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Display 
of strength 
There are several sound reasons to 
use our solid state numeric displays. 
One of the most important is this: 
they're so strong, they won't die of 
shock. So they can be used in the 
most demanding applications. 

Another decisive factor is size: 
each display package measures just 
l"x 0.5"x 0.16" . And that's all there 
is to it. In this tiny framework, you 
get everything necessary to display 
numerals 0-9. The chip includes an 
IC driver I decoder and gallium 
arsenide phosphide diodes that make 
the bright red numerals visible 
clear across a room, even at an 
acute angle. 

The display needs less than 5 volts 
to drive it, and takes a straight
forward four line 8-4-2-1 BCD input. 
You can vary the brightness. 
And , as the modules are IC com
patible, no special interfacing is 
required . You can buy our solid state 
numeric display in three-character 
packages, qs well as the solo com
ponent. And our small displays of 
stren'gth cost just $42 each in 
1000 quantities. 

For all the bright details about 
this new technology for numeric 
indicators, call your local HP field 
engineer. Or write Hewlett-Packard, 
Palo Alto, California 94304; Europe : 
1217 Meyrin-Geneva, Switzerland. 

HEWLETT"' PACKARD 
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Pulse problems change 
and change and change 
and change·········· ... and 

so does the 1900 pulse system 
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HP's brand new solution for people 
with pulse problems is a set of multi: 
purpose building blocks. You put 
what you want in your pulse generat
ing system. With the HP 1900 Pulse 
System, you start with a standard 
mainframe that contains only power 
supplies and optional programming 
wiring. 

Where do you go from there?That's 
up to you. HP is currently offering 
seven different functional plug-ins 
with more to come later. You can start 
with a relatively simple system and 
add to it as your needs change. Even 
complex pulse systems can beformed 
easily by using several mainframes 
and appropriate plug-ins. 

Just to give you an idea of the capa
bility of the 1900 system, here is a 
very brief description of the 7 existing 
plug-ins and some of their capa
bilities. And, keep in mind that the 
optional programming wiring allows 
you to make the 1900 completely 
automatic! 

HP 1905A Rate Generator-pro
vides output triggers variable in fre-

2 Circle 2 on reader service card 
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quency from 25 Hz to 25 MHz; it 
includes a pushbutton for sing le pulse 
triggers. ($200) 

HP 1908A Delay Generator-delays 
or advances pulses up to 25 MHz over 
a range of 15 ns to 10 ms and includes 
a double pluse mode. ($200) 

HP 1910A Delay Generator-pulses 
up to 125 MHz can be delayed from 
5 to 100 ns in 5 ns steps. It has a 3 ns 
risetime and sufficient output to drive 
two variable transition time output 
plug-ins. ($150) 

HP 1915A Variable Transition Time 
Output - varies pulse risetime and 
falltimes from 7 ns to 1 ms and output 
currents from 40 mA to 1A, amplifies 
RZ or NAZ word formats. ($1600) 

HP 1917A Variable Transition Time 
Output - varies pulse risetime and 
falltimes from? ns to 500 µs, amplifies 
RZ or NAZ word formats , 0.2 to 10 V 
amplitude at frequencies up to 25 
MHz. ($525) 

HP 1920A Pulse Output - provides 
very fast 350 ps fixed risetime and 
400 ps falltime with variable width 
and 0.5 to 5 V amplitude. Reversible 
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polarity and offset capability. ($1750) 
HP 1925A Word Generator-pro

vides 2 to 16-bit words, RZ or NAZ 
format at frequencies to 50 MHz. Has 
remote programming and pseudo
random noise sequence generation 
capabilities. ($850) 

Two mainframes-are available to 
let you select the one that best meets 
your power requirements . Price : HP 
1900A Mainframe, $750 ; HP 1901A 
Mainframe, $450. 

Put together the system that best 
fits your needs. No other pulse system 
will do so much, so well-at such an 
economical cost! For more informa
tion , contact your local HP field engi
neer. Or, write to Hewlett-Packard , 
Palo Alto , California 94304. Europe: 
1217 Meyrin-Geneva, Switzerland. 
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Readers Comment 

Free the market 

To the Editor: 
If the Government, instead of 

creating monopolies such as AT&T, 
refrained from interfering with the 
free market economy, there would 
be no need for regulatory agencies 
and their zealous guardians [Oct. 
27, p. 134]. 

Given the freedom to compete, 
men would stake their reputations, 
their futures, and their fortunes on 
ideas for improving service, not by 
proposing or imposing them from a 
government office which is shielded 
from the full consequences of im
practical decisions, but by putting 
them into operation. The promoters 
of successful ideas then would re
ceive their well-earned financial re
wards. 

However, I rather suspect that 
FCC Commissioner Nicholas John
son likes to have the governmental 
power to conh·ol and regulate with
out having to face the practical 
problems and the economic conse
quences of his decisions. 

Ernst F. Germann 
Austin, Texas 

Heady experience 

To the Editor: 
I found the investigation of disk 

memory units [Oct. 27, p. 88] quite 
informative. An expanded descrip
tion of the mechanical problems of 
shock and vibration would have 
been helpful. Most computer manu
facturers have experienced the 
problem of crashing heads; the 
source and remedy of this prob
lem could have been explained in 
more detail. 

Another area of interest to me is 
the interface. I think that in addi
tion to the anticipation logic, a 
description of other aspects of in
terfacing to a computer could have 
been explained. 

Charles Wheelock 
President, 
Computer Logic Systems Inc. 
North Billerica, Mass. 

• Author Boisvert has received 
many similar requests and is cur
rently summarizing and evaluating 
them. -

Electronics I December 8, 1969 



Buy resistors with built-in dependability ... 

Vitreous-enamel BLUE JACKET 

INFORMATION RETRIEVAL NO. 517 

POWER WIREWOUND 
RESISTORS 
All-welded end-cap construction eliminates moisture along 

the leads, also anchors leads securely to resistor body. 

Expansion coefficients of vitreous enamel coating, ceramic core, and 

end caps are closely matched. Standard wattage ratings 

include 1, 2, 2.5, 3, 5, 7, 10, and 11 watts. Also available with 

radial tab terminals in ratings from S·to 230 watts. 

Stop hunting for a smaller tantalum capacitor! 

Zero in on RED TOP® MINIATURE 
adual size 

INFORMATION RETRIEVAL NO. 518 

SOLID-ELECTROLYTE 
TANTALEX® CAPACITORS 

Expressly manufactured to fulfill the need for a micro-size capacitor 
of high volume efficiency, Red Top Capacitors are used in 

hybrid circuits and miniature modules where the ultimate in size 

and electrical performance is required at moderate prices. 
Red Top Capacitors meet the electrical and mechanical requirements 

of military, industrial, and commercial applications over the temperature 
range of -55 C to +as C. Standard working voltage range is 

from 2 to 1 00 voe. 

For information on Blue Jacket Resistors, request Engineering Bulletin 
74100. For information on Red Top® Miniature Tantalex® Capacitors, 
request Engineering Bulletin 3536A. Write to : Technical Literature Service, 
Sprague Electric Co., 35 Marshall St., North Adams, Mass. 01247. SPRllGUE ~ 

THE MARK OF RELIABILITY 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
'Spr11u1' 1nd ·@· are r11istered tr1d1m11ks of the Spr11u1 Electric Co. 
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Help exterminate 
the QUADRADECAPEDE! 

West Concord, Mass. - Doctors here announced a cure for 
the virus streptocircuitus integratus, transmitted by the 
fourteen-legged logic bug and prime cause of inflamed logic 
and many chronic output diseases. 

A statement released by the group said in part, "By 
using the new General Radio 1790 Logic-Circuit Analyzer, 
with all its active ingredients, we are now in a position to 
perform 100% functional testing - on even the most com
plex modules. The computer-controlled 1790 can test 
devices with as many as 96 inputs and 144 outputs, 
checking from a simple functional GO/NO-GO test to a 
detailed step-by-step analysis for the debugging of defective 
units, and the optional programmable logic levels permit 
marginal testing! 

"For only $32,500 we can't see why any user of print
ed-circuit boards or integrated arrays would be without one 
- especially since extensive programming knowledge isn't 

Circle 6 on reader service card 

required. The results have been overwhelming! In several 
thousand test cases we've been able to eliminate defective 
IC's and modules early in the game, thereby producing 
harmony, well-being, and great cost savings in production." 

Help increase the yield and longevity of logic circuits! 
Write or phone for more information from General Radio 
Company, West Concord, Massachusetts 01781; telephone 
(617) 369-4400. In Europe write Postfach 124, CH 8034 
Zurich 34, Switzerland. Price applies in U .S.A . 

GENERAL RADIO I 
~ 0 
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Who's Who in electronics 

Robert Bower and Jack Hirshon 

One man who's probably consider- is Robert Bower, 33, who has 
ing himself pretty lucky these days worked on ion implantation in both 
is Jack Hirsh on. He has just been MOS and microwave devices since 
named manager of the Hughes Air- 1965. Both Bower and Hirshon are 
craft Co.'s new metal oxide semi- convinced that ion implantation is 
conductor division, and believes a going to give Hughes a speed ad
number of the factors that led vantage over the competition in 
Hughes to set up the division give MOS products [Electronics, Oct. 13, 
it another shot at becoming a sig- p. 52]-be they p-channel, n-chan
nificant force in the semiconductor nel, or complementary MOS. 
industry. Says the 41-year-old Hir- The other key factors that Hir
shon, "From about 1956 to 1958 shon says contributed to the semi
Hughes had a great reputation and conductor rebirth at Hughes were 
a tremendous potential in semicon- the acquisition two years ago of 
ductors that was never fulfilled." It Raytheon's MOS field effect tran
was the age-old problem of strong sistor product line, some of its key 
technology, weak production. "We people and MOS production know
have taken steps to change that how, plus the rapid expansion of 
image," Hirshon says. the MOS market itself. 

No small role was played by Hirshon says his marketing fore-
George Smith, a vice president and casters look for a total integrated 
director of the Hughes Research circuit business of about $1 billion 
Laboratories at Malibu, Calif., who by 1973, with $200 million of that 
pressed for establishment of a in MOS. "This is the median esti
solid state research department at mate," he points out, "and IMOS 
the Newport Beach division. His (ion-implanted MOS) could double 
objective was closer rapport be- the MOS share of the IC market. 
tween the labs, to which the depart- We're looking to be a major factor 
ment was assigned, and the semi- _ in this market." 
conductor production operations at Steps. The bearded Bower fore-
N ewport Beach. sees this kind of technological evo-

Together. The man picked to lution in MOS: the "now genera
manage that department when it tion" of devices, as it were, is 
was established in January 1967 basically p-channel. The next gen
was appointed assistant manager eration, already gestating, will fea
of the MOS division at the same ture silicon gates, multilayer metal
time Hi.rshon became its head. He (Continued on p. 14) 
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Applications Power* 

BINARY 
DECODE 
DRIVERS 
Problem: Decode binary counter 
output into separate lines to drive 
indicator lamps or FET switches. 

Solution: Siliconix D l 32L for the 
lamps, Dl29L for MOS FET 
switches. Both drivers provide four 
output channels, inputs are compat
ible with most TTL or DTL logic 
circuits, and outputs are capable of 
50 volt switching. 

0129L or 0132L 

>---t--0V04 

Enable 

TRUTH TABLE 

Counter State Output 

A B v •• v., v., v .. 
0 0 0 I I I 
0 I I 0 I I 
I 0 I I 0 I 
I I I I I 0 

Write for complete data. For instant 
information and applications assist
ance, call the number below. 

~Silicanix 
.1;11 incarparated 
2201 Laure/wood Rd. • Santa Clara, Calif. 95054 
(408)•246-8000 Ext . 201 • TWX: 910-338-0227 

*Applications Power: Providing 
the product and service to make 
your product serve better! 
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Who's Who in this issue 

Schmidt Eckstein 

Christensen Wollesen 

FET vets describes Robert Christensen and Donald Wollesen, 
the National Semiconductor engineers who wrote the matched
FET story that begins on page 114. Christensen worked with 
FET's at Union Carbide and Fairchild before joining National; 
Wollesen was with Motorola and Philco. Christensen has a 
BSEE from Cornell and an MS in physics from Brigham Young; 
Wollesen is a California State Polytechnic EE. 

A consumer application is this issue's 
entry in the German IC series, as related 
by Dieter Eckstein and Heiner Schmidt 
of Valvo GmbH in the article beginning 
on page 91. Schmidt works in mask lay
out; Eckstein is a group chief. 

8 

' Mittleman 

No stranger to Electronics' 
readers, senior associate edi
tor Joseph Mittleman, who 
wrote the article on making · 
aluminum wire connections 
starting on page 94, also has 
worked on the computer Collins Hagon 

~ aided design and active-fil
ter series. Mittleman, who 
hag an MSEE from George 
Washington University, has 
been writing for the past 
eight years. 

J. H. Collins and P. J. Hagon of Auto
netics continue the acoustic surface wave 
serie~ [Electronics, Nov. 10, p. 94]. Start
ing on page 102, they cover materials, 
amplifiers, and waveguides. 

Dunn Hartsell r--··-· 

Complex IC development has been the major 
work of Roger Dunn and Glenn Hartsell, who 
wrote the article starting on page 84. Dunn is 
manager of custom MSI programs at Texas 
Instruments; his particular interest is com
puter-aided of TTL arrays, and he has worked 
on LSI memories, both main frame and scratcl1 
pad, for TI. Hartsell has been in LSI since 
joining TI in 1966; he helped develop a· proto
type of the shift register described in the arti
cle. He now heads the LSI design section. 

Circle 9 on reader service card --)--





lSWil = .. mpO<•"I Dynamic range 10- 91 to 
s.116;:~:1s os ~ ~~~~:;r~te 10", nearly 200 dec

ades. Observation of 
math operations on 3 displayed registers. 
Up to 32 more registers for data storage. 

G 
Introducing the HP 91 DOB to give 

x ~ c 1 you a choice of basic calcula
tors. Provides additional internal 

memory and programming capability. 

~ u 
Complex and vector arithmetic 
simplified with coordinate trans
formation keys, rectangular-to

polar and vice-versa, in milliseconds. 

Program from the keyboard. 
Record and store up to 392-step 
programs on credit-card size 
magnetic cards for repeated 
use. 

8 
Trig functions covering all quad

tan x rants and any size angle in 
degrees or radians. 

G.l 
0 

Edit programs easily. Single-step 
through programs to check and 
de-bug. Address an individual 

step and make corrections without re
entering the entire program. 

. sue . Branching and looping flexibility 
•ffiiifN provided by "IF" keys expands 

programming capability. Single
key direct sub-routine call. 



The Emancipator. • • 
start of 
the small 
computing 
system! 

090/1 

HEWLETT"' PACKARD 

HP CALCULATOR SYSTEM 9100 

It all starts with the HP 9100A 
calculator ... and grows from there. 
In capability . . . not in size. 

In fact, you can fit the entire HP 
System 9100 on your desk. It's the 
personal computing system that puts 
immediate answers to big computing 
problems right at your fingertips. 

If a picture is worth a thousand 
numbers, add a plotter. See the 
solutions being plotted as fast as your 
problem is being solved. 

Need printouts? Get the quiet 
printer that operates in an office 
or lab environment without disturbing 
you, or your neighbors. 

You also get an extensive and 
growing library of applications 
oriented programs. 

But the HP System 9100 is not 
resting on its laurels. Now you 
have a choice of basic calculators 
for your small computing system. 

HP is adding the 91 OOB calculator for 
those of you who want even more 
memory and programming power. 

The addition of 16 more storage 
registers doubles the programmable 
memory to 392 program steps. And, the 

ability to call subroutines directly 
gives you more efficient use of 
this extra memory. 

Just pick the calculator that 
best suits your needs. Plug in 
the peripherals and you are ready 
to go. The computing power of your 
basic system can continue to grow to 
meet your changing requirements. 
Additions, like the upcoming 
memory extender, will be 
compatible with either calculator. 

Stretch your computing dollar with 
the personal computing system that 
has learned to live on a small budget. 
Put this system to work for you now. Just 
call your local HP Calculator Salesman, 
he will have the HP System 9100 
on your desk faster than 
you thought possible. 

Or, write to Hewlett-Packard, 
P.O. Box 301 , Loveland, Colorado 
80537. In Europe: 1217 Meyrin-Geneva, 
Switzerland. Prices: HP 9100A 
Calculator $4400; HP 9100B 
Calculator $4900. Peripherals; HP 
9120A Printer $975; HP 9125A X-Y 
Plotter $2475. Lease/rental programs 
start as low as $1.50/computing 
hour, based on average 
usage. 
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When reliability and performance are essential, 

Airco Temescal specifies General Electric components 

General Electric meters, SCRs, capacitors, selector switches, 
indicating lights, Volt-Pacs®, gear motors, current transformers and 
arc pilot devices are used in Alrco Temescal's line of Integrated 
Electron Beam Systems and products such as this Thin-Film Electron 
Beam Deposition System. (For more information, circle 513 .) 

Contaminant-free, high quality, thin-film coated sub
strates are produced by Airco Temescal's Model 
FC-1100 Thin Film Deposition System with the CV-10 
Electron Beam Power Supply. It was designed for 
either manual or automatic operation for research or 
production applications. 

Systems such as this require hundreds of compo
nents - components that are rugged, reliable, capable 
of top-notch performance. 

The complexity of this equipment requires many 
types of meters which constantly monitor various func
tions and controls. These meters, designed by General 
Electric, check such things as voltage, evaporation 
rates, current emissions, focus current, gun filament 
current. and others. 

Systems designers, such as Airco Temescal's, look to 
General Electric when they need a certain component 
to meet specific criteria. They know, for example, GE 
SCRs are highly sensitive, very versatile ... and more 
important, extremely reliable as well as economical. 

Capacitors are another of the many GE components 
used in this equipment. Designers specified General 
Electric for this application because high capacitance 
was required in minimum space,1and long life was im
portant. 

Companies like Airco Temescal specify General Elec
tric components because the name, General Electric, 
stands for quality, reliability and performance. 

LOOK TO GENERAL ELECTRIC - your best source 
for electronic components. 2a5-51 

GENERAL . ELECTRIC 
12 Electronics I December 8, 1969 



What can GE do for you? 

GE's new magnetic 
material increases 
magnetic 
energy 75% 

You can have either 
greater magnetic per
formance for the same 
size, or equal perform
ance with less volume 
and magnet weight with 
GE's new Alnico 9 
magnetic material. It in
creases the energy 
product of cast Alnico 8 
to a minimum of 8 mil
lion gauss-oerstads-a 
7S% increase in mag
netic energy. 

Alnico 9 was devel
oped especially for ap
p Ii cations requiring 
superior performance 
with minimal space and 
weight, such as focus
ing of microwave tubes, 
motor fields and rotors, 
torque couplings , ac
celerometers or other 
"radial gap" designs. 
TYPICAL DEMAGNETIZATION 
CURVE OF CAST ALNICO 9 

[N[RGT PRODUCT l\i "o • 101 

' 
C• B 

' 

New "Hi-TECH" ce
ramics line ... top
flight ceramics plus 
custom engineering 

Need a customized 
ceramic-metal compo
nent to do a tough job? 
General Electric's Hi
T EC H line offers a 
broad variety of alumi
na, forsterite and other 
special ceramic materi
als ... sealed to vir
tually any metal ... and 
custom-designed to 
your specifications. 

End use and operat
ing environment are all 
our engineers need to 
know in most cases to 
design and manufac
ture the exact compo
nent you need. 

If your device is one 
that must operate in a 
severe environment; or 
if you need a dimen
sion ally-stable. abra
sion-resistant machine 
part: or if you are 
working on electrical 
equipment, vacuum or 
gas-filled devices, or 

.....-: ~ 
~ rT 

lZ "7 
!---2 ~ 

/"' 

"ii hermetically sealed 
•§ electronic components 
••• : ... check the Hi-TECH 

line. Circle number 508. 
.. ~ ,. -j_ 
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Consult our engineers 
about designing a Cast 
Alnico 9 magnet for 
your application. For 
details, circle 507. 

Miniature oil-tight 
push buttons control 
almost any function 

GE's line of industrial 
miniature oil-tight push 
buttons, CR104, is avail
able to control almost 
any function. They are 
suitable for use on ma
chine tool control 
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Now available-
3SBV half -size relay 
for multiple 
applications 

Attention, manufac
turers of: 
• COMPUTERS 

• COMPUTER 
PERIPHERALS 

• AVIONICS 

• STUDIO & BROADCAST 
EQUIPMENT 

• VISUAL COMMUNICA· 
TION PRODUCTS 

• INSTRUMENTATION 

• TEST EQUIPMENT 

• MICROWAVE & MOBILE 
COMMUNICATIONS 

• MOTOR CONTROLS 

• PHOTO-ELECTRIC 
CONTROLS 

• GEOPHYSICAL 
EQUIPMENT 

• SECURITY WARNING 
EQUIPMENT 

Specify the new 3SBV 
200-grid half-size relay 
for those applications 
where high reliability, 
top performance and 
low cost are essential. 
The 3SBV is an adapta
tion of the 3SAV type, 
and has a nylon, heat
sealed metal case. It is 
ideal for use in environ
ments less severe than 
aerospace and military 
applications. For more 
information on the GE 
3SBV, DPDT, relay, cir
cle 509. 

panels - especially 
where space is limited. 
For example, twenty of 
these units can be eas
ily mounted on a 6" x 
SV2" panel. 

Units are rated S 
amps carry, 11 S volts 
max., 30 amps make 
and break at 11 S-12S 
volts . Double-break 

•
I I ELECTRONIC I COMPONENTS 

Solve unijunction 
design problems 
with the new 
programmable UJT 

GE's D13T is a pro
grammable unijunction 
transistor (PUT) with 
characteristics ('7 , R,., 
1., I,) that can be 
selected to fit your cir
cuit. Just two circuit re
sistors give the D13T1 
and T2 programmability 
which permits the de
signer to : 
• reduce a risk of ther

mal runaway 
• use PUT in battery 

and other low-voltage 
circuits 

• use base 2 as low 
impedance pulse out
put terminal 

• use PUT in high 
volume applications. 
Especially suited for 

long-interval timers , 
D13T2 features very low 
leakage and peak point 
currents. D13T1 is for 
more general use in 
high gain phase con
trols and relaxation os
cillators. 

Both are 3-terminal 
planar passivated 
PNPN devices in the 
low-cost plastic T0-98 
case. Circle number 
510. 

1 N0-1 NC and 2N0-2NC 
contact blocks are 
available for pilot duty 
control. 

Forms include push
buttons, select switch
es, indicating lights, 
special forms, and oil
tig ht enclosures and 
stations. Color-coding 
is easy: knobs and rings 

GE 69F900 wet slugs 
give highest 
volumetric 
efficiency 

69F900 wet slugs 
meet high-density ap
plication needs with 
highest volumetric effi
ciency of any capacitor. 
We halved the military 
(CL64) wet slug size, 
and essentially kept its 
electrical and perform
ance traits. 

The 69F900 has ex
cellent capacitance re
tention at low temps ... 
can be stored to - 6SC. 
Operating range is 
- SSC to + BSC. It's 
tough too-withstands 
vibration to 2000Hz; 
1 SG acceleration! 

GE's capacitor is fully 
insulated; has low, 
stable leakage current. 
Ratings are available 
from 6 to 60 volts; ca
pacitance ranges from 
o.s to 4SO µf. 

RATING CASE VOL· 
SIZE UME 

· 50V, 30µ1 
solid (CS12) .341X.750 100% 
wet slug (C L64) .281X .681 58 % 
&9F900 .145X.600 15% 
15V, 80µ1 
solid (CS12) .341X.750 100% 
wet slug (CL64) .281X.681 58 % 
&9F900 .145X.600 15 % 
&V, 180µ1 
solid (CS12 ) .279X.650 100% 
wet sl ug (Cl64 ) .281X.641 100 % 
&9F900 .145X.600 15% 

For data, circle 511. 

come in many colors. 
Flush and surface
mounted stations make 
GE's miniature oil-tight 
push button line the 
most versatile in the 
industry. 

For detailed informa
tion on the entire line 
of push buttons, circle 
reader card 512. 
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II Meet Navajo: The miniature 
multi-pin that complements your 
miniaturization program. This is 

the industry's first miniature, circular 
multi·pin connector series offering 3, 5, 7 
and 9 pin-contact versions all in one V2" 
maximum diameter shell size. (Also 
available are combinations of coaxial and 
power contacts.) Five key polarization. 
Shell and contacts gold over nickel plating. 
Threaded K6-28 THO coupling. Contacts 
fused into glass or molded into thermo
setting compound per MIL-M-24325. Con
tacts are closed entry design with one 
amp rating. Seven and nine pin versions' 
contact solder pots accept 22 gauge wire. 
Three and five pin versions accept 18 
gauge wire. Receptacles ' available in vari
ous mounting configurations. Typical mated 
parts weigh less \han 1/2 oz. These con
nectors are moisture-proof and extremely 
resistant to shock, vibration and corrosion. 

Navajo was designed for you. So before 
you finalize your next design, learn more 
about the miniature multi-pin connectors 
that really are miniature. Ask about our 
complete line of coaxial connectors, too. 
They're not ordinary, either. Contact: 

MANUFACTURING CORPORATION 
11415 Johnson Drive 
Shawnee Mission, Kansas 66203 

Circle 14 on reader service card 

Who's Who in electronics 

(Continued from p. 7) 

ization, and a better understanding 
of n-clfannel phenomena (although 
n-channel parts may not be mar
keted by Hughes, the technology 
must be mastered before it can 
graduate to complemcntai:y MOS). 

Bower expects the generation 
after that to be dominated bv CMOS 
technology, and Hughes, 'licensed 
by RCA as a second source, is 
already shipping evaluation quan
tities of CMOS devices. Speeds will 
improve in each generation, · and 
Bower and Hirshon believe that 
with their lMOS treatment, because 
it lowers parasitic capacitances and 
because it's here now, they'll have 
an additional speed advantage in 
each generation. 

Not many engineers can resist the 
heady lure of management posi
tions. The executive suite is, after 
all, more comfortable than the lab
oratory work bench. One who has 
resisted, to the enduring benefit of 
the electronics industry, is Jam es L. 
Buie, a man who thrives on the 
creative discomfort of attacking 
knotty problems in microelectron
ics and integrated circuits. 

Buie, who was recently ap
pointed s·enior scientist in the TRW 
Systems group microelectronics 
center, was hardware-oriented from 
the time he received an EE degree 
from the Univers-ity of Southern 
California in 1949. He went with 
Pacific Semiconductors, which later 
became the TRW Electronics group, 
in 1954. When the microelectronics 
center was established in 1964, he 
was a charter member of the staff. 

TTL patent. Since then, Buie has 
received five individual patents and 
one joint patent, including the basic 
patent for transistor - transistor 
logic. "During late 1960 and early 
1961 at Pacific Semiconductor, we 
were looking at advanced technol
ogy and h·ying to come up with 
digital building blocks," he recalls. 
"What we came up with was TTL 
logic, which seemed to 'be optimum 
in terms of manufacturabi1ity and 
performance. We came out with the 
first TTL gates and flip-flops in early 
1962," says Buie. 

His work ·at the center is directed 
now toward improved technology 
and yield factors for bipolar large 
scale integration. He says the 
break-even point has already been 
reached in yields at the 1,000-
device-per-chip level. Yields of 20 
chips per wafer at the wafer func
tion test level, with at least one 
good chip per wafer deliverable to 
the customer, are being attained, he 
says. This is expected to result in a 
$100-per-unit price-low enough for 
custom, ]ow-volume applications. 

"Next year we plan to work up 
to 6,000 to 8,000 devices per chip. 
Better yields are being obtained by 
looking at things like mask defects 
and the purity of materials going 
into the device. We have also mini
mized the manufacturing steps by 
reducing the number of masks from 
eight to five," says Burie. 

Here to stay. While emitter-cou
pled-logic may replace TTL in some 
ultrahigh-speed applications, Buie 
believes TTL is superior for things 
like high-speed shift register corre
lators, high-speed comparators, and 
other normal high-speed logic 
because of its better speed-power 
product. 

The TRW center has a well-estab
lished metal oxide semiconductor 
program, but Buie isn't personally 
joining the stampede in that direc
tion. He says that bipolar LSI is on 
a par with MOS in complexity, and 
with the advantage of speed, will 
hit the market in 1971. "An early 
fallacy that 'bipolar transistors take 
more space has held up bipolar LSI 
work; this isn't true any more and 
we have been able to streamline 
the processes," Buie says. 

"You have no limits on your expan
sion in the U.S.: it's 'big, rich, and 
free," says Erick I. Siwko, 38, who 
came here in 1960 via Poland 
(where he was born), Siberia, Iran, 
Lebanon, England, and Canada. 
"It's a fascinating country for Euro
peans; they still have dreams about 
it carried over from the last cen
tury." 

Siwko (pronounced Zivko) has 
been able to realize his own dream 
by founding ContronauHcs Inc. in 

Electronics I December 8, 1969 



The Fine Art of 
ONEUPMANSHIP 

4PDT Miniature 3 
Ampere Industrial 
Relay-Type 156 
All features of competitive 
models, plus U IL 
recognition through 240 
VAC instead of a mere 
125 VAC. 

General Purpose 
1,2&3PDT Industrial 
Relay-Type 157 
All features of competitive 
models, with U IL 
recognition through 240 
VAC, potential recognition 
through 600 VAC. 
Superior electrical 
performance. 

Magnetic Latching, 
General Purpose, 
1,2&3PDT Industrial 
Relay-Type 157 
Same electrical parameters 
as standard Type 157. 
Modern approach to 
magnetic latching does 
not employ hard 
permanent magnets. 

1 &2PDT Coaxial Crystal 
Can Relay-Type 153 
Only Coaxial Crystal Can 
Relay that will switch 
above 500 MHz with 
VSWRs below 1.2. Now 
improved to switch 2000 
MHz with low VSWRs. 

Who's ONEUP? MIDTEX/AEMCO ... and YOU, when you get in touch with the 
MIDTEX/AEMCO distributor in your area. CALL ONE UP! 

M i Di EX 
INCORPORATED 

~ AEMCO DIVISION 
10 STATE STREET 

MANKATO, MINNESOTA 
56001 

PROGRAMMERS/TIME DELAY RELAYS/MINIATURE COAXIAL RELAYS/INDUSTRIAL RELAYS/MERCURY-WETTED CONTACT RELAYS 

Electronics I December 8, 1969 Circle 15 on reader service card 15 
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Now: A True 
Tape Search 
and Control 
System in 

3112 Inches. 
$3695 

FOB Anaheim. 
Delivery: Two Weeks 

(or sooner) 

Circle 16 on reader service card 

Automatic tape search in both 
directions with this new time 
code generator and tape search 
and control system from Datum. 

This complete system provides 
time generation for data acquisi
tion, time reading for data play
back, and fully automatic tape 
search for automatic data re
duction - all in 3% inches. 

Modular IC construction permits 
many optional features, such as 
slow-code outputs, remote dis
play, remote manual control, and 
high-accuracy time base. 

For complete information about 
the Datum 9300/9420 Tape 
Search/Control System, or other 
timing instrumentation, circle the 
reader service number below, 
or write: DATUM, INC., Timing 
Division, 170 E. Liberty Avenue, 
Anaheim, California 92801. Tele
phone Number (714) 879-3070. 
TWX Number (910) 592-1289. 

inc. 

Who's Who in electronics 

(Continued from p. 14) 

Waltham, Mass. "I can't r~ally pin
point the reasons I started my own 
company," he says. "There is an 
internal drive that pushes you to 
more independence. Once you 
decide to go out on your own you 
start thinking of the most success
ful beginning, usually an extension 
of your field, to assure success in 
the initial stages. Once you suc
ceed, then diversification is nat
ural." 

A former engineering speciaJist 
in charge of new product develop
ment for the Industrial Controls 
division of Fenwal Inc., Siwko now 
puts his experience to use in custom 
designing control devices. So far 
his company's work has been 
mainly in temperature control, but 
he hopes to develop a manufactur
ing capability and enter medical 
electronics. 

Quick. Because Contronautics is 
new, Siwko finds he has an advan
tage older companies lack. "We 
watch new trends, mainly in IC 
technology, and make use of them 
fast and efficiently," he says. "It 
may not be economical for older 
companies to introduce the latest 
technology because they alrea~y 
have older models on the market 
that haven't paid for themselves 
yet. We can select the most suitable 
IC for an application and make use 
of it right away because we have 
no tradition." 

Siwko claims that this ability to 
use the latest technology allows 
Contronautics to sell its equipment 
at a lower cost, sometimes half the 
price of competing units, and "in 
quite a few cases customers have 
told us that our equipment per
forms better than our competitors'," 
he says. He cites as an example a 
thermocouple sensor that costs less 
than $20 in large quantities; "there 
is nothing like it at this price," he 
asserts. 

Contronautics also is doing R&D 
in medical electronics, and is look
ing for a location :where it can do 
its own manufacturing, which now 
is subcontracted. But Siwko is cau
tious about entering any other areas 
right away. "We are trying to disci
pline ourselves by staying in the 
industrial and medical control 
fields,'~ he says. 
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METALS THAT MONITOR, MEASURE 
AND MAGNIFY ... A SPECIAL 

CAPABILITY OF CARPENTER! 

When a life hangs in the balance, an 
intensive care unit in a local hospital 
constantly monitors the patient's prog
gress. When a sleek submarine maneu
vers silently beneath the surface, sonar 
devices sound the bottom to measure 
the water's depth. When a tiny signal 
cries from outer space, land-based ra
dar systems magnify its whisper to a 
loud, clear voice. Each of these elec
tronic devices depends on specialty 
metals for flawless performance. Car
penter produces a full line of electronic 
alloys that bring a high level of relia
bility to the electronic industry. In
cluded are: Magnetic Core Irons, High 
Permeability Alloys, Glass Sealing Al· 
loys, Electrical Resistance Alloys, Tem
perature Compensator Alloys, and 
others. What measure of confidence in 
materials do you need to make a better 
product? To find out, contact your 
Carpenter representative. Steel Divi
sion, Carpenter Technology Corpora
tion, Reading, Pa. 19603. 
European Office: Emmastraat 39, 
Amsterdam-Z, The Netherlands 

~ Z::: ' CARPENTER 
\...affa::Cf{ TECHNOLOGY 
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You can be sure ... if ifs Westinghouse @ 

Circle 21 on reader service card 



Offer true hermetic sealing 
-assure maximum stability and life! 
Delays: 2 to 180 seconds • • Actuated 
by a heater, they operate on A.C., D.C., or Pulsating 
Current • • • Being hermetically sealed, they are not 
affected by altitude, moisture, or climate changes • • • 
SPST only-normally open or normally closed • • • Com
pensated for ambient temperature changes from -55° to 
+80° C •• .• Heaters consume approximately 2 W. and 
may be operated continuously .• . The units are ru111d, 
explosion-proof, lon1·Hved, and-ine1pensive! 
nPES: Standard Radio Octal, and 9.Pin Miniature. 

list Price, $4.00 

PR081fM? Send for Bulletln No. TR-8 I 

0 

All PE RITE 
BALLAST 

REGULATORS 
Hermetically sealed, they are 
not affected by changes in alti· 
tude, ambient temperature 
(-50° to +10° C.J, or humid
ity ••• Rugged, light, compact, 
most ·inexpensive. 

22 

List Price, $3.00 
Write for 4-page Technical 

Bulletin No. AB·51 

Circle 22 on reader service card 

Meetings 

Reliability: spread the gospel 

The Ralph Nader spirit is abroad 
in the land-just check the program 
for the annual symposium on relia
bility sponsored by the American 
Society of Quality Control. It will 
be held Feb. 3-5 at the Biltmore 
Horel in Los Angeles. 

To an unprecedented degree, the 
meeting will emphasize the need 
to apply reliability techniques de
veloped for military and space pro
grams to commercial and industrial 
products. 

The keynote speaker, Rear Ad
miral Nathan Sonenshein of the 
Office of Naval Material, will out
line what managers, systems de
signers, and engineers must do in 
the assurance sciences to meet the 
competition, complexity, and cost 
demands of the 1970's. Banquet 
speaker Robert Six, president of 
Continental Airlines, will discuss 
the effects of reliability and main
tainability on commercial aviation. 

Of particular interest will a sec
ond-day panel session on failure 
mechanisms in integrated circuits. 
Ultrasonic aluminum wire bonding 
of microelectronic. applications will 
be discussed by W.P. Cox and Dr. 
E.E. Anderson of Lockheed Air
craft, and J.H. Anderson Jr. of 
the University of Rochester. Metal 

Calendar 

International IEEE G·AP Symposium, 
The University of Texas at Austin, 
Dec. 9-11. 

Symposium on Application of 
Magnetism in Bioengineering, IEEE, 
Israel Society for Biomedical 
Engineering; Rehovot, Israel, Dec. 9-11. 

Asilomar Conference on Circuits and 
Systems, Naval Postgraduate School, 
The University of Santa Clara, Stanford 
University, and IEEE; Asilomar Hotel 
and Conference Grounds, Pacific Grove, 
Calif., Dec. 10-12. 

Winter Power Meeting, IEEE; Statler 
Hilton Hotel, New York; Jan. 25-30, 
1970. 

Annual Symposium on Reliability, 
Group on Reliability of the IEEE, Amer-

bridgin~ under planar oxide will be 
the subject of J.F. Knudsen of 
Lockheed, and electromigration in 
re's will be the topic of Ilan 
Blach and E.S. Neiran of Technion 
University, Haifa, Israel. Surface
related failure mechanisms in IC 
arrays will be discussed by D.J. 
Fitzgerald and A.S. Grove of the 
Intel Corp. Reliability physics in
vestigation of IC failures will be 
covered by P.H. Eisenberg and 
C.W. Scott of Autonetics. 

A morning session on the final 
day will cover the latest screening 
specifications, special testing of 
re's, and part parameter drifts. Pa
pers to be presented: Subcontract
ing for Parts Screening by R.J. 
Green and H.J. Bailey Jr. of TRW; 
the Effectiveness of Part Prefailure 
Analysis iby R.C. Aakhus and H.W. 
Luedthe of the Honeywell Corp.; 
and Some Practical Parts Criteria 
by P. W. Fowler and H.J. Bailey 
Jr. of TRW. 

Members of the advisory board 
of the annual reliability symposium 
will explore the broad-spectrum 
potential of the 1970' s for reliability 
engin·eers in a panel session on the 
second day. 
For additional information contact R.F. Hahn, 
Sperry Systems Management division, Sperry 
Rand Corp., 2 Aerial Way, Syosset, N.Y. 11791 

ican Society for Quality Control, Amer
ican Society for Nondestructive Test
ing, and the Institute of Environmental 
Sciences; Biltmore Hotel, Los Angeles; 
Feb. 3-5, 1970. 

International Solid State Circuits 
Conference, IEEE, University of 
Pennsylvania; Sheraton Hotel and 
University of Pennsylvania, 
Philadelphia, Feb. 18-20, 1970. 

Symposium on Management and 
Economics in the Electronics Industry, 
IEE; University of Edinburgh, Scotland, 
March 17-20, 1970. 

International Convention, IEEE; New 
York Hilton Hotel and the New York 
Coliseum, March 23-26, 1970. 

(Continued on p. 24) 
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TYPE BB 1/8 WATT 

TYPE EB 1/2 WATT 

TYPE CB 1/4 WATT 
TYPE GB I 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 

TYPE HB 2 WATTS 

A-8 industrial grade hot-molded fixed resistors are 
available in all standard resistance values and toler
ances, plus values above and below standard limits. A-8 
hot-molded resistors meet or exceed all applicable mili
tary specifications including the new Established Re
liability Specifications atthe S level. Shown actual size. 

long-term resistor performance can be closely predicted. 

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 immediate delivery at factory prices, call your 
authorized A-B industrial electronics distributor. Or write: 
Marketing Department, Electronics Division, Allen
Bradley Co., 1201 South Second St., Milwaukee, Wis. 
53204. In Canada: Allen-Bradley Canada Limited. Export 
Office: 1293 Broad Street, Bloomfield, N.J., U.S.A. 07003. 

QUALITY ELECTRONIC COMPONENTS@ ALLEN- BRADLEY 
EC69·60 A 
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Looking for an 
economical system 

building block? 

REDCOR 720 MUX/ A-0 CONVERTER 

REDCOR's Model 720 Multiplexer/ A-D Converter is an economical and 
versatile system-building block that accepts up to 32 channels of analog data. 
Time-shared multiplexing and successive approximation analog-to-digital 
conversion are utilized to process the analog input data into a format suitable 
for inputting directly into a computer. The basic 720 contains modular multi
plexers, high-input impedance buffers, a sample and hold, an ADC, power 
supplies, and a voltage reference. 

The 720 Multiplexer/ A-D Converter offers distinct cost-performance 
advantages for a wide variety of data-acquisition problems where high reso
lution and attendant accuracy must be compared to system cost and through
put rates. The 720 is available in 8 to 12 bits binary, with system throughput 
rates ranging from 40 KHz to 20 KHz. Either single-ended or differential 
inputs are provided, with full-scale input ranges from Sv to 20v in bipolar or 
unipolar configurations. 

The 720 is completely self-contained in a forced-air-cooled 19-inch 
chassis that requires only 13/4 inches of panel space. Modular concepts are 
employed throughout the instrument, with all circuitry contained on plug-in 
circuit modules that are removable from the master interconnect mother PC 
board. All test points required for system test calibrat!on and maintenance 
are available from the swing-out front panel. The modular structure of the 720 
ensures ease of maintenance and simplifies field expandability of channels. 

Simplified operation, low-cost, ease of interfacing, and guaranteed 
system performance specifications make the Model 720 Multiplexer/ A-D 
Converter attractive for any computer-controlled data-acquisition or process
control application. 

m REDCOR m CORPORATION 

Complete Systems Capability /7800 Deering Avenue, P.O. Box 1031, 
Canoga Park, California 91304-(213) 348-5892 

Circle 24 on reader service card 

Meetings 

(Continued from p. 22) 

Second National Conference and 
Exposition on Electronics In Medicine, 
Electronics/Management Center, 
Electronics, Medical World News, 
Modern Hospital, Postgraduate 
Medicine, Scientific Research; 
Fairmont Hotel, San Francisco, 
Feb. 12-14, 1970. 

Symposium on Submillimeter Waves, 
IEEE, Polytechnic Institute, Brooklyn, 
New York, March 31-April 2, 1970. 

Communications Satellite Systems 
Conference, American Institute of 
Aeronautics and Astronautics; 
International Hotel, Los Angeles, 
April 6-8, 1970. 

Reliability Physics Symposium, IEEE; 
Stardust Hotel and Country Club, 
Las Vegas, Nevada, April 7-9, 1970. 

Meeting and Technical Conference, 
Numerican Control Society; Statler 
Hilton, Boston, April 8-10, 1970. 

Computer Graphics International 
Symposium, IEE; Uxbridge, Middlesex, 
England, April 13-16, 1970. 

International Geoscience Electronics 
Symposium, IEEE; Mariott Twin Bridges 
Motor Hotel, Washington, April 14-17. 
1970. 

American Power Conference, IEEE; 
Sherman House, Chicago, April 21-23, 
1970. 

International Magnetics Conference 
(INTERMAG), IEEE; Statler Hilton Hotel, 
Washington, April 21-24, 1970. 

Annual Frequency Control Symposium, 
U.S. Army Electronics Command; 
Shelburne Hotel, Atlantic City, N.J., 
April 27-29, 1970. 

National Telemetering Conference, 
IEEE; Statler Hilton Hotel, Los Angeles, 
April 27-30, 1970. 

National Relay Conference, Oklahoma 
State University and the National 
Association of Relay Manufacturers; 
Oklahoma State University campus, 
April 28-29, 1970. 

Short courses 

Generalized Machine Theory Applica· 
tions, IEEE; Statler Hilton Hotel, New 
York, Jan. 25-30, 1970. $30 fee. 

Topics in Quantum Electronics, Univer
sity of California; Berkeley campus, Feb. 
2-6, 1970. $300 fee. 

(Continued on p. 26) 
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All components 
shown actual size 

Only the new 
Allen-Bradley Type S cermet trimming 

resistors have all these features 

adjustment 

for top 
adjustment 

CAllen·Bradley Company 1969 

The Allen-Bradley Type S is a one turn 
cermet trimmer in which you will find 
incorporated a wider range of features 
than in any other trimmer now on the 
market. Here are a few of the more 
important features. 

• COMPACT-body is *,n dia. 
• BUILT FOR EITHER TOP OR SIDE 

ADJUSTMENT 
• 50 OHMS THRU 1 MEGOHM 

•WIDE TEMPERATURE RANGE from 
-65°C to +150°C 

• RATED % watt@ 85°C 
• EXCEPTIONAL STABILITY under high 

temperature or high humidity 
• MEETS OR EXCEEDS ALL APPLICA

BLE MIL SPECS 
•COMPETITIVELY PRICED! 

Need to know more about the Type 
S trimmer? Call your authorized A-B 
industrial electronics distributor. He'll 

•THE SEALED UNIT is immersion-proof 
•TEMPERATURE COEFFICIENT less 

than 250 ppm/'C over al/resistance values give you immediate delivery at factory 
and complete temperature range prices. Or write for detailed specifica-

• UNIQUE ROTOR DESIGN provides ex- tions to the Marketing Department, 
ceptional stability of setting under shock Electronics Division, Allen-Bradley 
and vibration Co., 1201 S. Second Street, Milwaukee, 

• SMOOTH CONTROL. approaches infi- Wis. 53204. In Canada: Allen-Bradley nite resolution 
• PIN TYPE TERMINALS for use on Canada Limited. Export Office: 1293 

printed circuit boards with a 1/10" pattern Broad Street, Bloomfield, N. J., 
•VIRTUALLY NO BACKLASH U.S.A. 07003. 

I~ QUALITY : LECTRONIC COMPONE~~:· 
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Meet the "Mite". 
Only .218" diameter. The toughest 
ceramic disc trimmer capacitor its size. 
New from E. F. Johnson. And it's this small: ~I b 
Designed for printed circuit applications where space is at a 
premium. Stator of High Alumina for greater shock and 
vibration resistance. The rotor plate is encapsulated in ceramic 
for environmental stability and long life. The Q factor at 1 MHz 
is 500 minimum. Precision lapped bearing surfaces give you 
smooth linear tuning. Pick from a wide capacitance range: 
1.0-3.0 pF, 2.5-9.0 pF, 3.5-20.0 pF, 5.0-25.0 pF. Designed 
to meet or exceed applicable requirements of MIL-C-81A. 
Return the coupon today for information on Johnson's 
new Micro-J'." And if you have a special capacitor need, 
we'd like to work with you. The same engineering that made 
our air variable capacitors the standard of excellence goes 
into every new Johnson product. 

E. F. JOHNSON COMPANY/3012 Tenth Ave. S.W,/Waseca, Minnesota 56093 

D Send product specification information on new Micro-J capacitor. 
D Include information about your full capacitor line and other Johnson components. 

FIRM ADDRESS 

ZIP 

[OMPANY 
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Meetings 

(Continued from p. 24) 

Theory and Design of Reliable (Fault· 
Tolerant) Computers: Protective Redun· 
dancy, Diagnosis, Self-Repair, Univer
sity of California; Los Angeles campus, 
Feb. 2-13, 1970. $395 fee. 

Minicomputers, National Electronics 
Conference; Pheasant Run Lodge, St. 
Charles, Ill., Feb. 8·11, 1970. $390 fee. 

Computer Language Approach to Net· 
work Analysis and Design, University of 
California; Los Angeles campus, Feb. 
9-13, 1970. $285 fee. 

Electronic Components, University of 
Wisconsin; Madison campus, Feb. 
19-20, 1970. $70 fee. 

Introduction to Process Computer Con· 
trol, University of California; Los Ange· 
les campus, March 9-13, 1970. $285 
fee. 

Call for papers 

Solid State Sensors Symposium, IEEE 
and the Instrument Society of America; 
Radisson Hotel, Minneapolis, June 
18-19, 1970. Jan. 20 is deadline for 
submission of abstracts to Dr. R.H. 
Dyck, Fairchild Semiconductor, 4001 
Miranda Ave. , Palo Alto, Calif. 94304. 

Symposium on Circuit Theory, IEEE; 
Pick-Nicollet Hotel, Minneapolis, May 
7·8, 1970. Feb. 5 is deadline for sub· 
mission of summaries to Prof. B.A. 
Shenoi, Dept. of Electrical Engineering, 
University of Minnesota, Minneapolis, 
Minn. 55455. 

Summer Power Meeting and EHV Con
ference, IEEE; Biltmore Hotel, Los Ange
les, July 12·17, 1970. Feb. 15 is dead
line for submission of papers to S.H. 
Gold, 1970 Summer Power Meeting and 
EHV Conference, 345 E. 47th Street, 
New York, N.Y. 10017. 

Nuclear and Space Radiation Effects, 
IEEE and the University of California; 
University of California campus, San 
Diego, July 21-23, 1970. Feb. 16 Is 
deadline for submission of summaries 
to R.K. Thatcher, Battelle Memorial In· 
stitute, 505 King Ave., Columbus, Ohio 
43201. 

ASTM·NBS Symposium on Sillcon 
Device Processing, American Society 
for Testing and Materials, National 
Bureau of Standards, Gaithersburg, 
Md., June 2-3, 1970. Papers should be 
sent immediately to C.P. Marsden, 
Electronic Technology Division, 
National Bureau of Standards, 
Washington, D.C. 20234. 
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Th 11 Bendix is the difference. e new sma The,differenceindistribution, 
delivery and supply. The dif-

rack and Panels 
ferencethatmeansyoucan 
get the rack and panels you 

1 need when you need them. •th th A big difference. A big WI e advantage. But there are others. 
! Bendi~ Regal B subminiatures 

b• d•ff are built to MIL-C-24308. 1g I erence. Applic+tion potentials are 
practicplly unlimited. Use them 

Circle 28 on reader service card 

in switching circuits, com-
puters, business machines. In 
industrial equipment, com
munications, test equipment. 
And in 1rack and panel modular 
or printed circuit technology. 

The selection of mounting 
opti~ns is just about endless, 
too. Choose from among .120 
or .154-inch diameter, straight
through holes, clinch nuts, 
float mounts, lock posts, plain 
flange and through-bulkhead 
types. Neoprene spacers or 
grommets. And solder or print
ed circuits. Even a crimp ver
sion w ith rear-release contacts 
comes in a variety of shell sizes 
and mounting configurations. 
All interchangeable with exist
ing rack and panel connectors. 

For more details, write: The 
Bendix Corporation, Electrical 
Components Division, Sidney, 
New York 13838. 

Elli!ctronics 
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THE WORLD'S GREASIEST 
GREASE. IT EVEN KEEPS 
STEEL AND ALUMINUM 

SLID NG SMOOTHLY TOGETHER 

30 Circle 30 on reader service card 

General Electric has invented a new family of silicone lubricants: 
Versilube Plus11 grease and fluid. 

What they have in common makes them unique. They're based on 
new methyl alkyl technology. Which gives them a long, spiny, inter
locking molecular structure. Which, in turn, forms a tough, tena
cious film that keeps moving parts separated. 

So now you can solve sintered bearing problems. And rub aluminum 
against steel. With negligible wear. No galling. And not a speck of 
bimetallic corrosion. 

What's more you can forget about the elements. Versilube Plus 
won't crystallize at 300°F. Won't stiffen up at -50°F. And it's just 
about invulnerable to water washout. 

In short, it keeps many combinations of dissimilar metals lubricated 
for good. And a little goes a long way. 

Try it. For more information, fill out the reader service card. For a 
free sample of Versilube Plus grease and/ or fluid, write us on your -
letterhead describing your application: Section N 12324, Silicone 
Products Dept., General Electric Co., Waterford, New York 12188. 

GENERAL. ELECTRIC 
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Editorial Comment 

R-f pollution: a rising concern 

Radiation leaks-X-rays from tv sets and r-f energy 
from microwave ovens-are an existing concern, but 
at least such leaks can be pinpointed, measured, 
and corrected through design changes. A far more 
insidious problem may be caused by the prolifera
tion of high-power communication and microwave 
transmitters. 

At a meeting last month co-sponsored by the 
Long Island Section of the IEEE and the Electro
magnetic Compatibility Group it was recalled that 
man's ability to generate microwave power has 
been increasing at the rate of about 15 db per 
decade. Witth the countryside being filled with 
high-power radiations at vlf, h-f, and microwave 
frequencies, engineers and the public alike are won
dering what effects the emissions, singly or in 
combination, may have on the human body, graz
ing animals, or even vegetation. Although the pro
liferation of emitters and the rise in their output 
power continues unabated, there appears to be an 
unfortunate lack of coordination among those agen
cies and individuals who are directly involved, and 
who might pool their expertise to study the haz
ards and define proper controls. As it is, there's 
concern among portions of the military, the U.S. 
Public Health Service, certain other government 
agencies, and a few researchers at university labo
ratories. Isolated experiments have been conducted 
with rats and frogs to test the harmful effects of 
r-f energy. Farmers have reported "peculiar be
havior" in sheep in the vicinity of microwave an
tennas. Experiments for the Navy's proposed 800-
megawatt, 45-hertz transmitter covering 22,000 
square miles in Wisconsin [Electronics, Nov. 24, 
p. 48] reportedly set telephones ringing and electri
fied fences in the vicinity. In a separate case, a 
radar technician died in California; his death was 
thought to have been caused by exposure to high
intensity microw.aves, but the facts in the case were 
not at all clear. 

Broadening the scope of research needed, L.D. 
Sher of the University of Pennsylvania believes 
both thermal and nonthermal effects from micro
wave radiation could occur at several levels: molec
ular, cellular, the tissue level, and as effects on 
organs of the body itself. Adding to the confusion, 
a method of correlating the laboratory work and 
the clinical studies of animal exposure with meas
urements taken in the field has not yet been found. 
As a result of the sketchy work done to date, there 
is no general agreement on "safe" radiation levels. 
Most U.S. researchers tend to "talk" around a base 
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figure of 10 mw/cm2, while the Russians begin at 
1 mw/ cm2 and tighten the limit to as little as 10-2 

mw/ cm2 for an exposure time of eight hours or 
more. 

At last month's meeting, A.R. Kall of Ark Elec
tronics reported on a project to measure the in
tensity of radiation near government h-f relay sta
tions equipped with the familiar rhombic and 
curtain array antenna systems. Frequencies in
volved were in the 6-18 Megahertz range (the band 
in which, for example, the Voice of America might 
operate). The study showed both magnetic and 
electric fields were high in the case of 500 kw trans
mitters; magnetic fields were high but electric fields 
were tolerable for a 250 kw transmitter, and both 
E and H fields were acceptable for a 50 kw trans
mitter. In addition, the study yielded data on hard
to-find but important-to-avoid pockets of very high 
intensity radiation (hot spots). A comparison study 
put laboratory rats in an "irradiation tank circuit" 
to see how much raditation at 6, 14, and 21 Mhz 
the animals could withstand. The tests showed 
harmful effects to the gastrointestinal, cardiovascu
lar, respiratory, and genito-urinary systems, peak
ing at 35 days following the irradiation. Unfortu
nately, there is no direct way to relate what was 
measured in the laboratory {watts per unit volume 
or per unit weight of the test animal) to what is 
measured in the field (watts per unit effective cap
ture area). The researchers did get around one 
correlative problem simply by equating a rat with 
a human insofar as the biological effects were con
cerned. 

Another point in question is the sensitivity of 
tests. Oddly enough, no changes were detected in 
the endocrine system of the test animals. The re
searchers attributed this to the possibility of detec
tion equipment that was not sensitive to the 
changes that may have occurred. On the other 
hand, Sher felt that in the area of radiation hazards, 
some easily detectable effects may not have much . 
clinical significance. Sher is among those research
ers who theorize that a limit of 10 mw I cm2 is 
realistic. 

Clearly, what is needed is an acceleration of 
studies that would reinforce certain of the tenta
tive conclusions reached on the basis of intuition 
and sparse data, while rejecting those conclusions 
that are unfounded. The result could be the setting 
of realistic standards regarding safe levels of ex
posure and the definition of dangerous off-limits 
areas surrounding high-power transmitters.• 
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It's a new kind of connecting. 
The little connectors above are 
really one connector. You take as 
many pieces as you need, mix them 
together, and use them to connect 
any size of p.c. board to a mother 
board. 

That's not spectacularly new. 
Connector modules for use in 
bread-boarding have been around 
for a while. 

But these new Mojo™ Series 
6308 p.c. connector modules* are 
not just for bread-boards and 
prototypes. 

Not hardly. 
When used with plated-through 

holes on the mother board, they are 
one of the slickest production 
tricks to come along in quite a 
while. Contact tails combine a 
square wire-wrapping post with a 
specially designed locking feature 
which, when press-fitted into a 
plated-through hole, provides a 
gas-tight and reliable electrical 
connection. 

No, you don't have to solder. 
Yes, you can wire-wrap if you 

want. 
And, yes, you'll save time and 

money in moving from prototype 
into production. Because connectors 
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• Patent ending 

of virtually any size can be built 
up economically from just two 
sizes of modules, you don't need a 
large inventory. Or custom con
nectors. And you only have to 
insert modules where connectors 
are required, saving a few more 
pennies. 

PtCllRI> .,. 

And, no, you don't give up a bit 
of connector reliability. The ex
clusive swaged single-beam design 
of the dual-readout contact provides 
optimum spring rate and deflection 
characteristics. A preload applied 

to the contact nose in the insulator 
makes sure that the contact really 
holds on to the card, while keeping 
the contacts well apart when the 
card is removed from the connector. 

Mojo™ p.c. connector modules: 
Specs in brief 

Material 
Glass-filled DAP 

Contacts 
Cantilevered-beam, dual read
out, bifurcated nose .. 150" 
centers. Center modules have 6 
contacts. End modules have 4 
contacts, molded-in card guide. 

Tails 
.031" square wire-wrapping 
type 

Mounting 
Press fit, in .048" dia. plated
through holes, 3/32" to 1/8" 
thick board. 

For more information, write, 
wire, call, or TWX us for our 
Mojo™ p.c. connector module 
data sheet. Elco Corporation, 
Willow Grove, Pa. :i,~·· 
19090. 215-659-7000; ? 
TWX 510-665-5573. 



Avionics firms 

wait for Nixon 
to zig or .Zag 

U.S. car makers 
eye electronic 
fuel injection 

- . -

Schottky diOde 

rated at 50 amps 

First IC mil spec 

ready for indust11 

Elec:tronics-Newsletter 
December 8, 1969 

The Nixon Administration's fidgety military posture is giving planners 
and-their avionics customers fits as they try to decide which new programs 
will wll;i. substantial funding in the fiscal 1971 budget request-and, more 
important, which ones might be stretched out. Adding to the nervousness 
is the intention of the Administration to cut defense spending to 7% . of 
the gross national product, or by at least $4 billion for fiscal '71. 

·One industry source suggests there's a chance some programs-for 
example, the B-lA bomber (formerly AMSA)-could be put off a year 
with only minimal funds in the budget that will go to Congress in Janu
ary. This could happen if the Administration deems it wise not to push 
strategic weapons systems in light of the arms limitation and disarma
ment talks in Helsinki and Geneva. And military planners are having a 
tough time discerning Administration guidelines to what programs will 
be viewed favorably. As recently as September, some military men ad
mitted to electronics industry marketing officials that they simply had no 
indications. The slow-moving fiscal 1970 military authorization and ap
propriations bills also have contributed to the uncertainty. 

Detroit's big three automakers are testing an electronic fuel-injection 
system that uses a small computer and an electric fuel pump. Developed 
by the Bendix Motor Components division, the system controls the fuel
air mix by monitoring intake manifold pressure and engine revolutions 
per m1nute. _ 

The auto companies, which aim to introduce the system possibly as 
early as 1971, say the advantages are lower fuel consumption and redu.eed 
exhaust emission. 

A system operating on the same principle was introduced last yeaJ' .by 
Volkswagen [Electronics, March 17; p. 87]. 

Buyers of Schottky-barrier rectifier diodes usually want to use them 
with microwave devices, but Motorola has come up with what engineers 
at the Semiconductor Products division say is a completely new kind of 
device-a 50-amp hot carrier diode ideally suited to rectify low-voltage 
c0mputer power supplies. The MBD5500, _it will be introduced next 
month; its principal advantages, besides its current rating, are efficiency 
and speed. 

That 50-amp current rating is phenomenal in the hot-carrier diode 
world, where the highest rated devices heretofore have been about 50 
milliamperes. Efficiency is best demonstrated by forward volt!ige drop, 
which is 500 millivolts for the MBD5500 at 50 amps vs. 1.2 to 1.4 volts 
for a standard p-n rectifier diode with a comparable active area (the unit 
is on a 150-square-mil chip). The Schottky diode's speed hasn't been 
pinned down yet because the test equipment can handle up to 500 kilo-
hertz, and the device still shows good efficiency at that speed. · 

The first general specification for military microcircuits-Mil-M 38510-
has been approv_e_d and will be released as soon as it can be printed. 
Joseph Brauer, chief of Rome Air Development Center's reliability branch 
in the solid state applications section, says the specification stems from 
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MECL 4 appearing 

with Q.7 nsec delay 

GE adds computer 

to top of 600 line 

Electronics Newsletter 

a September policy change. The lack of inilitary specifications, particu,
larly during the formative stages of microcircuit development, has resulted 
in insufficient control of reliability. 

The new specification, drafts of which are now circulating in industry, 
provides reliability and test levels for three device classes. Specifications 
for the top-of-the-line Class A devices refer to the National Aeronautics 
and Space Adiministration's line certification requirements for micro
circuits-NHB-5300.4 (3c). 

The EIA says it will be coming up soon with ah industry specification 
for nonmilitary microcircuits in response to growing requests from de
signers of data processing and other equipment for guidelines. An EIA 
official who calls the new mil spec "a compromise, but a pretty good one," 
adds that industry's own specifications should help reduce microcircuit 
costs. 

There's a MECL 4 family of bipolar integrated circuits in Motorola's 
future. The Semiconductor Products division is already doing custom 
work with a number of major computer manufacturers, who want the 
super speed of the new emitter-coupled logic line in their central 
processors. The MECL 4 circuits are the fastest logic anywhere, with a 
propagation delay of just 0.7 nanosecond at a power dissipation level of 
50 milliwatts; the firm's MECL 3 line is specified at 1.0 nanosecond prop
agation delay with 50 milliwatts' dissipation [Electronics, April 15, 1968, 
p. 46]. 

One of the big advantages MECL 4 will offer is lower power dissipa
tion, making it easier to cool the units. W:lth MECL 4, says Richard 
Abraham, director of advanced IC programs, 'We may be able to back 
off from 50 milliwatts' dissipation to 10 milliwatts and still get I-nano
second delay." Twenty gates of MECL 3 at 1 nanosecond dissipate 1 
watt, which is difficult to cool. Abraham says MECL 4 will allow the 
same function at the same speed with only 250 milliwatts of power dissi-

. pation, "which isn't nearly as difficult to cool in a normal computer." 
Like MECL 3, which is just beginning to be designed into new computers, 
MECL 4 will be mainly a custom family. 

General Electric's just-introduced giant computer, a new Hagship for the 
600 line, features what GE calls thr~e-din1ensional processing-simul
taneous hatch processing of jobs carried in on cards or tape, batch process
ing of jobs arriving via telephone line from a remote terminal, and time 
sharing capability. The other machines in the 600 family also have this 
processing feature. 

The machine, labeled the 655, will be compatible with other 600 
models. And like Control Data's 7600 and IBM's 360 models 85 and 195~ 
it will have a hierarchy of memories. The main memory, a traditional 
ferrite-core array with a cycle time of about 1 microsecond, transfers 
data in large blocks into a fast buffer where it can be retrieved by the 
processor in 100 nanoseconds or less. The buffer probably is a semicon
ductor array much like those in the giant IBM machines; Texas Instru
ments is believed to be supplying custom emitter-coupled-logic circuits 
for the 655. 

TI also makes ECL-like circuits for the high-speed buffer memories 
on the IBM computers. 
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No other manufacturer offers as 
large a selection: hundreds of 
standard types of control knobs, 
more than 2,000 "specials". Al
most every type, style and color 
combination is promptly avail
able to you from local distrib
utors and large factory stocks. 

Turn to color with the new 
PANELRAMA knobs shown be
low ... mix or match caps and 
body colors in almost any com
bination ... to harmonize or con
trast with every panel decor. 

Or, you can choose elegantly-

styled Designer Series knobs 
with spun-aluminum caps on 
body colors of black; light, me
dium, or dark grays; and off. 
white. When you need a solid 
color, select from the nine deco
rative colors in our 400 series. 

For military applications, spec
ify Standard Series control knobs 
-thousands of quality knobs that 
meet MS91528. Or, specify the 
new self-locking push-to-turn 
knobs and Microverniers ... for 
accurate, precision control set
tings. And when you need custom-

Here's why Raytheon knobs 
control more settings 
than any other brand. 

made knobs, call Raytheon first 
... to get the advantages of 
Raytheon quality and fast 
delivery. 

For a catalog, call your distrib
utor or nearest Raytheon re
gional sales office. Or send the 
reader service card. Raytheon 
Company, Industrial Compo
nents Operation, Quincy, Massa
chusetts 02169. 

[RAYTHEON] 
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Basic Switches? 
Go where you can pick from 
the whole blooming family. 

You won't miss out on the latest in basic switches when 
you come to MICRO SWITCH. Here you can make 
your selection from the world's largest family. Thou
sands of subtle variations help you meet any combina
tion of requirements-size, weight, circuitry, electrical 
capacity, actuation, termination and environmental re
sistance. 

For example, there are switches especially sealed to do 
the job in highly contaminated environments; switches 
that operate efficiently at temperatures as severe as 
+ 1000° or - 320°F; electrical loads from milliamp to 
25 amps, 125 vac, or 10 amps, 125 vdc. A large number 
meet military specifications. 

But you can expect much more when you come to 
MICRO SWITCH. For instance, extra assurance of 
consistent quality throughout a large quantity run. Or 

the certainty that a switch will deliver precise operating 
characteristics throughout a long life. Perhaps what's 
essential to you is the convenience of local distributors 
with complete selections on the shelf-or, on the other 
hand, world-wide availability! If on-time deliveries are 
critical to you, you'll be interested in our computer
controlled ordering, inventory and production control 
system. Finally, should you have special design prob
lems, our engineering field service-the largest in the 
industry-specializes in coming up with the right sol
utions. 

Shown at left and described below are just a few mem
bers of our ever-blooming family of basic switches. For 
additional information, call a Branch Office or Distribu
tor (Yellow Pages, "Switches, Electric"). Or write for 
Catalogs 50 and 52. 

A. Type V3 Basic Switches-Small, ver
satile precision switches. Over 500 stand
ard designs, including many actuator and 
terminal variations. Operating force as 
low as 10 grams, differential travel as 
small as .002 inch. Rating up to 15 amps 
125 vac. SPDT, SPNO or SPNC. Tem
perature range up to 600° F . Military 
listed. Case size 1.09 x .62 x .40 inch. 

D. Special Circuitry Basic Switches-Sim
plify circuit design and eliminate extra 
wiring. Type "DT": DPDT. Type TB: 
2-Ckt and 4-Ckt Double-Break. Type 
MN : 2-Ckt Double-Break. Also dual 
SPDT assemblies, make-before-break, 
pulse operation, and sequential action 
types. 

E. Standard Basic Switches-The maxi
mum in precise operation, accurate re
peatability, long life and high electrical 
capacity. Thousands of proven designs 
available. Variety of actuators and ter
minals. Case size: 1.94 x .95 x .68 inch. 
SPDT, SPNO or SPNC. Momentary or 
maintained contact. Type Z: 15 amps; 
Type A: 20 amps; Type M: 22 amps; 
Type E: 25 amps; each at 125 vac. Type 
MT: 10 amps 125 vdc. B. Subminiature Basic Switches-Preci

sion operation with minimum space and 
weight. Variety of actuators, terminals 
and characteristics. Silver or gold con
tacts, and bifurcated contact design for 
reliable low energy operation. Military 
listed. Type SM: Case size .78 x .35 x .25 
inch, up to 10 amps 125 vac. Type ISX: 
Case size .50 x .35 x .20 inch, 7 amps 
125 vac. 

C. Sealed Basic Switches-Small swi~.ches 
for reliable military/ aerospace use and 
other applications requiring environmen
tal protection. Types XE and SE are 
classed watertight (Symbol 3, MIL-S-
8805), with a corrosion-resistant metal 
housing, molded silicone rubber plunger 
seal, and terminals encased in epoxy resin. 
Types HM and HS feature true hermetic 
sealing (Symbol 5, MIL-S-8805), with 
metal-to-metal and glass-to-metal fusion. 
Solder or leadwire termination. 

MICRO SWITCH 
FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 

F. High Temperature Basic Switches
Type HT switches withstand + l ,000°F 
and -321°F.Availablewithpanel-mount 
push-plunger or roller-plunger, or side
mount with auxiliary actuators. Corro
sion and shock resistant. 

G. Glass-Enclosed Switches-Hermeti
cally sealed contacts for extra reliability 
and long life. Modern automatic equip
ment a~sures product uniformity in large 
quantity production. Type AS mercury 
switches: low force, tilt operation; SPST, 
SPDT, or 2-Ckt; rating up to 70 amps 30 
vac; variety of operating characteristics. 
Type CS miniature reed switches: Form 
A or Form C; outstanding long life/ high 
capacity combination-up to 100,000,000 
cycles at 10 watts; and high reliability on 
micro-volt or micro-ampere circuits. 

HONEYWELL INTERNATIONAL1 Sales and service offices In all prlnclpal cities of the world. Manufacturing In Un ited States, Un ited Klnadom . Canada, Netherlands, Germanv. France, Japan . 
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How quiet? At 10 Hz, with a 2 megohm source resis
tance, our new Model 113 Low-Noise Preamplifier 
has a noise figure of less than 0.3 dB. Or at 1 kHz, 
with a 1 megohm source resistance, its noise figure 
is only 0.2 dB maximum. Shorted input noise from 
de to 100 kHz is typically 1 µ. V ref erred to the input. 

Model 113 also offers: 

• Switch selectable ac or de coupling in either 
single ended or differential input mode 

• High rejection of common mode signals 

• Low- a~d high-frequency rolloff controls for 
attenuation of signals outside the range of 
interest 

•High input impedance: Ac coupled: 100 meg
ohms through 0.1 µ.F shunted by 15 pF; De 
coupled : 1 gigohm shunted by 15 pF 

Circle 40 on reader service card 

• Gain continuously variable from 10 to 25,000 

• Battery operation to eliminate 60 Hz pickup. 
Provides 30 hours of continuous operation be
tween charges. Built-in charger automatically 
recharges battery when plugged into 110/220 V 
ac line. Front panel test lamp indicates battery 
condition. 

Ask us to demonstrate our quiet new $795 Model 
113 Preamplifier for you now. Then you'll see why 
we're making so much noise about it. Contact your 
local PAR representative or write Princeton Ap
plied Research Corporation, Box 565, Princeton, 
New Jersey 08540. Telephone: (609) 924-6835. 

~PRINCETON APPUED RESEARCH CORPORATION 
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Automating Congress: caveat venditor 
Largest U.S. computer system ever offers contractor great prestige 

if enormous challenge is met-and hell to pay if it isn't 

Q. What will be the largest com
puter system ever developed in the 
U.S.? 
A. According to Edward J. Ma
honey of the General Accounting 
Office, it will be the one being de
veloped for the Congress. Maho
ney is chairman of the working 
group that's helping the legislators 
with their preliminary study work. 

If Mahoney doesn't convince 
you, consider this prediction from 
Rep. Jack Brooks (D., Texas). He 
figures that the cost of computer
izing Congress will equal that of a 
nuclear weapon system-billions of 
dollars over the next 10 to 15 years. 

