lok 4·40, .234" long, case-hardened steel, 25,000 quantity. 

Estimated average costs will vary with user, equipment, overhead, and labor rates. 

You can see that Tap-Lok eliminates three operations which 
alone amount to about triple the cost of the insert itself. 
There are other savings, too. With Tap-Lok inserts you need 
only one inexpensive installation tool. Wire inserts require 
special taps, gages, and a too! to remove the tang, in addi
tion to the installation tool. With Tap-Lok inserts, rework on 
the production line is almost nil, and field repairs are a rarity. 
Solid Tap-Lok inserts cut their own threads in the parent 
metal, offering greater strength, and improved reliability .. . 
and they conform to MS 35914-101 through 166. 

Don't be misled by original cost-per-insert. Look into the 
hole. That's where the savings are. 

Write for more information on Tap-Lok inserts. Groov-Pin 
Corporation, 1121 Hendricks Causeway, Ridgefield, New 
Jersey 07657. Telephone : (201) WH-5-6780. 

FASTENER DIVISION 

GROOV-PIN CORP. 
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High-quality, high-reliability Delevan inductors are 
available to you at your local inductor center ... a 
Delevan distributor. He's part of our world-wide 
distributor organization, each maintaining a well
balanced inventory of our standard series inductors. 
There's a Delevan distributor near you. You'll find his 
name on page 1102 of the 1969 Electronics Buyers' 
Guide and on page 2850 of EEM. Call him soon. 

Delevan Electronics ,.- AMERICAN 
a· . . PRECISION 

IVISIOn INDUSTRIES INC. 

27D QUAKER ROAD EAST AURORA, NEW YORK 14052 716 652-360D 

OTHER DIVISIONS Of AMERICAN PRECISION INDUSTRIES INC .. BASCO• DUST EX• ElECTAD·llllECHAlrtlCAl PRODUCTS• MOELLER INSTRUMENT CO . • OXFORD CORP . • TRUCK ElllUIPMEIT CO. 
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Chamber of Commerce people in 
such Texas towns as Brownsville 
are pushing the idea of support 
plants. And in some cases, the 
American border towns offer al
most as lucrative a labor market 
as those on the Mexican side. 

Cameron County, which includes 
Brownsville and other Lower Rio 
Grande valley towns, has a nag
ging unemployment problem: the 
rate has been at least 6% for sev
eral years. It is estimated that 61 % 
of the county's residents earn less 
than $5,000 a year. 

Its leaders want the electronics 
firms to establish support facilities 
on the Brownsville side; they claim 
to have commitments from a half
dozen or so. The Cameron County 
people also envision allied support 
companies coming in to work with 
the electronics activities. 

The future. American border 
town leaders see the industrial 
buildup on the Mexican strip as 
the greatest thing ever. But some 
of the companies are less enthusi
astic about the long-range picture. 

Electronic Control's Kile, for ex
ample, expects the buildup on the 
Mexican strip to increase at the 
rate of 6% to 10% annually over 
the next five to seven years. After 
that, the pickings may not be too 
good, in his opinion. He thinks it 
will take about that long for "ani
mosity to build up" among the 
people involved; as a result, com
panies may find operating condi
tions not nearly as good as they 
are now. 

Border woes. Customs problems 
may become more difficult, too. Al
ready, some companies have hit 
snags on importing products back 
to the U.S. One company building 
tv cabinets in Matamoros, for ex
ample, found recently that it had 
to pay 10% duty to U.S. Customs 
because it had "changed the iden
tity of wood" it had sent to its 
Mexican plant. This duty was not 
anticipated and swallowed the ex
pected profit. 

U.S. Customs now charges duty 
based on whether a company as
sembles, manufactures, or proc
esses goods from raw materials 
imported from U.S. Those doing 
business in the Mexican strip say 
these regulations are so compli
cated that a company has to get 
customs brokers on both sides of 
the border to advise them. • 
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Where do you get yours? 
Prospecting was once the 

only source for gold. 
Not so today! The most 

modern production 
techniques, the latest 

refining methods and the 
best equipped research 

laboratories 
make Williams 

your one best 
source for all 

precious metals and their alloys. 
Available in ultra-high 

purity sputtering discs, 
preforms, foil, ribbon, 

tape, wire, sheet 
and other forms. 
Write for our 
1969 catalog and 

for information on 
our "Instant 

Engineering" kit. 

WILLIAMS PRECIOUS METALS DIVISION OF WILLIAMS GOLD REFINING CO .. INC .. 2978 MAIN STREET. BUFFALO. NEW YORK 14214 



Discrete 
Semiconductors. 

As of January 31, you 
had 67,866* standard types 

to choose from 

• w orld -wide fig ure courtesy D.A.T.A. Inc. 
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It's high time somebody 
made your choice easier and safer 

Somebody has. 
Let's face it: there are just too 
many types of semiconductor de
vices to choose from today ... and 
that can make your choice both 
difficult and hazardous. 

Many "standards" no longer are. 
Many are in limited production 
and, consequently, are high-priced 
- you may settle on a $3.00 device 
when a 30~ one would do. Many 
are not readily available-under
standable, with 67,866 types in
volved, but small consolation when 
you have to accept slow delivery. 
Many have been made obsolete by 
newer, low-cost devices with better 
performance characteristics. 

To give you a lot more assurance 
in your device choices, we've come 
up with a bold, new concept. We 
call it our Preferred Semiconduc
tor line, and it will pay off for you 
in simplified selection, faster deliv
ery, lower costs, less inventory and 
reduced testing. 

By preferred we mean customer 
preferred. After months of com
puterized demand analysis, we've 
zeroed in on 285 highly popular 
types that meet the vast majority 
of semiconductor requirements. 
These are the workhorses. 

•All are in wide use today, known 
and proven. 

• All are in volume production, and 
that spells low prices. 

•All are readily available from 
TI distributors and factory 
stocks, so you can count on 
prompt delivery. 

• All are recommended for either 
present or new designs. 
These advantages make it. worth 

your while to consider TI !\'refer
red Semiconductors first for your 
new designs or system redesigns. 
You may still decide that you need 
a tailor-made device, or a more ob
scure standard. If so, we already 
make over 1500 other standard 

types and some 13,000 specials 
which may meet your needs. If 
not, we'll make more. But the place 
to start is Tl's Preferred line. 

We've made it easy for you with 
a new Preferred Semiconductor 
and Components catalog. It con
tains detailed specs on all 285 
types - small signal and power 
transistors, both germanium and 
silicon; diodes, thyristors, rectifi
ers, regulators, light sensors and 
resistors. All are indexed by both 
type number and application. 
There's a numerical listing to our 
full line of 1800-plus standards and 
an extensive cross-reference guide 
to products of other manufac
turers. Application ideas are in
cluded, too. This could prove to be 
the most helpful semiconductor 
catalog you've ever used. 

You can get a copy simply by ask
ing. Ask your TI sales engineer. 
Ask your TI distributor. Or write 
us on your company letterhead or 
on the back of your business card: 
Texas Instruments, PO Box 5012, 
MS 308, Dallas, Texas 75222. 
Or, if you prefer, just cir-~ 
cle 106 on the Reader Serv-
ice card. It's high time. 

TEXAS INSTRUMENTS 
INCORPORATED 
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The Engineering World 
Is Full Of Great Ideas, But ... 

What you do with your ideas is a 
measure of your progress. Getting 
an idea is not always easy. Trans
forming that idea into reality - and 
proving it - that's where the work 
really begins! 

At HP, we're using the best of our 
ideas and years of experience in 
design and production of measure
ment instrumentation to make the 
job of turning your ideas into realities 
easier and faster. 

Take the HP 180 Scope System as a 
case-in-point. It now has a sampling 
system that allows you to see 12.4 
GHz. This sampling system circuitry 
contains step recovery diodes which 
produce nanosecond rise times with 
high power. Dr. Frank Bott was using 
the first practical gigahertz sampling 
scope-the HP 185-to analyze the 
effects of different combinations of 
"p" and " n" material when he dis-

I 
: 

covered the step recovery diode. 
Other research by Hewlett-Packard 
Associates produced the hot carrier 
diode that made the 12.4 GHz system 
practical, provided an extremely fast 
sampling gate, simplified circuitry 
and gave greater reliability. 

The engineering world has been 
plagued for years with inaccuracies 
caused by capacitance when mea
suring high frequencies and nano
second rise times. We fought this 
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problem, also. HP Microwave Divi
sion 's experience with high fre
quency 50 a transmission systems 
led to development of the 50 a input 
system for the 100 MHz 180 scope, so 
you have a near-perfect termination 
- regardless of your signal fre
quencies. 

A few years back, to design connec
tors, circuits, antennas, strip lines, 
and similar component parts, you 
had to measure all around the prob
lem. Then to get where you needed 
to be-to find out what, where, and 
how much, you had to interpolate or 
extrapolate to find your answer. Now 
all you need for a direct measurement 
is the 180 and the TOR plug-in-an
other HP idea that came from experi
mentation with microwave circuitry. 

CRT size is another example. Early 
scopes-and even some of the mod
ern scopes- had CRTs that were so 
small you had to squint to see them. 
We took the post-accelerator tech
nique and the mesh dome technique 
ideas and combined them to produce 
larger, easier-to-read and more ac
curate CRTs. This combination re
quires lower driving potentials so 
the CRT can be driven directly by the 
plug-in . Driving the CRT from the 
plug-in gives you a mainframe that is 
not limited by its internal components 
and allows a choice of 50 MHz, 100 
MHz, four channels, differential 
offset ... 

Vacuum tube scopes have a diffi
cult time settling down to the point 
where accurate measurements can 
be made consistently - time after 
time. Signals often drift all over the 
face of the CRT! All-solid-state com-

ponents (which reach operating level 
almost immediately} and field effect 
transistors in the 180 scope system 
amplifier plug-ins virtually eliminate 
drift in both ac and de measurements! 

c:>. ~ .. • 0 o@··· o 
• .(y · 1 ·~· (!). ·-· . . - . -' . . ' 0 - - 0 
0 - .Q ~T~ .... -· 
Speed your great ideas into reali

ties. Step forward with the state-of
the-art new-idea-packed 180 scope 
system! It's no johnny-come-lately. 
It's been proven by more than two 
years in the field. 

Consult your Hewlett-Packard In
strumentation Catalog for specifica
tions and prices on the 180 Scope 
System mainframes and plug-ins, 
then contact your nearest HP field 
engineer. (He's an instrumentation 
specialist who can furnish informa
tion on a complete measurement sys
tem using the HP 180 as the core.) 
Or, write to Hewlett-Packard, Palo 
Alto, California 94304. Europe: 1217 
Meyrin-Geneva, Switzerland. 

089/ l 

STEP FORWARD 

HEWLETT"' PACKARD 

OSCILLOSCOPE SYSTEMS 
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You might receive a few 
communications that would be 
banned in Boston (or anywhere 
else) if the sensitive electronic 
components go on the blink. 

So maybe you'd better 
communicate with a highly
professional mover who knows 
how to do the job-Allied 
Van Lines. 

Our Electronic Vans are 
just as good as our personnel. 
They have a special bracing that 
keeps your equipment from 
slipping ... an air suspension 
system that soaks up jolts and 
bumps along the way. 

Call the highly-trained 
Allied Agent in your area. 

~·~ 
" ALLIED VAN LINES 

We make the kind of moves 
you never hear about 
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Of all DVM's, only 
Honeywell Digitest gives 

f • f • (DC Voltage,) you 1ve unctions ~~]~i}~~} , 
a choice of two models, and 

With ±0.5% accuracy, 1 OOµV resolution, abso
lutely clear 3)6-digit readout. and simple. foolproof 
operation. the tough, compact little Digitest makes other 
low-cost DVM's look overpriced and under-engineered. 
We won't even mention a comparison with conventional 
meter-movement instruments. 
Both models share the same specs. but Model 333 is 
completely portable thanks to built-in rechargeable ni
cad battery operation. It operates on AC as well. Both 
instruments give you 3)6-digit readout. with Model 
333R providing an overrange digit while Model 333 
employs an overrange indicator. 

. . 

_ I 2 4 3 

Compare features, specs, and prices -you'll see 
that Digitest is your best DVM value. That $395 price, 
by the way, is complete. There are no shunts or plug-ins 
to buy, and even leads are furnished. The only option 
is a set of ni-cad batteries for the portable model at $33. 
Order yours today! Call Don Anderson (collect) at 
(303) 771 -4700. or send your purchase order to Don 
at Mail Station 222, Honeywell, Test Instruments Divi
sion. P.O. Box 5227. Denver. Colorado 80217. Both 
models are in stock for immedi- Honeywell 
ate delivery, so order now! 

Honeywell engineers sell solutions 
See us at the IEEE Show-New York Coliseum. March 24-29. Booths 2G39 to 2G43. 
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An l~L.~'>l§!§DJT~N~O~mio9r 
Presented by the Electronics / Management Center 

Program 
Implications Of LSI On The Electronics Market: Glenn E. 
Penisten, Vice President, Components Group, Texas Instru
ments Inc., Dallas. 
The Rationale For An In-House IC Capability: Alvin B. Phil
lips, Assistant to the President, Autonetics Division, North 
American Rockwell Corp., Anaheim, Calif. 
The Component Maker's Responsibility In The System/ 
Component Interface: Robert M. Walker, Supervising Engi
neer, Array Systems Engineering, Fairchild Semiconductor, 
Mountain View, Calif. 
The System Builder's Responsibility In The System/Com
ponent Interface: Richard Stokes, Manager of Planning, Elec
tronic Systems Organization, Burroughs Corp., Paoli, Pa. 
The Mask And Computer-Aided Design As Interface: Wally 
Raisanen, Operations Manager for MOS and IC Memories, 
Motorola Semiconductor Products, Phoenix, Ariz. 
The Testing Interface: William Dunn, Engineer-in-charge, 
Custom LSI, Sylvania Semiconductor Div., Woburn, Mass. 
The Integrated Circuit Design Interface In Bell Labora
tories: James M. Early, Director, Semiconductor Device 
Laboratory, Bell Telephone Laboratories, Allentown, Pa. 
How IBM Deals With The Interface Problem: Paul Low, 
Manager of Logic Products, IBM, East Fishkill Facility, Hope
well Junction, N.Y. 
Controversies And Future Trends In LSI: Donald Farina, 
President, ICST, Inc., Sunnyvale, Calif. 

Panel Discussion 
Moderator: Orville Baker, Vice President, Signetics Inc., 
Sunnyvale, Calif. Speakers and invited guests will join in an 
open forum discussion of interface problems, and will an
swer questions submitted from the audience. 

ADVANCE REGISTRATION 
"The Changing Interface" - March 28, 1969 - Park Sheraton 
Hotel , 7th Avenue & 56th Street, New York, N.Y. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE ZONE 

Registration Fee : $65 (Fee includes all sessions, refreshments, 
luncheon . and a copy of the proceedings when published.) 

Note: Attendance will be limited and applications will be handled on 
a first-come , first-served basis . 

Mail registration and make checks payable to : Electronics/ Manage
ment Center, An Information Service of McGraw-Hill, Inc .. 330 West 
42nd Street, New York, New York 10036 



ITS ... another mo~ 
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Positive new way to avoid the growing complexities 
of aircraft wiring. ITS-here today from Deutsch! 
ITS ... the abbreviated way to say "Integrated Termination System" ... which is the 
fastest, simplest, most ·standardized method ever devised to approach electrical 
interconnection problems in aircraft, missiles, space vehicles and ground support 
equipment. 

Deutsch thought up the ITS idea. And perfected it to the point where one single 
tool, and one standard working procedure is all that's required to complete every 
termination-miniature and sub-miniature connectors, junctions, feedthrus, switches, 
relays and a wide range of component devices-in exactly the same way. 

ITS helps you save time ... space ... weight ... money. You decrease downtime and 
virtually eliminate all chances of error. You get increased reliability with less in
ventory and far less trouble. 

rm I::~rctJJUJ:r~ccTIIT ELECTRONIC COMPONENTS DIVISION 

Municipal Airport • Banning, California 92220 • Telephone : Area Code 714 • 849-6701 

COl"YIUOHT, 1169 DEUTSCH ILl.CT"ONIC COMPONENTS DIVISION 
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re into the future! 

Deutsch gives you fast, 
individualized, world-wide 
servicing. And- if that's not 
enough, consider that ITS can 
be taken in easily integrated 
stages. A good starting place 
is shown at your right. 
Your local Deutschman has 
many other noteworthy 
suggestions. Call him today. 
Or write. 

Electronics I March 3, 1969 

But you don't have to wonder why the Deutsch RSM is the most
wanted of all sub-miniature push-pull connectors. No other unit 
handles more wires in less space. Or treats them so gently while 
still maintaining excellent electrical engagement. Push-pull, quick
disconnect coupling. And-quick delivery! Call your local Deutsch
man tor more details. This " small wonder" is another component of 
ITS . . . the Deutsch Integrated Termination System. 
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Two for the Show 
Applied Materials unveils vertical epitaxial reactor for silane deposition, 

while Hugle introduces barrel reactor with induction coil inside susceptor 

A vertical epitaxial reactor system 
for silane deposition and a barrel 
reactor embodying a radically new 
design will be displayed by neigh
boring California companies at the 
IEEE Show. Applied Materials 
Technology Inc. of Santa Clara will 
show its model AMV-800, in which 
gas flow is directed so as to pre
mix and preheat incoming silane 
and deposit it under conditions of 
chemical near-equilibrium. Hugle 
Industries, situated a few miles up 
the Bayshore Freeway in Sunny
vale, will unveil a barrel reactor 
that has its induction coil inside 
an unusual graphite cylinder to 
ease and speed the loading of sili
con wafers. 

The Hugle reactor was dubbed 
"Epi Grand" by the late Frances 
B. Hugle, whose last design it was. 
The graphite cylinder, called sus
ceptor, is 10 inches in diameter, 16 
inches high. Its outer surface is 
dimpled so that the wafers can 
sit vertically around it. Capacity 
is 50 two-inch wafers, very high 
for a bell-jar type of reactor. The 
susceptor can also be dimpled for 
11h-inch or even I-inch wafers, but 
it's a high-production unit and the 
company believes that most of its 
customers will use the larger size. 

Working out. "It was Fran's idea 
to put the coil inside the suscep
tor," says Donald G. Pedrotti, 
Hugle' s engineering vice president. 
"The theory was that you couldn't 
get good coupling to the susceptor 
that way. But although we were 
told to expect losses of up to 40%, 
they turned out to be less than 
10%. 

Putting the coils inside permitted 
use of a water-cooled stainless
steel bell jar instead of the expen
sive and fragile quartz, since all 
stray flux is coupled to the suscep
tor and not to the jar. The steel 
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reflects heat and helps keep tem
perature variation within 5°C over 
the whole surface. The chief benefit 
of the inside coils, of course, is in 
the loading. Previous barrel sys
tems with coils wrapped around 
the susceptor have proved ex
tremely tricky to load. 

Gas flows horizontally around 
both sides of the susceptor from 
a tube on one side to a partial 
vacuum tube on the other, and the 
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susceptor itself is rotated 12 to 
18 times a minute so that each 
slice sees gas flow in both direc
tions. 

Two at a time. Because the sys
tem takes a long time to cool 
down, Hugle suggests a double
barreled arrangement, with one 
chamber cooling and one in use. 
With two control units, such a sys
tem could also be used simultane
ously for epitaxial growth and ni-

POLISHED STAINLESS BELL JAR, 
WATER COOLED 

QUARTZ MUFFLE 

QUARTZ GAS BAFFLE 

WATER COOLED 10 kv COi L 

QUARTZ COIL SUPPORT 

CARBON SUSCEPTOR, 
SiC COATED 

QUARTZ FRIT INLET a OUTLET 
STAND PIPE 

STAINLESS BASE PLATE, 
WATER COOLED 

Slot machine. The outer surface of Hugle's new carbon susceptor 
is dimpled so that up to 50 two-inch wafers can be placed around it. 
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tride or oxide passivation. 
The control unit is the company's 

standard PCD 10 x 30 process con
troller, an automated system that's 
programed by inserting pins 
through a plastic program card into 
a matrix. 

As for the other reactor, Applied 
Materials has devoted considerable 
time to studying the nature of si
lane and silane epitaxy; it will 
even supply the gas to its cus
tomers. Since SiH4 decomposes 
rapidly at temperatures over 600°C, 
it can be used as a silicon source 
for epitaxial growth at tempera
tures lower than those necessary 
with silicon chloride, the other 
commonly used gas. Walter C. 
Benzing, a physical chemist and 
the firm's director of technology, 
notes that the lower temperature 
reduces the diffusion of impurities 
from the substrate into the depos
ited film, and minimizes the liber
ation of impurities from the sus
ceptor. 

The design of the AMV-800 is 
such that the gas enters the bell 
jar through the hole in a doughnut
shaped susceptor and is mixed with 
the recirculating gas already in the 
jar before passing over the wafers. 
It's heated by the recirculating gas 
during its toroidal How, and it de
composes into silicon and hydrogen 
in a process that has a very weak 
reverse reaction. The gases are thus 
close to chemical equilibrium when 
they pass over the wafers. Benzing 
says the crystalline layers formed 
in this fashion are more nearly 
perfect than those formed by a 
strong chemical driving force 
(gases far from equilibrium). 

Horizontal gas systems require 
gases with strong chemical forces, 
Benzing observes; otherwise they'll 
produce wafers that vary in re
sistivity according to their position 
from front to back in the reactor. 
(In a horizontal reactor, a wave 
of gas is passed down a quartz 
tube, so that each wafer sees the 
gas at a different point in time.) 

Mechanically, the AMV-800 uses 
a Hat susceptor with an 8-inch out
side diameter and a 1.5-inch hole 
in the middle. A 21h-inch track per
mits the loading of eight 2-inch 
wafers or 12 of l 1h inches. The 
susceptor revolves to insure wafer 
uniformity. The company claims 
that it can get about -+-5% uniform
ity in a batch. 
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THE 
PARKER 

TWINS 
3Yi' EDGEWISE 

INDICATORS & CONTROLLERS 

ER-35 E-35 

CONTROL LI NG NON-CONTROLLING 

The Parker edgewise twins give total flexibility in design approach 
plus uniformity of panel appearance. 

ER35 
A control meter available with 1 or 2 set 
points giving a choice of 4 possible switch
ing configurations. Standard switching 
power ranges from 50 MW up to 7 .5 
Amperes at 115 volts. Completely inde
pendent conbolling and indicating functions. 

E35 
An edgewise indicator matching the Model 
ER35 control meter in dimensions and 
appearance. Like the ER35, it offers 3 
standard Pointer/scale configurations and 
is available with electroluminescent 
lighting. 

00 f::::llFI Rt=::: IE R INSTRUMENT CORPORATION 

200 HAIVAID AVINUI, STAMFOID, CONNECTICUT 06904, (203) 325-4361, TWIX-710 474-2277 

Circle 257 on reader service card 

PERFECT FITI 
Here's the perfect way to reduce instrumentation downtime. 
Deutsch spherically-oriented rack and panel connectors mate or 
release-instantly. Even when misaligned, plug and receptacles 
compensate automatically, and you get perfect "cork-in-bottle" 
environmental seals. They're vibration-dampened. Spring loaded. 
Unaffected by pressure. Available in a full range of miniature and 
subminiature sizes and insert arrangements. Get the facts now from 
Deutsch, the "live-wire" leaders in Integrated Termination Systems. 
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New components 

Monolithic crystal filter vaults to eight poles 
Two-step electrode deposition process is the key to bu ilding ci rcuit 

designed for single-sideband and other communications appl ications 

A monolithic multipole crystal fil
ter poses a severe problem for the 
manufacturer: how to get an accu
rate center frequency. Electrode 
geometry is the clue to accuracy. 
The crystal products group of Tyco 
Laboratories solves the problem by 
a two-step electrode deposition 
process and a special way of meas
uring the geometry. 

troplated on the quartz with a mass 
that will give a center frequency 
slightly higher than the design 
value. Then, as the filter output is 
continuously monitored, the elec
trode is exposed to iodine vapor, 
which combines with the silver and 
increases the mass. The reaction is 
terminated at precisely the desired 
center frequency. 

lithic filter, available in up to eight 
poles, at a price that is competitive 
with discrete filters-about $1.50 
per pole. However, the company 
hopes to reduce the price to about 
$1.00 per pole in six months. 

First, .the silver electrode is elec- Tyco is now offering the mono-

The new monolithics are de
signed for industrial and military 
single-sideband and radio commu
nications applications. The present 
center-frequency range of the mon-

Designed for p-c applications, the 
Wafercon connector is a series of 
nylon wafer receptacles supplied 
with preassembled terminals and 
ready for press-fitting to a p-c 
board or for fountain or wave sol
dering. Positive polarity is guar
anteed by intermixing male and 
female terminals in wafer recep
tacle and mating plug . Molex 
Products Co., 5224 Katrina Ave., 
Downers Grove, Ill. [341] 

.. 

Silicon rectifier bridge designated 
t he Junior Minibridge offers an 
output of 8 amps at 55° C case 
temperature with a piv range of 
50 to 1,000 v. It replaces 4 stud 
rectifiers and related heatsinks in 
such applications as computers, 
digital and analog instrumenta
tion, automation equipment, and 
motor controls . Electronic Devices 
Inc., 21 Gray Oaks Ave ., Yonkers, 
N.Y. 10710. [345] 
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Miniature axial fan SK4251 fea 
tures blades molded of Celcon, a 
high strength acetal res in, coupled 
with an impedance protected 
motor. With a free air delivery of 
115 cfm, the unit can run con
tinuously for a minimum of 5 
years without maintenance, when 
operated at maximum ambient 
temperatures of 125° F in clear 
atmosphere. Ripley Co., Middle
town, Conn. 06457. [342] 

Metalized polycarbonate capaci
tors Kl23Z and K323Z offer size 
and weight savings over paper 
capacitors in the lower voltage 
rating s. Diss ipation factor at room 
temperature does not exceed 
0.5% with capacitances up to 1 
µ.f at 1,000 hz and over 1 µ.f at 
60 hz. Units with 0.235- in. diam
eter have max. dissipat ion factor 
of 0.75 %. Aerovox Corp ., New 
Bedford, Mass. [3461 

Universal mount reed relays have 
a contact li fe rated at 20 million 
operations (resistive) at rated load 
and 100 million operations at 7 
va. They can operate within 2 
msec and release within l msec 
over a t emperature range of - 65° 
to 125° C. Prices range from 
$4.75 to $1.65; discounts are 
available for production Jots. 
James Electronics Inc., 4050 N. 
Rockwel l St., Chicago. [343] 

A-c null sensing relays combine 
sol id state input circuitry with dry 
reed load contacts. The hybrid 
modules can often replace more 
complicated, costly components 
commonly used for transducer 
sensing, servo positioning, or sens
ing and regulating motion dis
placement in control systems. Price 
Cl-24) is from $21.75. Sensitak 
Instrument Corp., 531 Front St., 
Manchester, N.H . [347] 

Thermal timing relay series LT is 
for time delay use where weight 
and size are of prime importance. 
Height above mounting panel is 
H in .; weight, 0.65 to 0.8 oz. 
Units can withstand 10 g 1,000 
hz vibration and 50 g 11 msec 
shock without damage or false 
contact operation. They operate 
over a range of - 65° to +125° C. 
G-V Controls Inc., Okner Parkway, 
Livingston, N.J. [ 344] 

Double-pole, double-throw push
button switch 87070 is a snap
action device that measures H x 
l U in. including terminals and 
pushbutton. Designed t o meet the 
needs of data processing and in
dustrial control, the unit has a 
minimum life of 50,000 operations 
at loads of l amp resistive or in
ductive at 28 v d-c or 115 v a-c. 
Controls Co. of America, Delmar 
Dr., Folcroft, Pa. [348] 
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Multipole. Design of filters is 
keyed to communications jobs. 

olithics is 5 to 22 megahertz with 
fractional bandwidths of 0.01 % to 
0.4%. However, the majority of the 
filters will be under 0.1 % fractional 
bandwidth. 

"Computer-aided design," said 
Robert A. Crawford, vice president 
of the division, "has made it possi
ble to evaluate all of the thousands 
of network parameters and possible 
performance faetors to evolve this 
family of monolithics. The new 
monolithics will be a key to im
proved economy, reliability, and 
miniaturization for designers." 

For one design, the company of
fers two six-pole packages used in 
tandem to provide 12-pole per
formance. A typical eight-pole 
monolithic filter at 10.7 Mhz center 
frequency with 7 kilohertz range 
will meet 2:1 shape factors at 60 
to 6 decibels. Stop-band rejection is 
over 100 db and spurious responses 
are down at least 90 db. 

Other speci£cations are: 6 db 
bandwidth range is 2 khz to 15 khz; 
60 db to 6 db bandwidth ratio is 
2.1maximum;100 db to 6 db band
width ratio is 2.5 typical, 2.7 maxi
mum; midband insertion loss is 
0.25 db typical, 1 db maximum; in
band ripple is 0.25 typical, 1 db 
maximum; operating temperature 
range is -55° C to +90° C. 

Units are available on a 30- to 60-
day basis. IEEE Booth No. 3Ell. 

C-F Networks division of Tyco Labora
tories Inc. Bear Hill Rd., Waltham, 
Mass. 02154 [349] 
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Monday through Thursday 

4 FLOORS OF EXHIBITS 
NEW YORK COLISEUM 

48 TECHNICAL SESSIONS 
NEW YORK HILTON 

• 48 TECHNICAL SESSIONS • REGISTRATION - Good all days -
at the New York Hilton. Technical Sessions and exhibits. In 
Hours: 10:00-12:30; 2:00-4:30. and out privileges. - IEEE Members 

$3.00. Non-members $6.00. Ladies 
• FOUR FLOORS OF EXHIBITS at the $1.00. High School Students $3.00 if 

N. Y. Coliseum including over 600 accompanied by an adult - One 
firms. Hours: 10 a.m .-8 p.m. 4 Days. student per adult: Thursday only -

• GALA ANNUAL BANQUET-Wednes- limit of 3 students per adult. 
day 7:15 p.m. N. Y. Hilton Grand • REG-IDENT CARD speeds request 
Ballroom - $18.00. for exhibitors ' literature. Ask for one 

• FREE SHUTTLE BUSES between the when registering. 
Hilton and the Coliseum - every • ESCALATORS/EXPRESS ELEVATORS 
few minutes. ~to the Fourth Floor. 

I EE E' ~~E~~;~~E;:N:~\'.i:~iTION 
MARCH 24-27, 1969 

Circle 258 on reader service card 

OUT OF SIGHT! A Deutsch OBA 70 con-
nector may be operating away from your line of vision, but you don 't 
have to see it to connect or disconnect properly. There's nothing to 
turn , twist or thread. Just push to engage ; pull to disconnect. Mating 
is grope-free, trouble-free! Environmentally-sealed, the OBA 70 
stands up under temperatures ranging from-67° to 392°F. It meets 
all the performance and reliability requirements of NAS 1599 and 
works in absolute harmony with the rest of our Integrated Termina
tion System. Out of sight? Maybe! Out of reach? Never! Just pick 
up the phone and call your friendly Deutschman. 
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Gas discharge tube 

Power Supply 150 V 

450MW 

ell? 

TOTAL 
POWER 

Digivac S/G 

Power Supply 25V and 1.6V 

120MW 
(Typical Operation) 

How's this for saving power? 
The low-voltage/ low-power drain of Digivac S/ G readouts contributes substantial advantages in 

both economy of installation and reliability of operation. In addition to minimizing heat in multiple 

displays, the low voltage permits use of Digivac S/ G readouts in battery operated equipment. The 

up-front single-plane display is consistent and highly-legible, even from oblique angles. Blue-green 

color of the display provides optimum contrast free of interior wire glow. Digivac S/ G can be used 

in "time sharing" circuits. Write for literature describing all of the features of Digivac S/ G readouts. 

