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BARGAINS GALORE 
on LEDs from DIALIGHT 

FEATURES: 
High luminous 
intensity 

Low cost 

Low power con
sumption 

IC compatible 

Vibration I shock 
resistant 

Solid state re-
1 iabil ity 

Life measured in 
years 

Wide viewing 
angle 

I]~ Dialight's high brightness 521-
9200 LED is an intense large 
area light source that has this 
typical luminous intensity: 
@IF= 20 mA 10 = 2.0 med. 

APPLICATIONS: 
Panel lighting· Circuit-status in
dicators · Back I ighti ng of an
nunciators · Alpha -numeric 
displays • Automobile dash
boards • Appliances · Desk-top 
calculators· Housewares 

Quality LEDs are 9 ¢ each 
when purchased in million 
piece quantities 

LEDs from 100 
to 999 are only 
21¢ each. 

If you need LEDs 
from 1000to9999, 
Dialight has them 
for 17¢ each. 

/l 
Quantities from 
10,000 are a low 16¢ 
each and Dialight can 
fill your order today 

Even if you only need LEDs 
from 1 to 99, Dialight has 
them for 28¢ each. 

With this coupon you can get 
a free LED sample. Send this 
coupon to your nearest 
Dialight distributor or give 
him a call. 

/JIALIGl-/T 
Dialight Corporation, A North American Philips Company 
60 Stewart Avenue, Brook lyn, N.Y. 11237 (212) 497-7600 

Circle 900 on reader service card 

DIALIGHT DISTRIBUTORS 

All prices are domestic and subject 
to change without notice. 

Ask for free LED 
Product Selector 
Guide. 60 pages of 
LEDs: discretes, in
dicators, displays, 
fault indicators, 
opto-isolators, etc. 
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A quality LED for just 9e* . 
Now you can get HP quality in an LED lamp for only 9<J:>:I' 

Thats your price when you order one million. If you only need 
one thousand, the price is a low 17<;:>:1' And HP is ready to 

del iver that kind of volume to meet your schedule. 
This T-1 size lamp features a new low profile lens for 

high density application in calculators, cameras, computers, appliances 
and automobiles. The 5082-4487 and 5082-4488 both 

have a clear lens and a 0.8 med at 20 mA typical light output. 
Get the full story from your nearby HP distributor 

or, write Hewlett-Packard directly. 
·us Domestic only. 
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HEWLETT ?f PACKARD 

Sates. service and support in 172 centers in 65 countries. 
P•l0At10.Cahlorn1a94304 O"•ces1npr1ncotialc111estl'lrougnou1 1ne u S 
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FOR NEW STANDARDS IN SPECTRUM ANALYSIS, THINK HP------------.._ 

Affordable 
spectrum analysis 

I 

A new 1500 MHz plug-in for HP 180 series Scopes 

Just $34 50. The 8558B Spectrum Analyzer 
plug-in is priced low enough to make it practical 
for every workbench; no need to "timeshare" the 
expensive analyzer. And since it's part of the 
HP 180 Scope family, the mainframe can do double
duty using the wide selection of other 180 plug-ins . 

Lab Grade Performance. Compare the 8558B's 
frequency and amplitude accuracy against any 
other analyzer and you'll quickly see how good it 
is. Frequency response over the full 0.1-1500 MHz 
range is ± 1 dB, and there's an LED display of fre
quency with ±5 MHz accuracy. Distortion free 
dynamic range exceeds 70 dB. Signal levels from 
+30 dBm to -117 dBm can be measured. Resolution 
bandwidths from 1 KHz to a wide 3 MHz are 
provided. 

Domestic USA prices only . 

04403 
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Three Control Simplicity. For most measure· 
men ts, -you simply set two frequency and one 
amplitude controls. Resolution bandwidth and 
sweep time are automatically optimized. Pane l 
markings guide you to control settings that 
minimize the possibility of errors from signal 
overloading. 

For full information on this tremendous value 
in spectrum analysis, call your nearest HP field 
office. Or write. 

HEWLETT. PACKARD 

Sales and service from 172 offices in 65 c ountries. 
1501 Page Mill Road. Pa lo Alla , California 94304 
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C-MOS microprocessor is first of a kind, 30 
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Highlights 

The cover: Analog display takes on new glow, 89 
Bar graphs driven by digital circuitry are the 
latest development in the fast-moving field 
of gas-discharge technology . Having no 
moving parts, a Burroughs panel is a strong 
challenger to existing electromechanical in
dicators. 

Car makers need perfect devices for pennies, 74 
Semiconductor manufacturers have yet to 
learn that automobile economics demands 
higher levels of quality control and reliabi lity 
than even aerospace programs. This was 
the message from automotive company rep
resentatives at an ISSCC discussion and a 
panel sponsored by Electronics' magazine. 

How companies evaluate EE performance, 107 
Today 's more thorough and more objective 
evaluations are improving communications 
between managers and EEs and often help 
the individual engineer plan his career more 
effectively. This Special Report surveys sys
tems in use at firms across the country, and 
a questionnaire invites Electronics' readers 
to tell how they react to being evaluated . 

Simpler n-channel process increases yields, 117 
Higher yields mean lower costs, yet the re
sulting ion-implanted metal-gate MOS de
vices perform as well as silicon-gate LSI. 
They also operate off + 5 volts and are fully 
TTL-compatible. 

And in the next issue . .. 
Optical waveguide moves into systems ... a 
12-bit microcomputer ... designing with 
computer-generated Smith charts. 
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As evaluation of an engineer's 
job performance has become 

more sophisticated, the process of 
evaluation itself is having increas
ingly more impact on the career of 
every engineer. What's more, eval
uation has become an increasingly 
effective tool in helping supervisory 
personnel do their job. 

Since evaluation used to be 
thought of as just a necessary chore, 
we were surprised at some of the 
changes in attitude that we found 
when we conducted a survey for our 
report on the dimensions of engi
neering evaluation today (see p. 99). 
For one, an unexpectedly large 
number of EEs not only approve of 
the concept, but, in fact, desire to be 
evaluated- and then informed of 
the results . Indeed, more and more 
companies are encouraging the en
gineer to comment on his rating by 
providing space for that purpose on 
the evaluation forms. 

The most important byproduct of 
evaluation procedures is an in
creased communication between su
pervisor and engineer, which leads 
to higher productivity and greatly 
helps in career planning. 

Our survey's cross-section, while 
representative, was necessarily a 
small one. So, to get a better handle 
on the pros and cons of evaluation
and find out how you readers react 
to your company's evaluation proce
dures-we've included two question
naires in this issue (see p. 103 and p. 
104). We urge you to take the time 
to fill one out. In an upcoming issue, 
we'll publish the results, as well as 
the most illuminating comments 
that we receive. 

The automobile represents a rela
tively new and potentially lucra

tive market for electronic products. 
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Publisher's letter 
But there's a long journey between 
seeing the possibilities of the market 
and successfully entering it. In our 
Probing the News section this issue, 
we have two stories- both about au
tomotive electronics-illustrating 
that long trip. 

The first, by our Washington bu
reau chief, Ray Connolly, rounds up 
the current status of electric-vehicle 
research in the U.S., Europe, and 
Japan (see p. 70). The conclusion: 
there should be a strong market 
there for electronic controls. But 
there's still a lot of work to be 
done- on both cost and perform
ance-and it's still at least three 
years before electric vehicles- most 
likely buses-come on strong. 

Connolly, in reporting on the 
Third International Electric Vehicle 
Symposium, points out that "solid
state technology is still a newcomer 
in the EV marketplace." It 's the po
tential of that technology that 
makes the market attractive and 
only time will tell if the potential 
can be realized. 

In a way, the electric-vehicle mar
ket holds out the same kind of 
promise that Detroit did several 
years ago. On page 74, our Manag
ing Editor-News, Larry Curran, has 
put together a report card on the 
first mass installations of electronic 
seat-belt interlock systems, elec
tronic ignition, and electronic fuel 
injection. The score given by auto 
makers to electronics: A for effort. 
But as you'll see when you read the 
article, the reliability vs. cost prob
lem, the key to the future of elec
tronics in cars, is still a big question 
mark. 
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lntronics offers a high efficiency line of 
modular, compact DC to DC Power 
Converters, specifically designed for high 
input / output isolation. Each unit will 
convert a single unregulated DC voltage 
source to dual regulated output voltages 
and can be used to replace a separate AC 
input power supply many times its size. 
The compact design also ensures 
convenient circuit card mounting near the 
point of application, thus eliminating 
ground loop problems. Floating, tracking 
outputs with excellent regulation, low 
temperature coefficient, low output noise, 
current limiting to 150% of full load 
current and maximum power source 
protection are additional advantages you 
can expect from these lntronics' models, 
all at a compet itive price. 
Features include: 

• 5,12,28VDC Inputs 
• ± 12VDC, ± 15VDC Outputs, 

at 25 or lOOmA 
• 1Q9 ohms Input /Output Isolation 
• 1 % Preset Output Accuracy 
• .02% Line / load Regulation 

Whether your design is for medical 
electronics, portable test equipment, 
ocean going or other mobile applications, 
specify lntronics' DC to DC Converters. 

. t ® · ID roDies 
57 ChaPel Street. Newton. Massachusetts 02158 U SA 

617-332·7350. TWX 710·335-6835 

Overseas call: 
Brussels. Belgium 13-73-84 
Maidstone. England 54224 
Hefs1nk1, Finland 11-123 
Pans. France 9077844 

Munich. Germany 524181 
The Hague. Holland 678380 
Milan. Italy 9043983 
Zurich. Switzerland 93-31-61 
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Readers comment 

Date-coding ICs 

To the Editor: This is to supplement 
Fred U. Rosenberger's letter on the 
problems of date-coding res [Elec
tronics , Dec. 20, 1973, p.6]. The con
fusion that Mr. Rosenberger men
tions is, in fact, already with us 
because several manufacturers use a 
three-digit code. They must elimi
nate the initial seven, banking on 
the likelihood that the user won't 
mix parts made recently with parts 
made a decade ago or a decade 
hence. Thus it was that I was asked 
to determine if an op amp marked 
316 was, in fact, LM3 l 6. It was not, 
but it certainly was date-coded for 
the 16th week of 1973. 

I suggest that if manufacturers 
who use the four-digit code would 
substitute the letter D for the seven, 
and if manufacturers who use the 
three-digit code would prefix their 
codes with the letter D, it would 
cause less confusion. 

Lawrence W. Johnson 
Hewlett-Packard Laboratories 

Palo Alto, Calif. 

HP-35 statistical analysis 

To the Editor: In "doing statistical 
analysis with a single data entry," 
[Electronics , Nov. 8, 1973, p.121], 
Walter Manka suggests a 10-step 
method for finding standard devia
tions. Here's a key sequence that 
eliminates one of the steps: DATA, 
ENTER, ENTER, X , RCL, +, STO, 
ROLL DOWN, +. If you have a large 
number of data inputs, saving that 
single step can save a lot of time. 

It is also possible to use the HP-35 
calculator as a counter, taking ad
vantage of the behavior noted by J. 
Snaper in another Engineer's Note
book, "Storing two constants instead 
of just one," [Nov. 8, 1973, p. 121]. 
Just load the increment , push 
ENTER three times, and you are 
ready to count. To set the display to 
zero, push CLX, and each press of 
the + key will then change the dis
play by the desired increment. 

The Rev. Walter L. Pragnell 
Grace Church 
Everett, Mass. 

To the Editor: The Engineer's Note
book, "Doing statistical analysis 
with a single data entry," shows an 
equation that is not the generally 

accepted one for relatively small 
sample sizes, where N is less than or 
equal to 30. The correct equation is : 

S.D. = [[L(Di) 2 /N - 1] 
-f.{LDi)2! N(N - 1)]]112 

With this equation, the mean, vari
ance, and standard deviation can 
still be determined with a single 
data entry on the HP-35 calculator. 

Paul Wahlstrom 
Reserve Mining Co. 

Silver Bay, Minn. 
• The author replies: Where a rigor
ous analysis is required, your equa
tion should be used. By increasing N, 
the two equations approach equality. 
The differences between the two 
equations with N = 5 is about 12% 
with N = 10, it is about 5% and with 
N = 30, it is about 1. 7% These dif
ferences usually are not large, com
pared with the indeterminate errors 
present. Therefore, it becomes a mat
ter of convenience which equation to 
use. 

For example, with N = 31, there is 
still a difference of 1.02% In some 
situations, this may still be signifi
cant, requiring that y our equation be 
used with sample sizes greater than 
30. The accuracy desired depends on 
the situation. The important point is 
that statistical analysis can be done 
on the HP-35 with a single data entry. 

Cutting keystrokes 

To the Editor: Some keystrokes can 
be trimmed from the method sug
gested by Philip Geffe in "Eval
uating polynomials and finding 
their roots by means of the HP-35 
[Electronics, Engineer's Notebook, 
Nov. 8, 1973, p.120]. 
The polynomial can be written as : 

P(x) = anxn + an_ 1xn-1 

+ ... + alx + ao 

For evaluating P(Xo), the key se
quence becomes: 

Xo, ROLL UP, ROLL UP, ROLL UP, 
an, x , an-1, +, x , an-2, +, x , 
. .. , al , +. x , ao, + 

The longer the polynomial is, the 
more keystrokes can be saved with 
this method. 

John A. Ball 
Harvard College Observatory 

Harvard, Mass. 
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Great American Logic. 
From Jefferson, 
Franklin, Madison, 
and · 
Hi NI 

Give your industriar ;:. 
control system a great con· 
stitution with HiNIL, the hfgr1, · 
noise immunity logic from ' 
Teledyne. It works reliably;jn 
adversity-like the great poUti.-
cal logic our Founding Fathers· 
used in the Constitutional syst~m, 

HiNIL doesn't operate illogf
cally when it sees electrical noise 
and high voltage transients. With a 
3.5 volt guaranteed noise margin (versus 1.0 V for CMOS and 400mV, for TTL), it runs without shielding. 

Hi NIL also runs true when the power supply doesn't. It doesn't need expensive regulated supplies, 
filters and spot regulators because HiNIL's power supply tolerance is a comfortable ±1 V. 

And HiNIL is slow-that's right, slow not fast. Its 100 nanosecond propagation delay is fast enough 
for most control systems. But it won't be switched falsely by noise spikes when a fork lift rolls by (can 
you say the same for the hair-trigger logic you've been using?). 

Like the Constitution , Hi NIL is adaptable. It interfaces easily with TTL, DTL, RTL, MOS and CMOS 
directly, through open-collector outputs or through interface circuits. And it comes in about 40 types: 
from diode-expandable gates to quad schmitt triggers, shift registers , display decoder/ drivers and a dozen 
other complex MSI functions. All conveniently packaged in ceramic or molded silicone DIPs. 

Finally, HiNIL is cheap. It's priced right in there with TTL so you can save a small fortune on 
supply regulation, noise suppression and other "extras" you 'll no longer need. 

So if you want to read about great logic, trade in your history books for Teledyne 's free literature on 
HiN IL. Better yet, experience HiNIL in your own designs. Get it from Teledyne, reps or distributors. 
Write or call now . 

.. a.TELEDYNE 
SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View, California 94043 

(415 ) 968-9241 TWX: 910-379-6494 Telex : 34-8416 
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Cut package count . .• Simplify board layout 

Reduce equipment size .•. with 

. . . 

MULTI-COMP® 
RESISTOR-CAPACITOR 
NETWORKS 
(Meta net® Film Resistors, Monolythic® Ceramic Capacitors) 

R IOI C1 

100 470 2000 lOOpF 
150 500 2200 330pF 
200 680 3300 O.OlµF 
220 1000 4700 C2 
330 1500 6800 0.05µ F 

BYPASSED PULL-UP AND R-C COUPLING NETWORKS 

R !n l c 
100 470 2000 
150 500 2200 lOOOpF 
200 680 3300 3300pF 
220 1000 4700 O.OlµF 
330 1500 6800 

SPEED-UP NETWORKS 

R !n l c (pf) 

100 470 2000 
150 500 2200 
200 680 3300 

100 
330 

220 1000 4700 
330 1500 6800 

ACTIVE TERMINATOR NETWORKS 

Sprague puts more passive component families into 
dual in-line packages than any other manufacturer: 

e TANTALUM CAPACITORS 
e CERAMIC CAPACITORS 
e TANTALUM-CERAMIC NETWORKS 
e RESISTOR-CAPACITOR NETWORKS 
e PULSE TRANSFORMERS 
e TOROIDAL INDUCTORS 

For more information on Sprague DIP components, 
w rite or call Ed Geissler, Manager, 
Specialty Components Marketing, 
Sprague Electric Co., 509 Marshall SI., 
North Adams, Ma ss. 01247. Tel . 413/664-4411. 

THE BROAD-UNE PRODUCER OF EUCTRONIC PARTS 
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e HYBRID CIRCUITS 
e TAPPED DELAY LINES 
e SPECIAL COMPON ENT COMBINATIONS 
e THICK-FILM RES ISTOR NETWORKS 
e THIN-FILM RESISTOR NETWORKS 
e ION-IMPLANTED RESISTOR NETW ORKS 

4 ST·21:U Rl 

, SPRAGUE ~ 
THE MARK OF RELIABILITY 

40 years ago 
From the pages of Electronics, March, 1934 

Radio and the FCC 

President Roosevelt has asked that a 
new Federal Communications Com
mission be set up to take over the 
functions of the Federal Radio 
Commission and the communi
cation responsibilities of the Inter
state Commerce Commission. Two 
bills accordingly have been intro
duced in Congress: Representative 
Rayburn's bill which would create 
the new Communications adminis
tration and set it in operation with 
the existing radio laws; and Senator 
Dill's bill which would repeal all 
present radio legislation and enact a 
wholly new law in its place. 

The Federal Radio Commission 
has been purely a traffic-regulating 
body. The new Commission of 
seven will handle ether traffic and in 
addition take over rate-fixing and 
the supervision of all charges made 
for interstate and international com
munication. Excepted from this, 
however, will be broadcasting ad
vertising rates-broadcasting being 
clearly defined by all parties as not a 
common carrier. Supervision of op
erating conditions by broadcasters 
will be continued by the new Com
munications Commission. 

While there is always the hazard 
that a new group of seven political 
appointees will find work to keep 
themselves apparently busy and to 
build a vast bureaucracy as in the 
cases of other Washington commis
sions, it begins to be apparent that 
the force of the new communi
cations administration will fall 
chiefly on the wire services where 
the vast bulk of the dollar volume 
lies. There is as yet little continental 
radio communicating service . .. 
When the new FCC comes to fixing 
upon international radio rates, the 
dilemma is presented as to how the 
American commission can fix rates, 
when it has no authority over the 
various foreign governments which 
cooperate in the interchange of ra
dio messages! On the other hand 
the FCC can play a great future part 
in coordinating American commu
nication services and putting the 
Government firmly behind Ameri
can operating companies . . . 
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One 8GHz box 
does it all! FM, 
pulsedRF,C 
5-day delivery 

Why pay for CW only? Systron-Donner's 
Model 6057 frequency counter measures virtually 
any microwave signal from 20 Hz to 18 GHz with 
1 Hz resolution. CW and AM measurements are 
fully automatic; FM and pulse modulated car
riers use a simple 3-step operation to get direct 
answers. 

The 6057 is priced at $5,450, which is just 
about what you'd expect to pay for comparable 
instruments without FM and pulsed RF capabil
ity. However, S-D gives you a choice. If it's CW 
only you need to measure, then choose our 
Model 6016 at $4,575, or for only $3,695 you get 
a Model 6092 manual T.O. measuring system. 

I \ '"' .,~o A ::;.: • .,, •. 
~to 10>"•· .• ov• w -1.-0t<• . 

. '~·· · th ,. ti* .. 
81 ·•=tr ltlft!il f 

For details, a demo or 5-day delivery, call your 
Scientific Devices office (listed below). Or call collect 

S-D's Quick Reaction Line (415)-682-6471. 
In Europe: Systron-Donner- Munich, W. Germany; 

Leamington Spa, U.K.; Paris (Le Port Marty) France. 
In Australia: Systron-Donner-Melbourne. 