Those estimates have surprised 
computer industry representatives 
in the capital, virtually all of 
whom view potential Congressional 
sales as comparatively small when 
stacked against those of, say, the 
Deparhnent of Defense. Moreover, 
they consider such a venture more 
dangerous than the prestige of be
ing the company that automated 
Congress is worth. "There's no 
question of the prestige," sums up 
one of the marketing men in Wash
ington, "but anyone who tries it 
had better be sure it works-and 
works from the start-or there'll be 
hell to pay. It would be all over the 
Congressional Record." 

Finding a base. Mahoney's work
ing group concedes that Congres
sional housekeeping is an intricate 
and complex task and that contrac
tors should indeed understand the 
requirements. As the preliminary 
study puts it, the first job of speci
fying the requirement of Congres
sional automation-"the accumula
tion and conversion of data to es
tablish the data base" -is "almost 
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as difficult as designing the sys
tem." 

Having decided that Congress 
has to be automated [Electronics, 
June 9, p. 51], the Committee on 
House Administration is now be
ginning Phase 2 of the study to 
determine general information 
need, a process Mahoney estimates 
will take from six to nine months. 

Congressional requirements will 
probably be: 

•For all of Congress: legislative 
and legal information, including 
status and content of bills, legisla
tive calendars, summaries of daily 
Congressional action, index of doc
uments, and access to the U.S. 
Code and other legal information. 
Also, access to data stored in other 
agencies, such as budgetary, ap
propriation and authorization data; 
Federal contract awards; research 
information and statistical data; 
and description of information 
stored in the Executive branch. In 
addition administrative functions
information on lobbyists, doing 
payrolls, and maintaining telephone 
directories-will be included. 

•For each chamber of Congress: 
voting and post-vote analysis. 

•For committees: calendar de
tails, status of pending legislation, 
data on subjects within the com
mittee's jurisdiction, executive files 
for the committee, and a history of 
its actions. 

Tailored. In addition, the system 
may have to be designed individu
ally for each Congressman, so he 
can have extensive data on his con
stituency and information pertinent 
to interes ts in his district. Political 
parties may also be included in the 
scheme, with data to be provided 

including information by states or 
areas of the country; information 
by subject categories, such as air 
pollution or space; information on 
objectives and policy and those of 
the opposing parties; and voting 
information. 

The Legislative branch has 
bought or rented equipment in the 
past from IBM (Government Print
ing Office, Library of Congress), 
Burroughs (Architect of the Capi
tol), Honeywell (General Account
ing Office), Recognition Equipment 
Inc. (Library of Congress), and Na
tional Cash Register (Clerk of the 
House). But there is no indication 
whether one of these, some other 
company, or even a consortium of 
companies will be working on de
sign and installation of the pro
posed system. The GAO's Maho
ney says that so many companies, 
big and small, including hardware 
and software firms, have shown in
terest that "we would have to re
serve Kennedy stadium to house all 
the proposals," indicating that 
RFP' s will be solicited from only a 
few. 

Contracts 

$50 million off the shelf 

Contractors, hoping to get their 
piece of a market estimated at up 
to $50 million-with little R&D ef
fort required-are in hot competi
tion for development of the first 
triservice integrated target com
mand system (ITCS). The fact that 
the system will be developed using 
existing technology is another indi-
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Electronics Index of Activity 

Segment of 
Industry 

Oct. 
1969 

Sept. 
1969* 

Oct. 
1968 

Consumer electron ics . . . . . . . . . . 95.0 
154.6 
135.7 
138.8 

96.8 
157.2 
135.7 
140.5 

109.5 
159.0 
125.1 
140.6 

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

cation that the Government, while 
not yet seeking standardization of 
major weapons, is moving toward 
standardization of smaller elec
tronic systems throughout the mili
tary services. 

The Naval Air Systems Com
mand, which is handling the com
bined military effort, has solicited 
quotations from 30 firms with ex
perience in developing or manufac
turing this type of system. The 
command declines to estimate what 
ITCS will cost the three services, 
but one industry estimate is that 
the R&D phase will be worth any
where from $1.5 million to $2 mil
lion. The same source says that fu
ture market possibilities "will be 
quite lucrative, perhaps $30 million 
to $50 million in the next five 
years," considering command re
quirements on ships, at Air Force 
bases, and in the field. 

Drone work. The contract will be 
for a prototype system of surface 
and airborne components to com-
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mand and control target drones on 
both line-of-sight and over the 
horizon. The system will provide 
command, tracking, telemetry, and 
ranging of one or more target 
drones. Current target drone con
trol systems require a separate in
strument package on the range for 
each function, plus instrumentation 
on the drone. ITCS will combine 
them into one ground shelter hous
ing 20 to 39 pounds of radio trans
mitting and receiving equipment. 

Find a frequency. The tech
nology will be pretty much with 
off-the-shelf items-just more inte
grated, and no new instrument 
packages will be required on the 
target drones. The only modifica
tion of current systems, say 
sources, will be in the drone com
mand receivers and transmitters in 
the ground package, whfoh will 
have to be changed to different fre
quencies. 

As a matter of fact, one company, 
which decided not to bid on ITCS 

December 8, 1969 

Electronics production in October 
fell for the second month in a 
row. The index was down 1.7 
points for the month and 3 .1 
from the revised August figure of 
141.9. The drop from a year ago 
is 1.8 index points. 

Two of the three components 
in the index showed month-to· 
month decreases, with only the 
industrial-commercial sector 
holding its own. Consumer 
electronics dropped 1.8 points 
from the revised September 
figure, and defense electronics 
sagged by 2.6 index points. 

Indexes chart pace of production vol
ume for total Industry and each seg
m ent. The base period, equal to 100, 
is the average of 1965 monthly output 
for each of the three parts of the In
dustry. Index numbers are expressed 
as a percentage of the base period. 
Data is seasonally adjusted. 
* Revised. 

because of the Navy's "monkey 
business," says the Government 
has been considering the standard
ized military system for two years. 
Delay was caused, according to the 
company, by the military's target 
control frequencies being "spread 
out all over the spectrum." This 
was the prime reason, the firm 
says, for the three services using 
such varied systems-there are 
about 30 doing the same job. After 
rejecting the idea of using a tacti
cal satellite link to get around the 
problem, the military has finally 
acquired a common target control 
frequency. 

ITCS probably will not be pro
cured in large numbers immedi
ately after completion of the R&D 
phase. It's far more likely that ITCS 
will be deployed as old systems 
wear out. 

According to one industry 
source, Babcock Electronics, Lear 
Siegler, and Sierra Research will 
be heavy contenders for the award. 
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Medical electronics 

On the cuff 
When a giant international corpora
tion like Hoffman-LaRoche Inc. 
turns its attention to a new tech
nology area, it's a pretty good bet 
that the result is going to be worth 
a close look. That's the case with 
the pharmaceutical house's first 
medical electronics product. La
beled the Arteriasonde and billed 
as the first clinical device to meas
ure blood pressure with ultrasound, 
the instrument is slated to debut 
early next year. 

The Arteriasonde comprises an 
electronic processing unit, 1.5 feet 
high by 1 by 1 foot, and a rubber
encased cuff that fits around the 
patient's upper arm. Along the 
cuff's inside circumference are five 
piezoelectric crystals, two for trans
mitting and three for receiving. The 
processor sends 2-megahertz sig
nals to the generating crystals-the 
second and the fourth-which in 
turn radiate ultrasonic energy. A 
portion bounces off the wall of the 
arm's artery (the brachial artery) , 
and back to the receiving crystals. 

As the patient's heart contracts 
and expands, the velocity and vol
ume of the blood in the arteries 
change. And as they change, ar
terial walls stretch, contract, and 
shift position slightly. The shape 
and phase of waves reflected by the 
brachial artery depend on how 
much it moves; this, in turn, de
pends on the blood's velocity and 
volume, themselves functions of 
blood pressure. Thus, the ultra
sonic energy coming back to the 
cuff is a measure of the patient's 
blood pressure. 

Mercury. The Arteriasonde's 
processor turns the reflected waves 
into pressure readings displayed 
via two mercury columns. One 
shows the maximum (systolic) pres
sure, the other the minimum ( dia
stolic). 

Priced around $2,000, the Arteria
sonde is more than 200 times as 
expensive as the cuff-and-column 
instrument doctors traditionally 
use. However, Roche scientists 
point out that their instrument can 
work either where a doctor can't 
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use the old method-as in the case 
of a shock victim whose pressure 
is very low-or where he must re
sort to the surgical step of thread
ing a catheter into the heart 
through an artery. It's expected that 
the Arteriasonde will be purchased 
by hospitals rather than private 
practitioners. Doctors also some
times have trouble measuring the 
blood pressure of infants, so Roche 
scientists are adapting the Arteria
sonde for obstetric use. 

The Arteriasonde is the first part 
of Roche's planned patient-moni
toring system which, besides meas
uring pressure, will take electro
cardiograms and measure heart 
rate and cardiac output (the amount 
of blood flowing from the heart). 

Stroke detector. The division is 
concentrating its research on ultra
sonic diagnosis. In the prototype 
stage is a probe that measures the 
blood How to a patient's brain when 
held to his neck. Roche scientists 
hope that this measurement will 
help early stroke detection. 

PIEZOELECTRIC CRYSTALS 

Beat. Roche's device measures blood 
pressure ultrasonically. Piezoelectric 
crystals receive and transmit data 
reflecting changes in shape of the 
brachia! artery. 

U.S. Reports 

Hoffman-LaRoche got into the 
medical electronics business around 
1966 as a partner of RCA. The idea 
was: "I know what doctors need (or 
will buy) and you know electron
ics." But the marriage. didn't work, 
and in 1968 Hoffman-LaRoche 
bought RCA's medical electronics 
operation, dubbed it the Roche 
Medical Elech·onics division, and 
last month moved it out of Trenton, 
N.J., and into a new building in 
Cranbury, a small town in central 
New Jersey. 

Components 

Under full sail 

Now that the Navy has revised and 
expanded its Standard Hardware 
Program (SHP), it predicts that 
more than 2 million types of elec
tronic modules will be covered by 
fiscal 1974. The projection is based 
on application of SHP to more than 
30 multienvironment systems em
bracing communications, fire con
trol, guidance, radar, and sonar. 
The latest addition in the sonar 
category is ~he Ship Systems Com
mand's AN/BQR-2 digital multi
beam steering system for which 
Honeywell and IBM's Federal Sys
tems division have competitive 
detail design phase contracts. 

What about medium- and large
scale integration? The Navy be
lieves that SHP is sufficiently open
ended to accommodate MSI even 
though the standards were initially 
conceived for basic electronic func
tions such as gates, Hip-flops, and 
the like. As for LSI, the Navy's not 
so sure standardization is possible. 

By function. As an example of 
the open-ended nature of its effort, 
the standardization program has 
four categories for modules based 
on functional complexity, even 
though semiconductor technology 
is essentially limited to three-IC's, 
MSI, and LSI. In the Navy's view, 
the latter reflect functional density, 
rather than complexity, and it 
wants to differentiate between 
functional complexity and the 
make-it-smaller race. 

The first level, naturally, covers 
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RESOLVER 

PSD 

OTHER 
FREQUENCIES 
AVAILABLE 

CLOCK 

STROBE 

COUNTDOWN 

HOLDING REG 

vco 

BINARY 
PHASE 
DATA 

Something old, something new. The Navy believes this combination of MSI 
and LSI devices, plus a two-year-old MIT Instrumentation Lab concept, 
might provide fast, simple, accurate d-a and a-d conversion. 

videly used and easily tested low
_)ower modules, usually noninter
~onnected IC's such as gates, one
shots, and diode arrays. Level 2 
embraces modules such as shift 
register counters, and devices made 
by interconnection of IC's within a 
module easily tested and produced 
with medium power dissipation. 
MSI modules come under Level 3 
which is, the Navy says, "probably 
the highest level at which stand
ardization will be possible unless 
there is a major change in system 
building blocks" used by designers. 
The fourth and last level is that of 
LSI, defined as a monolithic device 
with more than 100 circuits "usu
ally characterized by its uniqueness 
to a particular system with little or 
no chance for standardization and 
that are very difficult to completely 
test." 

Though the first change in the 
third revision of the four-volume 
Standard Hardware Program data 
handbook (OD 30355)-including an 
entire new second volume on mod
ule parameters-is just getting into 
contractors' hands, another change 
is coming this month. It deals with 
heat transfer considerations in ship 
modules. Titled OD 37625, it will 
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provide a comprehensive data 
source for investigating cooling 
modes for conductive heat transfer 
out of a module component and 
exterior heat dissipation. 

What's next? A meeting of Navy 
ship module users to identify ad
vanced functional requirements 
with potentially broad application, 
and for which parameters could be 
defined and prototypes built and 
tested, has recommended 11 of 20 
functions for immediate SHP imple
mentation, leaving the other nine 
to the future. The 11 include: a 
16-bit shift register, an 8/ 4 up
down binary counter, a dual 512-
bit dynamic shift register and a 
dual 32-bit static unit, an 8/ 16 bit 
comparator, a multiplexer, a demul
tiplexer, an 8-bit accumulator, a 
serial adder, a high-speed interface 
receiver, and a dual 8-channel 
multiplexer. 

Recommended for later SHP im
plementation were digital differen
tial analyzers, a fast Fourier trans
form, a parallel adder, a digital-to
analog converter, a Boolean func
tion generator, a parity generator 
and check, a high-speed multiplier, 
an analog multiplier, and an MOS 
power supply. 

Avionics 

One if by land 
Inertial navigation systems that 
conform to Arinc Characteristic 561 
for commercial airliners were in
tended for transoceanic flights dur
ing which position updates from 
a very-high-frequency omnirange/ 
distance-measuring arrangement 
can't be obtained. They were not 
intended to cope with the problems 
of en-route and terminal area navi
gation. 

But Litton Industries and AC 
Electronics are adding the domes
tic area navigation function to the 
inertial navigation task of their in
ertial systems-something that will 
be available to buyers of the Lock
heed L-1011 TriStar from the out
set [Electronics, Aug. 4, p. 54; Sept. 
29, p. 66]. 

Two boxes. Officials at Litton's 
Aero Products division expect to 
have such a modified version of 
their LTN-51 commercial inertial 
system ready to flight test next 
June. Two boxes will be added to 
L TN-51' s existing three modules to 
make it comply with Arinc guide
lines now being written on how 
area navigation problem-solving 
can be added to an inertial system 
that meets Characteristic 561. 
Arinc will call the resulting navi
gator, a Mark 3 area navigation 
system. 

The three modules in the pres
ent LTN-51 are the inertial naviga
tion unit, the control display unit, 
and the mode selector unit, with 
the latter two located in the cock
pit. The inertial navigation unit in
cludes the inertial platform and its 
electronics, plus a digital com
puter. The two new boxes being 
developed at Litton are a magnetic 
card reader to automatically load 
terminal and en-route waypoint 
and VOR/DME station data into the 
inertial unit's computer, and a sig
nal-conditioner to process the VOR/ 
DME inputs that update the inertial 
unit. 

For a flight from Los Angeles to 
New York, there are 14 departure 
routes from Los Angeles Interna
tional Airport; a typical one might 
send the plane over four waypoints 
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The new Hellpot Model~ lt'a thtOk
fllm, miniaturized hybrtcr dlOlfal-to
analog converter (DAC) "'-''.Con· 
verts an 8-blt binary word lntC> an 
analog output. The Input gates, 
switches, resistor network, refer
ence voltage, and output ampllfler 
are all In the hybrid module. 
Because of Its operating tempera
ture range (-20°0 to +85°C), Model 
845 can be used for any Industrial 
dlgltal-to-analog conversion, proc
e88 control being a typical appli
cation. Price Is $75/unlt In 1-9 

of supply-voltage varla
put-current range Is o 

and the output slew rate 



Systron-Donner can help you cut 
through the profusion of time code 
formats and equipment-to the se
lection of the right format and the 
right equipment for the job. 

Our new 90-page handbook will 
guide you to the best technique for 
your application, and enable you to 
select appropriate equipment from 
the comprehensive line offered by 
Systron-Donner. 

Systron-Donner equipment ranges 
from compact time code generator/ 
readers costing as little as $1495, 
th rough portable battery-powered 
generators for field use, to high
precision generator/readers with 
automatic tape search. 

Send for 
handbook 
sample. 

Send for free copy 
of "Selecting time 
code format," 
Chapter 3 of our 
new90-page, Illus
trated handbook 
on time coding 
techniques. Com
plete handbook: 
$3.00. 

SVSTRCN ~ CCNNER 

Data Products Division, 
Systron-Donner Corporation, 

888 Galindo Street, 
Concord, Calif. 94520. 
Phone (415) 682-6161 . 
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and their associated VOR/DME sta
tions before the crew switches to 
en-route navigation at Boulder 
City, Nev. The latitude and longi
tude of the waypoint, plus the al
titude at which the plane is to 
cross that waypoint, are magneti
cally encoded on the back of a 
plastic card the size of most credit 
cards. The same card also will con
tain magnetic data giving the lati
tude and longitude, altitude, mag
netic variation from true heading, 
and frequency of the VOR/DME 
stations to be used in the departure 
terminal area. The same informa
tion is printed on the front of the 
card so that the crew can choose 
the right card. 

Take a card. The flight crew will 
select the terminal departure route 
to be used and load that card into 
the reader. The card reader will 
use the reader I transporter incorpo
rated in Hewlett-Packard's 9100A 
desk calculator, plus associated 
electronics to sense and format the 
magnetic data into a digital form 
acceptable to the computer. After 
the data is entered in the reader 
and stored in shift registers, a but
ton is pushed to load it into the 
inertial unit's computer. 

In flight, the cockpit control/ dis
play unit displays the latitude and 
longitude of the first waypoint until 
about 30 seconds before the start of 
the second leg of the flight; the lati
tude and longitude of the second 
waypoint then will be pulled from 
the memory for display, and so on 
for each of nine waypoints the L TN-
51 inertial navigator can accommo
date. 

Once the plane reaches Boulder 
City and transfers to en-route air 
traffic control, the crew can select 
any of several routes to Kennedy 
International the airline might use. 
These routes, with their associated 
waypoints and VOR/DME sections, 
will have been encoded magneti
cally on cards similar to the de
parture terminal cards just before 
taking off. An encoder/verifier will 
check the magnetic data that calls 
out the best route under prevailing 
weather and traffic conditions; this 
information is sent from a central 
airline facility by teletype writer. 
Encoding on the en-route card can 
be done simultaneously with tele-

type reception, or a paper tape 
can be prepared later from the 
hard copy to be us·ed in magneti
cally coding the en-route card. 

Card trick. The en-route data is 
entered via the card reader before 
departure as is the departure termi
nal route information, and the 
destination terminal data. The lat
ter is contained on another set of 
magnetic cards like the departure 
airport route cards. Thus, the plane 
can be £1.own from Los Angeles to 
New York using just three cards 
to enter route information into the 
computer. 

The signal-conditioning box is 
needed to couple the VOR/DME 
receivers in the plane to the in
ertial system, updating the inertial 
unit, which otherwise would drift 
off the true course at a rate of one 
nautical mile per hour. The crew 
still must manually tune these re
ceivers to the next VOR/DME sta
tion along its path in the basic 
Mark 3 LTN-51, but an option that 
might be added later would pro
vide automatic tuning. 

Litton officials haven't put a 
price tag on the Mark 3 version of 
the LTN-51, but they point out that 
there's a rich retrofit market be
cause they've already sold more 
than 300 L TN-51' s. 

Light loran 
Integrated circuits in a loran C/D 
airborne navigation system hardly 
seem to make a difference; the mil
itary' s AN I ARN-92 system weighs 
96 pounds anyhow, and dissipates 
over 500 watts. But put large-scale 
integrated circuits into the air
borne navigator and the system 
really shrinks. 

The International Engineering 
Co. has developed, with its own 
funds, a complete LSI loran C/D 
airborne navigation system that 
weighs only 13 pounds and dissi
pates about 23 watts. And most 
of this power is to light the bulbs 
on the control panel. 

It fits. The system is small 
enough, its developers say, to fit 
into all types of military aircraft, 
from fighters down to small, light 
observation helicopters. The cost 
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# 682 Series Three Phase 20 amp Bridges 

#683 Series Single Phase 20 amp Br idges 

# 684 Series Single Phase 10 amp Br idges 

PIV 'S to 600V. 
Standard Recovery 25 amp 

Magnums also available 
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now ... the fast-recovery 

MAGNUMTM 

The first 20 amp, 
500 nanosecond 

rectifier assemblies 
with full-power operation 

up to 40kHz. 

Here's what we mean when we say 
"They're reliability designed from the inside out." 

All four of the diodes in this aluminum 
heat-sink case are Unitrode's individually 
fused-in-glass controlled avalanche, fast-recovery 
high-surge diodes. So you start with monolithic · 
parts that have typical failure rates of less 
than 0.0006%, and you have the added 
bonus of the convenience of the Magnum package. 

This is what's in the heart of our diodes 

With the si I icon die 
metallurgically bonded 

between terminal pins of 
the same thermal 

coefficient. the hard glass 
sleeve is fused to the 

entire outer s ilicon surface. 
Result - a voidless, 
monol ithic structure. 

TERMINAL PINS METALL\JRG!CALLY 
BONDED DIRECTLY TO SILICON 

For fast action, call Fred Swymer COLLECT [l!JJ® 
UNITRODE 
580 Pleasant Street, Watertown, Massachusetts 02172 • (617) 926-0404 
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TEC exoands its 
product line ... 

tor UOUI 
New modular products by TEC meet more of 
the stringent requirements demanded by de
sign engineers. Proven reliability of System 
Power Supplies is complemented by equally 
reliable thick-film hybrid Voltage Regulators. 
Check our specifications ... if your require
ments are unique, try our custom design 
capability! 

TEC VR Series 
Hybrid Regulators 
Economy Price 2X-
D IP package. Built· in 
fold back current 
limiting. Adjustable 
and fixed output 
voltages.• 

TEC VRH Series 
Hybrid Regulators 
Hi gh Performance 
coldweld Hermetic 
Seal , metal, Dual- in
Line package. Fixed 
output voltages .• 

TEC PM Series 
Power Supplies 
115 VAC input 
supplies. + 5, ± 15, 
+ 200vdc output for 
logic , opamps, ni xies. 
Totally encapsulated. 

*Plug-in connectors available for testing and bread
boarding. 

See our ad in EBG ... inside front cover 
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® 

We're also in EEM 
pages 2120-2125 

P.O. Box 910 
Boulder Industrial Park 
Boulder, Colorado 
(303) 442-3837 
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of the system would also be a 
major attraction. In large quanti
ties, it could sell for as little as 
$15,000, although the first 200 will 
cost about $60,000 with follow-on 
orders pegged at half this price. 
The cost of a loran system now 
being flown by the military is 
$135,000. 

Called a hybrid loran self-con
tained navigation, or Hylo, system 
by the Arlington, Va., division of 
A-T-O Inc. (formerly Automatic 
Sprinkler Corp of America), the 
bulk of the navigator fits behind 
the control-display panel in the 
pilot's cockpit. This unit contains 
the navigation receiver, processing 
and conversion circuitry, and the 
digital computer. The circuitry is 
contained on seven 5-by-7-inch 
printed-circuit boards and fits, with 
the power supply and display 
panel, into a 5-by-7~by-9-inch box 
that weighs about 10 pounds. An
other package, a 3-pound antenna 
coupler, completes the system. 

By way of comparison, the AN I 
ARN-92 comes in four packages-an 
antenna coupler, loran C/D re
ceiver, navigation computer, and 
control display. 

Circuits. The LSI circuits in the 
Hylo system are metal oxide semi
conductors supplied by the Auto
netics division of North American 
Rockwell. The entire system com
prises only 100 of the MOS/LSI cir
cuits, and most of these are in the 
system's navigation computer, the 
D-200 announced by Autonetics 
last May. Ten special ships are 
used in the receiver. Previous air
borne loran systems had anywhere 
from 5,000 to 7,000 microcircuits, 
points out Elmer M. Lipsey, Inter
national Engineering's president. 
The low component count means 
it's possible to test and burn-in 
every circuit that's installed, a 
costly task with the separate micro
circuits. It also adds reliability, and 
indications are that the airborne 
loran C/D systems now flying in 
Vietnam are not nearly as reliable 
as was hoped. 

The Hylo system is a hybrid in 
the sense that it can utilize data 
from two kinds of navigation aids. 
Thus, it produces a precise posi
tion output by combing, via Kal
man filtering techniques, informa-

tion derived from loran C or D 
ground stations and from any self
contained sensor that could be car
ried on the aircraft. International 
Engineering plans to test fly its 
first unit early next year, all the 
while trying to sell it to the mili
tary. The first target could be the 
F-4. 

Military electronics 

Trying before buying 

One crash program deserves an
other. That's the judgment of Army 
Secretary Stanley Resor and Chief 
of Staff William C. Westmoreland 
in their decision to field test all 
new surveillance, target acquisi
tion, and night operations (Stano) 
hardware !before deployment. The 
consequence of this decision was 
the formation at Ft. Hood, Texas, 
of Proj.ect Masster (for mobile army 
sensor system test evaluation and 
review). The Texas test team, 
organized in October, will begin its 
work next month, reporting results 
to Army's Stano office in the Penta
gon which, in turn, reports directly 
to Gen. Westmoreland. 

Creation of Stano and its field 
test force in admittedly a crash pro
gram, albeit one under taken by the 
Army with the realization that its 
prior crash programs aimed at 
developing a night operations capa
bility in Vietnam have not paid off 
as anticipated. And the Army, 
already under substantial Congres
sional nre for other program snarls, 
moved quickly to take the initiative 
in coordinating night operations 
programs, many of which were 
funded under quick-reaction capa
bility contracts for a Southeast Asia 
operational requirement. 

Potential. The Army's plan to 
evolve an "electronic battlefield" 
under the proposed name of inte
grated area control system using 
Stano-approved concepts andhard
ware is viewed by contractors as 
one with long-term potential in 
excess of $1 billion. For fiscal 1970 
alone, Brig. Gen. William Fulton, 
Stano director, has more than $14 
million plus another $130 million 
in procurement money salvaged 
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Solid 
State 
Relays 

Another big breakthrough from the"littlerelay"people 

We got our nickname "little 
relay" people because we usually 
put our big breakthroughs in 
small packages. (Our success 
started when we introduced the 
T0-5 relay.) Now, we've made 
another breakthrough . . . a 
completely sol id state, four 
terminal relay with enormous 
power gain. Only 1 mill iwatt 
switches up to 5 KVA, and it can 
be resistive, inductive, capaci
tive, tungsten or quartz 
lamp loads. 

Our new relay operates on 
inputs up to 280 VAC or from 
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3.5 to 300 voe (either polarity) 
permitting direct interface with 
TTL logic. Input-output isolation 
is 1 O'' ohms "coil " to "contact" 
and " coil " to mounting plate. 
Dielectric is 2000 VRMS. Output 
characteristics include contact 
ratings up to 21 amperes, 
280 VAC, 60 Hz. Surge current 
ratings of 200 amperes, and 
" contact" resistance as low as 
50 milliohms. And , . . . these are 
real breakthroughs for a relay 
which doesn't have "coil " or 
" contacts." 

Available options include zero 

voltage switching for RFI suppression and lamp life 
extension. 

Prices start as low as $18.30 in quantities of 100. 
For complete technical data on our Series 6 Solid State 
Relay .. . contact us . .. the "little relay" people. 

..,'9" 
TELEDYNE RELAYS 
A TELEDYNE COMPANY . 
3155 West El Segundo Boulevard Hawthorne, California 
90250 Telephone : (213) 679-2205 
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The new range of EMI photomultipliers with 
"SUPER" S-11 photocathodes will enhance your 
project performance. High quantum efficiency, 
(23/24%) high gain at relatively low overall 
voltage, and low dark current at the rated over
all sensitivity are typical of these types. They 
maintain the EMI standard of excellent gain 
stability and linearity. The narrow spread in 
characteristics makes these types ideal for sys
tems or for multiple installations. The table 
below gives the typical values for the signifi
cant parameters. 

Amps/ 
Anode Dark 

Y'f.Pe Volts/ Current 
Dia. o. Lumen Overall Nanoamps 
2" 9656R 50 1150 2 
3" 9708R 50 1250 5 
3.5" 9531R 200 1300 25 
4" 9732R 50 1250 10 
5" 9709R 50 1350 15 

Note that the anode dark current Is given for the 
overall voltage at the specified overall sensitivity. 
The maximum overall sensitivity Is 10 times the 
values given above. Each Tube Is Individually cali
brated and data Is supplied with the tube. 

Send for our new 64 page catalog giving data 
and technical information on the complete range 
of EMI photomultipliers. 

GENCDM DIVISION 
varian/EMI 

80 EXPRESS STREET, PLAINVIEW, N . Y . 11803 

TELEPHONE: (516) 433·5!100 
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U.S. Reports 

from the scrapped McNamara Wall 
-the proposed intrusion barrier 
between North and South Vietnam. 
Fiscal 1970 sensor procurement for 
all three services for the integrated 
area control system concept-all of 
which are subject to Stano review 
and approval-is $150 million. 

The program embraces multiple 
electronic, optical, and electro-opti
cal systems ranging from light
weight tactical radars to others 
using infrared, acoustic, seismic, 
magnetic, and r-f technologies. 

Communications 

Digital common carrier? 

Data Transmission Co., the subsid
iary of University Computing Co. 
that's known as Datran, has com
pleted its massive filing with the 
FCC for the first national digital 
common carrier network. Now it's 
awaiting reaction from AT&T and 
others to its $375 million plan. 

Unlike Microwave Communica
tions of America Inc. and its affili
ates, Datran says it plans a public 
switched network, rather than pri
vate line service, and will offer only 
digital data transmission by micro
wave, as opposed to Micom' s plan 
to provide digital, voice, and video 
transmission at the option of users. 
Datran also proposes to provide 
terminals as well, where as Mi
com' s plan calls for users to make 
interconnection via their local tele-

phone company and to provide 
their own terminals. According to 
Seymour Joffe, Datran president 
and 12-year Univac veteran, termi
nal options will range from tele
printers to crt's , magnetic tape ma
chines, card readers , and facsimile 
equipment. 

David H. Foster, a Datran vice 
president formerly with Collins 
Radio, says the 35-city net, running 
from Boston to San Francisco, will 
require some $130 million in financ
ing to get on the air by 197 4 after 
an estimated nine months getting 
a favorable FCC decision. 

The rates. Dedicated-line serv
ices will be offered at 150, 4,800, and 
9,600 bits per second. Monthly user 
charges, in addition to a one-time 
$25 installation charge, will be $15 
for a digital console plus a $20 
minimum for the first 4,000 data 
units at the 150 bps rate. Basic 
charges then go up to $25 for the 
4,800 bps service; $30 for 9,600; and 
$40 for 14.4 kbps. Usage charges 
will be 5 cents a data unit-com
puted at the rate of six seconds 
holding time between the user ter
minal and the district office. How
ever, data unit charges for local 
and regional calls will vary with 
the grade of service. For example, 
minimum-service users will get 9 
data units per minute in local use 
and 16 for regional use at the nickel 
rate. Buyers of the 14.4-kilobit serv
ice, however, will get 56 and 94 
data units for the same price on 
local and regional calls, respec
tively. 

··-- ..... - ... - ...... - .... - .... .Jl . ....,_, 

PHOENIX 

--, ~--·· ...... 
......... --:-·-\ DALLAS 

"\..r·· HOUSTON 

~rONIO 
.......... 

Digital flow. This is the national digital common carrier network that 
Datran wants to set up. The firm has filed its plan with the FCC. 
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Centralab solves your switching problems with more binations of modules with 10 mm, 15 mm or 20 mm 
varieties of lighted, push button* switches at lower spacing to meet a variety of requirements. • The 
cost. Individual standard modules for printed circuit lighted push button can be customized to meet spe-
board or panel mounting are available in two, four, cific needs using various combinations of bulb caps, 
six or eight pole, double throw designs. ..... filters, and lenses. • Lexant lenses and 
Standard functions are momentary, inter- • filters are available in nine standard 
locking and push-push. Each assembly ~ colors as well as clear. Filters permit ad-
is available with row-to-row locking as justment of light diffusion and color in-
a space saving feature ; remote release tensity. Hot stamping of lenses or filters 
capability and lockout are also available. CENTRALAB is available. 
There's an almost infinite number of com- Electronics Division w k 1 T h 

GLOBE-UNION INC. ant to now more urn t e page ... 
• 1SOSTAT LICENSED t T M GE 5757 NORTH GREEN BAY AVENUE 

MILWAUKEE. WISCONSIN 53201 



Here are a few facts to help you judge 
the case for Centralab 

Gang mounted modules 
Individual modules may be ganged together on a com
mon mounting bracket. Modules, when ganged, retain 
all the features of the individual modules and also 
provide the advantages of space-saving and of inter
locking and/ or clearing when desired. 

operation 
A solenoid feature for Centralab 
Push Button Switches can be pro
vided for remote operation of in
dividual modules within a PB switch assembly. Can be 
furnished in various AC and DC voltages. 

Your Centralab repre
sentative is ready to 
present his case for 
Centralab lighted, push 
button switches. He has 
the answers to your 
switching problems. 
Call him today or write: 
Switch Sales Manager, 
Centralab Electronics 
Division, Globe-Union 
Inc., 5757 North Green 
Bay Avenue, Milwau
kee, Wisconsin 53201. 

SPECIFICATIONS 

Mechanical 

Circuit board or panel mount 
An individual switch module or ganged modules may 
be electrically connected by assembly into a printed 
circuit board by the use of wire connectors or hand 
soldering. Switch can be mechanically mounted either 
through the circuit board or the switch mounting bracket. 

Selection of buttons 
The typical button styles and sizes illustrated are avail
able in nine standard colors and clear Lexan. Non
lighted buttons are available in black, white, red, grey, 
cream, and special colors and finishes. Buttons may be 
ordered in bulk or cemented onto the slider bar. 

r 
Easy bulb replacement 
Field bulb replacement is 
easy without "behind the 
panel" disassembly. Sim
ply snap out lens and re
move bulb with a section 
of polyethylene tube (% " 
I.D. x %" 0.D.). 

Electrical 

New module line switch 
New, 3-Amp A.C. line 
switch in module size, 
provides flexibility of po
sitioning in any type of 
arrangement. Adaptable 
to either standard or 
lighted brackets. 

Dielectric Strength (VAC, R.M.S.): 
Bracket to Pins - 1000 
Pins to Pins - 1400 

Stator Block: Phenolic per 
MIL-C- 13428A and ASTM 
D700-57R, Type 2 

Contact Resistance : 4 milli
ohms, initial 10 milliohms 
after 25,000 cycles 

Current and Voltage Ratings 
(at 25,000 cycles) : 

For applications requiring l.R. that 
will exceed standard unit values by 
a factor of 1 O' diallYI phthalate 
material may be substituted for 
general purpose phenolic . 

CENTRALAB 
Electronics Division 
GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 

PRINTED IN U .S . A. 

Slider Bar: Thermoplastic 
acetal resin ( Delrin* ) 

Contacts, Fixed : Silver plated 
copper wire 

Contacts, Moving : Copper 
alloy with silver overlay 

Lubrication : During assembly. 
No further lubrication 
required 

0.45 Amp at 115 VAC 
1.00 Amp at 28 voe 

Between 
Bracket & Pin 
Adjacent Pins 
(pole to pole) 
Opposite Pins 

Insulation Resistance (Megohms): 
General Purpose Material DiallYI Phthalate Material 
70% R.H. Alter 88 hrs., 70% R.H. After 98 hrs.1• 
at 70° F. 95 to 100% R.H. II 70° F. 95 to 100% R.H. 

6,000 100 1,000 K 100 K 

65,000 185 1,000 K 600 K 
50,000 210 1,000 K 500 K 



••••••••••••••••••••••••••••• 
• • . ~ 

CUSTOMBlllTY ~ 

• 

A new capability is provided by 
Centralab and our field assembly 
distributors, a capability that pro
vides you with prompt delivery of 
versatile, low-cost, push button* 
switches. There's an almost in
finite number of switching func
tions with mounting styles to meet 
a wide variety of your switching 
requirements. Contact your Cen
tralab push button field assembly 
distributor to fill your needs with
out delay at prices similar to these 
or lower, depending on specific 
switching function : 

Cost per station (including button) 

• 

2 pole - $1.31; 4 pole - $1.43; • 
• 6 pole - $1.64; 8 pole - $1.79 

• . . 
• • . 

Here are Centralab distributors 
with a new capability. More to 
come. 

CALIFORNIA, LOS ANGELES 90022 
Kierulff Electronics Inc . 
Phone : (213) 685-5511 

CALIF., PALO ALTO 94306 
Fisher Switches, Inc. 
Phone : (415) 321-4080 

FLA., ORLANDO 32805 
Hammond Electron ics, Inc. 
Phone : (305) 241-6681 

INDIANA, SOUTH BEND 46618 
Radio Distributing Co. 
Phone: (219) 288-4666 

MINN., ST. PAUL 55113 
Gopher Electronics Co. 
Phone : (612) 645-0241 

NEW YORK, BUFFALO 14202 
Summit Distributors Inc. 
Phone : (716) 884-3450 

OHIO, CINCINNATI 45237 
United Radio Inc. 
Phone: (513) 761-4030 

OHIO, CLEVELAND 44103 
Pioneer-Standard Elect . 
Phone: (216) 432-0010 

PENN., PITTSBURGH 15222 
Cameradio Company 
Phone: (412) 391-4000 

WASH., SEATTLE 98108 
Almac-Stroum 
Phone : (206) 763-2300 

WIS., MILWAUKEE 53209 
Electronic Expeditors, Inc. 
Phone : (414) 374-6666 

'lsostat Licensed 
For more information, write: 

DISTRIBUTOR PRODUCTS --.. -. 
~ 
CENTRALAB 
Electron ics Division 

• GLOBE-UNION INC. • • 5757 NORTH GREEN BAY AVENUE 

• 

•. MILWAUKEE, WISCONSIN 53201 • 
~ ~ 

••••••••••••••••••••••••••• 
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Communication 

OTM's give and take 

Still without a director, the White 
House Office of Telecommunica
tions Management is nonetheless 
letting the Federal Communica
tions Commission know it's still 
very much in business. FCC chair
man Dean Burch has a letter from 
acting OTM director William E . 
,Plummer expressing "grave con
cern" about the commission's Sep
tember request that AT&T stop its 
international negotiations on the 
use of satellites vs. cable. The FCC 
action was generated by a letter 
from Communications Satellite 
Corp. chairman James McCormack 
.[Electronics, Oct. 18, p. 34]. This 
reaction by the OTM is construed 
as support for AT&T-a criticism 
that the communications industry 
has leveled at OTM before. The 
OTM position in Plummer' s letter 
to Burch is that cables and satellites 
for both the Atlantic and Pacific 
will require a correspondingly in
creased capability in cable. 

Chairman Burch presumably got 
the message loud and clear from 
the White House office in Plum
mer' s final recommendation that 
"We recommend as a matter of 
policy, that you support a balanced 
provision of both satellite and sub
marine cable systems and stimulate 
progress in both." 

Good news. On the heels of 
Comsat's bad news, the OTM gave 
the communications industry some 
news which might be good. 

What OTM has done is make 
seven new radiolocation band
widths, now held for exclusive Gov
ernment use, available for shared 
Government-nongovernment usage. 
The frequency ranges in megahertz 
include: 5,250-5,350; 8,500-9,000; 
9,500-10,000; 13,400-14,000; 15,700-
17,700; 23,000-24,250, and 33,400-
36,000. 

What makes industry uncertain 
about the value of the OTM action 
is, first, the effective use to which 
industry might put these frequen
cies and, second, the hooker in 
OTM' s offer noting that it can take 
back the frequencies any time with
out consulting the FCC. 

U.S. Reports 

"Since the Federal Administra
tive Procedure Act exempts na
tional security matters from the 
.public hearing process," Plummer 
points out, it is felt that any future 
Government radiolocation opera
tions could be adequately protected 
in the event that harmful interfer
ence did occur from nongovem
ment shared use. "Immediate ces
sation would be necessary if such 
interference were caused to certain 
government operations," the OTM' s 
Plummer says. 

Space electronics 

Merry-go-round 

When Applications Technology 
Satellite 5 went into a spin-instead 
of staying earth oriented-most of 
the Navsat engineers at NASA, the 
FAA, and the Air Force doubted 
that any data could be obtained 
from the satellite's L-band experi
ments [Electronics, Oct. 27, p. 53]. 
Most of them still doubt it. 

An exception is Jack Yudd, 
ground terminal manager at NASA
Goddard's ATS project office. Yudd 
says he has permission to suggest 
modifications of ground equipment 
that might enable him to get some 
L-band data from the spinning ATS. 

Since the modifications still are 
being planned, Yudd is reluctant to 
discuss them, but educated guess
ers think he is working on some 
sort of gated reception scheme. 

Decision. Yudd says that if the 
modifications work, NASA could be 
getting L-band data from the ATS-5 
within six months. And if the data 
is usable, NASA could be spared an 
uncomfortable choice between two 
options: the cost of a replacement 
satellite carrying L-band gear 
alone, or the wait until the 1972 
launch of the next L-band equipped 
ATS. 

But Yudd may be outnumbered 
by the pessimists. Preliminary data 
returned from NASA's Mojave 
ground station indicates that the 
half-power beamwidth of the satel
lite's L-band antenna is about 24 ° . 
Thus, since the antenna scans the 
earth once every 870 milliseconds 
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Introducing Bell & Howell Magnetic Tape. 
We didn't mind while other people made our tapes. They did 
a good job. But now Bell & Howell has developed a tape that's 
so good we insist on making it 
ourselves. 

How good? The output is the 
highest. So is the SNR. 
The reel-to-reel uniformity is the 

CEC/DATA lllSTRUmEnTS DIVISIDn 

£1 BELLE.HOWELL 

best. And the nonabrasive surface is just that ... nonabrasive. 
We can make these claims because, from now on, we're 

responsible to no one but ourselves. And we have to be 
better if we're going to sell our own. 

Five types are available. A 2 MHz high resolution type plus 
a standard telemetry type and a standard extended range. 
For all the details, call our nearest office. Or write 
Bell & Howell, Pasadena, California 91109. 
Ask for Bulletin Kit 3348-X1. 
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as the satellite spins, the beam 
sweeps across Mojave in about 52 
to 53 msec. 

According to Richard M. Waet
jen, acting branch chief for flight 
experiments at the NASA-Electron
ics Research Center's satellite pro
grams office, this is time enough for 
some checkout of the Navsat re
ceiver gear that TRW will deliver 
next spring. 

"Carrier lock-on takes only about 
10 milliseconds," says Waetjen. 
"Unfortunately, the digital code 
used to establish a line of position 
takes about a second to acquire. 
So while we might be able to see 
if the receiver works, I can't hope 
to prove out the ranging tech
nique." 

Half a loaf. The spinning satellite 
makes some things impossible to 
check, according to another re
search center spokesman. One is 
voice communication; even Yudd's 
modifications won't make this pos
sible. 

Another is one of the most 
vital measurements scheduled for 
the ATS-5 experiments-the effect of 
multipath on ranging accuracy. The 
proposed Navsat system would be 
used over the North Atlantic, which 
has widely variable sea states and, 
therefore, widely variable multi
path. Thus, such data is a must be
fore an operational system can be 
put aloft. 

"Since the satellite is spinning 
at about 76 rpm," says the spokes
man, "multipath fades below 100 
hertz probably won't be easily 
measurable-they'll be present, but 
their frequency is right where the 
receiver's bandpass characteristic 
pinches. It looks like there would 
always be some question about 
long-duration fades unless we Hy 
another satellite." 

Thus, whether Yudd succeeds or 
not, there are scientists who still 
want another satellite. And right 
now, they live in frustration be
cause NASA headquarters appears 
to be waiting the six months Yudd 
needs before deciding whether to 
orbit a backup, or to hold oH until 
the next ATS. This, in turn, could 
delay funding until fiscal 1971. 

Just in case. Despite this, there's 
a good deal of contingency plan-
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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! 

Electronics I December 8, 1969 

... 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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Power 
Out 

Waveform 
Distortion 

Stack this 
$350 oscillator 

against the 
competition 

regardless of price! 
You'll be surprised! In spite of its low price, the 
Model 4200 exhibits extraordinary performance. It 
excels in those specifications most eagerly sought by 
men who really know oscillators. Krohn-Hite's twenty 
years of frequency-generator know-how has produced 
a unique circuit* that makes low-priced high perform
ance a reality at last. 

Here's how the Model 4200 stacks up against 
several competitors: 
BROADER FREQUENCY RANGE: The Model 4200 out

ranges most of the others, including more expen
sive units. 

MORE OUTPUT.POWER: The Model 4200 has from 2.5 
to 50 times the power of the other units. 

BEST WAVEFORM PURITY: The Model 4200 is un
excelled. 

BEST BUY: The $350 price speaks for itself. 
See for yourself. Write for data. Then contact your 

Krohn-Hite Representative for a no-holds-barred dem
onstration. The Model 4200 is a lot of oscillator for 
$350. 

*Patent applied for. 

LILI KROHN-HITE n.n ~ c:::> F=t F=> c:::> F=t .-. .... c:::> .......... 

580 Massachusetts Ave .. Cambridge, Mass. 02139, U.S.A. 
Phone: (617) 491-3211 TWX: 710·320-6583 

soomw 

<0.1% 

Oscillators I Filters I AC Power Sources I DC Power Supplies I Amplifiers 
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U.S. Reports 

ning going on within the prosatel
lite faction. One possible scheme is 
a Scout-launched spacecraft carry
ing a I-kilowatt L-band trans
ponder into orbit. The orbit 
wouldn't the synchronous; the pay
load would be too heavy for the 
Scout to fire that far or fast. But 
it would be above the horizon for 
about two hours a day and usable 
for that period. Unfortunately, 
while this idea would cost less than 
a synchronous shot, such a satel
lite would force researchers to work 
with a beam whose angle of in
cidence and length is changing con
tinually. This probably would make 
the sort of exact multipath and 
ionospheric effect measurements 
the experimenters need hard to get. 
And the Air Force, which needs ex
ceptionally accurate data for use in 
the 621B military navigation satel
lite program, might get nothing 
for its program from such a 
scheme. 

And that's important. The reason 
is that any backup satellite pro
gram is booster-limited; even a 
Scout might be hard to find. 
Though ERC is making some other 
calculations based on a Thor-Delta 
launch vehicle, the Thor said to 
have been located by the FAA in 
October appears to have vanished 
in the Indian Summer's haze, and 
while there's an Atlas-F available, 
it's not reliable enough and nobody 
wants to play long odds this late 
in the game. Thus, a few L-band 
engineers are hoping for some close 
air support in the form of a mili
tary-funded launch vehicle for their 
experiments. 

Harsh reality. But even if NASA 
headquarters were to approve re
quests for a backup satellite today, 
Leo M. Keane, head of ERC's satel
lite programs office, estimates that 
negotiations with contractors would 
take a minimum of five months and 
that another year would pass before 
delivery. This would mean a mid
or late-1971 launch date-at best 
only a year ahead of the next ATS, 
meaning that questions about the 
worth of backup flight are certain 
to be raised. 

Keane still would go for it. He 
says that the backup and the ATS 
could work together giving two 
lines of position, a real positional 
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tall you everything!-Complata Specs 
n1 schematics! 

MARK TEN® SCH 
CAPACITIVE DISCHARGE IGNITION SYSTEM 
Now discover for yourself the dramatic improvement in performance of your 
car, camper, jeep, truck, boat- any vehicle! Delta's remarkable electronic 
achievement saves on gas, promotes better acceleration, gives your car that 
zip you've always wanted. Find out why even Detroit has finally come around. 
In five years of proven reliability, Delta's Mark Ten has set new records of 
ignition benefits. No re-wiring! Works on literally any type of gasoline engine. 
A Dramatic Increase in Performance and A Points and Plugs Last 3 to 1C!JTlmes 

in Fast Acceleration Longer 
A Promotes More Complete Combustion A Up to 20% Mileage Increase 

(saves gas) 

KIT FORM $2995 
12V ONLY 

ASSEMBLED 
ONLY s449s 

ppd. 

MODEL 3000 FET VOM ONLY 

s7495 Delta now offers a compact, versatile, and extremely sen
sitive VOM which combines FETs and ICs for extreme 
accuracy. Compact (61/z''W x 8"H x 31/z''D), portable. Wt. 
33.4 lbs. 

ppd. 

IN KIT FORM: Feedback network with pre-selected com
ponents to eliminate all final calibration. Ready to ·use 
when assembled! 

Only $5995 
ppd. 

NEW DELTA FEATURES: 

A Mirror scale 200 A D'Arsonval meter 
A Integrated circuit UCl operational amplifier 

for extreme accuracy 
A FET input stage with current regulator 
A Two stage transistor current regulator and 

Zener diode on OHMS for absolute stability 
and accuracy 

A Voltage clippers for protection of input 
stage 

A Fully temperature compensated for low low 
zero drift 

A Ten turns ZERO and OHMS adjust 
potentiometers 

A Epoxy glass circuit boards and metal case 
A Enclosed switches 
A Uses readily available type AA cells 
A Uses standard test leads for maximum 

flexibility and ease of measurement 
A 1 O Megohms input impedance 

CCMPUT!CH 0 

r-------------------1 I DELTA: Please send me literature immediately. 

Delta, pioneers in CD ignition who pro
duced the fabulous MARK TEN'"\ now offer 
a precise computer-tachometer .which obso
letes any type tachometer on the market 
today! You achieve unbelievable accuracy 
in RPM readings due to the advanced, 
solid-state electronic matched components 
used in the computer, coupled with the 
finest precision meter in the world. Works 
on all 2, 3, 4, and 6 cylinder 2 cycle and 
with 4·6·8 cylinder-4 cycle 12 volt engines. 

I I am enclosing $ for items checked. 
I O Mark Ten SCR ([] Kit O Assembled) E 

I O Model 3000 FET VOM ([] Kit O Assembled) I O Computach (Kit only) 

I Please sh ip immediately. 
I Name ______________ _ 

Write today for complete 
literature packet 

A 0-8000 RPM range 
A Perfect linearity - zero paralax 
.A Adjustable set pointer 
.A Wide angle needle sweep 
.A Translucent illuminated dial 
.A Chrome plated die-cast housing 
.A All-angle ball & socket mounting 
.A Use it with ANY ignition system 
.A Meter: 3Va" dia. X 33/e" deep 
.A Calibration kit included, no test eqpt. 

needed. 

*An exclusive comput!lr· s2995 tachometer for precise 
RPM measurement In 
easy-to-build Kit form! ppd. 

KIT FORM ONLY 
DP 9-B 

I Addres~-------------
1 City/ State ·ip_ 

I *My car Is (Model) (Year)___ 
DELTA PRODUCTS, INC. 

L-------------------J 
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Freel 
Money-Silving 

liuide 
Working with logic ( For Log' 1"c Design ) Fre? Drafting 
modules? Then here's Ard Symbol 
something you should A 1· f" More free stuff? 
have. It's a Guide tor PP l[il IOnS You better believe it! 
logic design applications. Wyle also has a sample of 

Real handy! stick-on logic drafting symbols for you, 
The Guide outlines a procedure the only catch is that 

to assist you, the Systems Engineer, you have to request this item 
in transposing a logic design into on your letterhead. 
an idealized listing of the logic cards So just drop a line with your name 
needed to implement the design . and address on your company letter-

It's simple to use and you can head to our Marketing Manager, 
really sock away the money you'll Gordon Elsner. 
save on reducing the number He'll sock · 
of cards you need. That's right! 

We're helping you to reduce 
the number of logic cards 
you have to buy. 

But that's okay, 
sock it to us! 

WYLE 
COMPUTER PRODUCIS 
DIVISION 01' WVlE LABOAATOA1£S 

128 Maryland Street , El Segurdo , Cal ifornia 90245 
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a sample logic 
stick-on 

drafting symbol 
right back 

to you. 
And if you're 

socked in with an 
immediate appli

cation call Gordon 

U.S. Reports 

fix, bringing an operational Navsat 
scheme one step closer, and per
haps eliminating the need for still 
another experimental launch of a 
satellite. 

With time pressing, it's appro
priate to remember that the next 
ATS could fail too. Without a back
up, there could be no United States 
Navsat system operating until very 
late in the 1970' s or early in the 
1980's. It may be time to buy an 
insurance policy for the Navsat 
operating program. 

For the record 

Laser loot. Two more contracts 
totaling about $6 million have been 
signed by NASA for experiments 
aboard the Applications Technol
ogy Satellite (ATS-F) to 'be launched 
in 1972. The Aerojet-General Corp. 
will develop ground and satellite 
equipment for a laser communica
tions experiment, the first use of 
such a laser system aboard a satel
lite. Eventually, the laser's ability 
to communicate over extremely 
long distances could make live tv 
coverage possible for a manned 
landing on Mars, 100 million miles 
away. The cost-plus-award-fee con
contract is for $5 million. Only 
minor changes have been made in 
the proposed system since it was 
first described as a 22,300-mile
high experiment [Electronics, Sept. 
15, p. 77]. 

Heart of the matter. A perma
nently implantable artificial heart, 
complete with computer control 
logic, can be developed in a year and 
a half, says Dr. Frank Hastings, jf 
the National Heart Institute's artifi
cial heart program obtains $20 mil
lion in R&D funding from Congress 
for the program. Hastings, who is 
working on the program, says a 
major pa~t of development work 
will be massive reduction of con
trol logic into a housing about 8 
square inches .to fit into the chest 
cavity after the heart is removed. 
Current heart-assisting devices re
quire a computer console besides 
the patient's bed, an unwieldy so
lution to the problem. 
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EAGLE 
... where the 
state of the art 

is the standard 
of the industry 

Versatile Delay Timers with Solid-State Reliability 
CG 10 Series ON-DELAY Timer 
These time-delay modules are 
fully transistorized for maximum 
reliability. Available in four dial 
ranges to provide delays of 2, 10, 
30, and 60 seconds for controlling 
such equipment as motors, ma
chine tools, elevators, X-ray ma
chines, packaging equipment and 
molding presses. Circuitry incor
porates such state-of-the-art 
components, in its class, as tan
talum timing capacitor, unijunc
tion transistor, SCR and 10-amp 
output relay. Built- in t rans ient 
suppression for protection against 
premature load contact actuation 
and in the event line voltage is re
moved before time out. Remote 
setting available as a kit. 
Send for Bulletin 158 
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CG 300 OFF-DELAY Timer 
A sustained contact, solid-state 
timer designed to replace many 
electromechanical and pneumatic 
units. Timing is accomplished by 
an RC circuit in conjunction with 
a 4-layer diode actuating a tran
sistor. Design and all components 
are state-of-the-art for its class. 
Power application closes two 
sets of contacts . Removal of 
power initiates the timing cycle. 
If power is re-applied during the 
preset delay, contacts remain 
energized until delay cycle is 
completed. Time ranges are avail
able in 1-10, 3-30, and 6-60 sec
onds. The un it provides a choice 
of both integral and remote time 
adjustments. 
Send for Bulletin 159 

NEW CE 400 PRECISION Delay Timer 
Provides a highly precise and ad
justable time delay between ac
tuation of a control circuit and 
operation of a load circuit. Spe
cial mirror dial minimizes parallax 
errors in setting . Slide-rule gradu
ations enhance readability. Fa
mous Cycl-Flex® plug-in case al
lows five-second replacement 
with the same or different time 
range from 1.5 to 600 seconds. 
Send for Bulletin 126 

GET THE SPECS and full details ... 
more than $1 mill ion in Eagle time/ 
count controls , control relays, preci
sion potentiometers ... waiting to serve 
you in 35 major areas th roughout the 
world ... including U.S.A., S.A., Europe, 
U.K., Canada and Australia. 

Eagle Signal 
a systems division of 

GULF + WESTERN INDUSTRIES, INC. 
736 Federal / Davenport, Iowa 52803 
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Your next order for Motorola 
TTL will receive a unique 
delivery assurance that's 
made possible by the indus
try's most comprehensive 
selection of T2L types; and by 
the extensive production 
facilities and reputation for 
on-time delivery that 

has justly 
earned the ac
colade, "Production 
House of The Industry!" 

Almost three years ago, we 
made a commitment ... to 
supply you with the kinds of 
T2L circuits that you want -
when you need them. To 
maintain our reputation for 
on-time delivery it was rec
ognized that greatly ex
panded facilities would be 
required. Our commitment 
resulted in a new 650,000 
square-foot plant devoted 
solely to production of inte-

grated circuits, 
supplementing our existing 

1.25 million square-foot facil
ity. Additional plants were 
added in France, Korea and 
Scotland. And now, there's 
one plant in Mexico with 
another under construction. 

And, that's only part of 
the story ... Of equal impor
tance to you is the selection 
and design flexibility pro
vided by these five different 
MTTL families: 

MTTL I MCS00/400 Series .. . Medium speed design high speed logic circuits with typical ga!e MC5400/ 7400, MC5400L/ 7400L, MC7400P 
logic circuits with typical gate propagation delay propagation delay of 6.0 ns. Compatible with Series . .. Electrically interchangeable with Series 
of 10 ns . Electrically interchangeable with SUHL I. MOTL and SN54H/ SN74H Series devices. SN5400J/SN7400J, SN7400N types. 

MTTL II MC2100/ 2000 Series . . . High speed logic MC5400F/ 7 400F Series .. . Electrically inter-
circuits with typical gate propagation delay of MC4000 MSI Series .. . Complex function cir· changeable with Series SN54F/SN74F types. 
6.0 ns. Electrically interd1angeable with SUHL II. cuits offering state-of-art increases in logic per MCS400/ 7400 Series Complex Functions ... MSI 

function and significant reduction in package circuits designed for compatibility with MC5400/ 
MTTL 111 MCJ 100/ 3000 Series ... Advanced count. Compatible with all MTIL and MOTL lines. 7 400 Series gates and flip·flops. 

Need delivery assurance? Call your 
nearby franchised Motorola distributor. 
He'll show you that ... Nobody-but nobody .:. 
assures T2L deliveries like Motorola. <2:\S 

\{::::{\:::::::::: .......... ............ . 
MTTl, MOTL Trodemorln of Motorolo lfte. 

SUHl I, SUHl II Trod•morh of S'l'lvonio EIKtric ,roduclt, Inc. 

MOTOROLA Integrated Circuits 
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A new lead 
to a 300W, 100 A 

silicon power transistor 
in a T0-3 case 

2N5578 showing new, heavy pin terminal design. 

What are you looking for in your linear 
and switching applications? 100 am
pere pulsed current capability? 300 
watts power dissipation? The highest 
second breakdown capability of any 
device on the market in a modified 
T0-3 package? 

Look no further. Here's another first 
from the silicon power leader-RCA's 
new 2N5578 family ... six high-power, 
high-current Hometaxial-base silicon 
n-p-n transistors designed for appli
cations in military, industrial, and 
commercial equipment. 

2N5575, for example, has a pulsed 
collector current of 100 A. Dissipation 

64 Circle 64 on reader service card 

is 300 watts at 25°C with VcEx (sus) of 
70 V. The useful beta range is 10-40 
at 60 A. 

For complete design flexibility, 
there are three terminal variations: 
2N5575 and 2N5578 have heavy pins; 
2N5576 and 2N5579 have soldering 
lugs; and 2N5577 and 2N5580 have 
flexible leads with solderless connec
tors. 

This family of types all adds up to 
circuit cost savings in inverters, reg
ulators, motor controls, and other 
linear and switching applications. 
Check the chart. For more informa
tion, see your RCA Representative or 

your RCA Distributor. For technical 
data, write: RCA Electronic Compo
nents, Commercial Engineering, Sec
tion No. IN 12-1, Harrison, N.J. 07029. 

2N5575 2N5578 
Test 2N5576 2N5579 
Conditions 2N5577 2N5580 

Character1sl1c Vc1 v .. le Min. Max. Min. Max. Units 
v v A 

h,. 4 40 - - 10 40 
4 60 10 40 - -

Vc10 (sus) 0.2 50 70 v 
l\/ot 25 12 - 12 - A 
Es/o• -1 .5 7 0.8 - 0.8 - J 
.. , c - 0.5 - 0.5 ·c1w 

!~:!~ ~~~~ 'ie':e~~~ b~rassee~ and &t_=-1 on. L -33mH 
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Army to complete 

Dlvtos R&D with 

fiscal '71 funding 

Army is jubilant 

over Viet tests of 

phased-array radar 

Delay in space 

shuttle request 

for proposals? 

Washington Newsletter 

December 8, 1969 

Anny's Computer Systems Command is scheduled to get fresh money iri 
the flscal 1971 budget to complete research, development, testing, and 
engineering on its Divtos program, the division-battalion level version 
of its Tactical Operations System (TOS) [Electronics, Sept. 1, p. 49]. 

Currently, Divtos continues to operate with about $2 million in fiscal 
1970 funding for in-house expenses, software development and spare parts 
for test equipment. But one military source indicates that present funding 
is being supplemented by reprogramed fiscal 1969 money-including 
$5.8 million for hardware, $2 million divided between system engineering 
and hardware integration, and $2 million for software and system main.:. 
tenance. 

The Army's proposal that it eventually will buy 26 Divtos systems, 
and a comparison of its outlays with those of the parent TOS system 
for Europe-$15.6 million through fiscal 1969 but only $950,000 this fiscal 
year-suggest to a number of observers that the Divtos minnow may wind 
up swallowing the TOS whale. 

Continuing operational testing of the Army's Camp Sentinel radar in 
Vietnam has come up with good results in foliage penetration, according 
to delighted Army sources. The fixed-perimeter defense system was 
developed and built by MIT's Lincoln Laboratory. After initial field tests 
of two of the phased-array units, the Army shipped several more to the 
Southeast Asia theater last summer and fall. So far, no industry contractor 
is involved. Staffers at the MIT lab, however, refused to accompany the 
units to Vietnam and run the field tests. 

Lincoln, which used to get most of its funds from the Pentagon's DirecM 
torate of Defense Research and Engineering and its Advanced Research 
Projects Agency, now draws heavily on Army money since that service 
became responsible for the Sentinel ABM. The Army is budgeting Linco~ 
for $23.1 million this fiscal year, and Army R&D chief Lt. Gen. Austin W. 
Betts says that Lincoln "has agreed that they will continue to do that 
[classified] work" despite student and faculty committee protests. 

NASA's latest hassle with Congress may delay plans to send out propos~I 
requests later this month for six multimillion-dollar, studies, three each 
for the vehicle and the engine in the reusable space· shuttle system. 
They would be awarded in the spring and would be due about a year 
later. But Sen. Clinton B. Anderson (D., N.M-.), chairman of the Senate 
Committee on Aeronautics and Space Sciences, has fired off a stinging 
letter to Administrator Thomas 0. Paine, asking if NASA intends to 
go ahead with a reported $70 million reprograming of the budget with
out Congressional approval-only a few months after the Senate had 
turned down a $66 million House addition to the budget for the space 
station and shuttle. _ 

The 1970 budget, as finally approved by Congress, contained $6 mil
lion for station studies, $3 million for shuttle studies and $2.5 million 
for advanced missions. It was planned to reprogram an additional $30 
million for the shuttle studies-totaling $6 million for the vehiCle and 
$27 million for the engine after juggling, plus $10 million for advance 
development of the station and $8 million for the shuttle. 
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Shuttle's electronics: 
big engineering job 

NASA jittery over 
Apollo 16-20 funds 

Neodymium lasers 
eyed by Army 

$45 million tagged 
for pollution R&D 

Washington Newsletter 

The integrated electronics system for the reusable space shuttle could 
represent from one-third to one-half of the total price for each craft. But 
requirements are within the present state of the art, say fums -already 
working on the problem. "The technology is here," says one Lockheed 
official; "it will just take a hell of a lot of engineering to adapt existing 
technology to the shuttle." 

NASA wants an integrated electronics system with onboard checkout 
capabilities to help cut costs. By eliminating ground tracking stations and 
relying on onboard computers for inflight data, much of the cost expended 
on present space flights would be eliminated. 

Although excited about the success of Apollo 12 and approval of its 
unchanged fiscal 1970 budget, NASA is anxious about the future of the 
Apollo 16 to 20 missions. The Manned Space Flight office asked the 
Bureau of the Budget for about $1 billion next year to cover advance 
work for the missions, scheduled for launch between March 1971 and 
December 1972. One MSF official claims that if the budget is cut signifi
cantly below that figure, the Apollo program may be forced to stop 
after the 15th mission. He commented, "H science is the real reason 
for flying, and the budget won't let us do any new experiments-why 
fly?" He discounted any reports that a slash might be due to criticism 
of over-emphasis on manned flights, but said it would simply reflect 
the "total national budget picture." · 

Technology gains in neodymium lasers are prompting the Army to sub
stitute them for ruby lasers in future airborne rangefinder applications. 
Though a ruby laser system was part of the defunct AH-56 Cheyenne 
helicopter program, the Army Electronics Command has found the 
neodymium units are lighter, have greater range, and provide better 
illumination. The service will proceed next year to replace three-pulse
per-second ruby systems on the UH-I helicopter with a 10-pulse-per
second neodymium system. 

Hughes Aircraft, developer of the laser subsystem for the AN/UVS-1 
visual airborne target locating system now being tested in Vietnam, could 
be the beneficiary of the Army plan to switch to neodymium. Hughes, 
however, will not lack for competition. Other contenders include RCA 
and General Electric, whose ruby system had been set for Cheyenne. 

The Army hopes to move next year toward integrating laser range. 
finders into a combined target designator and fire-control system. 

After months of arguing about how much money the National Air Pollu
tion Control Administration should spend on R&D, House-Senate con
ferees have decided $45 million is enough [see p. 137]. Included is a 
meager $2.5 million for instrumentation, although dollars for electronics 
may turn up under chemistry-oriented research in fuel combustion. 

The $45 million is just half of what the Senate authorized and $26.3 
million more than the House offered. Sen. Edmund Muskie (D., Me.) calls 
the R&D put-down "unconscionable and unacceptable." He is pushing 
the Senate Appropriations Committee to give the air pollution program 
more money this year, an effort that appears doomed to die in the Con
gressional filing system. 
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Sorensen modular power supplies 
t0.005%replatlon s3900 

• Optional 10,_.. sec. overvoltage protection. • Requires Sorensen produces 29 wide-range models, each with 
no external heat sink in ambients to 71 ° C. • 29 models- optional overvoltage protection. Other manufacturers 
voltages to 330 Vdc at power levels to 300 watts. • Re- require more than 100 models to cover the same area. 
mote programming-remote sensing-series/parallel op- By producing and stocking fewer models, Sorensen is 
eration. • Overload and short circuit protection. • Meets ,/"" al51e to provide better specifications, higher reliability, 
military specifications. ' lower prices and "same-day shipments." 
Model QSA.10-1.4, shown actual size, illustrates For more information contact your local 
the compactness of the Sorensen QSA Series. Sorensen representative or; Raytheon Com-
These laboratory-grade, precision power pany, Sorensen Operation, Richards 
sources are designed for OEM or system Ave. , Norwalk, Conn. 06856. Tel.: 203-
applications and utilize the latest solid- 838-6571; TWX: 
state regulating technology to provide a 710-468- 2940; (RAYTHEON] 
high degree of regulation and stability. TELEX: 96-5953. •--.... --... •--

Clrcle 200 on Inquiry Card 



Staggered-finger heat sink design 
is more efficient, 
saves space and weight 

Unique design is causing circuit 
designers to re-think their thermal theory. 

Design engineers are learning daily that 
power ratings of power transistors are often 
not at all what they appear to be at first 
glance. For example, the data sheet on a 
transistor may state, "maximum power dis
sipation - 50 watts." But the fine print -
if there is any - says, "at 25°C case tem
perature." Actually, the transistor alone will 
dissipate only 3 to 4 watts before the max
imum allowable junction temperature is 
reached! 

Obviously, something must be done to 
maintain the specified case temperature 
when more than 3-4 watts are to be dissi
pated. This is normally accomplished by 
mounting the transistor case to a dissipator 
or heat sink, but dissipator state-of-the-art 
has been such that these devices are too 
bulky, too heavy - just plain inefficient. 
Now you needn't tolerate these size and 
weight penalties in your design because 
IERC has achieved a major breakthrough 
in heat sink design: The IERC Staggered 
Finger Dissipator. 

International Electronic Research Corpo
ration has developed a broad line of these 
smaller, lighter, much more efficient heat 
dissipators based on the unique, multiple 
staggered finger design which has proven to 
be 30% more efficient overall, and in some 

FIGURE 1 
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cases up to 500% more effective than many 
conventional designs now in wide use. An 
example of the staggered finger design is 
shown in Figure 1. This is an IERC HP3 
Heat Dissipator. To show how efficient this 
device is, it is shown compared to a com
mon finned extrusion. The HP3 and the 
extrusion are virtually equivalent in their 
heat dissipating ability; however, the HP3 
is only 1hrd the weight and ¥.!rd the volume 
of the extrusion. 

The secret to the efficiency of the new 
dissipators is the staggered fingers. (Figure 
2) Note how the fingers are positioned so 
they do not radiate to each other and the 
configuration is so arranged that natural 
convection takes place very readily. 

FIGURE 4 

In a finned extrusion the fins radiate to 
each other and it is difficult for natural con
vection to take place in the confined area 
between the fins. (Figure 3) 

In a forced air environment the staggered 
finger configuration is even more effective. 
The air can be from any direction. (Figure 
4) As it hits the fingers, turbulence causes 
it to move around each of the fingers, strik-· 
ing many surfaces in its flow past the part. 
The turbulent air against these surfaces dis
turbs their surface barrier and is the prin
cipal reason for the significant improvement 
in the forced air heat dissipating properties 
of these parts. 

Compare this turbulent air flow over the 
staggered fingers of the IERC part with the 
air flow conditions when directed at a finned 
extrusion. Here laminar air flow, rather than 
turbulent air flow, takes place. The air must 
be directed in one direction only, (Figure 5) 
parallel to the fins. The air enters the space 
between the fins; but because of this re
stricted space, it immediately tries to leave. 
Shortly after entering, it is not flowing 
against the bottom of the fin surfaces. Since 
the air flow is laminar, not turbulent, and 
it is not disturbing the surface barrier at the 
bottom of the fins shortly after entering, 
the surface areas of the fins are 
only partially effective. 

The old rule-of-thumb which 
considers only the surface 

FIGURE 5 

area relative to heat dissipation is not valid. 
The effectiveness of the area must also be 
considered. The staggered finger concept is 
a significant breakthrough in heat dissipat
ing devices and is the first improvement in 
heat dissipator design since the flat fin or 
extrusion design. 

Broad line accommodates all 
lead and case mounted semiconductors. 

During the past several years, IERC has 
developed numerous heat dissipating devices 
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using the staggered finger configuration. 
The UP style (Figure 6) is just 1.78 inches 

square and is available in various heights 
up to one inch. It was designed particularly 
to accommodate a single power transistor 
such as a T036, T03, T015, etc. However, 
it will also accommodate more than one 
smaller semiconductor, including the newer 
plastic case power transistors. 

To really appreciate the efficiency of the 
UP, refer to the temperature vs. power 

FIGURE 6 

curve (Figure 7) showing a 2Nl208 power 
transistor mounted in a UP-T015-B dissi
pator. Remember, now, that this UP part 
weighs less than one ounce. Considering a 
maximum case rise of 100°C, the 2Nl208 
by itself will dissipate only 3 watts. When 
mounted in the UP dissipator in natural 
convection, it will dissipate 14 watts, or 

0 0 4 8 12 16 20 24 28 32 36 40 44 48 52 

POWER (WATIS) 

A NO DISSIPATOR - NATURAL CONVECTION 
8 UP TOl5 B NATURAL CONVECTION C UP T0 15 B 50FPM 

D UPT015B I OOFPM E UPT0158200FPM 
F UP TO I S 8 500FPM G UP TO I S B IOOOFPM 

FIGURE 7 

more than four times more power at the 
same case temperature. In a forced air en
vironment of only 200 FPM, 28 watts can 
be dissipated - more than nine times the 
power at the same case temperature. With 
1000 FPM, the remarkable light weight UP 
will allow 50 watts of dissipation from the 
transistor - seventeen times more power at 
the same case temperature. 
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Think now. You must limit the case tem
perature rise of a power transistor to l00°C. 
You need to dissipate 14, 28 or 50 watts. 
You have three cubic inches of space and 
are limited to adding one ounce of weight. 
And you can't spend more than 40 cents for 
a dissipator or sink in medium quantities. 
What would your present thinking lead you 
to do? 
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FIGURE 8 

Another IERC dissipator, the HPl , is a 
companion to the HP3 shown in Figure 1. 
The HPl is 2'h. inches square, slightly 
larger than the UP. At the same case tem
perature rise of 100°C, it will dissipate 23 
watts in natural convection; in a forced air 
flow of 200 FPM, it wiII°dissipate 33 watts; 
and 65 watts with 1000 FPM. The HP3, 
which is 3 Vs inches square, will dissipate 
28 watts in natural convection, 42 watts 
with 200 FPM, and 74 watts with 1000 
FPM. When the HPl and HP3 are nested, 
Figure 8, more than 100 watts can be dissi
pated at the same l00°C case temperature 
rise with 1000 FPM. 