TUNG-SOL DIVISION /WAGNER ELECTRIC CORPORATION 
ONE SUMM ER AV E N UE, N E \NARK, NE\N .J ER S E Y 07'104 

CHOICE OF COLOR WITH FILTERS 

Simple filtering provides an almost unlimited choice 
of colors for identifying individual readout arrays. 

Circle 174 on reader service card 

TUNG-SOL.® 
DIGIVAC ~GM 
... the newest state 
of the readout art 

Exhibit Area 3E15-3E17 IEEE Show, New York Coliseum 
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New components 

Differential unit 
compares well 

Comparator's impedance 

is 100,000 megohms, 

voltage swing ± 30 volts 

The largest differential input-volt
age swing available may be the 
+30 volts maximum of the model 
350 voltage comparator from Ana
log Devices Inc. The device ·also 
offers what is probably the high
est input impedance available in 
solid state comparators-100,000 
megohms-and what may be the 
lowest input bias current: 50 pico
amperes. 

Analog's market researchers 
found that most comparators were 
of the integrated-circuit 710 or 711 
type. And of these, at least a third 
were preceded by a 709-type op 

Low-down. The input offset bias of 
this solid state comparator is 50 
picoamps. 

amp; because the 710's input bias 
current often reaches 20 microam
peres, the 709 is needed for buf
fering. 

Although Analog's model 350 
costs $10 to $12 more than a 709-
710 combination, the input bias 
current is nearly 10 times better. 

Another potential drawback to 
the 709-710 combination is its low 
output current. Many comparators 
must drive DTL or TTL, which re
quire 5 milliamperes or more at 
+ 5 volts for fastest turn-on. The 
709-710 combination, however, can 
go as low as 2 milliamps. Analog's 
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How'd you like to 
drill carbon plates 
6 times faster? 
Pinpoint accuracy
even for unskilled 
operators with the 
new multi-spindle 
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Enaravoaraph® 
Speed transistor mounting! Now anyone 
can drill six carbon plates in one operation 
from one template with registration and 
depth of hole controlled to a plus-or-minus 
.001'' tolerance. 

Drill up to 1600 holes per minute. Save 
time, labor ... and especially costs. 

For details write: Dept. 175. 

new hermes engraving machine corp. ~ 
20 Cooper Sq., N.Y., N.Y. 10003 • Chicago, Atlanta, Los Angeles, Dallas, Montreal, Toronto, Mexico City 

SEE US AT BOOTH IJ12 AT THE COLISEUM 
Circle 259 on reader service card 

~~[M~ @~ lf[}{]~ @@ll@[M~~~ ~A termination device 
that requires only one common assembly procedure and one com
mon tool and that's compatible with a common integrated system 
makes a lot of sense. In this regard, the Deutsch Terminal Junction 
is the king! It's your best means of commoning , busing together, or 
joining two or more circuits. And look at the cost saving ... almost 
two-thirds less. And look at the efficiency and versatility. No splicing, 
soldering, wrapping or lugging. If you want to add on, you just do it. 
Extra plugs-ins are ready and waiting. You can turn Deutsch Ter
minal Junctions upside down, sidewise, or what have you. Hail to 
the King! Still another component of ITS ... the Deutsch Integrated 
Termination System. 
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When E-H announces a 
whole bundle of totally 

new products ... 

they're not 
just giving you a line. 

E-H is introducing a whole lineup of eight totally new 
products. And if you're just expecting a new line of 
pulsers, guess again. 

Among the eight new products are three new E-H 
digitally programmable system modules. Model 1223 
is a programmable 6-channel delay unit covering 10 
ns to 1 ms at up to 50 MHz clock rate. Model 1422 
is a dual timing unit featuring program control of 
frequency from 1 kHz to 50 MHz and dual width 
and delays of 5 ns to 100 µ.s. Model 6601 , how
ever, is a programmable source-sink which 
marks a new field of endeavor for E-H. 

display and high writing speed. Model 50098 is a 
sampling oscilloscope which features 7 GHz band
width with the type V9-B vertical plug-in unit and 
18 GHz bandwidth with the V9-F. 

And, to complete the new lineup, E-H introduces 
two totally new pulsers featuring dramatic advances 
in repetition rate, output voltage and parameters un

der digital program control. Model 129 fea
- tures rep rates from 10 kHz to 500 MHz by 

internal clock, and an output voltage 
spec ified at -+- 2V at a rise time of 

450 picoseconds, with DC offset of 
, -+- 1 V avai !able. Model 134 yields 
' ,, -+- lOOV at a duty 

factor of 40% with 
rep rates up to 5 MHz, and rise 
and fall times of 12 ns. 

.. • -" ·· ~ 

are three new high frequency 
oscilloscopes . Model SS-211., 
200 MHz bandwidth at lOmV/ 
cm, and Model SS-112, 100 
MHz bandwidth at 5mV I cm, 
both feature 6 cm x 10 cm 

... _~: · •. ,~l' ~'j ! 
. ./ i . . • . '; ) • l.~~ ~ J 

· v'.."i"'i• - - . 

So if you're looking for something 
completely new to tie up with 
your present system, contact 
your E-H representative for more 
information. 

They won't just hand you 
a line . And that's a promise. 

• ,.,,,. " * ' 
1 E-H's complete lineup of new prod· 

ucts wi ll be shown for the first t ime 
at the IEEE. Visit Booth # 2C 29-35. 

---l~ ~:~,.~=~~:.~:~.,~~.~~~:~:~· .. ~-~~~ 
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In Europe : E-H Research Laboratories (Ned) N.V. , Box 1018, Eindhoven, The Netherlands, Telex 51116 
In Japan : lwatsu Electric Company, Limited , No. 710, 2-Chome Kugayama Suginami-K u, Tokyo, Japan 
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350 has a 7-milliamp minimum. 
This high output current and the 

350's high input-voltage and im
pedance specs make the new com
parator a natural for working di
rectly with transducers, according 
to Ray Stata, senior vice president. 
"Because of the 350' s field effect 
transistor input, its performance is 
equivalent to that of similar com
parators built with vacuum tubes," 
he says. The 350 is only 1.5 inches 
square and 0.4 inch high. Power 
supply requirements are ± 15 to 
16 volts, and quiescent current is 
only about 3.5 milliamperes. 

The 350 comes in three models, 
A, B, and C; they have the same 
specs except for offset-voltage and 
bias-current drift. These get tighter 
as the price goes up. The highest
priced model, the 350-C, has an 
offset-voltage drift versus tempera
ture of ±25 microvolts per degree 
Centigrade. 

Analog's applications data sug
gests uses in level detectors, 
square-wave and pulse sources, 
one-shot multivibrators, voltage-to
frequency converters, and pulse
width modulators. 

Prices range from $38 for a 
350-A in quantities of 10 to 24 to 
$70 for the 350-C in single units. 
Delivery is from stock. IEEE Booth 
No. 4E26. 

Analog Devices Inc., 221 Fifth St., 
Cambridge, Mass. 02142 [350] 

New components 

Reed with a twist 
has longer life 

Sliding action 

cuts bounce time 

of switch to 70 µ.sec 

Letting things slide is the way en
gineers at the Gordos Corp. boost 
the life and cut the bounce time 
of their reed switches. 

Reeds are usually flat, and when 
a magnetic field pulls them to
gether the reeds flap off each other 
for as long as 1 millisecond before 
making firm contact. 

In the new switch from Gordos, 
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No. 685 Meter 
(without bezel) 

· • 214" x "Va" 

No. 2015, 1 W' square; 
No. 2015/B (with bezel) 

Circle 260 on reader service card 
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Nicer than SPiice I We know you aren't out to 
win any beauty contests when making wire-to-wire connections. 
But you 'd get the prize anyhow with Deutsch Jiffy Junctions! Their 
soft, form-fitting , wire-hugging rubber cylinders flex , insulate, seal. 
Better than the wires themselves? Snap your wires in place and 
forget all about them. They won 't shake loose, pull apart or turn 
brittle. Jiffy Junctions make one-to-one unions. Multi-Junctions for 
three-to-one combinations. As important members of your Inte
grated Term ination System (ITS) they're Deutsch little sisters -
both nicer than splice! 

& IQ)I]]lLUJDJ:r~CCJfil ELECTRONIC C'OMPONENTS DI VISION 

•~ Munlclpnl Airport • Bnn n lng, California 92220 •Telephone : Ar ea Code 714 • 849-6701 

COl'YR IOHT, 1169 DEUTSCH ElCCTRONIC COMPONENTS 01VIStON 
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Model 
10299 

featuring tllese Muell Wantetl Specs: 
• Continuously adjustable output voltage: O to 3.0 KV @ 

3.0 amperes, peak. 
• Peak output voltage readout. 
• Pulse characteristics: Width, 0.5 to 10 microseconds, 

adjustable. Pulse droop, 5%, maximum at 10 micro
seconds' pulse width. Rise and fall time: < .4 micro
second into 1000-ohm load. 

• Adjustable pulse repetition rate: 150 Hz to 10 kHz. 
• Duty cycle readout: .001 to .01. 
• Adjustable overload cut-off. 

ADDITIONAL FEATURES, SPECIFICATIONS 
•Modifications available, facilitating output voltages to 6.0 
KV at average power levels to 100 watts • Positive or neg
ative, output pulse polarity• Internal or external triggering 
(external: + 2.0 V into 75 ohms) • Input power: 115 VAC, 
50/60 Hz @ 300 watts • Dimensions: 11" x 11" x 10" 
• Weight: 45 lbs., approx. 

Write for descriptive brochure. Also ask for MCL 's new catalog 
describing "Dynamic Disciplines" products. 
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Slider. Twisted reeds slide along 
each other, keep contacts clean. 

the reeds are twisted so that when 
they come together, they tend to 
slide along each other rather than 
bounce. Called the Tiny Twister, 
the switch has a bounce time of 70 
microseconds. 

The device also lives longer than 
standard reed switches. According 
to Gordos, during the life of a 
switch, resistive films grow at the 
ends of the reeds. The thicker the 
films become, the hotter the con
tact point gets when current passes 
through the switch. Eventually the 
heat burns out the switch. 

The sliding action of the reeds 
in the new switch wipes off some 
of the film as it forms, so it takes 
longer for a thick layer to build 
up. Gordos rates the unit at 500 
million operations, a lifetime that 
the company says is two and a half 
times that of reed switches with 
similar power ratings. 

The contacts can pass 10 watts 
at 150 volts d-c. Initial contact re
sistance is 100 milliohms, operate 
time is 500 µ.sec, and release time 
is 50 µ.sec. 

Priced at $1.25, the switch has 
sensitivities between 20 and 70 am
pere-turns. 

Gordos expects production quan
tities to be ready by late March. 
IEEE Booth No. 4K 31. 

Gordos Corp. , 250 Glenwood Ave., 
Bloomfield, N.J. 07003 [351] 
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Cimron's new Word 
Generator gives you up to 
16,320 bits-and you pay only by the word! 

The message is simple: this all-IC Word Gen
erator is the last word in pushbutton program
ming flexibility - but plug-in design insures that 
you don't have to buy a bit more than you can 
use. Up to nine plug-ins, each providing a serial 
word of data from 1 to 16 bits are available
and up to four repeat controls. These can be 
installed in combination to give you the precise 
output you want- fast, slow, or very complex. 
With four repeat controls, this word generator 
can deliver up to 16,320 bits - repeatable up to 

lSi '21~.~ ...... !::' 
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255 times on a bit by bit, single word or con
tinuous basis as selected. Digital period control 
has a range of 0.2 Hz to 5 MHz, continuously 
variable. RZ or NRZ modes; 10 ns rise and fall, 
10 ns to 100 ms delay and width . By cascading 
repeat controls, repeats of up to 1,020 times can 
be achieved. As always, Cimron's customer con
cern gives you what you need at the lowest pos
sible price. For details on Model 3903, write 
Cimron, Dept. C-129, 1152 Morena, San Diego, 
California 92110. 

LEAR SIEGLER, INC. I ®. I CIMRON DIVISION 
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MULTI POLE 
PROTECTOR 
with 

SINGLE TOGGL 
ACTUATION 

Airpax multipole APG magnetic circuit 
protectors operate with a single toggle handle, 
a feature which greatly simplifies panel mounting 
and provides a lower cost, compact unit with 
high operating dependability. Internal coupling assures instant action 
of all protectors should an overload occur in any protected circuit. 

FEATURES 
• Current ratings from 20 mA to 30A. 

• Voltage ratings to 250 volts, 60 and 400 Hz and 
to 50 volts de. 

• Series, shunt and relay types, auxiliary switch 
available on series type. 

• Choice of trip delays; trip free operation. 

r------, 

3 POLE 
CIRCUIT 

PROTECTOR 

______ ...J 

THREE PHASE MOTOR PROTECTION 

• Individual poles need not have identical 
characteristics. 

• Quick connect or machine screw terminals. 
• Available with 1, 2 or 3 poles. 

• Electromagnetic operation with magnetic
hydraulic delay. 

DIMENSIONAL DRAWING 

-------AIRPAX ELECTRONICS ______ _ 
CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND 21613 

PHONE (301) 228-4600 TELEX 8 - 7715 TWX 710 865-9655 
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New instruments 

An extra card, and dvm measures low resistance 
Extensive use of IC's allows meter to measure 1 ohm to 100 megohms; 

sealed construction, conductive cooling built in for industrial jobs 

A low-ohms measurement on a digi
tal voltmeter is hard to find these 
days. Most provide the normal 
1,000 ohms to 10 megohms full 
scale in five ranges. Usually the 
low-ohms extra is worked into an 
optional package outside the basic 
dvm. But engineers at .the Cimron 
division of Lear Siegler Inc. , 
through extensive use of integrated 
circuit logic in their model 6853-

dvm, allow the low-ohms option to 
be joined to the basic 19- by 5 by-
19-inch machine by the addition of 
a plug-in card. 

This range extender gives the 
model 6853 the ability to measure 
from 2 ohms full scale to 100,000 
ohms full scale. These are true four
wire measurements, adds Robert 
Goerlitz, the design engineer. An 
extension of Cimron' s recently in-

traduced model 6753, the new in
strument is intended for more hos
tile environments .than its prede
cessor. Instead of a fan cooling the 
internal components, the 6853 uses 
conductive cooling in a sealed con
struction that will make it useful in 
industrial plants, says Delbert 
Johnson, chief engineer. 

Scope pack model P-TEK im
proves the performance of oscillo
scopes and crt devices. It provides 
50 db filtering to 1 Mhz and 
0.25% regulation. Scope problems 
such as pretriggering, jumping off 
scale, false signals, jitter, and er
roneous readings caused by line 
disturbances are virtually elimi
nated. Price is $325. Wanlass In
struments, 1540 E. Edinger Ave., 
Santa Ana, Calif. [361] 

-M-
• 
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Exciter-demodulator model 7001, 
for use with all types of a-c op
erated electromechanical trans
ducers, provides direct readout. 
Accuracy is 1.5% on any full
scale range; frequency response is 
from d-c to 100 hz with 1 khz 
carrier. Prices range from $450 to 
$650 and delivery is 4 weeks or 
less. Columbia Research Labora
tories Inc., MacDade Blvd. & 
Sullens Lane, Woodlyn, Pa. [365] 
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Dual slope volt/multimeters series 
9200 feature ± 0.01 % accuracy. 
They combine the best features of 
integration with provision for 
selectable input filtering to achieve 
a noise rejection of 80 db at 60 
hz. The four-digit series also fea
tures automatic ranging and po
larity, sampling speed to 6/sec 
and 20% overranging. Systron
Donner Corp., 888 Galindo St., 
Concord, Calif. [362] 

A-c/d-c transfer standard model 
A TS converts rms to d-c at 
0.01 % accuracy in 15 seconds. It 
converts a d-c digital voltmeter, 
potentiometer, or any d-c meas
uring system to a true rms meas
uring system. Its rated accuracy 
covers the range of 0.25 to 1,000 
v and 5 khz to 20 khz. Price is 
$3,500; availability, from stock. 
Singer Co., 915 Pembroke St., 
Bridgeport, Conn. 06608. [366] 

"An oil refinery is a good exam
ple," he notes. "There are a lot of 

.. 
• 43798 

Reversible 2-channel counter 
model 106A has a 5 hz to 5 Mhz 
counting rate for each channel. 
Versatility is provided by the rapid 
counting rate, combined with 
averaging capability as wel l as 
measuring sum and differences. 
The unit measures 41/4 x 7112 x 9 
in., weighs 5.6 lbs. Price is $895; 
delivery, 4 weeks. Monsanto Elec
tronic Instruments, 620 Passaic 
Ave., West Caldwell, N.J . [363] 

-0 • 

Secondary frequency standard 
300R can be used in the receive 
mode for calibrating oscillators di
rectly without the use of an oscil
loscope or other indicating device . 
Stability is 0.005% (5 hz at 10 
khz, 0.01 hz at 200 hzl. A 
switch selects up to 3 standard 
frequencies. Price is $169.50; 
availability, 4 weeks. Pioneer Elec
tronics, 738 Pacific St., San Luis 
Obispo, Calif. [367] 

• 1 

Transmission test set model 9271 
checks telephone lines that will be 
used for digital transmissions or 
for facsimile work. It also tests 
and aligns equalizers. Group de
lay errors and circuit noise effects 
on the test signal are measured 
as the reduction in peak-to-aver
age ratio of the received test sig
nal. Wiltron Co., 930 East 
Meadow Drive, Palo Alto, Calif. 
94303. [364] 

Digital panel meters 200, 210, 
220 and 230 measure d-c voltage, 
d-c current, a-c voltage and a-c 
current, respectively, with full
scale display of 1,999 counts. Cur
rents are measured from 1 na to 
200 ma, and voltages from 10 p.v 
to 200 v. Thirty-one different 
models and 13 options permit a 
variety of applications. Newport 
Laboratories Inc., 630 E. Young 
St., Santa Ana, Calif. [368] 
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SPERRYGaAs 
LASER DIODES 
AND ARRAYS 
NOW AT NEW 
LOW PRICES 

Increased demand and greater production capacity 
now permit reductions of up to 60%. 
Here is a laser that's the solution to many of today's IR source problems in intru
sion, communications, navigation and station keeping, fusing, optical radar, 
tracking and guidance, braking and docking, and anti-collision. And the Electro
Optics Group of the Sperry Gyroscope Division has made it available for im
mediate delivery in a full range of diodes and arrays (with compatible modula
tors), all now available at new low prices. For example, our 10 watt array is now 
$20 per unit in quantities of 100. 

These units: 
•provide peak power up to 2 watts/mil (equivalent to 4Mw /cm') 
•emit into 0.1 steradian angle (f /3 lens collects all radiation) 
•radiate at approximately 9160 'A, with a half-power width ±50 A 
• operate at room temperature 
•are small, compact and simple to operate 
•are available off the shelf 

The line of lasers ranges from a 10 watt peak power diode through an 800 
watt array. The triangular-package diodes are available in 10, 14, 18 and 30 watt 
peak power outputs. 

Three arrays are available, providing 200, 400 and 800 watts peak. The 200 
watt array has a diameter smaller than a dime and is less than 112'' high. These 
uncooled units emit invisible infrared (9160 A) radiation into a 20° cone angle. 

For additional information write to the Electro-Optics Group, Sperry Gyroscope 
Division, Great Neck, New York 11020. (Telephone: 516-574-2292) 

GYROSCOPE DIVISION 
GREAT NECK, NEW YORK '1'1020 
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chemicals present in vapor form 
that could condense on the circuit 
boards of an unsealed instrument 
if a cooling fan carried them into 
the machine." 

Essentially, the model 6853 is a 
five-digit machine, with a sixth 
digit to accommodate a 10% over
range. It will measure d-c voltages 
in four ranges-1.09999, 10.0999, 
100.099, and 1,099.99. An optional 
converter lets it measure a-c volts 
in the same four ranges. 

In addition, a second ohms
measurement option gives two-wire 
measurements from 1,000 ohms full 
scale to 100 megohms full scale. 
Goerlitz says this option in most 
dvm' s extends only from 1,000 
ohms to 10 megohms full scale. 

Inside reference. The a-c con
verter option also allows the user 
to perform a-c to a-c ratio measure
ments. Johnson says that for this 
function, the internal voltage refer
ence is replaced with an ·external 
reference, and an optional a-c to d-c 
converter inside serves as the ref-

Wide-ranging. The 6853 measures 
resistances over a 100-megohm range. 

erence for the machine. "Some in
struments take a measurement of 
the input a-c and store it." Johnson 
explains, "Then they do their ratio, 
but this doesn't give you a real
time ratio. With a separate a-c to 
d-c converter for the input and for 
the reference, the model 6853 does 
give a real-time ratio." 

The 6853 is a tracking logic ma
chine rather than a successive ap
proximation machine, and also of
fers automatic desensitizing. In a 
tracking logic instrument, the in
ternal reference is continuously 
compared to the unknown input 
signal. The display remains un
changed as long as the input signal 
stays constant. "When you reach 
the true absolute null of the output, 
you get one reading of its absolute 
value," Goerlitz observes. He adds 
that in a successive approximation 
machine, periodic readings. of the 
input signal are taken-possibly as 
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DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone : 
(617) 897-5111 / Cambridge, Mass. I New Haven I Washington, D.C. I Parsippany, 

Palisades Park, N.J. I Princeton, N.J. I Rochester, N.Y. / Long Island, N.Y. I 
Philadelphia I Pittsburgh I Cleveland I Dayton I Huntsville I Cocoa, Fla. 

See us at the IEEE Show, Booth # 2G02·2G09 

I Chicago I Denver I Ann Arbor I Salt Lake City I Houston I 
Albuquerque I Los Angeles I Palo Alto I Seattle. INTERNATIONAL, 

Carleton Place and Toronto, Ont. I Montreal, Quebec I Edmonton, 
Alberta, Canada I Reading and Manchester, England I 

Paris, France I Munich and Cologne, Germany I Oslo, 
Norway I Stockholm, Sweden I Sydney and 

West Perth , Australia. 
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Chassis-Trak Slides See you at 
the IEEE 

Booth 1F02 ... where it really counts! 
Hard, cold-rolled steel makes Chassis
Trak Slides extra strong and cadmium
plating gives them protection against 
corrosion. Poxylube 75 dry-film lubri
cant continues to give smooth slide 
operation even after years of use ... 
no matter what climate, what condi
tions. 

Chassis-Trak Slides are instantly re
movable and interchangeable for in-

spection or emergency replacement 
when it really counts. Three basic slide 
designs-tilt, non-tilt, and tilt-detent
support up to 1,000 lbs., and permit thor
ough flexibility of use and application. 

These are just some of the reasons 
Chassis-Teak is specified for military 
applications throughout the world ... 
where it really counts. Why don't you 
find out why! 

A package for every Major Missile Project from . . . 

525 South Webster Ave., Indianapolis, Indiana 
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... logic designed to cut 

component count ... 

many as five-before a final reading 
of the signal's absolute value is dis
played. 

The automatic desensitizing fea
ture results in the instrument going 
to the next most significant decade 
if it can't get a null for the input 
signal of the least significant dec
ade because of noise. This pro
cedure is repeated for each of three 
decades until either a null is 
reached, or if the noise is too great, 
a printout is produced showing how 
far the instrument had to desensi
tize and how much noise there is in 
the sys.tern. Goerlitz says desensi
tizing is important for unattended 
operations in systems applications, 
and Johnson believes Cimron's is 
the only dvm with this feature. 

In the d-c ratio mode, the 6853 
accommodates I to 10 volts, posi
tive or negative, with an option that 
allows the user to go to ± 100 volts. 

The external reference input im
pedance for the model 6853 is 10,-
000 megohms. "So for ratios," 
Goerlitz explains, "we'll have an ex
ternal reference looking into 10,000 
megohms, which limits you to a 
source impedance on the outside 
world." 

He says a great deal of the logic 
in the new machine has been de
signed to reduce component count, 
which, in tum lessens heat in the 
instrument and permits conductive 
cooling instead of convective cool
ing. For example, all power sup
plies use operational amplifiers
both monolithic and hybrid inte
grated-circuit types. In this man
ner, Goerlitz says, five or six transis
tors can be replaced with a mono
lithic op amp, reducing heat-pro
ducing current. The basic logic in 
the instrument is series 930 diode
transistor logic. 

Johnson says the closest com
petitive voltmeter is Dana Labora
tories' model 5700, which sells for 
$4,100 but doesn't have the low
ohms measurement option or the 
a-c to a-c ratio measuring capabil
ity. Johnson says the price of the 
model 6853 will be "competitive 
with the other Cadillacs in the in
dustry." 

Cimron division, Lear Siegler Inc., 1152 
Morena Blvd., San Diego, Calif. 92110 
[369] 
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Bracelets by J. E. Caldwell Co., Philadelphia-$13,200 

Amplifiers by Clifton 
Clifton care and know-how 

combine to make a line of ampli
fiers which offer you superb 
quality and reliability-and at a 
price you can afford! 

In Clifton amplifiers, all sol
dering and welding meet or ex
ceed the requirements of NASA 
NPC 200-4 and SP-5011. All 
amplifier components meet the 
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requirements of MIL-S-19500. 
Rigid quality control in-line and 
final inspection assure top work
manship. Extensive temperature 
testing is performed to verify 
end product performance. In ad
dition, our over all quality pro
gram meets MIL-Q-9858. 

The result is predictable! 
Clifton servo amps, booster re-

solver amps and electronic mod
ules make your system look 
good! 

Call your Local Clifton Sales 
Office or 215 622-1000 for 
prompt service. 

Why not buy the best? 

~.~!,~!.!:!.! rn 
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To turn off rejects of 3rd 
generation circuits: 

Turn on Barnstead's 
New Micro-Cleaner 
There's no better way to make micro-c.ircuits come clean! 

Barnstead's new microelectronic cleaning station provides 
an ultra-pure final rinse - in a totally clean environment -
at minimum cost. 

Write for Bulletin 211, describing this 3rd generation 
cleaning station. 

• . BJIRN~§!g : 
225 Rivermoor St. 
Boston, Massachusetts 02132 
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Positive-pressure hood 
keeps work area free of 
airborne contaminants, 
with absolute air filter; 
quiet, spark-free blower. 
Meets or exceeds applic
able MIL SPECS. 

Five hot, cascading pure 
water rinses In tinllned 
monel tanks do a 
thorough cleaning job. 
Final rinse, measuring 18 
megohms/ cm @ 25°C 
and free of organics, 
gases, biologicals - Is 
much purer than demlnere
lized water. 

Purity meter checks 
quality of rinse water, 
both "upstream" end 
"downstream" from 
final rinse. 

To make a few gallons 
do the work of thousands, 
water Is continuously 
recirculated, repurlfled. 
System Includes . .. 

Demlnerellzer. Automatic 
still. Organic removal 
bed. 0.1 micron particle 
filter. Sump, protected 
by ultraviolet unit, 
Ventgerde air fitter. 
Regenerative heat 
exchanger. Cuts 
electrical load by more 
then 50% 

New instruments 

Holdout joins 
digital crowd 

Picoammeter, at $1,000, 

has three-digit display 

with 100% over-ranging 

That old analog gang is almost 
gone. Now, one' of the last holdouts 
has joined the digital crowd. Keith
ley Instruments Inc., known for 
products that measure low values 
with a high accuracy, is introduc
ing its first digital meter, the 440 
picoammeter. 

This $1,000 instrument has a 
three-digit display with 100% over
ranging. Its nine scales go from 10 
picoamperes to 10 milliamperes 
full-scale. Accuracy is 0.5% on the 

f ~ • 
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Two slopes. The 440's analog-to-digital 
converter employs a dual-slope 
integrating circuit. 

lower scales and 0.2% on the 
higher ones. The display rate is 
adjustable between 24 readings per 
second and two per minute, and 
the long-term stability is 0.5% of 
fpll scale per week. 
· According to the manufacturer, 
the 440 brings digital convenience 
to engineers measuring the leakage 
currents of semiconductor devices 
and to scientists measuring the 
low-level outputs of such analytical 
devices as spectrometers, chroma
tographs, ion chambers, and beta 
gages. 

The 440's input is an MOS field 
effect transistor, which keeps the 
offset current under 0.1 picoamp. 
Subsequent stages use bipolars. 

The 440 draws 40 watts, meas
ures 5% by 19 by 10 inches, and 
weighs 12 pounds. IEEE Booth No. 
2Hl9. 

Keithley Instruments Inc., 28775 Aurora 
Rd., Cleveland 44139 [370] 
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Alterations 
slightly 
more. 

But our customers wouldn't have it any other way. Tailoring a 
cable assembly to individual needs assures you of performance 
equal to the task. 
For instance, we built a harness with a 30-minute life expectancy 
in one mission and another to stay reliable over extended 
storage periods of 3 to 5 years. 
There were lots of other special cable assemblies, too: a miniature 
one for a plug-in communications system; a large, comp]ex 
umbilical; cable assemblies resistant to high or low temperatures 
and corrosion hazards like ozone, salt water, chemicals, jet and 
rocket fuel; EMI, RFI and EMP shielded cable assemblies. 
We even simplified one for a customer through value engineering 
-from 3 separate cable assemblies to one master harness like 
the one above that reduced overall cost and improved reliability. 
If you need a cable assembly tailored to your needs, write or 
call Bennett Brachman for a fitting. Amphenol Space and 
Missile Systems, Amphenol Connector Division, Chatsworth, 
California 91311 . ( 213) 341-0710. See us at IEEE, Booths 3Fll-15. 



We call it AccurFrame. 
And it can save you more than 1~ per contact. 
Our new AccurFrame takes the fuss and bother out of wire
wrapping. It's easy, fast and error-free. And Very simple to use. 

Here's why. Our HW Series Wire-Wrap* connectors have two 
polarized alignment holes in the card insertion side of the block. 
These fit over accurately positioned pins on the alignment tool. 
There's no chance of a connector being placed wrong-end-to. 

With connectors in perfect position, our frame is placed over 
the assembly; connectors are quickly attached with machine 
screws. The frame and connectors lift off- ready for automatic 
wire-wrapping. 

Winchester's long experience has made the whole thing so 
sure, simple and fast that most users are saving 1¢ per contact 
over other methods. And those pennies add up. 

You'll like our Wire-Wrap connectors, too. They're available in 
sizes ranging from 22 to 50 contact positions. Designed for auto
matic equipment, high-strip force retention, bifurcated spring 
contacts for superior interfacing. We integral-mold them in 
diallyl phthalate SDG-F. Contacts are easily removed. Retained 
by a 90° twist. 

Get all the profitable facts about the Great Frame-Up from 
your District Sales Office. Or from Winchester Electronics, Main 
Street & Hillside Avenue, Oakville, Connecticut 06779. 

WINCHESTER ELECTRONICS [8 
LITTON INDUSTRIES 
*Trademark-Gardner Denver Company 



New semiconductors 

Getting out of the gate, fast 
Hybrid FET switch turns on in only 50 nanoseconds 

and can be driven directly by DTL and TTL circuits 

Vital parameters of a ·semiconduc
tor switch include its turn-on and 
turn-off times. Crystalonics has in
troduced a hybrid field effect tran
sister switch that, •according to 
Joel Cohen, director of engineering, 
"is faster by about 30 times than 
anything else around. Other gates 
switch in about 1.5 microsecond, 
but ours takes only 50 nanosec
onds to turn on." 

The switch, designed for analog 
gating functions in multiplexers and 
store-and-hold circuits, is available 
in three versions. The CAGlO has 
a maximum on resistance of 30 
ohms and is rated at -+-5 volts; the 
CAGlOA is also rated at ±5 volts 
but has a maximum on resistance 
of 6 ohms, and the CAGlOB has a 
maximum on resistance of 50 ohms 
and is rated for 10-volt operation. 

The gates are designed to be 
driven directly from DTL or TIL. 