SVSTRDN DONNER 
Albuquerque, (505) 268-6729; Baltimore, (301) 788-6611: Boston, (617) 894-5637 ; Burlington , NC (919) 228-6279: Chicago, (312) 297-5240; Cleveland, (216) 261-2000; Denver, (303) 

573-9466; Dayton , (513) 298-9904; Dallas, (21 4) 231-8106 ; Detroit, (313) 363-2282 ; Ft Lauderdale, (305) 721-4260; Hamden CT (203) 248-9361; Huntsville, AL (205) 536-1969: Houston, 
(713) 623-4250: Indianapolis, (317) 783-2111 ; Kansas City, KS (913) 631-3818; Los Angeles, (213) 641 -4800; Minneapolis, (612) 544-1616; New York Clly area (201) 871-3916: 

Norfolk , (703) 499·8133; Orlando, (305) 424-7932; Philadelphia, (215) 825-9515; Phoenix, (602) 834-1682; Rochester, NY (716) 334-2445; San Antonio, (512) 694-6251 ; San 
Diego, (714) 249-6642; San Francisco area (415) 964-4230; Seattle, (206) 454-0900; St Louis, (314) 731·2332; Syracuse, (315) 457-7420; Washington , DC area (703) 451-6500. 
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Advanced Micro Devices, Inc., 901 Thompson Place, Sunnyvale, California 94086/TWX 910-339-9280/TLX 346306 
For product or sales information , call the AMO sales representative nearest you . In the San Francisco Bay Area, Bill Siefert at (800) 

538-7904 (toll-free from outside California) or (408) 732-2400, or Dave Haun (415) 967-7031. In the eastern United States , Steve Marks 
or Jack Maynard at (516) 484-4990 ; in Washington/Baltimore, Ken Smyth at (301) 744-8233; in Boston, Paul Macdonald at (617) 

861-0606. In Mid-America, Chuck Keough at (312) 297-4115. In the Los Angeles area, Steve Zelencik or Russ Almand and Bill Kahl 
at (213) 278-9700. In the Northwest, Shel Schumaker at (408) 732-2400. In the United Kingdom , Des Candy at Herne Bay (Kent) 61611 ; 

and in Germany, Herman Lichotka at (0811) 594-680. 
Advanced Micro Devices is distributed nationally by Cramer and Hamilton I Avnet Electronics. 
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Bus Transceiver. Designed using Schottky clamped 
transistors, the Am26S12 has a bus driver current sink capability of 100mA 
at O.BV (maximum) which enables it to drive as many as 200 devices. 
Receiver hysteresis provides high noise immunity with noise margins of 
greater than 1.0V. The unique terminating scheme of the Am26S12 allows 
each end of the bus to be terminated with a resistor as low as 100 ohms. 
Threshhold limits are 1.4 to 2.0V ± 0.2V. Also available: The Am26S12A. 
Pin-compatible with DM8838. Threshhold limits, 1.2 to 2.25V ± 0.2V. 
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It's a bus driver with the world's highest drive capability 
and a bus receiver with unbelievably high noise immunity 
together in a single package. 

It's the speedy new Am26S12 Quad Bus Transceiver. 
Yet another step forward in our relentless effort to become 
the sixth largest maker of integrated circuits in the 
country by 1975. 

+s-v 

Advanced Micro Devices Inc.~ 
(We 're going to be #6.) 
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Silicon gate, ion implanted 
~ complementary MOS ..-......-=::..--.-

-~ 

is in volume produc
tion at Intel. 
The first cir-

cuits in our new silicon 
gate CMOS family form 

a variety of two-chip digital watches. 
There'll be other circuits for many other 
applications soon. 

Now you can talk confidently about 
making many kinds of equipment with 
orders of magnitude less battery drain 
and the cost advantages of complex, eco
nomical CMOS arrays . You can talk about 
them now with Intel. 

Intel's silicon gate CMOS arrays have only nano-
amperes of leakage current on standby and dissipate only microwatts in operation -
far less than standard metal gate CMOS. Smaller chips, higher densities of logic 

12 

and storage functions per chip, 
~~~€2~~~--- and tighter process control all 

p 

improve the cost side of the 
cost-performance ratio . 

This advanced CMOS 
technology will move ultra
low-power designs ahead just 
as Intel's silicon gate 

INTEL SILICON GATE p-channel and n-channel MOS 
cMos STRUCTURE technologies are moving micro-
computer and memory designs ahead. 
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10 ~1 J Intel's watch circuits 
ii) ~ exploit this tech-
w I- 5801 i.--l--1 
~ 1 b-+:.s.~1W+-W-l=~::t:+7J._+:i~ nology to limit the 
; ~ ~- - 520~l power dissipation of 
j 

0 1 
1-,._/· -+-+--+--+-+--+--+-+-+--+-+--+--+-+--t a two-chip watch 

SJ · J system to 15 micro-
~ Tf rJ Watts, While driving a 

0
·
01 

5 10 15 liquid crystal display 
VOLTAGE directly at high voltage 

and maintaining an accuracy better than 1 minute per year. 
~ You can get the circuits now-the 5801 oscillator/ divider and 
~ the 5201 and 5202 decoder/ drivers. The 5201 displays 

seconds on command. Both display hours and minutes and 
flash the colon at 1 Hz. A standard crystal, a l.35V cell, and a 
tiny voltage converter regulated by the CMOS circuits 
complete the watch module. 

The watch circuits illustrate 
how Intel's silicon gate CMOS 
technology improves 
performance in both 

low voltage and high 
voltage operating 1.JSV I 

ranges. They're a 
small sample of the exciting 

CMOS designs you'll be talking 
5801 

12V 

1.35V 

5201 
64Hz 

about with Intel Don't wait-write s-
3
spF 

21
pF 

.___ ___________ ____.. 

now for more information on silicon TYPICAL LCD WATCH DIAGRAM. 

23 
leads 

gate CMOS Intel Corporation, 3065 Bowers Avenue, Santa Clara, California 
95051(408)246-7501. 

inter delivers. 
Electronics/March 7 , 197 4 13 



ENI 
The world's leader 

in solid state 
power amplifiers 
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CCD inventors 

_win Liebmann award 

With the charge-coupled device rap
idly finding its way into practical 
applications, its co-inventors- Wil
lard S. Boyle and George E. Smith
have been honored by the IEEE with 
the Morris N. Liebman memorial 
award. Citing the two Bell Tele
phone Laboratories engineers for 
leadership in the field of MOS-device 
physics, the award was presented at 
the recent International Solid State 
Circuits Conference in Philadelphia. 

The acceptance of CCDs was not 
unexpected by the two Bell Labs 
men. Both envisioned from the out
set the three principal applications 
areas that are emerging: imaging, 
memories, and analog delay lines. 
For his part, though, Boyle has been 
mildly surprised at how fast imaging 
applications are moving. ''We're 
now talking about some large arrays 
that work," he points out, such as 
the 256-by-220-bit one in Bell's ex
perimental video camera [Electron 
ics, Feb 21, p. 29]. (Smith and Boyle 
are shown on a video monitor 
through the lens of the experimental 
Bell Labs' camera.) 

Boyle who is now executive direc
tor of Bell's Allentown and Read
ing, Pa. labs, believes that imaging 
has probably come on first because 
"there just wasn't anything that did 
the solid-state imaging job very 
well. It filled a vacuum." 

Smith, a department head in the 
Unipolar Integrated Circuit Labora
tory, remarked how easy it was to 
get good transfer efficiency into the 
devices: "That was our first 

bugaboo," he says, but it was 
quickly overcome. 

As for memory applications, 
Smith notes that several companies 
are making CCD memories at the 
4,096-bit and 8, 192-bit levels and 
"it's not going to stop there. I think 
they'll start to trickle into systems, 
and then it will be like RAMs vs core. 
The important thing is that those 
companies making RAMS can use the 
same production lines to make 
CCDs," he says. 

Boyle foresees use of future CCD 
imaging in a variety of consumer 
products, but he also looks for incor
poration of ccns into instrumenta
tion. "If you have a good linear de
vice with good resolution," he 
observes, " it should get into spectro
scopy, for example, and maybe even 
astronomy." 

Smith thinks astronomy is prob
ably a rather esoteric field for ccns, 
although he won't rule it out. How
ever he expects "more mundane" 
uses to be found for the devices. "A 
big use," he says, "could be in ma
chine-positioning functions , such as 
mechanical-assembly machines, be
cause you'd get good positive feed
back." 

Heath makes assembled 

instruments, kits compatible 

Deciding to home in on the indus
trial assembled-instrument market, 
the Heath Co. has started to phase 
out its more exotic scientific instru
m e n ts , s u ch as th e s p e ct r o
p ho to meter. The principal architect 
of the change for the Benton Har-

Electronics/March 7, 1974 
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For some companies that's a death sentence. 
Picture yourself waiting-42 weeks!-for a 10-cent 

part you desperately need to complete your product. 
That's typical of the leadtimes being quoted for all 
kinds of components and materials as industry after 
industry gets hit by shortages. And there you are with 
your overhead costs soaring , your unhappy customers 
demanding shipment, and your production line at a 
standstill . It's a chilling thought. But for a lot of people, 
it's real , and right now. And from the looks of thing s it's 
going to get worse . 

What can you do about it? Line up alternate sup
pliers and investigate substitute materials. But do it 
now before you r shortage becomes a crisis . Be pre
pared to spend a lot of time pouring through catalogs, 
talking on the telephone, and pounding on doors. Or 
save yourself this hassle and start with Visual Search 
Micro Film . The vital information you need is all ri ght 
there- up to the minute information about products 
and manufacturers. All researched , indexed , and orga-

nized for instant retrieval . If there 's a second source 
for the things you need , odds are it's l isted in VSMF. 
The cost? Less than you now pay a file c I erk. One of 
the small costs of doing-or staying-in business. 

Just send in the coupon and we'll give you the com
plete story on what VSMF can do for your company. 

Information Handling Servi ces, Denver Techno
logical Center, P.O. Box 1154, Englewood , Colorado 
80110, (303) 771 -2600. 
,------------------------1 

0 K. Give me a no-nonsense explanation of how VSMF can solve my I 
delivery problems. D Have a rep resentative call. I 
NAME. 

COMPANY 

ADDRESS __ 

I 
I 
I 
I 
I 

I CITY PHONE. _ I 
I STATE. ZIP -- -- I , __________ _ ____________ I 

• lnforn1ation Handling Services 
An Ind ian Head Company 
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How one 
electronics company 

saves Sl57,200 
a year with an 

Applicon Graphic 
System. 

A ppl icon Graphic Systems 
help designers and drafts
men improve their output 
wh ile saving hund reds of 
manho urs and thousands 
of do llars. 

Fo r example: one elec
tronics manufacturer uses 
h is ACS 700 to design twenty 
new PC boards per month. 
Two sizes are invo lved: 
o ne with twenty-five ICs, 
o ne with fifty. With the ACS 
700, he saves 52 manhours 

on each board of the first 
type and 79 manhours on 
the second. Combined 
savings add up to $157,200 
a year - far more than the 
cost of his ACS. 

Savings like these are 
being realized in diversified 
applications: electronics, 
architectural, mechanical, 
diagramming, and others. 

For more information, 
send the reader service card. 
Or mail the coupon below. 

----------------I 
I 
I 
I 
I 
I 
I 
I 

APPLICON, INCORPORATEDEL-5 
154 Middlesex Turnpike 
Burlington , Mass. 01803 

Please send more data about 
Appl icon Graphic Systems 
directly to : 

' NAME 

' ' TITLE 

~ COMPANY 

, STREET 

' \ CITY 

\ STATE 

I 
ZIP 

-------------
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bor, Mich., firm, is Jimmy Lee, 
newly named engineering vice presi
dent. Lee, who has an MSEE from 
Georgia Tech, formerly was man
ager of the Heath/Schlumberger 
scientific instrument line. 

"We're concentrating on those in
struments compatible with the rest 
of the Heath line-electronic test 
and measuring equipment and au
tomotive-test equipment," he says. 
Besides consolidating Heath's two 
engineering staffs, the move will 
bring the marketing of the new line 
into closer compatibility with that of 
other Heath products. "A $6,000 in
strument doesn't lend itself to mail
order," Lee comments. 

While the industrial and the hob
byist lines aim at the medium- to 
low-cost instrumentation market, 
there are differences: "Sometimes 
it's only a styling change; some
times the instrument's design is 
involved." Differences are dictated 
by the differing needs of the cus
tomers, and by economies of pro
duction. "Take frequency counters, 
for example," Lee says. "We go up 
to 600 megahertz for our industrial 
counters, and the hobbyist doesn't 
need that sensitivity." 

But the biggest factor is the more 
price-conscious kit builder. "The kit 
product :r;nay have a switch with 
wires to the pc board-we can save 
him some money," he points out. 
"But in the assembled product, we'll 
have a switch that plugs into the pc 
board. It's a more expensive part, 
but it saves labor." 

The new line will be marketed 
through Heath's retail stores and by 
mail- a growing trend for medium
priced instrumentation sold to indus
try and consumers alike. 

In phase. Jimmy Lee will phase out Heath 's 
exotic instrument line. 



•• -
' ' 

When you talk about designing and packaging miniature. low current High Voltage Power Supplies and 
Voltage Multipliers. the name ERIE should come to mind first. Why? No other manufacturer of these 
sophisticated devices has its own capacitor and rectifier technology in -house. Only ERIE does it all. Our many 
years experience in producing State of the Art high voltage capacitors and high voltage silicon rectifiers -
plus an unsurpassed technology in circuit designing. packag ing and encapsulation . 
makes ERIE an ideal source for your high voltage component needs. From very 
low input voltages. ERIE can produce output voltages up to 50.000 volts. 
Application for these compact. high reliability devices includes night-vision image 
intensification systems. Apollo TV cameras. CRT displays. Avionics systems 
exposed to rugged environments. Industrial. Commercial and military equipments 
... an· almost infinite variety of applications. So bring ERIE in early. Let us 
design and build your High Voltage Power Supplies and Voltage Multipliers. We're 
equipped to handle large or small volume orders . .. in -house. 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
Erle, Pennsylvania 16512 

Write for our 32-page catalog . . 
High Voltage Components and 
Devices .. . or for technical 
assistance, call 

613/ 392-2581 
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Bern Golbeck's nifty idea 
gave a crisp new feel 
to rotary switches. 

A few years back, Oak's Director of Engineering, Bern Golbeck, had a hunch. 
Use two ball bearings instead of one, and let them index a simple starwheel. 
This would give crisp detenting while greatly reducing the wear on any single moving part. 

It worked. The two ball bearings, controlled by flat springs, travel independently 
over notches in the starwheel. Detenting is smooth, even and sure. 

Positioning is precise. And it gives a crisp, uniform feel that you're 
sure to recognize. 

We call this fancy detent system Unidex~ and it's just one of many 
improvements Oak engineers like Bern have pioneered. 
Since Unidex, we've added molded rotors and molded sections 
to our rotaries-innovations that are now benchmarks of the 
industry. And today we're busy incorporating PC board mountings 
into almost all our switch designs for the quickest and simplest 
installation possible. 

We think you and the people who use your products 
will notice the difference great ideas like Unidex make.Just try, 
for example, the storage select switch on an IBM System/370Model145 
operator's console. Or the sweep selector on a new Hewlett-Packard 1220A 
oscilloscope. You'll feel it. 

While you're at it, write Dave Clifton at Oak. 
He'll send you free literature detailing the broadest line of 

quality rotaries in the industry. And he'll pass along some of Bern's 
helpful ideas on how to choose the right rotary switch for your job. 

II A I~ l1uh1stri~s l11c. 
SWITCH DIVISION / cRYSTAL LAKE, ILL1No1s soo14 
TELEPHONE: 815 • 459 • 5000 • TWX: 910• 634 • 3353 • TELEX: 72 • 2447 
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We can delive rld's smallest 
180° air variable capacitors. 

On time. 
And since we're nice people, we don 't even charge much 

for them. So if you have an application that calls for a 
sub-miniature capacitor that you can "tweak" to a specific 
frequency, these Johnson trimmers are ideal. 

You can choose from either PC or stripline mount, either 
vertical or horizontal tuning. These Type "T" capacitors are 
about one-third the size of the fami I iar type " U" capacitors, 
so you can save space, cut costs and insure improved 
performance in the most compact electronic equipment. 

Rotors and stators are precision-machined from solid brass 
extrusions, resulting in exceptional stability and uniformity. 
High Q-typically 2000 at 150 MHz. Temperature coefficient 
is a low plus 30 ± 15 ppm/°C. High torque (1Y2to8 oz./ 
inches) holds rotor securely under vibration. They're designed 
to meet or exceed EIA-RS 204 and MIL Standard 202C 
Methods 204A and 201 A 

In short, these capacitors may be just what you 've been 
looking for. It'll only cost you a stamp to get more information. 
And if you give us your phone number, we'll call you and 
send free samples after we have clarified your application. 

-------------------------E. F. JOHNSON COMPANY 

20 

3005 Tenth Ave. S.W. I Waseca, MN. 56093 
D Please send me technical information on the type T. 
D Also , include information on your entire line of variable 

capacitors. 
DI want test samples. Please call me at ______ _ 
NAME __________________ _ 

TITLE-----------------~ 
FIRM------------------

ADDRESS 
CITY STATE ZIP __ 

E. F. JOHN SO N l: OMPANY 
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Meetings 

Aerospace and Electronics Systems 
Winter Convention (Wincon): IEEE, 
Marriott Hotel, Los Angeles, March 
12-14. 

Zurich Digital Communications In
ternational Seminar: IEEE, Swiss 
Federal Institute of Technology, 
Zurich, Switzerland, March 12-15. 

International Convention (lntercon): 
IEEE, Coliseum and Statler Hilton 
Hotel, New York, March 26-29. 

Salon des Composants Electron
iques: SDSA, Porte de Versailles, 
Paris, France, April 1--6. 

International Reliability Physics 
Symposium: IEEE, MGM Grand Ho
tel, Las Vegas, Nev., April 2-4. 

International Optical Computing 
Conference. IEEE Computer Society, 
Zurich, Switzerland, April 9-11. 

Optical and Acoustical Micro-Elec
tronics: IEEE, Commodore Hotel, 
New York, N.Y., April 16-18. 

Carnahan Conference on Electronic 
Crime Countermeasures: IEEE, Uni
versity of Kentucky, Lexington, 
April 17- 19. 

International Circuits and Systems 
Symposium: IEEE, Sir Francis Drake 
Hotel, San Francisco, April 21-24. 

Communications Satellite Systems 
Conference: IEEE, International Ho
tel, Los Angeles, Calif., April 22-24. 

Pittsburgh Conference on Modeling 
and Simulation: ISA, University of 
Pittsburgh, Pa., April 24-26. 

National Computer Conference, 
AFIPS/IEEE Computer Society, 
McCormick Place, Chicago, Ill., 
May6.-10. 

International Magnetics Conference 
(lntermag) '74, IEEE, Four Seasons 
Sheraton Hotel, Toronto, Canada, 
May 14-17. 

Semicon/West '74, SEMI, San Mateo 
Fairgrounds, San Mateo, Calif., 
May 21 -23. 
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A f/excircuit tor the new Mustang II 

We did it for 
Ford. 

Ford Motor Company hopes for big things for the 1974 Mustang TI, with consumer 
acceptance equal to or better than the original Mustang. 

It's a quality engineered, totally new automobile. And part of its quality, though 
unseen, lies in the Schjeldahl flexible circuit used behind its attractive and func
tional instrument cluster. 

This new flexcircuit was engineered to accommodate multi-plane design with 
errorless connections. At the same time, possible future circuitry needs for safety 
standard items such as ignition interlock systems and additional warning lights were 
provided. . 

Flexcircuitry may be the answer to your electronic design problem too. It's 
now six years old with Ford Motor 
Company. And they've proven that it 
will do the job like nothing else could, 
along with reducing manufacturing 
costs. 

Schjeldahl did it for Ford . 

Northfield, Minnesota 55057 
Phone : (507) 645-5633 

The state of the art people in volume flexible circuits 

And we can do It for you. 
© 1973 GTS Co. 
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Growing with the· 
Amphenol connectors help 
assure correct weight 
in new automatic 
weighing system. 

Meat merchandising has taken a big step 
forward with advanced solid state circuitry. 
The system includes a scale, mini-computer, 
and a printer in an integrated modular pack
age that can weigh and price meat in seconds . 

Amphenol 221 Series micro-miniature con
nectors share the responsibility for transmit
ting weight and price data to the mini-comput
er. Their low cost, sturdy design , and high
reliability contact configuration make them 
ideal for this application. 

The 221 Series does the same kind of reliable 
work in a variety of equipment in the elec
tronic data processing, telecommunications 
and home entertainment industries. 



-new electronics 
Amphenol connectors 
help transmit computer 
data in new high 
speed printer. 

A unique 
modular ma
trix printer 
was recently 
developed to 
interface with 
mini-comput
ers, medium
s peed batch 
terminals , and other installations requiring 
high speed data output. Data is received at up 
to 75,000 characters per second. The data is 
then carried through PC cards to a printing 
head with an output of up to 165 characters 
per second. 

Precise signal input and data output depend 
on consistent and accurate information flow. 
That's why this peripheral systems manufac
turer specifies Amphenol 225 Series PC con
nectors and 6034 Series trimmers. They also 
rely on Amphenol connectors as an important 
link to the power supply portion of the printer. 

Amphenol assembly 
services help produce 
new credit card 
verifier. 

A major 
computer cor
poration re
cently devel
oped a new 
computerized 
credit system. 
To eliminate a 
costly invest

ment in production equipment and inventories , 
they turned to the Amphenol Cadre Division. 

All assembly and material supply is now 
handled by Amphenol people including compo
nent preparation, stuffing and wave soldering 
of printed circuit boards , hand wiring, and 
mechanical assembly. In addition, unique 
quality control tests are carried out. 

Over 500 units have already been produced 
with excellent turnaround time and high prod
uct quality. They are now in use by a nation
wide resort and restaurant chain for added 
customer convenience and man-hour savings. 

For more information, contact these manufacturing/sales facilities . United States: Amphe nol Components Group, 
1830 S. 54th Av. , Cicero, IL 60650 Canada: Amphenol Canada Ltd. , 44 Metropolitan Rd. , Scarborough, Ont. Great Britain: 

~o2~hO~~,~~~f~;;~:i11~u~:~~n:W~::tG~;!:~~F~~e.;c~~l}~i~;t,ae~~1~:g~~~ee0~1~i~: ~';~J1~".;>~;1~~"dhee~~~~~t3i'~~g~·o~~: 
France Australia: Amphenol T y ree Pty. Ltd. , 10-16 Charles St., R edfern , N.S.W. 2016, Australia India: Amphetronix Ltd .. 
105 Bhosari Industrial Area, Box 1, Poona 26, India Japan: Daiichi D e nshi Kogyo K.K. , 20, 3-Chome, Yoyogi, S hibuya-ku, 
Tokyo, Japan 151 
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There's more 
to resistors 

than 
resistance 

If you're really 
serious about cost, 

be serious about quality. 
If you think all resist ive components 
are the same, listen to what these 
users have to say about Allen
Bradley fixed composition resistors: 
Buyer-"A-B has shipped nearly four 
million parts without a single reject 
or problem. The quality is superb. 
I've spent 12 years in production 
control and purchasing . I've seen 
the amount of down-time , rework 
and field retrofit caused by others '.' 

Circ le 24 on reader service card 

President-"We have used many mil
lions of Allen-Bradley hot-molded 
resistors. The uniformity of quality 
from one shipment to the next is 
truly outstanding '.' 
Engineer-"When we use A-B resist
ors instead of some other make, it's 
one less component we have to 
worry about '.' 
"We learned the hard way. The subtle 
things make the difference. They all 

add up to the top quality we want in 
our products '.' 
Purchasing Agent-"We wish we had 
more Allen-Bradleys '.' 
Write for Publication RD. Allen
Bradley Electronics Division , 1201 
South Second Street, Milwaukee, WI 
53204. Export: Bloomfield, NJ 07003. 
Canada: Allen-Bradley Canada Limit
ed, Cambridge, Ontario. United King• 
dom:Jarrow,Co. Durham NE32 3EN . 
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Tl's 4,096-bit 

RAM hit by 

yield problems 

United challenges 

instrument makers 

with test lines 

Motorola invading 

data market 

AMI, Standard 

develop 1-chip 

print calculators 

Electronics /March 7, ·1974 

Electronics newsletter ___ _ 

Texas Instruments is having yield problems with its much-heralded 
4,096-bit RAM, the TMS4030. The result is that at least one customer is 
using an additional supplier while a second has contingency plans for 
a 1,024-bit part, threatening Tl's lead in the 4k memory market. Hewlett
Packard, which has gone to Mostek to satisfy its needs, says that those 
TMS4030 memories it has on hand are "excellent," but that it isn' t get
ting enough. And Datapoint, a San Antonio, Tex. , terminal and per
ipheral maker, says it isn't alarmed because it can switch to a lk memory. 

Meanwhile, TI, which is working to increase yields and volume, says, 
"We are convinced that the 4k RAM will be producible in large volumes 
this year" but won't commit to definite delivery dates now. 

United Systems Corp., Dayton, Ohio, is mounting a well-financed 
drive designed to take over a larger share of the test and measure
ment market. The company has developed more than 20 new products 
for introduction during the first quarter of 1974 in a design effort that 
has cost more than half a million dollars thus far. 

Included are new housings and proprietary circuitry, some of which 
is in the form of custom LSI chips. The objective is to make the com
pany's new products more attractive, both physically and economically. 
For example, United's 41/z-digit panel meter sells for $219. The nearest 
competitor is priced at $250. 

The HT (for high-technology) series makes its formal debut at IEEE's 
Intercon 74 March 25 (seep. 147) where 22 members of the family are 
being shown. 

Motorola Semiconductor will soon launch a major invasion of the MOS 
data-communications market. Following the announcement of its 8-bit 
n-channel silicon-gate microprocessor chip set (see p. 29) , Motorola 
will introduce a number of MOS parts intended for data communi
cations. The microprocessor set itself includes a sophisticated asyn
chronous communications adapter that directly interfaces to a modem, 
and a synchronous adapter is to follow. 

Some of the other new parts are designed for use with the micro
processor; others stand alone. All are n-channel or complementary
MOS. Next is a single-chip 300-bits-per-second modem designed to re
place the Bell 103, to be followed by a 2,400 bis, 201-type modem; a 
European CCITT modem; a bit-rate generator; a subscriber dialer; a 
first-in , first-out register for changing data rates ; Touch Tone encoders 
and decoders, and a 1,200 b/s modem. 

Taking technology to its logical extreme, both American Microsystems 
Inc. and Standard Microsystems Inc. have developed single-chip print
ing calculators. The AMI device, developed with Sweden's Facit-Odh
ner, is on a 214-by-218-mil chip, making the circuit one of the biggest 
ever developed at AMI. It contains all the control logic, arithmetic unit, 
memory, timers, and clocks and hammer drivers, all running off the 
same +6 volt (operating mode) and - 13 v (standby) supplies. The Fa
cit calculator, a IO-digit machine called the 1145, sells for $349. It prints 
on the familiar roll of 2-inch paper tape and operates from house cur-
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Signetics to offer 

CCD shift register 

International Rectifier 

to offer LEDs 

CML Satellite 

faces shakeup 

Ceramic package 

costs less and 

seals cooler 

Electronics newsletter 
~~~~~~~~~ 