Stop and contemplate the sizes of heat 
dissipating devices which would have been 
required to dissipate these powers before 
the advent of the staggered finger design, 
and you will appreciate the savings of space 
and weight which the UP and HP make 
possible. 

The staggered finger design has also been 
used in heat dissipators 
for T05 and TO 18 
metal case transistors. 
Models in the LP 
Series, Figure 9, are 
available in three 
lengths and two heights 
and to accommodate 
one or two transistors. 
These parts are so effi
cient that when a T05 
transistor is mounted 
in the largest model 

FIGURE 9 

Number 7 of a series 

LP dissipator (only 2.31x1.12 x 1h), the 
dissipator is virtually an infinite heat sink. 
The case temperature rises only 65 ° C when 
5 watts are being dissipated. When 1000 
FPM of air is used at 5 watts dissipation, 
the case temperature rise is phenomenally 
low - less than 15 • C. 

In addition to their thermal efficiency, 
LP parts are extremely versatile. Almost 
any application problem where a conduc
tion plane is not available can be solved 
with these simple, low cost devices. 

FIGURE 10 

The staggered finger concept is also avail
able in dissipators for plastic case power 
transistors and integrated circuits and mi
crocircuit packages as shown in Figure I 0. 

The staggered finger concept of heat dis
sipation is the most significant breakthrough 
in heat sink technology since the advent of 
the power transistor. Get specific technical 
and pricing information on those IERC 
heat dissipators most applicable to your 
needs. Write on your company letterhead 
for Technical Bulletin 149 for more detailed 
information on the PA and PB series and 
Technical Bulletin 151 for the LB series. 
Technical Bulletin 134 and Test Report 
172A detail the UP series; Technical Bul
letin 139 and Test Report 198 cover the 
HP series; and for the LP series, ask for 
Technical Bulletin 135 and Test Report 182. 
You'll be surprised how substantially these 
advanced new heat sinks will contribute 
to the efficiency of your design and your 
equipment. 

International Electronic Research Corpo
·ration, a corporate division of Dynamics 
Corporation of America, 135 West Mag
nolia Boulevard, Burbank, California 91502. 

HEAT SINKS / DISSIPATORS 
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Tired 
of running 
the crystal 
can relay 
maze? 
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You don't 
have to 

anymore! 

•Because we've got them all. Everything from 
power crystal cans to T0-5 relays. from military 
types to industrial / commercial devices. All built 
to the same exacting Clare quality. And. as you'd 
expect from Clare. the world's greatest selection 
of operating characteristics and mounting styles. 

Military Relays. Every Clare military relay is designed to meet the 
requirements of MIL-R-5757. All feature hermetically sealed cases to elim
inate contamination under the most severe conditions. Withstand temper
atures from - 65°C to + 125°C ; shock to 100 G; vibration to 30 G. 

Type TF. 
T0 - 5 transistor 
size ; low-level 
to 1 amp. 

C. P. CLARE & CO. 
RP 11573 GZ 

2A f!J 28V.D.C. 
28V.D.C. 600n. 

10630142-1 

Type F & FW. 
Full size; 
low-level to 3 amp. 

TypeTF. 
Sensitive. 
To 40 mw 
sensitivity; 
low-level to 
1 amp. 

Type SF. 
40 mw sensitivity; 
low-level to 2 amp, 

Type MF. 
One-sixth size : 
low-level to 
0.5 amp. 

C.P. CLARE & CO. 

Lf 22:07 IUll 

Type LF & LFW. 
Magnetic latching: 
low-level to 2 amp. 

Type HF & HFW. 
Low profile: 
low-level to 2 amp. 

C. P. CLARE & CO. 
PF 1201 LOl 

3000@26.SV.D.C. 
lOA @ 28.0V.D.C. 

Type PF. 
1 0 amp. power. 

Industrial/Commercial Relays. A combination of economy 
and rugged construction to meet industrial / commercial requirements. In-· 
dustrial / commercial versions are rated for 30 G shock and 10 G vibration. 

Type TFC. 
T0-5 transistor 
size ; low-level 
to 1 amp. 

Type FC. 
Full size: 
low-level 
to 2 amp. 
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C. P. CLARE& CO. 
FC 1014 600 

2A • zsv.o.c. 
zuv.o.c. 875'1 

Type MFC. 
One-sixth size ; 
low- level to 
0.5 amp. 

Type HFC. 
Rugged "metal" 
cover: low-level 
to 2 amp. 

LOOK FOR 

For information. circle Reader Service 
number. call your Clare Sales Engineer or 
your local Clare Distributor. Or write for 
data on the types you need. C. P. Clare & 
Co .. Chicago, Ill. 60645 ... and worldwide. 

a GENERAL INSTRUMENT company 
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100 up 

SN54LOOR Quad 2-lnput Gate *$ 7.00 
SN54LlOR Triple 3-Input Gate 7.00 
SN54L20R Dual 4-lnput Gate 7.00 
SN54L30R Eight-Input Gate 7.00 
SN54L51R AND-OR-INVERT Gate 7.00 
SN54L54R AND-OR-INVERT Gate 7.00 
SN54L55R AND-OR-INVERT Gate 7.00 
SN54L71R R-S Flip Flop 11.50 
SN54L72R J-K Flip Flop 11.50 
SN54L73R Dual J-K Flip Flop 17.00 
SN54L78R Dual J-K Flip Flop 17.00 

We took the heat off. 
National delivers the lowest speed/power product now available in any 
digital family: lmW at 30 nsec. Power dissipation just one tenth that of 
standard TTL. Plus all circuits designed as pin for pin, spec for spec replace
ments for 54L low power TTL. 
Low power, high rel. 54L devices from National pass Mil-Std-883's strict 
test/ inspection requirements. Right down the line. 

We take the heat off delivery too. Get on the hot line to your National distrib
·utor. He's got off-the-shelf delivery on all our low power TTL's. For specs 
and data sheets, write or call National Semiconductor, 2975 San Ysidro Way, 
Santa Clara, California 95051. ( 408) 245-4320. TWX: 910-339-9240. 
Cables: NATSEMICO . 

National/TTL 
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How much change will be brought 
about by the successful applications 
of the electronics technology to the 
modern needs of medicine? 
Will the physician without a working 
knowledge of the employment of 
electronics as an administrative and 
clinical tool be obsolete in five years? 
Will the high efficiency, high reliability 
procedures predicted for the seventies 
increase or decrease the role of the 
individual physician? What will be its 
impact on the medical team and the 
medical center? Can electronics 
through automation improve the 
nation's overall health levels? 
These are some of the questions now 
being answered by eminent physicians 
and technologists in many of our 
nation 's most respected institutions 
where electronics is being actively 
applied to benefit hospital , doctor, 
and patient . 
How well these programs are working, 
what's right and what's wrong with 
electronics will be explored in depth 
in the 2nd National Conference & 
Exposition on Electronics in Medicine. 

The format of the three day program 
is based on the enthusiastic response 
to the First National Conference on 
Electronics in Medicine and the 
request by its attendees to provide for 
a broad interchange of ideas. 
In morning sessions, authorities in 
both medical and electronic disciplines 
will present their knowledge and 
experience on subjects of major 
interest; instrumentation, computers, 
information systems, monitoring , 
diagnosis, therapy, and administration. 
These meetings will provide the 
backdrop for afternoon work
sessions in which each attendee will 
become an active participant in the 
discussion of problems and solutions. 
All work sessions will be conducted to 
bring the maximum knowledge and 
experience of the group as a whole 
to each of the participants. Attendees 
will have the opportunity to join at 
least two of the six sessions being 
offered . 
While meetings and work sessions will 
explore the most recent ideas with 
attendees, exhibits will present 
physicians and hospital administrators 
with the latest hardware available, 
providing an important opportunity 
for demonstration and a " hands-on " 
familiarization of the newest features 
and capabilities of electronics 
products designed specifically for 
medical application. 
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Meetings: 
Keynote address 
George Burch, M.D .. Ph .D., Tulane 
University Medical School , 
New Orleans, La. 

"Instrumentation and Common Sense" 
Robert D. Allison, Ph .D., Director, 
Vascular Laboratories, Scott & White 
Clinic, Temple, Texas. 

" Computers: A New Order for Medical 
Data" 
Arnold Pratt, M.D., Director, Division of 
Computer Research & Technology, 
National Institutes of Health . 

Address: 
Hon. Roger 0. Egeberg, M.D .. 
Assistant Secretary for Health and 
Scientific Affairs, Dept. of Health, 
Education and Welfare. 

" Medical Engineering: Problems and 
Opportunities" 
George N. Webb, Asst. Professor, 
Biomedical Engineering, The Johns 
Hopkins University School of Medicine. 

"The Medical / Engineering Interface" 
Donald Lindberg, M.D., Chairman , 
Dept. of Information Science, 
University of Missouri. 

"What's New in Medical Information 
Systems" 
William Chapman, M.D., Palo Alto 
Medical Clinic (Selected films will be 
shown as part of Dr. Chapman 's 
presentation.) 

"Getting Medical Electronics from 
Research into the Real World " 
Irving Selikoff, M.D., Director, 
Environmental Sciences Laboratory, 
Mt. Sinai School of Medicine. 

Address: 
" Is Science for Real? Or will the 
American public ever demand the 
medical care it deserves and find 
true happiness?" 
Richard Bellman, Ph .D., Professor of 
Mathematics, Electrical Engineering 
and Medicine, University of Southern 
California. 

Registration Fee: $150 
(Includes all sessions , exhibits, 
luncheons, reception , and copy of 
the proceedings when published .) 

Note: Only those fully paid in advance 
will be admitted to meetings and 
work sessions. 
Mail registration and make checks 
payable to: 
2nd National Conference and 
Exposition on Electronics in Medicine. 
330 West 42nd Street, New York, 
New York 1 0036 

How Hospitals Evaluate and Purchase 
Medical Electronic Equipment: 
" Selection of cardiac care unit 
monitoring equipment" 
James A. Stark, M.D. 
H. Aileen Atwood, R.N. 

"Data Processing Comes to Merritt 
Hospital" 
Howard Scott, Hurdman & Cranstoun 
Penney and Co. 

" Selecting Equipment for the Clinical 
Pathological Laboratory" 
R. Thomas Hunt, M.D. 
Floyd Oatman, A.T. Kearney & Co. Inc. 

"Boosting Hospital Efficiency through 
Electronic Aids" 
Oscar M. Powell, M.D. 
S.R. Wicke/ 

Work Sessions: 
On-line Computer Applications. 
The role of the computer in medical 
record-keeping , data analysis, and 
history-taking in the office and 
the hospital. 

Automating the Clinical Laboratory. 
This session will attempt to pinpoint 
the major test requirements of the 
clinical laboratory, evaluate the 
available equipment for automatic 
testing and determine future 
requirements. 

Problems in Intensive Care Monitoring. 
A discussion of problems in intensive 
care, available instrumentation , and 
what's needed for improved patient 
monitoring. 

Multiphasic Screening : Pros and Cons. 
How effective are automated screening 
techniques in preventive medicine for 
large groups? How much data is 
needed, and what associated 
hardware and software are required? 

Problem Clinic 
A forum at which doctors and 
engineers will have the opportunity 
to discuss specific medical / 

engineering problems and point the 
way to feasible solutions. 

Buying , Selling and Maintaining 
Medical Electronic Equipment. 
Marketing and maintenance are key 
problems in developing the role of 
medical electronics. On this panel , 
experts will discuss current practices 
and develop ways to improve them. 

Exhibits: 
This year, there is a new emphasis 
on exposition . One which reflects the 
increasing number of electronics 
products being accepted as practical , 
progressive, working tools by more 
and more hospitals and physicians. 
Exhibits will include many products 
related to the prog ram of discussions 
and work sessions. Demonstrations of 
product features will help attendees 
explore new applications for the latest 
electronics equipment. 
Here is a partial list of the companies 
which will be presenting their most 
recent achievements. 
Avtel Corporation • Bio-log ics , 
Incorporated • Birtcher Corporation • 
The DeVilbiss Company· Federal 
Pacific Electric Company· General 
Electric Company· Graphic Controls 
Corporation • Honeywell , Incorporated • 
Mead-Johnson Laboratories· Laser 
Systems & Electronics, Incorporated· 
Medidata Sciences, Incorporated· 
Oh io Med ical Products • Parke-Davis· 
Remler Company· Richard 
Manufacturing Company· Spacelabs 
Incorporated· Statham Instruments 
Incorporated • Techn icon Corporation • 
Wang Laboratories, Incorporated • 
Registrants of the 2nd Annual 
Conference & Exposition on 
Electronics in Medicine will be 
encouraged to invite their professional 
associates to regular exhibit 
sessions. Other members of the 
medical profession in the western 
region will also receive special 
invitations to visit the exhibits. 

Advance Registration 
2nd National Conference & Exposition 
on Electronics in Medicine 
February 12-13-14, 1970 
Fairmont Hotel , San Francisco , Cal iforn ia 

Name _____________ Title __________ _ 

Address ________________________ _ 

City _____________ State _ ______ Zi p __ _ 

A number of rooms is being held at the 
Fairmont Hotel for registrants . Make 
reservations di[ectly with the hotel, 
identifying yourself as a Conference attendee. 

Hospital or Company affiliation ________________ _ 

Check enclosed _ __ Send invoice _____________ _ 
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Printers-low cost, limited flexibility. 

. ... .... ...... . ... . 
• • ••••••••••••• ............ . 

aaaa•m e CICl•lll 
-- •D•••••••••• ----

CRT Terminals-high-cost, high flexibility. 

Print out In/out 
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New CRT readout-low cost, high flexibility. 

Just out 
Announcing the MRD-100-a new, low-cost way 
to display sequential numeric data on TV monitors. 
Now it's practical to use TV monitors to read out 
cf.ata from keyboards, magnetic tape or any 
other sequential source. 

The MRD-100 accepts character serial and bit 
parallel data, stores it in its own refresh memory, 
converts it to a composite video signal and displays it 

on a TV monitor. In 
2, 4 or 8 lines with 

32 characters per line; 
4 or 8 lines with 16 
characters per line. 

Data may be displayed on any standard 525-line 
TV.monitor at any number of remote locations-with 
just a single coaxial cable. Interfacing is simpler 
than that for full-scale terminals. 

Prices for the MRD-100, not including monitors, 
start at $1295. 

Control features let you advance to any line or 
character position, blink on and off any character or 
combination of characters, use a cursor symbol 
for tracking the location of the next character and 
erase all or part of the screen. 
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So if you have a design problem in sequential numeric 
readout, you no longer have to worry about the 
reliability of printers, the cost of a full-scale terminal 
or the trouble of building your own memory 
for indicator tubes. 

Now you have a tailor-made solution. 

From the company that spe
cializes in innovative data 
communications systems. 

ADDS 
Applied Digital Dale Systems, Inc. 

·-------------------------, 
Mr. Richard Kaufman, Dept. 16 I 
Applied Digital Data Systems, Inc. I 
89 Marcus Boulevard I 
Hauppauge, New York 11787 I 

I 
Please send more information aboutthe MRD-100. I 

Title _______________ _ 

Company ______ ________ _ 

Address ______ _____ ___ _ 

I 
I 
I 
I 
I 
I 
I 
I 

City_____ ______ _ _ __ I 

Z. I State _ ______ ___ 1p I 

L-------------------------J 
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Ten good reasons why Raytheon 
can help you simplify any problem 
involving electrical output storage tubes. 
The concept of the electrical output storage tube 
was first applied in 1948, by Raytheon's develop
ment of the *Recording Storage Tube. Since then, 
Raytheon has continually pioneered in the im
provement of these devices-developing new and 
more sophisticated types to meet a growing di
versity of applications. 

Today, the men 
shown here-and 

AMOS PICKER, SENIOR DEVELOP
MENT ENGINEER, holds CK1549 
miniature, meshless storage tube 
to illustrate a Raytheon feature: 
fast development of new types 
for specific system require
ments with fast turn-around 
capability to full production. 

*Trademark of 
Raytheon Company 
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their fellow Raytheon engineers and technicians
makeup themostexperienced teamin theindustry. 

You can count on their full cooperation if 
your project involves electrical output storage 
tubes. To put them to work on your program, call 
or write: Raytheon Company, Industrial Com
ponents Operation, 465 Centre Street, Quincy, 
Massachusetts 02169. Tele-
phone: 617-479-5300. [RA YT H EON] 

PROJECT MANAGER CARL 
FREDA utilizes total Raytheon 
Recording Storage Tube capa

bility in service to customer 
requirements-including 

field and applications 
engineering assist

ance, complete 
documentation, 

and configuration 
control. 

AL LUFTMAN, OPERATION ENGINEERING 
MANAGERand a prime mover in making 

Raytheon the world's largest manufacturer 
of electrical output storage tubes, inspects 
the CK1540-an advanced single-gun design 

featuring high resolution, output signal, 
and dynamic range. 

DR. R.C.HERGENROTHER,RAYTHEON 
SENIOR SCIENTIST and pioneer in storage 

tube inventions, is a consultant on advanced 
research and development programs. He 
holds the CK1545-a product of such pro

grams slated for wide use in advanced 
multi-sensor scan conversion systems. 
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MEL LEVINE, DISPLAY DEVICES 
ENGINEERING MANAGER, explains storage 

tube quality assurance. Raytheon's attention 
to burn-in and stabilization cycles and to life 

test programs are major reasons for high 
MBTF experience in scan conversion sys

tems such as Radar Bright Display for 
FAA and Canadian DOT, and U.S. Navy 

ASW systems SQS26 and ANEW. 

JOE MAIENZA, DISPLAY DEVICES 
MANUFACTURING MANAGER, 
maintains Raytheon capability to 
deliver to your tightest schedule 
requirements. Delivery of 600 tubes 
per month has been achieved. 

JOHN BUCKBEE, SENIOR 
EQUIPMENT DESIGNER, designed 
semi-automatic test set to provide 
comprehensive measurements of 
storage tube performance. Raytheon's 
advanced test equipment is used to 
test for compliance to specification 
and to supply special application 
data to customers. 

WARREN FROHOCK, 
SENIOR PROCESS AND 

DESIGN ENGINEER, 
ensures that storage tube 
designs provide optimum 

performance in your 
equipment-through use 

of advanced manufac
turing techniques. 

GORDON SPENCER, R&D ENGINEERING 
MANAGER, holds numerous display device 
patents-contributes many concepts leading 
to Raytheon state-of-the-art storage tube 
advancements. 

AL CLOUTIER, SENIOR APPLICATION AND 
TEST ENGINEER, holds CK1558 incorporat
ing tube, focus and deflection coils, magnetic 

shield and associated circuitry. Modular 
assembly answers needs for plug-in unit, 
simple interface, easy field replacement. 
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You'll find there 's a lot to evaluate. Like that power 
spec-ideal for all kinds of battery-powered gear. Plus a 
price/performance combination that we think will ellminate a lot 
of in-hous~ filter making, even for commercial applications. Mail the 
coupon arid a check or P.O. for $12.00 today (please attach your company 
letterhead). We'll respond by air with a sample FS-60 and our brand new 
Filter Design Handbook. 'Till then, here are the basic specifications: D Delivers 
band-pass, high-pass and low-pass outputs simultaneously D Any desired form of 
the second order transfer function D Complex zeros anywhere in the S-plane D 
Multi-loop negative feedback for added stability O Fe and Q of basic unit can be tuned 
by adding external resistors D Frequency range from DC to 10 kHz D Q range from 0.1 to 
500 D Voltage gain is adjustable to 40dB O Supply voltages from ± 2V to ± 15V with 0.3 
mW power consumption O Dimensions: (14-pin DIP) 0.804" x 0.366" x 0.474" D IC hybrid construction. 

Gentlemen at KTI : 
Please send me an FS-60 evaluation sample. Our D check D P.O. is attached, 
in the amount $12.00. Send me more information on : 
D FS-60 D All active filters D Hybrid subsystems 
D Please add my name to your permanent mailing list 

Name-----------------------~ 
Company ______________________ _ 

PRICES: 1 • 49 $28 
50·199 $23 

200-999 $19 
1,000. 4,999 $16 

KTI 

5,000 - 9,999 
10,000. 19,999 

*20,000. 49,999 

Address'-----------------------

CitY---- ---------------------
State. __________________ ZIP ____ _ 

KINETIC TECHNOLOGY, INCORPORATED 
3393 De La Cruz Boulevard 

My applications are : __________________ _ Santa Clara, California 95051 
(408) 246-8100 TWX: 910-338-0279 
The name to remember for Hybrid Integrated 8y1tem1 
end Active Flltere . • . 



At last, 
a bipolar shift 

register with the same 
bit capacity of MOS 

page 84 

Multi-emitter IC's 
stabilize voltages in 

solid state tuners 
page 91 

Connecting aluminum wire 
page 94 

Amplifying and guiding 
surface acoustic waves 

page 102 

Matching FET's by design 
is faster and cheaper 

than by pick and choose 
page 114 

European markets 
in 1970 
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Technical Articles 

By designing and arranging a shift register's basic bit, clock, 
and buffer circuits for maximum yield, and using the highly 
computerized discretionary-wiring technique, bipolar circuits 
of 1,000-bit capacity can be put on one chip. Bipolar shift 
registers are much faster than the static MOS versions, have 
no complicated multiplexing, and unlike dynamic MOS units, 
can store data without refreshing. ' 

With two emitters on its transistors an integrated circuit can 
provide highly stable voltage for variable capacitance tuner 
diodes in tv sets. One emitter, operated as a zener diode, 
provides the required output voltage; the other is operated 
in the forward direction and automatically compensates for 
changes in the zener voltage with temperature. 

As copper wire gets scarcer and more expensive, bulk users 
are turning to aluminum wire which, though it has only 80% 
of copper's current-carrying capacity, is much cheaper, 
lighter, and more abundant. However, working with alumi
num wire presents some termination problems which must 
be worked out carefully. 

Surface acoustic waves hold the key to future signal process
ing. Traveling on miniature substrates, these high-frequency 
acoustic waves can be launched efficiently, amplified easily, 
and guided conveniently. This second article in the series 
explores techniques and results of surface wave acousto
electric amplification and discusses transmission line material 
and the methods for guiding signals. 

Matched pairs of field effect transistors 
have been costly because of the expensive 
testing required to find two identical de
vices. But now cost is dropping because 
FET' s can be made identical on the same 
wafer. The secret: laying out the transistors 
so that the center of their gates is at the 
same spot. Then the effects of surface flaws 
and epitaxial thickness variations tend to 

average out. FET's produced this way can be used economi
cally in both traditional and new applications. 

Coming 

The Western European market for electronic goods and gear 
continues to grow. Electronics' annual survey gives detailed 
forecasts of the size and shape of the market in reports from 
11 nations and in · charts estimating sales in 82 product 
categories, from components to assembled equipment. 
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Solid state 

At last, a bipolar shift register 
with the same bit capacity as MOS 

At 1,000 bits per wafer, discretionary-wired bipolar IC's not only match 

MOS circuits in complexity but also surpass them in shift rate 

with no need for data refreshing; speeds of 40 Mhz are possible 

By Roger Dunn and Glenn Hartsell 
Texas Instruments, Dallas 

Why would anyone want a bipolar shift register 
integrated circuit with 1,000-ibit capacity when 
excellent MOS IC's are already available at a lower 
price? There are compe'lling reasons: only !bipolar 
circuitry combines the virtues of speed with the 
capacity for long periods of storage. 

It's true that metal oxide semiconductor shift 
registers are attractive when dynamic storage can 
be used, but in many systems this isn't possible; 
data must wait for long periods between shifting. 
And if the system operates at high speed, static 
MOS is no alternative, since it has only a fraction 
of the speed of a dynamic MOS shift register unless 
the complicated technique of multiplexing is used. 
Furthermore, static MOS occupies more chip area 
per function, and consumes more power than 
dynamic MOS. The design of the dock distribution 
line also becomes critical. In short, MOS of this 
type offers few of the advantages usually attributed 
to MOS technology as a whole. Then there's the 
added complication of extra power supplies and 
buffer circuitry to interface MOS with transistor
transistor logic. 

Bipolar circuitry, then, is the answer in high
speed, high capacity, static shift registers. And this 
is the approach that Texas Instruments selected for 
an airborne digital-signal-processing application, in 
which shift registers are needed for video integra
tion to replace analog delay lines, for digital filter
ing in moving-target indication to eliminate range
gate analog filters, and for correlation. 

A thousand bits on a bipolar chip is certainly 
large-scale integration, and is probably the most 
ambitious of current advanced integration projects. 
A typical 1,000.!bit shift register contains 9,000 
components, 1,800 feedthroughs, 20,000 crossovers, 
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and 70 inches of metal just in one of the two inter
connection layers. This complexity is only possible 
at this stage of bipolar technology through the use 
of discretionary wiring, a highly automated tech
nique in which only good cells are interconnected 
on the chip. [Electronics, F~. 20, 1967, page 143]. 

Discretionary wiring increases the component 
density of bipolar circuits by two orders of magni
tude and also greatly reduces the power consump
tion per ibit because internal .circuitry can be 
operated at lower voltage levels. At 16 megahertz, 
the new shift register operates at 3 milliwatts per 
bit, or one-eighth the power level of the SN5491 
eight-bit TTL shift register. 

The speed of the LSI 1,000-bit register is much 
greater than that of a register of the same capacity 
made from several conventional integratedcircuits. 
This is because the propagation delay caused by 
connections bet,ween IC' s is eliminated. Thus, the 
LSI register can operate at the 16 Mhz shift rates. 
Moreover, multiplexing with TTL circuits can be 
done very simply because of the similar input and 
output levels, and with this technique, shift rates 
in excess of 40 Mhz can be attained. 

Predictably, the extremely large number of com
ponents on the chip-and their density-created 
some critical questions that had to be resolved by 
the design engineers: 

• What circuit should be selected for the basic 
shift register cell that would be tolerant of wide 
variations in device parameters and thus give a 
high yield of good cells? 

• Could a power supply distribution network be 
designed that could handle the 2 amperes that Bow 
into the circuit without excess voltage drop? 

• What would be the optimum number of cells 
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per stage that will neither waste chip real estate 
nor adversely affect yield? 

The circuit selected for the basic bit is composed 
of simple master and slave flip-flops with four 
resistors and four multiple-emitter transistors per 
bit, shown on page 87. This cell operates from a 
two-phase clock and the voltage difference between 
the two input signals. The clock signals are timed 
so that they're never high simultaneously. When 
clock 1 is high, the low side of the input from 
previous bits (or from the input to the chain) sets 
the master flip-flop. When the clocks are reversed, 
clock 1 is low and the master data is stored, produc
ing a differential output signal VBE - VcE(sat)-the 
difference between the base-emitter voltage and 
the collector-emitter saturation voltage. Now, with 
clock 2 high, this differential signal sets the slave, 
and current from iboth master and slave flows into 
the clock 1 line. 

To make sure that the differential signal from 
each flip-flop is enough to trigger the following one, 
the transistor's base resistance is made rather high 
so that V BE - V CE( sn t> equals VBE, the local forward
biased base-,collector voltage. This high base resis
tance has the added advantage of limiting the 
saturation current and the leakage of the reverse
biased emitters. 

One of the transistors in a bistable will be in 
saturation, and hence produce an output difference, 
as long as 

2V BB - 2V CL - 2V CE(sat) hFE > ~~~~~~----''--~~-'--'--'--~-
2V BB - 2VcL - 2VB E - 2VcE(satl 

This equation pertains to bistables with matched 
resistors, as is the case in IC's. VBB is the power 
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SHIFT REGISTER 
4 BITS PER STAGE, 
1,856 BITS TOTAL 

OUTPUT BUFFERS 
48 TOTAL 

CLOCK DRIVERS 
96 TOTAL 

Occupation. LSI 'bipolar shift register occupies 
entire I lh-inch slice of silicon. For efficient 
distribution of signals and power, clock drivers 
are arrayed in center of wafer, output buffers at 
edge. Circuit contains 9,000 components. 

supply voltage, and V CL is the clock voltage. 
This equation explains why the cell has such 

a high immunity to parameter variation. It can still 
operate without loss of information with, for exam
ple, current gain, hFE, less than 10 and V BB as low 
as 1.7 volts. 

The relationship between speed and power is 
always a vital concern in digital circuits, and the 
basic cell selected for the shift register offers excel
lent performance in this respect. At a shift rate of 
16 Mhz, the array dissipates only 3 mw per bit. 

Slowest sets the pace 

Actuahly, in a large-capacity shift register, the 
maximum shift rate is determined by the slowest 
bit in the chain, not by the typical bit. The param
eter-variation tolerance of the basic bit, shown 
on page 87, stands it in good stead here too; 
it will operate at high speed (10 Mhz or more) over 
a V BB power supply range of 2.0 to 2.8 volts. 

The discretionary wiring technique helps main
tain a high shift speed, since it detects slow bits 
during probe testing and prevents them from being 
connected in the chain. 

Power supply distdbution was an extremely 
important issue as the narge number of ibits requires 
the distribution of a large total current-large for an 
IC. Use of differential signals at the input and out
puts of the bistables helps somewhat. Nevertheless, 
the circuit must handle 1 ampere total current for 
each of the two clock drivers. The solution was to 
scatter 20 clock drivers with 60 miHiampere ratings 
across the wafer, paralleling the inputs and outputs. 
This number of clocks in parallel would be impos
sible with discrete IC's, because the parameter 
variations from circuit to circuit would introduce 
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skew problems in which the time spearation 
between clock edges at two adjacent flip-flops is 
excessive. But in an LSI circuit, with clock cells on 
the same slice, the variations are small. 

To further aid in distribution, the wafer is laid 
out with the clocks in the center, dividing the wafer 
in two equal halves. Locating the clocks in the 
center minimizes the voltage drop along the clock 
lines and reduces lead congestion at the periphery 
of the wafer. 

An output buffer is required to translate the 
low-level output from the shift register to TIL 
levels. Again, to minimize voltage drop and also 
to conserve wafer area, these output buffers are 
located at the edge of the wafer. Unfortunately, 
this is where wafer defects are most numerous, and 
yields are therefore lower than on the rest of the 
wafer. To compensate, extra output circuits are 
put on the wafer. 

The distribution bus leads for ground, power 
supplies, and clock are contained in the first of the 
two metalization layers (the first metal layer also 
contains the intra-cell connections). For any func
tional combination of cells, the maximum voltage 

Effect of stage length on yield and 
inter-layer connections 

YIELD 

AREA PER BIT 
WITH INTER· 
CONNECTIONS 

AREA SQUARE 
INCHES 

FEEDTHROUGHS 
PER BIT 

FEEDTHROUGHS 
PER SQUARE INCH 

86 

2 BITS 
PER 

STAGE 

x 

A+B 

0.00068 

7/2 

5230 

4 BITS 
PER 

STAGE 

6X' 

(2A+ B) 
2 

0.00058 

7/4 

2975 

8 BITS 
PER 

STAGE 

6X' 

(4A+B) 
4 

0.00053 

7/8 

1619 

drop is 125 mv on ground lines, 100 mv on power 
lines, and 50 mv on clock lines. 

The basic bit occupies an area 0.014 by 0.014 
inch. It would be inefficient to probe-test each bit 
individually, since test pads would have to be 
provided for each and would take up too much area 
(test pads are 0.003 inch square, and seven would be 
needed for each bit). Instead, groups of bits should 
be connected in stages, with one set of input and 
output pads for each stage. 

Setting the stage 

The question is how many bits should be con
nected in a stage. On the basis of the data plotted 
on facing page, Texas Instruments selected a stage 
length of four bits. A shorter stage-two bits, for 
example-would occupy too much area per bit, as 
indicated by the number of good circuits per square 
inch on the vertical axis of the diagram. This effect 
becomes more pronounced at higher yields. 

On the other hand, longer stages such as eight 
bits provide efficient utilization of surface area as 
long as the yield is very high, but this utilization 
efficiency drops off drastically if the yield is lower. 
The four-bit stage is the best compromise. With 
test-pads, it requires only 9% more area per bit 
than an eight-bit stage, and the number of good 
stages per square inch varies much less with yield 
than for the eight-bit stage. 

The output buffers and the clocks function 
individually, not in stages. There are 48 clock 
drivers for each half of the wafer. This is enough 
to drive 1,200 bits in each half, or 2,400 bits for 
the entire wafer. Even if the yield of clock cells 
were as low as 70%, there would still be enough to 
drive 850 bits in each half. 

The situation isn't really this simple, however, 
because an uneven distribution of good circuits has 
to be taken into account. For example, if two clock 
frequencies are used for all bits in a quad 253 
array, as in the TI 1,000-bit register, each quadrant 
must have 12 good clock drivers. So it's not enough 
for the wafer to have at least 48 good clock drivers; 
they must have to be distributed appropriately, too. 
In general, clock-cell yield and the geometrical 
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DATA INPUTS 

SUBSTRATE 

Multilevels. Good bits are interconnected by means of 
two metal layers separated by an oxide layer. For 
conductivity and adhesion, the metal layers are 
composites of gold, molybdenum, and aluminum. 

distribution of the yield are no problem, largely 
because the center of the wafer, with its relatively 
low defect density, is a favorable location. 

Extra buffers provide margin 

There are 48 output buffers. Each quadrant has 
two segments as shown on page 85, one with eight 
buffers and the other with four. To keep yield from 
becoming a problem in the unfavora:ble portions of 
the wafer in which the buffers are located, many 
extra buff er cells are provided. Only one good 
buff er is needed in each segment, corresponding to 
a 25% yield in the four-1buffer segments and 12.5% 
in the longer ones. 

Closeily related to the question of optimum bit 
length for the shi:ft register stages was the problem 
of making connections between the metalization 
layers. S~ection of a four-bit stage length for the 
shift register means that eight inter-layer connec
tions are needed per 0.0023 square inch, or 2,975 
feedthroughs per square inch. This density is well 
within the capability of the cathode-ray tube tech-
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register is a master
slave flip-flop (light 
color). Four such bits 
are combined to form 
a stage. 
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Optimum. Selection of stage length is a compromise 
between conserving wafer area and obtaining an 
adequate number of good stages. Texas Instruments 
uses four bits per stage in its shift register. 

nique for generating metalization masks and of the 
metal deposition process. Metalization line width 
is 0.002 inch, and the minimum separation between 
lines is 0.002 inch. 

A two~bit stage length, however, would place 
excessive demands on the multilayer-metalization 
process, requiring a feedthrough density of 5,230 
per square inch. 

The lower metalization level is an aluminum
molybdenum-gold-molybdenum composite, selected 
to give both adhesion and high conductivity. The 
upper metalization layer is similar but lacks the top 
skin of molybdenum, since it's not needed for adhe
sion. Separating the two metalization layers is a 
15,000-angstrom-thick layer of silicon dioxide with 
0.0006-inch diameter feedthrough holes.• 
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Circuit design 

Designer's casebook 
Designer's casebook is a regular feature in 
Electronics. Readers are invited to submit 
novel circuit ideas and unusual solutions to 
design problems. Descriptions should be 
dear. We'll pay $50 for each item published. 

Multivibrators separate pulses 
according to their widths 

By Steven Pataki 
Israel Aircraft Industries, Yahud 

Combining NAND gates with monostable multi
vibrators is an easy way to separate and channel 
pulses of varying widths. 

The pulse train, containing both narrow and 
wide pulses, is delivered to both NAND circuits 
simultaneously. Positive pulses routed to the top 
half of the logic circuit are first inverted, trigger
ing monostable 1, with their leading edge. At the 
same time, they are fed to monostable 2, but trig
gered with their trailing edge. The outputs of 

A MULTIVIBRATOR 

1 

M ULTIVIBRATOR 
2 

INPUT 

D MULTIVIBRATOR 

3 

both monostalbles are connected to the NAND gate 
which performs a logic AND function and inverts 
the pulses generated by the two multivibrators. 

If each monostable' s pulse width is adjusted 
to a size between the wide and narrow pulses, the 
NAND gate in the top circuit will pass only pulses 
with a width equivalent to the smallest pulses. All 
wide pulses are rejected. 

In the bottom half of the circuit, the reverse 
takes place-narrow pulses are rejected and the 
wide pulses are passed. 

The monosta:bles are connected in series but 
all have the same pulse width. The input pulse 
is inverted, its trailing edge triggering monostable 
3. The output pulse's trailing edge triggers multi
vibrator 4. Its output is gated directly with the 
input pulse. 

The waveforms indicate that only wide pulses 
are passed by the NAND gate while the narrow 
pulses are blocked. 

B 
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D-a converter switches 
digital inputs with TTL gates 

By Colin S. L. Keay and John A. Kennewell, 
University of Newcastle, Australia 

Transistor-transistor logic gates, applied as bit
controlled switches, serve as an inexpensive digital
to-analog converter whose performance compares 
favorably to many co~mercial units priced over 
$300. Such a d-a converter makes a reasonably 
priced, and efficient driver for cathode-ray tube 
display terminals. 

To achieve this type of d-a converter, the engi
neer must be able to connect his own collector re
sistor and power supply. Some TIL's available lack 
this :flexibility. The SN7401 quad NAND gate and the 
SN7401 hex inverter are two logic circuits that 
have open collectol'IS for external connections. 

Up to 12-logic gates-are connected to a resistive 
ladder network. Depending on which gates are 
turned on, a current proportional to the value of 
the digital input is summed into one input of an 
operational amplifier. The linear integrated circuit 
prod'uces an analog output up to 10 volts with 
a settling time of less than 10 microseconds. In
version iby the gates• is corrected iby driving the 
negative input of the op amp if a positive output 
is required. 

When any input bit is 0, the output transistor 

LEAST 
SIGNIFICANT 

BIT 

UP TO 12 
INPUTS 

270 

R 

Electronics l December 8, 1969 

MOST 
SIGNIFICANT 

BIT 

R 

in the corresponding gate is cut off and its col
lector :floats to the 5-volt IC supply voltage. The 
small collector leakage current accounts for only 
a 0.005-volt drop below the supply voltage. 

When the input is a logic 1, the output of 
the gate is pulled down to 0.15 volt which can 
be adjusted by the I-kilohm .potentiometers. With 
this arrangement of pots, differences in saturation 
currents through the gates' output transistors are 
minimized. .' 

'11he potential at each ladder resistor terminal, 
where the gate's output is connected, is switched 
between 0.15 volt or 5 volts depending on the 
corresponding gates' input. The weighting is deter
mined .by the closeness of the ladder branch to the 
op-amp input terminal-the most significant bit 
being closest and providing the largest current 
input. 

When all inputs to the gates are 0 volts, all 
gate outputs rise to 5 volts and with the inversion 
through the op amp, the analog output should be 
0 volt. Any off set can be adjusted by the off set 
control to the op-amp circuit. With all inputs at 
the logic 1 level, the output should be 10 volts. 
The potentiometer in the gain-control circuit of 
the op amp adjusts the output for precisely 10 
volts. Several readjustments may be needed ibe
tween the offset and gain controls to get the right 
output levels. 

The value of the resistor, R, in the ladder net
work s'hould be chosen between the 10 ldJ.ohms and 
50 kilohms for the best possible accuracy and set
tling times. 

+sv 

4.7k OFFSET 

1.5k 

1500 pf 

270 'ANALOG 

OUTPUT 

8.2k 
3-30 pf 

22k 47k 
GAIN -
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Capacitor discharge sets 
shape of ramp function 

By James Downey 
Fairchild Semiconductor, Mountain View, Calif. 

Delaying the discharge rate on a capacitor enables 
an engineer to create several complex ramp func
tions. Such ramps are necessary in multiple-axis 
scanning applications involving cathode-ray tubes. 

The duration of the ramps can be varied from 
hundreds of nanoseconds to hundred of microsec
onds depending upon the length of the input pulse. 
Since the input pulse controls the state of the 
integrator and does not provide the charging cur
rent, the slope of the ramp segments can be ad
justed over a 50-to-l range without affecting their 
linearity. 

Transistors Q1 and Q2 form a constant-current 
generator that discharges integrating capacitor C1 

after it has been initially charged to the 12-volt 
supply voltage. Potentiometer R1 can be adjusted 

+t2v 

500pf 2k 

to provide a wide variation of discharge current, 
which controls the slope of the ramps. The com
parator that drives Q2 has regenerative feedback to 
provide a quick response to input pulses. Thus Q2 

switches rapidly as the input changes state and 
enhances the definition of the ramp segments. 

Varying the delay controlled by the transistor 
circuit preceding Q7 contributes to the variety 
of waveforms that can be derived at the output. 
The positive transition of the input pulse triggers 
monostable multivibrator Q3-Q4• At the end of the 
delay pulse from the multivibrator, Q5 turns on 
for a brief period of 200 nanoseconds. The time is 
set by the R3C3 time constant. Transistors, Q6 

and Q7, now turn on enabling the capacitor to 
charge to 12 volts through Q7• 

With no delay, retrace occurs immediately. at 
the end of each sweep period. For small delays, 
the output voltage remains at the final ramp value 
for the duration determined by the delay before the 
capacitor returns to the reset conditions. If the 
delay spans several sweep periods, a succession 
of ramps separated by constant-amplitude inter
ruptions is generated without resetting the capaci
tor to its initially charged condition. 
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German IC's 

Multi-emitter IC's stabilize 
voltages in solid state tu 1ners 

With inherent temperature compensation, monolithic devices 

eliminate expensive zener diode matching in discrete units 

and offer better performance characteristics as well 

By Dieter Eckstein and Heiner Schmidt 
Valvo GmbH, Hamburg 

Stabilizing power supply voltages can be a ticklish 
problem, particularly in solid state television tuners. 
A simple, inexpensive, and high-performance solu
tion to the problem is multi-emitter transistors in 
an integrated circuit. These devices provide auto
matic compensation for temperature-caused 
changes in the stabilized voltage. 

·where voltage-variable-capacitance diodes are 
used in tv tuners power-line voltage must be re
duced to a:bout 33 volts and held there to within a 
few millivolts. Discrete-component stabilizers, 
which are made of resistors and zener diodes, have 
comparatively high internal resistance and are slow 
to reach thermal equilibrium. Most seriously, they 
require expensive matching of zener diodes for 
temperature compensation. 

Engineers at Valvo GmbH found that because 
the multi-emitter IC uses active elements to achieve 
stabilization, it provides low internal resistance
typically 10 ohms. And because of the compensat
ing effect of the multi-emitters, temperature stabil
ity is high: the variation of output voltage with 
temperature is about 40 parts per million per °C. 
The IC operates at a current of 5 milliamperes, and 
the only component that's needed is an external re
sistor to reduce the supply voltage to 33 volts. 

The major technological problems Valvo had to 
solve in realizing its TAA 440 were keeping the 
stabilized voltage and the temperature coefficient 
(the rate of change of VPN with temperature) within 
narrow tolerance ranges. To do this, it was neces
sary to maintain, from circuit to circuit, extremely 
uniform concentration of dopant at the surface of 
the base of the transistors, and inside the base 
directly under the emitter. 

The surf ace concentration of the base influen·ces 
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the emitter-base breakdown voltage V EB while the 
concenh·ation under the emitter influences the base
emitter forward voltage, V BE· These voltages affect 
the stabilized voltage VPN and the temperature co
efficient Tk according to these relationships: 

VPN= zVEB + nVBE 
1 

Tk = -V (zk1 V EB + zk2 + ncE) 
PN 

where z is the number of reverse-biased (zener) 
diodes, n is the effective number of forward-biased 
diodes, and ·cE is the temperature coefficient of a 
forward-biased diode, equal to -2 millivolts/ °C. 

VPN and T k could be adjusted to make them 
within tolerance through an integrated adjustment 
resistor-one whose value could be altered by tap
ping it at various points along its length. From a 
production viewpoint, this is a dumsy alternative 
because it means that different interconnection pat
terns have to be used, depending on the amount 
of adjustment of resistor length required. 

Assuring the parameters' tolerance in the first 
place is far preferable. Valvo did it with standard 
tube diffusion techniques for the boron diffusion 
(which forms the bases and the resistors). With 
these techniques, the sheet resistivity after the base 
diffusion (an indication of the base-dopant surface 
concentration) can be held within +6%, resulting 
in a variation of VBE of only 2.6%. 

For processing economy, an isolation diffusion 
step is avoided. This means that transistor struc
tures instead of diodes have to be used, and that 
the collector current must be kept small. All the 
resistors form p-n junctions with the substrate. 
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Principle and practice. Top diagram illustrates basic operation of Valvo voltage stabilizer. Zener diode provides 
essentially constant voltage VPN; forward•biased emitter of transistor provides temperature compensation, and 
resistor determines the current through the zener diodes. In the diagram of the actual circuit ('bottom), zeners 
and temperature·compensating diodes are ·incorporated in multi-emitter transistors. Other transistors help 
minimize the effect of parameter variations from chip-to-chip, and reduce internal resistance. The dashed lines 
indicate parasitic circuit elements. 

Since the substrate has a positive potential, these 
parasitic diodes are reverse-biased. 

The TAA 550, shown in diagram above, uses three 
reversed-biased diodes as the zener stabilizing ele
ments, represented by the double-emitter struc
tures of Q2, Q3, and Q4. In each transistor one of 
the emitter-base junctions is operated in break
down; the other operates in the forward direction. 
Electrically, these double emitters behave like re
verse-biased diodes in series with forward-biased 
diodes. 

Ri, R2, and Qi form a voltage multiplier, increas
ing VnE of Qi by a factor of (1 + Ri/R2). This 
multiplied voltage partly compensates for the 
temperature dependence of the breakdown voltage 
VEn to yield the required thermal coefficient of 
40 ppm/°C. 

The collector-current-limiting resistors necessi
tated by the absence of an isolation diffusion are 
R3, R4, and R5• The parasitic diodes associated 
with these are indicated by the dashed lines in the 
diagram. · 

The darlington amplifier at the output of the 
circuit-T5 and T 6-minimizes with its very large 
current gain the effect of hFE variations in the 
individual' transistors from chip to chip. The circuit 
has only two leads and is enclosed in a T0-18 
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standard metal package. 
The choice of the number of reverse-biased di

odes in the circuit (z in the equation for VrN) is 
not arbitrary. Rather, z was set at three to keep 
the VEn within the range of 8 to 10 volts. Below 
8 volts, the diodes would not be operating in a 
predominately avalanche-breakdown mode, and 
therefore there would not be the precise relation 
between temperature and breakdown voltage that's 
needed for proper compensation. Above 10 volts, 
the diodes would be creating too much internal 
resistance. 

Like and unlike 

The output characteristic and the temperature 
behavior of the TAA 550 are shown on the follow
ing page. The output characteristic has the 
abrupt vertical current rise typical of zener diodes. 
Unlike dis·crete zeners, however, the voltage is 
much less affected by temperature; typically, VPN 
changes by only 55 millivolts as the case tempera
ture is varied from -40 to +so 0 C. 

Even on a short tin1e scale, VrN is very stable. 
This is because a uniform temperature distribution 
over the chip is attained within milliseconds-the 
heat spreads out easily across the circuit, resulting 
in fast temperature compensation. 
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Temperature effect. 
Compensation keeps 
thermal coefficient to 
40 parts per million 
per •c, so stabilized 
voltage varies only a 
few millivolts from one 
temperature extreme 
to the other. 

CASE TEMPERATURE, °C 

The internal resistance rpN of the circuit is 
chiefly a function of the electrical parameters {par
ticularly the total resistance of the diode chain), 
the emitter junction temperature of transistor Q6 

(in which most of the power is dissipated), the 
temperature coefficient T k, and the thermal time 
constant of the T0-18 package. Some of these 
factors are frequency dependent, and rPN is there
fore frequency dependent too. It increases from 
about 8 ohms to 13 ohms as frequency goes from 
10 hertz to 1 megahertz. 

Although the TAA 550 is easy to use, one detail 
should be noted: a wide band noise spectrum is 
superimposed on the stabilized output VPN· This 
noise is generated by the reversed-biased emitters 

Electronics I December 8, 1969 

in trans.istors Q2, Q3, and Q4, and! it's the same kind 
of noise that's found in any zener diode with a 
zener voltage of more than about 6 volts. Fortu
nately, it's easy to dampen this noise, particularly 
the high-frequency components, by shunting the 
stabilizer with a capacitor. The value should be at 
least 300 picofarads, but it should be no larger than 
4.7 nanofarads. 

Above 4.7 nf, the stabilizer is likely to be dam
aged if it's accidentally short-circuited. The capaci
tor, in combination with the stray inductance of 
the short-circuit bypass, could generate oscillations 
that could drive the stabilizer too far in the reverse 
direction. If a large capacitor can't be avoided, the 
load should be connected via a resistor.• 
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Materials 

Connecting aluminum wire reliably 

Some termination problems remain to be solved before aluminum 

can replace copper as the principal source of wiring material 

By Joseph Mittleman 

Electronics staff 

Scarce, heavy, and expensive, copper wire is being 
challenged in bulk applications by aluminum wire, 
which is abundant, lightweight, and relatively 
inexpensive. And because electrical properties are 
almost identical to those of copper, aluminum wire 
has additionail appeal to engineers. One of its draw
backs has 'been termination problems, particularly 
in copper-to-aluminum junctions where electrolytic 
action, thermal expansion, and aluminum cold flow 
properties can be adverse factors. But here, com
panies such as AMP Inc. and Alco are investigating 
economical and reliable electrical connections. 

The mass conductivity of pure aluminum is more 
than twice that of copper, while the volume conduc
tivity is approximately two-thirds that of copper. 
However, aluminum's current-carrying capacity is 
rated at 80% of copper. Usually, an aluminum wire 
two sizes larger than a given copper wire is used 
to carry an equivalent amount of current; a No. 6 
aluminum wire is approximately equivalent to a 
No. 8 copper wire carrying the same amount of 
current. 

The current-carrying capacity of a conductor is 
based on the amount of heat developed by current 
flowing through the conductor; and aluminum's high 
surface-to-mass ratio, its specific heat, and thermal 
conductivity account for the apparent discrepancy 
between its conductivity and current-carrying capa
city relative to copper. Thus, since wire size is 
determined by .cross-sectional area rather than 
weight, an aluminum wire of a given current-carry
ing capacity will be physically larger than its 
corresponding copper wire, but will weigh only half 
as much. 

Performance at a joint interlace is related to con
ductivity, and an aluminum joint can be more easily 
overloaded by the relatively higher current densi
ties. A better joint, therefore, is necessary for alumi
num than for copper. 

The principle problems in terminating aluminum 
conductors arise primarily from four of the proper-
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ties of aluminum: oxide formation, cold-flow, coeffi
cient of thermal expansion, and susceptibility to 
corrosion. 

Because of the tenacity, inertness, and dielectric 
strength of its oxide, aluminum is a relatively poor 
electrical contact material. Metals with good contact 
characteristics, such as silver, copper, or tin, have 
oxide films that form slowly, are removed easily, 
and may be conductive or semiconductive. 

An oxide film forms on the aluminum sudace 
within seconds after bare metal is exposed, attaining 
a thickness of from 60 to 100 angstroms which may 
increase to several thousand angstroms under high 
humidity and temperature conditions. This oxida
tion is self-limiting since the film's tenacity and 
amorphous nature, and its low ionic conductance 
prevent the metal's progressive oxidation. However, 
due to the chemical inertness of this film, aluminum 
actually has a greater resistance to chemical attack 
than indicated by its theoretical .chemical activity. 

Before a good electrioal joint can be made on an 
aluminum conductor, the oxide films must be 
removed or penetrated, so that bare metal surfaces, 
essentially free of films, are in intimate contact with 
one another. Once the contact is initiated, air must 
be excluded from the joint to prevent reoxidation. 

The physical properties of aluminum have an 
important effect on the reliability of aluminum, or 
aluminum-to-copper terminations made by mechan
ical pressure such as bolting or .crimping. 

When aluminum is subjected to a constant stress, 
it tends to cold flow or creep away from the stressed 
area. This is caused by slow atomic diffusion of the 
material to accommodate the stress, primarily by 
movement along slip planes. The rate of creep 
increases with temper·ature and is higher with 
aluminum than with copper. 

Another important factor is relaxation of stress
the wire lossens up when wrapped around a termi
nal. This also is time dependent but is not accom
panied by dimensional change, as in creep. Relaxa-
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Galvanic corrosion. When two different metals are coupled together in a solution of ionized salts, corrosion occurs. 
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metals together it is eliminated. Numbers in parenthesis indicate voltages. 

tion occurs at high stress levels and is shown by 
a reduced load due to change in metallurgical struc
ture. The change of elastic strain to plastic strain 
occurring under this condition, or development of 
creep, would significantly reduce the residual con
tact pressures in a joint so that it may fail due to 
increased contact resistance. 

Differences in thermal expansion rates of other 
materials used with aluminum can aggravate the 
cold-flow problem. For example, when an alumi
num-to-copper joint is heated, the aluminum 
expands at a 40% to 45% greater rate than the 
copper. If the mechanical stresses increase until 
the elastic limit of the aluminum is exceeded, plastic 
deformation occurs. When the joint cools the cross
sectional area of the aluminum, and consequently 
the contact pressures may be so reduced, as to cause 
joint failure. 

Serious corrosion problems occur when aluminum 
is used with other metals, such as copper. When 
two different metals are coupled in the presence· of 

a solution containing ·ionized salts, galvanic corro
sion occurs. An electric current flows from the 
anodic metal, through the solution, and returns 
through the metallic circuit. Corrosion is related 
to this current flow, which, in turn, depends on the 
type and concentration of the electrolyte in solution, 
the relative masses of the two metals, and the tem
perature. 

In the aluminum-copper couple, aluminum, the 
anodic component, goes into solution and is depos
ited at the copper cathode as complex hydrated 
aluminum oxides, with the simultaneous evolution 
of hydrogen at the cathode. The corrosion continues 
as long as the electrolyte is present or until the 
aluminum is consumed, even though the buildup 
of corrosion products may tend to limit the corro
sion rate by polarizing the surfaces. 

The galvanic corrosion rate can be lowered by 
plating one of the metals with a metal of intermed
iate galvanic potential. It is usually desirable to 
plate the cathodic member, since a fault in the 

TERMINAL 

ALUMINUM STRIP 

Terminating. In AMP's Termi·foil technique, sharp lances grip the aluminum strip material and are imbedded deeply 
into it. The lances pierce the metal, eliminating the need for conductor cleaning, and the oxide that forms on the 
metal's surface does not affect the operation since the teeth are imbedded. 
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For wire. Sharp teeth of tin-plated, perforated brass liner bite into a solid copper wire making a good termination. 
The same technique is applied for stranded wire as in the drawings above. Here, a special crimp produces cold 
welding between each of the stranded wires. At right a sealer is added to keep moisture out. 

plating-the terminal from which the atoms leave
may result in severe localized corrosion. Where the 
corrosion problems are not particularly severe, tin
plated brass and copper can be used with alumi
num. 

Corrosion can have two effects on a joint: the 
contact area can be attacked, causing an electrical 
failure, or the joint can become severely corroded, 
causing a mechanical failure. Most often the fai!ure 
is a result of the interaction of the two effects. 

Problem-solving 

The various methods used in terminating conduc
tors of aluminum fall into the two broad categories 
-thermal and mechanicail. 

Soldering can yield good terminations, but the 
quality depends directly on operating skill, while 
effective inspection is difficult. Ordinary solders 
are electro-positive with respect to aluminum, and 
galvanic corrosion can occur in the presence of an 
electrolyte. Some fluxes must be carefully and 
throughly removed from a soldered aluminum con
nection to prevent corrosion. 

Normal soldering tools ·and techniques can be 
used with aluminum, but special precautions must 
be taken to avoid oxide buildup before the tinning 
is completed. Dip-soldering is favored because 
complete immersion of the joint in the molten metal 
produces rapid tinning. 

Three general classes of solder material are in 
use. The type of solder to be used depends on the 
corrosion resistance, strength, temperature, and 
economies required by the application. 
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The low temperature solders, principally com
posed of lead and tin, require a 300°F to 500°F 
melting temperature. These are the easiest to 
handle, but have the least corrosion resistance. The 
intermediate temperature solders melt at from 
300°F to 700°F; their principle component is ·tin or 
cadmium. These types possess good wetting char
acteristics and form a stronger, more corrosion
resistant joint than the low-tempernture types. The 
zinc-based, high-temperature solders have the high
est mechanical strength and corrosion resistance 
as well as the lowest cost, but they require a melting 
temperature of from 700°F to 800°F. 

One of the common fluxes contains zinc chloride, 
which when heated, penetrates the aluminum oxide 
and deposits a thin layer of zinc on the ·aluminum 
metal, providing a good base for the solder. The 
residue remaining from this type of Hux should be 
removed, either by !brushing or chemical dipping, 
since it is conductive and potentially corrosive. 
Chloride-free fluxes, used with low temperature 
solders, require no postcleaning. 

Copper-to-aluminum joints can be soldered by 
eith~r plating or cladding the aluminum with solder
adaptable metals. This technique permits soldering 
in a manner more closely approximating that used 
for copper connectors. 

Ultrasonic soldering involves the use of rapidly 
vibrating molten solder to break up and carry away 
oxide films . This method, therefore, requires no 
Hux. 

Brazing is used where a higher temperature 
joint is needed than can be made with solder but 
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where welding isn't practical. As in most thermal 
techniques any surface contamination should be 
removed. The temperature of the process should be 
carefully controlled since the melting point of the 
brazing filler materials is close to that of the mate
rials to be joined. Torch brazing is similar to high
temperature soldering and uses flux in the form of 
various chlorides and fluorides to remove oxides. 
Aluminum may be brazed to copper since there is 
ne melting of the pieces to be formed. 

Welding can produce the best connections, since 
the two conductors are metallurgically fused 
together. However, operator skill is important 
because fusion welding requires that all possible 
contamination, such as oxide or organic films, be 
removed. Excessive oxide films can cause poor melt 
cohesion, and decomposition of organic substances 
may introduce porosity in the weld. It is difficult to 
directly join copper to aluminum by these methods, 
since intermetallic phases may form when alumi
num is alloyed with copper. 

These intermetallics can seriously impair the 
electrical and mechanical efficiency of a joint: they 
are brittle and have low electrical conductivity. 
When it is necessary to make a copper-to-aluminum 
joint by this method an intermediate metal, compat
ible with both copper and aluminum, is used. 

Inert shielded-gas electric-arc welding provides 
one of the most useful methods of welding alumi
num conductors. An inert gas, usually argon, helium 
or a mixture of the two is used as a shield around 
the electric arc to prevent oxidation of the molten 
metals, and eliminating the need for a flux. Gas 
tungsten arc welding uses a nonconsumable tung
sten electrode and alternating current. This method 
is usually used to produce high-quality welds on 
relatively thin-gauge aluminum conductors. Gas 
metal arc welding is employed for heavier gauge 
conductors such as bus bars, and uses a consum
able aluminum-alloy electrode with reverse-polarity 
direct cunent. The voltage and current, as well as 
the gas flow can be critical to a good weld in both 
of these techniques. 

Percussion welding, where a heat-producing arc 
is formed between two precisely spaced workpieces 
and the molten areas then are percussively joined, 
required highly sophisticated equipment and is 
usually feasible only to high-volume production. 
Aluminum-to-copper connections can be made by 
this method since the intermetallics are squeezed 
out of the joint during the upsetting action. 

Mechanical techniques 

Cold welding is accomplished by bringing two 
metallurgically clean surfaces together under high 
pressure. Deformations of 60% to 75% and pres
SUTes from 50,000 to 200,000 psi normally are used 
to produce good bonds. The plastic flow caused by 
the deformation method breaks up oxides and 
moves them from the interface area, bringing the 
metal pieces into intimate atomic contact. Heating 
the work pieces reduces the pressure requirement. 

Joints made by this method have good shear and 
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tensile strengths but are liable to break if bent. 
Since the metals to be joined do not undergo melt
ing, aluminum can be cold-welded. 

Ultrasonic bonding has produced good joints in 
relatively thin pieces. The ultrasonic energy causes 
localized plastic deformation of the material, which 
shatters and moves the oxide films from the inter
face and creates a true metallurgical bond. Little 
or no surface preparation is needed. 

Clamping encompasses a wide variety of connec
tion types. Any connection that bolts in place is, at 
least partially, a clamped connection. 

When ·a joint is bolted, the pressure exerted py 
the joint causes plastic deformation of the metal 
surfaces, particularly at small projections and 
surface imperfections. The oxide films, being elas
tic, will not follow the plastiie deformation, and 
fracturing of the film will occur at points of high 
stress and deformation, allowing bare metal sur
faces to contact one another. 

Grease has been used to improve contact charac
teristics since it is squeezed away at the contact 
points, permitting good conduction at these points. 
Furthermore, its presence prevents reoxidation of 
the contact surfaces. This method is most effective 
on aluminum when the met·al is abraded through 
the grease coating to break up the oxide films. 

Another method of utilizing aluminum as a 
contact material is to plate it with a metal which 
has good contact characteristics, usually silver, tin, 
or nickel. Except for nickel, these platings usually 
require an intermediate plating. In the past, zinc 
has been used and recently new processes using 
copper, copper alloys, or nickel have been devel
oped. The use of .copper-clad aluminum has been 
another approach. Any of ·these materials may 
present a potential galvanic corrosion problem, 
since most of them are cathodic to aluminum. 

Crimping has also been widely used. The 

How the metals stack up 
Al Cu 

Atomic weight 26.98 63.54 
Density (grams/cm") 2.70 8.89 
Melting point •c 660 1083 
Specific heat 0.226 0.092 

(Calories per gram) 
Coefficient of linear thermal 23.6 16.5 

expansion (microinch/m/°C) 
Thermal conductivity 0.53 0.941 

(20°C cal/cm2/cm/sec/°C) 
Electrical resistivity 2.8 1.7 

(20°C micro-ohm/cm) 
Current-carrying capacity 80 100 

(% of copper) 
Modulus of elasticity 10 17 

(lbs/in' x 10") 
Tensile strength (annealed) 12 38 

(10' psi) 
Yield strrngth (103 psi) 4 10 
Hardness (Brinell) 50 103 
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crimped terminations which have been used exten
sively are similar to bolted joints and use many of 
the same principles for making electrical contact. 
This type of termination uses grease as an oxidation 
inhibitor. An abrasive material usually is com
pounded with grease to eliminate wire-brushing. 

These abrasive particles cut through the alumi
num-oxide 1film during the crimping process, expos
.ing bare metal surf aces and allowing contact to be 
.made between the conductor and the .terminal, and 
between the strands of a standard conductor. Con
tact interface corrosion is minimized by the homo
geneous nature of the joint and the presence of the 
grease. A long crimp barrel and lower crimping 
pressures compensate for the effects of creep. This 
type of termination has been most successful when 
aluminum wire barrels are employed. 

What's new 

New techniques have been developed recently 
,that make it possible to join aluminum to copper 
without inhibitors or special conductor preparation. 

These new techniques depend on ·the fact that 
the teminal material usually is harder than the 
aluminum conductor and that the design of the 
terminal provides for several localized areas of 
severe deformation. This deformation ·causes the 
oxide film to fracture under localized s·tress, thus 
establishing electrical contact. The terminal mater
ial is embedded in the conductor, yielding an air
.and moisture-tight joint. The contact area of the 
joint also is increased by the complex geometry of 
.the contact interface, the electrical contact is not 
dependent on the residual stresses in the joint, but 
on the intimate interlocking of the terminal and 
conductor materials. This minimizes the effects of 
creep and terminal expansion differentials. 

Several techniques using these principles have 
.been developed to ·crimp and strip aluminum con
ductors. One such technique involves terminals and 
splices, developed by AMP called Termi-foil, which 
,provide a flexible, reliable method of terminating 
aluminum strip and foil conductors with copper, 
brass, or aluminum. These terminals and splices 
contain a multiplicity of sharp lances that penetrate 
the aluminum strip when it is crimped !between two 
flat dies. The lances shear through the oxide film, 
eliminating the need for conductor cleaning, and 
are embedded in the aluminum, making a mechan
ically secure, air- and moisture-tight joint. Since 
the electrical contact does not depend on the resi
dual pressures developed in 'the joint as in conven
tional crimped or bolted joints, the effects of creep 
and thermal expansion are minimized. 

Another AMP terminal for solid aluminum con
ductors called Termalum, uses a tin-plated copper 
wire barrel with a tin"!>lated perforated brass inner 
liner. When the terminal is crimped, the relatively 
soft aluminum material extrudes through the holes 
in the liner. The brittle oxide film is sheared during 
extrusion and clean aluminum metal is brought into 
intimate contact with the inner surfaces of the liner 
holes. These areas of extruded conductor, or contact 
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modules, are sealed from the environment. 
Terminating stranded or multiple conductors by 

this method introduces a new set of problems. 
Because each individual strand of the conductor 
bundle is enveloped by an oxide film, and before 
an adequate joint can be insured, electrical contact 
between the individual conductors should be estab
lished. This interstrand contact must be maintained 
during the expansion and contraction of the termi
nation caused by temperature cycling. A special 
crimp accomplishes this without the use of inhibi
tors by producing cold welding or solid-phase 
bonding between the individual strands of the wire 
bundle. The bond establishes good electrical con
tact between the strands and prevents relative 
movement and subsequent reoxidation. This crimp 
configuration introduces sufficient plastic flow of 
the conductor material to fracture the oxide film, and 
applies deformation pressures from several different 
planes, inducing different conductor extrusion rates. 
The resultant wiping action under pressure results 
.in interstrand bonding. 

Testing the aluminum terminations 

The effect df temperature cycling on fhe joint's 
electrical stability is most critical-this probably 
is the most frequent cause of failure in aluminum 
and copper joints. A good way to evaluate the 
effects of creep differences in thermal-expansion 
rates, and oxidation of the contact areas is through 
thermal-'shock testing. This involves subjecting the 
joint to extremes in temperature, and only a few 
test cycles are usually necess'ary to induce signifi
cant changes in the electrical stability of a poorly 
designed joint. The advantage of this test is that 
the testing time is relatively short, and the equip
ment and techniques are simple. 

The current cycling test can provide a more 
r.ealistic evaluation of terminal life, since they 
synthesize more closely the actual use of the ter
minal. The only problem is the extended time period 
and the type of equipment which is necessary for 
e\'aluation. 

Usually two types of current cycling tests are 
conducted: a control conductor is heated to a given 
temperature and the temperature of the joint is 
measured; a given current flows through the con
ductor, and the temperature of the conductor and 
joint are measured. 

A minimum parameter usually observed in this 
test is that the term.iflal temperature should not 
exceed that of the conductor. If it does, this indi
cates either a poor terminal design or a joint failure. 

Current cycling or current heating may produce 
effects not readily observed in the life cycling type 
of test, since the heating effects are concentrated 
.primarily at the point where problems may develop 
-the contact interface.• 
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Cimron leapfrogs the DVM industry 
-and there's a reason! 
A number of reasons, to be exact! The all-IC Model 
6753 is the next generation in digital multimeters
the lowest-priced autoranging instrument that will 
read DC from 100 nanovolts to 1099.9 volts and DC 
ratios. A fast-tracker, too-ideal for systems work. The 
closed loop tracking logic continually samples output 
at the rate of 14 readings a second, with accuracies of 
±0.001% full scale +0.005% of reading. Like to 

learn about automatic desensitization? repetitive 

mode? out-of-range indication? Just ask how they can 
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help you. Important to you is the basic design, featur
ing optional IC plug-ins to extend capability wh ich 
you can install yourself without technical service! 
Options include a 4-range AC converter with 10 
microvolt sensitivity, a 5-range ohms converter, re
mote programmability, five print-out options. You 
can't beat the base price of $2990! Cimron cus
tomer concern continues to provide what you really 

need at the lowest possible price. Write Cimron, 
Dept. D-123, 1152 Morena, San Diego, Calif. 92110. 

LEAR SIEGLER, INC. 
CIMRON DIVISION 
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Here it is. A Shielded Wire Printed Circuit Contact designed to be used in our 
AMP-TAB* Dual Housing. 

It's a shielded contact that provides coax characteristics. And can be terminated to the 
wire in one simple operation. One cycle of our hand application tool makes all three necessary 

crimps-signal, ground and insulation. 
You can intermix the coax contacts in the same housing with the standard contacts. In fact, you can even 

replace individual standard contacts with coax contacts in your present AMP-TAB housings. 
This contact concept greatly expands the breadth and flexibility of our complete line of tab-type one-piece edge 
connectors. These standard connectors are available in either Dual or Quad Housings and 10 to 43 positions 
with center spacings of .100", .125" or .156". 
The standard contacts can be crimped to the wire with AM P's automatic tooling at speeds up to 5,700 finis~ed 
leads an hour. And the new, one-crimp, coax contact is terminated in simultaneous, multiple crimping operation. 
You can do both right in your own plant. And both provide you with the lowest total installed cost in the industry. 
We call it AMP ECONOMATION. For more information about coax, crimps and connectors write to: 
Industrial Division, AMP Incorporated, Harrisburg, Pa. 17105. 

*Trademark of AMP Incorporated AMP 
INCORPORATED 

Circle 101 on rP.:iriAr o;,.rviN• r"rrl 



Growth plan. This crystal of bismuth germanium oxide was grown by the Czochralski pulling technique. 
Crystals 6 inches and longer are becoming available that will provide delays of 100 microseconds. 

Advanced technology 

Amplifyi1ng acoustic surface waves 

Acoustoelectric interactions and acoustic waveguides provide 

active and passive signal processing devices-all on a single chip 

By J.H. Collins and P.J. Hagon 
Autonetics, Anaheim, Calif. 

Surface acoustic waves provide the key to minia
ture signal processing systems. Their ability to be 
tapped, guided, amplified, or otherwise manipu
lated on a miniature substrate makes this technol
ogy ideally suited to a wide range of passive and 
active processing components-delay lines, matched 
terminations, attenuators, phase shifters, filters , am
plifiers, oscillators, mixers and limiters. 

But the impact of this new technology was felt 
only after it met certain processing requirements. 
Perhaps most basic of these, since all radar, commu
nication and navigation systems receive and trans
mit by electromagnetic radiation, is the conversion 
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between electromagnetic signals and surface acous
tic signals. For microwave acoustics, interdigital 
transducers perform this function with relatively 
low loss over a wide dynamic range. At 100 Mhz, 
for example, efficient conversion is obtained with 
signal levels as low as 10 microvolts and as high 
as 5 volts. Moreover, these transducers ca.n han
dle both analog and digital inputs, a capability 
which allows an entire range of processing signals. 

Equally important are new materials for delay 
line substrates and transmission line overlays that 
increase transduction and minimize acoustic losses. 
This means materials with high electrostatic coeffi-
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cients, low acoustic propagation loss, and ease of 
fabrication. The need for low-loss propagation 
points to the use of single crystal materials, espe
cially at frequencies above 100 Mhz where poly
crystalline and amorphous materials generally have 
losses greater than 10 decibels per microsecond, 
compared with less than 1 db/ µ.sec for single 
crystal material such as lithium niobate and bis
muth germanium oxide. 

In addition to being less lossy, single crystal ma
terials have more uniform and reproducible proper
ties than polycrystalline materials, although start
ing material costs are generally higher. However, 
its higher quality and uniformity increase device 
yields and generally provide superior performance. 
And the history of high-quality single-crystal silicon 
in microelectronic technology shows that material 
costs, although high in the early stages of technol
ogy, reduce production costs in the end. 