Photo-SCR'S series RTPC0501 
~re for operation over the military 
temperature range (-55° to 
+125• Cl . They feature light sen
sitivity of 20 footcandles typical 
without need for a focusi ng lens. 
Five types are offered with peak 
off-state voltages ranging from 15 
to 200 v. All handle up to 300 ma 
of d-c current. Transitron Elec
tronic Corp., 168 Albion St., 
Wakefield, Mass. ["'.36] 

M icrominiature, 3-amp, fast re
covery rectifiers, designated types 
1N5185, - 6, - 7, and -8, are 
available in peak reverse working 
voltages of 50, 100, 200, and 400 
v. Features include reverse current 
of less than 5 µa and recovery 
time of less than 300 nsec. Price 
is $2.50 each at the 999 piece 
order level. C~ ntralab Semiconduc
tor, 4501 North Arden Dr., El 
Monte, Calif. 91734. [ 440] 

Epoxy encapsulated transistors 
designated GET'S come in a pack
age with T0-18 lead configuration. 
They are for use in switching and 
amplifier applications and are of 
the npn and pnp types. Features 
include these reliability character
istics: 85°C at 85% relative 
humidity; thermal shark of -65° 
to + 150° C. General Electric Co., 
1 River Road, Schenectady, N.Y. 
12305. [ 437] 

Optically coupled isolators XLl02 
and 103 can replace low-power 
relays and transformers. They p7o
vide electrical isolation of ±100 
v, internal resistance greater than 
1012 ohms, and a capacitance of 
4 pf, all enhancing signal-to-noise 
performance. Typical over-all cur
rent gains are 0.6 for the 102 
and l.4 for the 103. Texas In
struments, P.O. Box 5012, Dallas 
75222. [441] 
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Thin-film techniques are used in 
the hybrid integrated circuit, and 
all the semiconductor chips are 
military grade. To ensure reliable 
operation over the full military 
temperature range, all the active 
semiconductors have been precon
ditioned. 

"If you take devices off the 

High-voltage, fast recovery, silicon 
rectifiers series FR are hermetically 
sealed devices that have a recovery 
time of 300 nsec and are rated at 
3 ma continuous current at volt
ages from 7,500 to 50,000 v. They 
are for voltage multiplier assem
blies, crt and electrostatic power 
supply use. Atlantic Semiconduc
tor, Div. of Aerological Research, 
Mattison Ave ., Asbury Park, N.J. 
07712. [438] 

Transistor-transistor-logic !C's 
known as RAYIII come in 19 basic 
circuit types including NAN D 
gates, AND gates, AND-OR-I N
VERT gates, a hex inverter, and 
single and dual flip-flops. Maxi
mum propagation delay for NAN D 
gates is 5.5 nsec and power dis
sipation is typica!ly 22 mw per 
gate. Logic levels are typically 3.5 
and 0.3 v. Raytheon Co., 350 Ellis 
St., Mtn. View, Calif. [442] 

Gallium arsenide varactor diodes 
offer a 400 Ghz cut-off. Operating 
at all frequencies from uhf through 
Ku band, the units provide high 
gain bandwidth and low noise fig
ures. Minimum reverse breakdown 
voltage is 6 v. Maximum power 
dissipation is 250 mw. Operating 
temperature is +10° K to 
+ 115• C. Varian Solid State Op
eration, Salem Road, Beverly, 
Mass. 01915. [ 439] 

Silicon Schottky barrier photo
diodes models QDSO, -BOA, -20, 
and -20A are for near infrared 
applications. Key features include: 
highest detectivity at 0.85 µ of 
9 x 10"' cm hz i/w; fast rise
times of 5 x 10-• sec; active 
diameters up to 10 mm; dark cur
rents as low as 5 x 10-1 amps. 
Prices range from $30 to $95. 
Nuclear Diodes Inc., P.O. Box 135, 
Prairie View, Ill. 60069. [443] 
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AM. FM. SSB. CW. MCW. FSK 
Signals From 1 to 1 600 kHz 

W-J's new Type DMS-105 Demodulator tunes 
from 1 kHz to 600 kHz and 540 kHz to 1 600 kHz in 
two bands. Four IF bandwidths are available for 
reception of upper or lower sideband signals: 2.5. 
3 .5 , 4 and 8 kHz. For other operating modes. 
bandwidths of 1 50 Hz, 1, 5, 7. 8 and 16 kHz are 
provided. 

A digital automatic frequency control circuit 
provides high stability by locking the tuner's local 
oscillator to the electronic counter circuits. In 
addition to providing high local oscillator stability. 
the DAFC circuit acts as a frequency synthesizer. 
providing the equivalent of 160.000 crystal
controlled frequencies. The frequency to which the 
DMS-105 is tuned is shown on a 5-digit Nixie tube 
display reading to the nearest 100 Hz. A decimal 
shift mode displays the tuned frequency to the 
nearest 10 Hz. The D M S- 1 05 thus can be locked to 
a frequency whether or not a signal is present. The 
unit is standard 19-inch rack size. 5.25 inches high. 

CEI DIVISION Ill 
WATKINS-JOHNSON 

6006 Executive Boulevard, Washington Science Center 
Rockville, Maryland 20852 (301) 881-3300 

See us at our applications engineering suite at the Barbizon 
Plaza during IEEE week. 

World's largest selection of receiving equipment for 
surveillance. direction finding and countermeasures. 
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•.. the integrated circuit 

is reliability stressed •.. 

slice," s•ays Cohen, "and plunk 
them into a hybrid circuit, they've 
never been burned in, and fhey 
won't be because the hybrid circuit 
has been derated, so in the end 
there's no stress on the components 
at all. But we use chips that are 
premounted, tested, and burned in 
-just as in a discrete-component 
circuit-so the IC is reliability 
stressed. As far as I know, we're 
the only ones doing this." 

There ·are monolithic devices 
that perform the same function, 
•but they're metal oxide semicon
ductor units, usually with three or 
four gates in a package. The prob
lem wit<h these, acoording to 
Cohen, is that "they have an on 

Quick switch. Hybrid FET gate turns 
on in only 50 nanoseconds. 

resistance of several hundred ohms 
and they're slow, about 50 :times 
slower." The density is roughly as 
good as that of a monolithic de
vice. The Crystalonics units come 
in low-profile T0-5 cans. 

The basic circuit for the FET 
gate was designed iby Frank Slater 
of Sanders Associates in Nashua, 
N.H., and was modified for hybrid 
construction by Crys:talonics. This 
is becoming a more common ex
perience with IC manufacturers
a customer has a circuit that he 
wants integrated, and it later be
comes an off-the-shelf item. 

The unit price of the switch in 
quantities up to 99 is $42; in quan
tities up to 999 they're $28 apiece. 

Crystalonics, a Teledyne Division, 147 
Sherman St., Cambridge, Mass 02139 
[444] 
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Whatdoesfi 
mont<eY of today use to 
the elusive weasel all around 
the prickly mulberry bush 1 
A flexible Bendix imagescope. An image transfer device 
that monitors remote events and inspects otherwise inaccessible 
areas. It doesn't beat around the bush. But beats into it ... and 
under it . . . and over it. In fact, the lmagescope can bend, twist, and 
"weasel" its way into many hard-to-see places. And because it can 
be optically coupled to an image intensifier device, it can bring a 
picture right into the cockpit of a tank, or a helicopter, or a fighter 
plane. This rugged, but flexible , device can carry a picture of what's 
there to any lengths because it consists of a coherent bundle of 
glass fibers. The lmagescope breaks up an image into thousands 
of minute parts, conducts each separately within the individual fiber, 
and then reassembles them at the other end . There you can attach 
it to any photo-optical system : Vidicon or still camera. The Bendix 
lmagescope has so many uses that it can " pop" into any mulberry 
bush to identify any weasel. 
For more information about tha Bendix weasel -tracking Image
scope, call or write: Mosaic Fabrications Division, The Bendix 
Corporation, Galileo Park, Sturbridge, Mass. 01518•(617) 347-9191 

Electronics 
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to 11" x 14" 
Shown Actual Size 

r. 

Includes etcher, whirler, infra-red drying oven, 
vacuum frame and pump, ultra-violet exposure
all assembled into 24"x36" mobile cart. Complete 
photo processing instructions. $1495 

Model No. 204 Photo-Lab without 
shown) 

CYCLO-TRONICS, INC. 
3858 N. CICERO - CHICAGO, ILL. 60641 

TELEPHONE: (312)-282-6141 . 
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New semiconductors 

Core drivers 
are IC-compatible 

Six multiple transistors 

feature fast switching, 

high current, low capacitance 

Many functions can't be handled 
properly by integrated circuits, 
and one of them is driving a core 
memory. But Motorola Semicon
ductor Products has introduced 
six multiple core-driver transistors 
specifically designed to work with 
IC's. And, to make automatic as
sembly easier, the multiple tran
sistors are also compatible with 
IC's in size and construction. The 
compactness not only saves space 
on printed-circuit boards, but also 
allows shorter leads to be used, 
and this is especially important in 
fast high-current oore drivers. The 
transistors can ·also be used as r-f 
drivers at up to 200 megahertz. 

The devices are multiple ver
sions of the 2N3762 and 2N3467 
high-speed, high-current pnp 
switches. Like the single transis
tors, the new devices have a high 
current capability, low saturation 
voltage, a capacitance of only 
about 11 picofarads, and fast 
switching-about 22 nanoseconds 
turn-on and 46 nsec turn-off at 
rated current. They have a voltage 
rating of 40 volts. 

Half an amp. The MD3467 dual 
transistor is packaged in a T0-5 
can; the MD3467F dual transistor, 
in a six-pin ceramic flatpack; and 
the MQ3467 quad, in a standard 
14-pin ceramic flatpack; all are 
rated at 0.5 amp. The T0-5-can dis
sipates a total of 600 milliwatts 
at an ambient temperature of 25°C. 
The small flatpack is rated at 350 
mw total, and the 14-pin flatpacks 
have a rating of 500 mw. These 
three units are pnp types; the other 
three in the series are npn comple
mentary transistors. 

Prices range from $7.50 to $31.75 
in quantities of 100 to 1,000, de
pending on the package. 

Motorola Semiconductor Products Inc., 
Box 20924, Phoenix, Ariz. 85036 [445] 

The Material 
of Unlimited Uses ... 

INSTANT 
DIP·A·MOLD 
In seconds, you can make perfect 
molds, like this one, for potting 
any encapsulation, and make 
them economically, with low
melting CERRO® Alloys. Just dip 
the master in molten alloy. A thin 
coating of alloy clings to the 
pattern. Withdraw the pattern, 
and you have a perfect high 
fidelity mold. When the encapsu
lating plastic cures, simply 
remove the CERRO Alloy. Use it 
over and over again, almost 
without limit. 

This particular alloy
CERROTRU®-does not shrink, 
slips easily from the pattern 
without parting or contaminating 
compounds or coatings. Because 
of its low melting point, it is safe 
and easy to handle. 

You can reproduce such unusual 
details as positioning lugs for 
transformer cases, as shown 
above, without the use of cores, 
inserts or secondary operations. 

Instant molding is just one of the 
many uses for CERRO Alloys. To 
find out more, contact Cerro 
Copper & Brass Co., Cerro Alloy 
Dept., Stamford, Conn. 06907 ..• 
R. S. Darnell (203) 327-0550. 
In Europe, contact Mining & 
Chemical Products Ltd., Alperton, 
Wembley, Middlesex, England. 

CERRO~ 
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The Single Source For Reliable Protection For Every 
Type Of Electronic And Electrical Circuit And Device 

BUSS QUALITY 
SMALL DIMENSION FUSES 

AND FUSEHOLDERS 
Include dual-element " slow-blowing" 
fu ses, single-element "quick-acting" 
fuses and signal or v isual indicating 
type fuses . .• in sizes from 
1/500 amp. up . . . PLUS : 
a companion line 
of fuseholders . 

HMR RF shielded fuseholder 
for Y. x l Y. in. fuses. 

TRON Rectifier Fuses 
For the Safe Protection of Solid State Devices 

Provide extremely fast opening on overload and fault 
currents, with a high degree of restriction of let·thru 

current . Many types and sizes available. Ampere ratings 
from 'h to 1000 in voltages up to 1500. 

BLOCKS FOR BUSS FUSES 
All types available for every 

application . Single pole, mul· 
tiple pole, small base, full base, 
molded base, laminated base, 

porcelain base for fuses from 
1;.. x % inches up. Also signal 

fuse blocks and special blocks 
of all types. 

HKP panel mounted fuseholder. 
for 14 x 114 in. fuses. 

THE COMPLETE LINE OF SIGNAL·INDICATING 
ALARM-ACTIVATING FUSES 
For use on computers, microwave units, communication 
equipment, all electronic circuitry. 

O·~''"-' ' '" '" · ~ Visual- Indicating, -~ 
Alarm -Activating. BUSS Grasshopper 

BUSS GBA·Y. x 114 in . Fuse, Visual -Indicating, 

Vi s~"'l-lo'i"ti"•· Al"m·Adi•~ 

o:·il BUSS MIN-13/ 32 x I Yz in. BUSS ACH 
Visual- Ind icating. Aircraft Limiter, 

BUSS MIC-13/ 32 x I Yz in. 
Visual- Ind icating, 
Alarm-Activating . 

FNA FUSETRON Fuse 13/ 32 
x I Yz in . slow-blowing, 
Visual- Ind icating, Al arm
Act ivating. (Also useful for 
protection of small motors, 
so leno ids, transformers in 
machine too l industry.) 

Visual- Indica ting. 

BUSS GMT and HLT 
holder, Visual-Indica
ting, Alarm-Activating. 

FOR FUSES AND FUSEHDLDERS OF UNQUESTIONED HIGH QUALITY 

FDR EVERY PROTECTION NEED INSIST ON ..• 

" SEE US AT IEEE SHOW BOOTH 3824" 

Electronics \ March 3, 1969 

SUB-MINIATURE FUSES 
Ideal for space ti1ht applications, 
li1ht wei1ht, vibration and shock 
resistant For use as part of 
miniaturized intqraled circuit, 
larp multi-circuit electronic 
systems, computers, printed circuit 
boards, all electronic circuitry. 

BUSS Sub-Miniature GMW Fuse 
and HWA Fuseholder. Fuse size only 

.270 x .250 inches. Fuse has window for visual 
inspection of element. Fuse may be used with or 

without holder. 1/ 200 to 5 amp. Fuses and holders 
meet Military Specifications. 
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(for heavy-amp applications) 
Twenty- two percent lighter for 150 amp applications 
than any existing 100 amp contactor: 3 lb. max. to be 
exact. That's right, the new Guardian 150 amp Series 
4400 Contactor is 22% lighter and 16% smaller in 
volume than any existing 100 amP,.£ontactor. 

Unique? You bet. And there's more. The 4400's 
design features internal as well as external phase iso
lation. It's unique- again- in offering a hermetically 
sealed coil to prevent contact contamination, plus a 
hermetically-sealed unit outer cover. 

GUARDIAN® 
ELECTRIC 

Available 3 PSTNO normally open with 10 amp 
(not 5 amp) auxiliary contacts, the 4400 is designed 
for 240/416 VAC, 400 Hz systems of the future as 
well as 115/200 VAC, 400 Hz and 28/30 VDC sys 
tems of today. 

A new 75 amp contactor, the Series 4500, offers 
the same basic design advances. For complete speci
fications and test reports on these two new weight
conscious contactors that let you do more with less, 
write for Bulletin 03. 

MANUFACTURING COMPANY 1550 w . Carroll Ave .. Chicago. Illinois 60607 
' 
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New microwave 

R-f connector extends upper frequency range 
Removing plating from right-angled connector 

improves electrical performance in gigahertz region 

By bending the center conductor 
and its insulation, a right angle can 
be formed in conventional r-f con
nectors. To do so decreases the im
pedance at the bend and creates a 
discontinuity in the line. To com
pensate, the Sealectro Co!t'p. sur
rounds the single center conductor 
with a cylindrical insulator. The 
insulator is coated with a metallic 
plating or conductive epoxy to 

provide a continuous outer current 
path. 

Tests show this construction in
creases the usable upper frequency 
range of type N and similar con
nectors while retaining relatively 
uniform and low voltage standing
wave ratio characteristics at fre
quencies up to 12.4 gigahertz. Un
til recently, angular connectors had 
inferior vswr characteristics over a 

limited frequency range. With the 
new design, the limitation of the 
right-angled connector is over
come. 

Standing wave detector type 
22191< measures vswr and angle 
of reflection coeffic ient over a 
frequency range of 10 to 2,300 
Mhz at a sensitivity of 5 mw. rt 
·eliminates heavy slotted sections 
and features adapters to · all 
standard coaxial transmission 
lines. Detector components arc 
now available in a kit form. PRD 
Electronics Inc., 1200 Prospect 
Ave., Westbury, N.Y. [401) 

Coaxia l, thin-film thermoelectric 
power heads models N420C, 
-21C, -22C and -23 operate 
from 2 M hz to 12.4 Ghz. Vswr is 
a maximum of 1.5 over the entire 
operating range. They can be used 
with all the manufacturer's power 
meters. Each meter is capab le of 
direct-read ing power measure
ments from 30 nw to 3 w. Gen
eral Microwave Corp., 155 Marine 
St., Farmingdale, N.Y. [405] 
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Ultraminiature balanced mixer 
model MI8010-5 covers a fre
quency range of 8.4 to 9.7 Ghz. 
Noise figure is 7.5 db max. Vswr 
is 1.75 max. Local oscillator
signal isolation is 15 db minimum. 
Package measures 'h x 3/4 x 'h 
inch . Price in 1-9 lots is $250 
each. Delivery of prototypes is 2-
3 weeks. G-L Microwave Corp., 
825 Black Oak Ridge Rd., Wayne, 
N .J. 07470. [402) 

Rotary attenuator RA-100 covers 
O to 100 db in 10-db steps. It 
covers the frequency range of d-c 
to 1.2 Ghz with a 1.2:1 maximum 
vswr at 1 Ghz, with impedance of 
50 ohms. The unit measures 
17/a x 2fa in. Connectors available 
include the BNC, TNC, type N and 
STM. Price is $140 each with 
delivery in 2 weeks. Texscan 
Corp., 2446 Shadeland Ave., In
dianapolis 46219. [406] 

The initial design of the im
proved right-angled connector con
sisted of a single contact sur
rounded by a TFE dielectric that 
formed a 90° bend and terminated 
in two mating faces. The outer 
diameter of the dielectric was 0.306 

Bulk effect microwave oscillator 
SX-1 is a Gunn effect oscillator 
that can deliver more than 25 
mw at any preset frequency in 
the 8 to 12.4 Ghz range. It is 
frequency and power stable over 
a temperature range of -30° to 
+11 •c. The unit can be me
chanical ly tuned ±soo Mhz from 
center frequency. Melabs, 3300 
Hillview Ave ., Stanford Industrial 
Park, Palo Alto, Calif. [403] 

Thirty miniature diode switches, 
which occupy less than 3/4 cu. In. 
(exc luding connectors) and op
erate over frequ ency ranges from 
so to 12,000 Mhz, are available. 
They provide switching speeds of 
10 nsec from 2 to 12 Ghz, with 
power handling capability of 100 
w peak and 1 w average. Typical 
dimensions are 13/4 x ll/4 x 113 
in. l<evlin Mfg. Co., 26 Conn St., 
Woburn, Mass. 01801. [407] 

I ! 

Microwave spectrum analyzer 
model SPA-100 offers full 100 
Mhz dispersion throughout its 10 
Mhz to 40 Ghz range. It has built
in i-f marker for self-calibration, 
and provides calibrated 60-ob 
on-screen log display with 1 Mhz 
bandwidth for maximum dynamic 
range. Singer Co., 915 Pembroke 
spectra. Price Is in the $6,000 
range. Singer Co ., 915 Pembroke 
St., Bridgeport, Conn. [404] 

Phase-locked fundamental oscil
lator MO (Ll-lOOXE is for use In 
tropospheric scatter or line-of
sight radio relay use. It operates 
at 685 to 1,055 M hz with a 
minimum power out of 80 mw 
over a temperature range of -30 
to +60° C. F-m noise is 6 hz in 
a 3 khz bandwidth. Price Cl-9) is 
$535, each. Fairchild Microwave 
Products, 2513 Charleston Rd., 
Mtn. View, Calif. [408] 
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inch bent around a radius of 0.125 
inch. A metallic insert was ma
chined to surround the apex of the 
bend, and all remaining cavities 
were filled with fine metallic par
ticles. The metallic particles im
proved the performance of the con
nector considerably; consequently, 
the insert was discarded in favor 
of the metal particles. VVhile drop
ping the insert improved the elec
trical characteristics of the connec
tor, it was mechanically unfeasible 
to distribute the particles effi
ciently to completely surround the 
dielectric. 

Silver's the thing. The scarcity 
of epoxies with high electrical con
ductivity placed limits on their use. 
Plating the dielectric with silver 
provides a continuous outer coat
ing and solves the problems. But 
mechanical and electrical tests in
dicated that a low-impedance sec
tion still existed in the region of 
the bend. For an optimum con-

A pinch. Connector's 90° bend 
reduces impedance, causing 
discontinuity. Removal of plating 
overcomes the loss. 

figuration the elbow should have 
the center conductor equidistant 
from the outer surface of the di
electric at all planes that are per
pendicular to the axis of the bent 
assembly. However, due to the 
sharpness of the bend and the 
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Monotherm® homes in. 
An infantryman has only one shot at 
an enemy plane with the Army's infra
red homing missile, the Redeye. So 
he expects 100% reliability. Every 
time . And he gets it. 

One reason is that General Dy
namics specified a Riegel Monotherm® 
flexible laminate of copper and Type 
H Kapton® for the Redeye's three 
rugged printed circuits. 

This Monotherm laminate with
stands 550°F soldering without de
laminating or circuit swimming. It 
won't support combustion , being non-

flammable and self-extinguishing. It 
is unaffected by repeated soldering 
(30 re-soldering operations per con
nection on the Red eye). 

It can be bent 360 degrees in any 
direction. It can be subjected to high 
pressure multi-layering and the cir
cuit won't swim or rupture. Yet for all 
its strength, its weight is one-third 
that of conventional wire circuits and 
it requires a third of the space - a 
great advantage in the world 's small
est guided missile. 

In 2112 years of Army use, The Riegel 
Mo notherm ® - reg istered tradem a r k of Riegel Paper Corporation for 
its laminat ions of cond uctive and dielectric materia ls. 
Kapton® - registered DuPont trademark . 

~ 
l•'flor ~11rpor•li1111 

Monotherm laminate used in the Red
eye has proven to be 100% reliable . 

For more information, mail the 
coupon today. .......................... 
TAYLOR CORPORATION 
Va lley Forge, Pennsy lvan ia 19481 
Please send me Kapton®/ copper data sheets 
and the Conductor and Dielectric Guide for 
Riege l Monotherm ®. 

Name 

Company 

Street City 

State Zip 

EXCLUSIVE U .S . DISTRIBUTOR OF RIEGEL MONOTHERM IN SHEETS AND ROLLS. 
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WHERE 
ACCURACY 

COUNTS I 

INTERNATIONAL MODEL 6000 FREQUENCY METER 
measures frequencies 10 khz to 600 mhz with accuracy as close as .000125% 

198 

The Model 6000 Modular Frequency Meter will measure 
frequencies 10 KHz to 600 MHz with .000125% accuracy. 
The wide variety of plug-in oscillator accessories and 
range modules makes the Model 6000 adaptable to a 
number of jobs in the field and in the laboratory. Port
able, battery operated with rechargeable batteries. 

Model 6000 with 601A charger, less plug-in 
modules ................... ............ ............ .. ................... $195.00 

CHARGER 

RANGE MODULES (Mixers) 
$25.00 to $45 .00 each 

OSCILLATOR MODULES 
(Crys ta l Controlled For 
Frequency Measurement) 

$30.00 to $90.00 H Ch 
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. .. For complete Information 
write International today. 

~ 
INTBANATIONAL 

'0i LiY 
CRVBTAL MFCI. CO., INC. 
10 NO. LEE e OKLA. CITY. OKLA. 73102 

•.. technique applicable 

to other types ••• 

physical properties of the mate
rials, this condition does not exist. 

Instead, when the assembly is 
bent, the dielectric stretches and 
the center conductor tends to move 
radially outward at the apex of the 
bend. This results, in a lower cross
sectional area at the elbow and, 
thus, when the assembly is plated 
or surrounded by conductive par
ticles, the impedance at the sec
tion is decreased. To achieve satis
factory electrical perf orrnance, 

1.5 

-;:;1.4 
..c 
C> 

tl.3 
z ... 
:::> 
~ .1.2 

e: 
I.I 

A - NO PLATING REMOVED 
8 - SOME PLATING REMOVED 
C - OPTIMUM PLATING REMOVED 
D - UG27C/U 

D 

A 

B 

1 2 3 4 5 6 7 8 9 10 11 12 13 
FREQUENCY ( Ghz) 

Test results. The removal of some 
plating from the apex lowers the vswr 
in the range from 4 to 12.4 Ghz. 

compensation for the impedance 
discontinuity is required. 

This compensation is accom
plished in either of two ways-a 
reduction of the center conductor 
or an increase of the outer conduc
tor. By removing the conductive 
material at the apex of the elbow, 
the company was able to simulate 
an increased outer conductor. A 
reduced center conductor didn't 
change performance. 

Where plating was not removed, 
the vswr is higher than exhibited 
by the UG-27C connector, but the 
usable frequency range is extended 
from 10.5 gigahertz to 12.4 Ghz. 
The optimum degree of compensa
tion results in a vswr of less than 
1.15 from 1 to 12.4 Ghz. This de
sign is not limited to the type N 
series of connectors. This new 
method of compensation may be 
applicable to semirigid bent-cable 
assemblies or to performance pa
rameters in excess of 12.4 Ghz. 
IEEE Booth No. 4E03. 

Sealectro Corp., 225 Hoyt St., Mama· 
roneck, N.Y. 10543 [409] 
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IMMEDIATELY AVAILABLE! 

from E3 0 litro n 
Solitron's silicon RF power kits are now available in power ranges from 12 to 40 

Watts in T0-5, T0-60 and plastic stripline cases. These kits are designed to oper-

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

Blolitron DEVICES1 INC. 
1177 BLUE HERON BLVD. I RIVIERA BEACH, FLORIDA I (3051 848-4311 I TWX: 151 Dl 952-6676 
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The phenomenal ferrite bead: 

Stackpole's simple solution 
to noise and filter problems. 

Ceramag® ferrite beads offer 
a simple, inexpensive, yet 
effective means of obtaining 
RF decoupling, shielding, and 
parasitic suppression without 
sacrificing low frequency 
power or signal level. 

Unlike conventional RF 
chokes, beads are compact, 
have no DC losses, and will not 
couple to stray capacity and 
introduce detuning or spur
ious osci I lat ions. Cera mag® 
beads offer an impedance 
which varies from quite low at 
low frequencies to quite high 
at noise frequencies. Beads 
need not be grounded; how
ever, chassis contact is per
m i ssi b I e when desired, as 
beads possess sufficiently 
high resistivity to preclude 
grounding. 

I nsta I lation of Stackpole 

beads is easy. Simply slip one 
(or several) over appropriate 
conductor(s) for the desired 
noise suppression or high fre
quency isolation. Beads are 
available in sleeve form in a 
range of sizes starting at .025 
ID, .060 OD, and .400 long. For 
special compact filtering ap
plications such as cable con
nectors, beads can be supplied 
to tight mechanical tolerances. 

Several ferrite grades pro
vide a variety of attenuation 
characteristics. Inductance 
tolerance is normally -+- 30% 
as measured on an LC meter. 
The performance of a Cera mag® 
7D bead as a parasitic suppres
sor is shown in Figure 1. 

Other applications might in
clude: decoupling in "B" cir
cuitry; noise suppression; RF 
isolation in filament circuits; 

use in combination with ca
pacitors to form "L" networks. 

FIGURE 1 

STACl<F'Cl.E CAREK»I CO. 
CERAMAG 70 ALTER BEAO 
6L a 6R n FREQUENCY 

CODE: 57-0l&O 
0.0. •0.136" 1.0 o0047• ntlt• 0 .118" 

O.•----t---+...-+---+--+--+-+--i ON 1"P£CE Of • 20 BARE COPP£R WIRE 

['\ 
6L ,.ti-+--+-..._[S+--+-+-+-+++-HH+<+-+----+----+--< 

30 

tiR 20 

N 
•0 

30 

Sample quantities of 
Ceramag® beads and beads 
with leads are available with
out charge upon request. 
Send your requirements to 
Stackpole Carbon Company, 
Electronic Components Divi
sion, St. Marys, Pennsylvania 
15857. Phone: 814-781-8521. 
TWX: 510-693-4511. 

Now avai/able ... Ceramag®beads with leads 
v) Additional savings in production time and labor costs are 

now possible by utilizing automatic insertion equipment to 
install Ceramag® ferrite beads in printed circuit boards. 
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New production equipment 

Data generator logically copes with MSI 
ECL and TDL give the machine either very high or very low speeds; 

synchronized clock signal permits testing of clock-gated logic 

"MSI is too complex and logic too 
fast for the test techniques now 
available," says Yohan Cho, presi
dent of Tau-tron Inc. But Tau
tron, a newly formed company, 
may have an answer to this prob
lem in a new programable data 
generator. 

As !C's grow larger, functions 
that once were spread over several 
printed-circuit boards are being 

collected on single chips. This is 
fine from the standpoint of eco
economics and miniaturization, but 
not from the standpoint of present 
static and dynamic testing gear. 
Not only are there medium-scale 
integrated devices too complex for 
the testers now available, but they 
are too small-perhaps by a factor 
of 10, says Cho-to make economi
cal use of computer diagnostics. 

Users generally wind up working 
with modified pulse generators, or 
with data generators. But Cho 
maintains that pulse generators 
can't simulate the conditions an 
array will encounter, and that the 
data generators available aren't 
fast enough (about 30-40 megabits 
per second appears to be tops) to 
exercise high-speed emitter-cou
pled logic or even top-line tran-

Wavedipper WD-4-HT " RR" sol 
ders at temperatu res up to 
850° F. It is for such applications 
as soldering relay coil bobbins us
ing polyurethane insulated wire . 
Special treatment of its tank and 
pump prevents intermolecular mi 
gration between tin-lead solders 
and sta inless stee l parts that usu
ally occur at higher te mperatures. 
Electrovert Inc., Hartford Ave ., 
Mt. Vernon, N.Y. [421] 

Free-abrasive machinery too l is for 
semiautomat ic controlled-tempera
tu11e polishing of memory disks 
used in the compute r field . De
signed to po lish 4 disks simul
taneously, t he machine features 
automatic timing, a vacuum sys
tem that holds t he memory disk 
to the chuck, and a continuously 
rotating polishing whee l. Speed
Fam Corp., 509 N. Th ird Ave., 
Des Plaines, Ill. 60016. [425] 
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Paste power stirrer CM-6 han
dles emulsions, resins, and other 
thixotropic materials used in elec
tronic fabrication . It features high 
torque and low speed. Continuously 
variab le (between o and l ,000 
rpm}, the unit permits reproduci
ble and uniform treatments to be 
applied to inks used in print and 
fire processes. Starnetics Co., 
10639 Riverside Dr., N. Holly
wood, Calif. [ 422] 

High vacuum system for thin film 
r-f sputtering has a failsafe auto
matic push-button controller that 
is fully protected from operator 
error In both the automatic and 
manual mode. Any type of mate
rial may be deposited. The system 
features a fast pumping speed by 
virtue of a valve and LN trap 
combination. Davis and Wilder 
Inc., 717 Stierlin Road, Mountain 
View, Calif. 94040. [426] 

Semiautomatic screen printer 
model 350 is for use on T0-5 and 
T0-8 substrates, and parts up to 
2 in . square by i;. in. thick. It 
provides superior pattern defini
tion because the screen or etched 
mask can be separated from the 
substrate by a stripping motion. A 
micrometer adjustment accurate 
to 0.001 in. permits precise height 
adjustment. Precision Systems Co., 
Somerville, N.J. [423] 

St?miconductor output is boosted 
by precision beam lead bonder 
model 573 . Bonding is achieved by 
a thermocompression wobble tool 
and is readily adaptable to semi
automatic setups. A reflex optical 
system gives the operator a clear 
view of the device pattern super
imposed directly on the workpiece 
pattern . Kulicke and Soffa Indus
tries Inc., Fort Washington, Pa. 
19034. [ 427] 

Portable ultrasonic cleaner model 
SP-100 measures 10•/s x 81/2 x 
63/4 in . and incorporates a stainless 
steel tank with a capacity of l5/s 
quarts. Its 100-watt average out
put results in high intensity uni
form action and efficient cleaning 
in the removal of grease or con
taminants. The unit's only control 
is an off-on switch. Blackstone 
Ultrasonics Inc., Sheffield, Pa. 
16347. [424] 

Production spectromett?r model 
VPXQ analyzes up to 22 elements 
(from fluorine through the peri
odic table} simultaneously with a 
high-power X-ray tube. It may be 
used either as an air or vacuum 
system. The air system analyzes 
elements heavier than chromium. 
The vacuum version is used for 
elements lighter than manganese. 
Appli.ed Research Laboratories, 
Box 129, Sunland, Calif. [428] 
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SHIELDED BOXES with CARD GUIDES 
Rugged die-cast aluminum boxes, slotted to accept ){t circuit 
boards and shielding dividers. Excellent for packaging electronic 
circuitry. Boxes have removable top and bottom covers. Useable 
inside space: 4"x2"x11f2 ". Several models with various connectors. 