rent or a 9 v battery. AMI plans more calculator circuits with built-in 
display functions-though not printers. 

Standard has three printing calculator chips and three more to be in 
production late this year. They're for 12-digit machines, and have 
memories, floating-point, and several kinds of fixed-point arithmetic, 
and automatic accumulation. One of Standard's customers is Ataka of 
Japan. 

Signetics will announce in the last quarter of this year a 16,384-bit CCD 
dynamic shift register, becoming the first major American semicon
ductor maker to announce a CCD memory product. The device is in
tended to replace disk and drum memories, and the company aims to 
eliminate medium-size disks by 1975. In addition to a cost of 0.1 cent a 
bit, the part runs at 20 megahertz, compared to the 3 to 5 MHz of to
day's MOS shift registers. 

Power semiconductor specialist International Rectifier is about to enter 
the market for light-emitting diodes. First products will be discrete in
frared LED's with wide frequency response and spectral response 
closely matched to fiber-optic transmission lines. These products can 
transmit a TV signal and are also useful for high-voltage optical cou
plers, which will be introduced later. The company does not plan to en
ter the visible LED arena. 

Industry sources see a shakeup brewing at CML Satellite Corp. among 
cash rich Comsat and its domsat partners, MCI and Lockheed. The likely 
outcome will be one or more partners dropping its share of the oper
ation. A reason: Cotnsat, barred from dominating CML, is said to feel 
hamstrung by the company's financial pinch, especially since its part
ners came in with only $1 million each. 

Fueling the rumors are serious talks between CML and American 
Satellite Corp. about some form of merger, a latchup both acknowl
edge they would like as they admit they're seeking partners. One offi
cial close to the discussions rates it "better than 50-50." CML, MCI, and 
Lockheed officially refuse any comment but a CML officer assures that 
the company will continue its newly planned program (see p. 42). 

Diacon Inc. is marketing a new ceramic IC package that not only seals 
at a lower temperature, but costs less than side-brazed or co-fired pack
ages that typically seal at 310°C. " MOS and linear devices with close
spaced metalizations, shallow-diffusion, and surface sensitivity suffer 
when subjected to high-temperature assembly," says Bryant (Buck) 
Rogers, president of the San Diego package company. "Consequently, 
lowering the sealing temperature to 265 °C by using our lead-tin-indium 
seal should boost IC manufacturing yields." The package, a member of 
the cerdip family, is priced at 24 cents each in the 14- and 16-lead ver
sions in million-lot quantities. 
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I WE PUT 14 YEARS OF 
THYRISTOR EXPERIENCE 

INTO EVERY 
UNITRODE SCR. 

And that means a better industrial product. Our 
performance record proves it. In industrial/commercial 
applications, the use of Unitrode SCRs doubled last year 
and has doubled again this year. For the military, Unitrode 
supplies more lead-mounted SCRs than everyone else 
combined. Unitrode is the only SCR supplier with Military 
Qualification Approval on all T0-5 and T0-18 mil. specs. 
Why this kind of acceptance? Our experience. It means 
a lot to people who've had experience with less. 

Our broad line of SCRs including plastic and hermetically 
sealed metal types offers a wide range of choices for 

literally hundreds of applications. The Unitrode SCR 
product line ranges from our very popular, rugged 
0.8 amp T0-92 plastic package and T0-18 hermetically 
sealed series to our 1.6 amp T0-5 and T0-39 series. 
Some series are available to 600 volts. 

It's what you would expect from a company that makes 
thyristors a major part of its effort- not just a sideline. 

Unitrode Corporation , Dept.24Y. 
580 Pleasant Street , 
Watertown, Mass. 02172, U.S.A 

[]JD U N IT R 0 0 E quality takes the worry out of paying less . 
Unitrode Franchised Distributors: ARIZ., Phoenix, KIERULFF (602) 273-7331; CAL, Los Angeles, KIERULFF (213) 685-5511, Palo Alto, KIERULFF (415) 968-6292, San Di ego, KIERULFF 
(714) 278-2112; CANADA, Mississauga, SCHWEBER (416) 678-9050; COLO., Denver, KIERULFF (303) 343-7090; FLA., Hollywood, SCHWEBER (305) 927-0511; GA., Atlanta, SCHWEBER (404) 
449-9170; ILL, Elk Grove, SCHWEBER (312) 593-2740; MD., Rockville, SCHWEBER (301) 881-2970, Baltimore, TECHNICO (301) 828-6416; MASS., Waltham, SCHWEBER (617) 89G-8484; 
MICH., Troy, SCHWEBER (313) 593-9242; MINN., Edina, SCHWEBER (612) 941-5280; NJ., Somerset, SCHWEBER (201) 469-6008; N.M., Albuquerque, KIERULFF (505) 272-1055; N.Y., 
Rochester, SCHWEBER (716) 328-4180, WestburY, SCHWEBER (516) 334-7474; N.C., Raleigh, SCHWEBER (919) 832-8881; OHIO, Beachwood, SCHWEBER (216) 464-2970; TEX., Garland, 
KIERULFF (214) 271-2471, Dallas, HAM I LTO~AVNET (214) 661-8661, Houston, HAMILTO~AVNET (713) 52&-4661, Houston, LENERT 013) 225-1465; UTAH, Salt Lake City, ALTA ELECTRO~ 
ICS (801) 48&-7227 ; WASH., Seattle, KIERULFF (206) 763-1550. 

See EBG Semiconductors Section for more complete product listing. 
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ULTRA-MATCHED 
INSTRUMENTATION 
OP AMPS ... made easy! 
llVos-70µV 
TCllVos - 0.3µV/°C 
Is- lnA 
llCMRR 123dB 
14 Pin DIP Package 
AT LAST-MATCHED DUAL OPERATIONAL AMPLIFIERS! 
New monoOP-10 makes matched amplifier designs 
easy-two low noise , low drift , low bias current 
monoOP-05 Instrumentation OP Amps in a 14 pin 
DIP! Of course, they're fully compensated and com
pletely protected so there 's nothing to add but your 
ingenuity. And the tight matching makes possible a 
new generation of applications including high input 

impedance instrumentation amplifiers with no chop
per noise, low drift multistage active filters, matched 
channel ampl ifiers, tracking dual voltage references 
and .. . No more costly hand select ion of ind ividual 
op amps - monoOP-10 saves time, space and cost 
while boosti ng performance! Try one - they 're off
the-shelf at your PMI distributor now! 

GUARANTEED MINIMAX SPECIFICATIONS 

monoOP-1 OAY monoOP-1 OY monoOP-1 OEY monoOP-1 OCY 

Operating Temp. Range -551+1 25 
!::i. Vos (Vos,-Vos,) 180 
TC !::i. Vos 0.8 
!::i. CMRR 11 4 
Input Bias Current 3.0 
Noise (0 .1 Hz to 10 Hz) 0.6 
Long Term Drift * 0.2 
Price @ 100 pcs. $60 .00 

-551+125 01+70 
500 500 
1.2 0 .9 
106 106 
3.0 4 .0 
0.6 0.6 
0.2 0 .2 
$40.00 $25.00 

01+70 

7.0 
0.65 
0 .3 
$16.00 

oc 
µ.V 
µ.V/°C 
dB 
nA 
µ.V, pk-to-pk 
µV/Month 

*Typical long term drift trend, averaged over a 12 month period (pe r amplifie r) 

1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050 
TEL. (408) 248-9225 • TWX 910-338-0538 • CABLE MONO 

28 Circle 28 on reader service card 

AUTHORIZED DISTRIBUTORS 
NEW YORK METROPOLITAN AREA Harvey Radio , Woodbury, N.Y.: (516) 921-8700 • NEW ENGLAND AREA Gerber 
Electronics, Dedham, Mass.: (617) 329-2400 • UPSTATE NEW YORK Harvey Federal Electronics . Binghamton, 
N.Y. : (607) 748-8211 • NORTHEAST Newark Electronics, Woburn , Mass.: (617) 935-8350 • BALTIMORE-WASH· 
INGTON Whitney Distributors , Baltimore, Md.: (301) 944-8080 • PHILADELPHIA Hallmark Electronics, Huntingdon 
Valley, Pa.: (215) 355-7300 • MICH IGAN RS Electronics, Detroit, Mich .: (313) 491-1000 • SOUTHEAST Kirkman 
Electronics, Winston-Salem, N.C.: (919) 724-0541 • EAST CENTRAL Pioneer/ Cleveland , Cleveland , Ohio : (216) 
587-3600 • Pioneer/Dayton, Dayton, Ohio : (513) 236-9900 • CENTRAL Hallmark Electronics, Elk Grove Villag•, 
Ill. : (312) 437-8800 •Minneapolis, Minn.: (612) 925-2944 • St . Lou is, Mo.: (314) 521-3800 •TEXAS-OKLAHOMA 
Sterling Electronics, Houston, Texas: (713) 623-6600 • Dallas, Texas: (214) 357-9131 • SOUTHWEST Sterling 

1
l 

Electronics, Albuquerque, N.M .: (505) 345-6601 • Phoenix, Ariz .: (602) 258-4531 • WEST Westates Electronics 
Corp ., Chatsworth, Calif.: (213) 341-4411 • Sterling Electron ics , San Carlos , Calif .: (415) 592-2353 • lntermark 
Electronics, Sunnyvale, Calif. : (408) 738-1111 • Denver, Colo .: (303) 936-8284 • Salt Lake City , Utah: (801) 
359-0531 • San Diego, Calif.: (714) 279-5200 • Santa Ana, Calif.: (714) 540-1322 • Almac-Stroum, Seattle, 
Wash.: (206) 763-2300 • Portland, Ore .: (503) 292-3534. 
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Significant developments m technology and business 

Motorola joins 
microprocessor race 
with 8-bit entry 
Motorola will supply all 

the 5-volt components for 

its microprocessor, assuring 

compatibility with TTL 

The microprocessor race appears to 
be heating up with Motorola's de
velopment of its eight-bit, n-channel 
microprocessor family. The five
chip set, which includes a central 
processor, the 6800, along with ran
dom-access and read-only memo
ries, and peripheral and communi
cations interfaces, is expected to 
give Intel's n-channel, eight-bit sys
tems, built around the new 8080 
CPU, a run for their money. 

Although all the details of the In
tel chips have not yet been revealed, 
both microprocessors offer about 
the same number of instructions-78 
for the 8080 and 72 for the 6800-
with roughly comparable perform
ance. The Motorola microprocessor, 
however, may result in system sav
ings for certain applications by re
quiring fewer interface circuits and 
power supplies. 

Significantly, the Motorola micro
processor set forms a complete mi
crocomputer that needs only a 
single 5-volt supply and one exter
nal clock- no . multiplex, multiple 
supplies, or interface packages are 
required. The chips, built with an 
ion-implanted n-channel silicon
gate process, will enter production 
in November. 

The single microprocessor chip 
(MC6800) is equivalent to about 
120 MSI TIL packages. It has 72 self
contained basic instructions with de
cimal and binary arithmetic capa
bility, variable-length instructions, 
double-byte operations, two accu
mulators, and seven addressing 
modes. The typical instruction time 
is under 5 microseconds, and since 
up to 64,000 bytes can be addressed 
in any combination of RAM, ROM, or 
peripheral registers, peripheral ca
pacity is almost unlimited. 

+5·V 
POWER SUPPLY 

CONTROL 

PIA 

CONTROL 

8-BIT 
DATA BU S 

Another key component in the 
family is the MC6810, a static, 500-
nanosecond 128-by-8-bit static RAM 
designed for use with the MPU, but 
other RAMs, including the 4,096-bit 
MCM6605, or other types and speeds 
of memory can be used. The 
MC68 l 6 ROM is a static 1,024-by-8-
bit memory for use with the system, 
but other ROMS are also usable. 

The microprocessor set is orga
nized around the popular parallel 
data-bus concept introduced by 
Digital Equipment Co., Maynard, 

128 x 8 
STATIC 

RAM 

1,024 x 8 
ROM 

PIA 

PIA 

16-BIT 
ADDRESS BUS 

--"" MATRIXED 
KEYBOARD 

l/L---' (64 KEYS) 

PR INTER 

SYNC Motorola's Semiconductor Prod
ucts division has put extensive effort 
into developing the microprocessor 
because it feels this device is the key 
to getting the MOS business it hasn' t 
enjoyed so far. 

Bussed. Motorola's microprocessor is organized around the parallel data-bus concept Up 
to 1 O LSI chips can be directly attached to the bus-ROMs, RAMs, peripheral interface 

adapters (PIA), and communication interface adapters (CIA) . 
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Mass., with its PDP- l l mm1-
computer. All memory and periph
eral/interface chips simply hang on 
the eight bidirectional data lines (16 
address lines are provided). Chip in
terfaces are tri-state, and up to 10 
LSI chips can be directly :ittached to 
the bus for operation to 1 mega
hertz- ROM, RAM, the peripheral in
terface adapters (PIA), and commu
nications interface adapters (CIA). A 
bipolar bus extender can be added 
to drive still more peripherals, but a 
significant system can be assembled 
from the 10 chips. 

For this operation, a peripheral 
adaptor, the MC6820, is provided. It 
is a bidirectional unit with two par
allel eight-bit outputs that can drive 
two peripherals, or its two outputs 
can be used together for higher 
throughput. 