But regardless of the materials used, they should 
be compatible with guiding techniques, so that mi
crowave acoustic transmission lines, analogous to 
electromagnetic waveguides, can be fabricated on a 
single substrate. Other devices associated with sig
nal transmission, such as directional couplers and 
power dividers, are also required for signal sam
pling and manipulation. And for phase shifting, and 
signal expansion and compression, a method of con
troling the dispersion of the acoustic signal also 
must be available. One method uses a nondisper
sive surface wave delay line with an interdigital 

TRANSDUCER 

SAPPHIRE SUBSTRATE 

SILICON FILM WITH 
CONTACTS 

The first part of this series on a new area of 
devices for signal processing using high-frequency 
acoustic surface waves included new delay lines 
having low insertion loss which were developed 
in the microwave laboratory at Stanford Univer
sity [Electronics, November IO p. 94]. That work, 
which had the specific aim of arriving at practical 
prototypes, was carried out partly under the 
sponsorship of the Air Force Systems Command, 
Rome Air Development Center, and partly under 
subcontract to MIT's Lincoln Laboratory, Lexing
ton, Massachusetts (operated with support from 
the Advanced Research Projects agency). 

Two basic building blocks for surface wave 
signal processing are the delay line and surface 
wave amplifier. In this issue we describe the sur
face wave amplifier, which achieves high gain 
together with broad bandwidth. The development 
of this device at Stanford University was supported 
by the Office of Naval Research under the Joint 
Services Electronics Program, and reached its 
present status using epitaxial silicon films devel
oped at Autonetics and supplied to Stanford. 

transducer with graded periodicity so that different 
frequencies are excited and detected at different 
positions. Another uses a thin-film overlay on the 
piezoelectric substrate in which the film has a shear 
wave velocity lower than that of the substrate. 

And finally, so that microwave acoustic devices 
can readily be integrated in existing circuits, sim-

SILICON DIOXIDE 
SPACER 

Surface waves gain. The two basic items of a surface acoustoelectric amplifier are the piezoelectric substrate 
and the spatially separated semiconductor medium with a drift field structure. The air gap is important 
since it allows the piezoelectric crystal to be optimized for acoustic properties while it allows 
the drift field structure to be optimized for semiconducting properties. 
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ple and effective interfaces must be affected be
tween surface acoustic waves microelectronic tech
nology, as required for devices such as variable 
coded electronically-controlled tapped delay lines. 
And in many cases these interfaces are difficult to 
achieve. For example, the capacitance of wide band 
taps on a surface wave delay line are in the range of 
0.2-1 picofarads and this requires semiconductor 
switching devices with ten times lower feedthrough 
capacitance. 

Significant Gains 

One property that gives microwave acoustics its 
competitive edge over other technologies is the ease 
of amplifying surface waves. Until recently, the 
most promising amplifying technique, developed 
for bulk acoustic waves, relied on the bulk shear 
wave properties of certain piezoelectric semicon
ductors such as cadmium sulfide. In this case, the 
acoustic energy propagating on a piezoelectric sub
strate generates an associated electric field. If the 
piezoelectric substrate is also a semiconductor, and 
a d-c electric field is applied to that substrate, con
duction electrons will drift parallel to the direction 
of acoustic wave propagation. And in a process 
similar to that occurring in travelling wave tubes, as 
this applied field is increased the electron drift 
velocity is increased, so that when the drift velocity 
exceeds that of the acoustic wave, causing kinetic 
energy in the electron stream to be converted to r-f 
energy, significant gains of 60-80 decibels per centi
meter will result. 

But bulk amplification has practical limitations. 
Clearly the acoustic path material must have these 
three qualities: high piezoelectric coupling, low
loss acoustic propagation, and efficient semiconduc
tion. Moreover, efficient transduction of shear 
waves can only be accomplished with a piezoelec
tric plate or film oriented with the z-axis in the plane. 

Unfortunately, due to fabrication difficulties 
such transducers are not readily available at micro
wave frequencies. Besides, up to now a bulk mate
rial with the three essential properties has not been 
found. For example, a common material for bulk 
wave amplification is cadmium sulfide (CdS), a 
particularly good piezoelectric material but a very 
poor acoustic and semiconducting medium. Besides 
having acoustic losses greater than 5 db/ cm at fre
quencies above one gigahertz, CdS has relatively 
low mobilities -300 cm2/volt-second. This requires 
voltages as high as 5 kilovolts per centimeter, and 
since a considerable amount of acoustic energy is 
absorbed, the net gain of the amplifier will be low. 
Furthermore, large amounts of d-c dissipation 
occur, and as a result the parameters of d-c opera
tion-terminal gain and stability for both cw and 
pulsed input signals-have not all been obtained 
simultaneously. But significant progress has been 
made at the Microwave Laboratory, Stanford Uni
versity, using both gallium arsenide and indium 
antimonide. 

What's really needed for useful amplification is 
a method that separates the desired acoustic prop-
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erties of the substrate from the necessary semicon
duction properties. And surface wave acoustoelec
tric amplification provides the method. The electric 
field associated with the propagation of a surface 
wave on a substrate extends out of the surface 
for a distance somewhat less than one acous
tic wavelength. This allows the field to interact 
with the conduction electrons of a spatially sepa
rated, de-powered, semiconductor structure placed 
a small fraction of an acoustic wavelength above 
the substrate. 

What's important here is the physical separation 
of acoustic substrate and adjacent semiconductor, 
which makes it possible to select a substrate with 
the optimum piezoelectric properties of high elec
tromechanical coupling coefficients and low acous
tic loss, while at the same time to choose a semi
conductor film material with high mobility, opti
mum resistivity, and low d-c power requirements. 
Thus the surface acoustoelectric amplification 
method independently optimizes the piezoelectric 
and semiconducting components of the amplifier. 

Amplifiers of this type have been built and tested 
both at the Microwave Laboratory, Stanford Uni
versity and more recently at Autonetics. The two 
basic items are an optically flat lithium niobate 
crystal, forming part of a delay line substrate, and 
a spatially separated n-type semiconductor silicon 
crystal. The two crystals should be acoustically 
separated to achieve the non-dispersive properties 
required to minimize signal distortion. However, to 
gain the strongest possible interaction between the 
surface wave's associated electric field and the elec
trons in the silicon, the air gap separating the crys
tals must be a small fraction of the acoustic wave
length. Typically, a 500 angstrom air gap is required 
in a 100 Mhz amplifier, which can be achieved by 
dielectric (slicon oxide) spacing layers that have 
been vacuum evaporated to the desired thickness 
on the lithium niobate substrate. But it is important 
that these spaces be kept outside the acoustic beam. 

Since relatively high d-c voltages are required 
for terminal gains, heating can still be a problem in 
these amplifiers. At present, 25 db of electronic gain 
requires drift fields in excess of 2 kv I cm. If bulk 
semiconductor materials are used to furnish the 
drift field energy, wafers at least 5 mils thick are 
required to permit fabrication without breakage. 
Such a 100 ohm-centimeter wafer, 400 mils long and 
50 mils wide, has a resistance in the order of 60,000 
ohms, which dissipates approximately 15 watts. 
Unfortunately this much heat would require 
unwieldy liquid cooling methods or large convec
tion heat-sinking structures. 

To get around the problem of bulk crystal heat
ing, thin-film single-crystal semiconductor-on-insu
lator structures can be used. The most efficient ap
proach to date is a silicon-on-sapphire (sos) drift 
structure. This consists of an approximately 1 mi
cron thick, single-crystal, n-type film of silicon 
grown epitaxially on sapphire. This 100 ohm-cen
timeter material, exhibiting a carrier mobility of 
550 cm2 / volt-second, is convenient for operation at 
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100 Mhz with a spacing of 500 angstroms, and ap
proximately 200 angstroms for 1-Ghz operation. 

Aside from the much lower voltage requirement, 
this SOS composite ampli£er is quite flexible; either 
surface wave attenuation or gain can result, allow
ing the output signal to range over 100 db. This 
output swing results from the gain (db) versus drift 
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Evolution 
The first laboratory built models of the 
acoustoelectric amplifier (top) had an 
optically flat lithium niobate acoustic 
substrate and a spacially adjacent bulk 
silicon semiconductor drift structure. 
Because the drift structure is in bulk 
form, d-c voltages of 2 kilovolts and d-c 
powers of 4 kilowatts were required for 
large gains. However, by replacing the 
bulk silicon drift structure for the active 
region with a segmented nine-element 
silicon-on-sapphire drift structure ( cen
ter) having low-resistance ohmic con
tacts reduces the required d-c voltages 
to 180 volts and d-c power to I watt. In 
both cases, as seen from the drift field 
versus ·terminal gain data (bottom), 
both acoustic attenuation and gain may 
be obtained, with 100 db swing in out
put possible. 

field (kv /cm) characteristics. When the applied 
semiconductor voltage is low, the surface wave is 
attenuated because the kinetic energy flows from it 
to the slower moving carriers in the semiconductor 
material. But as the applied voltage is increased, 
the carrier velocity is increased until it is 'equal to 
the surface wave velocity, at which point the excess 
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4 
FREQUENCY 11.16 Mhz 

lRANSVERSE RADIATION 
PATTERN ACROSS 
GOi.o S1il1P 11.51' THICK I 
DEPOSITED ON FUSED 
QUARTZ" 

lRANSVERSE RADIATION 
PATTERN ACROSS UNGUIDED PULSE 
ru~m'lED OUARTZ ALONG GOLD STRIP 

.25 .2 .I 0 .1 .2 .25 
LATERAL DISPLACEMENT FROM GOLD STRIP (INCHES) 

Gold standard. An acoustic beam is significantly 
narrowed by t he addition of gold guiding strips on a free 
fused quartz surface. The low·level beam results from 
that part of the energy that does not enter the guide. 

attenuation due to the presence of the semiconduc
tor disappears. Now increased voltages further re
duce the overall surf ace wave attenuation until zero 
loss is reached, after which increased voltages re
sult in terminal gains. 

This gain flexibility means that delay and/ or 
switching devices with gain and high isolation can 
be built, along with modulators with greater than 90 
db dynamic range Laboratory~built sos electro
acoustic amplifiers, operating at 108 Mhz, have 
yielded terminal, or net, gains of 30 db for d-c input 
power of only 0.7 watts. And because the gain 
characteristics are nonreciprocal with drift field, 
reflections between output and input transducers 
are severely suppressed, thus allowing triple transit 
suppression (TIS) of greater than 60 db for the 
linear region of operation. 

Unfortunately, high terminal gains require carrier 
drift velocities in the order of 106 cm/ sec. In a 
medium with an electron mobility of 500 cm2 /volt
sec, this would mean electric fields of approximately 
2 kv I cm. And since a path length of 1 cm is typically 
required, operating voltages of 2 kv must be furn
ished, which clearly are too high for most conven
ient power supplies. 

Semiconductors fabricated in segments provide 
a way around the high voltage problem, because 
now each segment of the semiconductor path length 
over which the drift field must be applied is greatly 
reduced. Segmenting is accomplished by etching 
the silicon to form silicon islands on the sapphire, 
which are in series for electronic interaction, but 
are in parallel :for d-c powering. And it is this con
struction that allows surface wave amplifiers to 
achieve high terminal gains at reasonable input 
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voltage levels. In fact, a nine-segment lab-fabricated 
device showed a terminal gain of 30 db at an oper
ating voltage of only 180 volts. What's more, a 35-
element semiconductor structure spaced over a 
total length of 1 cm has resulted in terminal gains 
at voltages as low as 50 volts, clearly more compat
ible with d-c voltage supply requirements. 

It is important to note .that the limit on seg
mentation is not, as might be expected, that of form
ing the ohmic contacts, since standard opto-mask 
techniques allow these contacts to be only a few 
microns apart. Rather, the limitation results in pro
viding sufficient interaction wavelengths in each 
semiconductor segment, because sufficient separa
tion is required between adjacent sections to pro~ 
vide d-c isolation. 

Besides the segmentation capability, another ad
vantage of spatially separated semiconductor am
plifiers results from the fact that the spacing be
tween the semiconductor and the acoustic substrate 
can be adjusted to optimize the gain at a given 
frequency. Noise buildup results if this degree of 
freedom is not available. Bulk acoustic wave am
plifiers commonly suffer from this problem. But 
more important, even if the spacing of spatially 
separated surface acoustoelectric amplifiers were 
incorrectly chosen, the bidirectional transducers 
used in these devices cease to operate acoustically 
outside their passbands. Thus, feedback of un
wanted signals is greatly inhibited by the ever 
present simple acoustic termination of the back
wave at the substrate edge. 

Check up 

Low voltage operation of these composite sur
face wave acoustoelectric ·amplifiers in experiments 
by Stanford University has determined their impor
tant characteristics. In these tests, phase shifts 
varied less than 250° for drift-field changes from 
zero to that necessary to achieve maximum terminal 
gain. Also the output power increased linearly with 
input power until about 5 db from maximum, at 
which point amplitude distortion occurred. This 
distortion was seen by injecting two tones 80 kilo
hertz apart and studying the resulting intermodula
tion products within this frequency range. Addi
tional tests determrined the terminal gain as a 
function of frequency at a given drift field by 
operating the transducers at the odd harmonics of 
the fundamental, and also below their fundamental. 
Net electronic garin greater than 15 db/ cm between 
20 Mhz and 1200 Mhz results, confirming the ex
treme broadband nature of the amplification even 
with fixed air gaps and drift field. 

An interesting capability of this type of am
plifier, demonstrated during these tests, was that 
each segment of the silicon-on-sapphire structure 
could act as a directional transducer. This was 
accomplished by feeding r-f power in series with 
the d-c drift field and using a bidirectional inter
digital transducer for the output. With this con
figuration, a delay line loss less than 20 db 
was readily attainable. This low loss points to the 
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possibility of building active tapped delay lines 
to integrate acoustic surf ace waves with conven
tional microelectronics. 

In addition to providing variable amplification, 
the same silicon-on-sapphire acoustoelectric am
plifier configuration also can perform other im
portant signal processing functions. The amplifier, 
operating in its saturated (nonlinear) region, ef
fectively mixes r-f signals, and this taken together 
with external feedback allows extremely stable 
oscillation. Hence, amplification-variably attenu
ated and limited through saturation-as well as 
mixing and oscillation can be performed all with 
the same con£guration. 

It is not overstating the ,case to say that the con
ventional i-f amplifier, operating in the center fre
quency range of 30-500 Mhz, has a very serious 
new competitor, at least for signal processing appli
cations requiring microsecond time delays. And 
although the configuration described here is exceed
ingly inefficient-approximately 0.1 % at 100 Mhz
it is monolithic, eliminating the interstage tuning 
coil and transformers of the hybrid i-f amplifiers. 
With this technique it is feasible to conceive of a 
1-Ghz amplifier, mixer, local oscillator and low fre
quency amplifier (100 Mhz) operating on a single 
substrate. 

A technique for both amplifying and mix
ing is also under investigation, and certain funda
mental experiments toward this goal have been 
performed. The basic principle is that high ampli
tude surface acoustic waves experience nonlineari
ties due to the third order elastic constant of the 
piezoelectric, and because of these nonlinearities, 
such waves generate travelling wave harmonics 
with nondispersive properties. In YX quartz, for 
example, approximately 1 milliwatt of the third 
harmonic power will result from 1 watt of 100 
Mhz fundamental power. The limitation here is 
in the saturation of the harmonic power, which 
occurs for larger amplitude inputs. 

Because of the third elastic constants, parame
tric mixing is realizable. Two inputs, called the 
pump and signal at frequencies f P and f. respec
tively, result in the generation of an idler at a 
frequency f 1 = f P - f •. Grounds for optimism 
concerning low noise parametric amplification of 
surface acoustic waves are based on successful 
experiments conducted some years ago that used 
arrays of microwave varactor diodes, exhibiting 
nonlinear capacitance versus voltage characteris
tics, that are distributed along transmission lines. 
However, problems exist with restricting frequency 
products, so that only a three or four frequency 
process is allowed. Advances here will depend on 
realizing designs of the necessary surf ace acoustic 
wave filters for travelling waves. 

Guided waves 

Guiding acoustic waves is not a new concept. 
In the last decade simple wire delay lines used 
at frequencies up to a few Mhz for simple signal 
processing have constituted one important exam-
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ALUMINUM NITRIDE 

I SAPHIRE 

I 

• 
SILICON SECTIONS CONSTITUTING 
LOW VOLTAGE AMPLIFIER 

SILICON DIRECTIONAL 
INPUT TRANSDUCER 

SILICON DIRECTIONAL 
OUTPUT TRANSDUCER 

Looking ahead. This proposed low-voltage sandwich 
acoustoelectric amplifier uses carrier-wave directional 
transducers and a segmented silicon-on-sapphire drift 
structure. First silicon is grown on sapphire, after which 
the composite .receives an overlay of piezoelectric 
aluminum nitride. This design does away with the air 
gap, troublesome at high frequencies. 

pie. But at high frequencies, elimination of multi
modes require wire diameters of only a few mi
crons and these are not self-supporting in useful 
lengths of several centimeters or more. 

Applied to microwave acoustics, surf ace wave 
guides will provide the transmission lines of the 
technology. They are vital for many system ap
plications, since processing large amounts of data 
with long delays in a small area requires efficient 
utilization Df substrates. Currently, interdigital 
transducers with apertures of 30 to 100 wavelengths 
are used. But these transducers simply are too wide 
to conveniently allow more than one or two acous
stical beams to propagate on a substrate. Thus, 
just as in electromagnetic technology, some form 
of wave guidance must be employed to fold a long 
transmission path onto a small delay-line substrate. 
In other words, the ability to guide along prescribed 
paths, not necessarily straight, with the acoustic 
field laterally confined within a few wavelengths, is 
a necessary requirement for a versatile surface wave 
integrated circuit technology. This is because the 
line-of-sight propagation results in serious beam
spreading losses. 

But there are inherent disadvantages to guiding. 
For one, guides introduce dispersion into the 
acoustic propagation-the price for field confine
ment. Fortunately, the effect is tolerable: a fre
quency change of 2.5 times produces a phase 
velocity change of only 5%. More serious, pure 
modes do not travel in wave guides. The mathe
matical treatment of the boundary conditions 
shows that leaky waves also exist during guided 
propagation, which means that energy will radiate 
from the wave guide into the bulk of the sub
strate. This problem becomes particularly severe 
when waves are guided around corners. This sets 
the minimum limit on the guide radii. Typically, a 
100-wavelength radius right-angle bend gives a 
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"SLOW" ON "FAST" 
ACOUSTIC MEDIUM 

"FAST" ON "SLOW" 
ACOUSTIC MEDIUM 

GROOVED 
WAVEGUIDE 

Groovy guides. Three simple forms of guiding acoustic surface waves are easily realizable. A "slow" velocity overlay 
on a "fast" velocity substrate confines the acoustic energy in the region on the slibstrate beneath the overlay. Using 
a "fast" overlay to form a slot on a "slow" substrate confines the energy to the slot. Parallel grooves etched 
in the substrate will also efficiently confine the acoustic energy. 

Guide lines 
Launched iby interdigital transducers, surface 

waves that travel on the free surface of a solid are 
pure Rayleigh waves with particle displacements 
elliptically polarized in a plane containing the prop
agation direction and the surface normal. The pure 
Rayleigh mode is nondispersive; i.e. , velocity has a 
a .constant value independent of frequency. However, 
when the surface of the substrate is covered with a 
film of different material, it is no longer free, and the 
surface wave propagation deviates from the pure non
dispersive Rayleigh mode. This deviation is due to 
such factors as changed boundry conditions, and plate 
modes in the film coupling with the Rayleigh wave 
in a frequency dependent manner. The net effect of 
a film overlay having a slower shear wave velocity in 
the pr-0pagation direction than .that of the substrate 
is to introduce dispersion, with the surface wave 
velocity decreasing with increasing frequency. And 
this velocity change produces differential time delays 
between different frequencies-a necessary property 
of pulse compression filters . Since velocity is inversely 
propoI'tional to square root of density, slow overlay 
materials generally have higher density than the 
substrate. 

Specific dispersion data obtained at Stanford Uni
versity for a 5,000 Angstrom gold overlay on lithium 
niobate shows that at 100 Mhz the induced frac
tional phase velocity change is -0.22, loss increase 
is 20 db per inch, and differentional time delay is 0.32 
sec per inch over a fractional bandwidth of 0.20. 

If a slow acoustic-velocity .overlay material in the 
form of a narrow strip (less than I wavelength) is 
placed on a fast acoustic-velocity substrate surface, 
with its length in the propagation direction and its 
width perpendicular to this direction, the mode cou
pling causes the surface wave to be bound to the 

loss at 10 Mhz of 1.5 db, whereas electromagnetic 
waveguide loss is negligible around bends. 

Aside from concentrating acoustic energy in 
desired paths on a substrate, a waveguide must 
also satisfy two conceptual requirements. It must 
be compatible with planar transducer construction, 
so that a lossless interface will exist between the 
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region beneath the strip. Further, if the overlay strip 
is curved instead of straight, the surface wave tends 
to follow the curved strip path-that is, it is an acous
tic waveguide. A more accurate, although less 
descriptive, electromagnetic component analog is .the 
microstrip transmission line. Experiments show that 
for a gold strip one wavelength wide on fused quartz, 
a 90 degree bend can be made with 100 wavelength 
radius at IO Mhz, with a moderately low loss of less 
·than 2 db. 

An equivalent guide structure uses "fast" on "slow" 
acoustic velocity material with "fast" material es
sentially focusing the acoustic energy and confining 
it to the unclad surface. This type may provide less 
dispersion and lower loss than the strip guide since 
the acoustic energy propagates on an unclad surface, 
but this has not yet been proven. 

Another possible structure is the grooved guide 
which provides lateral confinement via etched side 
walls. The groves act as acoustic ''breaks" trans
forming the Rayleigh wave into a bound mode be
tween the grooves. With this construction, using 
optical probing techniques, significant data at I Mhz 
was obtained by Ash and co-workers at University 
College, London, on steel waveguides with conven
tionally machined grooves. Their findings indicate 
that future experiments at vhf frequencies and above 
will require accurate etching or ion beam machining 
in anisotropic piezoelectrics. 

Acoustic waveguide technology is still developing 
and considerably more experimenting is needed over 
wide frequency ranges before an optimum approach 
can be determined. Furthermore, the outcome of this 
work will probably determine just how versatile 
surface wave acoustics will be in future system appli
cations. 

transducer and guide, and it must be as acousti
cally isotropic as possible, so that the acoustic 
propagation is independent of direction. 

Three guiding methods are presently available. 
One uses a thin overlay-much less than a wave
length thick-of a slow acoustic velocity material 
on a substrate composed of a fast acoustic ma-
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terial. This arrangement confines the acoustic en
ergy to the region of the "fast" substrate directly 
beneath the "slow" overlay. Another achieves the 
same objective by using a "fast" overlay to form a 
"slow" substrate slot. And finally, guiding can be 
accomplished simply by grooving the substrate, 
forcing the acoustic wave to travel between the 
grooves. Although this last method requires no 
overlay material, it does necessitate etching grooves 
in a piezoelectric substrate, and because of the 
chemical inertness of many piezoelectrics, such as 
lithium niobate, this is no easy task. 

The one common design requirement for all 
three methods is that the width of the confining 
structures {overlay, slot, or grooves) must be 
less than one wavelength. This however is difficult 
at high frequency; at 1-Ghz, for example, surface 
acoustic wavelengths are smaller than 10 microns. 

To get away from difficult fabrication require
ments, a topographical class of guiding with ridge 
geometry may be used, where energy is confined 
either above or below the surface of a single ma
terial thus eliminating the overlay or groove fabri
cation. This type of silicon ridge formation is con
ventionally formed in metal oxide semiconductor 
(MOS) integrated circuits. 

More work 

But extensive experimenting must be done before 
guiding becomes a system reality. Most investiga
tions so far have involved only straight paths at fre
quencies below 30 Mhz. Gold on fused quartz 
has received considerable attention by Adkins and 
Hughes at Autonetics in regard to dispersion and 
loss per wavelength. In addition, they are study
ing lateral confinement of the acoustic energy
an important parameter of substrate "traffic con
trol". The work involves measuring the width of 
an acoustic beam from an 11 Mhz wedge trans
ducer as it travels along a quartz substrate first 
without, then with, a gold overlay. Measurements 
without guides showed a wide beam of high ampli
tude which was essentially the launched beam after 
undergoing a small amount of diffraction. Then gold 
guiding strips, 1.5 microns thick and 10 mils wide, 
deposited onto the quartz narrowed the beam by a 
factor of 3. 

More recent experiments show that partical dis
placements decay to 1/a in less than two wave
lengths from the edge of the gold. In these measure
ments a low amplitude signal, some 20 db down 
from the main signal, was detected which corre
sponds to the energy not guided by the gold strip. 
Although not currently a serious problem, the sig
nal, which results from that part of the launched 
beam that does not enter the guiding region, can be 
significantly reduced by tapering the gold between 
the input transducer and the waveguide. 

These relatively primitive experiments indicate 
that high-frequency waveguide technology is still 
in its infancy. Work is yet to be performed with 
anistropic single-crystal materials, which are es
ential for low-loss delay lines at high frequiencies. 
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Similarly, low-loss overlay materials are mandatory. 
There is a chance that sputtered dielectric films 
might work at uhf, but heteroepitaxial growth proc
esses will most likely be required at these and 
higher frequencies to keep losses below about 1 
db/ cm. In any event, the present limitations in 
existing guide configurations point up the need to 
launch surface acoustic waves on arbitrary non
piezoelectric substrates using locally deposited, 
oriented piezoelectric films. 

Guiding components 

Wave guides are a necessary part of such passive 
components as bandstop and bandpass filters, and 
directional couplers. Also, guiding can produce the 
acoustic analog of electromagnetic short and open 
circuit stubs. And by arranging an array of guides 
along a central waveguide carrying the principal 
delay line signal, filtering is readily attained in a 
manner analogous to electromagnetic filtering. In 
addition, recent experiments at 10 Mhz demon
strate the feasibility of phase interference-type 
directional-couplers which can be realized by plac
ing in close proximity two parallel waveguides of 
gold on a fused quartz substrate. With this arrange
ment the acoustic energy, fed into one guide, propa
gates until reaching the other guide, the two guides 
having a center-to-center spacing of 30 mils, or 
approximately three wavelengths. As the propaga
tion proceeds, energy has been observed to transfer 
back and forth between the two guides, a phe
nomenon which demonstrates the feasibility of 
acoustic-guide coupled-mode directional-couplers. 
Important design parameters are coupling length, 
degree of coupling, and dimensional dependency on 
frequency. Although tentative, measured coupling 
length, for optimum power transfer between the 
guides, is typically 40 wavelengths. 

Considerable research remains if these circuit 
components are to prove useful to the microwave 
engineer. For one thing, specific data is not avail
able for the values of coupling and directivity, as a 
function of frequency. Moreover, the problem of 
efficiently channeling energy from a wider trans
ducer to a narrow guide has not been studied. 
Thus information is unavailable on the nature of 
the acoustic discontinuity introduced by a device 
such as the straight-path directional-coupler. Also, 
discontinuities due to waveguide bends must be 
analyzed, since the signal must be routed away from 
the parallel coupling section either for further proc
essing or for converting to output electromagnetic 
energy. 

Materials matter 

Regardless of the obstacles to wave guide ad
vancements, the proper choice and development of 
materials will greatly facilitate that program, as well 
as promote the entire microwave surface acoustic 
wave technology. In fact, this new technology will 
advance only as fast as new materials are found 
to meet the demands. Some of the well-known 
piezoelectric materials-quartz and lithium niobate 
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-are certainly suitable for many surface wave ap
plications, but a comprehensive technology will re
quire a wider range of materials. For example, 
needed for the guiding problem are a range of low
loss single-crystal films on single-crystal substrates 
with various combinations of "slow" on "fast" and 
"fast" on "slow" materials. Heteroepitaxial mate
rial combinations are also necessary for amplifiers, 
since these materials off er the possrbility of utilizing 
other modes of propagation, such as Love waves 
and Stonely waves-the latter confined to the inter
face between two welded materials. In fact, the 
entire future of microdistributed circuitry may 
depend on producing controlled heteroepitaxial ma
terial combinations. 

Bulk materials 

In bulk form the three most important material 
properties are electromechanical coupling factor, 
surface wave velocity, and compatibility with mi
croelectronic fabrication techniques, the latter being 
required for interdigital transducers. Their impor
tance is this: electromechanical coupling essentially 
determines the quantitative tradeoff between inser
tion loss and bandwidth for a delay line; the surface 
wave velocity determines the maximum informa
tion density in the line; and the compatibility with 
fabrication techniques determines such factors as 
yield and related cost. 

Bismuth germanium oxide is emerging as an irrl
portant material that satisfies these requirements. 
Perhaps its major significance is that its time
fractional bandwidth product per cm, so important 
in radar applications, is superior to all known single 
crystal materials. Moreover, it may be grown at 
temperatures below 1000 degrees centigrade by the 
Czochralski pulling technique, a growth process 
very popular in solid-state materials work. In addi
tion, the material is cubic and non-ferroelectric, the 
latter in contrast to lithium niobate. This means 
that poling is unnecessary, avoiding the peripheral 
cracks, the loss of useful material, and the danager 
of shattering the boule which is associated with this 
process. But more significantly, bismuth germanium 
oxide can be readily etched along useful coupling 
directions to form acoustic waveguide grooves, a 
property unfortunately not shared by quartz or 
lithium niobate. The slow surface wave velocity 
also makes it suitable for "fast" on "slow" slot guide 
structures with most overlay materials. In addition, 
it is photoelastic and photoconductive, which prom
ise future device applications. 

Good combinations 

Bulk materials are important, but heteroepitaxy
growing one single-crystal material upon a sub
strate single.,crystal material of different chemical 
composition-may be the answer to the materials 
problem. Silicon-on-sapphire i(sos) in combination 
with lithium niobate for the surface acoustoelectric 
amplifier is one example of hete.roepitaxy growth. 
This type of fabrication, achieved by a process 
known as chemical vapor deposition (CVD), has 
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proved a powerful technique in the overgrowth of 
a wide range of metals, semiconductors, ferrimag
netic spinels and garnets, piezoelectrics and ortho
ferrites on selected single-crystal substrates. 

One of the most important recent developments 
in microwave acoustic materials, achieved by a 
close-spaced vapor-transport deposition process, is 
the successful growth of the piezoelectric zinc oxide 
(ZnO) on sapphire in films up to 100 microns thick. 
Later counter-doping with lithium modifies the re
sistivity of the material for use in both interdigital 
transducer and amplifier applications. In addition, 
annealing in oxygen allows all the piezoelectric 
properties of bulk ZnO to be realized in the films. 

The process uses a hydrogen gas carrier mixed 
with hydrochloric acid flowing through the system 
to transport the sapphire substrate surface, so that 
the C-axis of the ZnO will lie in the X-cut plane. 
Using this material, delay lines with interdigital 
electrodes that have been deposited at 4 mm sepa
ration show a total insertion loss of only 15 db, 
most of which arises from r-f conduction losses in 
the film. To our knowledge this is the first example 
of a surface acoustic wave transmitted along a 
heteroepitaxial film. 

In addition, this new material allows arbitrary 
patterns such as ridge waveguides to be etched 
out. This means that parallel signal processing 
delay channels can now be fabricated with low loss 
in each of the parallel delay lines. And by utilizing 
spatially separated SOS with a one-to-one corre
spondence between the ZnO lines and the silicon 
section (one silicon section to one ZnO ridge wave
guide section) allows the addition of controlled 
amplification and attenuation to each channel by 
suitably adjusting the d-c power to the silicon sec
tions. And by properly choosing the spacing be
tween the ZnO sections, cross talk between chan
nels can be kept as low as desired. 

Integration 

Because of its compatibility with silicon tech
nology, another material of great interest is alu
minum nitride. This material, which is strongly pie
zoelectric, has great potential for an integrated am
plifier using silicon-on-sapphire transducers and 
amplifiers. Transduction is accomplished by the 
interaction of carrier waves in the silicon-on-sap
phire with the acoustic waves in the aluminum 
nitride. Aluminum nitride is an excellent material 
because it has a large bandgap, typically 6 electron 
volts. This gives a resistivity of approxirrlately 1011 

ohm-cm at room temperature, allowing electrical 
isolation between the silicon segments. Also, be
cause it's a fast velocity material, acoustic energy 
propagates in it at velocities similar to that of silicon 
and sapphire, resulting in very low dispersion. Thus 
we can anticipate the construction of a monolithic 
microelectronic acoustoelectric amplifier in which 
the disadvantages of the spacing between materials, 
such as lithium niobate and silicon, are avoided. 
And most iniportant, since no gap is required, the 
material provides a greater interaction volume for 
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Deposits Grow 

HYDROGEN H2 WITH 
4"/o SiH4 

t 
H2 WITH 
As H3 
(100 PPM I 

A film deposition process, called chemical vapor 
desposition ( CVD), has been developed to grow het
eroepitaxy crystals-growth of a single crystal film 
upon a crystalline substrate material of different 
chemical composition. The growth of silicon-on
sapphire, important in surface acoustoelectric ampli
fiers, typifies this process. 

The system includes a reactor tube which serves 
as the growth chamber, a hydrogen bum-off, and a 
nitrogen flush capability, in addition to silane and 
arsine gases. The reactor, after loading a 20 mil thick 
sapphire substrate onto the susceptor, is initially 
flushed with nitrogen and then hydrogen. The r-f 
coil cleans the sapphire substrate by heating the sus
ceptor to 1200. degrees centigrade in a hydrogen at-

1·;:phere. The temperature is then reduced to 1000 
degrees centigrade, and a mixture of four percent 
silane in hydrogen and 100 parts per million arsine 
in hydrogen is introduced into the reaction chamber. 
The silane dissociates into hydrogen and silicon, the 
latter depositing on the sapphire substrate in single 
crystal form. 

Arsine dissociation also takes place with arsenic 
depositing along with the silicon to give arsenic 
doped n-type layers. The resistivity of the layers is 
controlled by the amount of arsenic introduced, 
which is in tum controlled by the flow rate of the 
: rsine-doped hydrogen into the chamber. 

Deposition rates are typically 0.3 microns per min-

the electric fields, higher saturation power and po
tentially higher frequency of operation. 

Another good combination is gallium arsenide 
(GaAs) on beryllium oxide (BeO). GaAs is "slow" 
and BeO is "fast" allowing the formation of wave
guides. Further, since BeO has a thermal conduc
tivity at room temperature exceeding copper, ex
cellent heat sinking is in the offing, which means 
that greater d-c fields can be used in the acousto
electric amplifying configurations. This is seen from 
the fact that GaAs films of 30 microns thickness 
grown on sapphire have electron mobilities as high 
as 6500 cm2/volt-sec., far exceeding that of silicon. 

Boosts technology 

Although weakly piezoelectric, !bulk GaAs used in 
acoustoelectric amplifiers built by Stanford Uni-

Electronics I December 8, 1969 

H2 
BURN-OFF 

ute. Following deposition, the system is allowed to 
cool slowly under hydrogen. The doping is a critical 
process when resis,tivities of 100 ohm-cm are re
quired, since this corresponds to 0.01 parts per 
million doping level in the film. The last step, baking 
the film and substrate at 1200 degrees centigrade, 
homogenizes the doping level through the layer. 

In heteroepitaxy growth processes it is important 
to consider certain relationships between the over
growth film and the substrate. For one thing, simi
larity between the atomic arrangements in the over
growth and the substrates is definitely advantageous. 
Another point is that if the substrate is not phys
ically and chemically inert during film growth the 
film is contaminated by the substrate. Since most 
growth processes require high temperatures, it is 
essential that the coefficients of thermal exµansion of 
the film and substrate be closely matched over the 
ambient-growth temperature range. This orecaution 
will assure the physical soundness of the films upon 
cooling to room temperature, as well as prevent the 
initiation of crystal defects resulting from high stress. 

Single crystal materials are important for low-loss 
devices at high frequencies. The development of fu
ture monolithic devices having multifunctions-semi
conductor, acoustic, magnetic, optical, etc.-will be 
paced by the ability of materials technology to pro
duce an entire range of suitable heteroepitaxial ma
terial combinations. 

versity had sufficient electromechanical coupling 
at Ghz frequencies to give electronic gains of 70 
db per cm. Thus, heat sinked, low voltage, ampli
fying waveguides seem a real possibility in future 
applications. 

Laboratory samples of GaAs on BeO are becom
ing available for comprehensive acoustic investiga
tions. This will allow an important aspect of the 
physics of heteroepitaxial interface states to be 
analyzed-namely the nature of the interface 
between the overlay and the substrate-.lby studying 
both semiconductor and acoustic wave propagation. 
And for this purpose since heteropitaxial combina
tions do not always involve a piezoelectric, locally
deposited oriented pieozoelectric films will be used. 
Currently some 60 heteroepitaxial combinations are 
available for study. • 
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This new keyboard 
will give you 
some idea 
of just how much 
our computerUed 
counter can do. 

Our 5360A Computing Counter is much, much more than a 
counter. A computerized digital measuring system would 
be more accurate, because it measures frequency, period, and 
time interval at speeds and resolutions never before possible. 

And now this unique measuring system can be even more 
useful to you, with the addition of the 5375A Keyboard. 

You can enter programs and have the keyboard learn and 
run them automatically. For example, phase, standard deviation, 
ranging, rate-of-change, FM deviation, VCO linearity, residual 
FM, averages. In fact, this keyboard lets you program the 
counter to display, in real time, solutions to equations whose 
variables are the measurements made by the counter. 

As you can see in the photograph, the keyboard will 
handle all basic math, including root, branching and looping 
within the program. 

~375A KEYBOARD 
HEWLETT • PACKARD 



In short, it's designed to keep up with the capabilities of 
the counter. 

This is quite a feat in itself. The counter makes 
measurements to 320 MHz on its own, and goes all the way 
to 18 GHz with plug-ins. Another plug-in affords the first 
100 picosecond time interval resolution ever available in a 
counter. Besides being faster and more accurate than any 
previous instrument of its kind, the 5360A has eleven-digit 
resolution, with fixed decimal display, automatic units and 
blanking, to give you error-free readout. 

You'll find that the 5360A Computing Counter makes 
measurements you could never make before. And it saves you 
time and the expense of setting up elaborate measuring 
systems. It will do all this for just $6500, plus $1350 for the 
5375A Keyboard. 

For all the data and applications, call your local HP field 
engineer. Or write to Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, Switzerland. 

'"• -- .. 
~··-•- .. u•1o.; . .;~ 1 ~=::~-- .... 

(-9 _ ...... '" .. 

-:;,i[m•=m ..... .. . 

HEWLETT"' PACKARD 

ELECTRONIC COUNTERS 
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e With their megohm-range input impedance, field ef
fect transistors seem ideally suited for duty at the in
puts of a variety of circuits. And so they are, with one 
big exception. Because of the high price for a matched 
pair, FET's haven't found a place as the input com
ponents in differential circuits. But because of a new 
design for matched junction FET' s that high price is on 
the way down. And FET's will certainly be used, in dif
ferential circuits once the price barrier disappears. 

Now, two FET's can be built on a single chip in such 
a way that the transistors' characteristics are identical to 
begin with. This means there's no need for expensive 
testing to match them. In this new technique the gate, 
source, and drain of one transistor form an interdigitated 
pattern with the gate, source, and drain of the second. 
With this layout the geometric centers of the two gates 
are at the same spot, which turns out to be the center 
of the chip. Any differences in processing variables affect 
both transistors to the same degree and in the same way. 
And this means that the two are just about perfectly 
matched. 

For an engineer to use FET' s as a differential-input 
device, he must have two transistors that are identical; 
if the same input is applied to both, they must produce 
identical outputs, and not just at one temperature. Tran
sistor makers determine how closely two FET' s match 
by measuring their offset voltage, a V Gs; the smaller 
a V Gs is, the better the match. Offset voltage is measured 
at some specified drain current, Io (usually it's 200 
microamps). Each transistor is connected to a current 
source where its V Gs is adjusted until its Io is the speci
fied value. When both transistors are carrying the speci
fied drain current, their V Gs' s are subtracted, and the 
difference is a V Gs for that drain current. Matched FET's 
are classified according to a V Gs; those with 5 millivolts 
are usually the top class, while the bottom may be as 
poor as 50 mv. 

Usually aVGs ·varies with In; therefore two FET's 
matched at one value of Io don't necessarily match at 
another In. On the other hand, measuring a V Gs is 
usually all that's needed; if the offset voltage is small, 
the transistors' other parameters, such as drain-to-source 
resistance, Ros, will most likely match. 

Two FET's with supposedly the same specifications 
may not be identical because of the difficulty the maker 
has controlling process variables, such as epitaxial thick-
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ness. Even matched FET's made in the conventional 
manner on adjacent chips don't necessarily have to 
match because, for example, the epitaxial layer may be 
deeper on one chip, or the wafer or the metalization 
layer may be thicker. 

Left with a pile of nonidentical FET' s the maker has 
no choice but to test each one, trying to pair the tran
sistors off. Computers help in this matchmaking but the 
process is still slow; and what's worse, each test usually 
destroys a few of the transistors. The result of this slow 
and destructive testing is that the price of a matched 
pair is about three to five times the price of two un
matched FET's. 

Attempts to solve the matching problem by building 
two FET's side by side on one chip haven't been success
ful because even if the transistors are this close, differ
ences in processing variables still gang up to destroy 
the match. 

With the new interdigitated layout the need for costly 
testing is eliminated, and the price of the matched pair 
comes down quite a bit. For example, the 2N3955, a 
standard two-chip matched pair, sells for $8; however, 
National Semiconductor's new FM3955, an equivalent 
monolithic dual made with this new technique, has a 
price of $5.60. 

The yield for a monolithic pair matched to within 
±5 mv with a drift of 10 microvolts per °C is between 

lnterdigitating two transistors 
on a chip assures a perfect 
match, thus avoiding testing 
and pairing of separate 
chips; 
and of the 
National Semiconductor 
Corp. tell how interdigitation 
lowers prices. 
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Using matched FET's 
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25% and 35%. For an equivalent two-chip pair, the yield 
is around 2%. And when monolithic pairs are matched 
to within ±2 mv with a drift of 5 p.v/°C, the yield is 
still 10% to 15%. Tolerances so close are out of the 
question for two-chip pairs. 

Obviously, present users of matched FET's will be able 
to cut the prices of their own systems, and those making 
do with less expensive bipolar substitutes may now 
be able to step up to FET's. One group that will be par
ticularly happy are makers of hybrid operational ampli
fiers. Using matched FET's as input devices, op amp 
manufacturers will be able to push their amplifiers' slew 
rate up to 100 volts per microsecond, typically, they can 
reach 10 volts/ µsec now without resorting to specially 
designed components. · 

How much the proximity of the two FET's improves 
their match can be seen by considering a typical tran
sistor process variable, such as expitaxial thickness. The 
way any process variable, P, changes from point to 
point over the surface of a chip can be described by a 
power series 

P = a1x+ a2x2 + ... + a1x1 + ... 
where the a1's are constants and x is the displacement 
over the surface of the wafer. The constants are different 
for different variables. 

The mismatch between two transistors can be calcu-

The inputs to the frequency doubler (upper left) are 180° out 
of phase; thus the circuit eliminates the first harmonic, (fw). 
·Since FET's are square-law devices, the second harmonic, f(2w), 
has no trouble getting through to the output. How good a job 
the doubler does eliminating third- and higher-order har
monics depends on how closely the FET's are matched. In both 
the temperature comparator (upper right) and the thermo
couple amplifier (center right) the matched FET's present the 
necessary high input impedance to the thermocouple while 
amplifying its output. In the comparator the third FET combines 
the zener diode to give a reference voltage. The multiplexer 
(lower right) is a new appl ication for matched FET's. But they 
multiplex only if each pair's drain-to-source resistance match. 
W ith the monol ithic pairs the match can be to within 0.1 % 
over a wide range of drain currents. 

68k 
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lated by letting x equal the distance between the geo
metric centers of the two gates. Theoretically then, when 
the gates are at the same spot, there is no mismatch be
tween the two transistors. 

Epitaxial thickness varies irregularly over an entire 
wafer; however over distances on the order of 40 mils 
the thickness can be considered a linear function of x. 
And the centers of gates of the FET's on adjacent chips 
are usually 20 mils apart. If the average linear variation 
of epitaxial thickness is a typical value such as -+-7%, 
if the epitaxial material is 1-ohm n type, and if each 
FET's pinchoff voltage (the range from full off to full 
on) is 3 volts, AV Gs is on the order of 26.7 millivolts. 
If, on the other hand, the gates' geometric centers are 
1 mil apart, the mismatch is 1.4 mv. 

The effects of the higher order components are harder 
to calculate. The second-order component of a particular 
variable can be approximated by multiplying the value 
of this variable at a small section of the gate by the 
square of the distance between the section and the gate's 
center, repeating this for several hundred sections, and 
then adding the products. When this is done for two
chip pairs, the mismatch caused by second-order com
ponents is on the order of 20 times what AV Gs is for 
the monolithic pair. 

Besides having the interdigitated design, the matched 
transistor pair also share the same heat sink which 
improves the temperature tracking. Two-chip pairs must 
be bonded separately onto dielectrically isolated regions 
of a header. 

Sharing the same substrate can have its drawbacks 
however. If the differential voltage between it and a 
diffused gate exceeds the pinchoff voltage, a gate-to
substrate reachthrough phenomena occurs that is similar 
to collector-emitter punchthrough breakdown in high
beta bipolar transistors. As long as the reachthrough 
current is in the microamp region, the transistors won't 
be damaged. 

Naturally, there is some testing involved in making 
a monolithic matched pair. However, the amount of test
ing is nowhere near what is involved in matching two
chip pairs. In the latter instance each wafer, which con
tains 2,500 or 3,500 chips, is treated separately, and each 
chip must be probed at two different drain currents. 
Once this is done, the data is logged onto punch cards, 
and the cards are sorted according to AV GS· Then the 
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Testing. Once the potentiometer is set 
so that each resistor gets the same 
current, -V is adjusted until In equals 
some specified value, usually 200 
microamps. The difference between the 
gate voltages is then that pair's offset 
voltage. To find AVGs at some other 
drain current, it's necessary to adjust 
only-V. 

matched pairs are attached to their headers. Attaching 
one chip and then the other often alters the chips' char
acteristics, destroying any match the two transistors 
might have had. Therefore, after the FET's are finished, 
they must be given a final go no-go test first at room 
temperature, and then at some higher temperature to 
ensure tracking. 

By contrast, testing the monolithic dual transistors is · 
a relatively easy task. The circuit shown in the above 
figure permits direct reading of AV Gs with a differential 
voltmeter. 

The circuit's goal is to set the source voltage of both 
transistors to ground. This way any voltage applied to 
the drain will in fact be the drain-to-source voltage, Vns· 
The negative voltage, - V, can then supply a specified 
In to each FET; to ensure that both drains are getting 
the same current, the two 9.5-kilohm resistors must be 
precisely matched. 

To get the source voltage to ground while holding the 
drain current constant is the job of the operational am
plifiers. Their positive terminals are grounded and the 
negative ones are tied to the sources. When the ampli
fiers' outputs are connected to the gates, the amplifiers 
force the source voltage of each FET to ground' by driving 
the gates negative. Then the amount of voltage on each 
gate is the voltage needed to produce the specified In. 
The circuits' output then is AV GS· e 
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This girl's picture was produced 
on a special Picturephone® system; it 
will never look like this in your 
home. The white areas mark the only 
picture points which changed in 1/30 
second (the duration of one video 
frame). The remainder of the picture 
was blanked out. 

This emphasizes how 
Picturephone use differs from ordi
nary television : the Picturephone 
camera usually points at a single 
scene throughout a call and most of 
the motion is confined to the 
subject's lips and eyes. Everything 
else-perhaps 90 percent of the 
picture-remains stationary. 

Frank W . Mounts of Bell Labora
tories used th is fact to design an 
experimental video system that may 

Transmitting the changing scene 

make it possible to transmit three 
Picturephone calls over a channel 
that otherwise could carry just one. 

An ordinary Picturephone system 
sends thirty complete pictures each 
second. In Mounts' experimental 
system, only changes from one 
picture to the next are transmitted. 
A complete picture (information 
about dot positions and brightnesses) 
is stored at both the transmitting and 
receiving ends. As the camera's 
electron beam scans the original 
image, the brightness at each point is 
compared with the stored value. 
Whenever there is a significant 
difference, the system updates the 
stored frame and transmits the new 
brightness level and dot position. 

At the receiving end, as the 

picture tube's beam arrives at each 
point, the incoming information is 
checked to see whether a picture
point revision has arrived. If so, it is 
displayed and stored. 

Because some areas of the picture 
do not change, while others change 
extensively, revised points may come 
in bursts. Transmitter buffers smooth 
the flow by reading the information 
out onto the line at a constant rate. 

This new technique, one of 
several now being investigated at 
Bell Laboratories, promises to help 
keep transmission costs down when 
the Picturephone service becomes 
generally available. @ 
From the Research and 
Development Unit of 
the Bell System-

Bell Labs 



tl1e 
TM 

GENERAL INSTRUMENT ADVANCED NITRIDE TECHNOLOGY 

118 Electronics \ December 8, 1969 



tlle first 111111 tHll\' 25-ltlt a11tl :12-ltit t'llAlt 
Stntl£ Sllllt l~e91lste1·s tll1·e£fl\' £tt11111atll1le 

'''ltl1 '1,,1,1.4/lt'l,l.4 a1HI i\\tlS are lilANTs. 

Logic Diagram 

QUAD 25-Bit or 32-Bit 

Static Shift Register 

Va;& Vu 

DATA INPUT 2 !"'8---+-~ 

CLOCK 
7 

DATA INPUT 3 t'-9---+-~ 

TIL/DTL Operation 

FROM TTL/ OTL LOGIC 
6R.Gl's LOW VOLTAGE 

MOS LOGIC 

MOS Operation 

- 12V + 5.0V 

- 17V 

DATA OUTPUT 1 

v., 

TO TTL/ OTL LOGIC 
OR Gl 's LOW VOLTAGE 
MOS LOGIC 

FROM HIGH OR 
LOW VOLTAGE 

MOS OR TTL/ OTL 
REFERENCED TO 

- 5.0 VOLTS 

QUAD SHIFT REGISTER TO HIGH OR 
LOW VOLTAGE 
MOS 

General Instrument's 4-bit byte 25-bit and 32-bit QUAD 
Static Shift Registers are the newest additions to the 
growing family of GIANTs. And, like all GIANTs, they are 
products of General Instrument's exclusive MI!:iS (Metal· 
Thick Oxide-Nitride-Silicon) process. 

A most lisnificant feature of these GIANT QUADS-and 
of wety stlndartl GIANT product-is the V01 terminal, 
which gives the user the choice of interfacing directly 
with m/DTL or MOS. 

&ch register llu one Mfial input and one serial output, 
and the clock input ia common to tlle four registers. All 
Inputs, includlns clock, can be driven directly from TIL/ 
DTL locic levels, and each output can directly drive TIL/ 
DTl without external interfacing components. 

Additional features of the GIANT QUADS include: opera-

tion over the full military temperature range of -55°C to 
+ 125°C and series or parallel operation. And the well
known performance and reliability advantages inherent to 
MI!:iS devices are, of course, also present in . the GIANT 
QUADS. 

Both the 25-bit (#SL-6-4025) and the 32-bit (#SL-6-4032) 
QUADS are available in 14 lead dual in-line ceramic pack
ages at your authorized General Instrument Distributor. 
For full information write, General Instrument Corpora· 
tion, Dept. Q, 600 West John Street, Hicksville, LI., N.Y. 
11802. 

(In Europe, write to General Instrument Europe S.P.A., 
Piazza Amendola 9, 20149 Milano, Italy; in the U.K., to 
General Instrument U.K., Ltd., Stonefield Way, Victoria 
Road, South Ruislip, Middlesex, England.) 

Price In quant ities of 100 pcs: QUAD 25·b~ (#SL·64025) @ $18.20 ea.; QUAO 32·blt (#SL·6-4032) @ $26.50 ea. 

131!NEF!AL. INSTF!UMENT COF!POF!ATION • SOC WEST .JOHN STF!EET. HICKSVIL.L.E. L. . I., NEW YOF!K 
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THIS 100-FOOT ANTENNA CAN BE DEPLOYED 
FROM A 10-FOOT PACKAGE. 



Getting a large-aper- ·-
ture antenna where 
you want it, when you 
want it, has become 
more and more of a 
problem in developing 
advanced space communica
tions systems. 

Until now, placing rigid, precision-sur
face antennas as large as NASA and 
the military would like them to be has 
been out of the question. 

But now General Dynamics' Convair 
Division has conceived a geodesic 
truss that makes possible an antenna 
from five feet to 100 feet or more in di
ameter that folds into a package just one
tenth of its deployed size. Spring-loaded, 
it erects automatically on command. 

Ten times the gain of today's an
tennas. The reason for a large-aper
ture is, of course, to achieve greater 
gain and narrower beams. The light
weight antennas we are developing for 
NASA are designed to provide a peak 
gain of more than ten times that of the 
largest communications satellite anten
nas available. 

This larger gain factor means the 
satellite needs less power output. 

Also, smaller, less-expensive 
ground terminals may be used. 

High performance combined 
with design flexibility. When de

ployed, this antenna would have a mesh 
surface covering the triangular ele
ments to form an accurate contour (di
ameter/surface tolerance> 5,000) for 
high performance through the upper 
microwave frequencies. And though 
conceived as a means of erecting orbit

al parabolic antennas, the same 
basic concept can be ex

tended to a variety of 
other configurations 

- such as helical 
and horn arrays. 

Small, lightweight package per
mits broad spectrum of uses. The 
advantages of getting an erectable an
tenna that folds into so small a package 
are obvious where launch vehicle pay
load is limited. For communications re
lays. Radio and television broadcasting. 
Radar. Radio astronomy and weather 
data acquisition. In potential military ap
plications for protected space commu"' 
nications systems. And for lunar uses 
looking not too far into the future. 

Applications foreseen in "inner 
space" too. We're also investigating 
the use of erectable antennas for port
able ground terminals, and on both sur
face vessels and submarines. Here not 
only is size to be considered, but the 
ease and speed with which such an
tennas may be deployed and retracted 
into a housing. 

This compactness also suggests use 
in underground silos where swift oper-· 
ation under changing tactical conditions 
would be imperative. 

Erectable antennas are just one ex
ample of our continuing work on space 
programs. More than 370 Atlas vehicles 
have been launched, and the 1969 
Mariner-Mars fly-bys were the tenth 
and eleventh operational Centaur mis
sions. Also, in the past year, seven Con
vair scientific satellites have been 
boosted into space. Earth-bound space 
support projects include three Apollo In
strumentation Ships built by General 
Dynamics for NASA's global tracking 
network. They all show what technology 
can accomplish when it's handed a 
problem. At General Dynamics we put 
technology to work solving problems 
from the bottom of the sea to outer 
space ... and a good bit in between. 

GENERAL DYNAMICS 
Technical information on erectable antennas is available on request Write: 
General Oynaniics, Dept 850, 1 Rockefeller Plaza, New York, N,Y. 10020. 
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We've tamed 
the TV ''jungle'' 

10 

Our design teams have pro
duced an integrated circuit 
that does the work of many 
separate semiconductors in 
the signal processing sec
tion of either a.monochrome 
or a colour TV set. This 
simplifies design and pro
duction, and simplifies ser-

m 

"' ... 

vicing too - when it needs 
attention, that is. The reli
ability of the new IC type 
T AA 700 is better than that 
of the silicon semiconduc
tors which it replaces. And 
its cost is comparable with 
that of conventional circuits 
with discrete components-

u 

particularly when you count 
assembly costs, as every set· 
maker must. How soon will 
you be ready to tame the 
"jungle" in your TV receiver 
design? You don't have to 
wait. Because Philips have 
a proven integrated circuit 
all ready to take its place. 

. .. 

PH I LI PS EUROPE'S STRONGEST GROUP 
IN SOLID STATE DEVICES 
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TAA 700 PUTS SEVEN 
DIVERSE TV RECEIVER 
SIGNAL-PROCESSING 
FUNCTIONS 
ON A SINGLE CHIP! 

This jungle IC, type TAA 700, is a 
central processor and distribution 
circuit for the video and synchronisa
tion signals in both monochrome and 
colour receivers. It replaces about 
twenty-five components in a conven
tional receiver. T AA 700 performs 
these seven distinct circuit functions: 

Video pre-amplifier 
Video gain is 10 dB; -3 dB band
width is better than 5 MHz for fine 
picture quality. Rise and fall times 
are less than 80 nanoseconds. Load 
impedance, seen by the video detec
tor, is typically 2,700 ohms, with less 
than 1.0 pF parallel capacitance. Out
put voltage is 6 V peak-to-peak, and 
an output current up to 15 mA is 
available. Output signal black-level is 
typically 5,0 V. Output black level 
variation due to temperature changes 
and "spread" is less than 600 mV. 

Gated AGC detector 
Input impedance is approximately 
1,000 ohms. Up to 8 V of AGC volt
age is available to control the IF 
amplifier, and up to 7 V for the 
tuner. The signal expansion at full 
control of both is less than 150/o. 
Both AGC and horizontal phase de
tectors are keyed. 

Noise gate 
The internal noise gate is frequency 
and amplitude selective. It protects 
both the AGC and sync separator 
circuits. 

Sync separator 
The sync pulse is "sliced" approxi
mately 300/o below its peak level. The 
noise inverter renders sync and AGC 
circuits insensitive to noise pulses. 

Automatic horizontal synchronisation 
The horizontal sync voltage output is 
approximately ± 3 V. Holding range, 
for an oscillator-reactance stage with 
a control sensitivity of 400 HzN, is 
approximately ± 1,000 Hz. A catch
ing range of ± 700 Hz is achieved 
without affecting noise. immunity, be
cause the phase detector is keyed. 
Horizontal synchronisation is fully 
automatic; even if some sync pulses 
may fail, due to interference, syn
chronisation of the horizontal deflec
tion is maintained. 

Vertical sync pulse separator 
Output voltage is over 10 V negative
going single pulse, measured peak-to
peak. 

Video amplifier blanking . 
An input is provided for both verti
cal and horizontal blanking. Peak
to-peak input voltage for video blank
ing is I to 5 V. 

Where does TAA 700 fit in your TV 
receiver circuit? 
The TAA 700 integrated circuit effec
tively ties up the "loose ends" of 
AGC noise gating, synchronisation, 
and video amplification (or lumi
nance in the case of colour). TAA 700 
input is taken from a vision IF ampli
fier, via the usual 4.5 MHz "trap" 
at the video detector output. You can 
drive either a single BF 178 transis
tor or a tube video output from the 
TAA 700 used in a monochrome re
ceiver. With colour, the luminance . 
drive available is effectively halvt:d 
(to 3 V), because the delay line has 
to be matched to the low impedance 
of the integrated circuit. This output 
is still sufficient to drive a high-con
ductance luminance output tube direct, 
but a transistor output stage will 
need an added emitter follower. 
You can use either tube or transistor 
vertical and horizontal oscillators 
with the TAA 700. 
TAA 700 comes in a QUIL - or 
Quadruple ·in-line - package, with 
a total of sixteen leads. 

What is a QUIL? 
QUIL stands for Quadruple-in· line; 
our new style plastic body for televi
sion IC's. QUIL is the Philips answer 
to all those tooling and asst:mbly 
problems which can arise when inte
grated circuits have to be mounted 
onto printed-circuit boards for tele
vision receiver production. The six
teen leads of the QUIL package are 
staggered, increasing hole spacing 
from the 0.1 inch of the DIL stan
dard up to 0.141 inch. This gives 
designers more room to play with, a 
wider range of tolerance, and ensures 
that there is always a safe margin of 
copper area to ensure correct contact 
with the wiring. 

The Philips range of IC's for TV also 
includes: 
TAA 570 is a four-stage limiter ampli
fier contained in a single T0-74 
metal envelope. Used in the sound 
channel of an "inter-carrier sound" 
television receiver circuit, the TAA 
570 will give 1.8 V r.m.s. audio output 
for a frequency deviation of 50 kHz. 
A special remote-control stage pro
vides an 80 dB gain control range, 
simply by adding a potentiometer. 
Extra "outside" components have 
been cut to a minimum. 
Philips also produce the TAA 550, a 
complete voltage stabiliser for a tuner 
using varactor diodes. TAA 550 will 
keep a supply voltage in the range 
from 31 to 35 V constant to within 
0.020/o, at input variations of up to 
± 100/o. Its temperature coefficient 
in the ambient temperature range 
from + 1 o0 to + 50°C varies between 
-3.1 to + 1.55 mV /°C. This type is 
supplied in a single T0-1 8 metal en
velope. 
Let our Applications Laboratory help 
you 
Philips are studying more TV receiver 
circuit functions, to realize them in 
integrated circuit form. Why not ask 
us about the integrated circuits for 
TV you want to use? We may have 
designed them already! 

PHILIPS ELECTRONIC COMPONENTS AND MATERIALS DIVISION EINDHOVEN, THE NETHERLANDS 

Distributed and sold in the U.S. by: AMPEREX ELECTRONIC CORPORATION Providence Pike, SLATERSVILLE, Rhode. Island 

230 Duffy Avenue, HICKSVILLE, New York 11802 • 801 E. Charleston Avenue, PALO ALTO, California 94303 • 360 E North Avenue. NORTHLAKE, Illinois 60164. 
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For over 20 years, wire insulations 
of Du Pont TEFLON fluorocarbon 

resins have provided maximum 
performance and reliability under 

extremes of temperature and 
adverse environments. But did you 
know there are composite construc

tions of TEFLON and polyimides 

TEFLON~ all by itself 
the most 

thoroughly proven, 
high-reliability 

insulation 
Now consider 

the additional· 
advantages 

of TEFLON plus 
~olyimides 

Circle 124 on reader service card 

which off er you extra performance 
benefits for all wiring applications? 
TEFLON plus polyimide construc
tions guard against installation 
damage because of their toughness 
and abrasion resistance. They are 
made in two forms: a polyimide 
enamel over a primary insulation of 
TEFLON or a polyimide tape 
wrapped around the TEFLON. 
Both these "TEFLON plus ... " 
constructions are rated for use over 
a wide temperature range-up to 
260°C. They are easily printed and 
potted, nonflammable, chemical
resistant, lightweight and have a 
small diameter. They provide the 
optimum dielectric quality which 
you expect from insulations made 
with TEFLON. 

If you'd like additional information 
on composites of TEFLON plus 
polyimides (or composites using 
mineral fillers or polyvinylidene 
fluorides with TEFLON), write us 
and let us know about the specific 
application you have in mind. 
Write: Du Pont Company, Room 
7297 I , Wilmington, Del. 19898. 

~ 
ll l Gu. s . ,...r. Off 

TEFLON® 
fluorocarbon resins 
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SCZBNCB/BCOPB 

Regulation of U.S. Army air traffic in combat zones or elsewhere will be 
possible with SAFOC (Semi-automatic Flight Operations Center). An advanced 
development model of the system was demonstrated by Hughes near Atlantic 
City, N.J., recently. It will provide a collision-avoidance capability, 
pinpoint the location of distressed or downed aircraft, identify friendly 
aircraft, provide ground-to-ground coordination of aircraft movement, and 
disseminate air-warning information to pilots. 

A secure point-to-point communications' link for ship-to-ship, ship-to-shore, 
and other industrial and military uses has been developed by Hughes. The 
new communicator uses a gallium arsenide pulsed laser beam as the carrier, 
transmits and receives either voice or digital information for distances up 
to six miles, and is virtually free of radio-frequency interference • . It 
weighs only 5~ pounds and draws only 120 milliwatt's while transmitting, 24 
while receiving. 

Better speeds· for MOS devices are now possible with ion implantation, a 
technique perfected by Hughes research scientists after three years of de
velopment. The new technique is completely compatible with P-channel }l)S 
processing, which the silicon-gate method is not. The IM>S (ion-implanted 
MJS) devices successfully fabricated by Hughes include a 64-bit shift regi
ster capable of 30 Mhz speeds and a 10-channel multiplexer that's about 
five times faster than today's best. 

_The U.S. Navy has responded . to the need for improved submarine search and 
rescue operations by commissioning two giant catamarans which are deSigned 
to launch and recover submersible rescue vessels from centerline elevators 
located between the two hulls. Hughes designed the electronic installation 
and is installing and checking out the radar, sonar, communications, and 
navigation units. 

Special opportunities for specialists: Hughes would like to hear from Radar 
Sys.terns Engineers, Signal Processing Systems Analysts, Circuit Designers, 
High-Power Switching Engineers, and ThinFilm Process Engineers fo~ Hybrid 
Microcircuitry. Requirements: B.S. degree, two years related experience, 
U.S. citizenship. Please write: · Mr. J.C. Cox, Hughes Aircraft Company, 
P.O. Box 90515, Los Angeles 90005. Hughes is an equal opportunity employer. 

When NASA's Mariners orbit Mars in 1971 scientists will survey approximately 
70 percent of the planet's surface, recording significant data on its atmos
phere and locating possible landing sites for instrument packages in 1973. 
Each Mariner will carry a two-channel infrared radiometer built by Santa 
Barbara Research Center, a Hughes subsidiary. The instruments will "take 
the temperature" of Mars during . the Mariners' 240 orbits. These readings 
will subsequently be correlated with the photographs of the surface that 
will also be sent back to earth. 

Creatino a new world with electronics r------------------, 
I I 

: HUGHES: 
I I 
L------------------J . 
HUGHES AIRCRAFT COMPANY 



~checkout 
ELECTR0 1 S New Low Cost 

M1N1-PROX 
Compact Proximity Sensing System 
for Non-contact, Detection and Control 
of Ferrous and Nonferrous Metals 

D LOW COST 

D ASSURED SENSING DISTANCE ACCURACY 

D TEMPERATURE-STABLE 

D NO MOVING PARTS IN ELECTRONIC OUTPUT MODEL 

D PLUG-IN CONVENIENCE 

MANY MONEY SAVING APPLICATIONS 

PACKAGING COUNTING SPEED CONTROL 

Conveyor Control • Cut-Off Control • Missing Parts Detection • and many others 

Accuracy of sensing distance is often a critical factor in sensing and 
control applications. Mini-Prox accuracy can be depended upon in any 
environment; heat to+ 160°F or cold to -30°F at either probe or control. 
Line voltage variations from 105to130 volts-dust-moisture-vibration, 
none of these affect its accuracy. You can set it and forget it. 

Plug-in design provides for easy wiring. Unitized construction elimi
nates soldering or wiring of sensitivity controls. Connections for power, 
sensing head and relays are made to screw-type socket terminals. Oper
ations up to 600 per minute may be controlled or monitored by the 
Model 55125 illustrated. Electronic output models for higher speeds are 
also available. Five standard sensing heads are presently available with 
sensing ranges of .050" to .250", .100" to .500", .300" to 1.000". 

ELECTRO with 15 years field experience in proximity switches has de
signed-in reliability, assuring you of years of trouble-free performance. 
Compare with others of similar size and price. One look at the quality 
of construction tells the difference. 

Model 55125 
Mini-Prox with 
Model 41060 
plug-in socket 

and 85001 
sensing head. 

ELECTRO representatives are ex
perienced in assisting with proximity 
switch applications. Most carry local 
stocks to service your requirements 
immediately. 

Write for bulletin giving complete 
specifications and the name of your 
nearest EPL representative. 

ELECTRO 
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PROXIMITY SWITCHES 

ELECTRO PRODUCTS LABDRATORIES 1 INC. 
8125 West Howard St., Chicago, Ill. 60648 • 312/647-8744 
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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 protective 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"' 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 µ.V 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-l-6181D. 

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 

... . : .:.:.:.: 

.··-·· 

CllOW9AM 

ATeCMNICAL 
D1ecueet0N 

LAB SERIES 

smaller package, 
lower power, 

optional crowbar 

CROWBARS 
A Technical 
Discussion 

1969 Power 
Supply Catalog 

327 328 

- includes total 
HP power supply line. 

329 
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for power transistors. 
Pirgo makes planar silicon transistors rated from 2 to 90 amps. 
The resemblance to other companies in the field stops there. 

Because we want your next order, Pirgo, an affiliate of Sprague 
Electric Company, makes all products just a little better than we 
have to. One out of every six employees works in quality control or 
reliability assurance. We purposely keep our design and manufacturing 
standards high, but our pricing results in important savings on your power 
transistor purchases. 

Pirgo provides engineering assistance. Application engineers will work 
with you on your specific problems. What's more, they're flexible. 
They will make changes or custom-tailor an entirely new product 
to meet special requirements. 

Send for our new catalog. Or call your local Sprague Electric sales 
engineer. Let us show you just how much we want your next order . .. 
and every one after that. 

Pirgo products are available from authorized Sprague semi

conductor distributors. 
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ELECTRONICS INC. 
A SPRAGUE ELECTRIC COMPANY AFFILIATE 

130 CENTRAL AVENUE 
FARMIN.GDALE, NEW YORK 11735 
Tel: 516-694-9880 •TUC: 96-1498 
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pouf .... TltAT~ All iT TAkES 

TO ACTUATE Tltis 

NEW swiTclt. 

skEpTicAL? TRY iT. 
(we'll send you a free sample) 

Just a gentle whisper of force (1 114 grams) actuates this new Cherry E22 miniature switch. As easy as blowing 
fluff off a dandelion. It's so sensitive, we had to make the actuator of aluminum (to permit re-setting of the 
switch). Dependability? This 3 amp., 125 VAC switch features Cherry's exclusive long-life coil-spring mecha-
nism that insures positive snap action •.. proven in over 100 million product applications. ..:L\i 
But, see for yourself. Send for a free sample and complete specifications. CHERRY ft~· 

Cherry Electrical Products Corporation • 1656 Old Deerfield Road • Highland Park, Illinois 60035 
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FOR THE PROTECTION OF ALL TYPES OF 
ELECTRONIC & ELECTRICAL CIRCUITS & DEVICES 

The complete BUSS line of fuses includes dual
element "slow-blowing," single-element "quick
acting" and signal or visual indicating types ... 
in sizes from 1 I 500 amp. up-plus a companion 
line of fuse clips, blocks and holders. 

Only a representative listing is shown here of 
the thousands of different types and sizes of fuses 
and holders available from BUSS. 

All standard items are easily obtained through 
your BUSS distributor. 

When special fuses, fuse clips, fuse blocks or 
fuseholders are required, our staff of fuse engi
neers is at your service to help in selecting or 
designing the fuse or fuse mounting best suited 
to your requirements. 

For detailed information on the complete 
BUSS line write for BUSS bulletin SFB. 