Featured at IEEE booth 4H27 
ti:: POMONA ELECTRONICS CO., INC. 
~ 1500 E. Ninth Street, Pomona, California 91766 
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You couldn't touch an organ like this in a 
store for less than $3500- and there hasn't 

been a musical instrument with this 
vast variety of genuine Theatre Organ 
voices since the days of the silent 
movies! Haunting tibias, biting strings, 
blaring reeds-the whole A to Z gamut 
of real pipe sounds that make the sim
plest playing a thrilling experience and 
give the professional organist every
thing he needs. If you've dreamed of 

the grandeur of authentic big-organ sound in 
'Includes linished walnut console. Amplifier, your OWn home, YOU Won't find a more satiS· 
cini~7!1 ~~~~~'7i ;ii;~~~:d·i~~:~0;~~:~~~~~. fying instrument anywhere- kit or no kit. 

~-------------~----~ 
The~~Organ Corp., Dept. EL-13 

.43 West 6lst Street, New York, N.Y. 10023 

O Please send me Schober Organ Catalog and 
free 7-inch "sample" record. 

O Enclosed please find $1.00 for 12-inch L.P. 
record of Schober Organ music. 

ADDRESS'-----------

You can learn to play it. And you can build it, 
from Schober Kits, world famous for ease of 
assembly without the slightest knowledge of 
electronics or music, for design and parts qual
ity from the ground up, and-above all-for 
the highest praise from musicians everywhere. 

Send right now for your copy of the full-color 
Schober catalog, containing specifications of 
the five Schober Organ models, beginning at 

CITY STATE IP__ $599.50. No charge, no obligation-but lots of 
L------------------.J food for a healthy musical appetite! 
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sistor-transistor logic. Nor, he says, 
do present data generators offer a 
wide enough range of data speeds 
or word lengths. 

No reservation. Tau-tron's an
swer to these awkward-sized, ultra
fast arrays (and circuit board sub
assemblies, too), is the WG-100, 
which the firm flatly describes as 
the world's fastest data generator, 
and the one with the widest range 
of data rates. 

At top speed, the WG-100 is capa
ble of spewing out 32 bit words at 
125 megabits per second. Throttled 
down, bit rates of lower than one 
per second are possible, and the 
speed is infinitely variable between 
these extremes. 

Shorter words are selectable. On 
the standard model, lengths of 16 
as well as 32 bits are available, 
and even shorter lengths can be 
had with minor adjustment. And 
for such jobs as testing pulse
code modulation equipment-where 
long words are used to approxi
mate a pcm bit stream-a modified 
form of the WG-100 will provide 
100-bit-long words. 

In all cases, the binary O's and 
1' s forming the words can be ar
ranged arbitrarily with a switch 
panel on the front of the gener
ator, or can be programed through 
a binary-coded-decimal input at 
the rear. This latter feature could 
make the WG-100 a prime candi
date for computer-controlled dy
namic testing systems. 

Logical complements of each 
word are produced as the words 
themselves are produced and both 
return-to-zero and nonreturn-to
zero formats appear at dual front
panel jacks simultaneously and au
tomatically. So does a synchro
nized clock signal that permits the 
testing of clock-gated logic. 

It took a special kind of logic 
to make the WG-100 possible, one 
developed by Cho and Tau-tron's 
vice president, John B. Connolly, 
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The ultimate in complete wire wrapped 
panels ... from one source 
Augat and Raytheon Now Combine their Capabilities 

To Provide New Economies and Faster Turn Around Time. 

An alliance of leaders. 

Augat, long recognized for its innovations in 

IC packaging panels and the quality of its products. 
Raytheon, offering the largest, most versatile of wire wrapping service facilities. 

Together, we're now producing packaged panels unmatched 

in reliability, flexibility and fast turn around time. 
let us wrap up your IC and interconnection requirements efficiently and economically. 

Contact: Augat Inc., 33 Perry Ave., Attleboro, Mass. 02703, !617) 222-2202.AU,AINc. 

BOOTH 4H 12-14 IEEE 
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BUS BARS 
... FOR PC CARDS 

A laminated bus bar with distributed capacitance on a printed 
circuit card for power and ground distribution, eliminating the 

need for a multilayer card. 

COMPONENTS. INC. 
1239 University Ave. 

Rochester, N. Y. 14607 
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ELGENCO 602A-1390 
NOISE GENERATOR 

$330 
AMPL.ITUDI! 

RANl31! 

ON 

·-

ATTENUATOA 

)(.001 )(.01 )(0, 

X.0001 )(10 

OUTPUT 

ELGENCO INC •• 
8ANTA MONtCA. CALIFOl'tNIA 

MODti. &OaA 

GAUSSIAN NOISE GENERATOR 

P"'-- ----------- --
Many obsolete vacuum tube noise generators can be directly replaced/updated 
with this solid state 5 Hz to 20 kHz/500 kHz/5 mHz Random Noise Generator 
at low cost and with improved characteristics. Delivery from stock. Other 
Noise Generators covering the range of DC to 30 mHz and Demonstrator 
Models are available. For name of nearest Sales Rep see EEM or contact 
Elgenco, Inc., 1550 Euclid, Santa Monica, Calif. ~90404, Ph. 213·451 -1635. 
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... switching elements 

recreate clean pulse ... 

in their work at the Mih·e Corp. 
and at MIT's Lincoln Laboratory 
over the past seven years [Elec
tronics, Feb. 17, p. 56]. Called 
"Univer," Tau-tron's logic com
bines ECL and tunnel-diode logic 
to get both the isolation of tran
sistor devices and the switching 
speed and excellent transfer char
acteristics of tunnel diodes. 

Out of sight. Cho and Connolly 
state that Univer logic can clock 
at more than 250 megahertz and 
toggle with ease at speeds higher 
than 500 Mhz- rates just about im
possible for even the fastest ECL. 
The Univer logic used in the WG-
100 had to be derated to operate at 
the machine's relatively slow 125-
Mhz peak rate. Even derated, 
though, the logic is so fast that a 
sync delay circuit in the generator 
has to employ high-speed logic 
IC's as delay lines. 

Cho likes to point out that the 
Fairchild logic used for sync de
lay has a bad effect on transfer 
characteristics. The Univer ele
ments have rise and fall times 
well below a nanosecond, he com
plains, but the "delay lines" are 
as much as five or 10 times slower 
and add a good deal of hash to 
the waveshape. However, the Uni
ver tunnel-diode switching ele
ments don't need a quick, clean 
waveshape to trigger. On the con
trary, they steer current to recreate 
a clean, ring-free pulse each time 
they switch. For that reason, 
whether sync pulses are delayed 
20 milliseconds or not at all, each 
output pulse is as clean as every 
other one. 

Tau-tron claims clean pulses 
with steep rise and fall profiles, 
pulses with widths variable from 
2 nanoseconds to 20 msec. Baseline 
offset is +3 volts to accommodate 
various logic types and circuit 
applications, and output amplitude 
is up to 5 volts at about 200 milli
amperes with the final output level 
controlled by dual coaxial micro
wave attenuators. 

The generator costs $11,950 in 
its standal"d 32-bit word configura
tion; delivery time is one month. 

Tau-tron Inc., 685 Lawrence St., Lowell, 
Mass. 01852 [429] 
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KEPCO 
TRACKED VOLTAGES 
DUAL, PLUS /MINUS 
VOLTAGE SUPPLIES 

Model CDT 100-0.2 M 

Kepco's new series of CDT Dual 
Power Supplies offer tracked volt
ages from 0-+1sv to o-+10ov. 
Each supply is fully regulated: 
<0.010/o; with low ripple: <0.25 
m V rms; and an excellent tempera
ture coefficient: <0.010/o per °C. 
The two sections function with a 
common reference and a single volt
age control (with locking feature) . 
They may be loaded separately, or 
in series for double output voltage. 
Metering includes (2) recessed taut 
band meters, measuring the current 
drawn from each section, and their 
output voltage. A unique differential 
metering function enables the volt
meter to monitor the voltage differ
ence between the two sections. 

Three instruments are available : 

CDT 15-1.5 M 

CDT 40-0.5 M 

CDT 100-0.2 M 

+ 15 V@ +1.5A 
-15 V@ -1.5 A 

+40V@ +0.5A 
-40V@ -0.5A 

+100 V@ + o.2 A 
-100 V@ -0.2 A 

CDT models are ideal for powering 
operational amplifiers, servoamps, 
position transducers, and balanced 
or differential circuits requiring 
maintenance of a common center 
point. 

For complete Specifications and 

Applications Notes - Write Dept. AQ-14 

.::k.~P~o:> 
--------------- ® 

131-38 SANFORD AVE.• FLUSHING, N.Y. 11352 
(212) 461-7000 •TWX # 710-582-2631 

Visit us at IEEE Show - Booths 2E·56 & 57 
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Production equipment 

Sorter handles 
5,000 IC's an hour 

Dual in-line packages 

slide from cartridges 

to test stations 

Integrated circuits in dual in-line 
packages cost less when delivered 
in cartridges or magazines, but 
they are harder to test and sort 
that way than when individually 
packaged. A DIP sorter developed 
by the Daymarc Corp. was de
signed to handle magazines and 
help test IC' s at a rate of better 
than 5,000 circuits per hour. 

When coupled with d-c or dy
namic test equipment (such as the 
Teradyne J259 tester of Tektronix 
S-3130) the sorter can take Ic's 
from a magazine, probe them, and 
divide them according to their 
characteristics among three other 
magazines. The d-c probe station 
has 32 Kelvin terminal connections 
(for 16-lead DIP's) and the dynamic 
probe has contacts short enough 
for subnanosecond measurements. 

The IC's slide one by one from 
the magazine onto the eight sta
tions of a rotating table that car
ries the IC to the probe. After test
ing, one of three arms behind each 
station is set magnetically; when 
the IC is rotated to the magazines, 
the arm trips a mechanism which 
unloads the IC into the proper bin. 
A terminal at the magazine erases 
the magnetic-mechanical memory. 

Once the memory is set, nothing 
affects it; the machine can be 
turned off, and when turned on 
again will still send the IC to the 
proper bin, says A.H. MacQuar
rie, applications engineer. "If we'd 
used a shift register we not only 
would have had problems syn
chronizing with the table's mechan
ical motion, but also would have 
risked 'electronic amnesia' during 
power failures." 

With a test time of 300 millisec
onds, the 852 can sort 5,600 DIP's 
per hour, and its speed can be ad
justed to other test times. 

Price is approximately $13,000. 
Daymarc Corp., 140 Bear Hill Rd., 
Waltham, Mass. [430] 

mite-size relays with 
macro-size contacts 
Couch 2X relays are true ~-size, yet the 
contacts are as large or larger than 
many full and half-size crystal can units. 

Couch 2X relays meet MIL-R-5757D/19 
and/30 specs in ¥2 5 th of a cu. in. Design 
simplicity and oversize contacts as
sure the ultimate in performance. Each 
relay is fully tested. Ideal for missile 
and aerospace switching applications 
or wherever reliability in small space is 
of prime importance. Available in many 
terminal styles and a wide choice of 
mountings. 

Write for Data Sheets No. 9 
and No. 10 today. 

2X (DPDT) 1X (SPOT) 

Size 0.211 x 0.4" x 0.5 11 same 
Weight 0.1 oz. max. same 

Coil 
Operating 
Power 100 mw or 150 mw 70 mw or 100 mw 

Coil 
Resistance 60 to 4000 ohms 125 to 4000 ohms 

Temperature - 65°C to 125°C same 
Vibration 20G same 
Shock 75G same 

llVGGEO /IOTA/Ir 11£/AYS ll!lJ Dtn3tnir3Hf Jnd S/JliUHf 8J/lnctd 

lel~I 
S. H. COUCH DIVISION 

ESB INCORPORATED 
3 Arlington St., North Quincy, Mass. 02171 
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Low noise for hi·fi 
(stereo). 

TAPE PREAMPLIFIER 

5µ.F 

+ 32V 

Build your stereo preamps with the Fairchild µA739 
Dual Low-Noise High-Gain Op Amp and you've got 
performance that's as good as any currently avail
able discrete system. Besides getting both amplifiers 
on a single chip (and at a single chip price), you get 
channel separation 1 SdB better than most discrete 
designs, an output swing high enough to drive the 
most demanding power amplifier and a power 
supply rejection ratio so high that you can cut costs 
even further by rela:teing your power supply specs. 
And check what the high common mode rejection 
ratio does for distortion. 

INPUT@---! .005µ.F 

1
0.01 µ.F 

That's our Second Generation Linear technology 
in action - proud performance, humble pricing. The 
µA739 was specifically tailored for improved 
performance in any application that requires two 
high-gain amplifiers. Try it now in your modulators, 
voltage-to-frequency converters, instrumentation 
amplifiers or integrators and take advantage of its 
low noise, non-latching and unity gain crossover 
frequency of 20MHz. And for more flexible low 

470kll 

-=1Mll 

1
5µ.F 5µ.Fµ27 µ. F 

-= 47kll -= 270kll 11 kll 

lOOkll 

ELECTRICAL CHARACTERISTICS 

Lorge Signal Open Laop Voltage Gain : 

Signal to Noise Ratio: 

Bandwidth: 

Output Swing: 

Power Consumption : 

Input Impedance : 

Power Supply Rejection : 

Channel Separation : 

Distortion : 

*For complete specifications, see data sheets . 

power operation in military and industrial applications, we'll have it available 
(second quarter of calendar 1969) as our µA749 without the internal output stage 
collector resistors. The µA739 is available in a DIP; the µA749 will come in a 

5µ. F 

OUTPUT 

BO dB 

68d8 
20 to 20,000 Hz 

lOV,,., 

250mW 

50Kl1 

75dB 
60dB 

0.025% 

ceramic DIP, a flat-pak or a T0-5 metal can. Information on both is in our data sheets. 
Write for them and our application notes now. Or, TEMPERATURE 

PRICES 
just check with your stocking Fairchild distributor. PART NUMBER PACKAGE RANGE 1-24 25-99 l 00-999 

To order the µA739, ask for: U6E7739393 DIP o•c to +70°c $4.85 $3.90 $3.25 

FAIRCl-llLCJ 

SEMICONDUCTOR 

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, Cal ifornia 94040, (415) 962-5011 TWX : 910-379-6435 
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For electrical contacts, as in medicine, 

It pays 
to go to a 
specialist 

A major operation requires a whole team 
of specialists. So too, it takes a team of 

specialists to design contacts. Configuration, 
materials, electrical performance, contact 

design and manufacture is complex. 
That's why Deringer believes it takes 

1 00% concentrated effort to give 
our customers the best in elec

trical contacts, contact sub
assemblies and assemblies. 
Let Deringer be the doctor. 

Contact us today. We'll 
send one of our contact 

specialists right away. 

METALLURGICAL CORPORATION 

1250 Town line Road (Rt. 60) Mundelein, Illinois 60060 
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New subassemblies 

Computer display is a speedy writer 
Low-cost unit for scientific processors can flash new data 

8 microseconds after an excursion of 10 inches is called for 

Its bread-and-butter product line 
is precision a-c calibration equip
ment, so Optimation Inc. concen
trated on that until a few months 
ago. But now, having developed a 
taste for a little jam, the company 
has sold its first computer output 
display and intends to seek more 
business in this fast-growing mar
ket of peripheral equipment. 

ode-ray tube with a usable display 
area that's 13 by 14 inches, is mak
ing its debut not long after engi
neering manager William Lock
shaw came to Optimation from 
ITT' s Aerospace-Optical division. 
The X-Y terminal will be shown for 
the first time at the IEEE show. 
The ITT division also makes com
puter output displays, but Lock
shaw says he knows of no other 

that delivers comparable perform
ance at the price of the Optimation 
device-$3,990. (The ITT unit sells 
in the $4,000 range.) Lockshaw says 
Optimation got the price down 
through "clever engineering and 
the use of simple electronics." 

The CDO 6100, a 21-inch cath-

Antenna couplers series CRM-108 
are for coupling the signal from 
one antenna to one to eight re
ceiver outputs. The solid state 
devices feature a constant gain 
of 4 db with a ±1 db frequency 
deviation over the entire operating 
range of 1.5 to 50 Mhz. Maximum 
noise figure is b db; typical 
dynamic range 130 db. Price is 
$2, 125. Comdel Inc ., Beverly Air
port, Beverly, Mass. 01915. [381] 

Inverter model MT-1 is for test
ing and evaluation of fractional 
h-p, instrumentation motors, and 
has provisions for driving center
tapped or full winding motor 
loads. By taking the product of 
the two front panel meter read
ings, the a-c power delivered to 
the load is given without requir
ing the usual corrections for power 
factor. Kintron Co., 29 S. Pasa
dena Ave., Pasadena, Calif. [385] 

Electronics I March 3, 1969 

Constant voltage, constant cur
rent lab power supply QAD50-l 
has 0.01 % regulation. It is de
signed for applications such as 
computer controlled lab testing 
requiring programing either up or 
down at a rate of 10 mv/P.sec. 
Ripple is less than 0.5 mv rms or 
2 mv peak-to-peak with excellent 
stability. Price is $99. Todd 
Products Corp., 28 Laurel St., 
Hicksville, N.Y. 11801. [382] 

High accuracy and versatility are 
featured in model 101 analog 
multiplier/divider. Without re
quiring any balance or trim ad
justments, the combined error 
from all sources is less than 
0.2 % of full scale. The unit r.an 
perform multiplication, division, 
squaring, and square-rooting. 
Hybrid Systems Corp., 95 Terrace 
Hall Ave ., Burlington, Mass. 
[386] 

The 6100 is not a storage dis
play. It doesn't have its own for
matting electronics because it's de
signed for makers of scientific com-

Transient voltage suppressor LA-
27 used in h-v power supplies 
protects solid state rectifiers 
against punch-through and pre
vents dielectric failure in trans
former windings. it can be factory 
adjusted for peak arc-over volt
ages in a range from bO kv to 
110 kv. The unit comes in a 
hermetically-sealed ceramic tube 
1.5 x 9.5 inches. Dale Electronics 
Inc., Columbus, Neb. [383] 

Power source model 1579 is for 
high voltage crt display systems. 
Specifications include: maximum 
output current of l ma; 0.0025 % 
regulation for line or load varia
tions; less than 250 mv ripple 
peak-to-peak; output voltage drift 
less than 100 ppm/hr and 300 
ppm/24 hrs; and repeatability of 
100 ppm. Price is $2,250. Power 
Designs Inc., 1700 Shames Drive, 
Westbury, N.Y. [387] 

Voltage regulator model LM500 
has a peak input voltage of 40 v 
and peak current of 4 amps. Load 
regulation with an input voltage 
of 12 v is typically better than 
0.01 % from no load to 3 amps 
full load. Dimensions are 1.2 x 
O.b5 x 0.25 in. Price for quanti
ties of 100 to 999 is $49 each. 
International Circuit Technology 
Corp., 18225 Euclid St., Fountain 
Valley, Calif. [384] 

High-voltage d-c power supplies 
series H come in 55 models with 
voltmeter and ammeter hand cali
brated to ±2%. Units have volt
age outputs up to 250 kv and are 
air or oil insulated. Other features 
include a load regulation of '7.5 
to 15-25%, and capability of 
withstanding a continuous ambient 
temperature range from O to 
40'C. NJE Corp., 20 Seright Ave., 
Kenilworth, N.J. [388] 
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50 YEARS OF 
INSTRUMENT 
KNOW-HOW ... 

PACKED 
IN A 
2~" 
CASEI 
ALL-NEW 
SERIES 8000 

GORDON 
METERS 
Since 1914 we 've furnished top quality in· 
struments to science .. . to industry. 
Now-our latest entry! Series 8000 GORDON 
PANEL METERS in popular 2¥2'', 3¥2'' and 
41/2" sizes. 
50 years of know-how you can heft in your 
hand - or hook up to your panel displays, in· 
struments or machinery. 
Strikingly modern designs in sparkling clear 
high-visibility G.E. Lexan . 
Classic D'Arsonval movements with one-piece 
bridge construction, high-coercive Alnico core 
magnets, and spring-backed sapphire bearings 
standard on all models. 
PLUS customizing, if you wish. 
Hook up with a GORDON METER first chance 
you get. Order from your Gordon Sales Engi· 
neer TODAY! 

FREE 
GORDON 

PANEL METERS 
BULLETIN 1-800 

5014 
Write Today 

--····O 

/PDC/ G~':u~o~~ 
-•UMO DYNAMICS CORPORATION 

5710 KENOSHA ST. RICHMOND, ILL. 60071 
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... no cross coupling 

between X and Y axes ... 

puters; users of these machines 
usually want displays of vectors 
rather than alphanumerics. Char
acter and vector information is 
generated by the computer. The 
main advantage besides low price, 
Lockshaw says, is speed. 

In using the terminal with scien
tific processors or computers driv
ing training tools, such as aircraft 
simulators, the ability to quickly 
jump-scan from one point to an
other on the screen is important. 
Lockshaw says the large-step or 
long-excursion speed of the CDO 
6100's major axis is 8 microsec
onds. This means that new data 
can be written 8 µ.sec after an ex
cursion of 10 inches is called for; 
with ITT's KM-105, said to be the 
closest competitor, the large-step 
response is 12 p.sec, according to 
Lockshaw. The small-step response 
of the Optimation terminal is 1.25 
µ.sec, meaning that new informa
tion can be displayed that soon 
after a move of 1 to 2 centimeters. 
He believes this is about twice as 
fast as the comparable ITT display. 

Catching up. However, ITT is 
improving the speed of the KM-105 
in a newer version designated the 
KM-125, soon to be introduced. The 
settling time for a large-step re
sponse on the major axis will be 
cut to 7 or 8 µ.sec, putting the dis
play in the same ballpark as the 
Optimation unit. 

Amplifier characteristics influ
ence the unit's speed, Lockshaw 
explains. On the major axis, the 
amplifiers give a large-signal re
sponse of 50 kilohertz over the 
specified 12-by-12-inch viewing 
area; the small-signal response is 
300 khz for a 1-inch deflection on 
that axis. The unit is also designed 
to accept a minor deflection axis 
with a large-signal response of 500 
khz for a 1.25-cm deflection, and 
a small-signal response of 1 mega
hertz or more for a 0.5-cm deflec
tion. 

Another feature Lockshaw be
lieves is important-though not 
unique-is that there's no cross
coupling between the X and Y 
axes. "When you're writing large, 
fast vectors," he says, "and you 
want to draw two i;arallel lines 
close together, the lines won't be 

BUVill 
Power? 

• Mil Spec DC Modules 
• Wide Range DC Modules 
• .Slot Voltage DC Modules 
• Full-Range Lab Supplies 
• Inverters, Frequency Changers 
• High-Voltage Supplies 
• AC Regulators 
• Fuli Technical Data 
• Full Specifications 
• Mechanical Data 
• Model Types 
• Prices & Availability 

Ask for Your 
Free Catalog #754 Today! 

• ELECTRONIC RESEARCH 
ASSOCIATES, INC. 

67 Sand Park Road, Cedar Grove, N. J. 07009 
(201) 239-3000 
SUBSIDIARIES: 

ERA Acoustics Corp. • ERA Dynamics Corp. 
ERA Pacific, Inc. • Astrocom, Inc. 
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Centralab' s substrates in 95% and 99.6% alumina, provide 
unexcelled surf ace finish and reliability for hybrid microcircuits 
Avai lable in sizes and shapes to meet any design 
requirement, these materials are avai lable as 
fi red, glazed or metallized . (Glazed units are 
availab le only in 99.6% alumina.) They have 
high mechanical strength and good dimensional 
tolerance control. 

Bodies 
953 Alumina 
99.63 Alumina 

Surface Finish ( µ in.) 
As Fired Ground Glazed 

40 10* 
10-20 2-5* 

• Lapped , diamond polished . 

Exclusive processing 

(not available in 953 Al.) 
1 max. 

These precision substrate materials are produced 
by an exclusive thin sheet process in specia lized 
alumina kilns. They meet demanding design 
criteria of thick-fi lm and thin-film hybrid cir
cuit manufacturers and have been used in all 
types of circuit deposition: brushing, screening, 
dipping, spraying, vapor deposition, evapora
tion, tapes, decalcomania, solution metallizing 
and printing. 

Glazed substrates have a 1 112 mil maximum 
glaze thickness. Edge meniscus is negligible. 
Metallized units are availab le with up to 200 or 
more terminals, and can be brazed with kovar, 
nickel , copper or brass hardware. 
A ll in all, fo r performance, variety and appli
cation, your design is in for smooth sailing 
when you specify substrates and ScoreStratesT" 
from Centralab. 

TM-Scored subst rates for multiple processing 

CENTRALAB 
Electronics Division 
GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 , 

M·6902 

For more information and/or design assistance on substrates and ScoreStrates, contact Centralab Application Engineering. 
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By George ... 
Captor sure 
makes small 
EMC Filters! 

Captor subminiature EMC filters 
are the industry's smallest ... 25% 
to 37% more compact than other 
popular miniatures. Volumes and 
weights are correspondingly re
duced ... as light as 4.9 grams for 
many units. Captor EMC filters 
maintain high published perform
ance over full temperature range to 
125° C. Their performance is equal 
to or better than the competition 's, 
yet they truthfully cost less! Let 
Captor bid on your next EMC filter 
or filter assembly requirement, by 
George! Write for Catalog F-104 
and prices today. 

Captor Corporation manufactures 
miniature filters ... communica
tions and security filters ... custom
design filters, and other electronic 
components. 

~C~PTCJR 
~CORPORATION 

APPLICATION ENGINEERING DEPT. 

5040 Dixie Highway, Tipp City, Ohio 45371 
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straight if you've got cross-cou
pling. Or if you want to draw a 
diagonal line quickly and the phase 
response of the amplifier on one 
axis isn't the same as that on the 
other, the line won't be straight. 

"You want good bandwidth for 
small excursions because you want 
high speed to permit formats of 
either short, chain-linked vectors 
or dots that will cover the screen 
without using an inordinate amount 
of computer time." 

No jitter. Optimation accom
plishes the zero coupling between 
axes by using completely separate 
electronics for each axis. Lockshaw 
points out that this feature, like 
many others in the CDO 6100, is 
usually found in displays that cost 
as much as $10,000. 

Among those other features he 
lists good brightness, small spot 
size, good linearity and repeatabil
ity, and elimination of spot motion 
and jitter. Brightness has been cal
culated at 50 foot-lamberts; com
pany officials say this is more than 
that of some of the more sophis
ticated storage display devices on 
the market. 

The 6100 has a specified spot 
size of 20 mils in diameter in a 
9-inch-diameter circle and 30 mils 
in a 12-by-12 inch area. Geometric 
and electrical linearity are within 
1 %, specified on the major axis; 
Lockshaw says this results in no 
perceptible nonlinearity. 

Optimation is quoting 60 to 90 
days for delivery. IEEE Booth No. 
2H10. 

Optimation Inc., 9421 Telfair Ave., Sun 
Valley, Calif. 91352 [389] 

New subassemblies 

Amplifier with 
2-decade range 

Transistorized device has 

+20 dbm output capability 

and 6-db noise figure 

At the front end of a communica
tions receiver, a low noise figure 
over a broad band of frequencies 
plus at least a medium level of 

Now Cover the 

ULTRASONIC 
SPECTRUM 
with the new 
MULTISONS® series 
of BROAD BAND 
POWER GENERATORS 

Bandwidth 10 KHz to 1 MHz 

Average standard power outputs 
available: 100, 250 and 500 Watts 
(within 3 db) 

Choice of four impedances : between 
18 and 2400 ohms 

Push-pull low harmonic distortion 
driver and output stages 

Standard parts used exclusively 

All power circuits fuse protected 

Max imum accessibility to all sections 
for ease of servicing tubes 

Variable D.C. bias for magnetostrictive 
transducers 

Plug in 60 min. timer for automatic 
programming 

Write for Bulletin 105 

t.:::;\~ PIONEERS IN 
-\!:!I ......... APPLIED SONICS AND ULTRASONICS 

MACROSONICS 
CORPORATION 
880 Elston St. , Rahway. N.J. 07065 

FRENCH REPRESENTATIVE : 
Societe luziesa. 70 Aue J.P. Timbaud, 75 Paris XI 
Tel : 023 • 48 • 22 
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SCZBNCB/SCOPB 

Apollo B voice and television communications depended heavily on Hughes-built 
equipment: 

••• the 20-watt microwave traveling wave tube that sent Apollo B's signals 
earthward (one of the more than 100 flight-quality TWTs built for NASA since 
1962 and used on the Syncom, Early Bird, Intelsat 2, and ATS satellites and the 
Pioneer, Mariner, Lunar Orbiter, and Surveyor spacecraft); 

••. the antenna-feed subsystems aboard three special vessels stationed on the 
high seas around the globe to receive and relay Apollo B's signals; 

••. the ATS satellite used in support of the Apollo B splashdown; it relayed TV 
from USS Yorktown to Brewster Flats, Wash., for commercial distribution. 

The first European-built equipment for NADGE -- the $300-million air defense 
system that will guard NATO nations from Norway to Turkey -- is now undergoing 
integration testing at Hughes in Fullerton, Calif. The data display console 
built by Selenia S.p.A. of Italy and the video extractor by N.V. Hollandse
Signaalapparaten of The Netherlands are linked with a general-purpose computer 
and other equipment built by Hughes. 

ENGINEERS: Hughes is on the grow! New development programs offer immediate op
portunities for Systems, Circuits, Radar, Communications, Electro-optical, Dis
play, Sonar, Electronics Packaging, Test Equipment, and Solid State Microwave 
engineers. Engineering degree, at least two years of related experience, and 
U.S. citizenship required. Please send your resume to Mr. J. C. Cox, Hughes Air
craft Co., P.O.Box 90515, Los Angeles 90009. An equal opportunity employer. 

An infrared night sight for the Army's Cheyenne helicopter, now being built by 
Hughes under contract with Lockheed-California, will give the gunner a picture 
of ground targets nearly as clear as he would see in daylight. The PINE {for 
Passive Infrared Night Equipment) system enables him to locate targets and fire 
automatic guns, rockets, grenades, machine guns, or Hughes-built TOW wire
guided anti-tank missiles. 