The final member of the family is 
the MC6850 asynchronous commu
nications interface adapter-a syn
chronous version will be announced 
later. This bidirectional device takes 
a load off the MPV for sending and 
receiving data from remote loca
tions. It directly interfaces to most 
standard modems, or it could inter
face to a single modem chip, such as 
the one now under development at 
Motorola. 

Along with the chip sets, Moto
rola is offering a hardware simula
tor, called "Exerciser," to ensure 
that first prototypes work properly. 
This table-top microcomputer, 
which will be priced at about 
$5,000, will include a debugging 
board and a program to print out 
the contents of all registers. D 

And here's a C-MOS 

microprocessor 

While many semiconductor manu
facturers have settled on an n-chan
nel process to implement their latest 
microprocessor designs [Electronics , 
September 27 , 1973, p. 33], RCA has 
taken the complementary approach. 
The result is the industry's first 
C-MOS microprocessor. 

With its standard 4000 series 
COS/ MOS technology, RCA's 2-chip 
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MEMORY 
SYSTEM l+------+I 

A BUS 
MU X 

8 BIT INTERNAL DATA BUS 

Complementary. RCA 's C-MOS memory 
system shares the microprocessor input/ 
output interface with system peripheral 
devices. C-MOS chip is at right. 

8-bit microprocessor set-a single
chip design is under way- has all 
the advantages that C-MOS circuits 
offer. It can operate off power sup
plies providing anywhere from 5 to 
15 volts, it has 40% noise immunity, 
and it dissipates power at the micro
watt level. According to Jerry Her
tzon, director of RCA's Technology 
Center at Somerville, N.J. , the chips 
will be available for sampling this 
year. 

Because it is so easy to use and 
consumes so little power, the chip 
set will be particularly useful for 
low-cost high-volume applications, 
such as process control and manu
facturing automation, point-of-sale 
terminals, and programable calcu
lators. Perhaps more significantly, 
its C-MOS process could make it es
pecially attractive for micro
processor control in cars. 

The microprocessor, which will 
come in a 40-pin package can be 
used with any mixture of RAM, ROM, 
and peripheral input/ output cir
cuits. It is capable of addressing up 
to 65 ,536 eight-bit bytes, so that 
quite large and flexible processing 
systems could be implemented, even 
though its instruction set is limited 
to only 25 instructions. What's 
more, when operating from a typical 
supply of 10-12 v, the machine 
cycle time is a respectable 3 micro
seconds. And using a standard 1-µ,s 
RAM, the microprocessor chip set 

has a maximum 6-µ,s fetch-execute 
time for any instruction. 

The CPU has a unique hierarchy. 
At its heart is a 16-by- l 6-bit scratch
pad memory, which serves to refer
ence the accompanying RAMs and 
ROMS. These l 6 registers, called the 
register matrix, are addressed by 
any one of three P, X, or N registers, 
which are all four bits wide. 

With these registers, fetch and ex
ecute is done in two steps. The N 
register and another I register are 
used to hold the instruction fetched 
from the main memory. The con
tents of the I register determine the 
instruction type to be executed . De
pending on the reading, the con
tents of the N register are used to se
lect one of the scratch-pad matrix 
registers that control the in
put/ output devices. 

The P register is used to deter
mine which one of the 16 scratch
pads is to be used as the program 
counter, while the X register is used 
to address the scratch-pad matrix 
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for additional reference instructions. 
In this way, all 25 instruction cycles 
can be accommodated quickly. D 

Government electronics 

Richard E. Wiley 
named FCC chief 

The appointment of Richard E. Wi
ley to become chairman of the Fed
eral Communications Commission 
has drawn good notices from indus
try observers who used phrases like 
"bright," "hardworking," and 
"looks at both sides of the issues" to 
describe the 39-year-old lawyer. 
Wiley, who has been an FCC com
missioner for more than two years 
and was previously the body's gen
eral counsel for one year, will suc
ceed Dean Burch, who will leave 
shortly to become a counsellor to 
the President with cabinet rank. 

Observers watching his perform
ance as commissioner, don't expect 
any drastic departures from the 
commission policies established un
der Burch's stewardship. It is ex-

New FCC chief. Richard E. Wiley, new FCC 
chai rman , is considered likely to foster com

petition with AT&T and be pro-broadcasting. 
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pected that Wiley will continue 
Burch's emphasis on fostering com
petition with AT&T monopoly ser
vices, while perhaps adding some 
new touches of his own-such as 
clearing up obsolete regulations. 
And while Burch was considered to 
be a friend of the cable-television 
industry, Wiley is seen as being 
"pro-broadcasting industry," but 
fair-minded about it. 

Wiley is likely to preside over 
"the second Nixon phase of the 
FCC"-the Administration will have 
appointed all seven members by the 
time Wiley's term is up in three 
years. After Burch's departure, the 
commission will shrink to four 
members when another member's 
term expires this summer. 

Although the President can only 
appoint four from his party, the 
Democratic seats will be filled by 
persons sympathetic to the adminis
tration. Nominal Democrat James 
H. Quello may soon be confirmed 
for one seat, since opposition melted 
away during Senate confirmation 
hearings. Widely mentioned for the 
two other slots are Ward White, mi
nority Republican communications 
staffer with the Senate Commerce 
committee, and Luther Holcomb, 
vice chairman of the Equal Employ
ment Opportunities Commission. 

Industry executives generally ap
proved of Wiley's appointment. 
"Dean Burch worked hard to make 
the FCC a dynamic organization, 
and it looks like he'll carry on in 
that tradition," comments William 
G. McGowan, board chairman of 
MCI Communications Corp. An
other industry official, who declined 
to be named, uses words like "hard
working, knowledgeable" in saying 
that Wiley "understands the many 
complex and broad issues that con
front the commission. That's not 
true of all commissioners." 

Wiley has campaigned for the 
chairmanship almost from the mo
ment he came aboard. Helping, too, 
was the 1968 campaigning he did 
for President Nixon before he 
joined the commission . He is re
puted to have political aspirations 
beyond his new post. Born in Peo
ria, Ill. , he received his BS degree 
from Northwestern University and 

his JD degree from Northwestern 
School of Law in 1958. After three 
years as an Army legal officer, Wi
ley joined a Chicago law firm, was 
assistant general counsel for Bell & 
Howell Co., and was a partner in 
another law firm before he joined 
the FCC as general counsel in 1970.D 

Commercial electronics 

Electronic cure for 
VTR's mechanical ills 

Some of the hottest items under de
velopment are solid-state analog de
lay circuits for communications, ra
dar, and audio and TV equipment. 
Although the approach making the 
headlines is the charge-coupled-de
vice delay line, Reticon Corp, 
Mountain View, Calif., has applied 
its self-scan MOS image technology 
to come up with a circuit that cor
rects time-base errors caused by 
variations in video recorder tape 
drives. 

The mechanical problems of driv
ing the video tape at an even speed 
past the tape head have been expen
sive to solve. One way to correct for 
image-degrading time-base errors is 
to digitize the signal and regenerate 
it with a precise digital/analog con
verter. But this is expensive; a 
videotape recorder maker can't af
ford that kind of signal control, and 
so far no maker has managed to cut 
costs or dared to cut performance to 
the point where home VTRs can sell 
below the $300-$500 range. 

With the Reticon device, which is 
called a se rial analog memory 
(SAM), a pair of shift registers clock 
the video signal independently into 
and out of an array of MOS capaci
tors. With 64 capacitors and a clock 
rate of up to IO megahertz, the SAM 
provides a maximum delay of 6.4 
microseconds. The TV raster scans 
one line in about 63 µ,sec, so a single 
SAM can correct time-base errors of 
up to 10% of the line width. The cost 
is $1 a bit in OEM quantities. 

Load and charge. The input shift 
register samples the analog signal 
by operating a set of switches that 
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allow the signal to charge the bank 
of capacitors serially. When a start 
pulse loads the first bit of the regis
ter, the first switch closes and the 
first capacitor is charged. When the 
register shifts the bit to the next cell, 
the first switch opens, isolating the 
capacitor, and the next switch 
closes, charging the second capaci
tor. The start pulse thus has a max
imum repetition rate of 1.8 times 
the clock frequency, where N equals 
the number of capacitors. 

The output shift register reverses 
the process. The start pulse loads 
the register's first bit and connects 
the first capacitor to the output line, 
so that it discharges. As the bit trav
els down the register, it successively 
discharges each capacitor and re
constructs the waveform, with a new 
time base determined by the clock 
rate. A capacitor can take a new in
put signal as soon as it is discharged. 

All of the circuitry for the SAM is 
fabricated on Intel's standard 67-by-
300-mil silicon-gate MOS chip. To 
build it, Reticon uses the process 
and production facilities of the Intel 
Corp., its part owner, which are 
right across the street from its plant. 
Reticon has provided sample cir
cuits to several manufacturers, and 
the SAM has already been installed 
in equipment. 

John J. Rado, Reticon's president, 
says the circuit is also suitable for 
digital filtering, including fast-fou
rier transforms, time and frequency 
expansion and compression, pattern 
recognition, bandwidth compression 
for multichannel transmission, and 
other applications. D 

Anyone for tennis 

-via color TV? 

The contenders may not be Billy 
Jean King or Bobby Riggs, and the 
site of the match may not be the As
trodome, but the basic game is ten
nis-now in a coin-operated color
video version. 

Called "Wimbledon," the new 
game uses a TTL processor and a 
television set to simulate a tennis 
match-complete with the sounds of 
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Love it. Wimbledon is new coin-operated 
tennis game played on color-TV set. 

play, a grass-green field, white bor
der lines, white ball, tennis rackets 
in four different colors, and scores 
displayed on a bright yellow back
ground. The first coin-operated 
color game, it is being marketed by 
Nutting Associates, Inc., Mountain 
View, Calif., which was among the 
originators of black-and-white video 
games two years ago. 

Color, says William G. Nutting, 
president of the firm, is an impor
tant advance because black-and
white games are rather dull in ap
pearance. He expects Wimbledon to 
recapture the market in "sophis
ticated locations, whose clientele 
won't tolerate the clanging of pin
ball machines." The generic name 
"pong" refers to the sounds of play 
the video games produce. In the 
past two years, some 22 game man
ufacturers have come out with 
black-and-white pong games, Nut
ting says. 

The TTL processor, reports Miel 
Domis, Nutting's project engineer, 
controls the three guns of the color 
tube to simulate the motion of the 
rackets and ball on the colored field. 
The image of the field is generated 
by a solid-state memory, while the 

processor itself produces the other 
movements by generating digital 
vectors. 

The players move sliding resist
ance controls, one for each racket. 
Control positions are stored in regis
ters while the controls change the 
trigger settings of timing circuits, 
Domis explains. The timing changes 
vary the rate at which the electron 
guns are gated by the data words 
representing the rackets and ball, 
making them appear to move as the 
guns sweep across the field. If the 
ball hits the racket, a rebound vec
tor is started by a flip-fl.op output. If 
not, or if the ball goes out of 
bounds, a point is scored and dis
played. 

No endless volleys. A 14.318-
megahertz crystal output is counted 
down to time the motions and gen
erate the TV gating, synchronization 
signals, and also the sounds of play 
for Wimbledon. The composite sig
nals are fed to the set's antenna ter
minals. And there is another new 
feature for those who have learned 
to lock a pong game into a stable 
state where the paddles or rackets 
are placed so that the ball oscillates 
endlessly back and forth. Now, after 
eight volleys, a counter triggers a 
change in the ball's vector. 

Having created color control, 
Domis is now considering other 
games, such as billiards or pool, 
where color would create a more 
realistic game. 0 

Solid state 

Low-power Schottky 

gets second sources 

Texas Instruments will shortly get 
its first competition in low-power 
Schottky TTL. Both Signetics and 
Fairchild will begin introducing the 
hard-to-make devices, which so far 
offer the best performance/power 
tradeoffs to military OEMS. 

Signetics is entering the 54LS 
market with a few simple circuits
the 54174LS/O and 05 hex inverters 
in March, and some dual JK fl.ip
fl.ops- the 54174LS 112, 113, and 
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30Hz Resolution 
Revolution 

· Spectrum Analysis in the O-to-1800 MHz region 

The TEKTRONIX 7L 13 adds 
revolutionary measurement power 
to spectrum analysis: 30 Hertz 
Resolution that is useful all the way 
to 1800 MHz. 

There is no smearing from drift or FM in 
this 200 Hz/ div display, even though the total 
sweep time is 20 seconds. Signals are 
resolved to 70 dB down even though they 
are only 500 Hz apart. Center frequency 
is 1555 MHz. 

It is generally understood that High 
resolution means the ability to distinguish 
between signals differing little in fre
quency. Actually, the design that makes 
30 Hz resolution possib le results in more 
than just the ability to distinguish between 
close together signals. The design of 
the 7L 13 means better sensitivity, 
-128 dBm; less drift, under 2kHz per 
hour; less FM, under 10 Hz phase 
locked; it means less noise ... it means 
the revolutionary analyzer performance 
that is available from Tektronix, Inc. in 
the 7L 13. 

Because of the resolution revolution, 
the performance of your edge-of-the-art 
circuitry and devices can now be 
quantified, not guessed at. A discussion 
or demonstration of TEKTRONIX 
Spectrum Analyzer performance can 
be arranged by any Tektronix Field 
Engineer. Call him or use one of the two 
reader service numbers below. 

7L 13 Spectrum Analyzer-$6500 
7613 Variable Persistence Mainframe
$2500 

TEKTRONIX, INC., P. 0 . Box 500 
Beaverton, Oregon 97005 
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114- in May and June . Product 
manager Stan Bruederle says the 
company will introduce 20 products 
this year, including the 54/74LS 
181 , a 4-bit arithmetic unit, and 
some other medium-scale-integra
tion items. 

Fairchild's first low-power 
Schottky parts, to be available in 
late March, will be small-scale-inte
gration products. According to Rob 
Walker, product planning manager 
in the Digital Products division, 
"they are specified at twice the 
speed of the TI devices-5 nano-

Segment of Industry 

seconds typical and 10 ns max
imum. Walker expects the Fairchild 
products, catalogued the 9LS, to 
serve "as a replacement to all H 
series and a lot of S circuits, as well 
as standard TTL." 

TI presently offers about 60 cir
cuits in the 54LS family. Signetics 
does not expect to compete across 
the board for some time, and is in
troducing the line now in the expec
tation of participating in some proj
ects later this year. Low-power 
Schottky devices are presently going 
into avionics and ground trans-

Jan. '74 Dec . '73 * Jan . '73 - Industria l-commercial electronics 156.3 156.5 142.3 
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-Consumer electronics 119.7 114.9 114.5 - Defense electronics 152.5 152.5 137.8 

C=:J Total industry 135.8 133.3 126.3 

The index rose for the second straight month , reaching a level that is the 
highest since October 1969, and 7.5% above last year's level. The de
fense sector was the largest gainer, rising 4.2% above the previous 
month . The only drop occured in consumer electronics, which fell 0.1 % 
from December's figure . 

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

portable equipment operating at 
over 5 megahertz. 

Low-power Schottky offers typi
cal power dissipation of 2 milliwatts 
per gate while operating at IO ns 
gate delay and 35 MHz flip-flop 
toggle rate. The regular 54174 series 
has five times the power dissipation 
at comparable performance. The 
low-power series 54L, which dissi
pates only 1 mW I gate, operates at · 
33-ns gate delay and a 10-MHz flip
flop rate. 

The C-MOS circuits match low
power Schottky at low frequencies, 
but C-MOS power dissipation goes 
up exponentially and crosses that of 
low-power Schottky at around 2 
MHz. Low power dissipation is a 
must for military suppliers, and 
avionics contracts conventionally 
specify bonuses for undercutting 
power requirements and penalties 
for exceeding them. Signetics be
lieves that low-power Schottky ca
pability is essential for companies 
that wish to continue to supply the 
military. Within five years, Brue
derle says, 54LS will be the standard 
military-design tool. 

Military pressure for a second
source to TI induced Signetics to 
spend the money raised during last 
fall 's $20 million stock sale for the 
ion-implantation and thin-film 
equipment necessary to build 
54/74L. Signetics already uses ion 
implantation in every product line 
and has a thin-film process com
parable to Fairchild's Isoplanar. 

The first key to building the 54LS 
line is a technique, derived from LSI 
processing, for fabricating resistors 
no bigger than conventional 
Schottky resistors . D 

Thermoplastic used 
between IC layers 

Multichip LSis with thermoplastic 
insulation between the layers of wir
ing interconnecting the chips has 
been developed in a joint Japanese
U.S . research program. Tokyo Shi
baura Electric Co.'s Research and 
Development Center and the Gen
eral Electric Co.'s Electronics Labo-
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ratory, Syracuse, N.Y., have con
ducted the engineering research. 

The advantages of the process, 
called semiconductor thermoplastic 
dielectric by GE, include reduction 
in circuit size and weight, elimina
tion of labor-intensive processes, in
cluding wire bonding, and improved 
heat-sinking and reliability. A vari
ation of the approach has been de
veloped for microwave applications. 

In the basic process, standard IC 
chips with conventional aluminum 
bonding pads are positioned pre
cisely on an aluminum substrate, 
covered with a sheet of FEP, a 
fluorocarbon plastic, and then sub
jected to heat and pressure. The 
chips are pressed slightly into the 
substrate. The plastic at the top of 
the chip is extruded to produce a 
thin plastic layer covering the chips 
and a thicker plastic layer filling in 
spaces between the chips. 

Holes are etched in the plastic 
layer for interconnections, which are 
copper, with a titanium barrier layer 
between copper and aluminum pads 
to prevent undesirable solid alloys. 
The insulation for the second and 
subsequent interconnection layers is 
also plastic, but the companies 
won't disclose its composition. 

How big? An experimental circuit 
includes 11 TIL chips on a 25-mil
limeter square, 2-mm-thick, sub
strate. The two layers of wiring form 
312 interconnections. The power 
dissipation is 2 watts, and tempera
ture rise is 25°C. Thus, the com
pleted product functionally replaces 
an equivalent number of integrated 
circuits mounted on a multilayer 
printed circuit. What's more, the 
unit insulated with thermoplastic is 
smaller and can be fabricated by 
batch processes that yield improved 
performance and reliability. 

Microwave integrated circuits are 
built on a beryllia substrate with de
posited connections to the reverse 
side of the chips, but the insulation 
system is similar. An experimental 
circuit on a 7-mm-square substrate 
has a power output of 14 w at 1.5 
gigahertz and a bandwidth of 250 
megahertz. Multichip circuits, there
fore, have been shown to be suitable 
for micropower to high-power de
vices from de to microwave fre-
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quencies. GE managed the design 
and evaluation, and Toshiba has 
handled the fabrication. D 

Consumer electronics 

Depthmeter's sonar 
put on a chip 

With ICs turning up in more and 
more products, it's not surprising to 
find one in a product for the angler 
or yachtsman. Now, National Semi
conductor Corp., Santa Clara, 
Calif., is producing a single-chip so
nar system for an under-$100 fish
finder I depthmeter. 

The bipolar integrated circuit, 
which measures only about 80 by 90 
mils, includes a complete 12-watt 
transmitter-perhaps the first prac
tical monolithic transmitter-and a 
receiver that drives a neon bulb 
with 10 w of power. The part was 
developed as a custom product for a 
large depthmeter manufacturer by 
National development engineers 
Thomas A. Frederiksen and Wil
liam M. Howard. 

Echoes. The system consists of a 
piezoelectric transducer mounted on 
the hull under the water, the re
ceiver and transmitter, the IC, and a 
rotating-disk display. The trans
mitter feeds 12 w at 200 kilohertz to 
the transducer for approximately 
800 microseconds. The transducer 
both converts this signal to a sonic 
wave, which is sent toward the bot
tom, and picks up echoes from fish 
or the bottom. 

If the received signal is large 
enough to trigger a threshold detec
tor and get through a special im
pulse-noise limiter, a neon bulb 
mounted on a rotating disk flashes. 
The angle at which the bulb flashes 
indicates the depth. Multiple flashes 
can occur-showing, for example, 
both a school of fish and the bottom. 
The system timing is derived from 
the rotating disk, which is driven by 
a small battery-operated motor. 