/~~.£.. .. J? 
Buss AGX Fast 

Acting Fuses 
Buss AGC and MTH Fusetron FNM Fibre Fusetron FNA Panel Mounted Buss Panel Solder Terminal Buss Porcelain Base 

Glass Tube Fuses Tube Fuses lndicatin~ Fuses Fuse/ Holder Mounted Holders Fuse Blocks Fuse Blocks 

Buss AGC Glass 
Tube Fuses 

Buss Indicating 
Fuses 

Fusetron MDL Buss ABC Ceramic 
Fuses Tube Fuses 

Buss GJV Pigtail Buss SFE Standard 
Fuses Fuses 

/rnJA.,11•. 
Buss Sub-miniature Tron Sub-miniature Buss Lamp Silicon Rectifier Buss Indicating 

Aircraft Fuses Fuses and Holders Pigtail Fuses Buss HPC Holders Indicating Holders Fuse Blocks 

Buss GMT Fuse Buss High Voltage 
and HLT Holder Fuses 

Fusetron Type N 
Fuses and Holders 

Buss In-the-Line 
Holders 

Buss Space Saver 
Holders 

Buss HLD Visual 
Indicating Holders 

~-tJ(}.i:r~:d 
Holders 

t&~ ~ Limitron KTK 
Fusetron ACK Stud High Interrupting 

Mounted Fuses Capacity Fuses 

Blocks Tron Rectifier Fuses 
Buss Miniature 

Gius Tube Fuses 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., ST. LOUIS, MO. 63107 
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FIRST FULLY 
DECODED 64-BIT 
BIPOLAR LSI 
A winner for 
scratch pad 

I 

memones 
i-3101 

• Fast 60 nsec access 
• Low power dissipation (6 mW per bit) 
• DTL and TTL compatible 
• OR-Tie capability 
Guaranteed switching speeds 

Test parameter Speed 

Read cycle (chip select and/ 60 nsec 
or address to output delay) max 

Write recovery time 45 nsec 
max 

Guaranteed DC characteristics 
Limit at 

Test parameter 
o•, 2s· & 

as·c 
Input load current -1.6mamax 
Input leakage current 40 µa max 
Input clamp voltage -1.0 v max 
Output "low" voltage 0.45 v max 
Output leakage current 100 µa max 

Power supply current 105 ma max 

Input "high" voltage 2.0 v max 
Input "low" voltage 0.85 v min 

Prices 

Conditions 

2.Sv pulse in. 
5 ns rise & 
fall from lv 
to 2v 
Vcc=5.0v 
T.=25°C 

Conditions 
(Vee= 

5.0v ±5%) 

Vrn=0.45v 
Vrn=5.25v 
lc=5.0 ma 
Vw=Vs=O v 
Vm=5.25 v 
Vs=2.5 v 
V,=V,=Vd= 
Ov 

1 to 9 units: $99.50 100 to 249 units: $43.00 
10 to 24 units: $73.50 250 or more units: $38.50 
25 to 99 units: $53.00 

Available at over 40 locations 
throughout the U.S. and Canada. For delivery, call 
your Intel distributor, Cramer Electronics or 
Hamilton Electro Sales. 
If more convenient, write or phone us directly. Call 
collect (415) 961-8080. 
Intel Corporation is at 365 Middlefield Rd., Moun
tain View, Calif. 94040. Telex INTEL 34-8366. 
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• Meet Datapoint. 
Its 20 times faster 

than other multipoint recorders. 

And infinitely more versatile. 

This new high-speed multipoint re
corder by Brush runs off as many as 20 
samples per second on 2 to 8 patients. 
So it's great for monitoring fast-chang
ing variables in systemic and wound 
temperature, heart rate, ECG and the 
like. 

Datapoint handles mixed inputs 
from high and low level inputs. All 
on one chart. Recordings come out 
clear, crisp, uncluttered. And Z-folded. 
You've got a choice of 12 chart speeds, 
pushbutton controlled. 

About that versatility. Datapoint 
works in three modes: multipoint 
sampling, intensiiied sampling, for 
channels of high dynamic content, or 
continuous single channel recording. 
So you get much more than just a fast 
multipoint recorder. Without paying 
more to get it. 

And Datapoint is accurate, too. A 
full 99.5%, enforced by a non-contact 
position-feedback system. It's a first 
in thi s type of recorder. (But a proven 
success in countless Brush direct writ
ing oscillog·raphs.) 

Speed. Versatility. Accuracy. These 
make Datapoint a new concept in re
cording. There's never been anything 
like it. You'll find more proof in the 
Datapoint brochure. Send for your 
copy today. Brush Instruments Divi
sion , Gould Inc .. 3631 Perkins Ave
nue, Cleveland, Ohio 44114. 

GOULD BRUSH 
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Meet decision makers in medical electronics 
Physicians, hospital administrators, biomedical engineers, educators, researchers, system design engineers 

who attend the 2nd National Conference & Exposition on Electronics in Medicine represent real buying power. 

We know because we asked the attendees at the first conference last spring how much they spent on medical 

e·lectronics and their responses added up to a whopping $36 million-about ten per cent of the 1968 market. 

buving and specitving influence :::~:~~~~:~~:;;h~~~~:~::~ 
mands of the earlier attendees for direct exposure to actual hardware. We're inviting manufacturers of 

medical electronics gear to take advantage of this unprecedented opportunity by exhibiting at the exciting 

2nd National Conference on Electronics in Medicine in San Francisco. Through a carefully crafted program 

of invited papers by leaders in the field, and discussion group sessions on vital questions, the Conference 

will attract the people manufacturers want to meet most - the men who make the buying and specify-

ing decisions in a $400 million marketE.leTcthreon2icns·1d~ prest1• I e sponsorsh1·p National Conference & Exposition on Electronics 

Medicine is presented by McGraw-Hill's 

Management Center in association with the McGraw-Hi ll publications: Electronics/ Medical World News/ 

Modern Hospital / Postgraduate Medicine/Scientific Research. It is managed by National Expositions Co., 

:~~~:~~o~ig;r:n~:~:~~~ aggressive promotion :a~:~rp:~:.:::~ ;;;:ice:~: 
firm based in New York. prehensive mail campaign 

will find every buying and specifying influence in medical electronics wherever he works-hospital, research 

laboratory, consultant's office, university, clinic or private practice. He'll be reached repeatedly and effectively 

with our message. And that message is-the Second National Conference and Exposition on Electronics in Med-

icine. is the pla~e to discu~s his urgent oppor1un1•t1•es tor marketers requirements first-hand with you-the 

people with expertise who can fill them. 

The Second National Conference and Exposition on Electronics in Medicine can help you find and sell new 

customers, create impressive lists of new, valuable contacts and achieve significant penetration in this 

exploding market. Space is limited, so make your reservation now. 

21111 N1ttn11 Cllf erenca I E1111tti1n on Electronics in Medicine 
FAIRMONT HOTEL, SAN FRANCISCO, CALIF. • FEBRUARY 12, 13, 14, 1970 

Write or call tor brochure, floor plan: Jerry Brown, Exhibit Manager, National Expositions Company, Inc. 
14 Wett40th St., New York, N.Y.10018, 212/564-8714 
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A NEW Dual-Beam Oscilloscope 
product report 

dual-beam 

The Viewing Area 

Put a 6-1/2" CRT in your 5-1/4" rack ... 
ACTUAL SIZE 

. . . or on your bench! 
With the Type R5030, all the data required to make your 
measurement is where you need it .. . in the viewing 
area. 

Scale-factors are read out immediately to the right of 
the 8 x 10 div CRT. Scaled in divisions equal to 1.27 cm, 
the CRT provides 50% more viewing area than a stand
ard 8 x 10 cm CRT. Each beam has a full 8 x 10 div scan, 
separate intensity control and push-button bearnfinder. 

----------- please turn page tor additional information __________ .... ._ 



The Control Panel 

if 
® 

HORIZ 
POSITION MAGNIFY PUSH TUR N 

TIME/DIV OR EXT HORIZ 
VAR • I • CAL IN 

NORM 

• SINGLE 

TRIGGER 
P·PAUTD CH I 

Cit z 

EXT TRIG 

TYPE R5030 
DUAL-BEAM 

OSCILLOSCOPE 

ON LOCATE RESET UIE ' • EXT 
HORIZ m 

TEKTRONIX, INC. MAGNIFIER 

COUPLING_J 

BEAVERTON, OREGON. U.S.A. 

( ) SERIAL ~--·-

POWER PUU 

CURRINTIDIY 
VOLTS/DIV 

VAR CAL IN 

I \ 
10Y 10'1Y 

BANDWIDTH mp ATTfl 
I 111111 IAl 

CH 1 

POSITION 

AC% 
&ID 

DC 

1MS'l 

IFCIMI' 

CURRENT/DIV 
VOLTS/DIV 

VAR CAL IN 

I 
10Y 

BANDWIDTH STEP Ami 
I 111111 IAl 

POSITION 

&ID 

PROBE TEST 
.5V 5 mA 

If-

AC% 

~·~~~ 
LOW • 

easy to use 
The complementary color scheme of the con
trol panel of the Type R5030 aids the user in 
readily distinguishing various control functions. 

Current probe inputs for each beam with de
flection factors from 1 mA to 200 mA/div are 
outlined in a salmon color. The bandwidth of 
the current inputs is from 10 Hz to 1 MHz. 

Differential or single-ended voltage inputs are 
provided with 19 calibrated deflection factors 
from 10 µV to 10 V/div. The scale-factor read
outs are corrected automatically when an at
tenuation probe is attached to the input. Band
width is DC to 1 MHz at all deflection factors. 
However, bandwidth may be limited to :::::: 5 kHz 
to eliminate wide-band noise. 

A greatly simplified trigger circu it is outlined in 
green. With the addition of a peak-to-peak auto 
mode and a combined level/slope control , the 
operator will find it difficult, if not impossible, to 
obtain a nontriggerable condition. 

Mode switching has been set aside in a blue 
panel area where switching from a dual beam 
Y vs T display to an X vs Y display is as simple 
as pressing a button. 

Rackmount, order Type R5030 ................ $1850 

Low-Profile Cabinet, order Type R5030, 
Option 4 .. ... . ..... . ... .. .. . .............. $1850 

U.S. Sales Prices, FOB Beaverton , Oregon 

For a demonstration, call your local Tektronix Field Engineer or write: 
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005 

Tektronix, Inc. 
committed to progress in waveform measurement 
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Probing the news December 8, 1969 

Jumble of electronics, instruments 
keeps air pollutio1n monitoring hazy 
With the federal Government setting up a nationwide program to keep tabs 

on pollutants, what's needed, most experts agree, is an advancement 

in sensor instrument technology-perhaps even a 'universal sensor' 

By L~is Vermillion 
Electronics staff 

How goes the war against air pol
lution? Badly. Lacking any single 
means of effectively monitoring
much less combating-air pollut
ants, man has been forced to use 
a potpourri of instrumental sys
tems, all different, all designed to 
monitor different pollutants. Add
ing to the problem is an infant Fed
eral coordinating agency which 
lacks enforcement powers, and the 
general pinch on funds at the Fed
eral, state, and local levels. 

Electronics will play its biggest 
role in air quality monitoring at the 
local level. In order to gather data 
for a national monitoring network 
to provide a cross-country profile 
of the 142 million tons of toxic mat
ter pumped in to the air each year, 
some large cities already have or 
are installing sophisticated solid 
state monitoring systems, among 
them New York (Packard-Bell), Los 
Angeles (Litton Systems), and 
Pittsburgh (TRW Inc.). 

Other areas which will be setting 
up · monitoring systems are St. 
Louis, the State of Pennsylvania, 
Philadelphia, Denver, Phoenix, the 
Puget Sound area (Seattle), New 
York State, and Dade County, Fla. 
(Miami). Faced with an unbalanced 
budget and tight appropriations, 
Pennsylvania's Auditor General, 
Robert Casey, is reluctant to sign 
any contracts, despite the fact that 
Pennsylvania's air quality stand
ards can't be enforced without an 
air monitoring system, says Victor 
Aussman, director of the State 
Health Department's Division of 
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Air Pollution Control. 
The Allegheny County (Pitts

burgh) System, managed by Re
sources Research Inc., environmen
tal engineering arm of TRW Civil 
Systems Group, and actually in
stalled by Automated Environmen
tal Systems Inc., is scheduled for 
completion in March at a total cost 
of $300,000, including $197,000 for 
sensor hardware, an IBM 1800 com
puter, and an undetermined outlay 
for software. Most troublesome 
pollutant here is hydrogen sulfide 
produced at steel plants. 

In Los Angeles, where ozone is 
the biggest problem, Litton is in
stalling a $325,000 computer and 
telemetry system which can han
dle up to 32 air sampling stations, 
and up to 16 sensors at each sta
tion. This system is scheduled for 
completion in March-until then 
county district personnel will con
tinue to phone in instrument read
ings to the central control station 
every half-hour. 

.Getting it together 

The prime mover in the effort to 
establish a national air pollution 
monitoring network was passage in 
1967 of the Clean Air Act. Among 
other things, it established witl1in 
the Department of Healtl1, Educa
tion and Welfare the National Air 
Pollution Control Admiriistration 
(NAPCA), which is exploring new 
applications of electronics technol
ogy to provide reliable systems to 
detect and measure air pollution 
and its effects. 

Characteristic of many Congres
sional actions, however, Napca was 
given broad responsibilities but 
relatively little authority. Though 
its only enforcement power consists 
of controlling pollution generated 
by automotive products, it can set 
standards which state and local 
governments must use as an en
forcement guide. But Napca's char
ter also requires it to keep track of 
local government efforts to prevent, 
abate, and control ~ommunity pol
lution problems. Thus it becomes 
as much a source of technological 
and marketing intelligence for an 
interested electronics industry as 
well as a customer on its own. 

N apca' s computerized national 
air sampling network seeks to com
bine data reported from regional 
air sampling stations. These now 
are run by state governments, 
which are responsible for establish
ing local monitoring systems. 
Napca emphasizes the national net
work is a regional concept-the 
Federal Government won't assume 
a local responsibility, but will set 
national standards for pollution 
levels. 

Each air quality region desig
nated by Napca will have to buy its 
own computers, sensors, and telem
etry systems. There are now 15 air 
pollution control regions in the 
most polluted urban areas. There 
will be 57 by the end of 1970, and 
eventually there will be 100. 

Not all roses. The meat of an air 
pollution monitoring system is the 
sensors, and with pricetags of any-
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Measuring up 

Effective. air pollution control depends not only on legislation, enforce~ 
ment, and funds, but also on the many technological ramifications of 
the environment, types of pollutants, and the effects of pollution. 
Different instrumentation may be needed for measuring moving sources, 
stationary sources, ambient air, atmospheric transport and transforma
tion, and effects on different kinds of receptors. Here is a summary of 
measurement techniques. 

Measurement. 

Mass loading 

Size distribution 

Chemical composition 

S02, CO, NO, 
N02, Oa, etc. 

Sampling representa
tion 

Noise background 

Particulate matter •••••
Technique 

Real time 

Optical, electrical, 
chemical 

Sampling, electron 
probe, atomic absorp
tion 

Development 

Piezoelectric (change in 
frequency as function 
of mass on crystal); 
Lidar (Light detection 
and ranging) 

Laser backscatter, elec
trical particle counter 

Submicron classifica
tion 

Gaseous matter ••••••• 
Spectroscopy, wet 
chemistry, gas 
chromatography 

Long path, point source 

Interference equiva
lence 

Correlation spectra, 
electrochemical, micro
wave, Raman spectros
copy 

Receptors-exposure and effects •••• 
Humans and animals 

Visibility 

Odor 

Material degradation 
(i.e. corrosion) 

Integrated exposure 

Light scatter 

Transmission 

Soiling, erosion 

Dosimetry, real-time 
integrator 

Nephelometer (volume 
scatter) 

Transmissionometer, 
Lidar 

Optical lightscatter 

Transport and transformation •••-
Dispersion and diffusion 

Transformation 

Atmospheric stability 

Three-dimensional 
wind field 

Boundary-layer winds 
and turbulences 
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Gas and aerosol tracers 

Gas tracers 

Vertical temperature 
profile 

Real-time particle air 
velocity 

Vertical profile 

Lidar, also methods as 
for gases and aerosols 

As above 

Millimeter-wave 
radiometry 

Two-doppler radars 

where from $200 to $6,000 or more, 
a complete system includes sensors 
for all possible pollutants in an 
area, plus those for assessing me
teorological factors including hu
midity, wind direction and speed, 
temperature, solar radiation, and 
smokeshade-the amount of inter
ference with sunlight. 

Is a system of individual sensors 
for each parameter the best way to 
measure air pollutants? No, says 
Bob Ryder, a Packard-Bell engineer 
who was instrumental in setting up 
the monitoring system in New York 
City. "Basic sensors are lagging in 
development. The instruments are 
the weak link" in the monitoring 
system, he says, and "the hardware 
technology is just not as developed 
as the data processing state of the 
art." What should be developed, 
Ryder suggests, is a more general
purpose sensor-striving toward a 
"universal instrument" -to bring 
sensors into line with computer 
technology. 

A "universal sensor" probably 
could be developed through an ad
vanced mass spectrometer or gas 
chromatograph, says Ryder, to 
cover the whole range of pollut
ants, The hangup-there's no 
money to support the basic study 
work, he says. Perhaps the answer 
would be a Federal "thou-shalt
not-pollute-the-air" law, with prob
able research and development 
funds accompanying the enforcing 
legislation. 

At least some development of a 
"universal" pollution analyzer is 
progressing. For example, Alan 
Bessen, formerly of the Ford In
strument division of the Sperry 
Rand Corp., has been working on a 
prototype pollution detector that 
uses an optical interferometer and 
identifies several contaminants 
through logic and parallel active 
filters that enable it to distinguish 
among pollutants with similar 
spectra [Electronics, Nov. 11, 1968, 
p. 112]. 

But at TRW' s Resources Research 
Inc., Frederic Hamburg, senior 
project engineer for the Allegheny 
County system, says a universal 
sensor is not "on the near horizon." 
He suggests that a combination of 
sensing instruments, with succes
sive screening devices for each con
taminant, could be developed, per
haps with "some sort of an infra
red technique." What this would 
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WHAT? 
Still chopping light 
with a wheel? 

Hey Mister, 
get a FORK! 

' Many engineers already use 
Bulova/ American Time 
Products tuning forks to chop 
light and similar energy 
beams. Those who are not 
are a bit behind the times, and 

should know the fork 's tremendous 
advantages over motor-driven light 
choppers -

No wearing parts I No lubrication 
needed 

Low power requirements I Much 
longer life . 

More efficient light handling I 
Smaller and lighter 

How is all this achieved? By attaching 
to a fork's tines a pair of vanes -
slotted , notched, or pierced, to suit 
the need. Then the vibrating fork 
chops light or similar energy beams 
to produce optical effects never 
before achieved. What's more, it's all 
done in a very, very small package. 
For example, a 2 cubic inch package 
can chop 1,000 times per second! 
Another variation is a scanner that 
uses a torsional fork scanning at a 
uniform repeat rate. A mirror or other 
optical device can be attached to 
vibrate the device torsionally. 
Whatever your application, from 
burglar alarms to infrared spectro
photometers, if you've got some light 
to chop or scan , call American Time 
Products 212-335-6000, see EEM 
Section 3800, or write -

BULOVA BULOVA 
Olp AMERICAN 

___ __;.--1 TIME PRODUCTS 

Electronics Division of Bulova Watch Co ., Inc. 
61-20 Woodside Ave ., Woodside , N. Y. 11377 
(212) 335·6000 

Go Bulova, and leave the designing to us! 
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Smog politics 
On Capitol Hill, where expert testimony has predicted continued air 
pollution causing anything from alternate flood and drought seasons to 
another Ice Age, an environmental quality bill was "legislated from a 
lack of knowledge and a lack of understanding" of environmental prob
lems facing society, says Leon Billings, legislative aide for Sen. Edmund 
Muskie's subcommittee on air and water pollution. The legislation isn't 
action-oriented-it won't provide any R&D funds-but only sets procedure 
for coordination of programs in the Executive Office of the President. 

One of the jobs to be given to the proposed Commission on Environ
mental Quality, to function something like the Office of Science and 
Technology, is preconsidering environmental effects of Federal activities, 
especially in military programs. Will this impede technology? Billings 
says "Where technology is not compatible with the human environment, 
it should be impeded. Is the SST or ABM an example of the growth of 
technology?" 

Billings says no existing Federal agency can handle a crash program on 
cleaning up -the air, and if funds are appropriated to do it, a new NASA

type agency would have to be created. He thinks $100 billion should be 
spent over the next 10-15 years, and "that's not a final offer." 

Government spending is not likely to approach anything near Billings' 
$100 billion figure, though, as Napca's total spending estimates for the 
next five years average about $255 million a year. In fiscal 1969, Napca's 
budget was $122.9 million, with $47 million for R&D and $75.9 million 
for abatement and control. For fiscal 1970, Napca wants $79 million for 
R&D, but Senate-House conferees still are arguing about what they will get. 
The House authorized a meager $18 million, while -the Senate wanted 
$90 million. By 1974 Napca expects its budget to increase to an estimated 
$455 million, with $174 million for R&D. 

Local expenditures don't add much to the total spent by the Federal 
government on air pollution control. State expenditures, including Federal 
grant support, are running about $17.6 million a year, Napca says, with 
the 142 local agencies spending about $30 million annually. 

Adding all government spending to an EIA estimate of $700-$800 
million spent each year by all industry, expenditures, come no where 
near the damage caused by air pollution. EIA says costs of air pollution 
run about $11 billion a year. These generally are ath·ibutable to decreased 
property values, damage to crops and plants, and damage to structures 
and materials. 

amount to, he says, is merely a 
"universal box" containing the var
ious individual sensing techniques, 
but registering data collectively. 
Until then, in a telemetry system 
each sensor must be amplified to 
the same level of output, some
where between 0-500 millivolts. A 
sensor's analog signal also must be 
digitized-most are not equipped 
with digitizing equipment-and 
then, actual transmission of the 
signals over telephone line, hard 
wire, microwave, or f-m radio, to 
the regional central data unit would 
be relatively simple, says Hamburg. 

Most industry and government 
experts agree on the need for ad
vanced sensor instrumentation. 
"Instrument manufacturers haven't 
done the kind of research and de
velopment the field needs," and 
"just haven't been willing to bear 
the cost of developing the instru
ments," complains Robert L. 

Chass, Los Angeles County's chief 
deputy air pollution control officer. 
Instrument problems, he says, in
clude lack of standardization, long 
delivery, calibration and adjust
ment difficulties, and overpricing. 
The latter is the most important 
factor for the cities, which can't 
pay the R&D costs the Federal Gov
ernment can. Chass says times 
have changed since 1950, when "we 
paid through the nose and subsi
dized the development of instru
mentation. Now, when a manufac
turer wants us to pay $50,000 for 
a $5,000 instrument, we tell them to 
forget it." 

One dissenter from the ad
vanced-sensor movement is Victor 
Bellino, New York City air pollu
tion control engineer. "There's all 
kinds of talk about advanced in
strumentation to detect and meas
ure pollution," he asserts, "but you 
really don't need anything more 
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There's a big difference 
in P-Channel· JFETs 

2N5265 2N5463 

2N5266 2N5464 

2N5267 2N5465 MFE4009 

2N5668 2N5471 

2N5669 2N5472 MFE4011 

2N3994A 2N5270 2N5473 12 

2N5460 2N5474 

Motorola's 35 types are available NOW 
Whether your requirements involve a familiar, established design or you are 

exploring new applications, Motorola's 35 standard P-JFET amplifiers offer the 
broad selection of metal can and Unibloc* plastic types to do the job. Deliveries? 
You'll get what you order when its promised ... from the "Production House 
of the Industry." 

Here is the kind of variety we're talking about when we say broad selection. 
Yfs minimums range from 60 to 2500 µmhos and maximums go from 180 to 8,000 
µmhos @ 1.0 kHz. Inns (min) is as low as 0.02 mA and as high as 7.0 mA. Gate
source breakdown voltages of 20 V, 40 V, and 60 V are available. Prices start at .37¢ 
and top out at $5.85 in lK-up quantities and nearly half are under $2.00. 

A combined FET cross reference and selector guide is available to tell Motorola's 
complete FET capability story, with full information on P-Channel JFETs 
included. Write to Motorola Semiconductor Products Inc., P. 0 . Box 20912, Phoenix, 
Arizona 85036, or to place an order contact your Motorola distributor or sales office. 

-wkutkp~~~<!Lllle! f11'\ MOTOROLA 
~Field Effect Transistors 
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142 

CTS 
HYBRID 
MICRO· 
CIRCUITS 
PICK'EM 
OFF· THE· 
SHELF 

TRYUSI 

850/851 Relay Drivers 
A single 700ma or dual 350ma driver in a compact 
T0-8 package can be driven directly or with 
TIL or DTL inputs. Prices: 1 to 9-$15.00 ea; 
100-$11.50 ea. 

873 ±15 V Voltage Regulator 
Independent + 15V and -15V regulators in a 
T0-8 package. Offers better than .03% line 
regulation and .05% load regulation. Externally 
adjustable from av to 36V . 

• 1to9-$32.00 ea.; 100-$20.a5 ea. 

870 5 Volt Regulator 
Offers .05% line and load regulation and built in 
short circuit protection. T0-3 package provides 
safe and rugged high power operation. 

· • 1to9-$27.25 ea; 100-$17.70 ea. 

861 Log l.F. Amplifier 
Used in cascade, the a61 Series provides a log 
video output. It features internal supply 

c ling, built in video detector and 
a ows direct rf coupling between stages. 

ices: 1to9-$36.00 ea; 100-$26.50 ea. 

878/879 Voltage Regulator 
A 2 ampere regulator in a T0-3 package which 
is externally adjustable from av to 57V. 
Prices: 1to9-$20.00 ea; 100-$13.00 ea. 

862 Operational Amplifier 
. Operates from ±6V to ± 2aV supply and will drive 

50 ohm load. T0-5 package. 
Prices: 1to9-$22.aO ea; 100-$14.ao ea. 

Pick your standard CTS microcircuits off-the-shelf. All available for fast, 4a-hour 
delivery from stock and all produced under the same stringent processes as CTS 
custom hybrid circuits. These precision packages are hermetically sealed and 
operate over - 55°C to + 125°C full military temperature range. 

Try CTS total hybrid circuits capability for all your requirements. Complete in-house 
facilities assure you get the package you need to meet your exact requirements. 
Ask for our Hybrid Microcircuits Brochure. CTS Microelectronics, Inc., 
West Lafayette, Indiana 47906. Phone: (317) 463-2565. 

c TS CORPORATION 
Elkhart, Indiana 

.J I L 
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CTS ... 
HYBRID 

MICROCIRCUITS 
TOTAL 

CAPABILITY 
Standards ... or 
custom hybrid 
thick film 
microcircuits, 
CTS has the total 
in-house 
capability to meet 
your specific 
circuit needs. 

Exclusive CTS 
Cermet Resistive 
Material assures 
greater stability under all conditions
provides excellent TC at high 
sheet resistance. 

Wide Choice of Active Devices: 
Chip and wire; flip chip; LID 
attachment; beam lead; welded or 
soldered planar construction 
and hole through. 

TOS-TOS-T03-Flat packs up to 1 Y2" 
square. All hermetically sealed. 
Plastic and ceramic packages 
available in a variety of form factors. 

® c TS CORPORA T/ON 
Elkhart. Indiana 
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than what we've got right now. It's 
like killing a mosquito with a base
ball bat." 

Status quo. No matter what the 
criticisms, until spme money is 
made available for development of 
advanced sensors, or until someone 
stumbles on a simpler and cheaper 
way to measure pollutants, moni
toring systems will make do with 
today's technology jumble-a spe
cific measuring technique for each 
polluting factor. 

The lineup 

Some of the common analysis 
methods are: 

•Soiling tape samplers, which 
measure the soiling effects of par
ticulates in the air, or haze, by 
means of a photosensitive "electriC 
eye" that optically reads the 
amount of light registered on a 
white tape, across which air is 
sucked. Unit of measurement is a 
rud, for reflectance units of dirt. 
Tape samplers vary in price with 
complexity. Examples are Gelman 
Instruments' paper tape densitome
ter and phototape sampler-recorder. 
The densitometer costs about $185, 
and measures dust and hydrogen 
sulfide by photoelectric evaluation 
of light transmission. Calibration is 
in optical density and percentage 
light transmission units. The more 
advanced phototape sampler, with 
added recorder providing 30-day 
permanent records, brings the price 
to $985. The phototape sampler
recorder reads dust as it collects on 
the tape, ·eliminating errors due to 
variations in paper tape opacity, 
Gelman says. The optional alarm, 
which warns if contamination ex
ceeds normal operating levels, 
would bring it up to $1,175. 

• Coulometry. Measures sulfur 
dioxide by combination with bro
mine which generates a current 
equal to the rate of sulfur dioxide 
absorption. The bromine current is 
controlled by a feedback amplify
ing system. N. V. Philips' Gloeilam
pen-fabriken has developed a cou
lometric monitor for the Dutch 
government's Rijnmond air sam
pling network in the Netherlands. 

•Ultraviolet spectrometry. Bar
ringer Research of Toronto has a 
correlation spectrometer with a 
photomultiplier tube that measures 
the spectra of sulfur dioxide, nitro
gen dioxide, ammonia, and halo- · 
gens. For example, the device com-

pares sulfur dioxide with a refer
ence spectrum of between 2,800-
3,100 angstroms. Principle of oper
ation is that almost every gas ab
sorbs radiation in the ultraviolet 
portion of the spectrum, producing 
a specific absorption spectrum for 
each gas which can be measured. 

•Infrared spectrometry. Sulfur 
dioxide, carbon monoxide, and hy
drocarbons are measured by draw
ing polluted air into a sample 
chamber with an ir light source at 
one end and an infrared detector 
at the other, registering the ab
sorption of the light beam passing 
through the sample. 

•Gas chromatography. An ex
ample of this technique is Melpar, 
Inc.'s flame photometric detector, 
called the FPD-100, which measures 
sulfur-containing compounds, hy
drocarbons, and phosphorus by 
their emissions when burned in a 
hydrogen-rich flame. Sulfur in the 
system produces a 394-millimicron 
band, measured by a flame photo
meter. By changing to a 526-p. in
terference filter, phosphorous com
pounds, such as in pesticides, can 
be analyzed, Melpar says. A com
plete sulfur analyzer contains four 
subsystems: the FPD, photometer, 
gas flow system, and power sup
plies. Melpar says for operation it 
needs a hydrogen gas supply and 
120-volt, 60-hz input, and will 
measure from 0.01 to 1 part per 
million in less than one second real
time response. Melpar says the in
strument can give a concurrent 
readout of hydrocarbons, sulfur di
oxide and phosphorous, but since 
the technique eliminates non-sul
fur-containing compounds, it could 
not be adapted to measurement of 
all pollutants. One reason, the com
pany says, is that many organic 
compounds will have wavelengths 
near that of sulfur dioxide, causing 
interference in the compound's 
reading. The price list ranges from 
$3,250 up to $6,350. 

More questions. If all these tech
niques could be combined into an 
inexpensive universal, self-digitiz
ing sensor, it would not be the end 
of the national sampling network's 
problems. Napca's Dr. Kay Jones, 
a special assistant to the commis
sioner, says questions facing sam
pling network developers include 
the physical location of samplers 
and sensors, at what height they 
should be installed, and the num-
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START 
WITH A LENS-END LAMP 

TEST 
FOR SPOT SIZE AND 

CANDLEPOWER 

\l\/ELD 
PINS TO END OF LEAD 

WIRES 

MOLD 
TO MAKE A PLUG-IN LIGHT 
MODULE THAT WILL ACTIVATE 
PHOTO ELECTRIC SENSOR IN 
A HIGH SPEED CHECK SORTER 

We specialize in finding practical 
solutions to small applications where 
cataloged items won't do. Write, de
scribing your requirement. Tung-Sol 
Division, Wagner Electric Corporation, 
630 W. Mt. Pleasant Avenue, Living
ston, N.J. 07039. TWX: 710-994-4865. 
Phone: (201) 992-1100. 

TUNG·SOL® 
WHERE BIG THINGS ARE 
DONE WITH SMALL LAMPS 

®Reg. T.M. Wagner Electric Corporation 
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Control region roll call 
Napca plans to designate 85 metro
politan areas as air quality control 
regions, which together make up 
84% of the nation's estimated 
metropolitan population as of 1965. 
After formal designation, the re
gions will begin to implement air 
quality standards, and must sub
mit their plans to Napca. Napca 
will provide these areas with tech
nical assistance in developing air 
quality surveillance networks, me
teorological studies, data process
ing, development of laws and regu
lations, and efforts to devise 
solutions to specific technical prob
lems. 

The 85 areas designated or under 
consideration and their planned 
starting dates for implementation 
of air quality standards are: 

By July 1970: Washington, New 
York, Chicago, Philadelphia, Den
ver, Los Angeles, St. Louis, Boston, 
Cincinnati, San Francisco, Cleve
land, Pittsburgh, Buffalo, N.Y., 
Kansas City, Mo. 

By January 1971: Detroit, Balti
more, Hartford, Conn., Indianapo
lis, Ind., Minneapolis-St. Paul, 
Minn., Milwaukee, Providence, 
R.I., Seattle-Tacoma, Wash., Louis
ville, Ky., Dayton, Ohio, Phoenix, 
Ariz., Houston, Dallas-Fort Worth, 

ber needed. One estimate by the 
American Chemical Society says 
that "10,000 sampling stations will 
be needed to monitor the nation's 
air adequately." ACS says only 310 
state and local air monitoring sta
tions gave data to Napca in 1968. 
And the technology in most of 
these stations is more than 10 years 
old, says ACS. 

ACS recommends that a sensor be 
placed at each source of pollutant 
emissions. This means a sensor in 
each stack of, say, the power com
panies, which Napca says are the 
biggest offenders; steel mills; as
phalt batching plants; cement fac
tories; sulfuric acid plants; and 
nonferrous metal smelters. But 
ACS claims "very few fully satisfac
tory devices" can monitor gaseous 
emissions from stacks, because 
they may not be able to perform 
properly at high temperatures, and 
particles and water can clog them. 
Remote measurement? Yes, say 
ACS, but "fully successful devices 
do not appear to be imminent." 

San Antonio, Tex., Birmingham, 
Ala., Toledo, Ohio, Steubenville, 
Ohio, Chattanooga, Tenn. 

By July 1971: Albany, N.Y., 
Albuquerque, N.M., Allentown, 
Pa., Atlanta, Bakersfield, Calif., 
Beaumont-Port Arthur, Tex., Bing
hamton, N.Y., Canton-Akron, Ohio, 
Oharlotte, N.C., Charleston, S.C., 
Columbia, S.C., Columbus, Ohio, 
Corpus Christi, Tex., Davenport, 
Iowa, Des Moines, Iowa, Duluth
Superior, Minn. 

Also, El Paso, Tex., Flint, Mich., 
Fresno, Calif., Grand Rapids, 
Mich., Greensboro-High Point
Winston-Salem, N.C. , Jacksonville, 
Fla., Johnstown, Pa., Knoxville, 
Tenn., Little Rock, Ark., Memphis, 
Tenn., Miami, Fla., Mobile, Ala. 

Also, Nashville, Tenn., New 
Orleans, Norfolk, Va., Oklahoma 
City, Omaha, Neb., Orlando, Fla., 
Peoria, Ill., Portland, Ore., Rich
mond, Va., Rochester, N.Y. 

Also, Sacramento, Calif., Salt 
Lake City, Utah, San Bernardino, 
Calif., San Diego, Calif., Shreve
port, La., South Bend, Ind. , Stock
ton, Calif., Syracuse, N.Y., Tampa, 
Fla., Tucson, Ariz., Tulsa, Okla., 
Wichita, Kan., Wilkes-Barre, Pa., 
Worcester, Mass., York-Harrisburg
Reading-Lancaster, Pa. 

Ending the Vietnam War would 
benefit air pollution control pro
grams in two ways, the Electronic 
Industries Association says in a re
port on major issues affecting the 
defense industry. The first and most 
obvious benefit is larger appropria
tions for all domestic programs. 
The second benefit is the release of 
much pertinent military technolo
gies to the pollution control area
among them orbital, infrared, and 
laser sensors, information handling 
systems, meteorology, life support 
systems, aerospace medicine, and 
atomic energy. 

Perhaps there is an easier answer 
to the sensor problem, says TRW's 
Fred Hamburg-"The human nose 
is the most sensitive sensor of all." 

Whether nasal or solid state, 
what happens when a dangerous 
level of pollution is measured? 
Napca's Jones says that in an 
emergency episode, most likely to 
occur during the "smog season" of 
October-November, "you must shut 
down industry, stop traffic, and 
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Forgive us our little deception. What you read here is in no 
sense a guide to the rare earths. 

Our few words are rather a guide to the guide. They are meant 
to direct you to the proper source(s) that will reveal the potential of 
that remarkable class of chemical elements, the rare earths. 

Which are those elements from lanthanum (atomic number 57) 
to lutetium (atomic number 71 ), with the addition of yttrium and 
thorium. 

Hardly sound like they would be interesting to the intelligent 
electronic engineer, do they? Well, for some excellent reasons, the 
rare earths are not only interesting, but exciting, promising, and 
downright stimulating. 

The Intelligent E. E.'s Guide to the 
Rare Earths. 

The interest in rare earths comes from their unique electro
chemical properties. That leads to excitement over their use as 
capacitors, thermoelectrics, lighting and CRT phosphors, and more. 
The promise is partially illustrated by the rare earth's semi- and 
superconductive properties. 

The stimulation, the motivation to do more with the rare 
earths comes from the fact that what is known about them is far 
greater than what has been done with them. 

And if someone is to do great things with them-why not 
you? All you'll need is time, conviction, and a guide. Who could, 
quite happily, be one of your own colleagues. A chemist, in your 
own company. 

Ask the willing and able chemist to equip you for an excursion 
into rare-earth territory. Ask us too. With our company and your 
chemist as guides, you may find an electronic Eldorado in the 
rare earths. 

RARE EARTH DIVISION 
AMERICAN 
POTASH & CHEMICAL 
CORPORATION ~· SUB5'l>APYOF<ERRM<CL£ CDRPORAT/ON 

258 Ann Street; West Chicago, Illinois 60185; Telephone: (312) 231-0760 
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switch to natural gas," the last fac
tor making for far cleaner air. Air 
pollution episodes happen when a 
low wind inversion level and wind
speeds of less than four meters per 
second persist over heavily popu
lated areas for 36 hours or more. 
After emergency actions are taken, 
says Jones, you wait. "It takes a 
finite period of time for pollutants 
to move out naturally" through dif
fusion, and there's no way to force 
them out once they are there, he 
says. 

Teach in. Public education in 
"adverse health effects of a pol
luted environment" is needed, says 
EIA. Jones's reply is that the elec
tronics/ aerospace industries need 
to be educated in air pollution be
fore they can do any productive re
search. With this productive re
search, it will take three to · five 
years to abate all levels of pollu
tion, says Jones. "Spend enough 
money and you can do it," he says, 
but even if Federal air pollution re
search spending were increased, 
industry is not "competent to han
dle the program." Lack of qualified 
personnel is one major factor. 
Napca itself is short on experts, 
Jones says, and does not have the 
people to monitor Na pea's re
search programs-most are con
tracted out. 

Jones estimates the manpower 
deficit at 5,000 professionals, in
cluding engineers, chemists, me
teorologists, and technicians. 
Should these 5,000 pollution ex
perts suddenly appear, Jones says, 
they would be used to fill vacancies 
existing in virtually every state and 
local air pollution agency. The 
number of professionals needed 
will grow with the problem, and 
this estimate doesn't include the 
needs of industry, he says. 

Jones ascribes the deficit to an 
"educational dilemma" -universi
ties and colleges produce good en
vironmental engineers only from 
their graduate schools. Courses in 
environmental engineering should 
be included in the undergraduate 
curriculum, and N apca is working 
with some universities, according 
to Jones, to determine what man
power development programs are 
feasible-whether Federal or state 
government agencies should under
take training, or whether the job 
can best be done within the col
leges or universities. 
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So ... they left it up to you to decide on High-Speed Line Printers. 

MOS SERIES 5013 HIGH-SPEED 
LINE PRINTER MECHANISM 

MOS SERIES 5320 HIGH-SPEED 
LINE PRINTER (CONSOLE) 

REGI ONAL MANAGER OFFICES : 

Make it painless ... call MOS! 
After all the talking is done, someone has to do the work. If you're the one who 
has to come up with recommendations for high-speed line printers, do what 
others in similar situations have done for years ... ca// MOS. 

MOS Line Printers are called the "work-horses of the industry" . This repu
tation for reliable, long-term performance has contributed significantly to the 
MOS position as a leading independent source for line printers. This "work
horse" reputation works equally well for you. 

MOS High-Speed Line Printers {1000-1250 lpm) offer you three choices: 
The 5013 Printer Mechanism only, tor integration with your own equipment; 
the 5320 Buffered Line Printer (Console); the 5300 Line Printer (Console, 
unbuffered). Console models are complete with MOS electronics and DC 
power supplies. 

MOS 5013, the high-speed rotating drum, on-the-fly printer mechanism, is 
the indispensable, vital center of every MOS High-Speed Printer. It contains 
the critical precision-built components that assure top performance. 

OTHER IMPORTANT FEATURES: Dual Tractor Paper Feed; improved 
Clutch/Brake mechanism with vacuum cleanout system; Tape Control Ver
tical Format with standard 8 channels (12 channels optional); Improved Ribbon 
Tracking Mechanism; New Fibre Optics System with only 3 light sources ... 
plus others. 

Phone or write for literature. Your Man from MOS will gladly help you make 
your decision. 

HELP FOR DEM 

DECISION-MAKERS 

~ Et's~~T~[DJ 
OEM MARKETING 
Palisade Street, Herkimer, N. Y. 13350 
Phone 315/866-6040 

Orlando, Fla., Phone 305/841-3091 • Walth am, Mass., Phone 617/891-5870 • Des Plaines, Ill., Phone 312/298-4 141 • Los Angeles, Calif., Phone 213/685-5165 

BUFFERED TAPE UNITS • DIGITAL STRIP PRINTERS • LINE PRINTERS • CARD PUNCHES AND READERS • PAPER TAPE PUNCHES AND READERS 
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• 
NO LONGER A PIPE DREAM 

That's right. 5000 initial perme
ability. And we mean it! 

Perhaps your designs for 
pulse transformers have gone 
up in smoke for want of a power
ful enough material. Well , now 
you've got it. And then some. 
Stackpole Ceramag® 24H fer
rite material. 

Ceramag® 24H is a precision 
engineered product. Exact 
processing, density checks , 
rigid kiln controls and precise 

sintering. You get more out of 
it simply because we put more 
into it. 

Here are a few more conserv
ative characteristics. Maximum 
permeability, 6900. Typical. Sat
uration flux density, 4100 gauss 
and residual magnetism of 850 
gauss. If curie point is significant 
to your operation, how about 
one of 175° C. Then there's tem
perature coefficient. Ceramag® 
24H goes + 0. 700% I ° C at - 25 ° 

C to 25° C and -0.450% I ° C at 
25 ° C to 75 ° C. And all of this 
with a disaccommodation factor 
of 1.4 x 10- 6

• 

Ceramag® 24H is ready. Are 
you? Drop us a line and we'll 
send you some even more in
teresting facts about this fan
tastic new material. And the 
charts to prove it . Stackpole 
Carbon Company, Electronic 
Components Division , St. 
Marys, Pa. 15857.Ph:814-834-1521 

ALSO A LEADER IN THE MANUFACTURE OF QUALITY FIXED COMPOSITION RESISTORS 



Government 

Practical research gains 
emphasis at NASA's ERC 
While keeping its hand in pure research, the Cambridge-based center 

has taken on goal-oriented projects such as an automatic landing system 

By James Brinton 
Electronics staff 

A shift in emphasis has been taking 
place amid the academic atmos
phere at NASA's Electronic Re
search Center (ERC). Perhaps due 
to the efforts of James C. Elms, 
who became its director three years 
ago, the Cambridge-based organ
ization is concentrating increas
ingly on advanced technology and 
short-term, practical, programs. 
However, all this has not affected 
its theoretical work which still re
mains substantial. 

Current programs, many of 
which promise payoffs in the near 
future, include L-band navigational 
satellite studies, flight experiments 
and parametric studies for vertical/ 
short take-off and landing aircraft 
(V/STOL) avionics, and work on au
tomatic landing systems. And ERC 
will function as the National Aero
nautics and Space Administration's 
lead center for the integrated elec
tronics systems to be used in the 
projected space shuttle-the plane
like orbital vehicle. 

The V / STOL program-about two 
years old-should yield data on the 
accuracy of various inertial guid
ance approaches. It will also in
clude tradeoff studies on how ac
curacy may vary with the number 
of postional updates from ground 
radar, and on various types of data 
processors and inertial references, 
comparing such features as cost 
and reliability. The program should 
also show how on-board computing 
could cut pilot tasks and whether 
total automatic control is feasible. 

Another program, started last 
spring, says Robert W. Wedan, 
chief of technical programs at the 
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Planner. James C. Elms, ERC Director, 
increased practical research. 

.center, aims at combining on-board 
computers, inertial references, and 
some radio navigational aids into 
an automatic landing system for 
conventional jet aircraft. According 
to Wedan, the program would col
lect the data needed to build an au
tomatic landing system, which 
might work even at airports with 
few radars and navigation aids. 

A secondary goal is helping in
dustry get the most out of the com
puters and inertial platforms that 
will go aboard upcoming airliners. 
"We hope not only to help control 
aircraft during the approach, but to 
help solve terminal congestion 
problems, too. Accurate position 
data from navaids, gyros, and on
board computers could help clean 

up the traffic control problem in 
terminal and holding areas." 

ERC and the Federal Aviation 
Administration will begin testing 
the new automatic lander aboard 
a Convair 880 next spring, and first 
reports should be published some
time in 1970. 

Simulated shuttle. The same 880 
may become a flying testbed where 
automatic techniques could be de
veloped for landing a space shuttle 
at an air field. Wedan says that it 
should be possible to use the air
craft to simulate the flight charac
teristics of the shuttle, and with 
data from the landing program, 
map out such an automatic landing 
system for the shuttle. Wedan says 
that while the ERC is working with 
an automated system, the Ames Re
search Center will study shuttle 
landings with a man in the landing 
control loop. 

Elms, Wedan, and Gene G. Ma
nella, director of advanced technol
ogy at the ERC, all are enthusiastic 
about ERC's space shuttle role. 
Elms figures that the benefits to the 
shuttle from electronics (and ERC) 
could be great, "perhaps even the 
shuttle's end cost could be cut by 
electronic aids to navigation and 
control." 

"The V / STOL and other avionics 
programs give us a structure within 
which we can work with advanced 
techniques," adds Wedan. An ex
ample is the laser gyro slated to 
play a part, perhaps next year, in 
the V / STOL avionics program. 

Wedan adds that when devices 
like the gyro and like the redundant 
sensor strapdown inertial platform 
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brand new 
pages of 
helpful 

plunching 
information 

• Six basic punching concepts 
• Turret punch presses 
• Stylus operated turret 

punch presses 
• OBI punch presses 
• Single station punch presses 
•New horn punch presses 
• Adjustable punch and die sets 
• All shapes and sizes of 

punches and dies 
• Template layout machines 

Complete information! Illustra
tions, descriptions, specifications 
and prices. Ask your distributor for 
the new 44-page Di-Aero punching 
catalog or write us. 

.Dl-ACAO~ 
4312 EIGHTH AVENUE division of-~,~ 
LAKE CITY, MINNESOTA 55041 ~ 
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Charting a course for research 
ERC's original charter, drafted in 1963 and 1964, gave the center a 
spectrum of potential activities ranging from the most abstruse solid 
state physics to highly practical, goal oriented work. But in the early years 
most of ERc's activities had the word research attached to their descrip
tions. 

Many of the changes at ERC occurred after James C. Elms arrived as 
director. Opinions diverge about his impact on ERc's reorganization and 
its swing toward goal oriented efforts. 

Programmed revolution. Elms appears to have studied the center's 
operations for almost 18 months before taking drastic action-and then 
only after what one ERC staffer calls "about six months of agonizing over 
the problem with his key staff members. 

When Elms arrived, ERc's organization chart looked as if it had grown 
task by task instead of by plan. About half a dozen directors reported 
immediately to him, and some had confucting or overlapping responsibili
ties. 

Advisory role. Within this framewok, ERC conducts-and defines-its 
programs a little like the old National Advisory Committee for Aeronautics 
used to, according to Elms. "For example, the NACA used to supply wind 
tunnel data on new airfoils, cowl structures, flaps, and so on-information 
needed to build better planes and to predict the performance of proposed 
models. ERC will do much the same thing in electronics, doing the work 
that individual companies can't afford, or centralizing effoiits that might 
be wastefully duplicated by many. In the long run, ERC will be a reservoir 
of knowledge for makers and users of aerospace electronics." Thus, ERC 
won't become a source of heavy funding for aerospace firms. 

The system was complex, but it worked, even though most agreed it 
could have been more efficient. But it might not have worked much longer: 
"There's a ·three way balance between directed research, undirected 
research, and goal oriented efforts," says Elms, and implies that the 
balance was hard to maintain under the old rules. 

"If I saw a research organization so locked in its ivory tower that no 
usable ideas were emerging, I'd be concerned. On the other hand, I 
would worry also about such ideas rising up to swallow the research man 
at the next desk, involving him in program management which he neither 
can enjoy nor perform as well as his own work." And under the old 
system this might have happened. 

Wedan says, "Nobody has the wisdom to program pure research ten 
years out. That's why work on near-term systems is valuable," it gives 
us an idea of what may be needed; it supplies some benchmarks for 
future research." 

But ERC has the advance technology directorate as a buffer between 
technical programs and research. "Without some insulation around the 
research side," says Elms, "you run the risk of over-direction-prejudge
ments can stifle the flow of ideas a research organization should generate." 

Elm's reorganization of the center into three directorates thus was 
his solution to the touchy problem of guided versus unguided research. 
"We needed a middle route," he says. "While some guidance helps, one 
can't look at each effort and ask what good will it be to NASA in 1980, so 
we've set up things so that we can aim research slightly, leaving room 
for intuition." 

are considered, the respective roles 
of the technical program and the 
advanced technology directorates 
merge. "We gain systems experi
ence with high technology items 
like laser gyros, and at the same 
time spot areas that need work
say, lifetime, in this case-and pass 
the word along to Gene Manella's 

" area. 
The charter granted to Manella 

includes component development 

and, in addition, runs a gamut from 
semiconductor reliability studies, 
large scale integration test tech
niques, to microwave, millimeter 
wave, and laser communications 
studies. It covers work as esoteric 
as implantable biomedical sensor 
development and as prosaic as 
wafer scribing techniques for inte
grated circuits. 

Manella's and Wedan's direc
torates share ERC's space shuttle 
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role. Manella states that he expects 
ERC to get a "pronounced set of 
responsibilities in the shuttle pro
gram," and is especially interested 
in applying the results of his direc
torate's semiconductor reliability 
studies to the craft. 

For the shuttle, Manella envi
sions a total "data system," and not 
just computational power. It would 
include critical systems monitoring, 
some digital processing of data at 
its source, display of critical pa
rameters, information storage, and 
equipment designed to ease the 
shuttle pilot's workload. Elms sees 
electronic ·s'tability augmentation 
gear in the latter category. 

Summing up the advanced tech
nology section's shuttle priorities 
Manella says: "Foremost is LSI 
screening and testing; there will be 
large amounts of digital gear dis
tributed about the craft, and LSI 
will be tl1e way to go-but so far 
screening and testing can't provide 
the needed reliability." 

"Second," he says, "are con1mu
nications studies-a body of work 
running from tradeoff studies on 
the antennas for the shuttle to 
plasma penetration for communica
tion during reentry." 

"Then come biotechnological ef
forts-an interface between space 
medicine and electronics," he says, 
"and finally, power conditioning." 

As a result, ERC now is working 
with the Jet Propulsion Laboratory 
on microelectronics reliability of a 
spacecraft, which he calls "the pro
totype unmanned spacecraft of the 
future with ultra-high reliability 
and a long operational lifetime." 

With the Lewis Center, Manel
la's men are working on control 
electronics for an advanced Bray
ton cycle power system which may 
supply future spacecraft with on
board power. 

For ASA as a whole, the ad
vanced technology directorate is 
designing and specifying a data 
bank holding microelectronic relia
bility information. Another center 
probably will run the bank, "but no 
one knows better than ERC what 
should go into it," says Manella. 

What could be first 

Meanwhile, in Wedan's direc
torate, may lie the germ of a pro
gram that could result in prototype 
hardware-not just data. It's in the 
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Capable of destroying or rendering 
unidentifiable electronic units or 
circuits is Hi-Shear's DES1000 
Series Incendiary Destructor. 

The Destructor shown is built to 
a customer's particular require
ments. The destructor, loaded with 
an incendiary compound, produces 
90,000 calories at a rate of approxi
mately 1500 calories per second. 
The extremely low gas output is 
non-toxic, non-inflammable and is 
emitted at less than six cubic 
inches per second. The destruction 
is in a direction normal to either 
or both faces of the destructor 

plate. Duration of the burn period 
is 60 to 90 seconds. 

The DES1000 Series is electri
cally initiated by a five ampere 
(recommended) current. The de
structor meets the one-watt/ one
amp no-fire safety requirement. 

The destructors are produced to 
customer specifications. Envelope, 
heat output and propagation rate 
may be varied. They may be 
adapted for document or file de
struction. 

Technical data is available on 
your request. 

Circle 151 on reader service card 

Make your awn break. 
You can take a lot of the chance 
out of your future by including 
yourself in the Electronics Man
power Register. 

When you do, your experience 
and talents become part of a 
nationwide computerized place
ment service. 

Our computer is programmed 
to give every registrant the same 

look for every opening. With your 
prior approval, you'll be consid
ered for every opportunity that 
matches your resume. 

All you have to do is send one 
to: 
Electronics Manpower Register 

Electronics 
330 West 42nd Street 
NewYork, N.Y. 10036 
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What makes low-cost 
Dialig_ht readouts 
so reliable 
and easy-to-read? 
Reliable because of simple module construction and long life lamps. Designed 
for use with neon or incandescent lamps to meet circuit voltage requirements. 
Easy-to-read from any viewing angle. 1" high characters are formed by unique 
patented light-gathering cells, and may be read from distances of 30 feet. Sharp 
contrast makes for easy viewing under high ambieM lighting conditions. 

Dialight Readout Features 
1. Operate at low power. 

2. 6V AC-DC, 10V AC-DC, 14-16V AC-DC, 24-28V 
AC-DC, 150-160V DC or 110-125V AC. 

3. Non-glare viewing windows in a choice of colors. 
4. Available with RFl-EMI suppression screen. 

5. Available with universal BCD to 7 line translator driver. 
6. Can be used with integrated circuit decoder devices 
now universally available. 

7. Caption modules available; each can display 6 messages. 

Send for catalog 
Catalog-folder contains complete specifying and ordering data 
on numeric and caption modules, translator drivers, mount
ing accessories. Dial ight Corporation, 60 Stewart Avenue, 
Brooklyn, New York 11237. Phone: (212) 497-7600. 

DIAL/GI-IT 
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satellite programs office, headed by 
Leo M. Keane. 

Keane's office is presently trying 
to find its way out of the hole dug 
for it by the spinning ATS-5 satel
lite [Electronics, Oct. 27, p. 53]. 
But Keane looks forward to a time 
when ERC' s experiments will ride 
their own satellites. 

If this comes to pass, the first 
ERC satellite would aid develop
ment of a mi<l-Atlanlic air traffic 
control, navigation, and communi
cations system. Keane feels that 
ERC is the natural center for such 
an effort. 

"We began concentrating on this 
problem area in 1965", he says. 
"We foresaw the built-in inaccura
cies of air navigation over water, 
and the forecast reduction in spac
ing between planes as traffic 
increased-a bad condition. The 
spacings were narrowed in 1966-
then reestablished after an outcry 
from pilots about safety." 

"We figured that the solution lay 
in satellites enabling tight naviga
tion, surveillance, and communica
tions," he says. "After projecting 
the problems, we looked for the 
men to solve the problem with 
electronics." 

When staffed up, the satellite 
programs office started exploring 
proposed systems and tradeoffs. It 
contracted with TRW, Philco, and 
RCA for systems studies, with Boe
ing for a study relating navigational 
satellites to the supersonic trans
port, and with others on smaller 
facets of the problem. 

Now Keane figures ERC is NASA's 
reservoir of navigational satellite 
talent, and while an operational 
system probably will be another's 
responsibility, ERC will have de
cided a lot of its characteristics, 
and flown experimental models in 
the process. 

Beyond Navsats, Keane sees 
geodesy, direct broadcast, and 
earth resources satellites as future 
missions for ERC. 

Elms says that such satellite pro
grams won't be ERC's province un
til he is satis~ed that the ceµter has 
"the necessary depth in its research 
organization, enough capability in 
the advanced technology direc
torate, and the managerial talent 
available in technical programs to 
handle the jop. But it's just about 
there," he says. "We can begin con
sidering these things now." 
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BIG ADVANCES 
Come in 
Small Packages 

Now .•• Reeves has developed the highly accurate sub
miniature heaterless Mini-RIG Integrating Gyro ... and 
the full capability for packaging it as a self-contained 
sub-system. 

The Mini-RIG development represents a major advance 
in reliability, cost reduction and performance, in the 
field of subminiature high-volume inertial sensors. 

Only one inch by two inches in size, 
the Mini-RIG can stabilize 
short-mission-time 
inertial platforms or serve 
as an inertial sensor in 
strap-down applications. 
Automated gyro assembly 
techniques have reduced 
final assembly time from 
the normal one month to 
one work-day! This, in turn, 
has minimized the 
possibility of 
contamination and 
maximizes 
reliability. 
Reeves has fu II 

packaging capability, too. For example, the illustration 
shows a typical compact three axis rate package 
especially designed for aircraft missile and satellite 
system applications. It is system-engineered to pro
vide the necessary accuracy and to meet the most 
stringent environmental requirements of outer space. 
Within its 30 cubic inch volume are three Mini-RIG 
Rate integrating gyros plus all necessary elec

tronic modules to operate the entire package. 

What are your special 
needs for subminiature gyro 

packages and sub-sys
tems? Reeves can meet 

them! Our engineers 
working within the Total 

Systems Concept, will 
isolate the problem areas 

and provide the most 
practical solutions for them. 

For complete data and 
application information call 

(516) 746-8100 ext. 540, 
or write Component Division, 

Reeves Instrument, 
Garden City, N. Y. 11530. 

EW! REEVES 
Mini-RIG® 
Integrating Gyro. 

~e.eve.t@ INSTRUMENT DIWSION ~ Dl'llAMICS CORPORATION OF AMERICA/ IJMIOEM Cm; MEW TORK 11'3D 
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so Ct.I THE THIR.O GO-AR.OUtJD WE 
HAD A CIRCUIT OUR. SUPPLIER SAID 

HE COULD MAKE BECAUSE Tl-lEY 
WERE GETTING- THIS NEW 
EQUIPMENT ... 

ONLY IT DI DtJT TEST TOO WELL BUT 
THEY COULD FIX THAT WITH SOME 

NEW STUFF THEY WERE 

GETTING- ••• 

AtJD WITH THEIR E)(PAtJSION PRoGR.AM 

THEY'D SOON HAVE CAPACITY TO MAKE 
ENOU6H CIR.CUITS IN TIME FOR. 
OUR. R.EVISED REVISED 

REVISED 

SCHEDULE ... 

AT REVISED 

R.EVISED 

REVISED COST-

I 
THATS WHAT THEY SAID ••. 

SO / l
1
M CELEBRATING- THAT 

ALOtJG WITH MY 

TH I RTY-TH I RO Bl R.TH DAY. 

Aerojet microcircuits solve problems. First time around. 
We've already done our homework on our own in-house 
program. Seven years of it. And we've already invested 
our own money in the most advanced, automated equip
ment. Millions of dollars worth. So when we say we're 
ready to tackle your problems in thin-film microcircuits 
... we're really ready. 
The benefits to you start immediately because you don't 
need to compromise your design. Aerojet thin-film cir
cuits can be built to meet an incredible range of specifica
tions. We know components and can offer you many that 
are unobtainable elsewhere because we developed them 
ourselves. You get exactly what you need. Fast. 
It's in actual production that Aerojet's invest
ment in ahead-of-the-field equipment pays off. 
We're automated to the highest possible degree. 
This gives us big advantages in precision, speed 
and constant traceability. Defects get caught 
early. And costs come down. And schedules are 
met! For example, the largest of our six vacuum 
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deposition chambers can produce 10,000 circuits in a 
single production cycle. Automated machines and com
puters can test 100 circuits in less than a minute ... meas
uring and storing component values. A computer "knows" 
each individual circuit and can trace it through the entire 
process. 
But there's much more. You almost need to see it to 
believe it (by all means come and take a look or ask to 
see our movie). 
Aerojet's aerospace projects demand the utmost in reli
able, sophisticated microcircuit technology. We can apply 
our experience to your problems . . . in depth, in quantity 

and at highly competitive prices. 
So get us involved early and get results the first 
time around. Contact the Aerojet field office in 
your area, or: Aerojet Microelectronics, Elec
tronics Division, 1100 West Hollyvale Street, 
Azusa, California 91702. Phone (213) 334-6211, 
Extension 6561. 
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TRUE NPN-PNP PLANAR POWER TRANSISTOR COMPLEMENTS IN 
RATINGS FROM 1TO60 AMPERES ...... NOW, FROM TRANSITRON 

156 

More Complementary Pairs - More NPN-PNP 
complements than any other manufacturer. Pairs avail
able in all ratings up to 60 Amps. 

Wider Selection -Well over a thousand silicon planar 
types - both high power and high voltage ... all avail
able for fast delivery. NPN and PNP types with power 
dissipation 5 to 300 watts; collector current 1 to 100 amps; 
BVceo (NPN) to 200 V ; BVceo (PNP) to 140 V; high-voltage 
NPN types with BVceo to 400 V . 

Single-chip reliability- Single-chip construction 

TYPICAL POWER TRANSISTORS 

Typical Maximum 
Typical Complementary 

Package 
Power BVceo le (max) 

NPN PNP Dissipation (Volts) (Amps) 
type type (Watts) 

ST14031 ST40003 T0-63 300 100 60 

2N5250 -- T0-114 300 100 90 

ST15044 ST54005 T0-63 187 100 40 

ST17061 ST10008 T0-63 150 100 30 

ST86021 -- T0-61 75 100 5 

ST91058 ST76019 T0-59 60 100 10 

ST91086 ST72037 T0-59 45 100 5 

ST91055 ST72040 T0-5 15 100 5 

ST74050 ST75005 T0-5 11 100 2 

ST84028 T0-5 7.5 140 1 
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provides greater reliability than standard multiple-chip 
designs. 

More Packaging Flexibility - Standard packages 
include T0-3, T0-5, T0-59, T0-61 , T0-63, T0-66 and 
T0-114. (T0-5, T0-59 and T0-61 available in isolated 
cases,) High power types available in- smaller-than-usual 
packages, providing important space and weight savings. 

Proved Performance - Transitron power transistors 
are in use in many military and aerospace programs 
where reliability and performance are critical. 

HIGH VOLTAGE TRANSISTORS 

(Walts) 
Typical Maximum BVceo le (max) 

NPN Package Power (Volts) (Amps) 
type Dissipation 

ST18007 T0-63 150 400 20 
ST18009 T0-63 150 200 20 

ST18011 T0-61 75 400 10 

ST18013 T0-61 75 200 10 

ST18015 T0-59 45 400 5 
ST18017 T0-59 45 200 5 

Want more information on Transitron Transitron power transistors? 
Call today for complete data 
and spec ifications. Specify electronic corporation 
types of particular interest. 166 Albion Slrcet Wakefield, Massachusetts 01660 
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ClnCH 
ELECTRONICS 

YOU ARE NOW ENTERING 

THE 
MULTILAYER CIRCUIT 

CENTER 
OF THE U.S.A. 

Cinch-Graphik is a volume producer of all 
types of printed circuits, but multilayer 
boards are our specialty. We produce them 
with the newest and most advanced auto
mated equipment. 

For information on Cinch-Graphik, write 
for our new Capabilities Brochure ... avail
able from any Cinch Electronic Group 
Distritt office or by writing Cinch-Graphik, 
200 South Turnbull Canyon Drive, City of 
Industry, California. 91744, Phone (213) 
333-1201. CG ·7001 

I CINCH-GRAPHIK. 

DIVISION OF UNITED - CARR 

£ROUP. CINCH MANUFACTURING. CINCH-GRAPHIK. CINCH-MONAONOCK AND CINCH-NULINE DIVISIONS OF UN/TEO -CARR INC., A SUBSIDIAR Y OF TRW INC 
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Singer has advanced the 
state-of-the-art with a signal 
generator so New it almost 
requires a new name. 

The Model SG-1000 obsoletes 
every other signal generator 
within its frequency range . . . 
singly or in combination. Its 
performance is so superior that 
no other instrument available 
can equal or even approach it. 

That's why we call it the 
Innovator. 

Here's why you'll call 
it unbelievable . . . 

• Digital readout of frequency. 

• Broadband frequency 
coverage from 61 kHz to 
512MHz (to 1024MHz with a 
simple passive doubler) in a 
small 5%" high package. 
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• Exceptional frequency 
accuracy and resolution . . . 
typically 0.005% ... and no 
human readout errors. 

• Full modulation capability 
AM D FM D Pulse D Video D 
Internal 1,000Hz modulation o 
... and combinations of the 
above. 

• Output levels from 
+ 20dBM to - 146dBM. 

•An automatically leveled 
output . .. within ± 0.5dB over 
the entire frequency range. 

•Use it as a 2MHz counter 
for counting modulating signals 
or rep rates directly. 

•A spectrally pure output 
signal approaching that of a 
crystal ... extremely low 
residual and incidental FM. 

•Total elimination of dial 
tracking errors. 

• The availability of BCD 
frequency output and a 

programmable attenuator to 
assure system integration. 

This is only part of the 
SG-1000 story. A more complete 
technical description is 
available in Singer Application/ 
Data Bulletin SG-10 upon 
request. 

For additional information 
contact your local Singer 
Representative, or write or 
call-
The Singer Company 
Instrumentation Division 
915 Pembroke Street 
Bridgeport, Conn. 06608. 
203-366-3201. 
In Europe contact: Singer 
Sewing Machine Company, 
Instrumentation Division, P.O. 
Box 301, 8034 Zurich, Switzerland, 
Telephone: (051) 47 2510 
TWX 710-453-3483 

SINGER 
INSTRUMENTATION 
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When the chips are down, they 
ought to be on our IC packages. 

It's not just because we want to sell our prod
ucts (which we do) . 

Or because we're proud of them (which we 
are). 

We think you should buy our IC packages 
for a number of reasons. 

First of all, we make all our own parts. (Many 
of our competitors must buy frames and ce
ramics for assembly.) 

We assemble the packages ourselves. 
We test our packages for insulation, thermal 

shock resistance, hermeticity, lack of internal 
shorts, excess glass-ceramic flow. 

And if one of our growing line of packages 

doesn't fit your requirements, we'll design one 
that will. 

One more thing. Just because you're getting 
the best IC package money can buy, don't think 
it takes a lot of money. In fact, ours probably 
costs less than any others. 

Isn't that where you should put your chips? 
Sylvania Metals & Chemicals, Parts Division, 

Warr.en, Pennsylvania 16365. 

SYLVANIA 
GENERAL TELEPHONE & ELECTRONICS 



(THEY'RE OUR COMPETITORS) 

You'd feel the same way if you were trying to sell against 
what is acknowledged as the finest unit of its kind on the 
market. Put yourself in their place. 

First off, you'd be probably trying to peddle an out
moded on-off type control. Not only is performance poor, 
but you'd be saddled with explaining how a maze of 
complicated mechanical linkages between the programmer 
and recorder can possibly work. This is doubly hard be
cause it doesn't work - unless someone attends it con
stantly. 

(Blue M uses the patented POWER-0-MATIC 60® Satur
able Reactor Proportioning Control System. It provides 
unquestionably the finest performance, yet is so simple to 
run that a child can operate it.) 

Then there's the compressor. You'd be selling a system 
that slams on and cuts off, causing a noticeable variation 
in chamber conditions every time. And you'd have to try 
to explain high maintenance. 

(Blue M's compressor operates continuously for longer 
life. Performance is geared exactly to the operating tem
perature needs of the chamber at all times.) 

Almost every chamber manufacturer has his own water 
system: spray, steam injection, etc. They do get water 
into the chamber, but often it's in the form of mist or drops 
- hardly humidity. And every one needs constant attention. 

160 Circle 160 on reader service card 

(Imagine trying to sell one of them against Blue M's 
reliable solid-state water leveling system and exclusive 
vapor-pressure system.) 

And finally, there's construction. You would probably 
be selling a unit built to a price - skimpy, if not actually 
shoddy. 

(Blue M Temperature/Humidity Chambers are built to 
last. They'll run for years, assuring the maximum number 
of tests per dollar invested. We even include an elapsed 
time meter to record the actual number of hours the 
cabinet operates. We haven't a thing to hide.) 

But the biggest point you'd have to sell against is the 
fact that Blue M Temperature/Humidity Cabinets work as 
specified. They easily meet every current MIL Humidity 
Spec, for example, plus a host of even tougher industrial 
requirements. They've been designed to provide the lowest 
cost per test - all with a minimum of trouble and fuss to 
you. We're prepared to prove it with actua,I performance 
charts, operating data and demonstrations any time you 
say. 

Blue M builds the finest temperature/humidity chambers 
in the country. We challenge anyone to show us {or try 
to sell you) a better one. For full information, write: 
Blue M Engineering Company, A Division of Blue M Electric 
Company, Corporate Headquarters, Blue Island, Ill. 60406. 
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' WILL BUY 1,000,000 TRIPLETT 310 VOM's 
BUT YOU ONLY NEED ONE ... AT $4410 THAT'S A BAH6AIN 

MODEL 310 
World's Largest Selling 
Volt-Ohm-Milliammeter 

(SHOWN ACTUAL SIZE) 

0 HAND SIZE V-0-M WITH PROVISION FOR ATTACH-

ING AC CLAMP-ON AMMETER . 

8 20,000 OHMS PER VOLT DC SENSITIVITY; 5,000 AC. 

ft ONE SELECTOR SWITCH MINIMIZES CHANCE OF 

V INCORRECT SETTINGS AND BURNOUTS. 

MODEL 310-C 
Volt-Ohm-Milliammeter 

0 
e 
e 

310-C PLUS FEATURES 

Hand size V-0-M with provision for 

attaching AC Clamp-on Ammeter. 

15,000 OH MS per volt AC sensitivity; 
(20,000 DC same as 310) . 

Single fully enclosed Lever Range 
Switch, plus DC Polarity Reversing . 