A new method of detecting flaws in metals was presented at the eighth Symposium 
of Physics and Nondestructive Testing in Chicago recently by a University of 
Arizona professor and a Hughes engineer. Their method sends ultrasonic Lamb 
waves throughout a solid material to find defects, much like a submarine sends 
out sonar waves. Engineers can pinpoint the location and size of flaws by not
ing the magnitude of the echo signals and the time they take to return. 

An orbiting "windowshade" of solar cells, which will capture enough of the sun's 
energy to produce 1500 watts of power, is being built by Hughes under contract 
to the Aero Propulsion Laboratories of the U.S. Air Force. Designed to supply 
future satellites with electricity, it consists of two flat sheets of solar cells 
{called arrays), each 5~ x 16 feet long, which will unroll into space from a 
drum. Space testing of the system is scheduled for late 1970. 

Creating a new world with electronics r------------------, 
I I 

: HUGHES: 
I I 

L------------------~ 
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The things we do to stay in front! 

Because we're No. 1 in control knobs ... 

and because we're Rogan 
Our reputation means a lot to us. 
So much in fact that 
the knobs we make are quality knobs ... 
knobs that are "out in front" with 
"real design appeal" · 
-yet priced right to fit your budget. 
Write today for free New color catalog 
or see us in Sweets or Thomas Micro catalogs. 

~9an 
BROTHERS, INC. 

8031 N. MONTICIELLO AYE. 
SKOKIE, ILLINOIS &0076 

Visit Booth 1C19 IEEE Show 
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YOUR POSrMASTER SVGG£sr.r: 

Maie Thoslff~-'flf/j( Connections 

. MAIL EARLY IN THE DAY! 

linear output power make an effec
tive combination. 

These features are designed into 
an ampli£er developed by Avan
tek Inc. for military airborne and 
surface systems. The transistor 
amplifier, designated the A WP
lOOOT, provides a noise figure of 
6 db over a wide frequency range, 
10 to 1,000 megahertz. It maintiiins 
a gain of 30 db within + 1 db 
and provides up to +20 dbm out
put before a gain compression of 
1 db is reached. 

The input power required to 
drive the complete amplifier is 24 
volts d-c at 300 milliamps. 

The intercept point for intermod
ulation products is ±32 dbm for 
3rd-order products and ±40 dbm 
for 2nd-order. The voltage-stand
ing wave ratio for both input and 
output is no more than 2. 

Quiet. Transistor amplifier provides 
6-db noise figure over the range 
from 10 to 1,000 Mhz. 

Its low noise figure, two decades 
of operating range, and linear out
put power make the AWP-lOOOT 
suitable for countermeasures sys
tems. In addition, says Avantek's 
marketing director Arnie Acker, it 
can be used for driving both multi
coupler and multiplier chains. 

The AWP-lOOOT is Avantek's 
latest addition to a line of broad
band microwave transistor ampli
fiers that operate through S band. 
It complements the model A V-4, a 
I-watt device that covers 0.02 to 
300 Mhz. Both multioctave ampli
fiers operate Class A for maximum 
linear performance. 

The AWP-lOOOT is 6.2 inches 
long, 1.9 inches wide, and 1.3 
inches high. It weighs 10 ounces. 

Price of the device will be be
tween $1,000 and $1,200, depend
ing on quantity of 'l:he order and 
on special requirements for each 
application. 

Avantek Inc., 2981 Cooper Rd., Santa 
Clara, Calif. 95051 [390] 
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Designer's new wire 
that production 

can't complain about. 
Ever had to re-design because 

production is having problems and 
calling for your head as the solu
tion? That's why we've come up 
with IRRAVIN' "' irradiation cross
linked PVC hook-up wires. You 
release the design knowing that 
wire complaints are stopped be
fore they start. 

IRRAVIN insulated hook-up wire 
continuously withstands tempera
tures up to 115°C, and higher for 
short periods of time. So there 's no 
shrink back from hot solder-iron 
contact. Production doesn 't waste 
time replacing wire just installed. 
Advantage: use higher density 
packaging without fear of acc i
dental solder iron damage. And , 
you can spec ify IRRAVIN hook-up 
wire for applications where only 
costly high-temperature insulations 
were used before. 

Consider crush and abrasion re
sistance. Our IRRAVIN insulation 
has four times the crush resistance 
of that other high tempe rature 
stuff. You el iminate lac i ng cut 
through , assembly damage, future 

Unretouched photo of design engi
neer being greeted by production 
engineer after specifying IRRAVIN 
insulated hook-up wire . 

breakdown from undetected cuts 
and other production grumbles. 

Couple this with 5 ,000 foot 
lengths, pre-tinned conductors, 
and you can see why IRRAVIN 
insulated hook-up wire can be 
worked fast and safely through 
automatic processing equipment. 

Or we could mention the ad
vantage of having 27 striped and 
solid colors in stock. Or the 600, 
1000 and 3000-volt rated wires con-

forming to MIL-W-16878 and carry
ing Underwriters' Laboratories, Inc. 
listings. 

Most important, though , IRRAVIN 
hook-up wire costs less than half 
that of the other .higher tempera
ture wire. Unless you really need 
the additional degrees why put up 
with the add itional price? 

So, be a hero. Get a sample of 
IRRAVIN insulated hook-up wire 
and try it. Of course, it's free. Con
tact ITT Wire and Cable Division, 
Surprenant Products, International 
Telephone and Telegraph Corpora
tion , Pawtucket, A.I. 02862. 

IRRBVln-the wire 
that stops the grumbles. 
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WIRE AND CABLE ITT 
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a Custom 
Meter Design 
by I 

BEEDE 

for 11=====1 

01 ...... _. / ... _.·a. 
. --·· .......... ·· 

Beede designed the special meter 
movements installed in this new, 
solid-state Robertshaw Model 323 
Process Controller. Robertshaw's 
demanding meter requirements were 
met by close engineering coopera
tion and Beede's experience in the 
panel meter instrument field. Beede 
worked with Robertshaw in the 
design of the special meter case. 
Robertshaw ships these cases to 
Beede for installation of the large 
taut band and smaller pivot-and
jewel meter movements. 

Beede has the capability to solve 
your meter problems, as we did for 
the Robertshaw Controls Company. 
Call or write us about your custom 
meter requirements ... or send for 
our Catalog of standard panel meter 
cases and meter movements. 

I 
BEEDE 

I ELECTRICAL INSTRUMENT CO., INC. 
PENACOOK, NEW HAMPSHIRE 

Area Code: 603-753-6362 

BUY VALUE/BUY BEEDE 
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New Books 

A refresher 

Basic Network Theory 
Paul M. Chirlian 
McGraw-Hill Book Co. 
624 pp., $13.50 

Today's electrical engineer who 
works with computers to design 
integrated circuits will find a re
fresher course in the fundamental 
principles outlined in this new 
book by P<aul M. Chirlian. With a 
computer at his disposal, the elec
trical engineer now must have at 
his fingertips as many techniques 
as possible to analyze and design 
increasingly sophisticated circuits 
and systems. 

Aimed primarily at the under
graduate, the text also offers the 
practicing engineer •a detailed de
scription of the analysis of non
linear and time-varying systems as 
well as linear time-invariant sys
tems. Most basic circuit courses 
taken by the engineer who grad
uated 10 years ago did not con
trast time-domain analysis from 
the standpoints of Laplace trans
forms and state variables. In this 
book the author compares these 
two techniques and includes the 
classical method as well. The state 
variables technique is especially 
important for nonlinear and time
varying circuits and for analysis 
performed on a computer. 

These techniques can help solve 
a wide variety of problems. For 
example, network theory and in
tegrated circuits should be an
alyzed by Laplace transforms. 
State variables should be used to 
solve nonlinear electronic and con
trol systems problems; designing 
integrated circuits requires a firm 
understanding of distributed-par
ameter systems. 

A few reservations 

Handbook of Transistors, 
Semiconductors, Instruments and 
Microelectronics 
Harry E. Thomas 
Prent.ice-Hall Inc. 
453 pp., $20 

It must first be said that this book 
does manage to cover an extremely 
wide range of subjects in a prac
tical and generally useful way. It 

FASTER THAN A 
HOLE A SECOND! 

This is an 18 station turret punch 
press. Electrically linked to a 
floating stylus. Trace the tem
plate, touch the button - punch 
your holes. 

The feather-touch stylus floats 
on recirculating ball bearings. 
Accurate within .005" of the 
template. Eighteen punch and die 
sets always ready, always per
fectly aligned. Change setups fast 
as you can drop in a new template. 

Capacity: up to 2" dia. hole in 
14 ga. steel blank up to 19" x 24". 
Over 500 standard and "special" 
punches and dies from stock. 
Custom shapes to your order. 

Call your Di-Aero dis
tributor for the big 
44-page Punching Cat
alog. 

001-ACRO~ 
433 EIGHTH AVENUE divi•ionof-~~ 

LAKE CITY, MINNESOTA 55041 ~ 
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In hope of doing each other some good 

Filters for the infrared 
A small manufacturing operation in 
Rochester, N.Y. known from the trade
mark "Kodak" produces various kinds 
of filters for the infrared region of the 
electromagnetic spectrum. Though the 
trademark is generally associated with 
photography, these filters have little to 
do with photography. Direct photo
graphic sensitivity ceases above 1.2µ in 
wavelength, whereas the booklet "Spe
cial Filters from Kodak for Technical 
Applications" describes mostly filters 
that start transmitting at this point or 
longer wavelengths. 

A $300 investment 
The Kodak School of Industrial Ra
diography limits classes to 16 students. 
Current location is near Atlanta, Ga. 
Expansion to other regions will soon 
occur. Tuition is $300 for 80 hours of 
organized instruction. This includes 
over 25 hours of practical laboratory 
work. The 80 hours do not include 
overnight study assignments. Books 
and laboratory supplies are furnished. 

Academic requirer.1ents for admis
sion are minimal. For example, the in
verse square law of illumination in-

Let us gather the clan once again 
On May 19 and 20 in Philadelphia we'll 
hold the Fifth Annual Kodak Photo
resist Seminar. The year's develop
ments in microelectronics fabrication 
technique with photoresists and high
resolution photography will be re-

Electronics I March 3, 1969 

Several of the polycrystalline KooAK 
lRTRAN Infrared Optical Materials 
make excellent substrates for interfer
ence filters to shape spectral distribu
tion of infrared energy. That's one rea
son for us to be in the filter business. 
Another reason is to lend a hand in 
meeting filter requirements that com
panies bigger in the business may be 
too busy to fill. 

The booklet also gives curves for our 
"hot mirrors" (filters that transmit in 
the visible and reflect in the near infra
red), "cold mirrors" (vice versa, often 

tensity is not assumed to be something 
the student brings with him in his head 
but something he works out for him
self. Visible light and ultraviolet simu
late the hard stuff until the student 
reaches the point in the fortnight where 
he is ready for the real thing. Students 
don't all do the same laboratory exer
cises; doing different ones gives them 
the benefit of explaining their findings 
to each other. This school is up to date 
in more than physical facilities. 

The final exam is a serious matter, 
comfortable as the surroundings may 

viewed by our people and by speakers 
from other organizations. More of the 
latter than of the former. Candor, as in 
past sessions, will be the order of the 
day. Without it your travel expense to 
come would be harder to justify. 

used behind a light source in a projec
tion system), filters on AgCl substrate 
(strange, soft stuff) that open up at a 
choice of wavelengths from 1 to 6µ 
and remain open to 30µ (not interfer
ence filters), filters with conductive 
coatings, and interference filters on 
substrates other than Irtran materials. 

Request Pamphlet U-73 from Special 
Products Sales, Kodak Apparatus Divi
sion, Eastman Kodak Company, R oches
ter, N .Y. 14650. 

be. It prepares for a subsequent exami
nation, administered by an employer, 
by which is earned formal qualification 

J 
as a Level I or Level II radiographer 
under the Recommended Practice of 
the American Society for Nondestruc
tive Testing, Supplement A (Radiog
raphy). 

Curriculum: 
The radiographic process; characteristics 

of radiation; geometric principles; absorption 
and scatter; films and processing; sensitome
try ; image quality; penetrameters; codes and 
specifications; principles of welding; weld ra
diography; principles of casting; casting ra

diography; equip
ment selection; tech
nique selection; elec
tronic component ra
diography; radiation 
safety; film interpre
tation. 

For list of dates 
write to Eastman 
Kodak Company, 
Department 741, 
Rochester, N .Y. 
14650. 

If you want to attend, drop a line to 
Frank Beuckman, Industrial Photo Meth
ods, Eastman K odak Company, R oches
ter, N .Y . 14650. If you wish he had noti
fied you of the previous years' seminars, 
demand that he at least send you the notes 
on what you missed. 
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LOWEST 
COST ... 
FULL WAVE 
BRIDGE 
RECTIFIERS & 
ASSEMBLIES 

Burns & Towne pre-packaged 
rectifier circuits represent a 
significant cost savings over 
individual components used in 
multi-rectifier units. Yet, you 
are always assured of quality 
and reliability. The low cost 
BFW family of single phase 
full wave bridges ... features 
high current capability of up 
to 2.0 amps. 

Max. PRY 
Part No. (volts) 

BFW-50 50 
BFW-100 100 

BFW-200 200 
BFW-300 300 
BFW-400 400 

BFW-500 500 
BFW-600 600 

BFW-800 800 
BFW-1000 1000 

Call or write for full specifica
tions and price data. 

218 

BURNS & TOWNE INC. 
SYSTEMS DIVISION 18·36 Granite St . 
Haverhill , Mass. 01830. Tel (617) 373-1333 

Circle 218 on reader service card 

New Books 

must also be noted, though, that 
details in some areas are on the 
technician level, and that some of 
the very latest techniques and de
velopments aren't covered. 

The first two chapters provide a 
standard treatment of semiconduc
tor and transistor physics, closely 
following, in fact, the approach 
taken in the Army's 1959 techni
cal manual on basic transistor the
ory. The next chapter, however, 
gives a brief but solid survey of 
semiconductor materials and junc
tion formations. Also, a table intro
duces the novice to transistor 
geometry, and includes a cross
sectional view of a junction and a 
resistivity profile for 13 fabrication 
processes. 

The section on "special" diodes 
describes tunnel, zener, and varac
tor types in some detail, but it 
hardly mentions step-recovery, 
Schottky, backward, noise, and 
avalanche transit-time devices. 
Gunn and LSA-mode diodes are left 
to a later chapter-but then are 
treated only briefly. 

Again, in discussing transistor 
measurements , the author concen
trates on the y-parameter and ad
mittance-bridge techniaues but ig
nores the newer method of scatter
ing parameters. And some of the 
figures given for transistor ratings 
and characteristics don't come 
close to the values available today. 

It's only fair to say, however, 
that many of these small criticisms 
stem from the very breadth of ma
terial covered and from the rapid 
pace of technological advance. For 
example, the chapter on micro
wave, photo, and thermal devices 
attempts to chart the gain, output 
power, and noise figures for micro
wave h·ansistors versus frequency, 
but in this rapidly changing field 
it is just that-an attempt. 

Certainly on the plus side is the 
book's treatment of large-signal 
and power amplifiers and its dis
cussion of the design of hi!!h-fre
quency and wideband amplifiers. 
It covers parametric amplification 
in some detail and Hall generators 
thoroughly. Also, the book guides 
the uninitiated reader through the 
processing of alloyed, diffused, and 

NEW 

SOLID STATE 
POWER 
PACKS 

for 

regulated 
low voltage 
applications 

from 

Plastic Capacitor's new LV Series 
Power Packs, ranging from 12 to 100 
volts DC, offer an improved solution to 
today 's system requirements. Models 
available with DC output voltages of 
12, 24, 28, 36, 48, and 100 volts with 
power ratings of approximately 25, 50, 
100 & 150 watts. 

FEATURES INCLUDE: 
• 0.01 % LINE REGULATION 

• 0.05% LOAD REGULATION 

• 3MV PEAK TO PEAK RIPPLE AND NOISE 

• NEGATIVE D.015%/ ' C TEMPERATURE 
COEFFICIENT 

• LESS THAN 0.2 OHMS OUTPUT 
IMPEDANCE 

• TEMPERATURE OPERATING RANGE OF 
O' C TO 55 °C 

For positive proof that good things 
come in small packages ... check your 
power pack needs with Plastic Capaci· 
tors. Write for full engineering data 

~fit &ptdmA 
INC. 

2620 N. Clybourn Chicago, Ill. 60614 

Tel : C312l 348 3735 
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Kingpin 
When jt comes to control ling and conditioning signals in 
microwave and UHF systems, the HP Stripline PIN diode 
is far superior to glass and double-stud ceramic pack
ages. Stripline techniques have the familiar advantages 
of small size, low weight and low cost, besides fewer 
parasiti cs and wider frequency range. 

Hybrid integrated , this skinny diode has 20 dB isolation 
with only 0.5 dB insertion loss from 0.5 to 12.4 GHz
without additional matching structures or other com
pensating components. As usual , the exact amount of 
attenuation is controlled by the bias current. Without 
bias, or with reverse bias, it appears as just another part 
of the 50-ohm transmission line. 

You can use this new PIN diode to limit, attenuate or 
modulate microwave power up to 18 GHz, at a price of 
$25 each in small quantities. Ask your HP field engineer 
for detailed specs and quantity price quotations on the 
HP 5082-3040. Or write Hewlett-Packard, Palo Alto, 
Cali f . 94304; Europe: 1217 Meyri n-Geneva, Switzer land . 

HEWLETTQ PACKARD 

SOLID STATE DEVICES 
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the 
newest 
shape in 

• • rece1v1ng 
antennae 

Aperiodic Loop Antennae ... in an 
array composed of eight one-metre 
diameter untuned balanced loops spaced 
13 feet apart ... is the newest concept 
in "active" h.f. receiving arrays developed 
by E.M.I. 

Each loop is fitted with a transistor 
pre-amplifier in its base, making possible 
a broad band (2 to 32 MHz) directional 
array much like a long-periodic or 
rhombic antenna. The system is only 
30 metres long and a few feet wide. 
As it occupies but fraction of the space 
required for conventional passive fixed 
arrays, it is ideal for applications in areas 
of restricted space or when quick and 
simple set-up is important. 

The new model 8E13 Aperiodic Loop 
Antenna Array has us rather excited. 
We would welcome the opportunity to 
tell you all about it in detail. 

E.M.I. ELECTRONICS CANADA. LIMITED 
Dartmouth, Nova Scotia, Canada 
Mail: P.O. Box 1005 
Phone (902) 466-7491 
Cables: EMI CAN 
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New Books 

mesa semiconductor types, and 
provides a chronological listing of 
transistor developments. 

The chapter on integrated cir
cuits isn't intended as an in-depth 
review of today's technology, but it 
does give the circuit-oriented engi
neer some insight into the design 
fundamentals. 

And the appendix includes, along 
with the usual items, a list of laser 
types, the terminology of photo
optical measurements, and a rather 
complete glossary of semiconduc
tor terms and definitions. 

Recently published 

Designing with Linear Integrated Circuits, 
Edited by Jerry Eimblnder, John Wiiey & 
Sons Inc., 301 pp., $10.95 

Aimed at the design engineer, the book con
tains application information on a wide range 
of linear integrated circuits including opera· 
tional amplifiers, power amplifiers voltage 
regulators, and r-f and i-f stages. Each sec· 
tion of the book is written by an expert. 

Broadcast Station Operating Guide, Sol Rob· 
inson Tab Books Inc., 256 pp., $12.95 

This handbook explains in nontechnical terms 
how to set up a radio station. Information is 
provided on programing, accounting, adver
tising, and other matters concerning station 
managers and executives. 

Micropower Circuits, James D. Melndl, John 
Wiley & Sons Inc., 260 pp., $10.95 

Written for the practicing engineer, this book 
deals with the problem of achieving a given 
electronic circuit function with a minimum 
expenditure of energy, Techniques for reduc
ing the power drain of most types of transis
tor and integrated circuits by an order of 
magnitude are explained, and novel micro
power design techniques are discussed. 

Handbook of Transistors, Semiconductors, In· 
struments, and Microelectronics, Harry E. 
Thomas, Prentice-Hall Inc., 435 pp., $20 

This handbook describes the physics of oper
ation, circuitry, and ap,plications for almost 
every type of semiconductor device. The 
ratings and characteristics of components 
and devices are heavily emphasized because 
these are more frequently used by design 
engineers. 

Phase-Space Dynamics of Particles, Allan J. 
Lichtenberg, John Wiley & Sons Inc., 331 
pp., $16 

This monograph reviews phase-space con
cepts for beams, accelerators, and confined 
particles, together with descriptions of their 
relationship to basic theory. 

Random Signal Analysis, Dwight F. Mix, Ad
dison-Wesley Publishing Co. Inc., 271 pp., 
$11.75 

This book for the undergraduate or recent 
graduate aims to expand their basic knowl
edge of circuits to a comprehension of ran
dom signals. Fourier transform theory, prob
ability, stochastic processes, and mean
square estimation and Wiener filter theory 
a re covered. 

The new W Model 1705 Fixed 
Frequency Square Wave Oscil
lator offers 50 PPM /year, 1 O 
PPM/°C frequency stability in a 
compact (3 in. H x 6 in . W x 9 in. 
D) package designed for use as 
a general purpose modulation 
source, or as a clock. The Model 
1705 features 1000 Hz*, DC
cou pied, symmetrical square 
wave, with current-limited out
put to minimize grounding loop 
transients and allow shunt clip
ping . Output level is variable, 
O to ±. 12V at 12mA. Solid state 
and integrated circuitry is used 
throughout. Price? Only$ 245, 
making W standards-lab per
formance available to cost-con
scious systems designers . 
"Other frequencies available on special 
order. 

See this and other Weinschel prod
ucts at Booths 2L01, 2L02, IEEE 
Show, New York, March 24-27 and 
at Aisle 19, Booth 50, Salon In
ternational des Composants Elec
troniques, Paris, France, March 28-
April 2. 

For complete specifications, 
contact your W representative, 
or write : 

Designers and 
Manufacturers of Precision 
Microwave Equipment 

WEINSCHEL 
ENGINEERING 
Gaithersburg, Md. 20760 
Tel: (301) 948-3434 
TWX: 710-828-9705 

• 
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If you think 
Iowa is iust a 
cornfield ••• 

think again. 

Electronics I March 3, 1969 

For a number of important rea
sons, Iowa's factories produce 
even more than her fields ... rea
sons you should know. For infor
mation concerning Iowa's quiet 
industrial explosion, send the cou
pon. 

r-----------------------, 
(Confidential Reply Coupon) 

IOWA DEVELOPMENT COMMISSION 
Depl E-3, 250 Jewett Building 
Des Moines, Iowa 50309 

Name 

Firm 

Address 

City State Zip 

L-----------------------~ 

Iowa Development Commission 
250 Jewett Build ing - Des Moines. Iowa - Ph o n e: (515) 282-0231 
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Ferrite Shielded Air 
Core Yoke C6380. De
llgned for high speed pre
cfllon character displays 
(nanosecond writing 
epeeds). Undesirable mag
netic coupling end stray fields 
ellmlneted bY unique shield 
dellgn. 

1HI yOIC 
I 

Syntronic engineers enct manufactures the o ~ 
most extensive line of deflection yokes 
available ••• end contlnuaHy develops new 
designs to satisfy the ever increasing 
requirements of the display industry. For large 
production or custom applications get the 
ent'ineerlng contrcr and prOduction experience that 
only SYNTRONIC, the yoke specialists, can provide. 

• syntrontc INSTRUMENTS, INC. 
100 Industrial Rd., Addison, 111. 80101 
phone 312-543-8444 
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Our Ultrasonic FACE Down Bonder 
welds semiconductor elements directly 
onto the substrates. 
With a minimum of time and utmost efficiency. 

A cam-actuated horn fitted 
with a ball guide to assure 
precise welding and smooth 
chucking. 
A vacuum substrate holder 
large enough for a 40mm x 
40mm plate. 
A half-mirror chip-dish to 
view the padded chip 
surface and the sub
strate pattern in the 
same scope field for 
simple and accu
rate positioning . 

1969 IEEE Show 
Booth No. 3A06 
You'll have a chance to exam
ine this model, as well as 
other KEC products: Miniture 
FM Radiophone, Pocket Pag
ing Receiver, Automatic Tran
sistor Classifier, and etc. 
Hope to see you. 
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9 NISHIKUBO-SAKURAGAWA-CHO, MINATO-KU 
TOKYO- I 0 5. JAPAN 

CABLE ADDRESS "SINESHIBA " TOKYO 
TELEX: TOKYO 222-3277 
PHONES : (03) 503-2211 

Technical Abstracts 

To agree 

Environmental testing-the key to high 
reliability 
R.L. Vander Hamm 
Collins Radio Co. 
Cedar Rapids, Iowa 

Work wit'h the MIL-STD-781 test
ing procedures (sometimes called 
Agree testing) for the past ten 
years, indicates that the Agree phi
losophy should be increasingly 
used not only by military contrac
tors lbut also iby commercial manu
faoturers. Besides improving prod
uct reliability, this test has shown 
that it reduces a manufacturer's de
velopment, production and support 
cost; furthermore it shrinks a cus
tomer's life-cycle costs. 

The acronym stems from the Ad
visory Group · on Relia:bility of 
Electronic Equipment, whose 1957 
report was the basis of MIL-STD-
781. Agree testing involves a new 
approach that -demonstrates relia
bility to a s.tatistical confidence 
under severe environmental condi
tions. 

In a typical Agree test, the am
bient temperature suddenly goes 
from the minimum irated value for 
the device under test to the maxi
mum rated temperature, and then 
back down to the minimum where 
it's held for three hours. During 
this portion of the cycle, the device 
being tested is turned off. After 
three hours, the temperature .goes 
to a maximum and stays there for 
five hourrs. During this time, the 
device is turned on and subjected 
to solid-mount vibration for 10 
minutes every hour. The eight-'hour 
cycle is repeated 1as often as 2,000 
times. The device is ·accepted or 
rejected on the basis of a statistical 
evaluation of the number of fail
ures and of 1on~time data. 

Some questioned the severity of 
the test procedure when the mili
tary started writing Agree testing 
into military contracts in 1958. But 
the test procedure has wo.1 most 
skeptics over; the continual cycl
ing of temperatu-re, it appears, is a 
speeded-up simulation of actual 
field conditions. Inherent weak
nesses in 'Circuit design, material 
and workmanship show up quickly. 
The result is an increased predic-
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for TOT All Y ENCLOSED ROTARY SWITCHES. 
TEMPERATURE TO 125 ° C. MUL Tl-POLE. 
30°, 36 °, 45°, 60°, and 90° ANGLE OF 
THROW. 100,000 OPERATIONS. 

Typical Specifications 
• Explosion Proof 
• Contact Resistance 

10 Milliohms 
• Make or Break \4 Amp. to 

15 Amps., 115 VAC 
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• WIPING, SNAP ACTION 
and BUTT CONTACTS. 

• SPST, SPDT, DPST, DPDT. 
• PUSH-PULL - LIGHTED. 
• 25,000 to 1,000,000 OPERATIONS. 

~,,M{ 
I ~ 

.. . the Difference Between 
Excellent and Adequate 

• Contacts - Fine Silver 

_(
·-ctf 

\ 

Typical Specifications: 
• \4 Amp. to 10 Amps., 115 

V AC Resistive 
• Contact Resistance 

10 Milliohms 
• Insulation Resistance -

,6 ~ 523 Hillgrove Avenue , 
BJ;_gl;// LaGrange, Illinois 60525 
~ Area Code 312, Phone 354-1040 

"PIONEERS IN MINIATURIZATION" 
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_Founder of a 
New Generation .. 
Sharp 

CS-32C 

As the world 's first maker of IC calculators our claim 
is justified. Also being the largest producer we can offer 
a complete line of them. Any one will handle your time
consuming calculations in a fraction of the time you 
now take. Select the most suitable model. 

Sharp 's CS·32C, the 'Everything' calculator for scien
tific and business use. Silently calculates up to 16 digits 
and 8 decimal places. Has two memory banks for wide 
calculation versatil ity . Carries out square root extrac· 
t ion , exponent and mixed calculat ions instantly. Auto
matic successive multiplication and division by a con 
stant. Fully automatic decimal system, automatic 
round off and credit balance. Only 14.5 lbs. 

0 2 3 4 s r:: '1 8 9 0 0 . . . 

~' ~ . ---- ___ ,,, __ 
= 

CS-17C 
Adds, subtracts, multiplies 
and divides in milliseconds. 
Successive multiplication 
and division by a constant. 
Automatic decimal system . 
Two registers. 12 digit 6 deci 
mal place capacity. Easy-to
read display panel. Only 8.8 
lbs. 

- ; 

0012345678'l000 
' . ,......,... .. --,,_.. 

CS-22C 
Fourteen digit6decimal place 
capacity. Automatic decimal 
and half-cent round off sys
tem . Credit balance. Two 
working registers plus a mem
ory bank. Memory indicator, 
over-capacity error light. Si
lent, versatile and very ele· 
gant. Just 8.8 lbs. 

Call on us; IEEE Booth 4F·20 

SHARP 
HAYAKAWA ELECTRIC CO., LTD. Osaka. Japan 

U.S. Subsidiar y: SHARP ELECTRONI CS CORP. 178 Commerce Road Carl stadt, New Jersey 
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T. C. of+ 20ppm/°C, 
stnd. tolerance of 1% 
in new models of DIPLOHMATIC 

POWER RESISTORS 
with welded terminatio~ 

~----
~ 

MODEL 881 - SW 
MODEL 882-7W 

PRECISION WOUND on ceramic cores, 
with welded terminations. Ceramic sleeves, 
zircon sand filled. Values from 10. Available 
in standard tolerances of ± 1 % to 0.1 %. 
Production delivery 2 to 4 weeks. Price from 
36¢ in 100 quantity. 
FREE 12-PAGE CATALOG shows full line of wire
wound Diplohmatic resistors, 1 to 40W, also 
trimming potentiometers . Representatives in 
principal cities. Write Diplohmatic Division-

HARRY LEVINSON CO. 
1211 E. Denny Way, Seattle, Wash. 98122 
Tel. 12081 323-5100 TWX 910-444-2154 
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MICO 
Pneumatic Controlled Drill Press Assembly 

MANUAL CONTROLLED 
MODELS ALSO 
AVAILABLE 

FEATURES OF PRECISION DRILL PRESS 
Sensitive Quick Spindle Response 
Accurate Only 50-75 lb. Air 
Wide Range Needed 
Keyless Chuck 7500 to 10,000 r.p.m. 
Dual Air Controls Motor 
Sturdy Air-Mist System 
Easily Adjusted Available 

Send for Illustrated CGtalogs 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge, Mass. 02138 
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tion of mean-time-between-failures 
for electronic equipment, from 
25% .to 50% over older standards, 
at the time 'tlhe equipment is intro
duced to the field. 

To give :two examples, military 
uhf airborne transceivers. were 
cycled between-54°C and+71°C 
and received a mean of 50 hours; 
Agree testing then pointed to ma
terial ·and .design weaknesses that 
were corrected. In a second series 
using this test procedure, the pre
diction was 420 hourrs. 

Before Aigree came into being, 
commercial airlines using certain 
vihf transceivers reported failures 
averaiged 200 hours. Production 
units then underwent Agree test
ing. All four f ~ed during the first 
cycle. Re.design has boosted its life 
to 2.000 hours. 

After ten years of Agree, the fol
lowing general statements can be 
ma.de about failure analysis. Well 
deshµ1ed parts and materials oan 
withstand Agree testing. Some 
types of parts 1are more susceptiible 
to Agree failure than others; fine 
wires and miniatur-e parts using 
ultrasonic and thennocompression 
bonding <are the most susooptible. 
New part types should be Agree 
tested before ibeinig put into pro
duction equipment. 