Benefits offered. A single inductor 
is used to set both receive and trans
mit frequencies , eliminating the 
need for tuning the system in pro-

duction, as is necessary with discrete 
units. What's more, frequency drift 
does not affect operation. And, in 
contrast to current gear, any trans
ducer can be used. Present depth
meters require that the equipment 
be tuned to the transducer, a prob
lem when a transducer or finder 
must be replaced. 

No external transistors are re
quired because the 18-pin package 
contains all semiconductors other 
than a swamping diode on an out
put transformer. But the transducer 
and the neon bulb require voltage 
transformation, since the transducer 
impedance is a high 600 ohms. And 
triggering the neon bulb requires 
substantially more than the 12-volt 
operating supply. Large Darlington 
power transistors on the chip drive 
the bulb and transducer, a piezoelec
tric crystal. D 

Communications 

Optical waveguide 
has own modulator 

Electro-optical modulators built 
right into tiny monolithic wave
guides for laser light are the latest 
links in the chain of development 
leading toward practical fiber-optic 
communication systems [Electron
ics, May 24, 1973, p. 33]. 

RCA's David Sarnoff Research 
Center, Princeton, N.J., and Bell 
Laboratories, Holmdel, N.J., have 

Eyeing an electro-optic modulator. RCA's 
device is bu ilt into a light waveguide. 
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Picture video 
copies like these as 
part of your system. 

$2950, single unit price. 
Hard copies are the record keeper of modern 
display systems. They're a time-saver, too, providing 
output for busy people to read at their leisure. 
Unfortunately, however, copy quality has been 
inconsistent. Until now. Look at our versatile, low
cost 4632 Video Hard Copy Unit! 

Our 4632 gives your systems consistent high quality, 
high resolution , grey scale and black and white 
copies on 8V2" x11 " paper. In other words, copies 
you can read . 

It interfaces quickly to alphanumeric or graphic 
display terminals and scan converters. All you need 
is access to one of these video sources: 
1. Composite video; 2. Video, horizontal drive, 
vertical drive; 3. Video, composite sync. 
And it operates at any standard line rate. 

The 4632 is a dry process performer using 
3M® Dry-Silver paper. It's light and 
compact, yet built sturdily for hard use 
and designed for easy servicing . 

Graphics. The mind's 
eye, for those who think 
tomorrow. 
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Tektronix Information Display Division, 
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fabricated low-loss optical wave
guides and used them to modulate 
light at rates that could exceed 1 gi
gahertz. Once developed, such de
vices could be used to modulate sig
nals for thousands of telephone 
channels in one waveguide. 

The RCA modulator is made by 
depositing a film of niobium on a 
crystal of lithium tantalate, which is 
then placed in a furnace. Niobium 
atoms diffuse in to replace the tan
talum and form a tiny waveguide of 
lithium-niobate tantalate. Because 
that compound has a higher refrac
tive index than lithium tantalate, 
light coupled into the guide remains 
inside. 

In a typical layer, about 30% of 
the tantalum in the substrate is re
placed by niobium near the surface. 
This fraction falls to zero at a depth 
of about 2 micrometers. One device 
fabricated in a single-mode guide 
required 6.5 volts for 80% modu
lation at a wavelength of 6,328 ang
stroms and 3.5 vat 4,495 angstroms. 

Modulation is performed by vary
ing the voltage applied to the wave
guide. As the electric field varies, 
the crystal ' s refractive index 
changes, and this change is used to 
produce amplitude modulation or 
beam diffraction. 

The RCA device will operate-at 
0.1 mw per megahertz-"as fast as 
it can be driven ," according to 
Brown F. Williams, head of quan
tum electronic research at the cen
ter. The limit on frequency is the ca
pacitance of the electrodes 
connected to the waveguide. Single
mode losses are of the order of 1 
decibel per centimeter. The device 
has an active volume of 0.12 by 0.02 
by 0.02 inches. 

The Bell single-mode waveguide 
modulator is fabricated using an 
out-diffusion technique in which 
lithium atoms are removed from a 
lithium niobate crystal. What's left 
is a lithium-deficient waveguide at 
the surface of the crystal. Power re
quirements for the unit- 0.4 milli
watt per megahertz- are somewhat 
more than for the RCA device. Thus, 
at 0.4 w, the modulator will operate 
at 1 GHz. The active region' of the 
modulator measures 0.24 by 0.002 
by 0.002 in. 
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The RCA unit is an amplitude 
modulator, whereas the Bell Labs 
device modulates phase. Both mod
ulators operate at wavelengths from 
the visible to the near-infrared. D 

Energy 

Communicating may 

replace commuting 

The energy crisis may well accele
rate the adoption of a far-reaching 
change in life style: communicating 
instead of commuting to work. The 
change has long been touted by fu
turologists, but research in com
puter and telecommunications tech
nology indicates that it may be 
economically practical, even now
at least for some businesses. The 
University of Southern California, 
working under a grant from the Na
tional Science Foundation, is study
ing the subject, which could be a vi
tal one for car-oriented Los Angeles, 
where USC is located. 

The study, being coordinated by 
Jack M. Nilles, director of inter
disciplinary program development, 
is concentrating on near-term prac
tical results. A major part of the 
study is investigating those com
panies that Nilles classifies as 
"people huddled around a com
puter" - banks and insurance com
panies, for example. 

Nilles points out that the workers 
in such companies could be dis
persed to work centers near their 
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homes. The additional costs in
volved would be for terminals plus 
communication lines to the central 
organization. These costs would be 
about the same as the present costs 
of commuting, he adds, suggesting 
that employees would walk or bi
cycle, rather than drive, to work 
centers near their homes, and they 
would pay at least part of the termi
nal costs in lieu of commuting ex
penses. The estimated energy con
sumption for a car in a typical Los 
Angeles round-trip commute of 22 
miles is 50 kilowatt-hours, com
pared to only 2 kilowatt-hours for 
computer and telephone lines. 

Among the technical problems 
being investigated is the man
machine interface. Nilles suggests 
that the traditional typewriter key
board plus CRT terminals may not 
be optimum. Serious investigation 
must also be devoted to the commu
nications lines. Present 3-kilohertz 
telephone lines could become inade
quate if many companies adopt re
mote operations, and coaxial-cable 
or even fiber-optic communications 
lines might be needed D 

Microwaves 

Baritt diodes f ind 

new appl ications 

Barrier injection transit-time 
diodes-Baritts, for short-have been 
little more than laboratory curi
osities. But their status may be 
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If you need a 3-Station 
Digital Logic Test System, 

we can save you 

Compare the Hughes 1024's price and 
performance with the General Radio 1792, Teradyne 
115, and other higher-priced systems. Three Teradyne 
115s, for example, can easily set you back $210,000. 
Get the new Hughes 1024 system with three inde
pendent work stations instead , and you invest only 
$118,000. 

We can charge less because we've built in 
more flexibility and economy. The 1024's disk-based 
system uses a common mini-computer and disk mass 
storage to drive up to three work stations. You can 
start with the basic control unit and one work station 
(256 two-way lines) for as little as $68,000, and readily 
add two more stations for $25,000 each. 

The stations can be remotely located. They 
operate simultaneously, with each one performing 
a programming task or testing different card types. 
Not only that. Each station can handle up to 1024 two
way lines, with special interface configurations to test 
ECL and other logic families. 

You get high speed , automatic dynamic
response testing (100 nsec) vs . the static testing most 
competitors offer. And a software-controlled probe 
quickly isolates manufacturing failures . 

Now, all this might not mean much if the 
Hughes 1024 didn't have a superior test language and 
supporting software to cut test-program generation 
down to size. But it does. Plus a comprehensive file 
management, interactive CRT edit, and a real-time, 
disk-based operating system. 

We'll supply test programs for your 1024, 
or other test systems. We'll also convert existing test 
programs to the 1024 language. 

Hughes has pioneered in developing auto
matic test equipment for many projects. And now 
Hughes offers a complete logic-testing capability from 
hardware through test-generation service . 

Mail the coupon today. How could you find 
a better way to save $92 ,000? 
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changing as the Baritt finds appli
cations in self-mixed doppler radars, 
X-band microwave generators in in
truder-alarm doppler radars and in 
anti-skid braking systems. 

Baritts have two serious disadvan
tages. They require 60 to 100 volts 
bias- while Gunn diodes use 6 or 12 
v. What's more, their power output 
has been limited to about 10 milli
watts at 11 gigahertz-at least an or
der of magnitude less than Gunn 
devices. 

However, a Swedish company, 
IMA Microwave Products, believes 
that the Baritt has enough going for 
it to give it the edge in certain appli
cations. IMA has developed a com
plete intruder-alarm doppler-radar 
module using a Baritt, and is offer
ing Baritt samples rated at 30 mw 
cw at 7 GHz, 20 mw at 9 GHz and 10 
mW at 10 GHz. The worldwide dop
pler-alarm industry, which uses 
thousands of Gunn diodes every 
week, is the market IMA is aiming at. 

IMA, a joint venture between the 
Microwave Institute in Stockholm, a 
government-sponsored research es
tablishment, which does the R&D; 
ASEA, an electrical equipment man
ufacturer, which makes most of the 
semiconductor products; and Incen
tive AB, which provides financial 
backing. 

Pros. Peter Weissglas, a professor 
at the Microwave Institute and con
sultant to IMA, lists the pros of Bar
itts in doppler alarms: 
• The 10-GHz radar has an output 
of 5 mW, the same as many similar 
Gunn radars. 
• The IMA module has a much 
longer effective range than Gunn 
modules because Baritt module 
noise is some 20 to 30 decibels bet
ter than Gunn module noise. That 
means fewer Baritt radars are 
needed to protect the same area. 
• The Baritt is easier to set up in an 
alarm, because it is made of silicon, 
and so is more frequency stable with 
temperature changes than a gal
lium-arsenide Gunn unit. 
• Accidental surges that will de
stroy a Gunn device don't affect a 
Baritt, so fewer should be wasted 
during installation. 
• In the long run, the Baritt should 
be cheaper to manufacture, because 
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News briefs 
IBM and Owens-Illinois agree on cross-license 
IBM and Owens-Illinois have hammered out a non-exclusive cross-license 
for the manufacture of plasma-panel products . IBM has paid .an initial $2 
million to use the Owens-Illinois Digivue panel display. A non-refundable $1 
million is earmarked for future royalties and the rest covers royalties and 
payments for IBM's past use of the technology in data-processing terminals 
for banks. Industry experts say that the panels may turn up next in IBM ter
minals for airline scheduling and stock-quotation systems. 

Solarex to buy Centralab's solar-cell operation 
In a move that would markedly expand its fledgling photovoltaic cell busi
ness , tiny Solarex Corp., Rockville , Md ., has agreed in principle to buy the 
solar-cell operation of Globe-Union 's Centralab division, El Monte, Calif . 
Price and details of the final agreement, which hinges on Solarex 's ability to 
raise the capital , are expected in a few weeks. Committed to terrestrial 
uses , Solarex [Electronics, Feb. 21 , p. 32] would acquire Centralab 's 
photovoltaic-production line in space leased from Globe-Union and gain 
such customers as TRW and Lockheed. 

Computer to ease Bay Bridge traffic 
A minicomputer that is programed to ease traffic congestion is going into 
operation this month on the San Francisco-Oakland Bay Bridge. Part of a 
Department of Transportation project, the $350,000 installation consists of 
a Data General Corp. Nova 1210 with 8,000 words of memory at the 
bridge 's plaza and magnometers at the bridge's midsection to record traffic 
volume. Cars will be sent from the toll booth at intervals of 4 to 1 O seconds. 

Western Union starts service center 
Service support for their more than 13,000 leased terminals is being offered 
by Western Union Data Services Co ., Mahwah, N .J., through Termicare , an 
automated computer center for diagnosis, documentation, and service dis
_patch . Users calling the center will receive preliminary assistance from a 
service analyst who can call up each malfunctioning terminal 's service his
tory on a CRT. If a field engineer is dispatched, data on the service call is 
recorded in the file for further updating . 

Japan opens exhibit to foreigners 
Japan 's Printed Circuit Association show (June 1-4) will be open to non
Japanese exhibitors for the first time this year, providing an entree for 
American electronics firms . The Tokyo show includes exhibits of materials, 
production machinery, and components, as well as seminars, and demon
strations of printed-circuit techniques and labor saving technology. 

Buckbee-Mears expands metal-plating line 
Buckbee-Mears , St . Paul, Minn ., a major supplier of etched lead frames for 
ICs, has completed a $200 ,000 expansion of its precious-metal-plating line . 
Vice president Lee Barton says this will " more than double the company 's 
capacity to supply over-all silver-plated and spot-gold-plated lead frames" 
at a time when IC makers, demanding more product output , are also worry
ing about material shortages. 

Addenda 
A new high temperature for superconductivity of -418°F has been recorded 
at Bell Laboratories. The superconducting material was a niobium germa
nium alloy. . The initial phase of a $17 million contract to provide 27 
large-diameter antennas for a radio-telescope system has been awarded to 
E-Systems Inc . by Associated Universities Inc . . . Hughes Aircraft Co . 
subsidiaries have signed an $18.4 million contract with Greece to 
strengthen NATO's air-defense coverage in the Eastern Mediterranean 

. Scientists at Westinghouse Research Laboratories are developing a 
lock that opens by voice command to sell for less than $100 . 
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Lockheed Introduces 
192 New Memory Products. 

Lockheed Electronics SENTINEL 
Memory System makes it all possible. 
With SENTINEL you have the advan
tage of buying a customized memory, 
while paying only a standardized price. 

SENTINEL consists of standard 
modular memory boards, power sup
plies and chassis . These can be com
bined in 192 ways to satisfy almost any 
customer's specific need . 

Because SENTINEL is modular, 
it gives you flexibility in putting 
together your own system. Or we can 
do it for you at half the cost and time 
of starting from scratch. 

One of the beauties of the 
SENTINEL Memory is that you don't 
have to buy the entire system to get 
exactly what you need. SENTINEL 
flexible combinations include assem
blies from 4K by 18 up to 128K by 
36 or any combination in between 
in modular increments of 4K, 8K or 
16K words ... all at submicrosecond 
speeds. 

For more information on 
SENTINEL, write Lockheed Electronics, 
6201 East Randolph Street, Los 
Angeles, California 90040. Or call 
(213) 722-6810. 

At Lockheed we build custom memories from stock. 
Lockheed Electronics Data Products Division. 

Boston 861-1880 • New York metro (215) 542-7740 • Phil adelphia 542-7740 • Washington (703) 525-3600 • Atlanta 266-0730 • Detroit 557-5037 
Chicago 833-4600 • Dallas 231-6163 • Houston 682-2617 • San Franc isco (408) 257-3357 • Frankfurt , <'.;erm any 04-13077 
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it is well within established silicon 
technology. 

Weissglas admits that a de up
converter is needed to get 60 v from 
the standard 12-v standby batteries. 
Yet, he says, the extra cost is can
celled "because you can cut out the 
Schottky-diode detector from the re
ceiver system." The Baritt diode 
used as transmitter has sufficiently 
low noise to serve as detector as 
well, he says, whereas a Gunn radar 
needs a Schottky detector because 
the Gunn is too noisy for detection. 
In support of this, Prof. of electrical 
engineering, George I. Hadad, of 
the University of Michigan, Ann 
Arbor, who has extensively studied 
microwave devices, says that the low 
conversion loss and low noise of 
Baritts will offset their disadvan
tages in doppler-radar applications 
where self-mixing is impossible. 

Not all agree. Jim Charters, engi
neering manager of Microwave and 
Electronic Systems Ltd. Newbridge, 
Midlothian, Scotland, one of the 
biggest makers of doppler intruder 
alarms, thinks the 60-v requirement 
is a serious drawback. Any up-con
verter, he says, will need to be very 
stable to avoid fluctuations at 12 v 
being multiplied and causing fre
quency changes. 

Charters says the frequency sta
bility and reliability of Gunn de
vices are not problems. And the 
longer life of Baritt diodes remains 
to be proved. In practice, higher 
sensitivity is not useful, according to 
Charters, because if the range is ex
tended to take advantage of it, the 
sensitivity becomes too great close 
in. Furthermore, insects, such as 
moths, near the antenna can set off 
the alarm. Nonetheless, he acknowl
edges that an alarm maker not com-

. mitted to Gunns might find Baritts 
attractive. 

Despite the controversy in the 
area of doppler alarms, the Lucas 
Electrical Co. of Birmingham, Eng
land, is investigating the possibility 
of using a Baritt-powered radar as 
part of a vehicle anti-skid system. 
The company hopes that the radar 
will be able to pick out consistently 
the instant before the wheel locks, 
and trigger release of the brakes. 
Mechanical sensors aren't accurate 

enough, and a Gunn radar can't re
main stable and sensitive enough 
through the wide temperature range 
involved. 

IMA's samples use a simple pnp 
structure made with standard varac
tor technology. A p+ substrate holds 
an epitaxial n layer into which is 
diffused a shallow p+ top contact. 
The only critical factors are the 
n-layer thickness, which is 6 to 7 mi
crometers for X band, and its dop
ing level, which is 2 x 1015. This 
structure is mesa etched to make de
vices about 8 mils in diameter. 

The power density is low, and 
junction temperature is not more 
than l00°C. Samples are scheduled 
for year-end distribution. Weissglas 
says they will make good low-noise 
local oscillators in full-size radars 
and communication systems. D 

Satellites 

ASC, CML revise 

domsat plans 

When Western Union launches its 
own Westar satellite this spring, it 
likely will be launching several com
petitors' systems as well. This may 
happen because building expensive 
technological systems in an uncer
tain market is causing several com
panies to change their plans. 

American Satellite Corp. (Ase) 
has drastically revised its plans and 
will now start its system by using 
Westar. CML Satellite Corp. plans to 
lease this fall one or two trans
ponders on Westar for test and sales 
purposes over two years. Moreover, 
Western Union and RCA Globecom 
are talking about a possible link-up. 
And, Western Union is said to be 
talking with AT&T and Southern Pa
cific, among others, in an effort to 
fill its spacecraft. 

Although the companies' actions 
may dampen a spacecraft market, it 
will allow them to go into operation 
earlier and cheaper without the high 
hardware costs of their own initial 
systems. It also will give them time 
to test out techniques and better 
gauge the market before they send 
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All components are fully accessible. 

"Reliability and maintainability count, too. 
I want a generator that works! But in case 
it needs service I'd like to specify plug-in 
sockets for dual in-line IC 's, and a parts list 
minus factory widgets. If I put my money 
on your model , will my QC man hate me?" 
(NO) 

Upper trace: Constant Duty Cycle pulses over a 
10:1 frequency range . 
Lower trace: Normal pulses over same range . 

"Standard pulses with predetermined width 
are fine for most requirements, but when 
I'm changing repetition rates I have to fid
dle with the width control to make sure that 
I don 't lose the pulse. Does your 'Constant 
Duty Cycle' mode let me set width as a per
cent of pulse period so I can change rep 
rates without tweaking the other controls?" 
(YES) 

Upper trace: distorted , noisy input. 

Lower trace: pulse generator output (Pulse 
Amplifier Mode) . 

"My application calls for pure pulses with a 
bare minimum of overshoot and squiggles. 
And I need to clean up distorted signals -
you know, send in a crummy pulse train 
and get out a nice squared-up pulse with 
the offset, amplitude, and rise/ fall times 
I've set up on the generator. Can do?" 
(YES) 

A single control selects all 7 modes. 

"That Duty Cycle mode could come in 
handy, but I also want the regular pulses 
that I'm used to, and double pulses, and 
50% squarewaves to 50 MHz. How about 
trigger, gate, triggered double pulse, and 
pulse shaping? (And all of these modes 
better be easy to set!)" (YES) 

Four SERIES 20 models are available from 
$575. 

"Your $1095 P25 Pulse Generator has it 
all, including simultaneous positive and 
negative -outputs, each with adjustable d-c 
offset and variable rise/ fall times from 5 
·nanoseconds. But if I only need a single 
output or faster , fixed rise times, am I out 
of luck?" (NO) 

askaso-MHzputsegeneratortheseSquestions 
iftheanswersare~~~~n°'yes,no, 
ifs INTERSTATE 

the Interstate man with all the answers is John Norburg-call collect (714) 772-2811 

e 
CEC 
INTERSTATE ELECTRONICS CORPORATION 

Subsidiary of A-T-O Inc . 