MODELS 100 AND 100-C 
Comprehensive test sets. Model 100 includes: 
Model 310 V-0 -M. Model 10 Clamp-on 
Ammeter Adapter; Model 101 Line Separator; 

Model 379 Leather Case; 
Model 311 leads. ( $83.20 

• 

~~~ue~)Separate Unit Purchase 

MODEL 100 - U.S .A. User 
Net . . ............. $78.00 
MODEL 100-C - Same as 
above, but with Model 310-C, 
Net. ..... . . ...... . $88.00 

SELF-SHIELDED Bar-Ring instrument; permits checking in strong magnetic fields . FITTING INTERCHANGEABLE test prod tip 
into top of tester makes it the common probe, thereby freeing one hand . UNBREAKABLE plastic meter window. BANANA-TYPE 
JACKS-positive connection and long life. 

Model 310-$44.00 Model 310-C-$56.00 Model 369 Leather Case-$4.20 
All Prices are Suggested U.S.A. User Net, Subject to Change 

THE WORLD'S MOST COMPLETE LINE OF V-0-M's • AVAILABLE FROM YOUR TRIPLEIT DISTRIBUTOR'S STOCK 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 45817 

Electronics \ December 8, 1969 Circle 161 on reader service card 161 



162 

see Litton lirst 
tor miniature 

K-Band 
magnetrons. 

If your application involves missile guidance radar, beacons, 
airborne terrain-following radar, man pack radar, aircraft 
landing systems, transponders, fuzes, commercial weather 
avoidance radar or airborne doppler navigation radar - Litton 
offers you a complete line of miniature K-band magnetrons. 

Our exceptionally broad line will fit into any system within 
all these applications and offers you unique performance 
characteristics. Qualities like low temperature coefficients. 
Short warm-up time. Very short pulse width capability. Long 
life expectancy and low RF interference. These features will 
ensure compatible operation in the most demanding K-band 
systems. 

A few typical examples of our miniature line are given in the 
chart below. For full details contact: Electron Tube Division, 
960 Industrial Road, San Carlos, Calif. 94070. Telephone 
(415) 591-8411. 

Minimum Frequency 
Tube Type Peak Power (Kw) Range Tuning 

L-5048 coaxial 1.0 15,950-16,550 Mechanical 

L-5112 coaxial 2.2 15,400-15,700 Mechanical 

L-5113 coaxial 2.2 15,400-15,700 Mechanical 

L-5013 coaxial 4.0 15,500-16,500 Mechanical 

L-5035 coax ial 8.0 15,900-16,400 Mechanical 

L-3958A coaxial 9.0 15,500 ± 85 Fixed Frequency 

L-3496A 1.0 16,000-16,500 Mechanical 

L-5189 1.0 14,200 ± 150 Fixed Frequency 

L-4370 0.04 13,325 ± 30 Fixed Frequency 

rn LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 
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New S. S. White system 
trims microelectronic hybrid resistors 

at 1,000 per hour ... or more 

IF you're into hybrid circuitry in 

a big way, or hope to be, our Model 

AT-701AR may be just what you 

need. It offers high capacity, accu

rate trims, high yield - or, just 

what you need to keep your custom

ers and your comptroller happy. 

Model AT-701AR is similar to our 

highly successful Model AT-701A, 

but with the addition of a rotary 

feeding system which lets operator 

load and unload substrates during 

the machine's trimming cycle. Ca

pacity is limited only by the man-

Model AT-701AR 

Circle 164 on reader service card 

ual dexterity of your operator. 

Accuracy of the AT-701AR is 

guaranteed -within 0.5%. 0.1 % 

is attainable with care and some 

sacrifice of speed. Trimming is 

monitored by a precision system 

of electronics featuring a four-wire 

Kelvin bridge, and tolerances may 

be programmed from ± 0.1 % 

through ± 11 % . (No use making 

them better than the specs require!) 

But suppose the Model AT-

701AR is too big or too small for 

you? 

Call us anyway. If you can get 

by with something like 600 accu

rate trims an hour, we can offer 

you our Model AT-701A, to which 

you can add the turntable feature 

later. If you're still experimenting, 

we have Model LAT-100 for bread

boarding. It is accurate to 1 % bet

ter, takes substrates up to 4 x 4 

inches and sells for only $5,950. 

If you're really big, there's the 

Model AT- 704A, a rotary-feed 

machine that trims four resistors 

simultaneously, monitors, and in

spects them at the breathtaking rate 

of 4,000 per hour. And if that's not 

fast enough for you, buy two. 

All the S. S. White resistor trim-

ming systems are based on the 

proven Airbrasive® method of 

removing resistance material which 

produces neither heat nor shock, 

does not alter the substrate. 

Call 212-661-3320 to arrange for 

a live demonstration. Speak to Hal 

Skurnick or Don Davis. These same 

gentlemen will be demonstrating 

the Model AT-701AR and the 

Model LA T-100 at major electronics 

trade shows around the country, 

and if that's not quick enough for 

you, we will arrange for you to visit 

our factory. We have also prepared 

an extensive technical bulletin on 

this equipment, called, rather cryp

tically, the "RT-14", a copy of 

which is yours for the asking. 

RT-14 

Write to S. S. White Division, 

Pennwalt Corporation, Dept. I{, 

201 East 42nd Street, N.Y., N.Y. 

Tel.: 212-661-3320 

liJEIWWU.T 

~ S.S.WlilTE 
INDUSTRIAL PRODUCTS 
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all things considered, it's the 

best connector tnaterial you can buy! 

Circle 165 on reader service card 

For additional information about this circuit 
saver, write American Cyanamid Company, 
Plastics Division, Wallingford, Connecticut 06492. 



Room tor 
improvement 
General Electric's T0-52 

transistor-size sealed relays 
• give you more room 

for increased power, 
improved performance 
We didn't cut any corners on this high-reliability, transistor-size 
sealed relay. We left them on so there 'd be more room for a 
more powerful magnet-21/2 times more powerful. 

This added power means this type 3SBS, 2PDT, 1 amp relay -
gives you higher contact forces, larger contact gaps, and ~ 
greater overtravel to minimize mechanical shifts. Shifts AiT~tL 
which usually increase early-in-life failures. 

Though there's more room inside to give you all these 
advantages, the outside dimensions-top-to-bottom (.275") 
and side-to-side (.370")-are the same as any transistor
size relay. 

So don't cut corners on your next transistor-size relay 
application. Specify GE's square Type 3SBS. For full details, I 
write General Electric, Section 792-45, Schenectady, New 
York 12305. 

GENERALfj ELECTRIC 
166 Circle 166 on reader service card Electronics I December 8, 1969 



Avionic Assemblies 

• ' -Servo Motors 

Electronics I December 8, 1969 

,, . 

f When it comes to Components 
and Avionic Assemblies 

~" ~,,.,,.,~ (Jt ! 
We have it or we'll make it 

From the most basic rotating com
ponents to complex avionic assem

blies, you can depend on Clifton 
quality, versatility and variety. 

In synchros, what do you need in the way 
of accuracy, size, type, temperature, radia
tion or corrosion resistance, terminals or 
leads, double ended shafts, tandems, gyro 
pick-off or BuWeps types? We have everything! 

In servo motors (AC, DC or stepper) and 
sophisticated motor rate tachometers, Clifton 
is an acknowledged leader. 

In avionic assemblies, we use quality com
ponents coupled with creative design and 

offer sophisticated avionic systems, 
actuators, analog computers, simulators, 
switches, and indicators. 

Finally, in the solid state technologies 
which are in some cases replacing electro
mechanical assemblies, look to Clifton for the 
latest in A/D Converters, digital readouts, 
solid state servo repeaters. 

For a willing response to your inquiry, con
tact your Local Clifton Sales Office or (215) 
622-1000, Clifton Heights, Pa. 

9Sl~t':T!l9S~ rn 
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lllant a ta•ha•eter 
•ith a11 a•••rate 
nu•eri•al reada•t7 

lrdera11 
Airpa11 
ligltal 
Ta•ha•eter. 

Now you can read RPM, GPM, FPM, or any 
engineering units directly with the Airpax 

Digital Tachometer. No more interpreting a 
meter scale! D Signals can be counted 

and displayed over preset time intervals. And dual set-points 
are available with outputs capable of performing any normal 

controlling function. D The new Digital Tachometer is available in 
four, five, or six digit readouts and covers frequencies up to 

100kHz. The versatile unit is compact and plug-in construction allows 
easy maintenance. It operates on 115 volts 50 to 400Hz and 

consumes just 12 watts. D Contact Airpax today for more information. 

Circle 168 on reader service card 

lllPIH ELEITllNlll Seminole Division, P. 0. Box 8488 
Fort Lauderdale, Florida 33310, Phone: (305) 587-1100 

TWX: (510) 955-9866, Telex: 051-4448 
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Liquid laser goes commercial 
Coaxial flash lamp initially designed at NASA center is key development in moving device 

out of lab; lasing dyes permit varied color outputs covering almost entire visible spectrum 

By James Brinton 

Electronics staff 

In pulsating color. Outputs from a liqu.id laser bounce off conical sections of lucite plastic. The yellow-green light pulses 
are emitted by Rhodamine 6G, and the blue by Coumarin. Efficiency depends on the dye being used; it is typically 0.2%. 

To the engineer, the liquid laser is 
a thing of beauty. Not only can it 
emit a range of wavelengths from 
the ultraviolet to the infrared, but 
its liquid medium is free of lattice 
defects, impurity concentrations, 
and bubbles that can make laser 
rods damage themselves. And by 
changing the ·amount of dye dis
solved in the solvent, one can ex
periment with various dopant lev
els; with solid state lasers, the 
dopant level is fixed. 

Not only that, but the liquid laser 
is tunable, and single wavelengths 
can be picked out of its emission 
while retaining respectable output 
powers. 

But until the General Laser 
Corp. introduced its DL-1000, there 
wasn't any such thing as a com
mercial liquid laser. Available units 
had been built in the lab for use in 
the lab-and there were some pretty 
good reasons. 

Originally, some of the solvents 
used to dissolve lasing dyes were 
toxic. But it was found that grain 
alcohol worked for most dyes. 

Electronics I December 8, 1969 

The pumping problem was 
tougher. Dye lasers need very 
abrupt (about 100 nanoseconds rise 
time) and powerful pulses to raise 
them to threshold. High power 
meant high current densities within 
the Hash lamp, densities often high 
enough to shatter the pencil-shaped 
linear flash lamps used in most 
lasers, and fast rise times aggra
vated the problem. 

But slower-rising pulses made 
for weak emission or no laser ac
tion at all. And even when flash 
lamp and power source were con
structed with great care, laser out
put power could vary wid~ly from 
pulse to pulse. At best, linear Hash 
lamps could make only a few dyes 
lase. Most needed so much pump 
power that another laser had to 
supply it. 

Solved. The DL-1000 design in
cludes solutions to this problem, 
and General Laser is preparing to 
sell its system for less than $5,000, 
with first deliveries scheduled next 
month. 

According to S. Edward Neister, 

project engineer, the firm had to 
work its way through a list of inter
facing tradeoffs, among them the 
wall thickness of laser tube and 
flash lamp, flash lamp gas-fill pres
sure, and power supply rise time 
and inductance. A change in any 
one of these could vary output 
power, efficiency, beam divergence, 
or other characteristics. But more 
than any other part of the design, 
the flash lamp was the pacing fac
tor in the technology. 

Michael Sirchis, program man
ager, says that some of the com
pany's design solutions are based 
on research done at the NASA Elec
tronics Research Center by Horace 
W. Furomoto and H.L. Ceccon. 
Their major contribution was basic 
design of a workable flash lamp. 

Instead of being linear, the NASA 
flash lamp was coaxial-a fat cylin
der with a hole on its axis through 
which the laser tube passed. 

Coaxial lamps could take higher 
·pulse amperages and withstand 
higher current densities than linear 
lamps. Whereas a linear flash lamp 

169 



A single pair of wires, or a 
leased telephone line, can 
carry the audio signals for 
a complete control system. 

For inaccessible areas or 
mobile installations, a 
radio transmitter and re· 
ceiver system can carry the 
signals. 

REMOTE 
CONTROL 
SWITCHING WITH 
AUDIO SIGNALS 

(actual 
size) 

contact1ess resonant 
reed encoder I decoder 
.395 x .620 x 1.100 

An audio tone can be generated by an 
electronic oscillator or resonant reed en
coder circuit, then transmitted by wire 
or radio. The tone activates a resonant 
reed relay to perform a control function. 

Bramco reeds permit over 100 selective 
control frequencies within the 67 to 3000 
Hz. spectrum. This is assured by: (1) the 
narrow response band-width of about 
1 % for decoders and (2) the high ac
curacy of Bramco reed encoders (1I10 
of 1 % of design frequency). 

A big advantage of reeds in control 
switching is that they are ideally suited 
for simultaneous and sequential coded 
tone systems. The actual number of con
trol functions possible in such a system 
is virtually unlimited. For example, over 
3300 individual control functions are pos
sible with only 16 frequencies coded se
quentially in groups of three. 

Compared to other types of tone filters, 
resonant reeds are small and inexpen
sive. They give more control functions 
per spectrum, per size, per dollar. 

If you work with controls that select, 
command, regulate, or indicate, you 
should know how it can be done with 
audio signals. We custom design and 
stock a broad line of encoder I decoder 
components and modules. Bramco also 
custom designs LC filters from 0 to 200 
KHz. 

For literature write Bramco Controls 
Division, Ledex Inc., College and South 
Streets, Piqua, Ohio, or call 513-773-8271. 

-BRAMCO CONTROLS DIVISION 
LEDEX INC. 

College and South StTeets, Piqua, Ohio 45356 
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Out of the lab. 
Liquid laser now 
available commer
cially ,includes a 
circulating-fluid sys
tem that can be 
drained and then 
filled with a new 
solution in less than 
5 minutes. 

... sealed coaxial lamp surrounds laser tube, 
pumps light into it from all directions ... 

might withstand only 6 kiloam
peres per square centimeter, a co
axial lamp could operate with cur
rent densities ,as high as 90 
kiloamperes. 

This made it possible to gener
ate more light, and also more of 
the right kind of light-color tem
peratures of typical coaxial flash 
lamps in the DL-1000 are over 20,-
0000K, far above color temperatures 
possible with linear flash lamps, 
and the higher color temperature 
means more energy is coupled into 
the dye molecules. 

Also, since the coaxial lamp sur
rounds the laser tube, it pumps 
light into it from all directions. 
This, plus the current handling and 
color temperature characteristics of 
the coaxial lamp, made it look like 
a world-beater. 

But not quite. Unfortunately, the 
earliest coaxial flash lamps tended 
to "filament." Instead of flashing 
throughout their volume, discharge 
happened along a line or filament 
between the electrodes. So the first 
coaxially pumped dye lasers were 
no more efficient than ones pumped 
with linear flash lamps-and some
times even less efficient, because 
the rest of the gas in the coaxial 
lamp absorbed much of the light 
radiated from the filament. 

The NASA scientists figured out 
how to build a coaxial lamp that 
didn't filament; they used thin 
quartz walls, a xenon gas fill, and 
ring-shaped copper-tungsten alloy 
electrodes which doubled as end 
caps. And the engineers at General 

Laser figured out a way to seal the 
new tubes to prevent internal con
tamination and loss of brightness. 
Neister doesn't want to give the 
sealing technique away, but notes 
that lamps have lasted well be
yond 2,000 flashes without notice
able degradation. 

It's this lamp and its associated 
power supply that make the dye 
laser as convenient as earlier las
ers. Power from a llO-volt a-c line 
is stored in a 0.3-microfarad, low
inductance capacitor at up to 25 
kilovolts. To keep rise time fast, 
inductance within the power sup
ply is low; in the DL-1000 it's be
tween 10 and 20 nanohenrys. A 
so-called quality specification from 
the power supply is the amount of 
inductance due to leads between 
capacitor and lamp-this figure is 
only 2 to 3 nanohenrys. 

Adjustable. The supply can be 
adjusted to fire the flash lamp at 
voltages from about 10 to 25 kv by 
turning a knob on the side of the 
laser. And though the system is 
rated to deliver about six pump 
flashes per minute at about 100 
joules per flash, the actual rate is 
a little faster. 

The percentage of the 100 joules 
emitted as coherent light varies 
with the dye used and its concen
tration. "About 200 millijoules is a 
typical output at 5,800 angstroms, 
the lasing wavelength of Rhoda
mine 6G," says Sirchis. "With 
Coumarin, the output is about 100 
millijoules at 4,500 angstroms." 
Other dyes yield light at various 

Electronics I December 8, 1969 



Brand-Rex has been the fiealng au .... r of wire 
cable for major computer-system• fOr 20 yeara.. 
If you manufacture computer perlpberal equip 

thla leadership can work for you a number of ways. 
You save shopping around, because Brand-Rex has 
designed and makes available the broadest selection. 

You can get what other people call "custom" de-
signs at tittle or no extra cost from us. We're already 
making It, or can come up with It easily by modifying 

an existing design. (Brand-Rex engineers tum out as 
many as 3,000 new versions of wire and cable In a 

year.) 
U.L., MIL-Spec. and other approvals? No strain. 
Brand-Rex has more U.L. approvals on computer wire 
and cable than anybody else. Plus the lab and Q.C. 

facilities to get new ones .•. fast. 
Our people catch on to your needs the first time 
around, because they've been around. 
Write for our catalog on "Business Machine Wire 

and Cable" Brand-Rex Division, American Enka Corp., 
Willimantic, Conn. 06226. Phone ~ 423-7n1. 

Connect tor tomorrow. BRAND·REX 

l 



CTC's 
Model 1801 
Program Benerato 
with 32 25MHz 
repeatable time steps and 
18 channels. Complex program
ming for sophisticated memories. 

Meet the program generator that can't be fooled-no matter how complex 
your programming setups are. It's a whiz at programming tests for all 
kinds of fast and sophisticated memory types, Including plated wire, planar 
fi lm, semiconductor and core memories. Because there's a unique 
combination of features built Into It for added usefulness. Like four repeat 
delays, for an Infinite combination of pulse sequencing. And Its own power 
supply, for stand-alone operation. Programs may be started manually or 
by remote control; you can select initial and final steps the same way. 
If you're faced with memory test problems, write for literature about 
our superfastmultlpurpose machines. 

From CTC .•. where advanced state-of-the-art technology 
meets tomorrow'• memory teet requlrement1l 

P TE T S P 
SUBSIDIARY OF COMPUTEST CORPORATION 

THREE COMPUTER DRIVE • CHERRY HILL, N.J. 08034 
PHONE: 609/424-2400 •TWX: 845120 •CABLE: COMPUTER 

Circle 172 on reader service card 

Want to be unique in our memory? 
It's easy. Enter the Electronics 
Manpower Register. 

We' ll feed your professional 
background into the talent mem
ory of our nationwide computer
ized recruitment service. 

Our computer will match your 
unique profile against every 
opening being programmed into 
it by a long list of electronics 
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companies. You'll automatically 
be qualified for every logical 
career opportunity. But we'll 
only release your availability to 
those companies you approve. 

To enter, send us your resume. 
Elect ronics Manpower Register 

Electronics 
330 West 42nd Street 
New York, N.Y. 10036 

frequencies, covering in . all the en
tire visible spectrum except for 
about 200 angstroms. 

Efficiency also varies with the 
dye used, but at a typical 0.2%, 
the liquid laser is in the same 
league with ruby lasers. 

Buyers of the DL-1000 will have 
their choice of one of four dyes: 
Rhodamine G, Rhodamine 6G, Flu
oroscene, or Coumarin. Since the 
output wavelength of each of these 
dyes differs, a special set of hard
coated cavity mirrors is included 
to suit the dye. 

Added dye-and-reflector sets will 
be offered at about $300 each, and 
a 400-milliliter supply of lasing liq
uid would cost about $25. "But 
we don't plan to get into the dye 
business," says Ken Wood, direc
tor of technical planning. "It's easy 
to mix these solutions, and that's 
what we expect more of our cus
tomers to do." 

The DL-1000 is aimed at scien
tists and engineers using it as a 
means of finding new lasing mole
cules or experimenting with a wide 
variety of output colors. 

With dyes already known, and 
with those that are appearing, it's 
possible to tune the output of the 
DL-1000 about ± 150 angstroms 
::tround a center wavelength. By 
adding an optical grating, it's pos
sible to select output wavelength 
to within about 1 angstrom-and 
such are the peculiarities of the 
liquid laser that there's only a 25% 
over-all power loss when it's done. 

To make the unit safe and easy 
to operate, General Laser has de
signed interlocks that short the ca
pacitor if the laser head is uncov
ered. Also, if the cover isn't on 
tightly enough, the control panel 
lights show this. 

For experimenters. Users can 
drain and refill the recirculating 
liquid system in less than 5 min
utes, and its pump and piping are 
impervious to almost any solvent 
needed for liquid laser work. 
There's even a fitting which allows 
experimenters to change the gas 
pressure in the spark gap that acts 
as the flash lamp switch. By raising 
pressure, the experimenter can 
make the flash lamp fire at higher 
voltages. General Laser may offer 
fittings to allow changes in the gas 
fill in the flash lamp. 

General Laser Corp., 8 Erie Dr., Natick, 
.Mass. 01760 [338] 
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IMITATED-BUT NOT EQUALLED. 

CINCH BACK PLANE CONNECTOR SYSTEM 

ELECTRONICS 

GROUP. 

GROUND PLANE 

VINYL INSULATOR 

Today, most back plane connector systems are being modified to 
include features first developed by Cinch. But only the Cinch back 
plane was designed to incorporate these innovations as basic de
sign considerations, not modifications of already existing devices. 

Cinch design leadership produced the first back plane connector 
system with these important features: 

1. Replaceable buss bars that 3. Precision monoblock insula
permit removal and replace- tors that eliminate modular con-
ment of bussing contacts. struction. 
2. Easily replaceable voltage 4. Cantilevered, preloaded con
plane and ground contacts, in- -tacts. 
eluding bussing. 

Cinch didn't stop with the product. Special design molded styro
foam carriers completely eliminated damage during transit. 

Combined with cost reducing techniques of selective gold plat
ing, simultaneous insertion of contact rows ar:id a unique method 
of terminal positioning, these features result in the most efficient 
and most economical back plane connectors system you can buy. 

For information on this or other Cinch interconnection devices, 
contact your local Cinch Electronics Group office or write to Cinch 
Manufacturing Company, 1501 Morse Avenue, Elk Grove Village, 
Illinois 60007. c-6914 

Cl NCH 

DIVISION OF UNITED·CARR 

CINCH MANUFACTURING, CINCH-GRAPHIK, CINCH-MONADNOCK AND CINCH-NULINE DIVl.<:lnN.C: m: llAJITcn_r•Aoo ,.,r • ~ .. --·- · ·-· · -- -- · -· --



Displays 

Through a glass, lightly 
Hand-held frame with rotating disk converts conventional 

cathode-ray tube display to color, three-dimension, or both 

By Wallace B. Riley 
Electronics staff 

Bringing out the colors. The lorgnette at left contains the color disk, shown stationary. When it rotates, center p·hoto, it 
permits the viewer to see programed color in the computer-produced display, as at right. Another disk separates 
right- and left-eye images to produce black-and-white 3-D; and a third com'bines color and 3-D. 

Mention of a lorgnette usually calls 
to mind the image of a grande 
dame gazing imperiously at some 
objet d'art. But engineers, scien
tists, executives and other users of 
crt displays may start looking at 
their screens through lorgnettes. 

In this case the lorgnette is a 
product of the Evans and Suther
land Computer Corp. of Salt Lake 
City. It's a lightweight, hand-held 
viewer connected to some simple 
electronic circuitry that repeatedly 
interrupts the computer driving the 
display. Through the viewer, the 
conventional 2-D display can be 
made to appear to the observer in 
3-D, in color, or both. 

The lorgnette permits use of 
color-coding as an aid to under-

174 

standing a complex situation. On a 
tool path plot for a numerically 
controlled machine, for example, 
cutting and non-cutting motions 
could be shown in different colors. 

· The new display accessory can also 
separate right- and left-eye images 
to provide for viewing three-dimen
sional information in stereo. The 
structure of complex three-dimen
sional molecules. can be made more 
evident by such a stereo presenta
tion. Color stereo views are also 
possible with the lorgnette. 

In a frame 5 inches in diameter 
and half-an-inch thick, the lorg
nette contains a disk that rotates at 
10 revolutions per second. Any one 
of three interchangeable disks can 
be used. Each of these is divided 

into six equal sectors·. For color 
viewing, two of these sectors are 
red, two green, and two blue, with 
like-colored sectors diametrically 
opposite. This produces a 2-D color 
picture. 

For 3-D viewing the sectors are 
alternately clear and opaque; and 
for 3-D in color three alternate sec
tors of the special disk are opaque 
and the remaining three are red, 
green, and blue. 

The user holds the lorgnette in 
front of his face with the center 
of the disk opposite the bridge of 
his nqse. In this position, with the 
color disk in place, both eyes are 
looking through sectors of the same 
color; or with the 3-D disk, one 
eye is blocked by an opaque sector 

Circle 175 on reader service card+ 





DOWCLENE WR Solvent, The Dow Chemical Company, Inorganic Chemicals Department, Midland, Michigan 48640. 

How would you clean his scanning devices? 
With great care and a super-clean solvent. That's DOWCLENE® WR chlor
inated solvent. Pure enough to meet NASA spec MSFC 471. Less than one 
part per million residue. And one of the safest chlorinated solvents you 
can use. Cost? About half of other white room solvents. We're proud of 
DOWCLENE WR. That's why you'll find a certified analysis for particulate 
matter on every drum. For more information and a free sample, why don't 
you send out a feeler? Today. 
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.•. one control unit 

can run 10 lorgnettes ..• 

while the other eye looks at the 
display. 

As the disk rotates, whenever a 
sector boundary crosses the line of 
sight, an interrupt signal is gen
erated-once every 16.7 millisec
onds at the 10-rps rotation. This 
signal causes the computer pro
gram to change the display. For 
color-viewing three different dis
plays, one for each primary color 
would be shown in rotation. Con
ventional displays can draw per
haps 1,000 lines in the interval be
tween interrupts. For 3-D viewing, 
two displays at slightly different 
angles would be used. Pers•istence 
of vision combines these displays 
into one with the desired attributes 
of color and/ or depth. 

Synchronized. Up to 10 lorgnettes 
can be controlled by a single con
trol unit and power supply, and up 
to seven controllers can be con
nected in parallel to drive as many 
as 70 lorgnettes-all in perfect syn
chronism. This is attained by small 
synchronous motors on the hand
held frame, protruding on the side 
away from the user's face. The mo
tors are driven by a 120-hertz alter
nating current obtained from the 
60-hz power line; the motors work 
with any current of 100 to 150 hz. 
There are four interrupt signals; 
one indicates that a sector bound
ary is in front of the eye, and .the 
other three signals are used to iden
tify the boundary. 

For best results in color, a screen 
with a white phosphor is neces
sary. Phosphors are available that 
are both fast and white, and are 
already in use in many display sys
tems; in other displays a substitute 
crt can be ins'talled. Designers of 
the lorgnette say that the widely 
known televising phosphor, P4, 
proves to be good for both stereo 
and color presentations. 

The lorgnette system sells for 
$995, which includes two lorgnettes 
and three disks for each of them, 
and the electronic controls. Addi
tional lorgnettes, including three 
disks and a plug-in- card for the 
controls, are available at $245 
apiece. 

Evans & Sutherland Computer Corp., 3 
Research Road, Salt Lake City, Utah 
[339] 
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OUR STEREOZOOM®ASSEMBLY LINE 
IS ELEVEN YEARS LONG 

Bausch & Lomb originated the stereomicroscope with zoom optical system 
eleven years ago. We've spent those years making sure that StereoZoom con
tinues unexcelled in performance and reliability. Only Bausch & Lomb Stereo-
Zoom assures you the flattest fields . .. the greatest depth of field ... locked-in 
focus throughout the zoom range . . . highest eyepoint eyepieces .. . accurate 
eye-level magnification readings on the zoom control knob. 

Now, there's a new member of the line, the StereoZoom 7, with widest zoom 
range, sharpest images, highest resolution/ magnification . 

Get all the facts. Write for our new catalog 31-15. Bausch & Lomb, Scientific 
Instrument Division, 99718 Bausch Street, Rochester, New York 14602. 

BAUSCH & LOMB (i) 
SCIENTIFIC INSTRUMENT DIVISION 

,...; __ ,_ ,..,"'7 -- ... __ _, __ --- -!-- -- ···· 



FREE 
PROOF 

that Cox can solve a contamination problem 
you may not know you have, 
boost your filtrate throughput up to ten times, 
and guarantee filtrate purity within absolute limits! 

Do you insist on "absolute" filtration, without know
ing if your filtering system delivers it, day in, day out? 

More importantly, do you know the proper degree 
of filtration your process actually needs, or is it 
based on an educated guess? 

At no obligation, Cox will be glad to analyze both 
the efficiency and the effectiveness of your present 
filtering system. We'll be glad to evaluate the true 
degree of filtering which your process requires. We'll 
show how you can achieve the ideal balance between 
particle retention and filtrate throughput, while in
creasing throughput volume many times. If your 
present system turns out to be correct for your proc
ess requirements, we'll tell you so and go away. 

But chances are we can show you ways to improve 
your present process, ranging from suggesting 
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minor improvements up to proposing a totally new 
set of specifications and the mechanical changes 
necessary to maintain those specs on a continuing 
basis. 

DO IT NOW: send us a representative sample of 
your process filtrate, together with a note telling us 
your filtering specifications and the nature of your 
process and product. We'll return to you an analysis 
report within 24 hours after receiving your test 
sample. There's no obligation. 

~@~ COX INSTRUMENT 
INSTRUMENT 

DIVISION OF LYNCH CORPORATION 

15300 Fullerton Avenue • Detroit, Michigan 48227 
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New components 

Four-pole relays fit in T0-5 can 
Magnetic latch units designed to combine high !solation of 

electromechanical devices with semiconductor compactness 

NASA and the CIA have at least 
one problem in common: they both 
require reliable and isolated com
munications circuits, without cross
talk. The space agency has addi
tional constraints in terms of 
weight, size, and power consump
tion of components. 

With these and other customers 
in mind, Teledyne Relays has in
troduced a line of four-pole single-

throw magnetic latching electro
mechanical relays that are small 
enough to fit in a T0-5 package. 
The aim is to replace four-pole 
single-throw reed relays and larger 
four-pole magnetic latch relays 
with switches that combine the 
high isolation of electromechanical 
units and the compactness of semi
conductor devices. 

and 424AD are the smallest four
pole relays developed to date. The 
company began marketing T0-5 size 
relays about siX' years ago, and now 
claims the ability to deliver 12,000 
types to users. More than 1,000 of 
its two-pole, double-throw mag
netic latch miniaturized relays were 
aboard Apollo 12. 

Circuit throughput using dual 
terminations to eliminate the re
quirement for by-pass cable fea
tures the design of the series 
22-000 internal leaf sequencing 
switches. Completely enclosed, the 
ultra-long-life MIL device is used 
in portable communications units 
to activate power and microphone 
control circuits in proper se
quence. Chicago Switch Inc., 2025 
Wabansia Ave., Chicago [341] 

Six-pole double-throw relay series 
200 Mark II can operate con
tinuously at up to 200°c. It con
forms to MIL-R-5757 /11 . Its 
contact mechanism delivers a 
positive wedge- wiping action that 
cuts through surface films to 
create a continual self-cleaning 
of the precious metal contacts 
during make and break move
ments. KO! Electro-Tee Corp., 
Ormond Beach, Fla. [3451 
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Teledyne says the models 424A 
The welded, hermetically sealed 

424A and 424AD units meet MIL-R-

Series LAR line activated relays 
are for a-c power switching in 
single pole normally open uses. 
The series, utilizing a thyristor 
design, eliminates moving con
tacts, resulting in a highly reli
able unit with virtually infinite 
switching life. Units are available 
in 4, 6, 8, 10, and 15-amp ratings 
for either 120 or 240 v a-c. Elec
tronic Control Corp., P.O. Box J, 
Euless, Texas [3421 

Control relay series CPC Is engi
neered to meet the demands of 
modern p-c designs. It Is availa
ble in voltages up to 220 a-c or 
110 d-c, with resistances up to 
16,000 ohms and In any frequency 
from 25 to 60 hz. Units measure 
1 11/32 x 2 x 11/4 in. Relays are 
rated at 10 amps for 110 v a-c or 
10 amps for 28 v d-c. Chicago 
Relay & Mfg. Corp., 4626 Olcott 
Ave., Chicago 60656 [346] 

.... , 
Tubular monolithic ceramic ca
pacitors series 6171 are designed 
for operation up to 200°c. Ca
pacitance values from 10 pf to 
2 µ.f are standard . All devices are 
manufactured in accordance with 
applicable portions of Mil-C-
39014. Delivery is from stock to 
eight weeks with prices starting 
at less than $1. The Potter Co., 
500 W. Florence Ave ., Inglewood, 
Calif. 90301. [3431 

Nylon plastic socket SD-1852 Is 
for miniature four-pole, double
throw 5 amp relays. It Is claimed 
to be about 30% less expensive 
than relay sockets now available. 
Its plastic mounting clips permit 
ease of installation and eliminate 
need for accessory mounting de
vices. A safety feature Is its fully
insulated dead back. Molex Prod
ucts Co., Katrine Ave ., Downers 
Grove, Ill . [3471 

10 12 1" II 
Frequency in kHz 

Low-frequency ceramic bandpass 
filters come in center frequencies 
from 9 to 50 khz. They are her
metically sealed in the standard 
HC 6/ U crystal can, are fix-tuned 
and combine narrow bandwidths 
with high performance. Weight is 
less than 1/4 oz. Applications in
clude 1-f communications receiv
ers, control circuits, sonar and 
radar. Gould Inc., 232 Forbes Rd., 
Bedford, Ohio [344] 

Dry reed relays are encapsulated 
in epoxy-filled plastic shells for 
maximum operating stability and 
ruggedness . Relays with minla · 
ture reed switches or with stand
ard size reed switches are availa
ble as series MR RE and series 
RRE respectively. Both series are 
presently available in one Form A 
normally-open, or one Form C 
double-throw switch. Struthers
Dunn Inc., Pitman, N.J. [348] 
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THE BEST IN 
LASER TECHNOLOGY 
NOW HADRON OFFERS HIGH-ENERGY 
HIGH-BRIGHTNESS LASER SYSTEMS 

180 

High Brilliance System Distributed By HADRON 

As the sole distributor in the United States of the 
extensive and versatile laser product line of 
Compagnie Generale D'Electricite of France, we 
not only distribute these unique lasers but also 
provide installation, maintenance, and application 
services. All replacement parts are kept in stock 
- no waiting for repair parts. 
High-energy high-peak-power systems are 
available that deliver pulses of infrared radiation 
with an extremely high brilliance. These lasers 
have been designed for various industrial and 
research applications and especially for those 
cases where a very brilliant luminance is required. 
Among the many applications for these systems 
are: Ionization of Gases • Generation of Plasmas • 
Plasma Diagnostics • Generation of Harmonics • 
Triggering and Generation of Reactions • 
Rangefinding. 
Some of the systems available through Hadron are: 
High-Peak-Power Lasers • High-Repetition-Rate 
Ruby and YAG Lasers• Gas Lasers - C02, Ar, 
He-Ne, Kr, Xe • Rangefinders and llluminators • 
Holographic Systems • Laser Gyroscopes • 
Calorimeters and Other Laser Accessories. 
For full information on these unique systems, 
call or write: 

300 Shames Drive/ Westbury, N. Y. 11590 
516-334-4402 
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... 2 msec pulses 

will energize units ... 

575D relay specillcations, and have 
a rated reliability of 10 million 
operations at loads up to 10 milli
amps. Model 424AD has an internal 
chip diode in parallel with each coil 
for transient suppression. Six ver
sions of the two basic models have 
d-c coil resistances from 61 to 2,000 
ohms, and coil voltages from 5 to 
26.5 volts d-c. Contact bounce is 
less than 3 milliseconds, and pull-in 
power is 125 milliwatts at 25°C. 

An optional mixed-coil configura
tion uses one coil to detect load 
levels, and permits use of the relay 
as an overload detector or circuit 
breaker. This version has a 0.1 volt 
d-c trip coil which trips to shut off 
current at 80 to 120% of the nom
inal tripping current. The reset coil 
is a conventional 26.5 volts d-c. 
Trip level accuracy is -+-10%, and 
other coil values are available to fit 
customer requitements. 

Use less power. In addition to 
compactness and weight-only .065 

Best of both. Compact like a semi· 
conductor, relay has high isolation 
of an electromechanical unit. 

ounce-the relays use less power 
than conventional relays because 
they can be energized with short, 
2-millisecond pulses, an important 
feature for airborne and space ap
plications. 

Environmental conditions of 30 
G vibration to 3,000 hertz, and 100 
G, 11-millisecond shoc~s can be 
tolerated by the units, which oper
ate within a -65°C to +125°C 
range. Typical capacitance be
tween contacts is 0.7 picofarad, and 
minimum insulation resistance is 
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Look at what Mallory 
has done to audio systems design. 

Use these three new, low-cost Mallory IC's to 
design a complete stereo system with a minimum 

of external parts. They dramatically improve 
systems performance . .. at lower systems cost. 

STEREO 
PHONO 
CARTRIDGE 
OR 
TAPE HEAD 

RIAA 
.----NAB 

EQUALIZATION 

IC-1 
PRE-AMPLIFIER 

L--------....1 
RIAA 

'---NAB 
EQUALIZATION 

VOLUME 
TONE 
BALANCE 
CONTROLS 

r--------, 
I 

IC-2 
DRIVER AMPLIFIER 

L--------....1 

5 WATT STEREO AMPLIFIER 
UTILIZING MALLORY INTEGRATED CIRCUITS 

MIC 0102 Single-Channel, 
and MlC 0106 Dual-Channel 
Preamplifiers 

60-db minimum gain. 
Feedback-frequency compensation 
provisions. 
lOOK input impedance. 
Low distortion. 
Internal power supply filtering. 
Wide voltage-rarige supply. 

MIC 0203 
Dual Driver Amplifier 

55-db minimum gain at Vee = 20 Vdc. 
10-ma drive current. 
Low input bias current. 
Low distortion. 
Power drive capability over 10- to 24-Vdc 
supply range. 
Direct drive for complementary or 
quasi-complementary output devices. 
Internal feed back resistors. 
External feedback capabilities. 
Two- and twelve-watt-per-channel 
drive capabilities. 

16Q 
SPKR 

16Q 
SPKR 

Find out about these ultra-flexible IC's today ... just three 
examples of our full range of value-packed IC's. Contact your 
Mallory Sales Offices, or P.R. Mallory & Co. Inc., Integrated 
Circuits Dept., Indianapolis, Indiana 46206. 317-636-5353. 

MALLORY 
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How fast is 
GE's new 
helium leak 
detector? 

Let your fastest 
operator show you 

Manufacturers of electronic 
components asked us to help 
cut down leak test time. 
So General Electric engineers 
designed a new leak detector 
to do the job. 
It's the LC-40 Mass Spectrom
eter Helium Leak Detector, 
which offers unmatched test
ing speed in a general pur
pose leak detector. The LC-40 
achieves this by combining the 
highest net pumping speed of 
any leak detector on the mar
ket (for equivalent sensitiv
ities), with fast recovery from 
leaks. This combination pays 
off in a time-to-test of only 
seconds. 
Complementing this test-time 
capability is a new simplified 
control system, which permits 
the operator to complete a test 
merely by loading the test 
piece and flipping a single 
switch . Results are instantly 
displayed on a meter. 
But the LC-40 detector isn't 
just fast. It includes such per
formance-proven features. as 
all-solid-state circuitry for de
pendable service; burnout-re
sistant thoria-coated iridium 
filament, exclusive with GE; 
all-welded stainless steel high 
vacuum system; high sensitiv
ity (5 x 10- 11 atmo. cc/sec He), 
a new source design to elimi
nate background signals, and 
many other significant ad
vances. 
Although ideally suited for 
high-speed production testing, 
the unit also can be used for 
general purpose applications. 
If you would like to learn more 
about General Electric's new 
LC-40 Mass Spectrometer Leak 
Detector, write General Elec
tric Company, Analytical Mea
surement Business Section, 
4MX, 25 Federal Street, West 
Lynn, Mass., 01905 268-41 

GENERAL. ELECTRIC 
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10,000 megohms between mutually 
insulated terminals. 

Because the relays have a fast 
actuation speed, 1.5 milliseconds 
maximum at nominal coil voltage, 
Teledyne says the relays are suited 
to both analog and digital systems 
and other applications such as tele" 
phone cross-point switching. 

Despite large inroads made by 
solid state relays into the electro
mechanical relay market, Teledyne 
believes price alone will continue 
to inhibit the use of semiconductor 
devices in systems requiring large 
numbers of contacts. They point 
out that most of the cost in a semi
conductor relay lies in the contacts, 
while only about 20% of the manu
facturing costs in an electrome
chanical relay is represented in 
the contacts. This means that it's 
only slightly more expensive to go 
from a single-pole to a four-pole 
electromechanical relay, compared 
with a four~fold cost increase for 
semiconductors. Price for the model 
424A is $20 in quantities of 5,000 
and ·$35.70 in small quantities, and 
$22 in 5,000 quantities for the 
model 424AD, with an internal 
diode. Deli\Tery is off-the-shelf from 
either the manufacturer or Tele
dyne distributors. 

Teledyne Relays, 3315 West El Segundo 
Blvd., Hawthorne, Calif. 90250 [349] 

New components 

Proximity switch 
sets new limits 

Individually calibrated, 

unit can be adjusted 

to within +0.010 inch 

Accuracy at a low price is how Mc
Clintock Matrixes bills its new 
proximity switch. Each unit, says 
Richard McClintock, is calibrated 
and tested automatically. And be
cause this is done automatically, 
proximity switches, he points out, 
can be turned out fast enough ·and 
cheap enough to satisfy the OEM 
market. 

Called the 26-5-4, the McClintock 

Electronics I December 8, 1969 



Circle No. 514 For Literature. 

GUARDIAN 
PRINTED CIRCUIT 

PLUG-IN RELAY 

• Unique, compact design. 
• All terminals on .1 grid spacing 
for standard printed circuit board. 
• Solders right on PC board. 
• Conforms to UL requirements 
for Business Machines. • 1 watt 
normal power-~ watt on re
quest. • 3500 OHMS coll resist· 
ance (120V AC·60Hz). • Standard 
voltages 6 to 120 AC-8 to 24 DC. 
•Mechanical life over 10,000,000 
operations.• 3 AMP. resistive 
115V. 60Hz contact rating. 

Circle No. 515 For Literature. 
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Gonlrol/alarm 
shor1uu1. 

CJ;;~ 
MAGSENSE 
control/alarm for temperature, pressure, speed, flow 

Here's the fast, low-cost way 
to solve control/ alarm prob
lems. Hook up sensor, load and 
power source to a MAGSENSE® 
module and adjust the setpoint 
(or dual setpoints). That's it. No 
time and money wasted design
ing and debugging a circuit. And 
you've got proven-in-service 
performance and reliability. 

Capabilities. MAGSENSE 
modules offer 100-billion power 
gain, accept inputs as low as 10 
microvolts or 1 microamp di
rectly without preamplification. 
Completely isolated inputs are 
unaffected by common mode 
voltages as high as 11 Ovac, 60 
Hz or overloads as large as 
1000-times full scale. And they 
operate from a single 28v or 12v 
power source. 

Flexibility. Standard models 
offer a wide range of options in
cluding single, dual and remote 
setpoints, adjustable hysteresis, 
choice of output action, trans
ducer excitation voltage, and 
cold junction and copper 
compensation on thermocouple 
models. And, in the off-chance a 
standard model won 't fit your 
precise application, we can cus
tom-build one quickly, inexpen
sively. 

Take the short cut. Write or 
call for your free 
copy of the MAG- MAGSENSE 

SENSE Applica- '""'""'"" 
tion Manual. It 
has all the spec-
ifications and 
prices. And all - =--..-
the shortcuts. 

CONTROL DATA Magnetic Products Operation, Dept. 308 
Control Data Corporation 
775 Colorado Avenue So. 
Minneapolis, Minnesota 55416 
Phone 612/544-8851 CORPORATION 
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••• switch can help 

control machine tools ••. 

switch sells for 1$1.60 each in lots 
of 10,000, and $2.70 each in lots 
up to 25. 

The proximity switch consists of 
a hermetically sealed reed switch 
whose contacts are kept normally 
closed by an internal magnet. When 
an external ferrous material comes 
within the calibrated proximity dis
tance, the internal magnetic force 
is reduced and the contacts spring 
open. Thus, sensing whether the 
contacts are closed or open indi
cates proximity of the object to be 
detected. Applications include con
trolling machine tools, counting of 
objects on conveyors, and detect
ing motion above and beyond a 
predetermined limit. 

Calibration distance is up to 0.40 
inch, and the factory setting is re
ported to be accurate to within 
+0.010 inch. The contacts are rated 
at 200 volts d-c, 0.5 ampere, and 
10 watts resistive load. Contact set-

Sensitive. Switch contacts open when 
ferrous material approaches. 

tling time is 15 milliseconds. Tem
perature range is from - 75°C to 
+120°c, with a variation of op
erating 'point of only 1.5%. 

In the calibration operation, the 
reed switch is clamped at the cali
bration distance away from an iron 
disk. Then an air grinder wears 
down the slightly too-strong inter
nal magnet until the field weakens 
enough and the contacts open, in
dicating that the magnet is now of 
the proper value for the specified 
proximity calibration. Instead of 
mechanically backing off the disk 
until the contacts close-to deter
mine the mechanical open-close dif
ferential of the reed switch-a test 
coil is energized from a constant 
current in order to simulate the dif
ferential. 

Contact resistance is measured 
electronically during the test op
eration; and reed-switch contacts 
exceeding 1 ohm are rejected. 

McClintock Matrixes, Washington Road, 
Woodbury, Conn. 06798 [350] 
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Gff'ho ever heard 
of a computer 
that 

The GRI 909 computer is the closest thing to it. 
We call the technique Direct Function Processing . 
"If meter output is less than zero, go to alarm." 
"Turn on tape reader." 
"Send complemented output of analog-to-digital 
converter to controller." 

These instructions are representative of GAi's 
unique functional approach to assembly language. 
When you have defined the functional operations 
of your system, you have very nearly written the 
control program for the GRI 909. 
Direct Function Processing adds many new 
dimensions to computerized system control. 
To find out more, write for our new brochure 
describing the GRI 909 computer. 

o GRI Computer Corp. 
~ 76 Rowe Street, 
I D Newton , Mass. 02166 

(617) 969-7346 

0 

~rn:~~~ 
like this before. Now in ProC:luction. 

? 
-
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How AO fiber optic light guides 
solve illumination problems. 

Transmit "cold" light like other forms of energy-by 
flexible routing to remote or inaccessible locations, 
hazardous areas, or any abnormal environment. 

·· Simplify lighting problems by eliminating lens sys· 
"terns, multiple lamps, complex electrical circuitry. 

These are only a few of t~e ways in which A:rqerican 
Optical fiber optic light guides are used to help solve 
illumination problems. Specific applications range 
from mark sense readout to electro-optical sensing in 
data processing, circuit verification, fire control, null 
detection, light pens, spot illumination, 
and many others. 
Simple, reliable, economical. AO fiber optic light 
guides are simple, passive elements which remain 
extremely reliable under normal vibration, 
temperature or humidity changes, or other 
environmental fluctuations. This results in long service 
life with minimum maintenance. 
Standard and custom light guides from American 
Optical have light transmission ranges from 400 to 
1500 millimicrons. Standard light guides are 

eTM Registered by Ameri ca n Optical Corporation 
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Supply multiple illumination from a single light 
source, with multi-branched light guides, 

Provine input-output geometry conversions such 
as round-to-square, round-to-slit, etc. 

available in bundle sizes from .020" to%", with 30 to 
6000 fibers, lengths up to 72", plastic or stainless steel 
tips, and PVC sheaths. Custom light guides can be 
supplied in any length desired, with special end tips, 
sheaths, diameters, input-output face configurations, 
and branchings. 
A leader in optics since 1833, American Optical 
Corporation brings a great breadth of related experience 
to the technology of fiber optics. Our versatility in 
fiber optics is unmatched by any other manufacturer. 
In fact, AO scientists already hold more than 200 
important patents or patents pending in this relatively 
new field. 
For Fiber Optics Data Kit, write to: 

fm AMERICAN OPTICAL 
~8 CORPORATION 
FIBER OPTICS • SOUTHBRIDGE, MASSACHUSETIS 01550 
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New instruments 

Any oscilloscope can be a storage scope 
Transient recorder stores a fast, one-shot signal 

for viewing on a slow scope or chart recorder 

Recording a transient signal has 
meant either using up a great deal 
of tape or paper, or investing in ex
pensive equipment. With magnetic 
tape or strip-chart recorders, the 
devices have to run continuously 
because, generally, it's not known 
when the signal will occur. X-Y re
corders have a very limited fre
quency response, and high-fre
quency storage scopes suffer from 

limited frequency response for a 
reasonable viewing area and lim
ited tube life. So, the alternative 
has been purchase of expensive cor
relators. A better solution, accord
ing to William Cargile, engineering 
manager of Biomation Inc., is a fast 
analog-to-digital converter and a 
semiconductor memory. 

model 610 transient recorder which 
is intended to capture a single-shot 
signal, hold it indefinitely, and pre
sent it for viewing on conventional, 
slower devices at a slower sweep 
speed and at any desired ampli
tude. The 610 employs a six-bit 
analog-to-digital converter operat
ing at 10 megahertz. The digital in
formation then is fed to a six-bit, 
100-word MOS shift register where 

Four-pole, 10-channel reed switch 
matrix-data scanner SOSA is 
suited equally to low-level 
guarded multip lexing of 3 or 4 
analog signals and to 4-line-per
digit data transfer, commutation 
or steering. Its reed relays may be 
energized to connect a set of 4 
input terminals to a correspond
ing set of 4 output terminals . 
Monsanto Electronic Instruments, 
W. Caldwell, N.J. [361] 

Thermospot probe model TP-200 
measures h-f operational ampli
fiers over entire operating tem
perature ranges within minutes. It 
takes lS to 60 sec to bring the 
component temperature from am
bient to -ss•c to up to 
±12s0 c, depending on the device 
package. A dual-in-line ceramic 
package can be tested at -so' 
and + 12S' C in 90 sec. EG&G 
Inc., Goleta, Calif. [365] 
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These devices are the basic 
building blocks of Biomation' s 
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•3585 

• 
•• • • .. •· •• ··• .. 

Precision digital phase meter 
model 7SO features stable, long
term phase measurements. Fre
quency is 10 hz to l Mhz. Im
pedance is l megohm shunted by 
30 pf. Recorder output Is O to 
+ 3.6 v for 0° to 360'. Input 
voltage is l mv to 300 v rms. 
Resolution is 0.1°. Accuracy is 
± 0.1 % full scale. Price is 
$1,SOO. Wavetek, P.O. Box 6Sl, 
San Diego, Calif. [362] 

Frequency detection unit RFD-8 
is designed to provide a means 
of searching out hidden miniature 
and subminiature transmitters 
(bugs) which have been planted in 
conference rooms or other loca
tions. The higly sensitive device 
operates between 72 and 108 
M hz, the frequencies most com
mon to most eavesdropping trans
mitters, Occo Mfg. Corp. S. Hack
ensack, N.J. [366] 

~ • • • 

Electronic micrometer series 300 
is capable of non-contact meas
urement of objects with a resolu
tion of 0.000010 in. The objects 
being measured may be either 
stationary or moving . Meter read
out as well as ±s v analog out
~ut is available. Unit is designed 
to provide a continuous 100% 
inspection of production pieces. 
Lion Research Corp., 60 Bridge 
St., Newton, Mass. 0219S [363] 

Precision calibrator model 311 of
fers 0.01 % accuracy in both volt
age and current. Five voltage and 
two current ranges are available 
and afford complete instrument 
calibration facilities . Current reso
lution is µa and voltage resolu
tion is l µ.v. Rated load is 100 
ma, which allows for use as a lab 
power source. United Systems 
Corp., 918 Woodley Rd., Dayton. 
Ohio 4S403 [367] 

D-c watthour standards meter 
model 2002 features large digital 
readout for direct reading of power 
consumption, power comparison 
correction factor and meter con
stant. The unit is for use in all 
fields of d-c power consumption 
and is especially capable of cali
brating d-c watthour meters. De
livery is stock to 8 weeks. Applied 
Electronics, 877 Cowan Road, 
Burlingame, Calif [364] 

Operational amplifier tester model 
Sl04 offers rapid testing of lS op 
amp parameters in either a full 
automatic mode (200 msec/testl 
or by push-button selection from 
the front panel. Meter scaling, 
power supply voltages, and test 
conditions are available as front 
panel controls. Price is $4,SOO. 
Philbrick/Nexus Research, Allied 
Dr. at Route 128, Dedham, Mass. 
[368] 
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If the 
answer to 
your problem 
involves 
fiberoptics, 
and 
electronics 
design skills, 
caJI 
617-791-7391 
That's our phone number at EFC

Electro Fiberoptics Corporation. If 

your problem involves the design 

and engineering of components or 

systems in any field, from machines 

to medicine, a call to EFC will start 

you and us working together toward 

a solution. One more thing: we 
haven't forgotten the importance 

of competitive costs, firm delivery 

schedules and conscientious 

service. 

noW,what's 
your problem? 

w 
ELECTRO FIBEROPTICS 

CORPORATION 
45 E Water Street, Worcester, Mass. 01604 

Phone 617 791 -7391 
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it is held and recirculated for view
ing on a slow device. 

The result: a 1 Mhz signal can be 
recorded with 10-point-per-cycle 
resolution. According to Cargile, 
"Any oscilloscope, old or new, can 
have better storage capability than 
the best presently available storage 
oscilloscope." 

In operation, 100 successive sam
ples are taken, converted, and 
stored in digital form. The input 
sweep speed can be varied from 0.1 
microsecond to 0.5 second with the 
output sweep speed set at 2 sec
onds for X-Y recorders or 0.2 milli
seconds for oscilloscopes. The out
put also can be taken digitally into 
a computer or other digital device, 
or in analog form after processing 
in a digital-to-analog converter 
which also incorporates a smooth
ing circuit. "The resulting analog 
output doesn't show the abrupt 
steps sometimes associated with 
analog versions of digitally re
corded data because of the smooth
ing used," says Cargile. 

Other characteristics include dif
ferential input with an impedance 
of 1 megohm in parallel with 30 
picofarads, and an input sensitivity 
of 5 mv to 50 volts. 

Triggering is accomplished 
either externally or by use of the 
leading edge of the transient signal 
being recorded. A variable delay 
allows the sweep window to be po
sitioned so that when a relatively 
fast sweep is desired, good resolu
tion can be obtained even if the 
signal occurs a long period after 
the original trigger. Pre-trigger re
cording, which allows recording of 
the information prior to receiving 
the signal, also can be accom
plished hy operating the analog-to
digital converter in a free-running 
mode. The digital information then 
is circulated through the MOS shift 
register memory. When the trigger 
is received, the data acquisition can 
be stopped immediately, or after 
the variable delay period. This way 
the information retained in memory 
is for the period before, during, or 
after the trigger signal. This. mode 
is especially useful where no exter
nal trigger is available. 

In addition to the normal record
ing applications where storage os
cilloscopes now are used, the 
transient recorder also could have 
applications in computer time-shar
ing systems. Here it could pe used 

-r·· l·:: .... ~r .... l .... ... 
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as an inexpensive peripheral input 
device which performs the analog
to-digital conversion of a fast in
put signal and stores the result un
til the central computer is ready to 
accept it. 

"Since computers are finding in
creased applications in signal aver
aging and digital sigpal analysis 
but are limited by their data input 
rates, this new device," says Car
gile, "will allow them to have the 
same speed as present hard-wired 
signal averagers and yet still oper
ate in a time-sharing mode." 

The basic unit has been priced 
tentatively at $1,200. Deliveries will 
start in January. 

Biomation Inc., 1076 East Meadow Oir
cle, Palo Alto, Calif. 94393 [369] 

New instruments 

A-d converter has 
keyed clock ti mer 

Fast, low-priced unit 

can be integrated into 

most systems easily 

High performance usually means 
high cost when it comes to analog
to-digital converters. But Computer 
Products' AD 300 series converters 
provide a conversion rate of 10 kilo-
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hertz at an accuracy of ±0.025% 
± 1h LSB, and they are available in 
prices ranging from $167 to $219-
significantly lower than many com
petitors. 

In the series are 14 standard 
models providing binary or binary
coded decimal output codes· with 
eight, 10, or 12-bit BCD resolution. 
Full range unipolar inputs of 0 to 
-4 volts or 0 to -10 volts are ac
cepted, or full-range bipolar inputs 
of -+-4 volts and -+- 10 volts. 

Standard models can provide a 
20-khz conversion rate, but at a re
duced accuracy, ±0.05% ±1h least 
significant bit. 

The AD 300 units are packaged 
on twd plug-in printed-circuit cards 
measuring 2.75 x 5.25 inches each, 
with a mounting case. 

The converters use successive
approximation techniques to con
vert input an·alog voltages to 
binary-coded digital outputs whose 
magnitudes are proportional to in
put amplitudes. Current generated 
by the analog input is compared to 
a binary-weighted current from a 
register by summing the two cur
rents into a summing network. 

The difference in the two cur
rents is applied to an error ampli
fier, which compares the value to 
ground. Depending on whether a 
difference exists, a flip-flop is set 6r 
reset and tells the register to either 
increment or stop. The parallel data 
outputs are derived from the regis
ter when a pulse signifying the 
end-of-conversion occurs. 

Some of the features that are in
cluded in the converters are: keyed 
clock oscillators that turn on in 
phase with keying signals to pro
vide easier integration of the con
verters into systems; timing cycles 
that provide initial time intervals 
for sampling if sample and hold 
techniques are used; and internal 
precision-reference regulators that 
eliminate the need for expensive 
external reference supplies. 

Among the options that are avail
able are sample and hold, input 
buff.er, lbw-level input amplifier, 
and decimal or octal displays. The 
sample-and-hold option is a high
speed device that reduces errors 
that may arise from frequency devi
ations of the input analog signal, 
or can provide sampling of many 
input parameters. 

Computer Products, P.O. Box 23849, 
Fort Lauderdale, Fla. 33307 [370] 
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.850 

~ ~ 
MAX. 

' . 
AU -AU· 

( RMC ' e NJ. RMC 

ii J 160Nl500 .01 
. 

.. 10% 
+80-20% 

MJ. 1 ~ ).,,, """ MIC r -- r --r ~ :i :i :i 
:i i i i 
i ~ ~ ~ 
~ -- L L L EIA L 

Class 

330 820 .0033 .0068 
Class II 470 .001 .0039 .0082 

680 .0015 .0047 .01 
.0022 .005 
.0027 

Class I 
NPO 3.9 -20 21 - 31 32- 47 
N750 15-35 36- 61 62- 82 
N1500 15-67 68-119 120-180 

THICKNESS: .225 Max. 

RMC now offers a complete line of ceramic disc capacitors fully 
approved by Underwriters Laboratories for the NEW "Across-The
Line" capacitor requirements. This approval is required of all ca
pacitors utilized directly or indirectly across the power supply line. 

This application is significantly different from the "Antenna Cou
pling and Line By pass" capacitor requirements of Underwriters 
Laboratories Subject 492, and the original RMC -U- capacitor type 
continues to be approved for those applications. 

---------- SPECIFICATIONS---------
CAPACITANCE: Within specified tolerance: TEMPERATURE COEFFICIENT: 

Class I @ IMC and 25°C 
Class II @ IKC and 25°C 

Class I NPO N750 N1500 
Class II Z5U; Z5F 1500 pfd. And Less. 

CAPACITANCE TOLERANCES AVAILABLE: FLASH TEST: 
Per U.L. Sub. 492 
LIFE TEST: 

Class I ±5%, ±10% or ±20% 
Class II ±20%, +80-20% 

WORKING VOLTAGE: 150 VRMS @ 
60 cycles (210 volts peak AC plus DC) 

POWER FACTOR: 
Class I .1% max. at 1 MC 

.2% max. less than 30 pf 
Class II 1.5% max. at 1 KC 

INSULATION RESISTANCE: Greater than 
7500 Megohms @ 500 VDC 

Per U. L. Sub. 492 
INSULATION RESISTANCE AFTER HUMIDITY: 

Greater than 1000 Megohms@ 500 VDC 
BODY INSULATION: Durex phenolic

vacuum wax impregnated. Standard 
coating on leads ~,,, max. measured 
from· .tangent 

LEAD STYLES AVAILABLE: Long lead
#20 AWG tinned copper 

RADIO MATERIALS 
A DIVISION OF P. R. MALLORY & CO,, INC. 

GENERAL OFFICE: 4242 W . Bryn Mawr Ave., Chlca90, Ill. 60646 
Two RMC Plants Devoted Exclusively to Ceramic Capacltan 

PACTORIES AT I AGO, ILL. ANO 
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If you thought all 
Da ro . 
were 

••• 

Rectilinear components are still a neces
sary requirement in many circuit appli
cations. That's why Weston has rounded 
out its high-performance potentiometer 
line with two new rectilinear models. 
RT-12 styles 534 and 535 are designed 
for both general-purpose and military 
applications. They feature the same 
± 5% tolerance, 10 ohm to 50K range, 
and slip clutch stop protection that are 
standard with Daystrom Squaretrim® 
units, plus 24-turn adjustability and 

Circle 190 on reader service card 

humidity proofing. Also new this year 
... models 553 half-inch and 543 three
eighth-inch Squaretrim potentiometers 
in military and commercial versions. 
Save board space as well as money with 
our field proven 501 Series multi-turn 
and 504 Series single-turn o/is" Square
trims offering values to 20K in a 0.02 
cubic inch case. All Squaretrim Diallyl
Phthalate cased pots give you Weston's 
patented "wire in the groove" construc
tion and your choice of flexible leads, 

pin and screw configurations. Whether 
your trimmer needs are military, indus
trial or commercial, you'll find the answer 
in this complete new low-cost line. 
Write today for data sheets and evalu
ation samples. DAYSTROM potentio
meters are another product of WESTON 
COMPONENTS DIV., Archbald,Pennsyl
vania 18403, Weston Instruments, Inc., 
a Schlumberger company 

WES ION® 



New microwave 

Sweeper goes from 10 Mhz to 18 Ghz 
Solid state generator uses plug-ins to cover a broad range; 

minimum output is 20 mw; 4-8 Ghz plug-in missing, but promised 

A product and a promise are be
ing offered by engineers at the 
Micro-Power division of Tyco Lab
oratories Inc. The product, desig
nated the 230A, is a solid state 
sweep generator with a range of 
10 megahertz to 18 gigahertz. How
ever, there's a gap in the coverage 
of that frequency range-and that's 
where the promise comes in. 

cro-Power's marketing vice presi
dent, there's no economical solid 
state sweeper for the 4-to-8-Ghz 
range. "Transistors are fine up to 
4 Ghz," he says, "and Gunn diodes 
can do the job over 8 Ghz. But 
there's nothing in between." But 
there will be in June, adds Kaiser, 
when Micro-Power introduces a 
230A plug-in that will cover the 
range. Micro-Power has several 

contractors developing oscillators 
for the new plug-in and expects to 
pick one within a few weeks. 

According to Bruno Kaiser, Mi-

Microwave amplifier WJ-1115, 
covering 7 to 11 Ghz, is for use 
in airborne ecm or data link sys· 
terns. It features integral power 
supply and provides 3 w power 
output, 45 db small signal gain 
and 22 db maximum noise figure 
in X-band. Unit weighs less than 
6 lbs and comes in a package 
2.3 x 3 x 16 in. Watkins-Johnson 
Co., Stanford Industrial Park, 
Palo Alto, Calif. [40ll 

Twelve-Inch parabolic antenna 
827X was developed for use as 
part of the 637-X X-band ground
to-air ranging system. The light
weight and sturdy unit utilizes a 
waveguide r-f feed, sealed to pro
vide optimum protection from the 
elements. Frequency range Is 9.1 
to 9.6 Ghz; vswr, less than 1.5:1; 
power handling, l kw peak. Vega 
Precision Laboratories Inc., Maple 
Ave., Vienna, Va. [405] 
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Fixed tuned bandpass filter series 
B D come with any center fre
quency from 25 Mhz through 2 
Ghz, with attenuation character
istics from 3 through 16 sections. 
Its high Q cavity offers lower fre
quency coverage, and higher power 
rating. It is constructed chiefly 
of aluminum, suiting it for light
weight use. Texscan Microwave 
Products Corp., 4610 N. Franklin 
Rd., Indianapolis. [402] 

Four-part, differential-phase-shift 
circulator H62DA1 Is for use as 
a duplexer or Isolator In the fre
quency range of 15 to 17 .5 Ghz. 
The unit can handle up to l kw 
of average power and up to 10 
kw of peak power with a load 
vswr of 2:1. Cooling of the 4-lb 
circulator Is through natural air 
convection. Varian Microwave 
Components Operation, 611 Han
sen Way, Palo Alto, Calif. [406] 

The 230A itself is a 5114-inch
high instrument of full-rack width. 
A power supply takes up half the 
width, and a sweep-oscillator plug
in fills the other half. 

The price is about $4,000, de
pending on the plug-in. The main
frame, with power supply, sells for 

Dial calibrated variable phase 
shifter features a precision ball 
bearing mechanism with a differ
ential drive counter that assures 
accuracy and reliability with fine 
readout definition. Model 3E-13 
(60-90 Ghzl features calibration 
accuracy to ±3° at any desired 
frequency. Vswr is rated at l.20 
max, with minimum phase shift 
of 180°. Baytron Co., Medford, 
Mass. [403J 

' ~ 
:~·' ' . 
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Waveguide-to-coaxial adapters 
WR229 feature an end launch 
configuration and provide ex
tremely low vswr of 1.10 max. 
over the communication satellite 
band of 3. 7 to 4.2 Ghz. They can 
be obtained with either precision 
N connectors (male or female) or 
the new high precision APC 7, 7 
mm connector. Maury M lcrowave 
Corp., 8610 Helms Ave., Cuca
monga, Calif. 91730 [407J 

Voltage-tuned oscillator model 
PM7152 is for application as a 
local oscillator in X-band exhibit
ing a frequency stability vs tem
perature of ±0.2 %. Specifications 
include: frequency range, 9.35-
9.50 Ghz; tuning voltage, +2 to 
+30 v; output c-w power <min/ 
max), 10/30 mw; output power 
flatness, ±1.5 db. Alpha Indus
tries Inc., 381 Elliot St., Newton 
Upper Falls, Mass. 02164 [404J 

Cavity-backed Archimedes spiral 
antennas are broadband units that 
are circularly polarized with es
sentially constant Impedance and 
radiation characteristics. Model 
S6510 Illustrated operates over 
the 2 to 11 Ghz range. Nominal 
performance characteristics are: 
gain; 5 db; vswr, 2:1; axial ratio, 
2 db; and beamwidth, 75°. East
ern Microwave Corp., 139 Swan
ton St., Winchester, Mass. [408] 
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$1,450. A broadband plug-in-10 
Mhz to 2 Ghz-goes for $2,500, and 
it has a calibrated output. The high
frequency plug-in-12.4 Ghz to 18 
Ghz-is the most expensive; its 
price is $2,900. The other plug-ins 
range in price from $1,600 up. They 
cover the following ranges: 1.4 to 
2.5 Ghz, 1.7 to 4.2 Ghz, 3.7 to 4.3 
Ghz, 5.8.5 to 6.45 Ghz, and 8 to 12.4 
Ghz. With any plug-in, a 10-volt 
input change produces a complete 
sweep. 

All have an external leveling con
nection. By feeding back a percent
age of the sweeper's output the 
user keeps this output constant to 
within ±0.3 decibel. 

Micro-Power can put a self-level
ing circuit into any plug-in except 
a high-frequency unit. Internal 
leveling is a $250-to4400 option. 

Up to 4 Ghz, the 230A delivers 
a minimum of 20 milliwatts. At 
higher frequencies, the minimum is 

Outside control. A portion of its 
output, fed back to the front panel, 
keeps sweeper's output constant. 

between 5 and 10 mw, the exact 
value depending on the particular 
plug-in's frequency range. The 
sweep limits, set with a front-panel 
dial, are accurate to within 0.25% 
of fuli scale. 

The sweeper stands up well to 
load changes. For example, if it is 
putting a 4-Ghz signal into a 
matehed load and suddenly sees a 
short circuit, the frequency shift is 
less than 1 Mhz. 

The 230A works with up to eight 
plug-ins. Holders for two additional 
plug-ins cost $800, and a control 
unit for switching from one plug-in 
to another goes for $400. 

And the sweeper fits right into 
measuring systems. For example, 
without any interface circuitry it 
can be connected to a Hewlett
Packard 8410A network analyzer. 
Micro-Power Inc., 25-14 Broadway, Long 
Island City, New York [409] 
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New microwave 

Log amp has 
80 Mhz bandwidth 

Hybrid IC device 

for radar, EMC jobs 

accurate to -+- 1.5 db 

Pulse-to-pulse amplitude differ
ences encountered by radar receiv
ers when tracking rapidly moving 
targets, and changes in source and 
source direction as witnessed by 
electronic countermeasures (ECM) 
receivers require these receivers to 
have quick recovery capability over 
wide dynamic ranges. The LEL di
vision of Varian has developed a 
hybrid integrated-circuit logarith
mic amplifier capable of accurate 
logging over wide bandwidths and 
at high intermediate frequencies. 

The LEL log amp can be used ef
fectively in narrow-band operations 
where local-oscillator drift is a 
problem. This drift will cause an 
i-f frequency shift, but with this 
new amplifier, no degradation in 
accuracy will occur. The ability of 
the log amp to produce a wide 
frequency window in ECM systems 
will reduce, and in some cases 
eliminate, the local-oscillator sweep 
since the i-f will change in fre
quency but not degrade in accu
racy. 

The hybrid IC log amp model 
ICL-1-8555 is available now at a 
center frequency of 300 megahertz, 
and a second unit will shortly be re
leased at 1,900 Mhz. The ICL-1-
8555 has an r-f bandwidth of 80 
Mhz and a dynamic range of 70 
decibels minimum. The logging ac
curacy of the device is + 1.5 db 
across the entire bandwidth, and 
the nominal log slope is 10 milli
volts per db. The maximum video 
output is 2 volts, while the maxi
mum pulse rise time is 8 nanosec
onds. Both the source impedance 
and the video output load are 50 
ohms. 

The log amp will perform over a 
temperature range of -20°C to 
+60°C. The unit is 41/s inches 
long, 1 % inches wide, and 0.35 
inch high, and uses SMA-type con
nectors. The power requirements 

COMES WITH EVERY 
GE CAPACITOR 

Dependable 
Distributor 
Service 
General Electric Distributors help you 
solve the tough ones with capacitors 
from local stock: 
EAST AND NDRTHEAST 
Cramer/ Washington, Inc. 

692 Loftstra nd Lane 
Rockville, Maryland 20850 

Teh 301-424-2700 
Gerber Electronics, Inc. 

852 Providence Highway 
Dedham, Mass. 02026 

Tel' 617-329-2400 
Rome Electronics, Inc. 

108 Spring St. 
Rome, N. Y. 13440 

Teh 315-337-5400 
Schweber Electronics, Inc. 

~~~~~~~.i~_w'7.Y 11591 
Tel' 516-334-7474 

5640 Fisher Lane 
Rockville, Maryland 20852 

Teh 301-427-4977 
213 Third Ave. 
Waltham, Mass. 02154 

Teh 617-891-8484 
Semiconductor Specialists, Inc. 

2011 Waverly St. 
Pi ttsburgh, Pa. 15218 

Tel' 412-351-3611 
Standard Electronics, Inc. 

1501 Main St. 
Buffalo, N. Y. 14209 

Tel, 315-883-5006 
SOUTHEAST 
Cramer/ Florida Electronics 

4141 N.E. 6th Ave. 
ft. Lauderdale, Fla. 33308 

Teh 305-947-0517 
Jackson Electronics Co. 

P.O. Box 19837 
Atlanta , Ga. 30318 

Tel ' 404-355-2223 
Schweber Electronics, Inc. 

2830 N. 28th Terrace 
Hollywood, Fla. 33020 

Tel, 305-927-0511 
Southeastern Radio Supply Company 

414 Hillsboro St. 
Raleigh, N. C. 27603 

Tel , 919-828-2311 
MIDWEST 
Electronics Marketing Corp. 

814 w. 3rd Ave. 
Columbus, Ohio 43212 

Teh 614-299-4161 
Hamilton Electro Sales 

920 s. Westwood 
Addison, Ill. 60101 

Teh 312-543-8500 
1400 W. 46th Ave. 
Denver, Colorado 80216 

Teh 303-433-8551 
Lew Bonn 

7275 Bush Lake Road 
Edina, Minn. 55435 

Semi conductor Specialists, Inc. 
P.O. Box 66125 
Chicago, Ill. 60666 

Teh 313-255-0300 
25127 w. Six Mile Road 
Redford, Mich. 48240 

Tel' 313-279-1000 
SOUTHWEST 
Arco Electronics, Inc. 

P.O. Box 34772 

oa11~:f, ~~~~~J~21~ 
Hamilton Electro Sales 

P.O. Box 10227 
Dallas, Texas 75207 

Tel: 214-638-0900 
1216 W. Clay St. 
Houston, Texas 77019 

Tel , 713-526-4661 
1741 N. 28th St. 
Phoenix, Arizona 85009 

Teh 602,272-2601 
WEST & NDRTHWEST 
Elmar Electronics, Inc. 

2288 Charleston Rd. 
Mt. View, Calif. 94041 

Teh 415-961-3611 
Hamilton Electro Sales 

10912 W. Washington Blvd. 
Culver City, Calif. 90230 

Teh 213-87(1.7171 
2320 6th Ave. 
Seattle, Wash. 98121 

Teh 206-442-2011 
5567 Kearny Villa Rd. 
5an Diego, Calif. 92123 

Teh 714-279-2421 
340 Middlefield Rd. 
Mt. View, Calif. 94041 

Tel , 415-961-7000 
Kimball Electronics, Inc. 