Agree cycling. also serves as a 
iburn-in technique. Besides boost
ing reliability, Agree burning im
mediately detects the occasional 
bad lot of vendor parts. 

Presented at the Symposium on Reliablllty, 
Chicago, Jan. 21·23. 

Long live beam leads 

Reliability of beam-lead, sealed· . 
junction devices 
D.S. Peck 
Bell Telephone Laborato~ies 
Allentown, Pa. 

The life spap.s of npn transistors 
and bipolar integrated circuits 
aren't shortened by the use of 
beam leads and junctions sealed 
with silicon nitride. Quite the con
trary: accelerated life tests show 
that the failure rate of 0.001 % per 
1,000 hours possible with conven
tional planar units can be achieved 
with beam leaded devices, without 
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CARBON COMPOSITION AND WIRE· WOUND POTENTIOMETERS 
Other LESA products 
for electrical industries: 
- Fractional HP Elec-

tric Motors 
- Record Players · and 

Record Changers 
- Phonographic Piezo

electric Cartridges 

l 'I . ; ~ .. 
• 

LESA OF AMERICA CORP. • 521 Fifth Avenue • NEW YORK, N.Y. 10017 (U.S.A.) - Tel. 212 697-5838 
LESA COSTRUZIONI ELETTROMECCANICHE S.p.A. • Vie Bergamo, 21 • MILANO (Italia) • Tel. 554.341 
LESA DEUTSCHLAND GMBH • Wiesentalstrasse, 10 - 78 FREIBURG i/Br. (Deutschland) - Tel. (0761) 44 0 10 
LESA ELECTRA S.A. • Viale Portone, 27 • 6500 BELLINZONA (Svizzera) - Tel. (092) 5 53 02 
LESA FRANCE S.A.R.L. • 19, Rue Duhamel • 69 LYON 2 (France) • Tel. (78) 42 4510 
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How good are 
your contacts? 

226 Circle 226 on reader service card 

Everybody knows that dirty contacts on relays, 
connectors and module board edges cause erratic 
operation . But what to do about it? Spray them clean 
- in seconds- with MS-230 Contact Re-Nu. 

MS-230 Contact Re-Nu restores full electrical con
tinuity instantly on all types of contacts. You can 't keep 
dirt, grease and erosion dust from forming on contacts, 
but you can flush them away quickly and safely with 
this specially formulated solvent. Many telephone com
pan ies, airl ines and a major broadcasting network 
prescribe MS-230 Contact Re-Nu for regular preventive 
maintenance. 

Write on company letterhead for free 16-oz. sample. 
For literature only, use bingo card . 

miller-stephenson 
chemical co., inc. 
ROUTE 7, DAN BU RY, CONNECTICUT 
•u.S. and foreign patents pending 
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Now you can mark each wire 
or piece of plastic tubing with 
:its own circuit number ... 
quickly ... economically, right 
in your own plant. 
You reduce wire inventories 
because you need only one 
color of wire for as many cir
cuits as necessary. 
Simplify your assembly meth
ods and speed production 
with the same machine that 
has proven so successful in 
the aircraft and missile field. 
Write for details. 

KINGSLEY MACHINES 
850 Cahuenga ·Hollywood 38, Calif. 
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the need for expensive encapsula
tion or relatively low junction tem
peratures. 

With the beam-lead technique 
only recently applied to !C's, tran
sistors, and diodes the sensitive 
silicon surface isn't sealed from the 
atmosphere by vacuum-tight en
capsulation. Instead, a silicon ni
tride layer is laid over the planar 
silicon oxide and over a multi-layer 
contact of platinum silicide, ti
tanium, platinum, and gold. This 
contact provides the base for the 
plated gold leads and extend be
yond the edge of the separated 
silicon chip to bond the chip to 
thin-film circuitry. Both the junc
tion seal and the electrical and 
mechanical interconnections can be 
made by inexpensive batch proc
essing. 

The transistor and IC' s tested 
had median lives of about 10,000 
hours ,at a junction temperature of 
300°C under power or with reverse 
bias. The failure mechanism was 
generally a penetration of the sili
con by platinum from the contact, 
shorting the junction. This process 
has an activation energy of 1.8 
electron-volts, higher than the 1.1-
electron-volt energy of the mobile
ion-generated surface degradation 
common to conventional transis
tors. 

In the tests, surface degradation 
didn't appear at 10,000 hours in 
tests down at 250°C, indicating 
that the beam-lead units can be 
appreciably more than even high
quality conventional devices. 

Annual Symposium on Rellablllty, Chicago, 
Jan. 21·23. 

POC makes its mark 

Physics of control of electronic 
devices 
C.Y. Ang, P.H. Eisenberg and H.C. 
Mattraw 
Autonetics, Anaheim, Calif. 

Everybody knows that reliability 
can't be built into an integrated 
circuit or transistor; it has to be 
tested in. Unfortunately, many sys
tem manufacturers still rely prim
arily on massive statistical pro
grams and postmortem analyses. 
Autonetics, however, has attempted 
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ANALOG OUTPUT FOR 
AUTOMATION ... 

INDEPENDENT OF INPUT 
FLUCTUATIONS .•• 

IEEE SHOW BOOTHS 2J41-2J43 

• ABSOLUTE ACCURACY LESS THAN 1 ° 
• Y4 ° RELATIVE ACCURACY 
• SENSITIVITY O.OSV FOR 406/L 

• 406H 8 Hz - 500 KHz 
• 406L 1 Hz - 100 KHz 

DESIGNERS AND MANUFACTURERS OF PRECISION PHASEMETERS, PHASE STANDARDS, PHASE DETECTORS 
FROM AUDIO TO GHz ; DELAY LINES AND ACCESSORIES 

u N IVE RSAL AD-YU ELECTRONICS. INC., PASSAIC, N. J. 07055 
249 TERHUNE AVENUE PHONE (201) - 472-5622 CABLE: ADYU PASSAIC 

A SUBSIDIARY OF UNIVERSAL TELEPHONE, INC. 
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Perfect your CCTV system with COSMICAR® lenses 
Shown are a few selected at random from COSMICAR lenses ranging from 8.5mm to 

l,OOOmm and zooms. 

COSMICAR is also prepared to custom-make lenses of any specifications. 

Please write today to: 

COSMICAR OPTICAL CO., LTD. 
(Former name: ICHIZUKA OPTICAL CO., LTD.) 

568, Shimoochiai , 2 -chome, Sh injuku-ku , Tokyo Cable Address: "MOVIEKINO TOKYO " 
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What's needed for memory 
system is everlasting high 
accuracy. SSM 's components 
are the very ones satisfying 
superior reliability. 

•Plate-ohm: 
evaporated metal film resistor 

•Pia-module: 
thin film modulated C·R circuit 

•Pia-con: 
organic thin film capacitor by 
plasma reaction 

\11f11!1~!ill11 !1llfji:l!1!IH1iii1' 
Minami Bldg. 1-12 Ebisuminami 
Shibuya-ku , Tokyo , Japan 
TEL: Tokyo ( 03) 712 -5990 
TELEX: No. 246-6270 
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Three types to suit all 
your etching needs 
now available at local 
industrial photo dealers 
TYPE-P containing Kodak KPR * 
- for copper , copper-clad 
laminates, other metals. 16 oz. 
$5.95 . 

TYPE-M containing Kodak 
KMER * - for aluminum, stain
less steel , titanium, other 
metals. 16 oz. $5.95 
TYPE-T contain i ng Kodak 
KTFR* - for high resolution 
etch ing of th in films . 16 oz. 
$6.95 
*KPR, KMER, KTFR are prod
ucts of Eastman Kodak Co. 

INDUSTRIAL CHEMICAL 
SPECIALTIES CORPORATION 

75 Hi llside Rd., Fai rfield, Conn. 06430 

Please rush me more information on Spray Resist I 
products and, also, name of nearest dealer: I 

COMPANY __________ _ 

I 
I 
I 

I CITY STATE I L-----------------J 
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to give more than lip service to the 
concept of built-in reliability by 
conducting a "physics of control'' 
(POC) program with these goals: 

• Characterizing, in depth, the 
good, qualified parts. 

• Establishing relationships be
tween the chemical, physical, and 
electrical properties. 

• Determining allowable ranges 
for the various parameters. 

• Recommending corrective ac
tion. 

The over-all purpose of the POC 
program, of course, is determining 
and controlling product homogene
ity within a lot, from lot to lot, and 
among the suppliers of the same 
device. It's chiefly an priori en
deavor aimed at producing results 
during the period in which the 
supplier and its products are being 
qualified. After the device has been 
qualified and while it's being pro
cured and assembled in the system, 
the POC program becomes a small 
sustaining effort of a "policing" 
nature. 

In the preliminary Autonetics 
POC program, hundreds of units of 
15 device types were studied; these 
included conventional IC' s, dual, 
signal, and power transistors, and 
microdiodes. All units had passed 
established quality-control tests 
and were accepted as good produc
tion parts for system assembly. 
Histograms were constructed from 
test data for all specification para
meters, and these revealed a degree 
of inhomogeneity that could lead 
to degradation and eventual failure 
of the devices in the field. Com
parisons between manufacturers of 
the same device could also be 
made from the histograms. 

It was even possible to use the 
histograms to correlate some of 
the anomalies-electrical, physical, 
chemical, or metallurgical. The sta
tistical analysis made it possible to 
set allowable ranges of critical par
ameters for specifications and to 
decide on corrective action. 

The test procedures used to eval
ulate the devices electrically were 
standard ones. Similarly, the de
structive tests were conventional
metallography, surface topography, 
microplasma observation, micro
probe analysis, electron micro-
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• ISCOllBI 
Ille Jap_anese Exlli/Jils 
at Ille IEEE lllow 

And visit us October 1-7 
in Osaka, Japan 
for the Japan Electronics Show. 

ELECTRONIC- INDUSTRIES 
• 

ASSOCIATION OF JAPAN 
Write for our free 172 page Guide to recent Japan Electronics Show product listings. 

Electronics Division- Japan Light Machinery Information Center 
437 5th Ave., New York, N. Y.10016· (212) MU 6·0731 
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Will you be in New York 
for the IEEE Show? 
Let's talk aver a rewarding 
career in Connecticut. 

Call Hamilton Standard's 
representative in New York 

at 212· 765-9104 
Monday through Friday, 
March 24 through 28. 

APPLICATIONS ENGINEERS SYSTEMS ENGINEERS 

LOGIC DESIGNERS 

CIRCUIT DESIGNERS 

PACKAGING, Electronic 
Design Engineers 

TEST ENGINEERS 

RELIABILITY I MAINTAIN
ABILITY ENGINEERS 
SYSTEMS DESIGN AND 
ANALYSIS {software) 

Take th is convenient opportun ity to investigate the per
sonal growth potential at this dynamic, expanding multi
product company. We are seeking creative, aggressive, 
responsibility-minded individuals who want to put their 
career in high gear. Have you experience or interest in 
one of the following product areas? 

D Airborne Integrated Data Systems D Digital Flight Controls D Airborne Environmental Control Systems D 
Aircraft Signal Multiplexers D Electronic Engine Controls D Special Purpose Computers, Airborne Sensors 
and Indicators D Inertial Gyros • Biomedical Products D Guidance and Control Systems D Graphic Display 
Systems D Special Purpose Automatic Check-Out Equipment 

An Equal Opportunity Employer 

230 

If you are unable to interview with us now, 
please forward your resume, stating present 

salary, to Mr. R. S. Wellington, Personnel Department, 
Hamilton Standard, Windsor Locks, Connecticut 06096. 
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scopy, and analysis of ambient 
gases. 

However, several novel testing 
schemes were developed during the 
investigation. In leak detection, for 
example, an experimental setup us
ing inoculants such as sulphur hex
afluoride or pentane was found to 
be a promising analytical method. 
In the study of cracks in semicon
ductor~. chips, a strain-gage tech
nique was developed for tracing 
the stress history during the pro
duction of small semiconductor de
vices. A laser orientation system 
for precision-angle-positioning of 
devices for sectioning, angle-lap
ping and metallography was de
veloped; this system should be 
useful in solid state materials re
search as well as in failure analysis. 

Although the Autonetics task 
force had fairly clear ideas of what 
to look for and what scientific cap
abilities to use, it did not foresee 
the organizational problems that 
cropped up when the multitude of 
technical disciplines at the Aero
space Systems Group were pooled. 
Developing a practicable organiza
tion proved to be a major hurdle. 

One important conclusion was 
the need for reducing product in
homogeneity in many electronic de
vices. But there is much to be done 
before this problem can be pursued 
further and corrected; diagnostic 
tools such as electrical dynamic 
displays, isolation electrical prob
ing, and microplasma observation 
have to be further developed. 

Some of the group's work has 
already produced practical results. 
Even with small samples, the in
sight obtained by studying ambi
ent-gas compositions and package 
design, and by static and dynamic 
radiography, bas been used to cor
rect production procedures. 

Although the researchers ob
served some correlation between 
materials characterization and elec
trical parameters, they feel that 
more data is needed before the 
correlation can be used to control 
product homogeneity. They regard 
their studies of diffusion profiles, 
lattice imperfections, and surface 
effect as preliminary. 

Presented at 1969 Symposium on Reliability, 
Chicago, Jan. 21-23. 
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a double gun 
15 MHz Scope for $774* 

Heath/Solartron CD-1400 Series 
Main Frame $450* Plug-Ins $01* up 
The Heath/ Solartron CD-1400 is more than 
a portable, general-purpose, true dual-beam 
oscilloscope: it is a fully modular system 
of vertical amplifiers and time bases to 
fill your measuring requirements with un
matched flexibility. The 5" CRT, coated 
with P31 phosphor, operates at 4 kV to 
give you high resolution and bright dis
plays. Viewing area of the graticule is 8 by 
10 cm. Separate gun assemblies, positioned 
vertically to minimize geometric distortion, 
have separate focus and brilliance controls. 
Available in factory assembled and tested 
form only. 
The CD-1400 shown above with two CX-
1441 Wide-Band Amplifiers and a CX-1443 
General Time Base and X Amplifier fea
tures: 
•DC to 15 MHz bandwidth 

• 24 ns rise time 

• 9 sensitivity ranges from 100 mV /cm to 
50 V / cm (lOmV / cm, DC to 750 kHz 
with switched xlO gain) 

• 18 calibrated sweep ranges from 0.5 us/ 
cm to 200 ms/ cm in a 5, 2, l sequence 
(a continuous uncalibrated coverage up 
to 500 ms/ cm gives a 5 s sweep) 

• ± 5 % accuracy 
• x1 to x5 expansion 

•Int, Ext, +, -, Normal, Auto, HF Sync 
Trigger Modes ... all for just $774 

A sensitivity of 100 uV / cm is available up 
to 20 kHz, increasing to l mV/cm up to 
75 kHz by plugging in the CX-1442 High 
Gain Differential Amplifier. 

High frequency low level signals in the 
presence of large in-phase signals can be 
displayed with the CX-1449 Wide Band 
Differential Amplifier featuring 10 mV /cm 
sensitivity on the DC-10 MHz bandwidth. 
Variable sweep delay to 100 ms is provided 
on the CX-1444 Sweep Delay Time Base. 

DC external trigger, DC coupled X input 
and Single Shot are available on the CX-
1448 Wide Range Time Base which has 20 
ranges from 0.5 us/cm to 1 s/cm extendable 
to a 25 s sweep. 
The modular design of the CD-1400 system 
protects it against obsolescence and gives 
greater measurement capability customized 
to your needs at an unassuming price: the 
main frame costs only $450, plug-ins start 
at $91. 

..---------..... -1~1¥1+'4¥11---------------, 
I HEATH COMPANY, Dept. 520-28 I 

For more infor
mation send for 

the NEW 
HEATH 

Scientific 
Instrumentation 

Catalog 

I Benton Harbor, Michigan 49022 I 
I D Please Send Free New Scientific Instrumentation Catalog I 
I J 
I Name J 
I I 
I Company I 
I I I City State Zip I 

Prices & specifications subject to change without notice. 
I 0 Mail order prices; F.O.B. factory. TE-196 I 

------------------------~ 
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Communications & industry 
vote NEC microwave diodes 
& transistors tops in the 
semiconductor field. 

High Power Gunn Diodes Small Signal 
Microwave Transistors and lmpatt Diode Microwave Transistors 

Naturally. Since these NEC components prove their 
high reliability in actual performance in hyper-high 
frequency oscillators and extreme low-noise broad
band amplifiers. 

Microwave Diodes 
Classification Type No. Applications and Remarks 
GUNN DIODE GD408A-EJ Local Oscillator In Microwave 

GD411A-E Communication Systems, Portable 
GD508A-D Radars, Microwave Measuring 
GD511A-E Instruments, and many advanced uses, 
GD514A-E replacing Low Power Klystrons and 
GD518A- c Harmonic Generator Chains. 

Switching voltage ratio: 25 (typ.) 
Po : 30 mW min.-200 mW min. 
Operating Freq.: 6-21 GHz. 
~= 2.0% (typ.) 

IMPATT AD611A- C Local Oscillator in Microwave 
DIODE and Space Communication Systems. 

Po: 300 mW min.-500 mW min. 
Operating Freq.: 8-13 GHz. 
~ = 4.0% (typ.) 

Microwave Transistors 
Classification Type No. 
Small 2SC800 
Signal 

2SC985 

2SC986 

2SC987 

Applications and Remarks 
RF Amplifier in L-Band 
fr: 800 MHz.(Standard) 
Low-Noise, NF: 5.0 dB at 900 MHz. 
RF Amplifier and Oscillator in L-S-Bands. 
Extremely High Gain Bandwidth Product , 
fr: 3.2 GHz. 
Gp: 9.5 dB,NF: 5.3 dB at 2 GHz. 
High Signal Level Amplifier and 
Oscillator in Industrial and 
Communication Services. 
Gp : 5 dB at 2 GHz. 
Pose.: 300 mW at 2.0 GHz. fr: 2.5 GHz. 
Low Noise Amplifier and Oscillator In 
S-Band. 
Extremely High Gain Bandwidth Product, 
fT: 4.5 GHz. 
Gp: 5 dB, NF: 9 dB at 4 GHz. 

2SC988 J Low-Noise Applications for 
2SC988A . L-Band in Industrial and Communication 
2SC988B Services 

2SC989 

High Power V575 

V643 

fT: 3.5 GHz. Gp: 25 dB at 500 MHz. 
NF: 2.5 dB, 2.0 dB, 1.5 dB (Depending on 
Suffix) at 500 MHz. 
Ultra-High Speed Current Mode 
Switching Applications in Industrial and 
Communication Services. 
fT: 3.2 GHz. 
Switching Turn-on .Time, ton: 0 .8 ns. 
Switching Turn-off Time, toff: 0.9 ns. 
High Power Amplifier for 2 GHz-Band in 
Industrial and Communication Services. 
Po: 1.4 W, Gp: 3.5 dB at 2.3 GHz. 
R1h: 20 ·c1w . 
High Power Amplifier for 2 GHz-Band In 
Industrial and Communication Services. 
Po: 800 mW, Gp; 5.0 dB at 2.3 GHz. 
Rth: 40 •c;w 

Please visit us at the IEEE Show, Booth #3B-01, 02 

Product• for foday
lnnotrllflona for tomorrow 

NEC 
Nippon Ekchk Co~ /.,Id 

P.O. Box I, Takanawa, 
Tokyo, Japan 

Sa/e1 Engineer• and Stocking Represenlaliver in U.S.A. 
& Canada : 
CALIFORNIA EASTERN LABORATORIES, 
INC. 
1540 Gilbreth Road, Burlingame, Calif, 94010 
Tel: (415) 697-6670 Telex: 03-4282 
87 Terrace Hall Avenue, Burlington, Mass. 01803 
Tel: (617) 272-2300 
Sole Agent in West Germany: 
FIRMENGRUPPE ROEDERSTEIN 
DITRATHERM TURK & CO-KG. 
8300 Landshut/Bay: Ludmillstr 23/25 
Telegramme: DITRATHERM Landshut/Bayern 
Telefon : Sammel Nu.mm er 3085 (Ortskennzahl 0871) 
Telex: Nr. 058 246 (Erola) 
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Measure phase 
easily, 
directly, 
and accurately 
ACCURACY -+-1 ° WITH LARGE SIGNAL-TO
REFERENCE RATIOS ... -+-0.5° WITH SMALL 
SIGNAL-TO-REFERENCE RATIOS • CON
TINUOUS 0° TO 360° READINGS • EX
PANDED SCALES FOR ACCURATE AND 
EASY READING • ACCURACY INDEPEN
DENT OF ANGLE • DIGIT AL RATIOMETRIC 
READOUT AVAILABLE • ACTON LABS' 
329B PHASE METER. 

1:£5.J!fo{?iACTON LABORATORIES, INC. W' II A Subsidiary of Bowmar Instrument Corporation 

531 Main Street • Acton, Mass. 01720 • (617) 263-7756 
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di/dt capability 
10 times industry's best 

EVEN WITH LOW POWER GATE DRIVE 

NATIONAL® INVENTS 
THE REGENERATIVE 
GATE. SCR 
NATIONAL ELECTRONICS, 
INC. regenerative gate SCR is the 
only SCR that will give 600 amps/ 
µ sec. when tested according to 
JED EC SUGGESTED STANDARD 
NO. 7 Section 5.1.2.4. This is a 
di / dt rating at three times the 
peak on-state current and 11.z the 
switching loss of any SCR now on 
the market. No sacrifice is required 
in gate drive, turn-on time, turn
off time or any other characteristic. 
Now available in 55 and 110 amps. 
* Patent Pending 

NATIONAL 
ELECTRONICS, INC . 

a vanan subs1d1ary 

REQUEST 
BULLETIN 

PHONE 1312) 231 4300 • GENEVA. ILLINOIS 60134 
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New Literature 

Coldweld crystals. CTS Knights Inc., 
Sandwich, Ill. 60548. Data sheet 014-
1002-0 covers three basic types of 
precision coldweld crystals. 
Circle 446 on reader service card. 

Modular cabinetry. Apparatus Controls 
Division, Honeywell Inc., 2727 S. Fourth 
Ave., Minneapolis 55408, has issued a 
28-page catalog on the series 40 Modu
Mount modular cabinetry designed for 
rack-mounting electronic, radar, and 
other sensitive equipment. [447] 

Computing system. Electronic Associ
ates Inc., West Long Branch, N.J. 
07764, has available bulletin 852519 
describing and illustrating the 7800 
analog-hybrid computing system. [448] 

Phototransistors. Motorola Semiconduc
tor Products Inc., P.O. Box 20924, 
Phoenix 85036. Application note AN-
440 is a 12-page introduction to the 
theory and characteristics of photo
transistors . [449] 

Alternator winder. Adamatic Inc., 6169 
Industrial Court, Greendale, Wis. 53129, 
has released a catalog page describing 
the model AW-101 alternator winder 
that features 90-per-hour production. 
[450] 

Induction heating. Cycle-Dyne Inc., 134-
20 Jamaica Ave., Jamaica, N.Y. 11418, 
has issued an illustrated brochure on 
various induction heating applications. 
[451] 

Modular pcm systems. Radix Telemetry 
Corp., 184 E. Liberty Ave., Anaheim, 
Calif. 92801, has published an eight
page brochure containing a complete 
description of its modular pulse code 
modulation telemetry systems. [452] 

Power supplies. Velonex Division of 
Pulse Engineering Inc., 560 Robert 
Ave., Santa Clara, Calif. 95050. Twelve
page bulletin V-50 covers a complete 
line of rugged and compact d-c to d-c 
power supplies [453] 

Photometric accuracy calibrator. Beck
man Instruments Inc., 2500 Harbor 
Blvd., Fullerton, Calif. 92634. Bulletin 
7141 covers a photometric accuracy 
calibrator for use with the company's 
IR-4, IR-9, and IR-12 spectrophotom
eters. [454] 

Ordinate holding switch. Cunningham 
Corp., Honeoye Falls, N.Y. 14472. Bul
letin 604 describes the capabilities, 
operational characteristics and applica
tions of the ordinate holding switch. 
[455] 

Air trimmer capacitors. Voltronics Corp., 
West St., Hanover, N.J. 07036. In
formation ,and data vital to users of 
air dielectric trimmer capacitors are 
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Pfizer Research advances 
the science of sound 
and image recording. 
The phenomenon of magnetism, which occurs naturally 
in some minerals, was known to the Greeks six 
centuries before Christ. Yet it remains perhaps the 
least understood of all forces. 

For example, how can a thin coating of special iron oxides
on any of many base materials-reproduce with high fidelity 
almost the entire range of sound and visual communications? 

Pfizer probably knows as much about this mystery as anyone, since we've 
pioneered in magnetic recording for over 20 years. Not in making tapes, drums, 
and discs except for test purposes ... but rather in the iron oxides they require. 
Oxides possessing exceptional performance characteristics. 

Pfizer has learned a lot about the subject, and is continuing to learn more, 
from our extensive research, development, and pilot plant manufacturing. If you 
make any of the products concerned, for consumer sales or industrial use, our 
advanced knowledge may help you. 

Your technical inquiries will receive 
immediate attention. 

Photo Caption: 

GOETHITE-Fe203•H20, hydrated fer
ric oxide. Named after poet J. W. von 
Goethe. Specimen from Gomor, Hungary 
and reproduced in scale of 4.3:1 reduc
tion. High purity grades of synthetic 
Goethite are among the major sources of 
Pfizer's wide range of oxides for magnetic 
recording purposes. 

MINERALS 
PIGMENTS 
&METALS 
DIVISION 

Dept., 9E3 235 Eeat 42nd Streat 
New York, New York 10017 
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Send your 
eledrical contad 
requirements to-

,~.· 

WIRE FORMS 

STAMPED AND 
FORMED CONTACTS 

PAL/NEY®, NEYORO® ALLOYS 

NEY 
NEYETCH 
COMMUTATORS 
AND SLIP RINGS 

HEADED CONTACTS 

ASSEMBLED 
COMPONENTS 

WELDED AND 
STAKED ASSEMBLIES 

MOLDED 
CONTACT 
ASSEMBLIES 

48 PAGE CATALOG ON REQUEST 

THE J.M. NEY COMPANY 

234 

Maplewood Ave. , Bloomfield, Conn. 
TEL HARTFOR D 242-2281 (area 203) 
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NEY 

Now 

For The 
First Time 

Circle 283 on reader service card 

You can completely design, 
layout, construct and test 
your most intricate new 
circuitry with the dynamic 

elite 1 

... a compact, self-contained , 
general- purpose Electronic 
Testing Laboratory for $650.oo 
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printed in a guide for design engineers 
in the latest issue of Trimmer Topics , 
a two-page newsletter [456] 

R-f power transistors. ITT Semiconduc· 
tor, 3301 Electronics Way, West Palm 
Beach, Fla. 33407. A folder and wall 
chart combination lists key parameters 
for 24 of the company's r-f power 
transistors. [457] 

Second generation LIC's. Fairchild 
Semiconductor, P.O. Box 1058, Moun
tain View, Calif. 94040, has published 
a 28-page brochure to help engineers 
solve complex design problems by use 
of second generation linear integrated 
circuits. [458] 

Magnetic amplifiers. Airpax Electronics, 
P.O. Box 8488, Fort Lauderdale, Fla. 
33310. Bulletin M-62 describes high 
sensitivity d-c magnetic amplifiers with 
gains up to 10,000 and drift as low as 
lµv . [459] 

Indicator lights. Industrial Devices Inc., 
Edgewater, N.J. 07020, has available 
a bulletin describing the Gia-Dot series 
29'.)0 one-piece Jens-body type indicator 
lights. [460] 

FET selector guide. Motorola Semicon
ductor Products Inc., P.O. Box 20924, 
Phoenix 85036. Six-page selector guide 
and cross reference chart SG-15, cov
ering a complete line of field -effect 
transistors, may be obtained by writing 
on company letterhead. 

Visual image processing. Information 
International, 11161 West Pico Blvd., 
Los Angeles 90064. A 12-page color 
brochure describes and illustrates vis
ual image processing via the company's 
computer-based optical systems. [461] 

Video distribution. Dynair Electronics 
Inc., 6360 Federal Blvd. , San Diego, 
Calif. 92114, has published an informa
tive, 51 -page book called "Video Trans
mission Techniques." [462] 

Computer system. Foxboro Co., Nepon
set Ave., Foxboro, Mass. 02035. Bulletin 
L-19A titled "PCP88" summarizes the 
features of a multi-computer system 
for direct digital control of industrial 
processes. [ 463] 

Aerospace motors. Kearfott Products 
Division, Singer-General Precision Inc., 
12690 Elmwood Ave., N.W., Cleveland 
44111. Compact aerospace induction 
motors for specialized applications in 
aircraft, missiles, ground support, and 
industrial applications are described in 
bulletin A-5138. [464] 

R-f components. Relearn, 2329 Charles
ton Road, Mountain View, Calif. 94040. 
A six-page catalog contains specifica
tions and application material on dou-

Electronics J March 3, 1969 

How do you get prototype, special 
or short-order crystal filters fast? 

Listen to Sherold's pitch. 
We're right on target with the top-quality crystal technology that 
assures you of prototypes and short-order specials with the 
speed and accuracy you need . And the fac ilities to put your 
prototypes into low-cost quantity production when the time 
comes. That 's why Sherold is the largest single independent 
source for both crystal filters and discriminators. And why we've 
built more PRC and VRC filters than any other supplier. Sherold 
has the widest range of filter designs in production and the 
technology to develop and put yours into production, too. From 
computer-designed monolithic filters to extra-rugged MIL-spec 
models. Send us the details of your frequency selection problem • 
and we 'll listen to your pitch . Write Sherold Crystal Products 
Group, Tyco Laboratories , Inc., 1510 McGee Trafficway, Kansas 
City, Mo. 64108. Or phone (816) 842-9792. TWX 910-771-2181 . 
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EG&G 
SILICON DIFFUSED 

PHOTOOIOOE 
• HIGH QUANTUM EFFICIENCY 

•WIDE SPECTRAL RANGE• FAST 
RESPONSE TIME • LOW NOISE 

SGD-100A PHOTODIODE 

The SGD-100A Silicon Photodiode pro
vides a unique combination of wide spec
tral ran ge, high sensitivity, fas t speed of 
response, and low noise. Utilizing a planar 
diffused, oxide passivated, guard ring con
struction, the SGD-100A is suitab le for ap
plications requiring a high degree of 
electrical, optical, and mechanical reliabil
ity. The SGD-100A is hermetically sea led 
in a T0-5 package. 