U.S. HEADQUARTERS: Dept. 7000, Box 3117, Anaheim , CA. 92803, OVERSEAS SALES OFFICES: AUSTRALIA, Parameters Ply., ltd.: BELGIUM·LUXEMBOURG, Regulat ion-Mesure S.P.R.L. :FINLAND, 
Havulinno Oy: FRANCE, Tekelec Airtronic, S.A.: ITALY, Tekelec Airtronic, ISRAEL, Rada! International Company ltd.: JAPAN, Asahi & Co., ltd" NETHERLANDS, Tekel~c Airtronic , N.V" NEW 
ZEALAND, David J. Reid , ltd.< REPUBLIC OF CHINA, Bons International Co., Ltd .< SPAIN , Telco, S.L. : SWEDEN, M. Stenhardt AB .< SWITZERLAND, Traco Trading Co. , Ltd.< UNITED KINGDOM, 
Euro Electronic Instruments, Ltd .: WEST GERMANY, Tekelec Airtronic GMBH ' CANADA, Radionics, Limited . TWX U.S.A. 910·591-1197 TELEX U.S.A. 655443 & 655419 
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Clu~ck Chanae 
An~s• 

The Sorensen ORD- best of the compact bench-top supplies. 
With high speed programming to 10 µ,sec , programmable by resistance , 
voltage and current-up to 100 kHz in normal and high speed modes. 
Voltage and current modes for increased application flexibility. 7 
models offer outputs from 30 to 90 watts with these key operating fea
tures : automatic crossover; adjustable current limiting (auto. recovery); 
wide bandwidth ripple specs (to 25 MHz) ; 50 µ,sec. transient response; 
full range of options and accessories. For complete data, contact the 
Marketing Manager at Sorensen Company, a unit of Raytheon Company, 
Manchester, N.H. (603) 668-4500. 
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Representative Specifications-QRD 
• Voltage Mode 

Regulation (combined line & load) 
±0.005% 
Ripple (PARO) rms 200 µ v. 
p-p: 3mv. 

• Voltage Ranges 
0-15 volts to 0-60 volts (7 models) 

• Current Mode 
Regu lation (combined line & load) 
±(.01 % + 125 or 250 µa.) 
Ripple (PARO) rms: 150-400 µ a. 
p-p: 2ma. 

• Price Range 
$178 to$285 

rorensen 
JPOWER SUPPLIES 

Circle 44 on reader service card 
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up their own spacecraft. For West
ern Union, it means short-term cus
tomers and a long-term effort to fill 
the gap when the customer-competi
tors leave for their own systems. 

ASC originally was going to start 
with Canada's Anik 2 domsat and 
then buy three satellites from 
Hughes for a $25 million second 
phase while developing a "perma
nent" third-phase system under the 
over-all $100 million program. In
stead, beginning this summer, the 
company will lease three trans
ponders from Western Union's 
Hughes-built Westar· series for $4.8 
million a year, drop the use of 
Anik 2, and cancel the Hughes con
tract, for which it already has made 
$5 million in progress payments. 
The company still plans to launch a 
three-axis-stabilized spacecraft by 
1977, according to John G . Puente, 
vice president, technical. 

"By this move, we save up-front 
money," Puente says, including $30 
million in launch costs and $90,000 
per year for each transponder, as 
Westar is cheaper than Anik. The 
Western Union contract is ex
tendable beyond 1976, and the com
pany has Anik as a possible backup. 
The new system will cost an esti
mated $70 million, including launch 
costs, Puente estimates. 

The revised plans will allow both 
ASC and CML to further develop 
newer 12- and 14-gigahertz trans
mission techniques for direct roof
top communications. ASC's second 
phase will be a mixture of commu
nications at 4 and 6 GHz and 12 and 
14 GHz. CML's satellite will use only 
12 and 14 GHz. In June, CML ex
pects to go out for bids for a subcon
tract to develop the higher-fre
quency technology and within a 
year after that it plans to award the 
prime contract to build three space
craft. 

These satellites will be built while 
it leases Westar. The company basi
cally is looking at spin-stabilized i 

1,500-pound spacecraft for its $130 
million system. Getting partners 
Comsat, MCI, and Lockheed to 
agree has also helped delay plans 
that originally called for bids to go 
out last fall [Electronics, June 21 , 
1973, p. 72). D 
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There are some good reasons for being brand-con Ion. Here 
are three of them: 
ACCEPTANCE-Without question, BUSS® Is 
the best known and most widely accepted 
name In fuses and fuseholders of all types. 
There's no need for Introductions or explan
ations. When it's BUSS, no questions are 
asked. 

QUALITY - You can take BUSS quality for 
granted, because BUSS doesn't. Not only are 
BUSS fuses manufactured to exacting quality 
control standards, but every one Is electron
ically tested. 

SPECIAUZA TION - All BUSS resources are 
focused solely on manufacturing quality 
fuses and fuse mounting hardware. Such a 
concentration of undivided attention auto
matically results In a superior product. 

So be brand-conscious -

YOU'LL ALWAYS BE AHEAD WITH BUSS. 
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BUSSMANN MANUFACTURING 
a McGr--edl8on Company O lvllllon 
SC. Louie. Mleaourl 83107 
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Do you face . 
a make or buy . 

~:~~~~u~~lies? BUY LAMBDA'S LZ SERIES 
MOUNTABLE POWER SUPPLY. 

LZS-34 
5V, 1400mA 

$95 

LZ-10 SERIES SINGLE OUTPUT 
21h" x31h " x ¥a " 

VOLTAGE< '> CURRENT 
MODEL voe mA 

LZS-10 3 317 
LZS-10 4 384 
LZS-10 5 450 
LZS-11 10 225 
LZS-11 12 195 
LZS-11 15 150 

LZ-10 SERIES DUAL TRACKING 
OUTPUT 

21h" x31h " x ¥a" 
VOLTAGE< '> CURRENT 

MODEL voe mA 

LZD-12 ±15V 50 

LZ-20 SERIES SINGLE OUTPUT 
21h " x3Y2 " x 1Y4 " 

VOLTAGEPl CURRENT 
MODEL voe mA 

LZS-20 10 247 
LZS-20 12 268 
LZS-20 15 300 

*LZD-22 24 73 
*LZD-23 24 129 
*LZD-22 28 84 
* LZD-23 28 143 

"Single output ratings for dual output models connected in series 

PRICE<» 

$35 
35 
35 
35 
35 
35 

PRICE<» 

$35 

PRICE<'l 

$55 
55 
55 
40 
55 
40 
55 

LZD-12 
± 15V, 50 mA 

$35 

LZD-35 
± 15V,300mA 

$95 

LZ-20 SERIES DUAL TRACKING 
OUTPUT 

21h " x31h " x1Y4 " 
VOLTAGE<'> CURRENT 

MODEL voe mA PRICE<» 

LZD-21 ± 3 217 $55 
LZD-21 ± 4 258 55 
LZD-21 ± 5 300 55 
LZD-22 ± 10 61 40 
LZD-23 ±10 114 55 
LZD-22 ±12 73 40 
LZD-23 ± 12 129 55 
LZD-22 ±15 90 40 
LZD-23 ± 15 150 55 

LZ-30 SERIES SINGLE OUTPUT 
21h "x 31h " x1¥a " 

VOLTAGEPl CURRENT 
MODEL voe mA PRICE<» 

LZS-30 3 633 $65 
LZS-30 4 767 65 
LZS-30 5 900 65 
LZS-33 10 293 65 
LZS-33 12 336 65 
LZS-33 15 400 65 
LZS-34 3 950 95 
LZS-34 4 1180 95 
LZS-34 5 1400 95 

*LZD-32 24 186 65 
*LZD-32 28 208 65 
*LZD-35 24 240 95 
*LZD-35 28 280 95 

"Single output ratings for dual output models connected in se ri es 

... 



LZ-30 SERIES DUAL TRACKING 
OUTPUT 

21h" x 3112" x 1Ya " 
VOLTAGE <'> CURRENT 

MODEL voe mA 

LZD-31 ± 3 333 
LZD-31 ± 4 417 
LZD-31 ± 5 500 
LZD-32 ±10 163 
LZD-32 ± 12 186 
LZD-32 ± 15 220 
LZD-35 ± 10 200 
LZD-35 ±12 240 
LZD-35 ±15 300 

LZ-30 SERIES TRIPLE OUTPUT 
21h" x 3112" x 1Ys " 

VOLTAGE <'> CURRENT 
MODEL voe mA 

LZT-36 
5 500 

±15 50 

PRICE<'l 

$65 
65 
65 
65 
65 
65 
95 
95 
95 

PRICE<'l 

$70 

NOTES: (1) LZ models are adjustable between the following lim its: LZS-10 
2.5 to 6V LZS-1 1 8 to 15V LZS-20 8 to 15V LZS-30 2.5 to 6V LZS-33 
8 to 15V LZS-34 2.5 to 6V LZD-12 ± 14.5 to± 15.5V LZD-21 ± 2.5 to± 
6V LZD-22 ± 8 to± 15V LZD-23 .± 8 to± 15V LZD-31 ± 2.5 to± 6V 
LZD-32 ± 8 to± 15V LZD-35 ± 8 to± 15V LZT-36 2.5V-6V for + 5V out
put only,± 14.5 to± 15.5 for± 15V output on ly. Contact factory for curren t 
ratings at voltage settings not indicated in the tables. (2) All prices and 
specifications are subject to change without notice. 

SPECIFICATIONS 
FOR LZ SERIES 

Regulation 
0 .15%- line or load ; models LZS-10, LZS-30, LZS-34, LZD-21 
and LZD-31 have load regulation of 0 .15% + 5mV; model 
LZD-12 has line or load regulation of 0 .25%; LZT-36 line regu
lation 0.15% (±5Vl 0 .25% (±15V); load regulation 0.15% + 
lOmV (+ 5V), 0 .25% (±15V). 

Ripple and noise 
1.5mV RMS, 5mV, pk-pk 

Temperature coefficient 
+ 0 .03%/ ° C 

Overshoot 
no overshoot on turn-on, turn-off, or power failure 

Tracking accuracy 
2% absolute voltage difference for dual output models only 
and only for the ± l 5V outpL:t in LZT-36; 0.2% change for all 
conditions of line, load and temperature 

Ambient operating temperature range 
continuous duty from 0 ° C to + 50 ° C 

Wide AC input voltage range 
105 to 132 Vac, 57-63 Hz 

Storage temperature range 
- 25°C to + 85 °C 

Overload protection 
fixed automatic electronic current limiting circuit 

Input & output connections 
printed circuit solder pins on lower surface of unit. For model 
LZT-36 the± 15V outputs are independent from the 5V output. 

Controls 
screwdriver voltage adjustment over entire voltage range . 

Mounting 
tapped holes on lower surface 

Size 

see tables 

Physical data 
Weight 

LZ-10 series 10 oz. net 18 oz. ship. 
LZ-20 series 17 oz. net 25 oz. ship. 
LZ-30 series 24 oz . net 32 oz . ship . 