350 Pierpont Ave. 
Salt Lake City, Utah 84101 

Teh 801-328-2075 
G. S. Marshall Co. 

9674 Telstar Ave. 
El Monte, Calif. 91731 

Tel ' 213-686-1500 

Electronic Capacitor & Battery Dept. , Irmo, S. C. 

GENERAL.'' ELECTRIC 
430-44 
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... a complete 
range covering 
25A to 110A, 600V 
to 1400V, in 5 
different series, 
available now. 

17 different types of controlled avalanche thyristor are all 
readily available from Mullard at competitive prices. 

Here are brief details of a selection from the range : 

Type Peak R.M .S. Surge Qi 
Number Inverse Current Current dt 

Voltage 

BTX92 
BTX47 
BTX48 
BTX49 
BTX50 

Range 
800-1200V 

1000-1400V 
1000-1400V 

600-1200V 
600-1200V 

25A 
25A 
25A 

110A 
110A 

280A 200A/µs 
155A 50A/µs 
200A 50A/µs 

1050A 50A/µs 
1500A 50A/µs 
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Aval
anche 
Test 

Power 
10kw 
18kw 
18kw 
40kw 
40kw 

Every designer should have a copy of the Mullard 
booklet "Rectifiers, Diodes, Thyristors and Triacs" 
which not only covers controlled avalanche thyristors, 
as well as high temperature, inverter and standard 
thyristors and rectifiers but also stacks and modules ... 
products which arethe result of extensive research and 
development programmes in the Mui lard laboratories 
in England. Mullard employ 1,000 qualified scientists 
and engineers and have six major plants, with over 3 
million square feet of floor space. 

Write today for information on Mullard controlled 
avalanche thyristors and for the name of your local 
representative. 

Mullard Limited, Mullard House, Torrington Place, 
London W.C.1, England. 

U.S.A. enquiries to Mui lard Inc., 100 Finn Court, 
Farmingdale, Long Island, New York 11735, U.S.A. 
Telephone : (516) 694-8989. Telex: 961455. 

Mullard 
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Compact. Log amp with wide dynamic 
range takes up 2.4 cubic inches. 

of the device are +15 volts d-c at 
50 milliamperes and -15 volts at 
100 milliamperes. 

The higher-frequency amplifier, 
not yet designated by model num
ber, has a bandwidth of 500 Mhz, 
a dynamic range of 65 db minimum, 
logging accuracy of -+-1/z db, nomi
nal log slope of 14 mv/db, a video 
bandwidth of 250 Mhz, pulse rise 
time of 1.5 nanoseconds, and a 
video output of 1 volt maximum. 
The impedance of the source is 50 
ohms, and so is the video output 
load. 

The ICL-1-8555 has a single-unit 
price of about $2,500. 

LEL Division, Varian Associates, Co
piague, N.Y. 11726 [410] 

New microwave 

Avalanche source 
puts out 250 mw 

Solid state oscillator 

operates in 4-18 Ghz band 

without multiplier 

It's less complicated than other 
solid state power components
that' s the feature that Philco-Ford 
Corporation's microelectronics divi
sion points to in marketing its 
phase-lock avalanche oscillator 
source. 

Called A vloc, the device provides 
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up to 250 milliwatts in Ku band. 
Conventional solid state phase
locked multiplier chain sources 
usually are limited to about 50 mil
liwatts of output, according to 
W. J. Messmer, the Philco-Ford 
division's microwave marketing 
manager. Messmer is aiming Avloc 
at the power-source component 
market, which he estimates at $35 
million to $50 million per year. The 
unit is designed to replace low
power klystron tubes, bringing 
solid state reliability, lower weight 
and smaller size to radar, communi
cations, electronic countermeas
ures, and other equipment requir
ing source outputs up to 250 mw. 

A vloc operates at center frequen
cies from 4 to 18 gigahertz. A typi
cal model weighs about 16 ounces 
and measures 4 by 3 by 3 inches. 

A phase-lock loop circuit pro
vides broad phase - modulation; 
spurious output is minimized 
because the oscillator operates at 
its fundamental frequency, without 
multiplication. 

In operation, a portion of the 
prime output signal from the unit's 
avalanche oscillator source is fed to 
a phase detector and compared 
with the output of a standard refer
ence crystal oscillator which has 
been multiplied by a step-recovery 
multiplier. 

The difference, if any, between 
the two is fed back into the aval
anche oscillator through an inte
grated-circuit operational amplifier, 
locking the frequency of the aval
anche oscillator source to that of 
the very stable, low-level crystal 
reference signal. 

A key difference between the 
Avloc and other multiplier chain 
sources, Messmer points out, is the 
elimination of an intermediate mul
tiplier step-the microwave energy 
has been generated at the desired 
output frequency. Future refine
ments and additional applications 
of IC technology are expected to 
further reduce the device's size and 
weight. To accomplish this, Philco
Ford plans to exploit its experience 
as a manufacturer of hybrid and 
monolithic integrated circuits. 

Delivery of small quantities takes 
30 to 60 days. Prices depend on 
performance specifications and 
quantity. 

Microelectronics Division, Philco-Ford 
Corp., Union Meeting Road, Blue Bell, 
Pa. 19034 [411] 

ELECTRONICS 
INSTRUMENTATION 

Time 
Sharing 
Makes 
sense 
FOR EXPENSIVE 
ELECTRONIC 
INSTRUMENTS, TOO! 
RENTRONIX gives you ready 
access to sophisticated elec
tronic instruments and small 
computers on a short-term 
rental basis. Choose from one 
of the largest, most modern 
name-brand pools of electronic 
equipment on the market. With 
Rentronix you pay only for the 
time you use the equipment. 

l~c11tret11ix .ti •!I 

FREE 
48-page catalog covering 
hundreds of electronic instru
ments and small computers 
available for short-term rental. 
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More of the Unbeatable 
•, Ph ilips Scopes 
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PM 3231 
15 MHz: 10mV 
Dual Beam Delay Lines 
$975 

PM 3250 rruvv .. 
·~·"·' v.···: 

V/ dw JO l ~Vldiv 50 MHz: 2mV 
Dual Trace 
$1995 

X INPUT INTfN5 FOCUS 

Three fewer controls mean you 
spend more time measuring, 
less twiddling. De balance, trigger 
stability and manual level are out . 
So triggering is fully automatic . 

Explanation. When waveforms start 
looking like this: all other automatic 
trigger circuits stop triggering. So you 
have to switch to manual and start knob 
twiddling . With the PM 3200 you 

0 A( 0( -
In either position automatic means 
automatic over the whole of the 1 OM Hz 
range. And then on to at least twice 
this nominal bandwidth figure. 

This unique Philips circuit has yet 
another feature. Whatever the signal, 
even no signal and whatever the sweep 
speed, the trace is always clearly visible. 

There's no de balance control because 
none is needed. Drift is fedback and 
virtually eliminated. (At max. sensitivity 
(1 /4div/24hours) . 

The PM 3200 is highly portable 
(11.7 lbs.). Battery pack optional. 

Available in U.S. from 

Test and 
Measuring 
Equipment 

TM 

s. 

switch from "mean" to "top" and stay 
with signal-derived, fully automatic 
triggering . 

Philips Electronic Instruments, 750 
S. Fulton Ave .. Mt. Vernon, N.Y. 10550 PHILIPS™ 
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Production equipment 

·Relay analyzer tests and tells 
Computer-controlled system does 100% testing on 2,000 units per hour; 

software package permits operation by unskilled personnel 

Volume production and acceptance 
testing of high-reliability relays for 
the military usually have made life 
difficult for manufacturers because 
of the large amount of detailed 
documentation required. 

Both needs are met in the new 
Jl300 automatic relay production 
test and reporting system from J a
cobi Systems Corp. Jacobi says the 
computer-controlled system is the 
fi rst ever developed that can per
form 100% testing on up to 2,000 
relays per hour, together with anal
ysis and reporting. The first system 
was sold to Leach Corp. after a 
year of feasibility studies indicated 

it would pay for itself within one 
year at a production rate of 1,000 
relays per day, according to Jacobi. 

Commercial relay manufacturers, 
on the other hand, may not need 
detailed reporting on each relay, 
but do want to determine quality 
and failure trends. 

Automatic wave soldering systems 
Fineline TD come in 2 models, 
TD-12 for p-c boards up to 12 in. 
wide, and TD-14 for boards up 
to 14 in. The 11 ft. 5 in. in
clined motorized conveyor handl ~s 
single or double board carriers. 
Features include deep wide waves 
with oil inter-mix infinitely vari
able from no oil in the wave to 
full flow. Hollis Engineering Inc., 
Nashua, N.H. [421J 

-
DI P extractor plier 4916 re
moves all 14-16-24- and 36-lead 
dual inline packages. It withdraws 
the IC straight up out of the 
board without bending leads, will 
not lift socket pads or pop up 
into operator's face. Metal teeth 
for durability and self-closing 
metal construction combine to 
provide a tool for fast DIP re
moval. Techni-Tool Inc., 1216 
Arch St., Philadelphia. [4251 
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Automatic hand ler model IC 2500 
is designed to transport 14 or 16 
pin dual-in-line IC packages 
through an electrical test and sort 
sequence rapidly and efficiently. 
It facilitates handling of IC pack
ages in applications such as high 
volume production testing or high 
volume incoming inspection. Scien
tific Measurement Systems, 351 
New Albany Rd., Moorestown, N.J. 
[4221 

Vacuum coating system N RC 3111 
is for high volume, high capacity, 
thin fi Im deposition production. 
Tailored to meet the needs of IC 
makers, it employs the VHS-6 
diffusion pump, rated at 2,400 
liters/sec, and contains planetary 
tooling for high deposition rates 
from multiple resistance evapora
tion sources or an electron beam 
source. Norton Co., Charlemont 
St., Newton, Mass. [4261 

Two consoles are used-a high
voltage unit for dielech·ic sh·ength 
and insulation resistance measure
ments, and a dynamic console for 
testing coil resistance, contact volt
age drop, pull-in/release voltage, 
voltage transients, and timing. Pe
ripherals include three IBM print-

Beam lead bonding tools come in 
any size or style for any chip 
appl ication and in any desired 
quantity. Users have a choice of 
materials, including carbide, tung
sten or lnconel alloys. Tools can 
be supplied for either wobble tool 
or self-aligning tool application 
and can be specified with heater 
soldered on or separate and re
placeable. Micro-Swiss Inc., Cherry 
Hill, N.J. [423 J 

Micro Hot Plate and Controller 
model 95 make hand or machine 
soldering of ceramic substrates 
as easy as soldering on conven
tional glass epoxy circuit boards. 
Substrates are preheated in sec
onds to a selected temperature 
below the melting point of the 
soldering alloy being used . Com
plete price is $95. Browne Engi
neering Co., Coast Village Circle, 
Santa Barbara, Calif. [4271 

Automatic coil winder type 3S 
utilizes 3 spindles to triple high 
production output of precision 
coils. It can be programed by IBM 
card or set up by switches from 
a data sheet, for winding at 
speeds to 8,000 tpm to precise 
tolerances. Unit handles coils up 
to 8 in. long and 5 in. o-d, and 
wire sizes from 16 to 50 Awg. 
Eubanks Engineering Co., Mon
rovia, Calif. [4241 

Oxide-free soldering system called 
Wavedipper is offered to manu
facturers for a free 30-day trial. 
It uses a pump that continuously 
ci rculates molten solder over the 
reservoir lip through a circular 
nozzle providing a mirror-like 4-
in. diameter dipping surface. The 
solder pot provides a dross-free 
application surface. Price is $750. 
Electrovert Inc., Mount Vernon, 
N.Y. [428J 
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Have a load to move? 

... one of over 350 Ledex 
stock Solenoids can help you 
get a quick start 
on your prototype 
Ledex rotary solenoids let you remotely step, turn, pull, trig
ger, index or hammer. They come in 8 sizes with torques rang
ing as high as 117 pound-inches. Features include high 
torque-to-size ratio and exceptional dependability. Endurance 
engineered models have a life of 100,000,000 actuations. 
Ledex push/pull solenoids deliver linear wallop ... with ex
tremely fast response. There are 7 sizes with up , to 85 pounds 
force and strokes up to 3/s". 
And Ledex keeps adding new stock models . .. like the %" 
diameter 0 EC and 2%" diameter 6 EC push/pull models (shown 
in foreground). Both pack plenty of force in compact packages. 
Stock models come in all sizes and most every power take-off 
configuration. 
Chances are one of them 
meets your prototype 
needs. If not, our engineer
ing people can give you a 
custom solution-fast. 
Write or call today for our 
latest Rotary and Push/ 
Pull Solenoid Catalogs. 

Specialists in remote actuation 

LEDEX DIVISION, LEDEX INC. 
129 Webster Street, Dayton, Ohio 45402 •phone (519) 224-9891 
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... library of tests 

available to operator . .. 

ers, two to print out specific failure 
information for the dynamic and 
high-voltage consoles, and a third 
for printing high-reliability tests 
and report analyses in a military 
specifications format. All tests to 
meet Mil-R-5757, Mil-R-6106 and 
Mil-R-39016 are performed auto
matically. An IBU model 1442 card 
reader also is used. Although the 
first system built for Leach uses 
an IBM 1800 computer, Jacobi says 
any of a number of minicomputers 
also can be used. With the IBM 
1800, 16,000 words of 16-bit mem
ory are utilized, together with a 
500,000-word IBM model 1810 disk 
memory. 

The heart of the system is PART 
(programable automatic relay test), 
a software package that permits 
operation by clerical pP.rsonnel 
without programing experience. 
Using what Jacobi calls a fill-in
the-blanks language, the operator 
defines parameters and sequencing 
by filling out a standardized form 
and assigning a code number to 
the type of relay being tes ted. The 
proper tests are selected from a 
library of tes ts , and the informa
tion is relayed to the computer by 
card input. A higher-level language 
also is supplied, permitting the 
user to devise completely new tests 
by writing a Fortran program which 
becomes part of the system library 
of test programs. 

Multiple-socket trays, each con
taining up to 48 single-coil spring 
return, or two-coil magnetic latch
ing relays, are plugged into the 
consoles, which are equipped with 
quick-connect receptacles. Test se
quences to be implemented by the 
system are determined by tray
type numbers. Each tray number 
is assigned by wiring or leaving 
open connections between a set of 
10 interface pins and ground in the 
tray. Additional software to accom
modate single- and hvo-coil polar
ized relays and four-coil logic re
lays is an extra-cost option. 
High-voltage console tests are per
formed simultaneously on all 48 
relays in the test tray. The standard 
system can handle relays with up to 
six Form C or D contacts. Option
ally, contact configurations up to 
12 Form A or B, and up to 96 Form 
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Intech Op Amps hold the Inside 'Irack 
When it comes to performance, we lap the competition. 

Our FET input A-130 op amp typically slews at 700 V/µ.s. 
And every unit is guaranteed to go at least 500 V/µ.s. 

But speed alone doesn't win the race. It's getting to the 
finish line that really counts. That means settling time. 

The A-130 makes it to 0.01 % of final value in 500 nano
seconds maximum! 

The A-131, a specially " tuned" op amp, is designed for 
your non-inverting applications. And it gives you nearly 
the same performance as the .A-130. 

Why not try the winner? When lntech builds an op amp 

Intechta 

the best component and design engineering the indus

try has available is behind it. But find out for yourself. 
A test is worth a thousand words. The A-130 and the 
A-131 are $68.00 each (quantity discounts available) and 
both are right from stock. 

For more information on our high performance opera
tional amplifiers, contact your local lntech representa
tive or write us directly. 

lntech Incorporated, 1220 Coleman Avenue, Santa 

c1ara, california 95050 •ift •ntech 
Phone: (408) 244-0500 •• I 
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C or D can be accommodated. 
The high-voltage console also 

can test synchronous motors and 
precision transformers with up to 
14 leads, and the dynamic console 
can be applied to solid state and 
reed switch testing. 

Ready. Tray of relays is in foreground, 
and test consoles are at right. 

When a dielectric-strength fail
ure is detected by the high-voltage 
console, voltage is cut off by the 
system within 10 milliseconds and 
the faulty relay disconnected while 
testing of the other relays contin
ues. A similar interrupt is provided 
for insulation resistance failures, 
and in both cases the failure in
formation is stored in the computer 
for printout and analysis. A failure 
report is printed immediately after 
tests on a particular tray are com
pleted. A detailed test report, con
taining the accumulated results of 
all tests performed on a relay lot, 
can be printed, plus a summary re
port on test results. On command, 
the system also will print a quality 
trend report, giving the number of 
relays tested and failed in each 
test. and total number of relays 
tested and failed by relay type. Op
tional, extra-cost production con
trol software permits failure and 
trend analysis of shifts producing a 
relay and materials used in the re
lay. Cost of the system ranges 
from $100,000 to $150,000, without 
the computer, and depending upon 
the software options. Delivery time 
is about 180 days. 

Jacobi Systems Corp., 16625 Saticoy 
St., Van Nuys, Calif. 91406 [429] 
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Put $69 into your product line 
and start counting the profits. 
Digitally. 
Take your product line. Snap Tyco's 
new 21/2-digit panel meter into the 
same opening you might use for an 
ordinary pointer meter. And there you 
are in the digital age. And your entire 
line is better ... a lot more than 
$69 better. 

Tyco 's new 2112-digit meter is the 
highest quality, lowest priced digital 
panel meter available. With the easi
est, fastest, most accurate readings 
possible. Digital so there's no room 
for operator interpretation. So clear 
that your customers can read them 

Electronics J December 8, 1969 

from thirty feet across the room ... 
from any angle. 

The high performance and low 
price of this meter is possible because 
of a unique technological develop
ment.* It sells for $69 in lots of 100. 
$89 for single units. No mounting 
hardware is required because the 
4112" x 3" x 3" meter just snaps into 
the front of the panel opening and 
stays there. Reads to 100% over
range. Has 1 millivolt resolution . 100 
megohms input impedance. Overload 
protection and polarity indication. 
Needs no zero adjustments. Requires 
low input power. Has no moving parts 
or pointer mechanisms to break 

down . Comes with a one-year 
warranty. 

And there 's more: 3112 -digit units, 
both unipolar and bipolar, with and 
without BCD outputs; and 41/2-digit 
units, bipolar with BCD outputs. Volt
age attenuators and current shunts 
are available, increasing the versa
tility of Tyco panel meters. Send today 
for detailed specifications. We think 
you 'll like our line. Tyco Instrument 
Division, Tyco Laboratories, Inc., 
Bear Hill Industrial Park, Waltham, 
Mass. 02154, (617) 891-4700. 

• U.S. and Foreig n Patents Pending 
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- 20 - 15 - 10 - 5KC 90MC +5KC +10 +15 +20 

Ml CROSON/CS 
for proven design, reliability & 

performance in 

CRYSTAL FILTERS 
Write for Bulletins today 

MICROSONICS 
60 Winter Street, Weymouth , Mass. 02188 
Tel: 617 337-4200 
A d1v1sion of the Sangamo El ectric C ompany 
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Production equipment 

MOS array tester 
is run by computer 

Machine geared for 

production runs analyzes 

wafers or mounted chips 

As the number of MOS/LSI devices 
built into products multiply, so do 
the demands of meeting produc
tion and contract deadlines. More 
than one manufacturer has discov
ered that testing techniques that 
were adequate in the laboratory 
can put red ink on the corporate 
ledger when applied to production 
contracts. 

The Redcor Corp. has intro
duced a new production-oriented, 
computer-controlled tester of metal 
oxide semiconductor arrays. Called 
PAFT II (programable automatic 
function tester) it is built around 
Redcor's RC-70 general purpose 
digital computer, with a 4,096-
word, 16-bit memory. 

The go/no-go tester has up to 64 
data and power channels, with se
lectable word lengths of 200, 400, 
or 800 serial bits per channel. The 
800-bit word length is a $300-per
channel option. Clocking is multi
phase, adjustable for overlap, am
plitude and period, with frequency 
ranges from 10 hertz to 2 mega
hertz. Strobe and clock parameters, 
one/ zero voltage levels and input/ 
output patterns are program-se
lected. Stress and circuit continuity 
tests from -40 and +5 volts also 
can be programed. Channel format 
is non-return-to-zero and return-to
zero, selected by the program. De
vices can be tested at both the 
wafer probe level and at final test, 
with the chip mounted on a header. 

A single-bit parity check insures 
that data being circulated in the 
registers remains the same. Each 
channel has a parity error display 
lamp to show when a programed 
word has an odd-bit change. Device 
test failures can be data logged, us
ing a teletypewriter to print out pin 
and channel identification numbers. 
A duplexer, which costs an extra 
$5,000, permits using two test 
heads instead of one, and can al-
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... but not these new Keithley 
Lock-in Amplifiers 

204 

Over the years, Keithley has developed a reputation as a leader 
in simplifying DC measurements. Now we have another advance 
... the Keithley 82 and 83 Lock-in Amplifier Systems which use 
the wide band approach to simplify AC, as well. If you're trying 
to isolate low level signals lost in noise, look at what we offer: 

• sensitivity of better than 500 picovolts 
• center frequencies from 1 Hz to 1 MHz 
• resolution to 0.01 % 
• 0.005%/°C zero stability, and 
• a building block approach where you 

buy only what you need 

Either system offers unparalled advantages in terms of quick 
set-up, easy operation and versatility of performance. 

To make your lock-in amplifier money talk, talk to Keithley. 
About the System 82 for highly sensitive and demanding applica
tions {for only $1895). Or the System 83 for less stringent uses 
(just $1595). If you don't need the complete system, buy only the 
Phase Sensitive Detector, Low Noise Amplifier or Phase Shifter. 

For full technical details or help with a specific problem, call 
your experienced Keithley Sales Engineer. Or contact Keithley 
Instruments, Inc., 28775 Aurora Road, Cleveland, Ohio 44139. 

KEITHLEY 
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most double the through-put rate 
of the tester, according to Redcor. 

Easy to use. Simplicity of opera
tion is one of the tester's features. 
The standard software package 
used is TEST (test-oriented engi
neering symbolic translator) a com
pany-developed engineering lan
guage translator that allows an 
unskilled operator to introduce test 
routines with a 300 characters-per
second tape reader. In addition, the 
system has standard assembler and 
Fortran IV software, a math sub
routine library and a program util
ity package. A three-pass assembler 
also is supplied, for assembly of 
PAFT II programs on an IBM 360 
computer. 

Both the logic ·and amplitude 
validity of outputs from the device 
being tested are determined by 
comparators. Compare-signal re
sponse time is less than 11 nano
seconds with 50 millivolts of over
drive. Fault response time is 25 
nsec maximum. 

While the tester can accommo
date up to 64 comparators, or one 
comparator per channel, the normal 
configuration includes only about 
half that number, Redcor says. The 
number of comparators is field-ex
pandable at a cost of ·$100 per 
comparator. A fault indicator lamp 
for each channel tells the operator 
when a comparator has detected a 
failure. When a test is completed, 
red and green go/no-go lamps in
dicate the results. A white indica
tor lamp is on when the proper 
information is being circulated in 
the registers. 

Computer-controlled digital-to
analog converters supply clock lev
els, power voltage levels, and one/ 
zero voltage to the channels. Be
cause the system uses a general
purpose computer, a variety of 
changes in software are possible. 

The d-a converters are pro
gramed to set reference voltage in 
discrete steps from 0 to -40.94 
volts for the one level and 0 to 
-10.23 volts for the zero level. 
Accuracy of the setting is + 10 mil
livolts, and program resolution of 
the reference voltage is 10 milli
volts. 

Price for the tester is less than 
$150,000 with 64 channels. 

Redcor Corp., 7800 Deering Ave., P.O. 
Box 1031, Canoga Park, Calif. 91304 
[430] 
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Gudebrod's 
Special, Longer 
Case Hardened Pins 

® r .M.-UNION SPECIAL 
MACHINE CO. 

[Cj UDEBROD 

~~~ 

Fot high, speed. h.ru-nesstng 

with. continuous locin.g ••• 

HERE IS THE WORK SPEEDING - MONEY SAVING -

GUDEBRDD SYSTEM 11C11 

GUDEBROD FLAT TAPE BOBBINS-This special packaging 
of Gudebrod Flat Braided Lacing Tape is highly popular in 
the harness shop. Whether used in all hand tying or with the 
Cable-Lacer (for which it was designed) the bobbin makes con
veniently available, high quality Gudebrod Tape in most of its 
many types-all engineered to lie fl.at, tie tight. 

GUDEBROD CABLE-LACER®-This unique harnessing hand 
tool has proved a production speeder and harness improver. 
Makes up to 30 knots per minute. While making firmer harnesses 
with tighter, more uniform knots, it eliminates wear and tear on 
operator's hands because special brake takes strain of knot 
setting. Holds bobbin of Gudebrod Tape in handle. 

LONGER WIRE HOLDING PINS-They make wire thread
ing much easier, quicker (no repeated wire redressing between 
pins). In harness tying they preserve the layout while using the 
Gudebrod Cable-Lacer. Special case hardened pins, nail better, 
stay straight, no nailheads. 

GUDEBROD SWIVEL-TILT HARNESS BOARD MOUNT 
-Two dimensional balanced mobility puts every section of the 
cabling within easy, natural reach of the operator. Work done 
in this unstrained manner goes faster, is better, all day through. 

There it is, the Gudebrod System "C" solving the cable making 
problems in a speedy, economical, profit improving way. Ask 
about System "C" (If you use intermittent tying, ask about 
Gudebrod System "S"). 

Gudebrod Swivel-Tilt Harness 
Board Mounts available 
in several sizes 

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia , Pa. 19107 
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Same big volts. 

New little package. 

We took everything in the big one and put it in the little one. Then we 
made the little one in all the same output ranges as the big one. And 
gave it the same price. And the same guarantee. And put all the details 
in our new catalog which is yours for the asking. Simply write to: 

acdc electronics, inc. Oceanside Industrial Center 
Oceanside, California 92054, Telephone (714) 757-1880 



Industrial electronics 

X-Ray spectrometer puts the fix on the mix 
In-plant analyzer tied to data processor puts out composition statistics of raw materials 

in less than three minutes compared with two-hour analysis by chemists 

Faster, better data isn't a goal only 
of upper management-it's also an 
dbjective for process-plant man
agers. This is what Philips Elec
tronic Instruments believes it offers 
them with both its new X-ray fluo
rescence spectrometer and associ
ated data processing unit. Dubbed 
the PW 1250, the new unit has 
proved this point in its initial in
stallation at Lehigh Portland Ce-

ment's Union Bridge, Md., facility. plication, the Philips spectrometer 
simultaneously analyzes up to 
seven components that are fed into 
the kiln to be converted to clinkers. 
Thus, while the composition of in
coming materials differs, the analy
zer can provide a readout of the 
total amount of such elements as 
aluminum, silicon, calcium, mag
nesium, iron and sulfur. Any devi
ation from desired composition can 

On/off temperature controllers 
series 9317 may be actuated by 
thermocouples or resistance tem
perature detectors. They contain 
solid state circuits in conjunction 
with a relay output. The output 
relay de-energizes when the set
point temperature is reached and 
energizes after temperature fa! ls 
below the setpoint. Sigma Instru
ments Inc., 170 Pearl St., Brain
tree, Mass. [3811 

Punch tape programer system pro
vides automatic control for all 
types of batch processing routines 
in the textile industry. The sys
tem fills the gap between simple 
manual control and sophisticated 
computer control. It offers rigid 
control enforcement and repeat
ability of the dye cycle, and 
greater production efficiency. The 
Foxboro Co., Foxboro, Mass. 
02035 [3851 

According to Kramer J. Schatz
lein, Lehigh's chemical engineer 
charged with quality control, when 
Union Bridge wanted to tighten 
control over its kiln feed, it found 
the PW 1250 yielding faster an
alyses than would have been ob
tained through hiring more lab
oratory chemists. 

Using cement as •a typical ap-

Indicating transducer model 312 
provides both a direct readout for 
local indication and a potentio
metric transducer for remote con
trol, indication or alarm. It has 
rressure ranges of 0-15 to 0-1000 
psig and resistance ranges of 
1,000, 2,000, and 5,000 ohms. 
Resolution is 0.5% voltage ratio. 
Power rating is 0.5 w at 70°F. 
Bourns Inc., 1200 Columbia Ave., 
Riverside, Calif. [3821 

Servo ampl ifier AD-7200 is the 
heart of remote closed loop posi
tion control. It operates from 
either a 12 or 24 v d-c battery 
and positions fractional h-p per
manent magnet motors . A typical 
application is positioning of direc
tional control valves on cranes, 
tractors and other heavy mobile 
equipment. Price is $165. Jordan 
Controls Inc., 5607 W. Douglas 
Ave., Milwaukee, Wis. [3861 

Three-phase voltage band moni
tors series PB protect electrical 
and electronic equipment re
quired to operate between 2 volt
age limits. Each of the 3 phases 
is monitored for an under or over 
voltage limit. The monitor can be 
used to sound an alarm, light 
warning lights, shut down or re
move equipment from the line. 
Diversified Electronics Inc., Box 
6231, Evansville, Ind. [383] 

Digital data console called KADAC 
is for industrial applications. It 
accepts inputs totaling from 10 
to 100, in increments of 10. In
puts can be randomly intermixed 
to include thermocouples, pres
sure transducers, strain gages, or 
other analog sensors. The system 
is expandable to 1,000 inputs 
with additional multiplexers. Elec
tronic Modules Corp., Box 141, 
Timonium, Md. [3871 
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Electronic predetermining counter 
7122 Econo-Flex with 5 counting 
decades features illuminated digi
tal display, and the design assures 
continuous counting in the event 
of a display failure. The counters 
operate and automatically recycle 
at speeds to 10,000 counts/sec, 
accepting in put from photoheads, 
contact closures, or direct pulses. 
Veeder-Root Co., Hartford, Conn. 
[384] 

D-c torque motor series 235-100 
features a thin, pancake-shaped 
wrap-around rotor which can be 
applied directly to, or around, 
shafts or hubs. Developed for con
trol of rocket motor thrust vec
toring systems, the motor can be 
used wherever precision high
torque positioning and speed con
trol are requisites. Magnadyne 
Inc., 5580 El Camino Real, Carls
bad, Calif. 92008 [3881 
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The first 
plug-in 
curve 
tracer 
costs 
¥3 less! 

With U-Tech 's plug-in and console 
units, any X-Y oscilloscope 
becomes a curve tracer displaying 
the dynamic characteristics of 
both NPN and PNP transistors, 
N Channel and P Channel junc
tions, FET's, MOS-FET's, bipolars, 
unijunctions, diodes , tunnel 
diodes and SCR's. You have curve 
tracer capabilities , without buying 
a complete curve tracer unit. 
In so doing you pay up to: 

1/3 less! 
U-Tech plug-in MODEL 
681 : $655.00*. For 
use with Tektronixt 560 
Series Oscilloscopes. 

U-Tech plug-in MODEL 
682: $675.00. • For use 
with Tektron1xt 530. 
540. 550. 580 Ser ies 
Oscilloscopes. 

..... ..,. U·Tech console 
MODEL 683: $685.oo• 
For use with any X· Y 
Oscilloscope. 

Ask your distributor about these 
U-Tech curve tracer units 
or order direct from : 

U-TECH 
A DIVISION OF INDUSTRIAL PHYSICS AND 
ELECTRONICS COMPANY 
4190 SOUTH STATE STREET. 
SALT LAKE CITY. UTAH '84107 
(801) 262-2663 

tRegistered trademark Tektronix Inc. 
0 Prices apply to purchase and shipments within 
U.S.A. fob Salt Lake City, Utah 
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be readily corrected. 
Besides analyzing seven ele

ments, the PW 1250 can operate in 
three separate modes, each provid
ing a different measurement: the 
·absolute, or fixed-time mode; moni
tor mode, in which the unit ac
cumulates a fixed number of X-ray 
particle counts; or ratio mode
accumulating to a fixed number of 
counts on the same element. In the 
absolute or monitor mode one or 
two unknown samples can be an
alyzed in the spectrometer at the 
same time. With the ratio method, 
only one unknown s·ample can be 
handled at a time, with the other 
position taken up by a standard 
sample. Further, the 1instrument can 
work with solid, liquid, or pow
dered materfal. 

Analysis. Spectrometer quickly tells 
composition of sample material. 

The spectrometer portion of the 
unit consists of the sample trans
port mechanism and the analyzer 
head, 'Containing an X-ray tube, 
seven collimators and associated 
goniometers, crystals, and detec
tors. The co11imators and goniome
ters are arranged like a fan so ·th·at 
all are directed to the center of the 
sample. 

The PW 1250 is available with or 
without Philips' PW 1260 data proc
essor, which performs straight- and 
curved-line calibrations as well as 
background connection for each of 
the measured elements. 

With data processor the unit 
sells for about $64,000, and without 
it for about $5,000 less. 

Philips Electronic Instruments, 750 S. 
Fulton Ave., Mt. Vernon, New York 
10550 [389] 

Industrial electronics 

Thickness gage 
gives digital answer 

Converting acoustic-pulse 

echo to direct readout 

eases operator's job 

Statistical evaluation of a manu
facturing operation's performance 
is one of the advantages that Bran
son Instruments' 102/DP ultrasonic 
thickness gage offers because of its 
direct-reading digital output. The 
operator benefits, too. Previously, 
such thickness gages required oper
ator interpretation of analog signals 
to determine the thickness of a part, 
and this was time-consuming and 
subject to error. 

In the Branson unit, an acoustic 
pulse is transmitted through the 
workpiece and is reflected back 
from the far sm;face. Thus, depend
ing on the acoustic velocity of the 
tested material, the pulse duration 
can be calibrated to the material's 
thickness . The instrument converts 
this pulse duration into digits rep
resenting the thickness , and the 
digital readout appears on the front 
panel. 

Normally, the unit is calibrated 
at the factory to measure steel, but 
a simple adjustment allows the 
digital readout to remain calibrated 
in inches for other kinds of ma
terials, including hollow castings, 
large-diameter seamless tubing, 
plastics, glass, and ceramics. The 
system is designed .for jobs where 
a high level of ~onfidence is re
quired in measurement of thin 
materials. 

Besides a panel readout, the in
strument sets up a digital signal 
that can be fed to a computer to 
keep track of such information as 
rejection rates and production er
rors. 

The unit's range is from 0.010 to 
10 inches. Accuracy is 0.0001 inch 
for thin materials, 0.01 inch at the 
higher readings. 

The basic unit sells for $3,500; 
high- and low-limit digital setpoints 
and tape printer options bring the 
total price to $5,000. 

Branson Instruments Co., Progress 
Drive, Stamford, Conn. 06904 (390] 
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Bone dry ••• 
is not dry enough for some people. 

On the surface, things that look 
pretty dry just aren't dry enough 
for some jobs. Jobs like precisely 
monitoring trace water in gas 
streams. Or finding out exactly 
how dry a dry box operates. 
Beckman has designed, built and 
introduced a new line of Trace 
Moisture Analyzers to accomplish 
this critical job. They tell exactly 
how many parts-per-million of 
water are present in gas streams 
and atmospheres. This new gener
ation of instruments is "indus
trialized" for greater durability, 
maintenance simplicity a_nd 
reliability. The line includes porta-

ble and semi-portable models as 
well as panel - mounted control 
units and remote analyzers. Each 
a.nalyzer has a more easily replace
able cell, a temperature controlled 
detector, and a new heavy-duty 

die-cast aluminum case. Many 
other standard features and op
tions are offered like front-settable 
solid-state high alarm contacts, 
and terminals for a potentiometric 
or current-level recorder. 
For all the facts , call your local 
Beckman Sales Representative or 
write for Data File PTM-13-170. 

Beckman · 

INSTRUM ENTS, INC. 
PROCESS INSTRUMENTS DIVISION 

FU LLERTON, CALIFORNIA 92634 

INTERNATIONA L SUBSIDIARIES, AMSTERDAM; CAPE TOWN; 
GENEVA; GLENROT HES, SCOTLAND; LONDON; MEXICO 
CIT Y; MUNICH; PARIS; STOCKHOLM; TOKYO; V IENNA 



SAGE 
CUSTOM MOLDED 
DUAL-IN-LINE 
TRANSFORMER 
MODULES 

ONE 
.. TWO 
... THREE 
... .. FOUR! 

... that's how many 
pulse transformers you can 
have in this unique D-I-L package! 

Yes, in one 16 pin dual-in-line only .825" long, Sage can give you up to four 
pulse transformers that will provide DC isolation; impedance matching; 
current / voltage gain or common mode rejection. Typical applications 
include memory drivers; sense line outputs, or common mode chokes*. Also 
available-comparable 14 pin dual-in-line module of the same configuration 
with a maximum length of .770" and with complete D-1-L compatibility. 

With this new molded D-1-L package, production insertion techniques for 
transformers are now as economical as for integrated circuits. 

*MAXI MUM ELECTRICAL PARAMETERS 
• Average current-150 milliamps (25% duty cycle) 

• Average power-250 milliwatts 

• Peak pulse voltage-50 volts 

• ET constant-6.5 volt / microseconds 

When you want advanced packaging design in micromagnetics backed 
by an unsurpassed reputation for quality, accuracy and dependability 
... look to Sage! 

We welcome the opportunity to discuss your requirements. 
SAGE ELECTRONICS CORP., Box 3926, Rochester, N.Y. 14610 
Telephone: (716) 586-8010 

A Leader in Micromagnetics 

SAGE 
ELE CT RON ICS 
SU BSIDIARY OF GULTON INDUSTRIES, INC. 
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New materials 

Tubing made 

from fiberglass 

Fiberglass cloth preimpregnated with 
epoxy resin is convolute wrapped 
around precision ground mandrels and 
cured under heat and pressure to pro· 
duce Class F, 155°C tubing. Good 
strength at 0.005±0.001-in. wall thick· 
ness is achieved with sharp 90° inside 
corners. Sizes from below 0.062 in. sq. 
and round are available. Tubing is used 
for coil winding, tiny sensors, or for 
small motor shaft insulation. Stevens 
Tubing Corp., 128 N. Park St., East 
Orange, N.J. 07019 [491] 

lsochemrez 402-AP is an all-purpose, 
rapid air releasing, low viscosity, cal
cined alumina fiJ.led epoxy resin. It is 
suitable for rigid specification potting, 
casting, impregnation, encapsulation, 
sealing, bonding and molding. lsochem 
Resins Co., Cook St., Lincoln, R.I. 
02865 [492] 

Multipurpose emi/rfi material called 
Pola H is said to provide more low fre
quency magnetic field gasketing capa· 
bility than previously available. It is also 
highly effective in electric and plane 
wave fields, and maintains up to 250 
psi pressure tightness in properly de· 
signed joints. Pola H comes in strips or 
gaskets fabricated to customers' print. 
Metex Corp., 970 New Durham Road, 
Edison, N.J. 08817 [493] 

Industrial aerosol chemical products 
have been developed to assist in the 
manufacture, assembly, maintenance 
and repair of electronic and electro
mechanical equipment. Prices range 
from $1.29 to $2.89 each in single-can 
quantities. Bradford Industries, 100 
Fordyce St., Dallas 75207 [494] 

Scotch-Weld degreasing primer 3911 
removes surface contaminates and 
primes the surface of metal parts for 
·bonding, all in one operation. 3M Co., 
3M Center, St. Paul, Minn. 55101 [495] 

Advanced magnetic shielding alloy Co· 
Netic M offers non-shock-sensitive, low 
retentivity, and stable shielding prop
erties. It also provides improved elec· 
trical attenuation against low level 
fields for radar, sonar, missiles, aircraft, 
data processing displays. Perfection 
Mica Co., 740 Thomas Dr., Bensenville, 
Ill. 60106 [496] 
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When ordinary methods 
of observing and recording 

don't deliver 

We have a very large staff of photo
graphic engineers qualified to provide 
photographic solutions to previously 
unsolvable problems. Together, you 
and they can probably work out solu
tions. A few challenges presented to us 
recently ... 

A research team needed a way to 
study the combustion of metal drop
lets. Kodak was able to provide a film 
just right for high-speed cameras to 
record exactly what happens at 4000°C 
... and in what sequence (see picture 
above). 

Another group, concerned with im
pact testing, faced the problem of os
cillograph traces which intermixed 
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call Kodak 
hopelessly at the point showing impact. 
They called Kodak. And found that 
we had a paper that, when exposed 
through appropriate filters, would pro
vide multicolored traces. These could 
be interpreted even with large ampli
tude variations on narrow paper. 

A third group had the problem of 
projecting computer output on a screen 
in color. Particularly troublesome was 
the fact that these data had to be up
dated and changed every few seconds. 
They called Kodak. Our engineers an
swered their problem with an em
bossed lenticular film originally in
tended for color kinescope recording. 
This film not only developed in 20 

seconds to stay within their time re
quirements, but, with appropriate 
shooting and projecting techniques, 
produced the necessary color images. 

Right now, you may be facing a data
collection problem that seems to defy 
solution. It may be quite different from 
those we mentioned. Your best bet 
could be a conversation with one of our 
photographic experts. Call Kodak. 
Dial (716) 325-2000, Ext. 3257. 
Or write: Instrumentation Sales, 
Eastman Kodak Company, 
Rochester, N. Y. 
14650. 
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How much would 
H(BEEP) P.(BEEP) 

ch9rge tor a 
microwave 

power meter with 
digital display? 

At least $500 
more than 

we charge for 
the 1009. 

PM's Model 1009 D1g1tal Power Meter scoped or plotted The Model 1009 
measures frequency gains or atten- provides automatic system compat-
uat1ons directly 1n dB. (Or milliwatts 1bi11ty and unequalled low dnft All 
or dBm from + 10 to -40 dBm) for S 1850. For specs. wnte 
With 0 1 dB resolution Pac1f1c Measurements. Inc .. 
Frequency range 10 MHz to.....-, 940 Industrial Avenue. 
18 GHz. D1g1tal readout. Palo Alto. California 94303. 
Swept frequencies may be ' h We gotta be better 

PACIFIC 
MEASUREMENTS 
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New Books 

Wrap-up 

Handbook of Electronic Packaging 
Charles A. Harper 
McGraw-Hill Inc., 948 pp., $29.50 

Electronic packaging has come a 
long way from the days of the tube 
socket, twisted filament-lead wires, 
and rubber grommets. Now it's 
beam-leads, hybrid-circuit ceramic 
substrates, ultrasonic bonding and 
a host of other new terms. It's even 
getting difficult to tell the difference 
between the circuit design and the 
package design. Every engineer is 
now becoming his own packaging 
expert again. 

This book could probably turn 
you into an expert in packaging if 
you had the fortitude to plow 
through its nearly 1,000 pages. But 
it's a handbook-a book that's 
meant to be consulted on specific 
topics with specific questions and 
then laid aside until the next time. 

The real test of a handbook is 
not whether it holds youi· interest 
or whether it has a logical sequence 
of reasoning to explain a point, but 
whether it is complete and is in
dexed well enough to steer you 
to the proper information, and 
whether the proper information is 
actually there. 

Let's give it a try. Suppose you 
want to know something about 
thick-film conductor inks-what's 
available, what kind of processing 
is involved, and how do they per
form. 

The index shows that thick-film 
conductor inks are covered on 
pages 5-16 (why do all handbooks 
have this odd chapter-page num
ber scheme?) through page 5-20. 
That's reassuring-at least five 
pages. What do we find in these 
five pages? First of all, we find 
that the text type size is quite 
small-about two-thirds the size of 
the type used in this book review
but that's not bad, because the 
handbook is not intended for 
lengthy reading. We also find a 
table listing five conductor types 
with ten properties compared. We 
also find a couple of photos of con
ductive substrates, and a table deal
ing with epoxy conductors. 

There's a 25-line discussion of 
gold as a conductor, in which it's 
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What can Digitran do to improve thumbwheel switch capability? 

In the first of a series of seminars to 
be held in major U.S. cities, we met 
with these top designers, human 
engineers, and components men 
from both the military and commer
ci a I fields. We're looking for 
new ideas, new approdches, to 
switches. The benefit: Improved 
products directly attributable to 
the needs of the industry. 

From the engineers involved 
with military applications: There 
was considerable discussion on 
switch manufacturers providing 
greater documentation on shelf life 
and other reliability factors. The 
military is getting tougher on oper
ational life and human engineering 
aspects. On GSE equipment, front 
panel mounting should be made 
more broadly available for ease of 
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maintenance. Pushbutton switches, 
it was stated, even though neces
sarily miniature for aircraft appli
cations, should have staggered 
pushbuttons so that a gloved finger 
could actuate each switch inde
pendently without pressing the 
adjacent one in error. 

From the computer men: Give 
us switches with more electronics in 
them ... almost subsystems that will 
reduce the amount of necessary 
logic and circuitry used in conjunc
tion with the switch. Help us elimi
nate the amount of wiring required. 
The possibility of solid state thumb
wheels was discussed, and while 
some felt there was a definite 
advantage, others suggested that 
they had more technical difficulties 
with solid state devices than the 

straight electromechanical device. 
Now it's your turn. We'd like 

you to tell us what you'd like to see 
in switches. Or out of them. It won't 
be wasted effort. The information 
you give us, plus all we get from 
our 1970 Seminar Program, will 
help us to continue to design the 
most advanced, best performing 
switches available. The leader 
can't afford to do less. 

THE 
DIGITRAN 
COMPANY 
A Division of Becton, Dickinson aml Co. I B-D I 

855 S. Arroyo Porkwoy, Posodeno, Coli!. 91105 

Telephone (213) 449-3110 • TWX 910-588-3794 
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de 
voltage 

standards 
THE FACTS ARE 

IN THE 
CARDS 

GOOD 
Model 351 0.003% Accuracy 

BETTER 
Model 353 0.002% Accuracy 

BEST 
Model 355 0.001 % Accuracy 

COHU MEETS THE TEST 
We could have said, "COHU BEATS THE REST," 
but the technically knowledgeable engineer will see 
the 0.001 % of the Model 355 and ask "WHY 
STATE THE OBVIOUS?" 

· i~~{ ~ 8 • • 

~ .. ,,,_,,, ' ~· . 
~,~,_:Lt'<' /,' .t. 

"' ~!;! .... !;! •• ~ .. • tJ •. ~1 •.. ~. 

' 
~ ... "~ ........ .. 

•· ·•••·• 
So, to get the DC Voltage Standard YOU need, it's 
obvious: 

ASK COHU FOR IT 

CC>HU 
E.LE!!c::"TF'iC>NIC:S . INC 

--i·'k'·"''·' 0 I v I s I 0 N I 
BOX 623, SAN DIEGO, CALIFORNIA 92112 • PHONE 714-277-6700 • TWX 910-335·1244 

Circle 214 on reader service card 

New Books 

pointed out that there are numerous 
conductive gold inks available that 
fire between 800° and 1,000° C and 
that "most gold conductors can be 
soldered only with indium-base al
loy solders, although one paste is 
available which can be soldered 
with eutectic tin-solder." It's also 
pointed out that there is a marked 
difference in characteristics of pal
ladium-silver resistors fabricated 
with gold terminations and those 
produced with other conductors as 
terminations. 

The text then moves on to plati
num-gold, palladium-gold, palla
dium-silver, silver, moly-manganese 
and epoxies and adhesives, covered 
at about the same level of detail. 

But suppose you want more de
tails. Are there any references? 
None of the 32 references listed at 
the end of the chapter appear to 
offer much in the way of specific 
details about thick-film conductors. 
However, other subjects in the 
chapter-thick-film resistors, insula
tors , capacitors, and substrates-are 
heavily referenced, and, some of 
these may cover conductors, too. 
But, this seems to be about the only 
criticism that one could make of 
the section. 

The rest of the handbook covers 
such topics as rigid and flexible 
printed wiring, wires and cables, 
soldering, welding, metal bonding, 
connectors, thermal design, and 
computer-aided design, while spe
cial chapters cover packaging meth
ods for each of three major awlica
tion areas-computers, military, and 
space. 

Each chapter is by a different 
author from, by and large, different 
companies. This is good because it 
assures that the viewpoints are not 
those of a single company. Mr. 
Harper, the editor, is with Westing
house Aerospace division in Balti
more, and has been in the packag
ing field for 15 years. 

Recently Published 
Engineer's Guide to High-Temperature 
Materials, Francis Clauss, Addison-Wes
ley, 401 pp., $14.95 
Designed primarily for those who use 
materials at elevated temperatures, this 
book contains a wealth of information 
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• 
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CALIFORNIA P.O. Box 1609S 

• Burlingame 94010: Compar Corp., 828 Airport Blvd. Phone: (612) 922-7011 • 
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• Phone: (416) 638-S2SO NEW YORK 
• Montreal, Quebec: Cesco Electronics, Ltd., 4050 Jean Talon West Albany lllOS: Compar Corp., 6 Highland Avenue • 
• Phone: (Sl4) 73S-SSll Phone : (Sl8) 489-7408 TWX: (710) 441-8224 • 
• Ottowa, Ontario: Cesco Electronics, Ltd., 1300 Carling Avenue ::;g~!~ fjfgrs~~~':;~~Distributors Inc., 916 Main Street • 

• Phone: (613) 729-Sl 18 New York 10011: Terminal-Hudson Electronics, 236 W. 17th St. • 

• 
Quebec: Cesco Electronics, Ltd., 128 West Dallier Street Phone: (212) 243-S200 TWX: (710) S81-3962 • 

• 
Phone: (418) 524-3Sl8 Woodbury /1797:Compar Corp., 33S Crossways Park Drive • 
COLORADO Phone: (Sl6) 921-9393 TWX: (SIO) 221-2170 • 
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• Denver 80216: Hamilton Electro Sales, 1400 West 46th Street Winston-Salem 27 JOI: Compar Corp ., 1106 Burke Street • 
• Phone : (303) 931-0S80 Phone: (919) 723-1002 TWX: (SIO) 931-3101 . ~ . • ~~~!~n~~ompar Corp., 2357 Whitney Avenue Cleveland 44103: Pionur Standard Electronics, • 
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Phone : (3 12 ) 279-1000 TWX: (910) 2S4-0!69 Philadelphia 19132: Mi/gray-Delaware Valley, Inc. • 
Addison 60101: Compar Corp., 315 Laura Drive 2532 North Broad Street • 

• Phone: (312) S43-8833 Phone: (21S) 228-2000 TWX: (710) 670-3400 • 
• MARYLAND TEXAS • 
• Baltimore 21208: Compar Corp., Pikesville Professional Bldg., Dallas 75107: Hamilton Electro Sales, 2344 Irving Blvd. • 
• 7 Church Lane Phone: (2 14 ) 638-0900 

• 
Phone : (301) 484-S400 TWX: (710) 862-0860 Dallas 75241: Compar Corp., 8609 N.W. Plaza Blvd., Suite 222 • 
Rockville 10850: Pionur Washington Electronics, Inc., 1037 Taft. St. Phone: (214) 947-4336 • • =~~~~~~s~~oo :i;~~~nc~m9~~~~~tf" E1~~a;;sio\2~~~3e~~flay sireet • I Burlington 01803: Avnet Electronics Corp. of Mass., Houston 77036: Universal Electronics, 5723 Savoy • 
207 Cambridge Street Phone: (713) 781-0421 • 

• Phone: (617) 272-3060 WASHINGTON • 
• Newton Highlands 02161: Compar Corp., 88 Needham Street Kirkland 98033: Compar Corp., 12610 N.E. 104th Street • 
• Phone: (617) 969-7140 TWX: (710) 33S-1686 Phone: (206) 822-4191 • 
• Watertown 02172. Schley Electromcs Corp, 36 Arlington Street Seattle 98108: Kierulff Electronics, 5940 6th Avenue, South • 
• Phone: (617) 926-023S Phone: (206) 763-ISSO 
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What's more. they've got a great big handbook, II-on Utilogic II! 
Descriptions, specs, usage rules, how-to's, design ideas on the 

only integrated circuit logic family that gives you I) lowest cost per gate 
function. II) choice of AND, OR. NAND and NOR logic, and 

Ill ) silicone DIP's. XXXll pages in all! See any of the guys above
and you can get it II! 

--·~, ... Sfgg~-J~.~JiJ 
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INTEGRATED 
CIRCUIT 
SEMINARS 

At I CE's seminars practical experience is taught - what others have learned the 
hard way. As an unbiased party, ICE evaluates all of the IC processing techniques 
used throughout the industry. I CE has no hardware to promote, only sound tech
nical information to dispense. Fees cover tuition, course materials and texts. En
rollment is limited. For a complementary copy of " MOS Integrated Circuits - The 
Designer's D ilemma" given by Glen R. M adland at WESCON 1969, write to 
Robert L. McLellan, Publications Manager, ICE. 

4-DAY IC ENGINEERING SEMINARS 
AND ONE-DAY SPECIALIZED SEMINARS 

The 4-day seminar provides a solid understanding of IC technology for both 
management and engineering personnel. Optional I -day and Jlh day seminars 
are offered on specific IC subjects. 
DATES SEMINAR CONTENT 
January 19-23 4-day engineering seminar plus I-day semin ars on COMPUTER 

AIDED D ESIGN and PRODUCT ANALYSIS. 
February 16-20 4-day engineering semin ar plus I-day seminars on RELIABILITY 

and MOS LAYOUT. 
April 6-10 4-day engineering seminar plus I-day seminars on PURCHAS ING / 

MARKETING and MAN AG EM ENT. 
M ay 18-23 4-day engineering seminar plus I-day seminar on LSI or 1 ~ days 

on FAILU RE ANALYSIS. 
Registra tion Fees, including ICE's Basic Technology (500 page fift h edition) : $500 for 4-day 
seminars, $175 fo r I-day seminars, $275 for I ~ day seminars. Seminar dates for the balance 
of 1970 will be announced later in the year. 

FOR COMPLETE DETAILS CIRCLE READER SERVICE # 504 

4-WEEK IC DESIGN/ 
FABRICATION SEMINAR 

Covers entire spectrum of procedures 
used today in the IC industry as well 
as specialized techniques developed by 
ICE . Laboratory periods are devoted 
to student IC design and· fa brication 
instruction in ICE 's modern research 
facility. 

1970 SEMINAR DATES 
February 23 to March 20 

September 21 to October 16 
Registration fee, including a complete 
set o f t he five - volume P roce ss 
Compendium (1 ,489 pages, 83 1 illus
trations), ICE's Basic T echnology, 
laboratory workbook and all labora
tory materials, is $10,000. 

FOR COMPLETE INFORMATION 
CIRCLE READER SERVICE# 505 

2-WEEK IC 
PROCESSING SEMINAR 

This ICE seminar provides intensive 
fa milia rization wi th deta iled process
ing techniques fo r production of sili
con monolithic !C's. Course combines 
classroom lectures with actual operat
ing ex perience in ICE's modern proto
type laboratory. 

1970 SEMINAR DATES 
June 1 to June 12 

Registration fee, incl uding ICE's Basic 
Technology (500 page fift h edition ), 
P rocessi ng Notes (a complete process
in g " reci pe book") , workbook a n d 
laboratory notebook, is $3,000. 

FOR COMPLETE INFORMATION 
CIRCLE READER SERVICE# 506 

INTEGRATED CIRCUIT ENGINEERING CORPORATION 
4900 EAST INDIAN SCHOOL ROAD I PHOENIX, ARIZONA 85018 
PHONE (602) 959-4760/TWX (910) 950-1285/CABLE ICE PHOENIX 
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New Books 

on the basic behavior of metals and 
alloys, the structure and composition 
of specific materials, design consider
ations, and non-ideal conditions en
countered in service. Included are con
densed data tables for important 
commercial alloys. 

Theories of Abstract Automata, Michael 
A. Arbib, Prentice-Hall, 412 pp., $14.95 

Advanced introduction to automata the
ory. Surveys abstract automata theory 
and covers such topics as finite auto
mata, tuning machines, context sensi
tive and context-free grammars. Also 
discusses partial recursive functions 
and complexny of computation, ma
chines that compute and construct, 
algebraic decomposition the.cry, and 
stochastic automata. 

Fundamentals of Quantum Electronics, 
R.H. Pantell, H.E. Puthoff, John Wiley 
& Sons, 361 pp., $15.95 

Emphasizes physical significance of re
sults rather than mathematical formal· 
ism and covers such topics as resonant 
processes, lasers, field quantization and 
dipole transitions. Features comparison 
between semiclassical and fully quan
tized approaches, a novel geometric 
presentation for the transient behavior 
of pulsed and Q·switched lasers and an 
extensive presentation of nonl inear 
quantum effects. 

The Physics of Selenium & Tellurium, 
ed. W. Charles Cooper, Pergamon Press, 
380 pp., $18.50 

The proceedings of an international 
symposium under the sponsorship of 
the Selen ium-Tellurium Association . 
Notes important recent advances, em
phasizing band structures, optical and 
electrical properties, crystal growth and 
characterization . 

Proceedings of the Symposium on 
Pulse-Rate and Pulse-Number Signals 
in Automatic Control, ed. National Tech
nical Organizing Committee of the IFAC, 
Akademiai Kiado, 569 pp., $28 

Outgrowth of work done by Hunqarian 
research workers in the development 
of process-control and data-processing 
equipment. Concentrates on the use of 
pulse-rate and pulse-number siqnals, 
and discusses incremental techniques, 
logic elements, data transmission con
trollers and actuators, and analysis and 
synthesis of pulsed systems. 

Semiconductor Plasma Instabilities, 
Hans Hartnagel, American Elsevier, 206 
pp., $11 

Covers semiconductor bulk effect the
ory and, to a lesser extent, its applica
tions. Among topics are semiconductor 
physics equations for plasma instabili
ties, Gunn oscillators, avalanche diodes, 
and the electroacoustic effect. 
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HP's new 7034A is as trim as you can 
make an 8~ "x 11" X-Y recorder. But size 
is the only thing small about it. The 
frame has all the features and versatility 
of our big X-Y Recorder. Such as 1500 
in/ sec2 acceleration and 30 in/ sec slewing 
speed, to catch transients most X-Y 
recorders miss. Guarded circuits to reject 
ac and de common-mode signals. 
Exclusive, silent electrostatic paper hold
down to eliminate slippage. Disposable 
ink cartridge to eliminate mess and make 
color changes easy. And zero set/ check 
for fast verification of zero position with
out removing or shorting the input- signal. 

High dynamic performance is 

11906 

To makeournewsmall 
X-Y Recorder act big, 

just plug in 

matched by the flexibility we've achieved 
with our unique plug-in concept: two may 
be used in each axis, and can be cascaded. 
With eight plug-ins to choose from, 
you can add to your measurement capa
bilities as the need arises. 

With the Time Base plug-in, you 
can capture X-T or Y-T data at V2 

sec/ in to 100 sec/ in sweep rates. Expand 
low-level signals for detailed study with 
the DC Preamplifier. Suppress steady-state 
de to reveal small-signals using the DC 
Offset plug-in. Plot single channel data at 
50 points/ sec with the Null Detector and 
accessory point plotter. Plot two channels 
independently with the Scanner. 

a couple of these. 
Eliminate ac signal components over 
50 Hz with the Filter plug-in. And for 
more run-of-the-mill recording jobs, 
try our low-cost DC Attenuator or 
DC Coupler. 

You'll be glad to know that the 
price on this new X-Y Recorder is also 
small: just $1195 for the basic instrument. 
Plug-in prices start at $25. For all the 
big details, contact your local HP field 
engineer. Or write to Hewlett-Packard, 
Palo Alto, California 94304; Europe: 
1217 Meyrin-Geneva, Switzerland. 

HEWLETT ' PACKARD 

GRAPHIC RECORDERS 
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FM-2400CH (New) 
• Tests Predetermined Fre

quencies 25 to 1000 MHz 
• New Extended Range 

Covers 950 MHz Band 
• Pin Diode Attenuator 

FM-2400C 
• Tests Predetermined Fre-

quencies 25 to 500 MHz 
The new FM-2400CH and the 
FM-2400C provide an accurate 
frequency standard for testing 
and adjustment of mobile 
transmitters and receivers at 
predetermined frequencies. 
The FM-2400CH with its ex
tended range covers 25 to 1000 
MHz. The Model FM-2400C 
covers 25 to 500 MHz. The fre
quencies can be those of the 
radio frequency channels of 
operation and/ or of the inter
med i ate frequencies of the 
receiver between 5 MHz and 
40 MHz. 
Frequency Stability: ± .0005% 

from +50° to +104°F 

FM-2400 
FREQUENCY 
METERS 

Frequency Stability: with built
in thermometer and temper
ature corrected charts. 
± .00025% from +25° to 
+125° 
(.000125% special 450 MHz 
crystals available) 

Both the FM-2400CH and the 
FM-2400C are self contained in 
small portable cases. Com
plete solid state circuitry. Re
chargeable batteries. 

FM-2400CH (meter only) .. $595.00 
RF crystals (with temperature 

correction) ................ 24.00 ea. 
RF crystals (less temperature 

correction) ................. 18.00 ea. 
IF crystals ............ catalog price 

FM-2400C (meter onlv) .... $445.00 
RF crystals (with temperature 

correction) ................ 24.00 ea. 
RF crystals (less temperature 

correction)................. 18.00 ea. 
IF crystals .. .. ........ catalog price 

Write for catalog ~ 

INTERNATIONAL 

"'· 1:;7/ 
CRYSTAL MFG. CO., INC. 
10 NO . LEE e OKLA. CITY. OKLA. 73102 
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Straightening the thermistor 

Comparison of temperature sensors for 
Apollo experiment instrumentation 
Earl E. Swartzlander Jr. 
Ball Brothers Research Corp. 
Boulder, Colo. 

Investigation of temperature con
trol for the Apollo Telescope Mount 
(ATM) Project provided compara
tive information on temperature 
sensors and resulted in a simple 
method of producing a linear tem
perature response from a highly 
nonlinear thermistor temperature 
sensor. 

The ATM is made up of several 
scientific experiments whose meas
uring devices must be accurately 
pointed at the sun. For example, 
the ultraviolet scanning spectroheli
ometer requires that the telescope's 
pointing accuracy be within 5 arc
seconds. To attain this accuracy, 
a constant temperature must be 
maintained along the telescope's 
case. If the thermal control system 
fails , any resultant tempe~ature 
gradient would cause the telescope 
to bend and defocus. However, 
with suitable temperature sensors 
located at many points along the 
case, observed data can be cor
rected for mechanical deformation. 

Five types of sensors were inves
tigated for suitability as case tem
perature monitors over the tele
scope's useful operational range of 
from 65° F to 100° F . The measure
ment devices were linear-tempera
ture - coefficient quartz crystals, 
platinum resistance sensors, silicon 
resistance sensors, thermistors, and 
thermocouples. 

The operating principle of each 
sensor type is reviewed and the 
state-of-the-art for each type is 
presented. Among the salient fac
tors described in detail are: non
linearity, the output characteristic 
with respect to measured tempera
ture; sensitivity, the percent change 
in output per °C; and stability, the 
measured temperature drift in °C 
per year. 

These sensors have substantially 
different sensitivities and different 
stabilities. One way to compare 
them is by calculating a figure of 
merit-the ratio of sensitivity to 
stability. By definition, the higher 
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the ratio, the "better" the sensor. 
This ratio is 0.35% for quartz crys
tal, 13% for platinum resistance, 
0.035% for silicon resistance, 
0.003% for thermocouples, and 
80% for thermistors. 

From the viewpoint of sensitivity 
and stability, the thermistor stands 
out. A high-quality thermistor has 
a stability of 0.05 °C per year and 
sensitivity of about - 4% per °C. 
However, the thermistor is highly 
nonlinear, characterized by an 
exponential resistance-temperature 
relationship in which resistance de
creases as temperature increases. 
And for reading out the tempera
ture directly in temperature units, 
such extreme nonlinearity proves 
annoying because of the crowding 
of calibration marks at one end of 
the scale. Generally, it's desirable 
to produce a signal that's propor
tional to measured temperature 
rather than to measured resistance. 

The circuit shows a simple way 
of linearizing thermistor-tempera-

+v 

Eout 

THERMISTOR 

ture measurements. Its operation 
depends on the proper selection of 
the value of R1n so that the opera" 
tional amplifier's closed-loop gain 
decreases as the thermistor's resis
tance, Rth, increases. The output 
voltage is 

Eout = - VA (Requ!v R1) 
where 

Requ!v = (P1Rth)/(R1 + Rth) 
and the amplifier's closed loop gain 
is 

A = Rt/(R1n + Requiv) 
Normally R1n is very much 

greater than Rth, so tl1at the output 
virtually tracks the termistor's 
nonlinear response. However, by 

Electronics I December 8, 1969 

What 
happened when 

doctors and 
• engineers 

got together: 

l 
I 

l 
f 
a 
! 

Doctors told engineers how 
they were using electronics and 
revealed their most urgent needs. 
Engineers described and demon
strated their newest equipment for 
diagnosis, treatment and 
prevention. And hinted at things 
to come. 

Their complete dialogue, with 
illustrations, makes pretty 
informative reading on a vital 
and growing market. 

Here are some of the things 
it contains: 

Computers: How they're joining the 
medical team. What computers are 

doing in diagnosis. In communications. The small 
computer as a paramedical aid. 

l 
1 
~ 
' 
Instrumentation: What's needed. What's available. Patient 

management. Protection. Standards and safety. 
Electronics in the Hospital: The surgeon, the hospital, the 

instruments. What the administrator wants. Prescription for 
large-scale health care. The surgery department. 

Electronics/Management Center 
330 West 42nd Street New York, N.Y. 10036 

D Enclosed is $12 for a copy of the Proceedings of the First National Confer
ence on Electronics in Medicine. 

D Send the Proceedings and bill me later. P.O.# _ _ _ _ _ _ _ _ 

Name ___________________ _ 

CompanY-------------~---
Address _______________ _ 

City _________ State ____ Zip __ _ 

Circle 219 on reader service card 219 



220 

New free facts 
on ''films.'' 

Get the latest data on Mallory film resistors. A complete 
line. Made by the company with total capability in film 
resistors. Write, today. 

Mallory Controls Company, a division of P. R. Mallory & 
Co. Inc., Box 327, Frankfort, Ind. 46041. 

GENERAL SPECIFICATIONS 

MALLORY MILITARY TEMPERATURE POWER RATING RESISTANCE 
TYPE TYPE RATING (WATTS) RANGE (OHMS) 

Precision Resistors 
MAC 55 RN55 10°c & 125•c 

I 
Ii & •;., 10.0.-lOOK 

MAC 60 RNGO 10°c & 125°C !4 & Ii 10.0.-499K 
MAC 65 RN65 10°c & 125°c 11 & !4 10.0.-1 meg 

Semlprecision Resistors 
MAL07 RL-07 10°c 

I 
!4 10.0.-lOOK 

MAL 20 RL-20 10°c 11 I0.0. -470K 
MAL 32 RL-32 10°c 1 10.0.-1 meg 

Power Resistors 
2MOL 10°c 2 30.0.-125K 
3MOL 10°c 3 40.0. -125K 
4MOL 10°c 4 85.0.-125K 
SMOL 10°c 5 95.0.-125K 
7MOL 10°c 7 125.0.-125K 

MALLORY 
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choosing a much lower value of 
Rn-generally within an order of 
magnitude of Requiv-the amplifier's 
gain becomes more sensitive to 
changes in the thermistor's resis
tance. 

The value of R1n depends on the 
actual thermistor's resistance vs. 
temperature characteristic, the de
sired operating temperature, and 
the temperature range. Selection of 
R111 can be accomplished by trial 
and error or by a computer pro
gram. 

Presented at the ISA Annual Conference and 
Exhibit, Houston, Oct. 27·30. 

Stable Gunn 

Gunn effect stalo 
J.F. White 
Microwave Associates Inc. 
Burlington, Mass. 

The Gunn-effect diode is ideally 
suited to replace the more compli
cated harmonic generator as a 
stable local oscillator in radars and 
microwave communications sys
tems. A-m noise and f-m noise in 
the Gunn device are comparable to 
that of ·a ·reflex klystron; the Gunn 
oscillator draws only two watts 
from a 10-volt supply while the kly
stron draws considerably more and 
at a higher voltage. A temperature 
stabilized, mechanically tunable X
band oscillator has been designed 
and built for use in communication 
systems where no automatic fre
quency control correction can be 
used due to the 10-megahertz spac
ing of channels. 

The Gunn-diode oscillator's out
put was post-coupled to a hermeti
cally sealed waveguide cavity, and 
then iris-coupled to the output 
waveguide. D-c bias was applied 
from an external supply through a 
coaxial choke terminating the oppo
site end of the post. Linear tuning 
over a 2-gigahertz range was made 
possible by utilizing a screw tuner 
at the top of the cavity. Further 
tuning could have been effected if 
the range of the tuner drive were 
increased. 

Maximum output power versus 
frequency resulted from optimizing 
the bias voltage (always between 
8-9 volts) at each frequency, while 
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This bit serial data recorder (our 
digiDeck) is built for work, not 
play. It is not a patched-up audio 
tape deck. We designed it ex
clusively for data recording on 
Phillips-type magnetic tape cas
settes. It has a minimum of moving 
elements to ensure operational 
reliability. Electronics and con
trols are self-contained. 

The digiDeck is available in 
four models: 

0 Read, only 
0 Write, only 
0 Read and write 
0 Read and write, with read 

after write 
The digi-Deck series is de

signed for the manufacturer who 
wants to build in his own data re
cording system. Prices begin at 
$285 in OEM quantities. 

[]UR 
SYSTEr:lS 

ff RE 

We're not selling promises. Our 
data storage systems are express
ly designed and manufactured for 
digital application. Their reliability 
is proven by consistent perfor
mance in ICP customers' systems. 
We can make two-week, off-the
shelf delivery of our digiDeck or 
DigiCorder. Contact one of our 
regional sales-service offices or 
fill in the reader card for full speci
fications. At ICP, all our systems 
are Go. 

lie A 

Our digital cassette recording 
unit (the DigiCorder) is available 
in one, two and four-deck models. 
Its Phillips-type magnetic tape 
cassette input/output capabilities 
enable program dumping or load
ing, data read and write, tape 
duplication and modification, as
sembling, compiling, tape prepa
ration, tape sorting or merging. 

Interfaces to computers, type
writers and other digital devices 
are available. 

A self-contained unit (including 
power supply) with its own control 
logic, the DigiCorder accepts 
eight-bit parallel 1/0 signals. 
Prices begin at $795 in OEM 
quantities. 

INTERNATIONAL COMPUTER PRODUCTS, INC. 

11850 Wilshire Blvd. 
Suite 26 
Los Angeles, Calif. 90025 
Phone : (213) 479-7757 
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P. 0 . BOX 34484 DALLAS, TEXAS 75234 214 239-5381 
TWX: 910-860-5009 CABLE: ICPTX DALLAS, TEXAS 

260 Sheridan Ave. 
Suite 414 
Palo Alto, Calif. 94306 
Phone: (415) 323-9331 

601 Dooley Rd. 
Dallas, Texas 75234 
Phone : (214) 239-5381 

34 West Putnam 
Greenwich , Conn. 06839 
Phone: (203) 661-3239 
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Power 
Structure! 
These modular power supplies can be quickly 
structured to meet the power needs of micro
electronic systems. Litton's reputation for reliability 
and performance is unsurpassed in the electronic 
industry. 

Compact, lightweight, with power outputs to 
300 watts in single packages from 108 to as 
small as 8 cubic inches weighing from 7 to as 
low as .75 pounds. Manufactured to MIL Specs 
or commercial standards. 

To help you build Litton power supply relia
bility and performance into your engineering 
design, let us send ... FREE ... a set of actual 
size replicas, specifications and additional infor
mation. To receive yours, use the inquiry card 
provided in this magazine. 

rn SPECIAL PRODUCTS 
Data Systems Division • L.itton Industries 
9001 Fullbright Ave., Chatsworth, Calif. 91311 
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Continuous 
Selective Plating 

Economize 
on 

GOLD 
SILVER 
NICKEL 
RHODIUM 

MORE UNIFORM 
DEPOSIT 
Continuous Selective Plating Is the prod
uct or precise engineering design and ln-

~J:1:~oo7:5t~r~~~~=rl=~ 
a leading ftnn In precloug metal plating. 

• Sa.veg prec!0\19 met&ls. 
• Re9ults In more uniform de1>0slt. 
• Application or the precloug metal 

where spec111cally needed. 
Continuous Selective Plating In ma.ny or 
its applications makes other method• or 
precloU9 metal plating obsolete. 

M-W Plating Service 19 offered to help 
show you lU9t how Continuous Selective 
Plating can provide greater economy a.nd 
ofllclency, 

Write or phone 

M-W LABORATORIES INC. 
1824 N. Milwaukee Ave., Chicago, Ill. 

60647 

Phone: (312) DI 2-4020 
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at Booth 1405 

NATIONAL ELECTRONICS CONFERENCE 
December 8-10 
Conrad Hilton • Chicago 

at JES '70 
moved torward to 
April 10-20 
Harumi Pavilions 
Tokyo, Japan 

•Electronic Industries 
~Association of Japan 

Write or phone for your copy of the exhibitors' 
DIRECTORY OF JES '69 and the 1969-1970 Yearbook 
Electronic lndustrv In Japan. 

Electronics Division 
Japan light Machinery Information Center 
437 5th Ave .. New York, N. Y.10016 • (212) MU 6·0731 
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a continous high-power output with 
a fixed bias was obtained at a sacri
fice of about 1 db. The diode was 
capable of two to three times the 
power measured, but by under
coupling it to the load, output 
power variation with bias was 
reduced, yielding more stable per
formance. Increasing hole iris diam
eter resulted in tighter load-coupl
ing and more power until the load 
conductance began to inhibit the 
Gunn device and the power output 
dropped. The power output of the 
device ranged from 7 to 10 milli
watts. 

Frequency stabilization with 
temperature was achieved by using 
a high Q resonator; this then could 
be thermally compensated for low 
drift. The net frequency drift was 
1 Mhz over a temperature range 
of - 10° to +60°C; the use of an 
oven could reduce the drift to 100 
kilohertz. 

Tests performed with a phase
locked varactor chain indicated that 
the Gunn source had comparable 
f-m noise behavior. The data taken 
for the Gunn oscillator probably 
was conservative, since later meas
urements indicated lower f-m noise. 
Use of a high-Q cavity (approxi
mately 1,000) will result in lower 
noise-approximating phase rock
ing. 
Presented at Nerem, Boston, Nov. 5-7 

Night eyes 
Advancements in night vision systems 
using pulsed-gate viewing and laser 
ranging techniques 
T. Jordan, A. Riordan and R. Stanekenas 
Night Vision Laboratory, U.S. Army 
Electronics Command 
Ft. Belvoir, Va. 

To afford its combat forces better 
observation of enemy activities at 
night, the U. S. Army has been de
veloping a variety of electronic 
night vision devices. One of the 
more sophisticated is the AN/ ASQ-
127 surveillance system developed 
by the Army's Electronics Com
mand for the Bell UH-lH helicop
ter. With the system, a man in the 
helicopter can view an area covertly 
and, once he has found a suitable 
target, determine its location. 

The airborne plan uses an array 
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HEW ... 
more 

power 
to you! 

Thank you Hewlett Packard for 
building so many top quality 
sweep and signal generators 
and frequency synthesizers. 

...... 

You've created a market for our power amplifiers because many engi
neers need our product to extend the power output of your instruments. 
We've made sure that our broadband, untuned, 3 watt amplifier mates 
easily with most sweep generators, signal generators, and frequency 
synthesizers (no matter what brand) . Our power amplifier also features 
an output meter plus low harmonic and intermodulation distortion. So 
thanks again Hew ... and we're glad we could help you. 

• 250 KHz-110 MHz frequency MODEL 300L 
coverage 

• 40 dB± 1 dB Gain 

• 50 ohms input/output impedance 

• Failsafe for any load mismatch 
and unconditionally stable. 

s4a5 
The ENI Model 310L will pro
vide 10 watts of power when 
Identical specifications with 
higher output are required . 
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DDP900 

DM507 DM847 

DECIMAL COUNTER/DISPLAY MODULES AND ASSEMBLIES 
DM647-7-segment incandescent indicator, RCA DR2000 Series, IC 

SIZES & PRICES: 
decoder/driver. decade counter, storage register. Standard plug-in 
PC card. TTL & DTL compatible. Decade counter and storage register 
BCD outputs available externally in both DM500 and 600 series. 
DM507- Gas discharge indicator, IC decoder/driver. decade counter, 
storage register. TTL & DTL compatible. Standard 15-position plug
in card. 0.156" spacing. Amperex Type ZM1000 tube, 0-9 plus 
decimal point. 

DM647-2.45"x2.5"x.95"; 
1-3, $49.90; *10-29, $40.40 

DDPB00-900-Display Package, maximum 6 7-segment or 8 gas 
discharge tubes. Computer Products PM700 Series PS. Attractive 
snap-on bezel front. Behind panel space 6.20"W, 1.75"D, 3.28"H. 

DM507-2.25"x2.5"x.75"; 
1-3, $39.90; *10-29, $31.40 

MODULE DELIVERY, 5 DAYS ARO •.• COMPLETE ASSEMBLY, 15-30 DAYS ARO 
Call or write for complete prices and specs 

Computer Products, Inc. • P.O. Box 23849 • Fort Lauderdale, Fla. 33307 

flfl llOMl>UTEfl Pflll()UllTS~ 
.. FORT LAUDERDALE 
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• 1n 
simplified 
retrieval of 
noise buried 
signals with 

lthaco's 353 
Phase-Lock amplifier 

• no tuning required • plug-in construction permits addition 
• phase and gain not affected by adjust- of new or specialized features-pre· 

ment or drift in reference frequency vents obsolescence 
• adapts automatically to virtually any For further information and complete 

reference input specifications contact: 

• ultra stable, highly linear detector-no ~607 272-7640 
~;t~~load at 1,000: 1 noise to signal ITHACO INC. 

• 1.0 Hz to 200 KHz operation 
735 WEST CLINTON STREET. ITHACA. N. Y. 14850 
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LCJCJki'1g JCJ~ a mBmCJ~Y systBm 
with low cost per bit, but fast cycle time/access time, 
and high reliability in one compact package ? 

224 

f :. Ii IJ~l 
Look no further. TOK O's new, improved Woven - Plated Wire Memory 
System HS-SOOR is now available. 

TOK O 's HS-500 memory system ha s won praise and popularity for its low
cost, high-performance chara cteristics. Now ready to be marketed is im
proved Model HS-SOOR with the following features : 

Compact size: 10"(H) x 19"(W ) x 13-1/3"(0) 
Access time: 250ns 
Memory capacity: 8K by tes- 32K bytes (4096 words-16384 word s) 
Flexible operation: Linear se lection o rganization for mul ti-word operat ion; 8 
bytes are simultaneously w ritten and read in one word; required bits or bytes are 
then se lected at the in te rface; th us a va ri ety of memory capaci ti es is made pos
sibl e. 

Low cost M odel HS-SOOR also shares with i ts predecessor such outstanding fea tures as fas t 
cycle time of 500ns; w ide operating temperature range w ithout any current com
pensation: 0°C to 50°C; and low power di ss ipati on of 100W. 

TOKO ca n also undertake the manufacture of custom-made systems according to 
your speci f ications. Compl ete technica l deta il s from our New York offi ce. 

r ~ ~ ~d~~-?.2~ch~m~i~i ~Yukigaya. Ohta-ku , Tokyo, Japan I ~ ~ TOkO N .Y. , INC. 350 Fi fth Ave nue, New York, New York 10001 
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of pulsed, noncoherent gallium ar
senide diodes that emit energy at a 
frequency invisible to the unaided 
human eye. Signal returns are 
sensed by a three-stage image in
tensiller that has an extended-red 
S-20 photocathode. Because the in
tensifier is gated, it is turned on 
only when signals are expected 
back from a target; signals reflected 
by smoke, fog or haze return when 
the tube is gated off and, conse
quently, have no effect on the dis
play to the operator. 

Range and location of a target 
are found with a ruby laser ranger 
tied to a doppler navigation system 
and a special-purpose computer. 
The diode illuminator and image 
intensifier are mounted in the heli
copter's nose; the viewing subsys
tem projects into the crew compart
ment. The ruby laser ranging sub
system is directly behind the 
viewer, projecting through the hole 
in the fuselage. 

Although the energy emitted by 
the gallium arsenide illuminator is 
invisible to the unaided eye, the 
output of the ruby laser is well 
within tl1e visible spectrum. Thus 
a target will be aware that it has 
been detected and is being ranged 
upon. However, the visible beam's 
advantage is that it also can point 
out the target to aircraft not 
equipped with night vision devices. 

The design of future night vision 
systems will involve tradeoffs be
tween ranging and pointing subsys
tems that are visible or invisible. 
Other design tradcoHs involve the 
accuracy with which a target must 
be located, and overall system 
range, weight, and configuration in 
an aircraft. 

One item under consideration is 
a neodymium-yag laser. The output 
of such a device is invisible but un
fortunately, it occurs at a less sensi
tive portion of the photocathode re
sponse curve. However, the neo
dymium laser is more efficient than 
a ruby laser and weighs less. Other 
techniques being considered allow 
the operator to perform the ranging 
function with the gallium arsenide 
illumination system. 

Presented at Eascon, Washington, Oct. 27·29. 
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••• if you think that heart disease and stroke hit only 
the other fellow's family. No one is immune. Protect 
the hearts you love. For authoritative information, ask your 
Heart Association. For medical advice see your doctor. To 

safeguard your family ... GIVE••• 

Contrib11tt>d hv tht P11bli1htr 

so more will live 

HEART~ 
FUND \JJ 



MICRO·VECTORBORD AND 
D. I. P. PLUGBORDS ARE HERE! 

Save time - Save work - Save money 

0.05"----l l--
l ... ...................... . .......... . 

e • • • • • .. • • e INBOFIO PIN S TO FIT e .......... . 
T:::::::::: c::::::o---=> 

• • • • • • • • • • 02s- Sc 042- HOLES . • .......... . ...•••.•..• . 
···············•·········· ::::::::::::!!!!! o.1"--1 ~ :::::::·:::::::::: 1· ..... 
•••·••·•··•••···• • • • • • • ~nmmil'!lll-1 • 025" DIA. --lf--T ••••••••••••• ............ . . . . . . . . . . . . . 

PATTEAN 'M' ••••••••••••• 

• • • • • • • • • • • • • 
i£ •' 

• • • • • • • • • • • • • ••••••••••••• .042" DIA. --lf--

l 68Z 
WIRE WRAP TYPE 

WIDE SELECTION OF SIZES AND MATERIALS 
MICRO-VECTORBORD "P" .042" holes match 
0 .1.P. leads. Epoxy glass or paper, cop. cld. also 
1/ 64" to 1116" thk. · 

MICRO-VECTORBORD " M" .025" holes match 
Flat·Paks. 1132" Epoxy glass, cop. cld . also or 
.007" Mylar. 

NEW SOLDER-PAD 0.1.P. PLUGBORDS - 3677 
Series Epoxy glass, " P" pat. , 1I 16" thick with 44 
etched plug contacts (2 side total) power, ground 

busses, pads for up to 24 0.1. P.'s (14's). Also 21 
un its 16·1eads 0 .1.P.'s, T·O's and discretes. 

NEW WIRE WRAP 0.1.P. PLUGBORDS - 3682 
Series Simila r to above but closely spaced bus 
lines for higher densi ty. Up to 48 0.1.P. 14 lead 
wire wrap sockets mountable or T·O's and dis· 
cretes. 
TERMINALS - Micro·Klips, Mini.Wire-Wraps, Rd. 
Pin s, Patch Cords, etc.,· available. 

Send for complete literaturP 

.ELECTRONIC CO., INC. 
12460 Gladstone Ave . , Sylmar , Californ ia 9134 2 
Phone (213) 365 -9661 •TWX (910) 496 - 1539 
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SAN-E 
MSP-4 full four track stereo 
RIP head for auto-reverse 
cassette system 

MSP·4 Y.. track full 4 heads R/P 
head for ph.illlps cassette tape 

PE-M AC bias eraser for MSP-4 
head 

Other product 
8 track (MS-8) stereo head 

for home & car stereo 

* write immediately 

for further details 

SAN-E DENKI COMPANY. LIMITED. 
110-1 Minarni·Kawahori·cho, Tennoji·ku, 
Osaka, Japan 
phones: 779-1591 
cable: SANMAGNETICS 
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five day 

Thick 
Film 
seminars 
the fundamentals of thick film 
hybrid microcircuit technology 
in State Co llege, Pennsylvania 
Jan. March Tuition: 
12-16 2·6 $500 

small classes - fully equipped labs -
emphasis on ind ividual participation. 
Covers thi ck film circuit design, cost 
analys is for circu its and faci l iti es , 
economic and techn ica l rationale for 
thi ck fi lm , paste and processing tech
nology - ind ivi dual lab experience in 
sc reen pri nting, resistor trimming, 
microsoldering, chip and wire bond ing. 

Coming in the spring : a two week 
tutorial workshop in thick fil m process
ing. Concentrated practica l experience 
in state of the art screen pri nting and 
fi ring , precision res istor tr immi ng, 
fine line printi ng , etc. 

For details, call or write: 

i
state of the art, Inc. 
1315 south alien street 
state college 
pennsy lvania 16801 
814/237·6583 
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New Literature 

Particulate air filters. Inter /Flo Filter 
Corp., 533 John Downey Dr., New Brit
ain, Conn. 06051. A four-page catalog 
describes a new line of high-efficiency 
particulate air filters for use in clean 
rooms or areas where toxic, radioactive 
particles or bacteria must be filtered 
from the air. 
Circle 446 on reader service card . 

Pressure-sensitive tapes. Connecticut 
Hard Rubber Co., 407 East St., New 
Haven, Conn. 06509. A six-page physi· 
cal properties brochure covers a wide 
selection of Teflon and Teflon Fiberglas 
acrylic and silicone pressure-sensitive 
tapes. [447] 

Cable connectors. Precision Microwave 
Corp., 180·08 Liberty Ave., Jamaica, 
N.Y. 11433. Catalog PMC·l describes a 
line of subminiature A connectors for 
semirigid (0.141) cable featuring new 
r·f tight captured contacts. [448] 

Relays. The Adams & Westlake Co., 
1025 N. Michigan St., Elkhart, Ind. A 
44-page catalog describes a line of 
mercury wetted, mercury displacement 
and dry reed relays. [449] 

Connector wallchart. Amphenol Indus
trial Division, Bunker-Ramo Corp., 1830 
S. 54th Ave., Chicago 60650, offers a 
comprehensive pin and socket connec
tor and assembly tool wallchart, includ· 
Ing spec ificat ions and applicable circuit 
requ irements for six popular rack-and· 
panel connector fam ilies. [450] 

Resistor products. Vishay Resistor Prod· 
ucts, 63 Lincoln Highway, Malvern, Pa. 
19355. Bulletin G describes a line of 
precision resistors, trimmers, and net
works with low temperatu re coefficients. 
(451] 

Substrate hole drilling. Aremco Prod
ucts Inc. , P.O. Box 145, Briarcliff Manor, 
N.Y. 10510. Product bulletin 3300 is a 
two·page data sheet describing the 
Accu -Drill 3300 kit for producing holes 
in fired ceramic substrates used in IC 
work. [452] 

D·c power supplies. Computer Products, 
2709 N. Dixie Highway, Ft. Lauderdale, 
Fla. 33307, has published a bulletin de· 
scribing 16 models in the PM700 series 
regulated d·c power supplies. [453] 

Vibration handbook. Dytronics Co. Inc., 
4800 Evanswood Dr., Columbus, Ohio 
43224, offers a 34-page handbook con· 
taining much useful information for 
those working with vibration analysis. 
[454] 

Data communications. Rixon Electron· 
ics Inc., 2120 Industrial Parkway, Silver 
Spring, Md. 20904, is offering a loose· 
leaf binder catalog of data communica· 
tions items to interested readers re· 
questing it on their letterhead. 
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Let's keep 
electronics clean 

Here are some of the products that help 
keep electronic devices clean during produc
tion and in use. You'll find them on assembly 
lines and flight lines, in laboratories and on 
launch pads ... wherever dirt, grease or for
eign matter could degrade the quality or per
formance of electronic hardware. 

If you'll tell us (on your letterhead) which of 
them you'd like to evaluate, we'll send you a 
free sample. For literature only, use the bingo 
card. 

~ miller-stephenson 
~ chemical co., inc. 

Route 7, Danbury, Conn. 

Any card. Standard logic cards or odd-balls like gray code logic 
cards, arithmetic/logic, pulse synchronizers, excess 3 counters, 
multi-function cards . .. any logic card you might requ ire. From 
here on you won't have to gamble on making your own special 
logic card. Our selection contains over 300 different logic 
assemblies ... all standard ... all available from stock . . . all 
functionally and physically compatible. And because CAMBION 
puts more functions on a card you use fewer cards, panels, 
cabinets, less space and spend less money. For a copy of our 
Logic Manual giving complete details on the right logic assemblies 
and hardware to meet your logic design requirements contact 
Cambridge Thermionic Corporation, 469 Concord Avenue, 
Cambridge, Massachusetts 02138. Phone: (617) 491 -5400. In Los 
Angeles, 8703 La Tijera Boulevard 90045. Phone: (213) 776-0472. 

Standardize on 

The Guaranteed Log ic Assemblies 

Circle 256 on reader service card 

Circle 255 on reader service card 

12, 24, 36, 
48, 52 PDT 

Series 801L Latching T-Bar® Relays 
offer high density switching, low 
component cost and ability to main· 
tain circuit integrity during power 

failure. Bistable in operation, with true snap acting 
performance ... ideal where power drain by large relay 
switching arrays would strain power supplies or generate 
undesirable heat. 

• Also environmentally or hermetically sealed 

Simple crimp snap-on contacts 
fit into single block connectors 

for pre-harnessing. 

Write or phone for details · 
on T-Bar Latching Relays today! 

electronic controls, inc. 
T-Bar Switch Relay Div. • Danbury Road, Wilton, Conn. (203) 762-8351 
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The Connector
Protector
Detector
Inspector 

Here's a connector accessory that 
serves as a dust cap, inspection fix
ture, assembly fixture, pin protector, 
and pin straightener. Now you can 
guard against the fates of connector 
mishandling from assembly to installa
tion . .. and at a price comparable to 
an ordinary dust cap! 

Over 25 different insert arrange
ments in 9 shell sizes are available for 

MIL-C-26482 and NAS 1599 Bayonet 
Coupling Connectors, and in various 
clocking positions. Shell and insert 
identification is molded into the face 
of each unit, and it is color coded for 
easy reference . . . plugs are yellow, 
receptacles are blue. Veritectors are , 
nonmagnetic, impervious to salt spray 
and seal connectors against hostile 
environment. 

They can be used over and over, 
meeting or exceeding 500 cycles of 
durability. 

For the complete story and speci
fications on the Veritector family, ask 
for our brochure. Write, or call us at 
(213) 341 -0115. 

CONTROL DATA 
CORPORATION 

Control Data Corporation 
Connector Operation 
8758 Remmel Avenue 
Canoga Park, California 91304 
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New Literature 

Disk storage drive. Information Storage 
Systems Inc., 10435 N. Tantau Ave., 
Cupertino, Calif. 95014, has issued a 
four-page brochure containing technical 
data and applications information on 
the model 714 disk storage drive. [455] 

Tunnel diode detectors. Aertech Indus
tries, 825 Stewart Dr., Sunnyvale, Calif. 
94086. Publication 104 lists an ex
panded product line of tunnel diode de
tectors with frequency ranges from 0 .1 
to 26.5 Ghz. [456] 

Coaxial-package transistors. RCA Elec
tronic Components, Harrison, N.J. 
07029. Application Note AN-4025 deals 
with the use of coaxial-package trans
istors in microstripline circuits. [457] 

Relay catalog. Alcoswitch Division of 
Alco Electronic Products Inc., P.O. Box 
1348, Lawrence, Mass. 01842. A two
color, six-page illustrated brochure de
scribes a relay that allows the safe con
trol of machinery and appliances from 
a remote distance. [458] 

Electronic chemicals. General Electric 
Co., 21800 Tungsten Rd., Cleveland, 
Ohio 44117. A product data sheet de
scribes the important properties of the 
company's luminescent grade elec
tronic chemicals. [459] 

Laboratory equipment. 0 .S. Walker Co., 
Rockdale St., Worcester, Mass. 01606. 
A 16-page catalog of precision quality 
magnetic laboratory equipment covers 
hysteresisgraphs, fluxmeters, gauss
meters, laboratory electromagnets, and 
superconductor magnets. [460] 

Wire terminating systems. Synergistic 
Products Inc., 150 E. Stevens Ave., 
Santa Ana, Calif. 92707. A 16-page 
catalog describing numerically con
trolled wire terminating systems in
cludes a comprehensive economic com
parison section_ [461] 

P-c drafting aids. By-Buk Co., 4326 W. 
Pico Blvd., Los Angeles 90019. Catalog 
P-45, covering pressure sensitive p-c 
drafting aids, features thousands of 
time-saving basic shapes and conductor 
line tapes required in the development 
of p-c layouts and master artwork. 
[462] 

Optical N/C programer. Leland-Gifford 
Co., 1001 Southbridge, Worcester, 
Mass. 01601, has available a catalog 
describing its optical N/C programer, 
which prepares accurately punched nu
merical control tape directly from un
dimensioned art, photomaster drawing 
or prototype board. [463] 

Data communications. Interdata Inc., 2 
Crescent PL, Oceanport, N.J. 07757. 
An eight-page, full-color brochure high
lights the company's family of commu
nications processors. [464] 

DC MOTOR DRIVE 
1-10 HP POSITION CONTROL 

This new A5641 Servo Amp is designed for 
wide speed range and smooth control at less 
than 1 rpm. Amplifier operates from a 3 phase, 
50/60/400 Hz power supply. Unit provides 
half wave, bi-directional, DC power output 
proportional to signal input, plus three high 
gain signal inputs able to accept signals 
directly from tachometer. Model A5641 is 
modular in form and features a unique EMI 
suppressor. 

HIGH POWER SERVO AMPLIFIERS 

1542 FIFTEENTH STREET 
SANTA MONICA, CALIF. 90404 

PHONE : (213) 393 ·0401 

Circle 257 on reader service card 

More torque, 
Less weight 
in moving coil mechanism 
Highly stable, linear and accurate 
mechanism for indicating, control or 
recording systems. 18-0-18° linearity 
is 1%. Coil design with over 75% 
of winding " working" in high energy, 
uniform field air gap assures greater 
accuracy. Coil system weighs 0.85 
gm, develops 26.4 mmg of torque; 
31 :1 T/W. Mechanism offers negli
gible vibration pivots and jewels -
custom damping - w ide range 
of sensitivities. 

AMMON 
AMMON INSTRUMENTS, INC. 
345 Kelley St., Manchester, N.H. 03105 
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our plated wire memories 

exceed the speed limit I 

~:::, ... .. .... . ... .... ,.,,. ··-

200 ns READ or WRITE cyc le • NDRO • Highly modular. 

MEMORY SYSTEMS. INC. 
3341 W. El Segundo Boulevard• Hawthorne, Cali f. 90250 • (21 3) 772-4220 
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FREE I • TA'S Instrument Case 
Engineering Manual --::--__ 

I I 

~ 

~ 

Makes you a packaging expert! 
This one-of-a-kind booklet contai ns everything you need know to select the 
proper case for your particular packaging requirements. • Save money for 
your .firm by selecting one of TA's standard cases rather than goi ng to the 
expense of designing a custom case to package you r product. • Huge 
wa rehouse stock for fast del ivery at low prices .. . no tooling charges . All 
TA cases are des igned to su rpass Mi I-Spec requirements . . . comp letely 
dust and waterproof. Free vellum service and panel templates. • Write or 
phone for a quotation and let us put our staff of case engi neers to work 
fo r you today. Send for your free case manua l now. 

TA MFG CORP A DAYCO COMPANY 

4607 Alger Street, Los Angeles, California 90039 • Phone 2l3·245-3748/ 
TWX 910-497-2065 L. A./WUX CAT L. A., Calif. 
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Be prepared for 

THE 
CHANGING 
INTERFACE 

Medium and large scale integration are slated to have 
major impact on the electronics industry. The effects 
are already being felt - not only on systems and 
component design - but on fundamental , traditional 
relationships between equipment builders and com
ponent suppliers. 

Important trends that will affect your profession, your 
job, your company, are explored in THE CHANGING 
INTERFACE, a 150-page illustrated volume to be pub
lished shortly by McGraw-Hill's Electronics/ Manage
ment Center. 

In THE CHANGING INTERFACE, leading design engi
neers and managers, the men responsible for guiding 
their companies through the next generation of elec
tronics, discuss the problems that LSl / MSI are stirring 
up - and offer their solutions. 

Here are some of the vital topics covered. 

Implications of LSI on the Electronics Market 
The Rationale for an In-House IC Capability 
The Component Maker's Responsibility vs. the 

System Builder's Responsibility 
Masks and Computer-Aided Design at the Interface 
The 1·esting Interface 
How IBM and Bell Laboratories Deal with the 

Interface Problem 
Controversies and Future Trends in LSI 

You can reserve a copy of THE CHANGING INTER
FACE now at the special pre-publication price of $6.50 
by returning the coupon below. If you send a check 
now, we'll pay the cost of postage and handling. 

r--------------------------------------------------1 
Electronics/ Management Center 
330 West 42nd St. 
New York, N.Y. 10036 

Attn . Mr. Wayne Cowart 

Please reserve my copy of THE CHANGING INTER
FACE at the prepublication price of $6.50. 

Name. _ _______ Title _ _____ _ 

Company·---------------

Company Address, ______ _____ _ 

City State, _ _ ___ _ 

O Check enclosed for $6.50 O Bill me 
O Bill Company P.O. Number __ 

229 



ANCRONA 

Dual Monolithic 
NPN-Silicon

Planar -
Transistors 
MATCHED PAIRS 
FOR 
DIFFERENTIAL 
AMPLIFIERS 
Low Profile six lead T0-5 six lead epoxy 

i I 
• HIGH hFE AT LOW 

CURRENT > 200 
•LOW OUTPUT 

CAPACITANCE < 2.0 pf 
• hFE MATCH < 10% 
• TIGHT VeE TRACK I NG 

< 5.0µV/°C 
-55° C tc +125°C 

PRICES 

230 

1-24 25 up 

$ 3.80 3.20 
100 up 
2.55 

ANCRONACORP. 
65 East 55th Street • New York . N. Y. 10022 
(212) 688-6285 . Telex 223117 . TWX (71058114513) 
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New Literature 

Timing modules. A.W. Haydon Co., 232 
N. Elm St., Waterbury, Conn. 06720. A 
solid state IC modular time code gen
erator and a compatible time decoder 
are described in product information 
sheets 138 and 139. [465] 

Displays and switches. Stacoswitch, 
1139 Baker St., Costa Mesa, Calif. 
92626. Lower-cost lighted matrix dis
plays and switches are described in 46-
page catalog GC-4. [466] 

Quartz crystal types. Reeves-Hoffman 
Division, Dynamics Corp. of America, 
400 W. North St., Carlisle, Pa. 17013, 
has published a 16-page product bro
chure offering operational parameters 
of various quartz crystal types. [467] 

Form stacking unit. Advanced Termi
nals Inc., 874 Welsh Rd., Maple Glen, 
Pa. 19002, offers a bulletin describing 
its new model 401 Formstacker for 
handling the paper output of high
speed computer printers. [468] 

Pin-and-socket connectors. Amphenol 
Industrial Division, Bunker Ramo Corp., 
1830 S. 54th Ave., Chicago 60650. A 
broad selection of seven different pin
and-socket connector lines, including 
the newly expanded 17 series Min-Rae 
grouping, is described in a 24-page 
catalog. [469] 

TTL cross-reference. National Semicon
ductor Corp., 2975 San Ysidro Way, 
Santa Clara, Calif. 95051, has available 
a TTL series 74N cross-reference guide. 
[470] 

Microwave antennas. ITT Gilfillan Inc., 
P.O. Box 7713, Van Nuys, Calif. 91409. 
An X-band planar array which radiates 
a narrow pencil beam and an L-band 
electronically-scanned cylindrical slot 
array are two of several advanced com
ponents described in "Microwave An
tennas," illustrated brochure. [471] 

Connector kit. Berg Electronics Inc., 
New Cumberland, Pa. 17070. Bulletin 
401 is devoted to Proto-Pac, a complete 
connector kit to aid in design, and test 
of electronic circuitry. [472] 

Control systems. Integrated Control 
Systems Inc., 236 Wood Rd., Braintree, 
Mass. 02184, has available a facilities 
brochure outlining the company's phi
losophy and problem-solving capability 
in the area of solid state products de
signed for industrial measurement and 
control. [473] 

Linear IC. Fairchild Semiconductor, 313 
Fairchild Dr., Mountain View, Calif. 
94040. A 32-page applications hand
book about the µA742 Trigac is offered 
to acquaint systems designers and cir
cuit engineers with the wide range of 
uses for this linear integrated circuit. 
[474] 
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~ 
die cast 

tiny parts 

ZINC ALLOY 

~~ 
~ . 
@$ 
mold ea 
PLASTiCS 

~~ 
~ 4 

ES)~ 
~ 

Get this valuable data on· 
GRC's wide range of small 
bobbin sizes, shapes . and 
design. GRC's methods give 
you quality and accuracy in 
small parts of die cast zinc 
alloy, Nylon, Delrin and other 
engineering thermoplastics. 
Exc~usive limited cavity, 
automatic techniques allow 
new designs, new production 

· ~ and assembly shortcuts . 
Write, wire, phone for sam
ples and bulletins. Send 
prints for quotations. 
No Minimum Size I Maximum sizes: 
Zinc Alloy-

Coil Bobbins 2" long, 
Gears & Pinions PY.:sf1~:.... 

... ,..,. 13A" Iona. 
0.5 oz. 

GRIES REPRODUCER CO. 
Division of Coats & Clark Inc. 

\\'orld 's Foremost Producer of S mall Die Castings 
151 lleechwood Ave., New Rochelle. N. Y. • (914) 633-8600 
PJa.nts in: New Rochelle, N .Y.; Warren It.I.: Toccoo., Ga. 
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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 electronics 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 with a nation-wide talent 
search company-National Manpower Register, lnc.-to 
form the computerized Electronics Manpower Register. 

Your qualifications and job requirements will be pro-

grammed into a GE 265 computer, direct-linked to the 
Manpower Register's offices in New York. The com
puter, once your resume form (bottom of page and 
following page) is received, will continuously compare 
all your data with the specific 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
fidential basis. Continued on next page 

r-------------------------------------------------
Resumes acceptable only Electronics Manpower Register Resumes acceptable only 
from applicants residing . from applicants residing 
within the United States It is important that your information be complete and that you type or print legibly within the United States 

IDENTITY PRESENT OR MOST RECENT EMPLOYER 

Name Date Parent company 

Home address Your division or subsidiary 

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 appropriate 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 University 

FOR OFFICE USE ONLY 

EMPLOYMENT INFORMATION I I I I I I I I D 
REGISTRATION NUMBER INITIAL OF LAST NAME 

Position desired 

Present D or most recent D position From To Title 

Duties and accomplishments 

HAVE YOU REGISTERED WITH THIS SYSTEM PREVIOUSLY? Yes D NoO 
CONTINUED ON OTHER SIDE 
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TR€ cost of all this to you? Absolutely nothing. No 
fees or charges at any time. 

Other advantages of EMA: 
• 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 EMA makes good sense for you. If that 
job does turn up, you ' ll be there. 

To get your name in the EMA 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. 

~ 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 
Posit ion 

Duties and accomplishments 

GENERAL INFORMATION 
(Summarize your over-all qualifications and experience In your field. List any pertinent Information not Included above.) 

Current annual Total years Date available 
U.S. Citizen O Non U.S. Citizen O base salary of experience (within four months) 

My identity may Any All but my Have you secu rity 
Yes O No 0 

If yes, 
be released to : employer O present employer O clearance? What level 

Mail (wi th a copy of your resume, if you have one) to : 

Electronics Manpower Register 
NO FEES ELECTRONICS OR 

330 West 42nd St. CHARGES EMR-18 
New York, N. Y. 10036 
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EHPLOYMENT 
OPPORTUNITIES 

,.-------------., 
I . WELECTRONlC ENGiNEERS

0

. ~ 
I in fee paid posi tions throughout the U.S. I 

since 1959. Send resume today or request I I confidential app lication. We are graduate 

I 
engineers, working full time .•. for you . I 
ATOMIC PERSONNEL, INC. ~ i Suite L. 1518 Wa lnut St., Phi la., Pa. 19102 I 

'-' - !!. E~~E~A~C!,!21!,!L.!!,C~C!!l~S ..I 
CIRCLE 967 ON READER SERVICE CARD 

PERSONALIZED (not computerized) SERVICE 
ONE knowledgeable, ethical, service-motivated con
sultant Is more valuable to the Job....,.klng elec
tronlo engineer t han a COI!ll>Uter and 87 aftlllated 
a.gencies. Especla.lly when his service ls nation 
wide and emvloyer fee J>&ld. 
You write. I'll resvand. Then you decide. 
JOSEPH P. CORCORAN , Personnel Consultants 
5058 Germa ntown P ike, Lafayette Hill , Pa. 19444 

.. ______ 215/ 825·0848 --......... 
CIRCLE 970 ON READER SERVICE CARD 

RUHR-UNIVERSITY BOCHUM 
ELECTRONICS DEPARTMENT 

We Are Offering 
A FULL PROFESSORSHIP 

At our Institute for Electronics. 
Special Knowledge in 

Electronics Components Desired. 

Please Write to the Managing Director: 

INSTITUT FUER ELEKTRONIK 

RUHR UNIVERSITY 
POSTFACH 2148 

0-4630 BOCHUM (WEST GERMANY) 

for miniature potting 
and encapsulating 

Av•ilable in 3 sizes 

6cc - 12cc - 30cc 

FUNCTION GENERATORS 
We are overstocked. Tremendous savings on latest 
solid state fwiction generators, Sine, square. tri
angle. ramp, complex. Laboratory quality. Every 
Item 60% to 90% oft'. Absolutely will not last. 
Send for free brochure. 

LABORATORY EQUIPMENT SALES 
1621{) May Creek Rd ., Renton, Wn. 98055 

CIRCLE 971 ON READER SERVICE CARD 

BUYING 
Good USED 
Equipment 

is frequently the d ifference be

tween having needed equipment 

or doing without it. 
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Diversified billion dollar consumer /industrial manufacturing jjjjjj 

:;:r~~fs t~~~~~l~g:~~s~hne ~ici!:~!~i'ro~~~df~el~dd~:I:~~~~ [.11.1.~ 
opportunities, help prepare related objectives, plan for 

' ::~:!:~:: ·:::~"::::;:~, :.:::,:~:."d.::":.:::,,:: I I with materials technology in the field of microelectronics. 
Should have knowledge of crystallized glasses and sub
strates, and integrated circuits, both monolithic and hybrid. 
Ph.D. required in EE, Electronics, Physics, or related area. 

A Career Position: Located in Toledo, Ohio with excellent 
starting salary commensurate with ability, education, ang 
experience, plus all the fringes you'd expect. Submit resume 
in confidence to ... 

~ E. A. Brinkley 

J 
---SEARCHLIGHT SECTION--- CIRCLE 966 ON READER SERVICE CARD 

ANTI-AIRCRAFT GUN MOUNT AUTOTRACK MOUNT 
Will handle 6,000 lb3. ravld slew through 360° a.zi
muth, 180° elevation. Mobile. 

MICROWAVE SYSTEMS 
200-2400 me. RF PKG 

360 degree a.zimuth, 210 
degree elevation sweep 
with better than 1 mil. 
accuracy. Ailssile velocity 
acceleration and slewing 
rates. Amolldyne and 
sen·o control. Will handle 
UD to 20 ft. dish. SUD· 
Dlied comvlete with con
trol chas.sls. In stock
lmmedlate delivery. Used 
world over by NASA, 
USAF. MP-jil-Il . Tyve 
SCR-584. Nike Aja..~ 
mounts also in stock. 

Continuous coverage, 30 Watts Cw nominal outout. 
Uses 2C39A. Price $575. 

PULSE MODULATORS 

L BAND RF PKG 
20 KW i>eak 990 to 1040 MC. Pulse width . 7 to 1.2 
micro sec. Rev. rate 180 to 420 DDS. lnvut 115 vac 
incl Receiver $1200. 
200-225 me RADAR SYSTEM 
1 Megawat! outimt, 200 nautical mile range for Jong 
range detection of medlwn and Wgh altitude jet air-
c1·a.ft as well as general search. AN/TPS-28. 
X BAND MONOPULSE TRACKER 
250 KW Airborne Search Track System. Tl'Jle AN/ 

250 KW HARD TUBE PULSER ASG-15. MD-9 Turret Also in Stock. 
Output 16 kv 16 •=· Duty cycle .002. Pulses can 5 MEGAWATT C-BAND 
be coded. Uses 5D21, 7HlC or 4PR60A. lnvut 115 v Klystron RF vackage delivering nominal 5 megawatt 
60 cy. AC $1200 ea. pulse RF. Complete with Dulscr and vower suvvly. 
MIT MODEL 9 PULSER 1 MW-HARD TUBE 500 KW L BAND RADAR 
02~t~t;5;,l;r~~~~·;J~"lio~~iu~~':,\id~i i!0

.
25 500 kw 1220-1359 msc. 160 nautical mile search 

mlcroseo. uses 6C21. rnvut U 5v 60 cycle AC. Mfg. range P.R.!. and A scopes. MTI. thyratron mod 5J26 
GK Complete with driver and high voltage J)Ower magnetron. Complete system. 
suvvly. Ref: MlT llad. Lab. Series, Vol. 5, J>. 152. C BAND AUTOTRACK 
1.2 MEGAWATT HARD TUBE l Moga.watt 10 ft. Parabola. sverry, 