Sensitivity ..... 0.5 µA/µW at 0.9 microns 
(70% quantum efficiency) 

Spectral Range ..... 0.35 to 1.13 microns 
Capacitance . . . ..... 7 picofarads at 90v 
Rise Time ............. 4 nanoseconds 
Leakage ................. 0.2 µA at 90v 
NEP (0.9µ, 10', 1) .. ..... . 7.9x10- 11 watts 
Linearity of Response .. .. over 7 decades 

Appli cat ions include CW, pulsed light and 
lase r detection and measurement, star 
track ing, optica l navigation, communica
tion and guida nce, and range-finding sys
tems. The new SGD-100A, also avai lable 
in calibrated versions, is in quantity pro
duction fo r fas t delivery at low price. 
For information, write: EG&G Inc., 166 
Brookline Avenue, Boston, Massachusetts 
02215. Telephone: 617-267-9700. TWX: 
617-262-9317. On west coast, telephone: 
213-464-2800. 

n ~~EC3xC3 
ELECTRONIC PRODUCTS DIVISION 
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ble-balanced mixers, hybrids, power 
dividers, single-balanced mixers, 
switches, and balanced transformers. 
[465] 

Frequency components. Motorola Com
munications and Electronics Inc., 1301 
E. Algonquin Rd., Schaumburg, Jll. 
60172. Brochure TIC·3401 describes 
the company's capability in the fre
quency control field and the compo
nent devices now available. [466] 

Magnetic pickups. Dynalog Corp., 4107 
N.E. Sixth Ave., Fort Lauderdale, Fla. 
33308. A bulletin designated Dynaform 
100 provides a technical description of 
a line of magnetic pickups used in rpm 
detection, motion studies, counting, 
and positioning applications. [467] 

D·c power supplies. Sola Basic Indus· 
tries, 1717 Busse Rd., Elk Grove Vil· 
!age, Ill. 60007. Bulletin 540 describes 
a line of scr regulated d-c power sup· 
plies. [468] 

Lock-in amplifiers. Princeton Applied 
Research Corp., P.O. Box 565, Prince· 
ton, N.J . 08540. Engineering applica
tions and theory of operation of Jock-in 
amplifiers are given in application note 
T-192A. [469] 

Telephone signal converters. Quindar 
Electronics Inc., 60 Fadem Road, 
Springfield, N.J. 07081, offers product 
data sheet PDS·2·3 on the QTC series 
telephone signal converters. [470] 

Trigger program generator. Datapulse 
Division, Systron·Donner Corp., 10150 
W. Jefferson Blvd., Culver City, Calif. 
90230. A six-channel trigger program 
generator is described in technical bul
letin 206. [471] 

Production screening. Aremco Products 
Inc., P.O. Box 145, Briarcliff Manor, 
N.Y. 10510. Product bulletin 3200 is 
a two-page data sheet describing the 
Mech-Pak 3200, a screen printer mech· 
anization system permitting production 
screening at the rate of 2,500 parts 
per hour. [472] 

Servo recorders. Esterline Angus, Divi
sion of Esterline Corp., Box 24000, 
Indianapolis 46224, offers a 16-page 
catalog SRC 1088 that describes a full 
line of servo recorders. [473] 

Condensed keyboard guide. Micro 
Switch, a division of Honeywell Inc., 
11 W. Spring St., Freeport, Ill. 61032, 
has available a condensed keyboard 
guide that allows potential customers 
to review the major features of the divi· 
sion's new wired and encoded solid 
state keyboards. [474] 

Pushbutton switches. C&K Components 
Inc., 103 Morse St., Watertown, Mass., 

Replace 
51FTs 
with the 
new 
Murata 
C-Rllfll 
BIACK 
Now, it is the new ceramic filter for FM 
stereo receiver . 
Murata introduces remarkable new ce
ramic filter" Black"-Model CFP-10. 7MA. 
It replaces five conventional IFTs. Not 
three or four. 
We repeat the new Black replaces five 
JTFs. You don't believe it? 
Then sent for the latest techn ical bul · 
letin for complete specifications and 
selectivity curve . 
In addition , the new Black is fixed tuned 
and need no alignment as other Murata 
ceramic filters are. There is no me· 
chanical coupling between the square 
plates but wholly electrical. 
Improve your next FM stereo radio with 
the new Black-the Model CFP-10.7MA. 

Murata Manufacturing Co. 
Nagaoka, Kyoto, Japan 
Telex: 5422-317 KYO 

Cable Address: MURATAKYOTO 

Murata Corp. of America 
2 Westchester Plaza, Elmsford, 

New York 10523 
Telex: MURATA EMFD 137332 

Phone 914·592-9180 

See us at IEEE Booth 3H08 
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We are able to manufac
ture more ferromagnetic 
pot cores than anybody 
else . .. 

• 

because ... 
1. No one can match the variety of materials at 

our disposal-many unique because we 
developed them ourselves. (Our F series 2001-
4 demonstrate drastically improved 
temperature coefficient for this reason.) 

2. We use the most modern technology in the 
world, both domestic and imported. 

3. Our factories are second to none in scale and 
up-to-dateness. 

4. Our 3,000 highly skilled employees, advanced 
research laboratory, and 30 years' experience 
back up every product. 

If your telecommunications equipment calls for 
high-performance pot cores of guaranteed 
uniformity, send us your specs. We'll do the rest. 
Also, we'll be happy to send you detailed 
technical literature on request. 

Tohoku Metal Industries, Ltd. 
4, 7-chome, Ginza-Higashi, Chuo-k u, 'Tokyo, Japan 

Telephone: Tokyo 542 -6171 Cable Address: TOHOKU METAL TOKYO 

Main Products:Ferrite Cores, Memory Cores, Memory Matrices, Ferrite Magnetostrlctlve Vibrators, 
Pulse Transformers, Permanent Magnets (Cast, Ferrite), Tape Wound Cores, Bobbin Cores, 
Ma11netlc Laminations, Fe-Co Alloys, Sendust Cores 
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lnterelectronics all-silicon thyratron-like gat• 
ing elements and cubic-grain toroidal magnetic 
components convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts. 

Ultra-reliable in operation (over 260,000 
logged hours), no moving parts, unharmed by 
shorting output or reversing input polarity. 
High conversion efficiency (to 92%, including 
voltage regulation by lnterelectronics patented 
reflex high-efficiency magnetic amplifier cir
cuitry.) 

Light weight (to 6 watts/oz.), compact (to 
8 watts/cu. in.), low ripple (to 0.01 mv. p-p), 
excellent voltage regulation (to 0.1 % ), precise 
frequency control (to 0.2% with lnterelectronics 
extreme environment magnetostrictive stand· 
ards or to 0.0001% with fork or piezoelectric 
standards.) 

Complies with MIL specs. for shock (lOOG 
11 misc.), acceleration (lOOG 15 min.), vibra
tion (1 OOG 5 to 5,000 cps.), temperature (to 
150 degrees C), RF noise (1-26600). 

AC single and polyphase units supply sine 
waveform output (to 2% harmonics), will 
deliver up to ten times rated line current into 
a short circuit or actuate MIL type magnetic 
circuit breakers or fuses, will start gyros and 
motors with starting current surges up to ten 
times normal operating line current. 

Now in use in major missiles, powering 
telemeter transmitters, radar beacons, elec
tronic equipment. Single and polyphase units 
now power airborne and marine missile gyros, 
synchros, servos, magnetic amplifiers. 

lnterelectronics-first and most experienced 
in the solid-state power supply field produces 
its own all-silicon solid-state gating elements, 
all high flux density magnetic components, 
high temperature ultra-reliable film capacitors 
and components, has complete facilities and 
know how-has designed and delivered more 
working KVA than any other firml 

For complete engineering data, write Inter
electronics today, or call 914 Elmwood 8-8000. 

INTERELECTRONICS CORP. 
700 U.S. Route 303 Congers, New York 10920 
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I e 
IS 

01 ue 

B ojf rs u a 
uaique com mation 
of top crystal 
technology and 
state-of-the-art 
oscillator design 
capability 
When you need precision crystals 
or crystal oscillators you can count 
on BULEY expertise backed by 
38 years of experience in 
frequency control. 

Ceo Crystal 
Controlled Oscillators 

TCCO 
Temperatu re 
Compensated 
Crystal Oscillators 

Ve C 0 Voltage Controlled 
Crystal Osci llators 

Call or write us today with your 
specification requirements . 

•s b !:~;m, 1J you uy qualllfl 

BULEY ELECTRIC COMPANY 
2545 West Grandview Boulevard 

Erie, Pennsylvania 16512 
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02172. A two-page data sheet describes 
four momentary snap action, submini
ature pushbutton switches. [475] 

Test jacks. Star-Tronics Inc., Moulton 
St., Georgetown, Mass. 01830, has re
leased an engineering data sheet de
scribing the characteristics of its sin 
gle terminal test jacks. [476] 

Serial printer. Adtrol Electronics Inc., 
116 N. Seventh St., Philadelphia 19106, 
offers a data sheet giving full informa
tion on the model SCP·6A serial char
acter printer. [477] 

Tunable tone transformers. Sangamo 
Electric Co., P.O. Box 359, Springfield, 
Ill. 62705. Four-page bulletin 5113 de
scribes a line of tunable, multifre
quency tone transformers. [478] 

Rotary switches. RCL Electronics Inc., 
700 S. 21st St., Irvington, N.J. 07111. 
An expanded catalog gives complete 
technical specifications on six new ser
ies of miniature rotary switches. [479] 

Temperature controllers. Research Inc. , 
P.O. Box 6164, Minneapolis 55424. A 
booklet on proportional temperature 
controllers presents the basic funda
mentals in a technically simplified man
ner and shows how to apply these 
concepts to the reader's own applica
tions. [480] 

Vibration control mountings. Lord Mfg. 
Co., 1635 W. 12th St., Erie, Pa. 16512, 
offers a bulletin covering a family of 
compact, lightweight vibration , shock 
and noise control mountings. [481] 

H-v power supplies. Venus Scientific 
Inc., 399 Smith St., Farmingdale, N.Y. 
11735, has issued a com bi nation cata
log and file folder on miniaturized 
high-voltage power supplies and related 
products. [482] 

Connectors. U.S. Components Inc., 
1320 Zerega Ave., Bronx, N.Y. 10462. 
An eight-page catalog features a quali
fication-tested series of interchange
able miniature connectors. [483] 

Cast mica capacitors. Sprague Electric 
Co., 35 Marshall St., North Adams, 
Mass. 01247. Engineering bulletin 
1240A contains data on cylindrical
body cast mica capacitors for opera
tion up to 125°C. [484] 

Analog function modules. lntronics Inc., 
57 Chapel St., Newton, Mass. 02158. 
Engineering technical notes describe 
four important types of analog func
tion modules for analog data process
ing applications [485] 

Temperature controller. Electronic Con
trol Systems Inc., Midland Park, N.J., 
offers literature describing the Alpha 1 
temperature controller. [486] 

SOLID TANTALUM CAPACITORS 
FOR HYBRID I Cs -"MICROCAP" • 

Capacitance exceeding 10,000 pico

farads obtained despite miniature size . 

" MICROCAP" features excel lent heat 

resist ance, solderabili ty and mechan ical 

strength comparable to conventional 

discrete components, for easy use in 

hybrid integrated ci rcu its . 

Specifications: 
Operating Temperature Range : -55°C to +85°C 
Standard Voltage Rating: 6.3, 10, 16, 20, 25, 35 VOC 
Standard Capacitance Value: .001 to 22MFD (E6 series) 
Standard Capacitance Tolerance : ±20% (M) 

MATSUO'S other capacitors include: 
Metallized Polyester Him Capacitor: 

Type FNX-H mylar wrapped . 
Solid Tantalum Capaci

tors: Type TAX hermeti
cally sealed in metalli 

'--. , case, Type TSX en 
------ cased in metallic 
~ case and sealed with 

epoxy resin, Type 
o====::;= TSL encased in me

tall ic case and sealed 
with epoxy resin. Poly-

~ ester Film Capacitors: 
t..~ Type MFL epoxy dipped , 
~ Type MFK epoxy dipped, non 

inductive, Type MXT encased in 
plastic tube, non inductive . 

For further information, please write lo: 

MATSUO ELECTRIC CO., LTD. 
Head Office: 3-5, 3-chome, Sennari-cho, Toyonaka-shi, Osaka, Japan 
Cable: "NCCMATSUO" OSAKA Telex: 523-4164 OSA 
Tdlyo Office: 7, 3-chome, Nishi-Gotanda, Shinagawa-ku, Tokyo 
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STANPAT GIVES SHARP, CRISP 
REPRODUCTION EVERY TIME I 
STANPATS are made specifically for use on drawings. In
ferior imitations create endless problems. STANPAT will 
preprint your own repetitive items for instant drafting. 
Every sheet is guaranteed to meet your exact requirements. 
Adhesion is instant .. . reproduction is always perfect. 
Unbelievable? Send today for free samples - judge for 
yourself. Be sure to enclose a sample of your own repetitive 
details and we'll send you a quote. Use quick-reply coupon. 

---------Telephone: 516 883·8400--------
f ai th f ully sert•ing th e a rch itect and engineer f or over 25 y ear s 

(t ] ~;. ~~~~ ln~t~£~a~iS!.~.~.~l~~ 
O Send fre e s a mpl es a nd lite rature. O Quote on my attached art. 

Name Title _ ___ _ 
Company ____________ _____ _ 

Add ress _ _ ________________ _ 

City, State, Zip Code _____________ _ _ 

Circle 288 on reader service card 

Every year, ELECTRONICS attracts requests 
for over 125,000 editorial reprints. 

They're like interest payments on our 
million-dollars-a-year editorial principles. 

That's how much we spend annually to 
produce timely, authentic, and useful arti 
cles like those listed on the reader service 
card as reprints currently available. 

Investment and interest make both 
ELECTRONICS and its readers more meaning
ful to its advertisers. 
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HERE'S HELP FOR YOUR 
COST-REDUCTION PROGRAM 

Servo Motor 
With Cedar's traditional high 
quality and performance but 

at far less cost 
than conventional motors 

The new Jetline motors are a family of standard 
motors available from stock for quick delivery. 
Modifications and special designs on request. 
Size 8, 10 and 11 servo motors and Size 8 and 10 
motor-tachs are available for both 26-volt and 
115-volt applications. 

These new motors are an extension of Cedar's 
more than 10 years experience in the transfer
molding of stators. Molded plastic replaces the 
case and end cap resulting in fewer parts. Effi
ciency is maximized through the use of larger 
stator laminations. The larger flanged bearings 
fit against t he molded plastic, run cooler and 
provide greater reliability. 

Thorough testing of these motors has proven 
them to meet traditional Cedar quality stan
dards. Our normal warranty applies. Jetline 
motors have, however, demonstrated over 3500 
hours at 100°C ambient. 

The important difference to you when you 
specify Cedar's Jetline motors is that they cost 
less. For example, a standard Size 10 Servo Motor 
costs only $16.50 in quantities up to 1000. To get 
all the facts on how Cedar's new Jetline servo 
motors can help in your cost-reduction efforts, 
write or call today. 

CEDAR CONTROL DATA 
DIVISION CORPORATION 

5806 West 36th Street, Minneapolis, Minnesota 55416 
Phone: 612/929-1681 
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Of cours~. you're sold on the impor
tance of providing continuing education for your 
electronics personnel. 60 rapidly do new develop
ments take place in e/ectronics that knowledge 
begins to lose its value almost as soon as it is 
acquired. Valuable men can become outmoded and 
unproductive almost overnight. And the shortage 
of technical manpower at both the professional and 
supporting levels makes it imperative that you 
utilize fully every man you 'have. 

Perhaps your company c;:onducts in-plant pro
grams of instruction. Or pays all or part of the cost 

of evening classes in nearby technical institutes, 
colleges and universities. Whatever your educa
tional program, we believe it will be more flexible 
and more effective if you supplement it with CREI 
Home Study Programs in Electronics. 

We've prepared a brochure that tells how CREI 
Programs can help 
you update, upgrade 
and reorient electron
ics personnel. Use 
coupon below to send 
for a copy today. BD 

Accr1d11ed MemDet of th1 N11ion1/ Homt Study CouncJf 

CREI, Home Study Division, McGraw-Hiii Book Company 
Dept WTC-04, 3224 Sixteenth Street, N.W. 

Circle 240 on reader service card 

Washington, D.C. 20010 
I want more information on CREI Programs in Electronics and how 

they can supplement our educational program for electronics personnel. 
Please send me, without obligation, your descriptive brochure. 

Title'--- ----- - ------------- --

Firm Name'-------------- -------

Address. ________________ _____ _ 

City _ _ _ _ ______ .state. _____ _ _,_ip ___ _ _ 
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Looking for 
a better job? 

Ask Electronics' computer all about it 
Electronics magazine feels an obligation to help its 
readers find positions in the electron ics technology 
which will make the greatest contribution to their pro
fession and to society - jobs in which electronics men 
themselves will be happiest. 

Electronics has joined w ith a nation-wide talent 
search company-National Manpower Reg ister, lnc.-to 
form the computerized Electron ics Manpower Register. 

Your qualifications and job requirements will be pro-

grammed into a GE 265 computer, direct-l inked to the 
Manpower Reg ister's offices in New York. The com
puter, once your resume form (bottom of page and 
following page) is rece ived , will continuously compare 
all your data with the specif ic manpower needs of elec
tronics companies. When a match is made, you will be 
contacted directly or through an affiliated agency. The 
company and you will be brought together on a con
fident ial basis. Continued on next page 

.-------------------------------------------------
Electronics Manpower Register 
It is important that your information be complete and that you type or print legibly 

IDENTITY PRESENT OR MOST RECENT EMPLOYER 

Name Date Parent company 

Home address Your division or subsid iary 

City State Zip Location (City /State) 

Home phone Do you subscribe to Electronics D or see a library or pass-along copy D 

GEOGRAPHICAL PREFERENCE (Check epproprlate boxes and complete all blanks) 

I will NOT relocate D I will consider opportunities in: D North East D Mid Atlantic D South D Midwest D Southwest D Calif. D Northwest 

Prefer: D Metro. area D Medium town D Rural area Other: 

EDUCATION 

Degree Major field Year College or Univers ity 

FOR OFFICE USE ONLY 

EMPLOYMENT INFORMATION I I I I I I I I D 
REGISTRATION NUMBER INITIAL OF LAST NAM E 

Position desired 

PresentD or most recent D position From To Titl e 

Duties and accomplishments 

HAVE YOU REGISTERED WITH THIS SYSTEM PREVIOUSLY? Yes D Noo 
CONTINUED ON OTHER SIDE 
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The cost of all this to you? Absolutely nothing. No 
fees or charges at any time. 

Other advantages of EMR: 
• Your resume is sent only to those companies that 
have a genuine requirement for your particular skills. 
• There is no general " broadcasting" in the hope 
"someone will be interested." 
• Your identity is protected because your name is re
leased only according to your prior instructions. Your 
name can be deleted on request. 
• EMR's service is nationwide. You may be considered 
for job opportunities anywhere in the U.S. 
The Electronics Manpower Register is a powerful tool 
and should be considered when you are seriously seek-

ing a new position. And, although you may be reason
ably happy in your present position, chances are that 
you might have that ideal job in mind. 

This is why EMR makes good sense for you. If that 
job does turn up, you ' ll be there. 

To get your name in the EMR file, just fill out the 
resume form and return to: 

Electronics Manpower Register 
330 West 42nd Street 
New York, N. Y. 10036 

Please enclose a copy of your resume if you have one. 
A detailed brochure further describing EMR will be sent 
to you. 

0 Electronics Manpower Register 
A computerized employment opportunity service 

-------------------------------------------------
CONTINUED FROM OTHER SIDE 

Previous Employer City/State From To 
Position 

Duties and accomplishments 

Previous Employer City/State From To 
Position 

Duties and accomplishments 

GENERAL INFORMATION 
(Summarize your over-all quallficatlons and experience In your field. List any pertinent Information not Included above.) 

Current annual Total years Date available 
U.S. Citizen 0 Non U.S. Citizen D base salary of experience (within four months) 

My identity may Any All but my Have you security 
Yes D No D 

II yes, 
be released to: employer O present employer D clearance? What level 

Mail (with a copy of your resume , if you have one) to : 

Electronics Manpower Register 
NO FEES ELECTRONICS OR 

330 West 42nd St. CHARGES 
New York, N. Y. 10036 EMR-10 
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What can Norden mean to you? 

advanced systems concepts 
At Norden, systems sophistication is a lot more than just 
a generality. It's fact-both conceptually and in terms of 
hardware. 

If radar is your specialty, consider the multi-function 
phased-interferometry techniques we 've evolved. A whole 
new generation of fixed-wing and VTOL tactical aircraft 
will use the resultant systems as their all-weather 'eyes' for 
ultra-low-level terrain-following approaches. Or, if you 
prefer displays, consider our work in developing practical 
pilot display systems that provide " head-up" display of 
aircraft situation in all flight modes, from takeoff to land
ing. 

This same systems approach characterizes our work on a 
broad spectrum of problems in ground support equip
ment, optical devices, computer technology and electro
mechanical technology for aerospace, marine and indus
trial applications. 

If you want to develop advanced systems/components 
concepts, we'll match your abilities with some advanced 

ideas about responsibility and growth. Interested? Why 
not investigate one of our openings in the following areas: 

RADAR -Radar & Antenna Systems • Microwave • Re
ceiver & Circuit Design-QUALITY ASSURANCE-Systems 
Reliability • Reliability Analysis • Maintainability • Envi
ronmental Test • AGE Data-PILOT DISPLAYS -Video 
Systems • Data Processing & Display • Circuit Design
ADVANCED COMPUTATION -Computer Applications • 
Systems Simulation-MECHANICAL DESIGN -Electro
mechanical & Analytical D~sign • Electronics Packaging. 

Please forward your resume to Mr. James E. Fitzgerald, 
308 Helen Street, Norwalk, Connecticut 06852. 

Be sure to visit us during the IEEE Show 
March 24 through March 27. 

Norden DIV>SIDN D• U !1 ited 
Aircraft 

An Equal Opportunity Employer (m/ f) 
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frigid air 
is for 

leftovers! 
Is that what you are? ... Left over from the great American population 
shift to the Southwest sun country? Why not warm up in Phoenix, the 
sun-fun capital of the world where the whole year is for fishing, golf, 
tennis or most any other sport. 

Why buy overcoats and snow shovels when you could spend your 
money for a new rod and reel? Motorola in Phoenix provides a warm 
climate and a long growing season for engineers and scientists. Forty 
years of leadership in electronics systems engineering and unmatched 
technical facilities can be your place in the sun. If you provide the 
brainpower, nearby Arizona State University will provide the ticket for 
that unfinished Master's or PhD. 

Make one more trip into the frigid air and mail us your resume ... and 
while you're out, take a look at a new spinning reel; it costs just about 
the same as a new snow shovel. 

Specific opportunities are: 
Space Communications • Radar Systems • Tracking & Telemetry • Fuzing 
Digital Data Transmission • Guidance & Navigation • Radar Transponders 
ECM & Elint •Coherent Transponders• Integrated Electronics• Antennas 
& Propagation •Advanced RF & Microwave Techniques • Ground Support 
Equipment • UHF /VHF Communications Equipment • Display • Digital 
Multiplex• Troposcatter • Readout• Undersea • Mechanical Design • Reli
ability & Components 

in PHOENIX® MOTOROLA 

Government Electronics Division 
Write: Paul Ahler, Recruitment Mgr., Dept. 65, Box 1417, Scottsdale, Arizona 

AN EQUAL OPPORTUNITY EMPLOYER 

CIRCLE 967 ON READER SERVICE CARD 

I 

: 

ADDRJJJSS BOX NO. RJJJPLIJJJS TO: BOID No. 
Olassittea Adv. Dept. ot tllts publication. 
Send to office nearest 11ou. 
NJJJW YORK, N. Y. 10036: P. O. Bo111 U 
CHICAGO, Ill. 60611: 646 N. M(cMgan Ave. 
SAN FRANCISCO, Cal. 94111: ISS California St. 

EMPLOYMENT SERVICES 

Florida/Nationwide EEs, MEs, IEs ••• Elec-
tronic, Aerospace, Industrial, Sales & Mfg. 
$9-18,000. Tech Div Brodeur Personnel Serv-
ice, Inc., 3947 Blvd., Center Drive, Jackson-
ville, Fla. 32207. 

FOR INFORMATION 
about 
classified advertising, 
contact the McGraw-Hill 
office nearest you 

ATLANTA, 30309 
1375 Peachtree St., N.E. 
404-875-0523 

BOSTON, 02116 
607 Boyleston St. 
617-262·1160 

CHICAGO, 60611 
645 No. Michigan Avenue 
312·664-5800 

CLEVELAND, 44113 
55 Public Square 
216-781-7000 

DALLAS, 75201 
1800 Republic Nat'I, Bank 
Tower 
214-747-9721 

DENVER, 80202 
1700 Broadway, Tower Bldg 
303-255-5483 

DETROIT, 48226 
856 Penobscot Building 
313-962-1793 

HOUSTON, 77002 
2270 Humble Bldg. 
713-224-8381 

LOS ANGELES, 90017 
1125 West Sixth Street 
213-482-5450 

NEW YORK, 10036 
500 Fifth Avenue 
212-971-3594 

PHILADELPHIA, 19103 
Six Penn Center Plaza 
215-568-6161 

PITTSBURGH, 15222 
4 Gateway Center 
412-391-1314 

ST. LOUIS, 63105 
7751 Carondelet Avenue 
314-725-7285 

SAN FRANCISCO, 94111 
255 California Street 
415-362-4600 
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~-------------- .. 
ENGINEER 

LIBRASCOPE 
in Glendale, California offers excep
tional opportunities in Advanced 
Development Projects in 

ASW SYSTEMS 
Systems Analysis, Simulation, Eval
uation & Preliminary Design. 

• ANALYSIS and Preliminary Design of 
ASW WEAPON CONTROL and Data Ac
quisition systems. 

• PROJECT engineering responsibilities 
involving requirements analysis, error 
analysis, cost effectiveness analysis, 
systems integration and preliminary 
design. 

• BS or MS in engineering, math or 
physics required, with 2 or more 
years directly applicable experience in 
ASW engineering. 

Call or send resume to: 

R. D. MACUMBER 
EMPLOYMENT MANAGER 
(213) 245-8711. Ext. 1246 

808 Western Avenue 
Glendale, California 91201 

SINGER 
LIBRASCOPE 

Equal Opportunity Employer, M/ F 

·--------------· 
Your Used, 
Surplus and 
Rebuilt Equipment 
Advertising here 
inthe 

Searchlight 

Section 
will impress 
key buyers ... 

Buyers regularly turn to these pages 
for their used equipment needs ... 
~ can reach these buyers quickly 
and economically with your advertis
ing in this "meeting place" of used 
mining equipment buyers and sell· 
ers. 

For more information, please con
tact: 

Electronics 
Classified Advertising Dept. 

P. 0. Box 12, New York, N. Y. 10036 
Area Code 212, 971-6586 
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AUTOTRACK MOUNT 

360 degree azimuth, 210 
d~gree elevatlun sweep 
with better than 1 mil. 
accurac·1 Missile 'elocity 
acceleration and slewing 
rates. A.mplldyne and 
servo control Will handle 
up to 20 ft. dish. Sup
plied complete with con
trol chassis. In stock
Immediate delivery. Used 
world over bJ' NASA. 
USA!'. MP-61 ·B. Type 
SCR 584. Nike Ajax 
mounts also 1n stock. 

PULSE MODULATORS 
MIT MODEL 9 PULSER 1 MW-HARD TUBE 
Output 25kv 40 amp .. 3Ukv 40 amp. max. DutJ cy .002. 
.25 to 2 m!croseo. Also 5 to 5 mlcrosce. and .1 to .5 
mlcrosec. Uses 6C21 Input 115• 60 cycle AC. Mfg. 
GE Complete with drher and high 'oltage power 
supply Ref: MIT Rad Lab. Serles, Vol. 5, p. 152. 

2 MEGAWAn PULSER 
Output 30 kv at 70 amp, Duty cycle .001. Rep rates. 
I mlorosec 600 pps. l or 2 msco SOO pps. Uses 5948 
hydrogen thyratron. Input 120/208 V AC 60 cycle. 
Mfr. GE. Complete w1th hl•h voltage DOWer supply. 
250 KW HARD TUBE PULSER 
Output 16 k' 16 amp. Duty cycle .002. Pulses can 
be coded. Uses 5021, 715C or 4PRCOA. Input 115 • 
60 cy. AC $1200 ea. 
18 MEGAWATT PULSER 
Output 1511K V at 12U 4IUl)ll. Rep rate: 50-500 PPS. 
Pulse length : 5 mBeC. 15KV 120 amp. Into pulse 
transformer Rise time l.5 msee Filament supply W 
80 amp. Incl. 17 5KV 1.5 amp DC DOWer supply. 
Input : 220V 60 ID AC. 

I 
INDICATOR CONSOLES 

AN/SPA U, PP! 10". ran•• to soo ml. 
VJ · ! PPI 12" . Ranae to 200 ml. 
VL-1 RHl 12'' to 200 ml. 60K ft. 

SCR 5B4 AUTOTRACK RADARS 
Our 584s Ln llke new condition ready to go, and in 
stock tor tmm.ecllate delivery. Ideal for telemetry re
search and development, missile tracking, s&tf'llltA 
tracking. Fully Deoc. MIT Rad. Lab. Serles. Vol I, 
pps. 207-210, 228, 284-286. Comp. Inst. Bk aoall
a blf' S2f> Of1 Mt'h 

40 KW TRANSMITTER 
4 to 21 MHZ. 40 kw Telegraphy, 30 kw Voice, can 
be SSB. New oondttlon. Two systems in stock. Excel
lent rf source, broadcast or point·to-volnt. 

Somebody-

Somwhere, 
needs your idle 

Reach that buyer 

equipment! 

quickly and 

economically thru the 

"SEARCHLIGHT 

. SECTION" 

The meeting place of Used 

Equipment Buyers and Sellers 

ANTI-AIRCRAFT GUN MOUNT 
Will handle 6,000 Iba. rapid slew throu&h 360° azi
muth, 180° elevaUon. Moblle. 

MICROWAVE SYSTEMS 
200-2400 me. RF PKG 
%~~~ ~g~5.,3£ Watt& Cw nomln&l output. 

L BAND RF PKG. 
20 KW Deak 990 to 1040 MC. Pulse width • 7 to 1.2 
micro sec. Rep. rate 180 to 420 pps. Input 115 T&c 
Incl. Reoelver $1200. 
200-225 me RADAR SYSTEM 
I Megawatt output 200 nauue&I mile ranae for Jnng 
range detection of medium and high altitude Jet air
craft as well as general search. A.N ITPS 28. 
SURVEILLANCE DRONE RADAR SYSTEM 
~f;~Q~~~k18~o:"':l!. '1!,th .:=In& boards. Type 

5 MEGAWATT C-BAND 
Klystron RF package dell•erlng nominal 5 me&awatt 
pulse RF. Complete with 1Nlser and pawer supply. 
500 KW L BAND RADAR 
500 kw 1220-1359 msc. 160 nautical mUe search 
ranae P .R.I. and A 8COl>09. MTI. thyratron mod ms 
magnetron. Complete 
system. 

AN/GPG-1 SICY
SWEEP TRACKER 
3 cm. automauo track
ing radar o.vstem. Com
plete pacJtag• with In· 
d1rator aystem. Full 
target &CQUiattlon and 
automatic traakl.na. ID· 
put 1!5 volta 60 cycle 
New. In stook for Im· 
mediate deUven Entlre 
System 6' Iona. S' 
wide, IO' high. Ideal 
for Infrared Tracker. 
Drone Tracker, Missile 
Tracker, R. & D. 

C Band Autotrack 
I Megawatt 10 ft. Parabol . S 

-· 
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.---11 ELECTRON TUBES I--
KLYSTRONS • ATR & TR • MAGNETRON& 

SUBMINIATURES • C.R T. e T.W.T. e 8000-
6000 SERIES 

• SEND FOR "EW CATALOG A2 e 
A & A ELECTRONICS CORP. 

1083 PERRY ANNEX 
WHITIJf.,~ALIF. 
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SURPLUS IBM EQUIPMENT 
FREE catalog of powers supplies, light & 
switch panels, semiconductors, test equip· 
ment, IC's, optics, etc. 

GADGETEERS SURPLUS ELECTRONICS, Inc. 
5300 Vine St. Cincinnati, Ohio 45217 

CIRCLE 970 ON READER SERVICE CARD 

1l:Cini/litid 
for miniature potting 
and encapsulating 

Avallable In 3 sizes 

6cc - 12cc - 30cc 

Remember 
MAIL MOVES THE COUNTRY 

but ••• 
ZIP CODE MOVES THE MAIL 
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General Electric introduces a faster, more convenient 
and less costly technique for production line encap
sulating and potting. And the RTV's used in the process 
are as tough as any previously available. 

Called the RTV-800 series, the new liquid silicone rub
bers do not need a catalyst to activate them, so no 
premixing is needed. 