60-day guarantee 
60-day guarantee includes labor as well as parts 

LZ SERIES NOW AVAILABLE 
IN NEW TRIPLE OUTPUT MODEL 

MODEL 

LZT-36 

VOLTAGE< '> 
voe 

CURRENT 
mA 

5V 500 

PRICE<» 

~~~~~~~~~~~~~~~ $70 
± 15V 50 

1 DAY DELIVERY 
60 DAY GUARANTEE 

&k~~~J?o~. 
A <O> Company 

MELVILLE, NEW YORK 11746 51 5 Broad Hollow Road Tel. 516· 
694-4200 ARLINGTON HEIGHTS, ILL. 60005 2420 East Oakton 
St. , Unit Q Tel. 312-593-2550 NORTH HOLLYWOOD, CALIF. 
91605 7316 Varna Ave. Te l. 213-875-2744 MONTREAL, 
QUEBEC lOOC Hymus Blvd ., Pointe Claire, Quebec 730 Tel. 
514-697-6520 HIGH WYCOMBE, BUCKS, ENG. Abbey Barn 
Road, Wycombe Marsh Tel. High Wycombe 36386/7/8 ORSAY, 
FRANCE 91 Gometz le Chatel. 
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Cooling, lifting, holding, 
pulling, damping, drying ... 

48 

JI.I 
INCORPORATED 

Rotron has a way ... with air 
Air, in the hands of the world 's most advanced manufacturer of precision air moving 
devices, has a potential for doing things that designers and manufacturers are beginning 
to appreciate. 
Forced convection cooling of electronic equipment-providing for more densely packaged 
components with equal or even greater system reliability-is just one of the jobs air, by 
Rotron , performs so well. 
In buffer columns and tape hold downs and a dozen other non-cooling applications within 
the electronics industry alone , air moving devices from Rotron simplify system design , 
increase both efficiency and reliability. 
Rotron 's extensive line of air movers require an absolute minimum of space (as little as 
1 cu . inch). They're quiet. (As low as NC 20). They consume surprisingly little power (a low 
of 5 watts). And they are exceptionally reliable. (Ten years and more of continuous duty 
without maintenance.) 
Learn more about the Rotron line of fans and blowers, with pressures to 165" wg ., flows to 
2600 cfm. Contact your local Rotron representative or distributor or write us directly. 

Why settle tor less when the best costs no more. 

ROTRON INC. 

Woodstock, N. Y. 12498 D 914 • 679-2401 D TWX 510-247-9033 
Pacific Div., Burbank, Cal. 91506, 213•849-7871 • Rotron B.V .. Breda. Netherl ands, Tel: 79311 . Telex: 844-54074 

Circle 48 on reader service card 

See us at the Design Engineering Show- Booth #346 
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New engineers 

quit DOD over 

salaries, promotions 

OMB chokes plan 

for emergency 

medical services 

Navy researchers 

develop high-power 

satcom test facility 

Secure voice unit 

formed for military 

communications 
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Washington newsletter __ _ 

Engineering salaries in the Pentagon's in-house laboratory system have 
failed to keep pace with those of private industry, unlike most Federal 
pay scales for most administrative and other specialties. So says the Di
rectorate of Defense Research and Engineering, which complains that 
the starting Federal salary for a new BS in engineering in the spring of 
1973 is about $1,500 a year less than that of private industry because of 
the latter's increased demand for engineers and physical scientists. Be
cause, too, controls on the number of Federal jobs have slowed down 
Civil Service promotions, DDR&E says "many of the bright, young 
people we were able to attract two or three years ago are leaving." 

Despite congressional, departmental, and medical support, the pow
erful White House Office of Management and Budget is strangling a 
program to fund local emergency medical services, confide officials at 
the Department of Health, Education, and Welfare. Congress has au
thorized $185 million over three years to pump life into local emergency 
communications networks [Electronics , Jan. 10, p. 80], but OMB has cut 
the fiscal 1974 funding from $45 million to $27 million. Moreover, the 
regulations on how to grant the money are coming out so late that the 
fiscal year could end before all the money is spent. 

Will Congress notice? "Congress has so many things to be upset 
about right now that it might not do anything," one official worries. 
Another official offers a possible solution: get funds committed for as 
many networks as possible and hope for more money in fiscal 1975. 

Details of a new Naval Research Laboratory installation for high-power 
testing of communication satellite components and materials are to be 
disclosed at the March 26-28 millimeter-wave-technique conference in 
San Diego, Calif., at the Naval Electronics Laboratory Center. 

The installation at the Microwave Space Research Facility, Waldorf, 
Md., has a I-kw Ka-band power capability in the 36-38-GH2 band. As a 
result, says NRL's RE. Cushing, principal investigator for the project, 
system designers can now obtain complete high-power testing of system 
components during development of a satcom terminal, saving time and 
money and preventing component failure in future satcom system use. 
A small interior radiation chamber is for antenna and materials eval
uation at high rf flux densities and power levels to 1 kw cw for long in
tervals of time. Direct-reading digital calorimetric water loads have 
been developed for waveguide and radiation sources. 

A Secure Voice Consortium made up of representatives of all defense 
communications users has been established by the Directorate of De
fense Research and Engineering to eliminate duplication and coordinate 
military programs on secure communications. The SVC will oversee im
plementation of the interim system, Autosevocom Phase 2, as well as 
development of narrow-band 2-8-kilobit/second voice-processing equip
ment for use where wide-band digital transmission will not be avail
able. Large-scale integrated circuits, are " the key to the economic im
plementation of the relatively complicated voice-processing algorithms 
needed," says DDR&E director Malcolm Currie. 
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Washington commentary ____ _ 

The domsat shakeout 

When the Federal Communications Commis
sion gave its long-delayed blessing two years 
ago to the competitive development of domes
tic satellite systems, there was much speculation 
about whether the marketplace could support 
the six systems proposed. It was then that Dean 
Burch- who is now leaving the commission to 
join the White House staff-displayed the char
acteristic common sense that was to mark much 
of his rule as FCC chairman. 

Burch's law was simply "let the marketplace 
decide." In judging petitioners' applications to 
launch satellites for domestic service, he said, 
the FCC would base its decisions on technical 
considerations only. 

The wisdom of that judgment is borne out by 
the news that American Satellite Corp., CML 
Satellite Corp., and possibly RCA Globcom and 
AT&T, will now buy transponder space on West
ern Union's Westar satellite-the first domsat 
scheduled for operation and to be launched in 
April (see p. 42). The shakeout in domestic sat
ellites clearly is well under way. 

The shakeout also demonstrates the wisdom 
of Western Union's gamble in placing its order 
for satellites before it received FCC approval of 
its plan. By getting its order for satellites and 

Problems of innovation 

Starting a totally new industry in 20th century 
America is more than difficult. It is almost im
possible- particularly if your resources are lim
ited and the new business threatens to disrupt 
the existing marketplace. This is the hard lesson 
being learned by Richard Ahern, the young en
trepreneur promoting the concept of electronic 
shopping in the home by means of an AT&T 
Touch Tone telephone linked to a computer 
catalog with voice answer-back. 

Ahern's Computer Shopping Inc. is hardly 
an industrial giant. And in an industrial society 
where oligopoly is the rule rather than the ex
ception, Computer Shopping's limited re
sources are a large part of its problem. The 
other part is a very human fear of the un
known, from which no corporate leader is im
mune. It is a fear that can destroy the innovator 
seeking to alter the status quo. 

Since Ahern unveiled his computer shopping 
system last year-one he contends can save the 
U.S. "a minimum of 600,000 barrels of gasoline 
a day" by eliminating unneeded supermarket 
shopping trips- the new company has struck 
out in its efforts to get a major food retailer to 

NASA launch rockets in first, WU achieved a sig
nificant leg up on the competition. 

Financing their respective entries into the new 
and undeveloped communications satellite mar
ket proved the principal problem for most of 
the companies. Fairchild Industries, which now 
has total control of American Satellite after a 
two-step acquisition of Western Union Intema
tional's 50% interest, has had difficulties as well. 
Predominantly known as a military aircraft 
maker, Fairchild's push to get public investment 
for its infant American Satellite flopped last 
year. CML Satellite, with holdings equally divided 
among Comsat Corp., MCI Communications 
Corp. and Lockheed, has also had fiscal prob
lems. Comsat, it seems, is the only one with 
money to spare, yet is precluded from bank
rolling its partners by Fee's restrictions on invest
ment in and control of CML. 

However, AT&T, RCA Globcom, and Hughes
GTE have sufficient resources to leverage their 
way into the domsat market later, should it 
prove lucrative for Western Union. Fortunately 
for Western Union, it managed to find the 
funds to make its commitment first. As one 
company official now says of Westar, "my guess 
is that we'll go to launch sold out." 

participate in a demonstration prototype sys
tem. Ahern says the food retailers fear that 
such a system could severely reduce purchases 
of their highest-profit items customarily bought 
on impulse- fresh produce, meats, and such un
necessaries as costly frozen chocolate cakes, 
pies, or cocktail glasses. Moreover, says Ahem, 
large food chains with an estimated $100,000 
invested per store balk at a concept that might 
make such outlays unprofitable. 

Unfortunately, Computer Shopping is 
unable to afford the high cost of a demonstra
tion prototype system-something that most of 
the conservative industries he expects to service 
want to see first. Working hardware is virtually 
essential to any high-capital-risk venture. 

Now, however, Computer Shopping believes 
it can get a $100,000 commitment from the 
Federal Energy Office for a demonstration sys
tem, provided it can find a customer to make a 
comparable investment. At the very least, this 
is what computer shopping needs. If it does not 
get it, another innovative concept may fail 
and with it will go a significant potential mar
ket for electronics technology. -Ray Connolly 
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Savings You Can See! 
Savings you can achieve by using LSI Pin Bar for your common spaced bussing 
applications. D Whether low production or high (up to 8,000 pin terminations per 
minute), the job can be done for 3 to 6 cents per pin-compared with two recent 
independent studies that show wire bussing costs, including rework, approaching 
a minimum of 10 cents per termination in high production quantities.DA major 
manufacturer of telephone products is convinced. He saved $68 dollars per chassis 
when Pin Bar replaced every common spaced wire bussing circuit for high frequency 
multiplexing, data transmission, power and ground applications. D And while saving, 
he gained foolproof terminations at higher production rates, lower uniform contact 
resistance, efficient back panel design, and a "spec" performance component 
produced to his exact requirements. D Give us your common spaced bussing problem. 
We'll send free samples and prices immediately. Or we'll visit your plant to 
discuss Savings You Can See! D LSI Pin Bar Products 
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LEAR 
SIEGLER, ELECTRONIC 

INC. INSTR UMENTATION 
DIVISION 
714 N. Brookhurst St . 

Anaheim, Calif. 92803 
TWX 910-591-1157 

Telephone: (714) 774-1010 
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Electronics international ________ _ 
Significant developments in technology and business 

IPL readies photodiode array 

for merchandise mark reading 

All the noise being made about the 
use of charge-coupled devices for 
solid-state imaging arrays has 
tended to push the older photodiode 
sampling arrays into the back
ground. Nevertheless the first large 
orders for two-d.imensional arrays 
are likely to be for photodiode, not 
cco, devices. 

U.S. point-of-sale equipment 
makers National Cash Register and 
Singer will use optical wands for 
merchandise mark reading in some 
new equipment ranges, and cur
rently the favored technology for 
the wand optical sensor is a photo
diode array. It might be typically 50 
diodes long by 15 deep. One con
tender to supply the arrays is Inte
grated Photomatrix Ltd. , Dorches
ter, England. 

IPL will show what can be done 
with two-dimensional arrays at the 
electro-optics exhibition in Brighton 
later this month. The company will 
show a demonstration camera fitted 
with a 64-by-64-diode array on a 
quarter-inch square MOS chip in
corporating all ,scanning circuitry. 
The array alone takes up an area 
192 mils square. The chip is in a 24-
pin dual in-line ceramic package, 
with a borosilicate window. 

Analysis. Besides point-of-sale 
gear, IPL is pushing the array in 
medical electronics for automatic 
imaging and analysis of slides con
taining blood samples, cervical 
smears, and the like. Manual in
spection is lengthy and hospitals can 
not get people to do it. Video-tube 
imaging has been tried, but auto
matic analysis is complicated be
cause of the analog output signals. 

According to Peter Fry, IPL tech
nical director, an electronically 
scanned matrix with about 100 
diodes on each axis would be 
enough for satisfactory analysis. 
Positional information is automatic
ally obtained from the diode co-or
dinates, so that the array is already 
half-way to a digital output. 
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Like Reticon Corp., Mountain 
View, Calif., IPL has made devices 
and systems based on a single row 
of diodes. But there are important 
differences between the technology 
necessary for a line and a matrix. In 
a line, the diodes can be as close to
gether as possible- I-mil centers are 
possible-to get maximum utiliza
tion of silicon area, because the 
sample and recharging circuitry can 
be on the side. 

However, the matrix obviously 
can not have the circuitry alongside. 
Address lines between each diode 
line in both axes force the diodes 
apart. Fry believes that 3-mil cen
ters will be the best compromise be
cause that spacing is far enough 
apart to allow diodes that are big 
enough to be properly sensitive, but 
dose enough together to allow a big 
matrix on a reasonably sized chip. 

The address lines connect with 

French ready packet-switching 

link to start data network 
As the first step towards a digital data network, French government engi
neers last month began testing an experimental packet-switching link be
tween Paris and Rennes in Brittany. By early next year they hope to tie in in
dustrial and commercial cust0mers on a trial basis. Long-term plans call for 
a network-code-named Hermes- tied into the national telephone system. 

Telecommunications administration officials are in no rush to get Hermes 
into service; their main thrust right now is to solve the pressing problem of 
providing phones for everyone who wants them. But in the brand new labo
ratories of the two-year-old Centre Commun d 'Etudes de Television et Tele
communications (CCETT), development of packet-switching techniques is 
being pushed , anyway. 

In contrast to the other major French experiment in packet switching , the 
Cyclades project, which links together big scientific computers [Electron
ics , Feb. 21, p. 56], the Paris-Rennes link is oriented toward a network 
serving many clients with simple data-transmission problems . Also, the mul
ticlient link will give CCETT a look at how to compute the data volume that 
flows from individual terminals into the network. This is needed so that fu
ture charges to Hermes customers can be scaled down as volume increases. 

ccEn calls this first system RCP, for Reseau de Commutation par Paquets . 
In the first stage of system experiments , data packets are being transmitted 
at a speed of 4,800 bits per second on ordinary telephone lines. Each 
packet, made up of about 63 eight-bit bytes , is grouped with up to three 
others in a frame along with error-correction codes and addresses. In addi
tion , the system automatically modifies the transmission speed to adapt 
source capacity to receiver capacity. 

Next year, the CCETT will set up a third packet-switching center in Lyons 
and boost transmission speeds over the three-cornered network to 9,600 
bits per second in each direction between the switching computers . Some
time next year, also, CCETT hopes to have about 1 0 computers tied in and 
probably 100 or more terminals from trial clients like banks feeding directly 
into the packet-switching centers . 

Several more years will be needed before a complete national packet
switching grid is opened to everyone . Before that stage , the CCETT will have 
to design a replacement for the RCP network. The new switching computers 
must be larger than the present Digital Equipment Corp. PDP-11 s. And it will 
be some time in the 1980s, engineers figure, before the Hermes system 
linking telephone subscribers will finally be in operation. 
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shift registers along two sides of the 
matrix. One shifts quickly and se
lects individual diodes. The other 
shifts at I /64 the speed and selects 
lines. Line selection is via aluminum 
interconnects, and diode selection 
via diffused interconnects. The dif
fused interconnect carries the 
charge sample out of the array. 

Fry explains that the metal line 
ideally should carry the charge, and 
using the diffused line brings serious 
delay problems due to resistance 
and capacitance. For instance, if 
simple sequential scanning of each 
diode were used, delay would cut 
the sample rate of the 64-by-64-
diode array to about 0.5 megahertz, 
which is far too slow to be useful. 

Thus, he has devised a parallel 
scanning technique that removes 
the delay. He can not switch the line 
functions about and carry the 
charge on the metal lines, because 
IPL uses metal-gate MOS technology 
with only a single metalization 
layer. Using the metal line to carry 
the charge would make processing 
far too complicated. 

The 64 diffusion lines feed into 64 
integrated capacitors along one side 
of the chip. A complete line of 64 
diodes is sampled simultaneously, 
and the charges pass in parallel to 
the capacitors, from which they are 
read out in sequence. A space of 4 
microseconds is allowed for sample 
and transfer. Readout takes 200 na
noseconds per capacitor, so the fast
est frame scan time is just over I 
millisecond. D 

France 

Philips develops 
Gunn amp I if iers 

Over the past few years, Gunn 
diodes have made their way as low
power sources from the laboratory 
into the real world of microwave 
equipment. Now, Gunn-effect am
plifiers- also called transferred-elec
tron amplifiers- are about ready to 
move out, too. 

At Laboratories d'Electronique et 
de Physique Appliquee, a Philips 
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Around the world 
System automates windshield wipers 
Frankfurt automobile-accessory maker voo Adolf Schindling GmbH has de
veloped an electronic system that automates just about all the steps in
volved in cleaning a car 's windshield . The system 's circuitry shortens the 
intervals between the wiping cycles as the vehicle goes faster .. It sees to it 
that windshield cleaning water is sprayed in small amounts at the right mo
ment during the wiper cycle . And it makes sure the wipers sweep several 
times after spraying so that the windshield becomes dry. 

The control circuitry can oe used with existing , separate wiping-washing 
systems. All that 's required is installation of the control circuit box, the tap
ping of a speed-proportional signal , and a few connections . This simplicity 
means that the control can be sold through retailers directly to car owners . 

Audio power IC has 4-watt output 
When they set out to make a multi-purpose monolithic audio amplifier , 
mainly aimed at portable tape recorders , designers at Mitsubishi Electric 
Corp. decided to throw in some extras . The amplifier , which gives a 4-watt 
output from a 9-volt supply, causes no pop noise when a set is turned on 
nor does it radiate high-frequency noise that would degrade a radio 's sig
nal-to-noise ratio , as do some power 1cs. What's more , it can be run on 
power supplies as low as 3 w, with decreased power outputs. 

To ensure price and performance consistent with the widest range of ap
plications , the power 1c was designed to provide sufficient gain for a full 4-w 
output when driven by a radio 's a-m detector or fm discriminator. A tape 
recorder preamplifier was intentionally omitted . Simple 1cs for this appli
cation are readily available at low cost , and for some applications-like ra
dios without recorders-the preamp.lifier is not required . 

Group research facility near Paris, 
researchers spearheaded by Robert 
Spitalnik and Alain Rabier expect 
to complete by May prototypes of a 
C-band transferred-electron ampli
fier module they have developed. 
RTC-La Radiotechnique-Compelec, 
a sister company in the Philips 
Group, will fabricate the prototype 
and then produce 50 of the modules 
by September with diodes from LEP. 

Space. These particular modules 
are slated to go into the French sat
ellite-communications ground sta
tion at Pleumeur Bodou, where 
they'll serve as drivers for traveling
wave tubes. In this application, the 
amplifiers have a gain of 8 decibels 
with a maximum ripple of 0.5 dB 
from 5.9 to 6.4 gigahertz. 

Actually , the 500-megahertz 
bandwidth isn't much for the Gunn 
amplifiers that LEP has developed. 
Other modules have a 6-dB gain 
over the X-band range of 7 to 11 
GHz. The noise figure is a remark
able 15 dB, and the power output is 
JOO milliwatts with no more than I 
dB drop over the whole bandwidth. 
To be sure, field-effect transistors 
out-perform Gunn diodes where 

noise is concerned, and avalanche 
diodes outdo them in power. But 
there's a niche between the two for 
Gunn amplifiers, Spitalnik feels, 
particularly in wideband counter
measures receivers. 

To build devices that can fill this 
niche, LEP combines a notched cath
ode for the diode itself and a beam
lead mounting. The gallium-arse
nide diodes, fabricated in an epi
taxial layer grown on a GaAs sub
strate, have cathode notches about 2 
micrometers wide with an impurity 
concentration of 2 to 3 x 1014 
atoms per cubic centimeter. 

After the notch comes a flat tran
sit-time region of about JO µm 
doped at 7 to 9 x 1014 atoms/cc. 
With this doping profile, the electric 
field is flat at 11 kilovolts per cen
timeter along the active length of 
the diode, and the diode operates 
stably when biased at 13 v. 

To keep the gain flat over the 
bandwidth, LEP matches the diode 
to a 50-ohm output by a microstrip 
equalization network. The diode it
self is mounted on the microstrip by 
means of a beam lead that can 
handle currents to 1 A. D 
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REI has one question 
for people who buy 

electronic test 
equipment. 

When you need it fast ... rent it. Purchasing equipment usually involves long delivery lead times. 
When you rent your electronic equipment from REI it's a safe bet that you can get what you need within 36 
hours of the time you call in your order, sometimes sooner. This fast service is possible because we maintain 9 
Instant Inventory Centers throughout the U.S. and Canada, stocking millions of dollars worth of equipment. 

When you need it for only a short time ... rent it. Need equipment for a short-term project? 
Rent it from REI. When you don't need it any more, return it to us. It's the easy, low-cost way to use the 
equipment you need for just the time that you need it. 

When you care about what it costs ... rent it. Renting from REI can be less expensive than 
purchasing. There's no capital investment to adversely affect your company's cash flow. This means you'll get 
more mileage from your equipment budget. And, since you can treat your monthly payments as an expense in 
most situations, you'll also achieve tax advantages from renting. 

All REI rental equipment is guaranteed to meet manufacturers' specifications and is operationally 
checked out prior to shipment. Routine maintenance is provided free of charge. Certification and calibration 
are available upon request. Our flexible arrangements include rental, rental-purchase and leasing packages to 
give you the use of equipment from one week to three years or more. 

Get your free copy of our 1974 catalog that lists virtually every item in our rental inventory. Use reader 
service card, or write Rental Electronics, Inc., 99 Hartwell Ave., Lexington, MA 02173. For immediate infor
mation, call your local REI Instant Inventory Center listed below. Once you rent from REI, you may never buy 
electronic test equipment again. 

Rental Electronics, Inc. 
A J2EPSl(g LE AS ING COMPA NY 

Lexington, MA (617) 861-0667 •Gaithersburg, MD (301) 948-0620 •Oakland, NJ (201) 337-3757 •Ft. Lauderdale, FL (305) 771-3500 
Des Plaines, IL (312) 827-6670 •Dallas, TX (214) 661-8082 •Mountain View, CA (415) 968-8845 •Anaheim, CA (714) 879-0561 

Rexdale, Ontario (PLC Leasing Ltd.) ( 416) 677-7513 

tRTE\ Think about renting. 
~It's the smart way to go. 

Visit us at the IEEE Show, Booth No. 2631. 
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Thomson-CSF readies 

a translucent 

video disk 

German company 

to mass produce 

electronic speedometer 

Electric bus 

to use sophisticated 

electronic controls 
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International newsletter _ _ _ 

Thomson-CSF intends to unveil a video disk player within the next four 
or five months. Company officials now say their research group has 
been getting very good color images with a player that pairs a soft trans
lucent plastic disk and a laser-based readout system. The bandwidth of 
the encoded video signal is 4.5 megahertz, the disk spins at 1,500 revo
lutions per minute, and it carries up to 40 minutes of program. 

Robert Pontillon, who directs Thomson-CSF's audio-visual activities, 
says that the French company is pushing hard for an agreement on a 
single standard for video disk players. The other European contenders 
are Philips Gloeilampenfabrieken, and the Telefunken-Decca venture, 
Teldec. Like Thomson-CSF's, Philips' player uses optical readout, but 
the Dutch company opted for a rigid, reflecting disk. Thomson-CSF, 
therefore, can't make its player compatible with Philips', but Pontillon 
maintains that the French playback system could be made compatible 
with Teldec disks,. which have a pressure-sensitive readout. 

VDO Adolf Schindling, a leading European automobile-instruments 
maker, is about to begin production of electronic speedometers on a 
large-volume basis, making it the first company to have readied such 
speedometers for mass production. The units will go into passenger 
cars that will come off the assembly lines of a German automobile pro
ducer starting this spring. 

The new VDO speedometers off er several advantages over conven
tional mechanical systems, the prime one being that the vehicle no 
longer needs a flexible shaft. Instead, a wire- one that can easily be run 
in the car's cable harness- is used for sending the speed and distance 
pulses from the transducer to the speedometer and its mileage indica