~~~t ~8~~ 0.A~ 'f<F\icY~~·~v1~ri:'a1· 5~od".'1°I~t AN/ GPG-1 SKYSWEEP TRACKER 
Price $4400. 3 cm. automatic tracking radar system. Complete 

2 MEGAWATT PULSER B~':~~ed '~u~n~ri~~~~k~~:.e'Inoiitu1i\Ja::1~~ ~8q~~{; 
Outvut 30 kv at 70 amv. Duty cycle .001. Rev. rates. Now. In stock for immediate delivery. Ent!ro System 
1 microsec. 600 PJ>S. 1 or 2 msoo. 300 l>I>S. Uses 5948 6' long, 3' wide, 10' high. Ideal for Infrared Tracker, 
hydrogen thyratron. Input 120/208 VAC 60 cycle. Drone Tracker, Missile Tracker, R. & D. 
Mfr. GK Comvlcte with hlsh voltage vower SUDDlY. 

18 MEGAWATT PULSER I INDICATOR CONSOLES I 
~::1~\i~~Y 5a\~ aTt"k~·~26·a~P~o~~ ~~~ ~f.y~f Ap~1· ~~ ¥t;~,;:n~ ~io30~".'i. 
transfonner. Rise time 1. 5 msec. Filament supply 5V ....,, 
80 amp. incl. 17.5KV 1.5 amv DC power SUPDvl·Y~·:=:;:::;:--::'.=::::iVLi-~·l ;;;RH;;;;;l;;;J;;;2•;;;;;to;;;2;;;0;;;0 ;;;mi;;;.;;;GO;;;K;;;;;f;;;t.;;;;;;;;;._ 
lnvut: 220V 60 CY AC. I~ 

Hundreds more 

SCR 584 AUTOTRACK RADARS 
Our 584s 1n like new condition ready to 
go, and in stock for inunediate delivery. 
ldeal for telemetry research and d01•elop
ment, ntlssile tracking, satellite tracking. 
Fully Deso. Ml'.!' !lad. Lab. Series. Vol. l, 
PD8. 207-210, 228. 284-286. Comv. Inst. 
lik 8.l•aUable $25.00 each. 

in stock. Larg
est radar inven· 
t o r y in the 
world. Send for 
catalog on your 
com:r.any letter· 
hea • 

40 KW TRANSMITTER 
4 to 21 ~mz. 40 kw Telegraphy, 30 kw 
Voice. can be SSB. New oondition. 
'l'wo sy terns in stock. E:tcellcnt rf 
source, broadcast or point-to-ooint. 

3 KW TRANSMITTER 
2-30llIDZ. Phone or CW. 208V 3 PII 
60 cy. AC lnvut. :MFR-RCA. 

Radio-Research Instrument Co. 
45 W. 45th St., New York, N.Y. 10036 • 212 -586-4691 -

CIRCLE 969 ON READER SERVICE CARD 
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No matter how they measure it. the Honeywell 7600 checks out as the best value in the tape field! 

From the way people are trying to copy it, 
youtJ think our 7600 is the hottest tape 
system around. It isl 
Compare the specs on our 7600 with those of some recent 
competitive machines and you'll notice something very interesting. 
A small revolution is taking place in the magnetic tape system 
industry. We started a trend. And now, others are following! 

The Honeywell 7600 Series bears copying. Its modular design 
lets you specify the system you need now, and permits future 
expansion without costly modifications as your requirements 
grow. Easily maintained plug-in electronics give you a wide 
selection of bandwidths, and mechanical options include a choice 
of 1 OW' or 15" transport. 

With its low flutter. skew, and time base error and high S/N 
ratios. the 7600's signal fidelity can't be matched by comparably 
priced units. And, due to its mechanical simplicity (no belts, 
pulleys, gears, or pinchrollers) and inherent reliability, our com-

Circle 234 on reader service card 

petitors are going to have a rough time building a machine that 
will operate as economically as the 7600. It's priced lower than 
you'd expect, too, giving you more performance for your money 
than any other tape system! 

The great 7600 Series is another example of how Honeywell's 
broad line. backed by local sales and service, can provide the 
precise solution to your instrumentation problems. For a demon
stration, call your local H-oneywell Sales Engineer. For technical 
literature. write: Honeywell Inc .. Test Instruments Division, P.O. 
Box 5227. 4800 E. Dry Creek Rd .. 
Denver. Colorado 80217. Honeywell 

Honeywell engineers sell solutions 



France weighs 
finance company 

for Plan Calcul 

Polish overtures 
to Bonn firms find 
sympathetic ears 

Worldwide pcm 
getsaboost 

International Newsletter 
December 8, 1969 

France is looking for a way to finance leasing of its state-subsidized 
Plan Calcul computers without saddling the hard-pressed government 

· ·or their manufacturer, Compagnie Internationale pour l'Informatique 
(CII), with banking worries. Most likely vehicle: a quasi-official financing 
agency stocked with private capital. The government telephone service 
recently set up a similar company to finance telecommunications invest
ments. Insiders say the Plan Calcul administration may announce such a 
plan in two or three months. 

CII now has orders for some two dozen of its first Plan Calcul machine, 
the medium-sized Iris 50, with the first to be delivered in about a month. 
Government agencies have ordered all but six; these are being taken by 
Rumania, which also has been negotiating on and off to buy a CII assem:. 
bly plant, according to informed sources. 

West German electronics firms, including such giants as AEG-Telefunken, 
are taking a hard look at Polish proposals for stepped-up cooperation, 
primarily in the form of licensing deals. Such a move was one of the 
topics at the Polish Central Committee's recent fourth plenary session. 

Poland is eager to modernize its industry and to maintain a minimum 
9% annual growth during the upcoming five-year economic plan. Part 
of that plan is a new "selective activities policy" in which emphasis will 
shift from nonproductive fields toward industries that show growth and 
export promise. Western technology is considered essential to expand 
and modernize those industries. 

What the Poles want most are licenses on a "pay-as-you-earn" basis
involving both manufactured goods and industrial processes. However, 
say West German industrialists, any cooperation with the Poles won't 
go much beyond licensing. The Poles, like other East Bloc nations, are 
dead-set against the establishment of Western subsidiaries in their country 
which, in effect, would be the same as "capitalistic" ownership of the 
means of production. 

But any cooperation, however limited, seems attractive to the West 
German electronics industry. It provides access to a relatively untapped 
market and a relatively well-trained labor force, thus relieving some of 
the pressures at home. 

A worldwide pulse-code modulation system moved one step closer as 
as the result of agreement on two standards. But disagreement over pcm 
coding still muddies the waters. 

The International Telecommunications Union's Consultative Com
mittee for International Telegraph and Telephone agreed to the.standards 
at a meeting in Geneva last month. The standards: an 8,000-sample-per
second rate with eight binary digits in a time slot. AT&T's newest channel 
bank (D-2) is an eight-bit unit. 

Prospects for the ITU committee to agree on an international pcm 
coding law, however, remains dim. One major stumbling block is the 
Conference of European Postal and Telecommunications Administration 
decision to stay with its "A-law" code. AT&T is pushing for adoption 
of its "mu law." Without an agreem.ent on coding, digital interfaces will 
be necessary for matching up · the two laws [Electronics, June 23, p. 

Electronics I December 8, 1969 



Italy seeks greater 

independence for 

aerospace industry 

Intelsat links 

Aussie phones 

New wrinkle in 
waffle-iron memory 
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94]. And there's disagreement among countries over whether the re
sultant signal degradation would be acceptable. 

An AT&T spokesman said the present domestic-international interface 
can be handled easily but will require "sophisticated planning and de
velopment to arrive at a practical solution." 

Italy's cabinet-level Interministerial Commission of Economic Planning 
(CIPE), has given clear warning to American companies that Italy is 
going to move away from its "rigid dependence on the U.S.A. in our 
aeronautics indushy." The guidelines set by CIPE do not preclude 
cooperation with American industry, but such cooperation must increase 
the productive capacity of Italian industry. 

While holding the door open for greater European cooperation, CIPE 
also made it clear that international collaboration with the newly formed 
Aeritalia-a joint venture of government, through the state holding 
company Finmeccanica, and private industry, through Fiat-would have 
to permit "an authentic enrichment of technology." Italy no longer will 
settle for just joint venture or licensing agreements in production . of 
aircraft or components. Instead Italian industry will have to be involved 
in research, development and design, as well as production. 

Aeritalia has quickly ripened into tl1e most desirable industrial debu
tante in Italy. Not only have McDonnell-Douglas and Lockheed come 
a-wooing, along with a cluster of European firms, but Hughes Aircraft has 
just made its first official bow, opening a sales office and stressing cooper
ation with Italian industry in the NATO Air Defense Ground Environ
ment and Intelsat 4 projects. 

Telephone traffic is already so jammed in Australia tl1at the government 
has decided not to wait for tlie launching of an Australian domestic com
munications satellite. Instead, the Australian Post Office, which is in 
charge of the telephone network, has linked Sydney and Perth, at oppo
site ends of the continent, via Intelsat 3. 

To get the system on-line before heavy Christmas traffic, the Post Office 
could not wait for echo suppressors designed specifically to meet their 
needs. Instead engineers at the Post Office Research Laboratories in 
Melbourne modified available units and had them ready for temporary 
service in three weeks. 

The Australian system is the first domestic commercial telephone 
service to be operated witliin one country's continental boundaries, ~!
though Hawaii and the U.S. mainland have been linked for commercial 
service via Intelsat. 

Researchers at Japan's Electrotechnical Laboratory have developed a 
new memory plane using plated wire. They say it can be built with a 
density four times that of woven plated wire memory planes, and oper
ate with about twice the power efficiency. 

The memory uses a ferrite plate resembling a waffle iron, with grooves 
intersecting at right angles. But researchers say memory differs from 
the wafile-iron memories developed at Bell Telephone Laboratories sev
eral years ago-and from similar memories developed since then else
where in the United States, England and. France. 

Electronics I Oe~ember 8, 1?6t 
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Cooperative effort seen as key 
to building giant European computer 
Now that Britain has agreed to the project, the 'Aigrain group' 

must extract a firm promise from the five governments to subsidize 

the research and purchase enough mammoth computers to justify the effort 

Mammoth computers are now the 
monopoly of U.S. firms, simply 
because no European company felt 
its finances or limited national mar
ket would permit it to tackle such 
a project alone. And while Europe's 
computer makers have been talking 
for years about teaming up to build 
just such a giant machine, the idea 
had been little more than a pipe 
dream until recently. 

Now there are signs that such 
an international project may actu
ally come off-and perhaps sooner 
than even Utopian "Europeanists" 
have expected, given the middling 
record for most attempts at Euro
pean technological cooperation. 

Serious soundings began two 
years ago through a Common Mar
ket committee. Earlier this year the 
committee got the Continent's four 
big computer makers and their gov
ernments to agree in principal to a 
joint effort. Two weeks ago the idea 
took a major step forward when 
Britain agreed to participate. A 
French veto, lifted earlier this year, 
barred British participation. 

Continental observers consider 
London's a gr e em en t crucial 
because they view Britain's Inter
national Computers, Ltd. (ICL) as 
an indispensable partner. They 
point out even !CL-Europe's big
gest computer maker by far-this 
fall dropped plans to build its pro
jected 1908-A computer, to be Eur
ope's largest, when technical prob
lems piled up and adequate orders 
failed to materialize. 

The other partners in the pro
posed project are Holland's Philips, 
Germany's Siemens with AEG
Telefunken, Italy's Olivetti, and 
France's Compagnie Internationale 
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Pour I'Informatique (en). 
First, however, the five govern

ments must agree to subsidize re
search and promise to buy enough 
of the eventual output to justify the 
project. Science ministers may meet 
in Brussels this month to launch a 
study on precisely what kind of 
computer is to be built and how 
much it would cost. Despite current 
budget problems in several coun
tries, insiders say they feel Euro
pean fears of perpetual U.S. domi
nance of the glamorous and vital 
big-computer field could open 
purse strings enough to get the 
project underway by late next year. 

Pierre Aigrain, head of France's 
Applied Research Agency and 
chairman of the Common Market 
committee that spawned the com
puter project, gives ·it a 50% chance 
for final agreement. "And for an ex
pensive international project, that's 
very high," he says. 

Two projects. The "Aigrain 
group," as it's called, is actually 
proposing two projects: one for a 
mammoth machine based on pres
ent technology for first delivery in 
1975, the other for a futuristic giant, 
requiring a heavy research effort, 
that wouldn't be ready before 1980. 

No details of either project have 
been revealed, and they are, in fact, 
rather hazy even in computer 
makers' minds. But officials of the 
firms involved say the 1975 machine 
would be similar in size and tech
nology to the University of Illinois' 
Illiac 4, the fastest U.S. computer, 
now being built by Burroughs. Like 
the Illinois machine, which will 
group a number of small central 
processors, the European machine 
would most likely rely on multiple 

50-50. Pierre Aigrain, head of 
group, gives project even odds. 

processors to perform many indivi
dual calculations simultaneously. 

Engineers figure that develop
ment costs on this machine will run 
to at least $100 million, and are 
likely to be a good bit more due to 
the complications of international 
cooperation. 

Descriptions of the 1980 machine 
are necessarily vaguer. France's 
"computer czar," Maurice Allegre
who heads the country's Plan Cal
cul, the government-subsidized 
computer program, and who is 
coordinating the Aigrain group's 
computer proposals-says simply 
that this sophisticated behemoth 
would be "as powerful as any 
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machine you can imagine at the 
moment." It would unquestionably 
be a "universal" machine capable 
of business, real-time, and scientific 
applications, he says. And he fig
ures it would cost up to $1 billion 
to develop. 

Though the two projects were 
drawn up to complement each other 
-with the smaller computer con
sidered partly a training exercise 
during which the European com
panies could learn to work together 
-it's by no means certain that 
Europe can afford both. 

Preference. If it comes to a 
choice, the computer makers tend 
to favor putting off . the giant and 
building the 1975 machine, which 
they know is technically and com
mercially feasible. Merely estimat
ing the market for the larger system 
amounts to science-fiction, com
ments a Siemens official. 

But government members of the 
Aigrain group lean toward the more 
far-reaching project. They fear that 
adopting the 1975 project would 
tempt companies merely to request 
subsidies and guaranteed markets 
for their own present designs. And 
they doubt that the firms would 
share the advanced technology nec
essary to build a computer whose 
relatively close delivery date fore
stalls massive new research. More
over, these officials feel that 
concentrating on the more sophisti
cated computer could give Europe 
a badly needed leg up on U.S. tech
nology. 

An executive of one computer 
firm counters: "You can't build a 
computer as though it were a one
shot program, like the Concorde. 
Buyers want continuity-a line of 
machines." He insists it is thus un
realistic to aim at a distant giant 
without planning intermediate ma
chines. "The European industry 
would have no big machines to sell 
in the meantime. We've got to eat," 
he says. 

A compromise could see the 1975 
machine approved with restricted 
official financing and companies 
given coordinated research con
tracts by their national govern
ments on a more distant supersize 
computer. Such an accord could 
test corporate good intentions and 
perhaps help spur industrial togeth-
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erness, with eventual international 
mergers-one important goal of the 
whole cooperative idea. 

Compatibility. A major technical 
problem for either project: partici
pating companies will undoubtedly 
insist that any European computer 
be compatible with their own line 
of machine-meaning a Herculean 
software task. 

Selling the results could also be 
a disappointing undertaking. Aig
rain admits it's been "a very diffi
cult problem finding out how much 
the various governments would be 
willing to help by giving preference 
in their purchases to a European 
computer." He adds, "Users are 
never interested in buying comput
ers from a new company." Thus 
Aigrain feels the 1980 machine-the 
one he gives a 50% chance of ap
proval-"has very high chances for 
technical success, but the commer
cial chances are a bit less bright." 

Japan 

Sharp-eyed 

It's hard to get sharp television 
pictures with a camera looking out 
the side of a rocket spiraling 
through space. The image on the 
photocathode of the camera tube 
has two components of motion
spin and the forward motion of the 
rocket. A further problem is that 
illumination tends to be weak, so 
that exposures must be long, ac
centuating motion problems. 
What's more, transmission band-

H0· E II • 
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Still. Image is clear when both 
halves of target are motionless. 

widths usually are narrow, requir
ing slow-scan techniques. 

Professor Noboru Niwa of the 
Instih1te of Soace and AeronauNcal 
Science, University of Tokyo, and 
Teruo Hiruma of Hamamatsu TV 
Co. have developed a camera that 
surmounts these difficulties. It has 
been successfully tested on a bal
loon operating at altitudes as high 
as 17 miles, and is awaiting rocket 
tests. 

The system uses an "image mem
ory tube" recently developed at 
Hamamatsu. In order to obtain 
sharp images when mounted on a 
moving vehicle, this tube, called 
the N-337, incorporates extremely 
fast electronic shuttering, electronic 
image storage, motion correction, 
sensing of image brightness at the 
photocathode, and automatic ad
justment of shutter time for opti
mum exposure. The photocathode 
is square and the same area as the 
photosensitive surface in a one
inch vidicon. 

Shutter. With the photocathode 
(on which the optical image is fo
cused) grounded, electrode grids 
accelerate electrons from the photo
cathode toward a signal grid and 
a storage grid. The electric field 
from the grids, together with the 
magnetic field from the image fo
cus coil, focus the image on the 
storage grid. 

However, charging up the photo
cathode to approximately the same 
positive voltage as the accelerating 
grids stops electron How, and the 
effect is the same as if a mechanical 
shutter had closed. This electronic 
shutter can give exposure times 

ISAS 

ST 

Motion. Top half moves, blurring 
image in ordinary stationary camera. 
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as short as 200 microseconds-or 
one five-thousandth of a second. 

The photocathode side of the 
storage grid is coated with calcium 
fluoride, an insulating material with 
extremely high resistivity. Most of 
the image electrons pass through 
the positive signal grid and land on 
the storage grid, charging it nega
tively in proportion to the illumina
tion distribution on the photocath
ode. For readout the storage grid 
is 'Scanned with low-energy elec
trons from a gun at the other end 
of the tube. In this mode of oper
ation the storage grid is grounded 
and the signal grid is charged to 
about 350 volts through a load re
sistor. Parts of the storage grid 
with high minus charge of electrons 
turn back most of the beam elec
trons. Electrons passing through 
the storage grid and reaching the 
s·ignal grid thus depend on illumi
nation at the photocathode, and 
the image can be converted to a 
sequential electrical signal. 

Use of the storage grid makes 
for high efficiency during the short 
exposure, because electrons from 
all parts of the photocathode are 
stored simultaneously. It also per
mits conversion from high-speed 
exposure to slow-scan readout. This 
is important because telemeter 
bandwidth is narrower than that 
used for broadcast television trans
mission, and ito transmit reasonably 
high-resolution tv signals it is 
necessary to read out the picture 
with a slow-speed scan. 

In motion. Correction for vehicle 
motion is achieved with a hint from 
the veteran •image dissector tube. 

H • E 

Stopped. Moving target is sharp with 
compensation circuit switched in. 
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SIGNAL ELECTRODE PHOTOCATHOOE 

======= 

SHUTTER 
PULSE 

l 
Test tube. Electronic shuttering and image motion compensation circuit 
put sharp image on storage grid. Beam from left gives slow-scan readout. 

In the image dissector, the electron 
image-the electrons traveling from 
the photocathode-is swept past an 
aperture in the collector electrode. 
Only electrons corresponding to a 
single image element pass through 
the hole and reach the signal elec
trode. In the new tube the entire 
image is stored on the memory 
grid. But displacing the electron 
image shifts the area imaged by 
the tube. If the angular velocity of 
the camera is known it is possible 
to shift the image to exactly com
pensate for camera motion. 

On the latest model of this cam
era a circuit for automatic adjust
ment of shutter speed was added. 
The sensor for i!:his circuit is not 
only behind the lens, like the sen
sors in modern single-lens reflex 
cameras, but it is inside the cam
era tube. Thus there is built-in 
compensation for lenses, filter fac
tors, and even for the ·efficiency of 
the pickup tube at different wave
lengths. As initially tes'ted this au
tomatic circuit can adjust shutter 
speed from a minimum of 800 mi
croseconds to a maximum of 
60 milliseconds. 

Exposure adjustment is per
formed by storing current flowing 
to the photocathode in a capacitor 
and arranging the circuit to close 

the shutter when terminal voltage 
exceeds a certain value. 

When used on satellites the tube 
is operated with a slow-speed scan 
of a 580-line picture; bandwidth 
needed is 100 kilohertz. Horizontal 
frequency is 325 hertz. These pa
rameters give approximately the 
same resolution as commercial tv 
and are within the bandwidth and 
power capability of standard rocket 
transmitters. 

The reading period is 1.78 sec
onds. Dead period, for erase and 
preparation of the memory grid, 
takes about 0.18 second. Thus 
maximum repetition rate is about 
two seconds or slower. A systems 
conversion unit has been built to 
convert the received pictures to 
broadcast standards for viewing on 
regular monitors. Video tape re
corders and cameras are used for 
recording information. 

Italy 

Plane MOS 

MOS devices with no surface steps 
represent the latest step forward 
in semiconductor technology-a 
step made by researchers of Italy's 
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THICK OXIDE LAYER 

THIN OXiDE LAYER 
N 

CONVENTIONAL PROCESS 

THICK OXIDE LAYER 

N 

PLANOX PROCESS 
Molehills. Stepless fabrication technique developed at SGS laboratory 
reduces the number and magnitude of bends in the metalization layer in 
MOS circuits. Principle behind the process is the sinking of steps 
below surface to smooth out the above-surface terrain. 

SGS group. They have hit upon 
a manufacturing process which 
allows extremely Hat surfaces on 
MOS silicon wafers. Such Hat, or 
stepless, surfaces make for much 
greater device reliability and pro
duction yields than is possible 
with conventional fabrication tech
niques. 

Without the need for more mask
ing operations than in conventional 
MOS processes, the Planox tech
nique makes it possible 'to produce 
devices with oxide layers of varying 
thickness but with a plane surface. 
Photoetching of the thick oxide 
layers-and thus the risk of under
cutting-is eliminated. Self-align
ment of the gate and tighter toler
ances also are possible. The new 
process was developed at the SGS 
International Research and Devel
opment Laboratories at Agrate, 
near Milan. 

Although the Planox process is 
applicable to any bipolar or uni
polar semiconductor component, it 
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can be put to use most effectively 
in fabricating MOS integrated cir
cuits, in which the silicon oxide 
thickness varies considerably and 
metal interconnecting patterns are 
complex. 

In an MOS device, a thin silicon 
dioxide laye~, usually about 0.12 
micron deep, must be grown on 
the gate region to obtain a low 
threshold voltage, while a thick, 
1.5-micron silicon dioxide layer 
must cover the field region to pre
vent surface, or field, inversion in 
that region. 

It's this thick oxide layer that 
long has plagued makers of MOS 
devices and equipment designers 
using them. The reason: this layer 
makes for high, well-pronounced 
steps on the chip surface ·over 
which the metalization pattern, 
usually made of aluminum, has to 
run. Sharp bends in the metaliza
tion can lead 'to weak spots and 
microcracks which, in turn, can 
cause unreliable interconnections or 

open circuits. The end result is low 
production yield. And all too often, 
equipment makers have found 
themselves replacing newly in
stalled MOS IC' s because these cir
cuits did not perform reliably. 

Devices fabricated by the new 
Planox process avoid such troubles. 
The Italian researchers have elimi
nated the step problem on the 
wafer surface by burying the steps. 
A silicon nitride film is used as a 
mask for making steps in the under
lying silicon substrate so that the 
overlying silicon dioxide covering 
the gate and field regions is step
less, or Hat. 

A 200-angstrom silicon nitride 
film is first deposited onto the sili
con substrate. This film is masked 
and etched so that the regions 
where the thick silicon dioxide 
layer is to be grown lay bare. 
Then the silicon substrate itself is 
eaten into. The regions still covered 
with silicon nitride are thus higher 
with respect to the bare regions. 
Oxide then is grown in the depres
sions and its surface will be practi
cally level with the surface of the 
silicon covered by the silicon 
nitride film. 

When used in fabricating MOS 
devices, the silicon nitride film is 
selectively etched away, with only 
a strip left that covers the gate area 
and defines the areas for diffusion 
of source and drain. The diffused 
areas are self-aligning with respect 
to the gate, and thus allow tighter 
tolerances in the design. 

Source and drain are passivated 
by thermal oxidation, and the 
remaining silicon nitride is etched 
away from the gate. Subsequent 
steps such as gate oxidation, con
tacting, and metalization are car
ried out by using conventional tech
niques. 

This technique, for which patent 
applications are now pending, cur
rently is being applied in limited 
production runs of MOS devices at 
the Agrate facilities. Piero Alder
isio, technical director of SGS, 
anticipates the new technique will 
increase production yield by at 
least 35% over conventional MOS 
fabrication methods. It is expected 
that once the new process is re
fined, an even better improvement 
can be achieved. 
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CIRCUIT PROTECTOR 

prevents transients from 
causing "unexplainable" circuit failures. 

Don't blame circuit failures on bad Juck. 
Voltage transients can caus e circuits to fail or suffer un

detected and progressive damage. 
Transtector• circuit protector, a n ew solid state device, 

senses transients within nanosecond~. absorbs the surge 
and resets itself. Gives continuous protection for tubes, 
transistors, diodes and integrated circuits. 

Find out about Transtector Systems from M&T Chemicals 
Inc., 1161 Monterey Pass Road. Monterey Park, Calif. 91754. 

:.:'.~ .. ~~,~~')c>~m~~,~~aoo. ~!!R~~~ETc~~~~O~~A~~ ® 
Circle 262 on reader service card 
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One pulse generator, the new EC1 model 5101, pro
duces pulse rates from 1 Hz to 50 mHz, and includes 
features only found in much more expensive equi~ 
ment. For example: Single or double pulse output, in
tegrated circuit output, 10 nanosecond to 1 second 
pulse width , 10 nanosecond to 1 second pulse delay, 
and synchronous or asynchronous gating. 

Send for complete specifications, or call us collect and 
ask for an in-plant demonstration. 

ONE will get you FIFTY for $525. 

1~11::::1 1 ] 
Circle 263 on reader service card 

ELECTRONIC 
COUNTERS, INC. 
235 Jackson Street 
Englewood, N. J . 07631 
(201) 567-5300 

Breakthrough 
in low frequency 

filtering! 

2.5dB--... SdB 
0 '--s-'-~-s.__~,~o~--'12---___,1~4~_.,..,s 

Frequency in kHz 

A.- CASCADE OF 2 LF FILTERS 
x x 

···~, itl R 
B- SINGLE LF FILTER 

x 

New Clevite ceramic bandpass filter 
puts big performance into~ oz . 

Clevite low frequency (LF) ceramic filters-from 9 to 50 kHz-are 
about one-tenth the size and weight of comparable conventional 
types-have narrower bandwidths, lower insertion loss and greater 
stability. This means you can pack more channels into a given 
portion of the spectrum with less sacrifice in volume and weight. 
They're fixed tuned, so you have no installation adjustments, 
simpler assembly and inspections. 

Typical characteristics : 1 % min . 3 dB pass bandwidth, 20 dB/3 
dB bandwidth ratio not exceeding 13, and passband insertion loss 
less than 5 dB. Stopband attenuation exceeds 30 dB from de to 
above 100 kHz. For even better selectivity they can easily be cas
caded without worrying about matching or big insertion losses. 

All this performance comes in a miniature HC-6/U can that 
weighs just '!.. ounce (it's shown here actual size). They're her
metically sealed, immune to environments .. . there's no need for 
magnetic shielding. And LF filters are independent of the power 
source, so there's no current drain. 

New Clevite LF filters are ideal for low frequency communications 
receivers, control circuits, selective calling systems, underwater 
sound systems and military/navigation systems. Write today for 
full specs and technical data. Piezoelectric Division, Gould Inc., 
232 Forbes Road, Bedford, Ohio 44146, U.S.A. Or: Brush Clevite 
Company, Ltd., Southampton, England. 

GOULD CLEVITE 
Circle 243 on reader service card 243 



Infinite VSWR ... 8 dB Gain ... 28 Volts 
High gain, high efficiency, and 
excellent VSWR are character
istics of a new family of 2 GHz 
broadband transistors developed 
by TRW. Type 2N5766, the one 
watt unit, has 8 dB gain at greater 
than 30% efficiency, and can 
withstand infinite VSWR at any 
phase. Both the 2.5 watt 2N5767, 
at 8 dB gain and greater than 
30% efficiency, and the 5 watt 
2N5768 at 7 dB gain and greater 

244 Circle 244 on reader service card 

than 35% efficiency, can with
stand 3:1 VSWR at any phase. 

All three transistors provide 
excellent stability in a common 
base circuit. All are contained in 
exceptionally rugged, ultrace
ramic, hermetically sealed strip
line packages, and operate from 
a 28 V source. 

For further information or 
application assistance, contact 
aay TRW distributor or TRW 

Semiconductors Inc., 14520 Avi
ation Boulevard, Lawndale, Calif. 
90260. Phone (213) 679-4561; 
TWX: 910-325-6206. TRW Semi
conductors is a subsidiary of 
TRW Inc. 

TRW: 
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%customer 
tion rate! 

Less than 1 % customer rejection for ·a// 
causes. That's the record established by Dale 
T-Pots. Consider the savings this can bring 
you in time, paper work. Then consider the 
added efficiency of consolidating more of 
your buys at this versatile source. Almost 50% 
more models added in two years. Military 
(RT-10, 11, 12, 22, 24), Industrial, Commercial 
.. . wirewound and film elements. All are very 
competitively priced . Check today and find 
out. We can deliver them quickly-and you 
won 't have to send them back. 

MILITARY GRADE T-POTS 
600 Series: Mil. Equiv. RT-10; 10f! 
to 1 OOKf!, ::!:S%; 1 watt at 70°C, derated 
to Oat 17S°C; .18 H x .32 W x 1.00 L. 

1200 Series: Mil. Equiv. RT-11 ; 10f! 
to 1 OOKf!, ::!:S%; 1 watt at 70°C, derated 
to 0 at 17S°C; .28 H x .31Wx1.2S L. 

1600 Series: Mil. Equiv. RT-12 ; 10f! 
to 1 OOKf!, ::!:S%; 1 watt at 7r1'C, derated 
too at 1is0 c; .19 H x .32 w x 1.2S L. 

5000 Series: Mil. Equiv. RT-22 ; 10f! 
to SOKf! , ::!:S%; 1 watt at 70°C, derated to 
Oat 17S°C; .19 or .22 H x .SOW x .50 L. 

5800 Series: Mi l. Equiv. RT-24 ; 10f! to 
SOKf!, ::!:S%; 1 watt at 700C, derated to 0 at 
17S°C; .14S or .1SO H x .37S W x .37S L. 

COMMERCIAL GRADE ECONO-TRIM T-POTS 
WIREWOUND ELEMENT 
2300 Series: Sealed/Unsealed ; 10f! to SOKf!, ::!::10%; O.S watt at 
2S°C, derated to 0 at 1 OS°C; .36 H x .28 W x 1.00 L. 

2400 Series: Sealed/Unsealed ; 10f! to 50Kf!, ::!::10%; 1 watt at C::.- 400C, derated to 0 at 125°C; .31 H x .16 W x .7S L. 

~ FILM ELEMENT .,. 
• 

8300 Series: Sealed/ Unsealed ; 10f! to 2 Meg., ::!:: 10% 100f! thru 
SOOK, ::!::20% all other values; .75 watt at 2S°C, derated to O 
at 1os0 c; .36 H x .28 w x 1.00 L. 

8400 Series: Sealed/Unsealed ; 10f! to 2 Meg., ::!::10% 1oon thru 
SOOK, ::!::20% all other values ; .7S watt at 2S°C, derated to O 
at 12s°C; .31 H x .16 w x .7S L. 

INDUSTRIAL GRADE T-POTS 
WIREWOUND ELEMENT 
100, 200, 300 Serles: 1 on to 1 OOKn. 

100 Series: ::!:S%; 0.8 watt at 700C, derated to O at 13S°C. 
200 Series: ::!:: 10%; O.S watt at 700C, derated to Oat 10S°C. 
300 Series . ::!:1S%; 2S watt at 70°C, derated to Oat 8S°C. 
D1mens1ons : .22 H x 31Wx1 .2S L (also 1.32 L for 100, 200) 

1100 Series:1 on to 1 OOKf!, ::!:10%; 1 watt at 70°C, derated 
to 0 at 17S°C; .28 H x .31 W x 1 2S L. 

Call 402-564-3131 for complete information or write for Catalog B 

DALE ELECTRONICS, INC., 1300 28th Ave., Columbus, Nebraska 68601 
In Canada, Dale Electronics Canada, Ltd. • A subsidiary of The Lionel Corporation 
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COS/ MOS makes other 
low-powered IC logic circuits 

look power-hungry 
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(CARRY OUT) 

TERMINAL No. 16 = Voo ,TERMINAL No. 8 =Vss 

RCA's New CD4008D MSI 4-Bit Full 
Adder with Fast Parallel Carry Out, 

$16.00 (1000+ units) 

The CD4008D has a quiescent power dissipation rating 
of only 5 µ.W (typ) . It is a made-to-order 4-bit full adder 
for digital equipment where power dissipation, low 
package count or high noise immunity are primary 
design prerequisites . 
You don 't have to wait for summing before the carry 
signal is available with the CD4008D. The new adder -
includes a high speed parallel carry circuit that provides 
a fast carry output signal [tpd (C ;-Co)= 50 ns (typ) at C,= 
15 pFJ to permit high speed operation in arithmetic sec
tions that may require several CD4008D's. Add to 
that: operation from a single power supply 

(6 to 15 V) ; all "sum lines " propagation delay-400 ns 
(typ) ; no ise immunity = 4.5 V (typ) at Voo= 10 V; fanout 
capability up to 50 ; protected inputs and outputs and 
operation over the full military temperature range . 
Here you have a 4-bit full adder that will fulfill many 

circuit applications. 
For further details, see your local RCA Representative 

or your local RCA Distributor. Or write to RCA Electron ic 
Components, Commercial Engineering, Section N-12·1 

CD20, Harrison, N. J . 07029. In Europe: RCA Interna
tional Marketing S.A., 2-4 rue du Lievre, 1227 

Geneva, Switzerland. 
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