They cure at temperatures ranging from 200°F to 
450°F, so pot life is far longer than is customary with 
RTV's. A typical deep section cure would be one hour 
at 300°F. For really rapid cure, components can be 
preheated and dipped into the RTV. 

These three new products are supplied in both opaque 
and clear grades, with viscos'ities ranging from very 
pourable to pourable. They can be blended with 
one another to suit your particular encapsulating job. 

For more information about these new encapsulating 
RTV silicones (they also make good short-run molding-

Now.He 
• • no-m1x1ng, 
RTVsi 

materials), write Section 300, Silicone Products Dept., 
General Electric Company, Waterford, N.Y; 12188. 

, . 
TYPICAL PROPERTIES 

Uncured -..,__ RTV-815 RTV-830 RTV-835 

Col.or · Clear Beige . · Beige 
Consistency Eosily Pourable Easily · 

pourable pourable 
Viscosity, cps 3500 200,000 . . 8000 
Specific Gravity 1.02 1.28 1.18 ' 
Solids,% 100 100 100 
Shelf Life, months 4 4 .. 4 

Cured, ± l hr. @ l 50°C l'HV-815 RTV-830 RTV-835 

Hardness, Shore A 35 50 35 
durometer 

Tensile Strength, psi 700 800 500 
Elongation, % 150 250 200 
Tear Strength, lb/in. 15 100 20 

GENERAL. ELECTRIC 

· t-curing, . 
igh-strength 
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Sony power: 

18-watt IC 

Soviet mass market 

for color-tv sets 

2 or 3 years off 

Europeans to form 

Comsat counterpart 

International Newsletter 
March 3, 1969 

The Sony Corp. has logged a stunning new high in power output from 
a monolithic integrated circuit-18 watts continuous rms. That's more 
than triple the power levels obtainable with the highest rated consumer
product IC amplifiers now on the market. 

Sony says its new IC will start turning up in its own consumer products 
this fall. The first applications: stereo hi-fi sets, tape recorders, radios, 
and tv sets. In addition to performing as an audio-output amplifier, the 
IC can serve in a tv set's vertical deflection circuit. 

Underlying the high power output, Sony says, is a process that lets 
the company grow single-crystal and polycrystalline silicon precisely 
on the chip to get low-resistance connections to buried collectors and 
still have a high breakdown voltage. The maximum supply voltage for 
the new IC is 40 volts, and the maximum current rating is 4 amps peak
to-peak. 

The circuit packs two power transistors, four other transistors, a diode, 
and six resistors on a chip 1.5 by 1.75 millimeters. For high-power appli
cations, Sony has a special flat package built around a strap-style heat 
sink. For outputs of several watts, there's a version in a T0-5 can. 

Russia's communist consumers apparently are acting much like their 
capitalist counterparts in the West when it comes to color television. 
They're not rushing to buy sets. 

Color-set production last year reached 200,000 units, says Leonid S. 
Maksakov, vice-chairman of the Soviet State Committee on Radio and 
Television. The figure far exceeds estimates by Western observers, who 
so far have tagged Russian color-set production as minimal. Less sur
prising is Maksakov's assessment of the market, "It's easier for us to pro
duce these sets than to sell them," he maintains. 

To get their color boom started, Soviet officials plan to follow much 
the same strategy as West European producers and broadcasters. They'll 
cut down color-set production this year. At the same time, retail prices 
will be whacked down 25% and credit terms eased. The price cut will 
bring the ticket on a 23-inch set down to $950. That's about three times 
the price of a black-and-white set and the same color-monochrome ratio 
found in Western Europe. 

Just as important as price cuts on sets is the Soviet strategy to vastly 
step up color programing. Right now, there's a scant seven hours a week 
of color broadcasting by stations in Moscow, Kiev, Tbilisi, and Lenin
grad. By the end of the year, the capitals of 15 Soviet Republics should 
have colorcasting facilities, and there'll be from 12 to 20 hours of color 
programs weekly. The boom in color program production-and in set 
sales-won't come for another two years or so, though. 

In a move to counter U.S. dominance in Intelsat, more than 40 large 
companies in eight European countries have grouped informally as the 
first step toward forming a consortium to set up and operate satellite 
communications systems. 

The group, mostly aerospace and electronics companies, calls itself 
Eurosat. It hopes to be to the Conference Europeenne de Telecommuni-
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U.K. 19" color sets 
get Japanese tubes 

Germans will supply 
Diamant B test gear 

France to form 
aerospace giant 
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cations par Satellite (CETS), the association of European telecommunica
tions authorities, what Comsat is to Intelsat. 

As the Europeans see it, Eurosat will not compete head on with Com
sat. Instead of global communications, the new consortium will .. try 
its hand-if CETS so wishes-at things like satellite navigation services 
and regional communications networks. Although its main customers 
would be CETS member states, Eurosat would go after likely non
European customers too. 

It now looks as if Japanese picture-tube producers will wind up with 
the British market for 19-inch color tubes. 

Some set makers have already started using imported tubes in their 
sets. Rather than try to match Japanese prices-which are 15% to 20% 
lower than their own-the three U .K. tube producers apparently will 
phase out 19-inch production and concentrate on 22- and 25-inch sizes. 

The gradual shift to imported 19-inch tubes was triggered mainly by 
a sluggish market for color sets and U.K. producers' worries that a wave 
of small Japanese color sets will tum up in Britain next fall when color 
transmission is extended from one network to all three. By building 
sets with imported tubes, U.K. producers can shave from $30 to $40 off 
the retail price of a $700 set 

France will turn to West Germany for the instrument package it needs 
to test its Diamant B rocket, slated to be flown for the first time in 
February 1970. 

French space authorities had originally worked out a deal to get 
the test package from the European Launcher Development Organ
ization (ELDO). The French had agreed to use the Diamant B to test 
the perigee-apogee system of ELDO's Europa II rocket if ELDO 
included rocket-test instrumentation in its package. ELDO's perigee
apogee satellite experiment has now been canceled so France has signed 
on West Germany as a partner in the project, called Dial. 

In exchange for the instrumentation, the Germans will get a Diamant 
B launch for a scientific satellite that will measure electron energy and 
density in the earth's magnetic field. 

The de Gaulle government has decided to consolidate its three biggest 
aerospace firms. With total sales of some $500 million and with 40,500 
employees, the merged company would be by far the largest in France. 
But it will rank well behind the British giant in the field, Hawker Sid
deley, in total revenue. 

The companies that will be combined are Sud-Aviation, maker of 
the Caravelle and Concorde airliners, Nord-Aviation, and Societe pour 
l'Etude et la Realisation d'Engins Balistiques. The merger, which will 
become effective next year, will give France a better bargaining posi
tion when contracts are let for multinational aerospace projects. 

A consortium of European electronics firms led by West Germany's 
Standard Elektrik Lorenz AG has won the $25 million contract to build 
a NATO-wide network of 12 ground stations for satellite communica
tions [Electronics, June 10, 1968, p. 245]. 

Electronics I March 3, 1969 



Electronics I nternationa I 

Prospects bright in U.K. 
for glow-diode displays 

March 3, 1969 

One British group produces arrays by bundling gallium-phosphide diodes; 

another builds gallium arsenide-phosphide diodes directly on substrates 

There's little doubt-except per
haps among indicator-tube makers 
-that the solid state display will 
hold sway as the standard readout 
for instruments within five or 10 
years. 

Already, the Hewlett-Packard 
Co. has put on the market a dis
play based on an array of 28 light
emitting gallium arsenide-phos
phide diodes. And just about every 
major semiconductor maker in the 
world has something in the way of 
a solid state readout in the works. 

A good fix on how bright the 
prospects are for light-emitting 
diodes in Britain will oome next 
week at the annual Physics Exhi
bition in London. There, two 
groups that have government re
search contracts will show what 
they've done in gallium phosphide 
and gallium arsenide-phosphide 
displays. 

The GaP group is working at 
the behest of the Ministry of De
fense and bands together the Ser
vices Electr<>nics Research Labor
atory (SERL), Ferranti Ltd., and 
the Plessey Co. Handling the Ga 
(As,P) side of the government's 
solid state display effort is Stan
dard Telecommunications Ltd. , a 
British subsidiary of ITT. 

Lots of pull. The SERL group 
has based its display-fabrication 
technique on a crystal-pulling 
meth<>d developed at the Royal Ra
dar Establishment [Electronics, 
June 13, 1966, p. 258]. By covering 
the melt with a layer of boric 
oxide, single GaP crystals about 
1-inch in diameter can be had. This 
gives SERL the possibility of lay
ing down many diodes with simi
lar characteristics on one wafer. 

SERL fabricates the diodes by 
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Number's up. Gallium phosphide diodes 
in SERL array glow with a brightness 
of 500 foot-lamberts. The array 
measures 1h by% inch. 

growing an epitaxial layer on the 
GaP substrate. The wafer then is 
diced up into pieces about 0.040-
inch square. Part of the p layer is 
etched away so that the back of 
the n layer can be fitted with an 
ohmic contact. A second contact 
is made to the p layer; then the 
diode is encapsulated in transpar
ent plastic and mounted-n layer 
outwards-in a plastic cylinder. 

These individual diodes become 
building blocks for 7-by-5 arrays 
that measure 1/2 by % inch. Even 
though all the diodes in an array 
usually come from the same sub
sh·ate wafer, their characteristics 
vary and so SERL grades and 
matches them before assembly. 
Yield is a secret, but SERL says 
that it gets enough light-emitting 
diodes with an external quantum · 

efficiency of at least 0.5%-a per
formance suitable for readable dis
plays-to warrant production. 

At the 0.5% level, SERL's diodes 
glow at about 500 foot-lamberts 
when powered at 2 volts and 10 
milliamperes. But Mike Rowland, 
who's in charge of the GaP devel
opment, sees 1000 foot-lambert di
odes as feasible. Colin Gooch, who 
heads the device-fabrication side 
of the effort, thinks a 35-diode ar
ray could be manufactured for as 
little as $12 in volume production. 

Seeing red. SERL's array shines 
a bright red s•ince its peak output 
is at 6,900 angstroms. The spec
trum, though, ranges from the in
frared on up to near-yellow, and 
a peak can be had at 5,500 ang
stroms-a bright green. Green
emitting diodes now are being de
veloped. 

Standard Telecommunications 
(STL), though, is seeing red exclu
sively. Its Ga(As,P) diodes peak at 
6,600 angstmms and the half-peak 
width is a mere 200 angstroms. 
Like SERL, STL is working with a 
5-by-7 array. But STL's is consid
erably smaller-only 0.3 by 0.4 
inch; arrays half this size look pos
sible to Jack Peters, who's in 
charge of device construction. This 
is because STL fabricates the ar
ray of diodes all at once on a sub
strate rather than bundling together 
individual devices. 

To make an array, a selenium
doped Ga(As,P) layer 100 to 200 
microns thick is grown on a GaAs 
substrate. Growing this layer 
evenly on the substrate is a tricky 
process; it took STL three years to 
develop a satisfactory one. Clive 
Stewart, who is in charge of ma
terials development, says that 
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about half the STL output is now 
of even composition, uniformly 
doped with selenium, and suffi
ciently smooth. 

Layout by laser. The diode junc
tion is obtained by diHusing in 
zinc vapor through a passivating 
layer of silicon dioxide deposited 
over the Ga(As,P). Windows that 
locate the diodes in the array are 
etched through the passivating 
layer using a mask cut by STL's 
laser-machining technique. Con
tact strips around the diodes are 
deposited using a similar mask. 

Peters says that the planar proc
ess used to put in the diodes plus 
the peripheral contact strips re
sults in an even current distribu
tion among the 35 diodes. Their 
dynamic resistance, he says, is only 
1.5 to 2 ohms, so that the dissipa
tion of the display is quite low and 
uniform from diode to diode on 
an anay. 

With an input of 50 ma at 1.7 
volts, the STL array develops an 
output of 250 foot-lamberts. The 
external quantum efficiency is 
0.07%, much lower than that 
claimed by SERL. But STL points 
out that the values can't be com
pared directly. The 0.5% £gure for 
the GaP array includes invisible 
radiation. STL's 0.07% covers only 
visible radiation, since that's the 
only kind the array puls out. 

Backward-wave advance 
The advent of commercially avail
able Gunn diodes with power out
puts that are flat over a 2-to-1 range 
of frequencies in the X band gave 
engineers at Microwave & Elec
tronic Systems Ltd. an idea. Why 
not, they wondered, employ these 
diodes in a solid state replacement 
for the backward-wave oscillator 
tube? The new device, they rea
soned, could be compact, light, and 
reliable enough for military air
borne applications-electronic coun
termeasures, for instance. 

Thus was conceived in New
bridge, Scotland, a Gunn-yig oscil
lator capable of sweeping a range 
of 7 to 12.4 gigahertz with an aver
age power of 5 milliwatts ±3 deci
bels. 

The prototype has a volume of 
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10 cubic inches, but Mike Jinman, 
who directed the project, says the 
production versions expected later 
this year will be about 5 cubic 
inches--30% smaller than conven
tional bwo tubes. More important, 
the Gunn-yig device requires a 
drive of only 6 to 8 volts and a 
power supply of 6 to 12 volts, 1 
or 2 amperes for tuning. Typical 
bwo tubes need upwards of 2,000 
volts, and thus a bulky power sup
ply. 

Jinman concedes that the solid 
state bwo cannot sweep as fast as 
a tube. And he admits there are 
some unsolved problems, too. For 
one thing, although the yig sphere 
is an almost ideal microwave res
onator, "it's very difficult to couple 
it to an external circuit closely 
enough to conh·ol the oscillation 
frequency properly without, at the 
same time, exciting spurious mag
netostatic resonance modes," he 
says. 

Hot item. The proximity of heat
generating components (the Gunn 
diode and the magnetic circuit) and 
heat-sensitive components (the 
sphere and diode chips) is unavoid
able in the tiny physical struchue 
demanded by large bandwidths at 
X band. The main problem here, 
Jinman notes, is the heat gener
ated by the magnetic circuit. He 
feels that the solution lies in a 
thinner microwave package and a 
reduced magnet gap. 

Like most oscillators, the Gunn
yig combination is sensitive to out
put loading. However, Jinman's 
group has developed a miniature 

In the wings. Gunn·yig combination 

is a candidate to su pplant larger 

backward-wave oscillator tubes. 

broadband ferrite isolator that 
takes care of this. Other improve
ments will include higher output 
powers-up to 100 milliwatts-as 
well as C- and K-band versions of 
the unit. 

The oscillator, which according 
to Jinman's estimates should cost 
less than half the price of a bwo 
h1be, will be on display at the Phy
sics Exhibition in London and at 
the IEEE Show in New York later 
this month. 

West Germany 

Traced in a trice 
Just about any draftsman will tell 
you that much of his work is 
drudgery. His complaints are get
ting less plaintive, though. Digital 
processing systems are gradually 
taking over such time-consuming 
jobs as evaluating drawings and 
sketches. 

One of the latest systems to hit 
the market is AEG-Telefunken's 
graphics-input equipment, which 
transforms the scribbles of a sketch 
into x-y coordinate data a computer 
can handle; at the same time, it 
provides for the feeding of alpha
numeric information to the com
puter to de£ne the sketch in more 
detail or serve as instructions. 

At £rst glance, Telefunken's new 
hardware might be dismissed as 
just another graphics input system 
that's reasonably priced-$20,000 
in vVest Germany. But a closer 
look reveals a real advance. Instead 
of a special stylus or a high-fre
quency probe, an ordinary ballpoint 
pen or a sharp pencil is all that's 
needed to write on the "tracing 
pad" of the new equipment. 

Direct-writing input pads aren't 
new. IBM, for one, developed a 
small pad more than two years ago 
[Electronics, Tov. 14, 1966, p. 43]; 
but Telefunken appears to be the 
£rst to put a large one into pro
duction equipment. The £rst deliv
ery-to the company's semiconduc
tor research facility at Heilbronn
will be made soon. 

Layers. The input pad, a whop
ping 18 by 24 inches, is composed 
of two layers of 0.1-millimeter-thick 
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Quick on the draw. Telefunken's graphics-input terminal converts sketches 
to digital data that a computer can process. An ordinary ballpoint pen or 
sharp pencil will work on the 18-by-24-inch input pad. 

fiberglass. One sheet has 121 cop
per-clad conductors laid out verti
cally, the other has 91 conductors 
arranged horizontally. The spacing 
between conductors in each case is 
5 mm. The conductors in the two 
layers, in other words, form a grid 
with 11,011 intersections. And be
tween the layers lies a thin poly
ester film with a small hole for 
each intersection. 

Covering this fiberglass-polyester 
sandwich is a white polyvinylchlor
ide sheet with a 5-by-5-mm grid 
etched into its surface. Sketches 
to be analyzed are taped onto the 
pvc and simply traced. As the pen 
or pencil point moves over inter
sections, the horizontal and vertical 
conductors make contact through 
the associated holes in the poly
ester film, provoking a voltage 
change that's converted into a 
coded digital signal. A coded ad
dress is added to the signal and 
both are fed to a buffer store that 
feeds, in turn, either a computer 
or a tape-punching unit. 

The pad is designed so that one 
and only one pressure-sensing area 
can feed information into the buffer 
at any one time. If the person trac
ing a drawing hits the pad with 
his hand, therefore, the system 
won't record the accident. 

Extras. The alphanumeric infor
mation that defines the drawing 
in more detail or that instructs the 

Electronics I March 3, 1969 

computer, 1s fed in through four 
keyboards. · 

One, with 25 keys, lets the tracer 
define points on the drawing that 
are closer together than the 5-mm 
spacing of the grid-down to 1 mm. 
On a second keyboard, the first and 
last x-y coordinates of a line can 
be marked and the system will 
generate the line without getting 
all the intermediate x-y points. 

Then there's a 100-keyboard for 
"symbol inputs." They include two
digit markings for oft-occurring 
drawing elements-resistors, tran
sistors, diodes, and the like. Fi
nally, there's a keyboard for pro
gram insh·uctions. 

Improving the iron 

Engineers with a penchant for 
breadboarding should soon have a 
new tool to work with-an inex
pensive soldering iron that holds a 
constant temperature. 

The new iron does with a tiny 
bit of ceramic material in its tip 
what other irons do with a resist
ance element coupled to a fairly 
expensive ferromagnetic switch or 
an electronic control. Although he 
can't cite actual prices, Ekkehard 
Andrich, its inventor, says the iron 
will probably cost much less than 
conventional temperature-regulated 
irons with the same power rating. 
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Andrich works at the Philips' Glo
eilampenfabrieken research facility 
at Aachen and expects one of the 
Philips companies in Europe to put 
his tool into production soon. 

The application of just the right 
amount of heat keeps power con
sumption down. The tip stays clean 
and solder applied to it doesn't 
roll off or oxidize. On transistor 
circuit boards, particularly, over
heated irons can be instruments of 
destruction. 

Positive. The ceramic heating el
ement tucked into the iron's copper 
tip is a sintered mixture of barium 
titanate and lead titanate. It has a 
positive temperature coefficient: its 
resistance shoots up as much as a 
hundredfold when it's heated to its 
Curie temperature. Thus the ce
ramic cuts down the current drawn 
by the iron should its temperature 
rise above the Curie level; con
versely, the current rises automati
cally when the iron cools down 
again a few degrees. 

The Curie temperature for the 
barium-lead titanate depends on 
the mixture that's sintered. With 
equal amounts of barium titanate 
and lead titanate, the value is 
350°C. The resistance change, in 
turn, depends on the sintering tem
perature. 

The sintered material is shaped 
into plates 1 x 5 x 16 millimeters to 
fit into the tips. 

So far, experimental versions of 
the iron have been made with 
power ratings from 6 watts to 
about 100 watts. The iron warms 
up in about 10 seconds and oper
ates off a power supply from 6 to 
20 volts. 

The operating life of the ceramic 
element is between 3,000 and 6,000 
hours. 

Japan 

Doctor's helper 

Medical men have realized for a 
long time that computers could 
carry much of the routine load of 
diagnosis and analysis of tests. 
Trouble is, doctors aren't program
ers. Besides, it takes an expensive 
general-purpose computer to do the 
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EDP practitioner. Toshiba's special medical computer can handle many routine 
diagnostic tasks like analyzing electrocardiograms. 

job in an acceptable fashion. 
Spotting a likely market, the 

Tokyo Shibaura Electric Co. has 
put together a special medical ver
sion of its Tosbac 3000 scientific 
and conh·ol computer. The com
pany expects to start deliveries in 
about a year. 

The T-3000/M, as Toshiba calls 
the special version, isn't something 
a general practitioner might buy 
for his office. The machine will sell 
for from $80,000 to $111,000, de
pending on the number of periph
erals. But the machine will be 
within financial reach of hospitals. 

Toshiba designed the computer 
with doctors in mind. The console 
includes easy-to-operate tape stor
age units, a cathode-ray-tube dis
play, and analog-to-digital convert
ers that interface between the com
puter and medical instrumentation. 

Better still, Toshiba will have 
available a software package ex
tensive enough to allow doctors 
themselves to work directly with 
the machine. There'll be 100 basic 
programs and 10 applications pro
grams, all on magnetic tape. The 
package will include, for example, 
programs for automatic analysis of 
electrocardiograms, for tests of 
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respiratory functions, and for mon
itoring of patients with serious 
coronary troubles. For real-time 
uses, there's priority interrupt. 

One special program provides 
for topological electrocardiograms. 
It gives a plot of equipotential 
regions at the same instant during 
several heart cycles. 

France 

Getting baudier 

When it ·comes to data processing, 
France is little different from hei
North European neighbors. There's 
a data-transmission explosion build
ing in the country, and the govern
ment-run telephone system will be 
hard put to keep up with the de
mand for lines to link remote com
puter users to central processors. 

But where there's a Gallic will 
there's usually a Gallic way-as 
General de Gaulle so often has 
shown. And despite an overloaded, 
largely obsolete phone system, 
French communications officials 
expect to find a way to cope with 
the demand. They'll either set up 
a temporary service within the ex-

isting phone network or go ahead 
with a new, independent system 
for data transmission. 

World parley. The decision will 
come in June. The Finance Ministry 
will have a major say about what's 
built since it rides herd on :m aus
terity budget. But the Ministry of 
Posts and Telecommunications 
(P&T) will make its choice knowing 
it's had the thinking of some 1,200 
experts in th~ field without having 
had to pay a centime of consulting 
fees. It's behind. the first interna
tional conference on data transmis
sion by phone lines. Officially 
sponsored by the 5,000-member So
ciete Fran9aise des Electroniciens 
and Radioelectriciens-the French 
equivalent of the IEEE-the con
ference will be held in Paris, 
March 24-28. 

No matter what they decide to 
do, French -telephone officials will 
be hard pressed fa meet the de
mand for lines. They estimate that 
the number of remote data proces
sing terminals in France-there are 
1,000 at the moment-will double 
every year for the next four years. 
Virtually every user of a computer 
worth more than $200,000, they ex
pect, will eventually want trans
mission lines for remote terminals. 

As it is now, phone subscribers 
can send data at 200, 600, or 1,200 
bauds-a snail's pace. On leased 
lines the figure goes up to 4,800 
bauds. 

Looking to pcm. Telex subscrib
ers will be able to send data over 
their lines at 200 bauds before the 
end of 1969. A year or so after 
that, there may be 2;400-baud lines 
available for phone subscribers. 
That's one of the two schemes the 
P&T has in mind, according to Gil
bert Dennery, who's in charge of 
data transmission services. 

The other scheme, more ambi
tious, calls for a special network 
with lines good enough to handle 
computer-to-computer conversa
tions at rates of perhaps 1 million 
bauds. The system would be based 
on pulse-code modulation. Trouble 
is, it would be 1975 before the net
work could be operating. By then, 
the phone system itself will be well 
along in its transition to pcm, and 
its data-transmission capability will 
have improved con~iderably. 
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MSA850G 
RF POWER 
TRANSISTOR 

NEW PRODUCT NO. 71 
The MSA 8506 is Fairchild's first new discrete device for 1969. 

It provides a combination of power output, frequency and 
price that can 't be matched by any competitive transistor. 

The new RF device features 25W output at 175MHz. It's resistor
stabilized and comes in the largest strip line package on the 

market. (Package size contributes to improved power dissipation.) 

The MSA 8506 is designed for final power amplifier appli
cations in communications systems such as AM and FM radio ; 

Mobile, marine radio, and portable radios. 

Typical specifications for the 12V device include LV ceo of 18, 
BVces of 36 and 25W Pout · It's radiation hardened and will 
operate over the entire temperature range from -55°C to 

+125°C. Write for complete specs. Your Fairchild distributor 
has this device in stock now. Prices are $36.00 each for 

1 to 99, $29.00 each for 100 to 999. 

F=AIRCHILCJ 

SEMICONDUCTOR 

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435 
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How our Variplate™ 
connecting system 

keeps your 
fifty-cent IC's 
from becoming 

Bus Bar 

Voltage Plane Contact 

Bus Bar Contact 

four-dollar 
headaches. 
IC's don't cost much. Until you 
use them. You can buy, say 20,000 
IC's for the innards of a compact 
computer, packed in the transistor 
cans, flat packs, or Dual-in-Line 
(DIP) packages, for a unit cost of 
less than fifty cents. 

Great. 
But then you have.to connect 

them. 
Not so great. 
Because those 20,000 IC's have 

anywhere from 200,000 to 280,000 
leads waiting to be connected. Fine 
leads. Closely spaced. And, of 
course, you want to pack the IC's 
as densely as possible. So it's really 
no surprise that your in-place cost 
of an IC can climb to $4.00. 

Fortunately, we have a system 
that can keep your in-place cost 
down: the Variplate intercon
nection system. 

With the Variplate system, you 
can pack those IC's-and all the pc 
boards and other components you 
have-as densely as the application 
demands. You can do it on auto
mated equipment- and we'll even 
do the wiring for you. 

All the components 
you need. 

The system begins with the base 
plate, a self-supporting structural 
member. It carries the insulated 
contact modules, accommodates 
secondary components and hard
ware, and provides for mounting 
to support framework. 

age and 
ground planes 
for common 
bussing. 

For the 
next layer in 
your electronic Feed-thru Bus Terminal 

sandwich, we have all the header 
plates, card-edge receptacles and 
guides, and bushings you're likely 
to require. (For unlikely 
requirements, we'll come up 
with something new.) 

And the connectors. Of course. 
Our own respected Varimate™, 
Varicon™, and Varilok™ connec
tors, or standard fork-and-blade, 
terminal stud, card-edge, or bus 
strip contacts. Your choice. 

No holes barred. 
We put all these components 

together in any size, any shape, and 
almost any density of package you 
require. Plates can be any size. 
Contacts can be spaced on .100", 
.125", .150", or .200" centers, in 
square or offset grids-on non
standard configurations where you 
need them. 

What you get is a solid electrical 
and mechanical foundation for your 
electronic network, so precisely 
made that any automated as
sembly equipment can take 
over from there. 

However. 
You'll save time and money if 

you let us go one step further and 
wire your network for you. Our 

Ground Plane Contact 

fully 
automatic 

Gardner
Denver machines 

prevent rat's nests, ease 
your check-out and debug
ging procedures. And, of 
course, if something is not 
quite right, you'll know 
exactly where to place the 
responsibility. 

Altogether, it's quite a system. 
And worth all the work we've put 
into it. Because if we can save you 
just a nickel on the cost of in
stalling each of your 20,000 IC's 
you can add a thousand dollars to 

~ 

your company's profits. 
We're sure we can save you that 

nickel, and more. For more infor
mation, write, Wire, call, or TWX 
us for our Variplate interconnecting 
systems catalog. Elco Corporation, 
155 Commerce Drive, 
Fort Washington, Pa. JftF 
19034. 215-646-7420; ~ ~ 
TWX 510-661-0 ~--J 

The plate can be a single 
metal sheet that provides a 
ground plane, or it can be a 
sandwich that provides both volt- El ,CQ Variplate 

L.: Connectors 
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Now ... rugged Dale Wirewounds 
with your choice of coatings! 
Coating makes a difference in the performance of industrial power wirewounds. 
That's why it's easier to call Dale when you're not sure what's best for your appli
cation. We make both silicone (HL) and vitreous (VL) coated models. Before 
coating they' re identical. HL models receive multi-layer coatings of a special 
silicone formulation. This low-temperature process has less effect on resistor 
windings-and we sell more HL resistors where customers are primarily con
cerned .with maintenance of tolerance and low TC. Our vitreous enamel coating 
is baked on to provide maximum resistance to moisture and chemical action 
-and VL sales are highest where these conditions are a factor. Today many 
companies-like General Railway Signal-make good use of Dale's single
source capability for power resistors. You can, too. 

12 Different Silicone (HL) and Vitreous (VL) Models 
HUVL 3-225 watts, .1 ohm HLT/VLT 11 -225 watts, 

---~ to 1.3 Meg., :±:5% tol. * .1 ohm to 1.1 Meg., :±:5% tol. 

HLW/VLW 3-20 watts, .1 ohm C'' HLZ 40-375 watts, .13 ohm 
to BOK ohms, :±:5% tol. * •&••••-•·"'' to 25 ohms, :±:10% tol. 

HUVL Flat 24-95 watts, 
·-~- .1 ohm to 150K ohms, :±:5% tol. • 

HLM/VLM 10-20 watts, 
. 1 ohm to 51 K ohms, :±:5% tol. 

HLA 10-225 watts, 
1 ohm to 1 OOK ohms, :±:5% tol. 

For fast price and 
delivery information, 
phone 402-564-3131. 

MIL SPEC. All HL and VL 
models meet or exceed the 

requirements of MIL-R-26 and 
MIL-R-19365C where applicable . 

• :±:10% below 1 ohm 

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

In Canada: Dale Electronics Canada, Ltd. 
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55MHz 
Video Amplifier 

• 

• 

ROii 
Integrated 
Circuits 

1400 

RCA-CA3040 now opens a new era in monolithic device 
design for high-gain, wideband performance. This new 
linear integrated circuit offers high input impedance, 
emitter-follower output, and exceptional stability over 
the full -ss·c to + 125°C operating temperature range. 
Check these significant CA3040 performance highlights: 

• 37 dB typ. differential push-pull voltage gain 
• 31 dB typ. single-ended voltage gain 
• 55 MHz typ. -3 dB bandwidth 
• useful gain to 200 MHz 
• two bias options for temperature compensation 

constant DC output voltage 
constant differential voltage gain 

• 150 kn typ. input resistance 
• 0.5 v ... , typ. output swing voltage 

Look into CA3040 now for performance and economy in 
video amplifiers, Schmitt triggers, modulators, IF 
amplifiers, high-speed sense amplifiers, product 
detectors, and instrumentation amplifiers. 

For details, contact your local RCA Representative or 
your RCA Distributor. For technical data, write RCA 
Electronic Components, Commercial Engineering, 
Section ICN-3-1, Harrison, N. J. 07029 . 

. . . and Check These RCA Wideband Amplifiers 

CA3001 For video, IF, and DC 
29 MHz typ . -3 dB BW $3 .35 (1,000 units) 

CA3002 IF and video ampl 
11 MHz typ. -3 dB BW $2 .25 (1,000 units) 

CA3021 4 mW power drain @ 6 V 
2.4 MHz typ . -3 dB BW $1.90 (1 ,000 un its) 

CA3022 12.5 mW power drain @ 6 V 
7.5 MHz typ. -3 dB BW $1.60 (1,000 units) 

CA3023 35 mW power drain @ 6 V 
16 MHz typ. -3 dB BW $1.55 (1,000 units) 

CA3020 'h-watt " Universal " ampl 
8 MHz typ. -3 dB BW $1 .55 (1,000 units) 

CA3020A 1-watt " Universal" ampl 
0 MHz typ . -3 dB BW $1 .98 (1,000 units) 

RCA-CA3040 in 12-lead T0-5 style package 
$2.95 (1000 units) 
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