tor. The key component is an integrated circuit developed by Inter
metall GmbH, an affiliate of the ITT Semiconductor group. The price 
of the electronic speedometer, VDO says, will be about the same as a 
conventional one plus its flexible shaft. 

Chloride Technical Ltd. , part of the British Chloride Group-whose ac
tivities include automobile batteries-has developed an electrically pow
ered 50-seat single-deck city bus that makes considerable use of elec
tronic controls. It will go into trial service in Manchester in a few 
months. Maximum speed is said to be 40 miles per hour and range 40 
miles on a single charge of the 330-volt lead-acid battery. Normal bat
tery recharge time is not more than 5Yi hours, so that it can be re
charged between morning and evening peak use times. 

The bus uses a series-wound de main-drive motor controlled by a 
1,000-ampere thyristor chopper-controller, which incorporates a regene
ration system that recharges the batteries during deceleration and brak
ing. The controller has been developed by Sevcon Engineering Ltd. of 
Gateshead, a subsidiary of Technical Operations Inc. , Burlington, 
Mass. It includes logic on the speed/time relationship, which keeps 
down acceleration and deceleration to comfortable levels. A pulse 
regeneration technique is used: current builds up in the armature and 
contacts until at a pre-set level it transfers through a diode to the bat
tery. 
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Siemens turns to 

MOS ICs for 

remote TV control 

Desk-calculator 

makers in Japan 

set quality standards 

SAAB-Scania 

takes over Facit's 

computer systems 

Cables and Wireless 

picks Italian group 

for earth-station gear 

International newsletter -------

Watch for West Germany's Siemens AG to offer an all-MOS set of inte
grated circuits for remote control of color-television receivers. The 
complete set, to hit the market during the second half of this year, will 
consist of three standardized MOS circuits-one each for the control sys
tem's transmitter, receiver, and memory. It will sell for about $15, 
roughly equal to the price of all other integrated circuits-between eight 
and 10-used in German-built color-TV receivers today. 

In the near future , desk calculator purchasers may look for a new 
mark-a stylized B and M-that goes with the quality standard to be in
troduced on March I by the Japan Business Machine Makers Associ
ation. The association hopes the standard will help to maintain product 
quality despite the current high level of competition. Eligibility for the 
mark includes registration of the model, inspection of the company's 
plant and after-sales service setup, and inspection of the quality of cal
culators. The quality test will include repeated computation, to assure 
that there are no errors, and a vibration test. 

The· association now has 14 manufacturers who produce calculators. 
Estimates of the number of "outsiders" that produce calculators range 
up to 50 companies. Most of the outsiders' calculators are exported. 

Sweden's SAAB-Scania has taken over development and marketing of 
complete computer systems developed by office-machine maker, Facit. 
Now, SAAB, which has concentrated in large computers and large-com
puter bank-terminal systems, will be able to move into the lower level 
of computer applications. The Facit systems include an el~ctronic in
voicing system, multi-access office computer system, and a program
control system using magnetic tapes and alphanumeric CRT display 
screen. 

At the same time, the take-over will also enable SAAB to use the well
developed world-wide Facit marketing organization. SAAB has concen
trated its computer sales in Scandinavia and some East European mar
kets, although last year it established a U.S. subsidiary, Data-SAAB Sys
tems Inc. SAAB has one bank-terminal system in operation in the U.S. , 
at New York City's Central Savings Bank. 

Facit will retain development and marketing of its computer periph
eral equipment, including tape punches and readers, which it sells to a 
number of computer makers. Facit will also continue to handle produc
tion of the computer systems that SAAB is acquiring. 

Cable and Wireless Ltd., operators of seven satellite communications 
earth stations around the world- all built for it by Marconi Co. Ltd.-is 
moving to the Italian consortium Consorzio per Sistemi di Tele
communicazioni via Satelliti SpA. (STS) for its next two stations. These 
stations will be in Fiji and in Dubai in the Persian Gulf. STS has a con
tract worth some $5 million for the antenna structures and some other 
equipment, possibly including much of the transmit and receive gear. 
Marconi has to be content with an $800,000 order for some receiver 
subsystems and modulators. Other UK companies have taken smaller , 
orders for ancilliary equipment. 
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Goes On 
Straight 
Pre-insulated female 
disconnect available 
for #22 to 10 AWG 
wire range . 
. 250 x .032 Tab Size. 

Pre-insulated 
flag disconnect 
accommodates 

#16 to 14 wire range. 

At Last ... 
a Fullv 
Pre-Insulated 
Disconnect ! 
Now you can have a precision-assembled, fully 
pre-insulated female disconnect or male tab . . . 
eliminates fitting the insulation after crimping the 
terminal, it's a one piece insulated disconnect ready 
to install ... saves time, improves reliability. One 
squeeze from your standard or popular ratchet-type 
SHURE-ST AKE® tool gives you a fully insulated 
compression connection designed and tested to 
NEMA DC2-1970 and UL486 requirements. 

The compact size permits high density wiring 
(.375 min. centers for female) with one step in
stalling convenience and a new level of no-flashover 
reliability. 

There's even a pre-insulated flag disconnect and 
fully insulated splice in the line .. . 
write for details. The Thomas & Betts Co., 36 Butler 
St., Elizabeth, New Jersey 07207. (201) 354-4321. 
In Canada, Thomas & Betts Ltd., P.Q. 

Makes A Splice 
Extra long insulator on male tab overlaps female 
to make a fully enclosed splice. Wire range from 
#22 to 10 AWG. 

Cat. No. 
RB·2577F 

Cat. No. 
RB-25177 

Cat. No. 
RB-2573 

Sold Only Through Authorized T&B Distributors 

THOMAS & BETTS 
Dlvl•lon of Thamaa & Betta Carpan1tlan 

800 
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Everyone talks 
·correed reliability, 



here's the way it looks. 
/ 

, 

Switches under glass. 
The heart of every AE correed is a reed switch 

consisting of two overlapping blades. For protec
tion, we seal them inside a glass capsule. But only 
after we pull out all the dirty air and pump in a 
special, pure atmosphere. That way there's no 
chance of contact contamination or oxidation. Ever. 

Notice our terminals are one piece. A special 
machine delicately forms them to precision toler
ances. It's a lot of work, but one-piece 
terminals have dis
tinct advantages over 
the two- and three
piece kind. 

For one thing, there's 
no extra joint so you're 
always assured of a positive 
contact. Also, one piece 
terminals are more reliable when the correed is 
used to switch low-level analog signals. That's be
cause thermal EMF is reduced to practically zero. 

A different kind of bobbin. 
Since we go through so much trouble with our 

correed capsules, we designed a special bobbin to 
protect them. 

It's molded of glass-filled nylon. (You know 
how plastic chips and cracks.) Moisture and hu
midity have no effect on this stubborn material. 
No effect means no malfunctions for you to worry 
about. No current leakage, either. 

Running the full length of the bobbin are a 
series of slots. They pamper the capsules and keep 
them from getting damaged or jarred. 

And to help you remember which 
terminal is which, we mold the terminal 
numbers into the end of the bobbin. You can 
read them at a glance. 

Little things mean a lot. 
Reliability means that we pay attention to the 

little things. Like the tiny pressure rods we use 
in every miniature correed. They're placed at 

each end of the bobbin, across the onl')-piece ter
minals. What they do is prevent stresses from 
being transmitted from the terminals to the reed 
blades. This keeps the contact gap right on the 
button. All the time. 

The contacts are normally open. To provide 
them normally closed, we employ another little 
device-a tiny magnet. It's permanently tucked 
into a slot next to the reedcapsule. The magnetic 
action keeps the contacts normally closed. 

Coiled by computer. 
Once all the parts are secure in the bobbin, we 

cover them with protective insulation. Around 
this, we wind the coil. You can be sure the coil 

winding is correct. It was all figured out for 
us by computer. 

Our next step is to protect the coil. 
We do that with more protective 

insulation. 

A coat of iron. 
On top of the insulation goes a layer 

of annealed iron. It acts as a magnetic shield and 
minimizes interaction between coils. Also, it im
proves the sensitivity of the entire unit. A coat 
of iron is standard on all AE correeds. 

Finally comes super wrap. 
To wrap it all up, we use some very special stuff. 

A layer of mylar laminated material. 
It's so tough we guaran

tee it to withstand all 
cleaning solvents 

known to man. 

Free Correed Handbook 
This 60 page handbook explains advantages and 

disadvantages of correeds, describes the different 
types, and tells how to use and test them. To get 
your free copy, just write John D. Ashby, GTE 
Automatic Electric, Northlake, Illinois 60164. 

(ij i ~ AUTDmATIC ELECTRIC 
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P&BS reputation 
is important to you 

when you need 
Electromechanical Relays. 

r 
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Its built on cost and quality, broadest selection. 
We bel ieve you 'll have a hard 
time matching the cost-to-quality 
ratio of our relays. You might find 
lower prices . We don 't think you 'll 
find better qual ity. 

Put the two together-competi
tive prices and outstand ing qual ity 
-and you have the relays that 
won 't compromise your equ ip
ment's quality. P&B. 

We ' ll stake our reputation on 
that. 

I 

You get more design options, 
too, when you bring your relay 

appl icat ion problems to us. We 'll 
show you more different standard 
electro-mechanical relays than 
anyone else. Nearly seventy basic 
designs. More than a thousand dif
ferent combinations of voltages, 
contact arrangements, mountings 
and enclosures. All available from 
your authorized Potter & Brumfield 
distributor. 

When a standard relay won 't 
meet your requirements , we'll 
supply one just for your applica
tion . We've been doing just that 

for thousands of relay users for 
the past forty years. 

For a free 226-page catalog 
showing all of our relays, call 
your local P&B representative. Or 
write Potter & Brumfield Division 
of AMF Incorporated, Princeton, 
Indiana, 47670. Telephone 812 
385 5251. 

A~F 

Potter & Brumfield 

Solving switching problems is what we're all about. 
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. Hewlett-Packard presents 
a small miracle, the HP-65: 



the only folly programmable 
pocket-sized computer calculator, 
5795. 

Once you had to know a " computer" language, 
work at a desk and have a large budget to use 
programming . No longer. 

The HP-65 is fully programmable. 

It's the first fully programmable pocket-sized 
computer calculator in the world . 

With an HP-65 you can write programs just by 
pressing the keys in sequence, without using a special 
"computer" language. You can ed it programs, i.e. 
add or delete steps at will. And you can record your 
programs on magnetic cards for subsequent use 
anywhere. 

The HP-65's 100-step program memory, in 
combination with its 51 pre-programmed arithmetic, 
logarithmic, trigonometric and exponential functions, 
its operational stack and its nine addressable 
memory registers, permits you to write exceedingly 
complex programs. 

Its user definable keys let you program up to five 
routines using any of the machine's pre-programmed 
capabilities. You can also label portions of your 
program so the calculator can branch to a specific 
instruction or choose between alternate computa
tional paths based on logical comparisons 
(x = y, x t: y, x > y, x ~ y) or the condition of the 
HP-65's two flags. 

~g:-v~~~'\O~ A TRIANGLE 

•Ac • B.c ORaec , MATH1-21A 

~· 

The HP-65 also lets you use pre-recorded programs. 

HP offers a series of pre-recorded program 
packages called Application Pacs at $45* each . Each 
Pac contains as many as 40 programs dedicated 
to a specific discipline (cu rrently Electrica l 
Engineering, Mathematics, Statistics, Medicine and 
Surveying, with more to come). 
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We also maintain a Users' Library of owner
contributed HP-65 programs which are itemized in 
catalogs distributed periodically to subscribing 
owners. Programs may be ordered from the Library 
for a small handling fee. 

The HP-65 is a powerful pocket-sized calculator. 

The HP-65 ranks with our popular and powerful 
HP-45 as a keyboard-operated calculator. It's pre
programmed to handle 51 functions and operations. 

The HP-65 is priced at just $795. * 
What you gain in time, precision and flexibility 

may well save you that amount in a matter of weeks. 
The price includes one 11-ounce HP-65 with 
rechargeable battery pack, AC adaptor-recharger, 
carrying cases, a year's subscription to the Users' 
Library, Owner's Handbook, Quick Reference Guide 
and a Standard Application Pac that contains 17 
representative pre-recorded programs, 2 diagnostic 
cards, 20 blank cards, a head-cleaning card and 
instruction booklet. 

The HP-65 may be ordered on a 15-day trial 
basis. For details send the coupon. Or call Customer 
Service at (408) 996-0100 for the outlet nearest you . 

Hewlett-Packard makes the most advanced 
pocket-sized computer calculators in the \IDrld. 
614/08 

HEWLETT"' PACKARD 

Sales and service from 172 offices in 65 countries 
Dept. 214 E, 19310 Pruneridge Ave., Cupertino, CA 95014 ---------------------------

Hewlett-Packard 
Dept. 214 E 
19310 Pruneridge Ave., Cupertino, CA 95014 

Please send me: 

D HP-65(s) including Standard Application Pac at $795 
(domestic U .S.A.) each plus applicable state and local taxes. 
(Check enclosed .) 

D Detailed specifications on your HP-65 and available 
Application Pacs. 

D Detailed specifications on your full line of pocket-sized and 
pre-programmed desktop calculators. 

Company _______________ _ 

Address. ________________ _ 

City/ State / Zip ______________ _ 

L-------------------------~ 
*All prices domestic U.S.A., not including applicable state and local taxes. 
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NOW THERE'S A CHOICE WITH 
THREE BIG DIFFERENCES 

120 MHz, 20 lb and 
a logical layout 

This oscilloscope does the job. 
The job being servicing , testing 

and developing communications 
and computing systems. 

For this you need a bandwidth 
of at least 100 MHz, therefore 
Philips supply 120 MHz in order 
to keep ahead of component 
developments like Schottky TTL. 

A sensitivity of 5 mV is more 
than adequate, while a weight 
of only 20 lb comes as a 
pleasant surprise, (parking 
being what it is, every pound 
counts on a service call). 

And a logical front panel layout 
is equally important sir:ice it lets 
you take measurement easier, 
quicker and with less possibility 
of error. (One example of our 
logic is the separation of main 
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and delayed time base controls 
in order to avoid any ambiguity). 

Even more 

As well as these obvious 
benefits, the new PM 3260 has 
even more significant features 
like : the clean display, even 
at the highest writing speeds ; 

the wide use ot thin film 
circuits that help the space 
and weight reduction and that 
increase overall reliability; 

the specially-developed power 
supply that accepts any line 
voltage / frequency and DC and 
that dissipates only 45 W, 
thereby eliminating the need 
for a fan (and associated filters) 

and finally, the modular 

construction that gives fast 
access to all boards, controls 
and components. 

First in a family 

The new PM 3260 is a1$o the 
first in a new series of 
oscilloscopes that will soon 
include higher and lower 
bandwidth instruments -
all with the same 
important benefits of high 
performance, light weight and 
excellent ergonomic design. 

To find out more about the 
first in the family write to : 

Test and Measuring Instru 
ments Inc., 224 Duffy Avenue, 
Hicksville, L.I ., N.Y. 11802 

PHILIPS 
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"We expected the quality. 
Wliat floored us 

was the throughput~ 

Walter H. Canter, Jr. 
Vice President of Manufacturing 
Industrial Nucleonics Corporation 

In a fast-growing company like Industrial 
Nucleonics, there 's constant pressure for 
increased productivity. But Walter Canter, IN 's 
VP of Manufacturing , knows that product quality 
has to come first , and his job is to increase 
production without sacrificing that quality. If he 
can find a way to boost both quality and 
throughput, he 's way ahead of the game-the 
game in this case being backplane wiring. 

"The backplanes that go into our large 
AccuRay process automation systems run from 
a few hundred points to eight or nine thousand . 
Like most people, we used to manually inspect 
the wiring. That took time. Worse, it was subject 
to the same kind of human error it was supposed 
to uncover." 

The answer was a Teradyne N151 Computer
Operated Backplane Test System, which now 
completely checks the wiring on a 6,000-point 

backplane in about 15 seconds. With no pro
gramming to worry about. The N151 learns the 
wiring either from a known good backplane or 
from the same program used to control the 
wiring . 

What all this means to Walter Canter is this: 
"We save money on backplane inspection time, 
and we save money later in the final testing of 
systems. The N151 paid for itself here in 10 
months. Best of all, our N151 works two shifts a 
day, six days a week, with no downtime to 
speak of. " 

Find out more about Teradyne's N151 , the 
system that has literally revolutionized back
plane testing. Write Teradyne, 183 Essex Street, 
Boston , Massachusetts 02111 . In Europe : 
Teradyne Europe S.A. , 11 bis, rue Roquepine, 
75 Paris 8°, France. 

Chicago (312) 298-8610 / Dallas (214) 231-5384 I New England (617) 458-1256 I New York (516) 364-9797 I Sunnyvale (408) 732-8770 
London (093-28) 61111 / Par is 265 72 62 / Rome 59 47 62 I Munich (0811) 33 50 61 I Tokyo (03) 406-4021 . 
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Probing the news __________ _ 
Analysis of technology and business developments 

Solid-state imagers halfway there 
Industrial-quality CCD, injection, and MOS versions are available, 

but broadcast-type equipment is still several years away 

by Laurence Altman, Solid State Editor 

Solid-state imaging devices, hailed 
as the new generation of camera · 
technology as early as 1970, are still 
not commercially available for high
density facsimile and video-camera 
applications. And while it is becom
ing clear that cameras that can meet 
the tough demands of manufac
turers of broadcast and consumer 
equipment are still at least two or 
three years away, a wide variety of 
industrial equipment has become 
available. These products include 
lower-resolution linear and area im
agers ( charge-cou pied, injection, 
and MOS devices) for such appli
cations as slow-scan optical charac
ter recognition and basic-recogni
tion intrusion systems. 

Consider the developments of the 
last month: 
• Bell Laboratories has built a cco 
vidicon capable of full Picturephone 
resolution (250 by 225 lines) for 
data-transmission systems, and, in 
the process, designed a high-yield 
device structure that greatly reduces 
the manufacturing tolerances. 
• An injection-type MOS camera 
has just been introduced by General 
Electric. While capable of only 100-
line video resolution, it's so sensitive 
that it can detect images illuminated 
by nothing more than the light from 
a candle. Signal-to-noise ratio is 
1,200 to 1, and peak sensitivity is 
about 300 milliamperes per watt. 
This cam~ra joins the 100-by-100-
element CCD imager from Fairchild 
Camera & Instrument. 
• A new MOS photodiode readout 
structure from Stanford University 
reduces the noise of MOS self-scan-

Soft light. GE's injection-type MOS camera 

is so sensitive that it can detect objects il
luminated only by candlelight. 
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ning arrays. The structure will add 
to the applications of the industrial
type self-scanners available from 
Reticon Inc. and Photomatrix Ltd. 
• Finally, and perhaps most signifi
cant in foretelling developments, 
workers at RCA Lancaster are oper
ating a cco video camera that's ca
pable of the full 525-line video reso
lution. This 512-by-320-element 
array is technically capable of per
forming in today's TV systems. 

But it should be pointed out that 
available camera components fall 
short of the resolution and picture 
quality required for most video ap
plications; standard industrial-qua]-

ity data-transmission, video, and 
facsimile equipment; and toughest 
of all, low-cost consumer cameras 
capable of displaying good pictures 
on home TV monitors at a price less 
than $200. 

Indeed, some observers have be
gun to question whether solid-state 
techniques will ever be capable of 
producing imaging devices compa
rable in quality and cost to today's 
vidicon tubes-a standard 525-line 
black-and-white video camera from 
Japan can be bought for less than 
$200. 

These new developments indicate 
that solid-state imagers are clearly 
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ready to penetrate many industrial 
markets. One user, Richard Van 
Thyne of Recognition Equipment 
Co., Dallas, states that "all three 
types of solid-state imagers-cco, 
injection, and self-scan-are being 
evaluated for both simple character
recognition systems, like card and 
postal readers, and the tougher-to
i m plemen t point-of-sale a ppli
cations. "For the OCR systems," says 
Van Thyne, "a linear scanner is suf
ficient because the material has to 
move past the image head anyway. 
And the available cco and MOS 
scanners can already do the job. The 
problem is cost-we'd buy all we 
could at $5 apiece, and the vendors 
would supply all we wanted at $100 
apiece. It's mostly a question of get
ting the economics together." 

But Van Thyne indicates that it's 
not just the cost of the image com
ponent that must be considered- the 
total system saving can be consider
able with solid-state imaging de
vices because they are smaller, use 
less power, and are generally more 
reliable. "You'll pay more for a de
vice you know is reliable" and can 
operate at a fraction of the power 
dissipation and light levels that gen
erally are available from tube irn
agers, he points out. 

Whether industrial users know it 
or not, device manufacturers see 
them as providing a foot in the door 
for many special-purpose imaging 
applications. According to Gilbert 
Ameleo, in charge ofcco device work 
at Fairchild, "The industrial market 
provides a proving ground where 
many of the advantages of solid
state imaging can be tested." Even 
the early low-resolution image de
vices, like the 100-line camera, are 
already in demand for fly-by sur
veillance and monitoring appli
cations because they are lightweight 
and rugged. ButAmeleocautions that 
penetration into industrial, let alone 
the broadcast or consumer markets, 
rests with the ability of solid-state
imager manufacturers to increase 
device density to the standard 525-
line TV level. At this level, the solid
state device would begin to pene
trate such fields as facsimile and 
page-reader equipment, to name 
two. 
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The density gap is quickly being 
filled by devices such as Bell Labs' 
250-line and the RCA's 525-line im
agers. The Bell device is promising 
because it greatly relaxes the manu
facturing tolerances required in 
dense image arrays. Michael 
Tompsett, supervisor of the Bell 
cco group, points out that the struc
ture "considerably relaxes demands 
in mask making and photolithog
raphy because no narrow gaps have 
to be etched." The smallest device 
feature is the electrode itself-in this 
case, it measures larger than 15 
micrometers. 

This means that yields on cco 
imaging chips can be quite high, 
even though the chips themselves 
are very large-500 mils and larger 
on a side-pointing to much lower 
manufacturing costs than might be 
expected for jumbo chips, "In fact ," 
says Tompsett, "the problem with 
the commercial production of cco 
imaging chips from the supplier's 
viewpoint may be that the price 
may fall too fast." And although 
most device manufacturers say they 
will supply both chips and complete 
camera systems, low prices on chips 
would stimulate more interest in 
supplying complete camera and mon
itoring systems. 

RCA, which has been a major sup-

plier of video-camera tubes, is 
clearly aiming at the systems mar
ket-a realization that may not be 
too far away, to judge from its 525-
line cco camera. According to Rob
ert Rodgers, manager of the Lancas
ter camera group, the device, al
though still developmental , is 
technically capable of competing 
with many vidicons. "We have it 
hooked up to a standard TV moni
tor, and it's hard to tell it from a 
standard TV image. The cco-cam
era cost, however, would be high, 
and because of this penetration into 
the general vidicon market, is still 
some years away." 

This goes for both the broadcast 
camera market and the consumer 
home-video market. "For the 
broadcast market," says Rodgers, 
"even a 512-by-320-element camera 
is not good enough because sponsor 
pressure requires that the image 
quality must be higher than that 
shown on a home-TV monitor." And 
for the home-video market, the $200 
vidicon presents a formidable com
petitor. 

But as a special purpose camera, 
such as for low-light-level news and 
~ports applications, teaching aids, 
and medical applications, the solid
state video camera may soon be in 
the picture. D 

Bell ringer. This CCD vidicon built by Bell Labs can produce Picturephone resolution (250 
by 225 lines) . Researchers there also managed to reduce manufacturing tolerances. 
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Our ,High·Rel ~mis 
sel to tackle 

i 

your_ linear IC RfQ's~ 

Anytime you need High-Rel 
Linear IC's for military aerospace or in
dustrial applications, come to RCA. 
Your RFQ's will receive first class 
"team" attention. 

RCA has come on strong to meet 
your needs for High-Rel Linear IC's. 
With a team dedicated exclusively to 
High-Rel IC's and a MIL-M-38510 ap
proved facility, we are keeping pace 
with the industry's increasing demand 
for high-reliability linears. 

Our team can bring you a variety 
of High-Rel circuits, such as 
Operational Amplifiers, Differential 
Amplifiers, Transistor Arrays, RF 
Amplifiers, and Voltage Regulators, all 
processed to MIL-STD-883. Here are 
just some of the more popular smplifier 
circuits offered. 

Industry Designation RCA Number 100-999 Price 
Class s· Type 741 CA741T /3 $4.50 
Class s• Type 747 CA747T /3 5.50 
Class B • Type 748 CA748T/3 4.50 
Class B • Type 1558 CA1558T/3 5.50 

'Parts processed to MIL-STD-883 Method 5004 Class B 

Send for our free 20-page 
brochure which tells the complete 
story of RCA's COS/MOS and linear 
high-reliability IC's. 

Also available ... RCA's new, 
197 4, 576-page Solid State. "High
Reliability Devices" DAT ABO OK 
(SSD-2078). This handy reference 
provides complete Technical Data 
Sheets and other useful information on 
the broad range of RCA High-Rel in
tegrated circuits and transistors. 

Send for your copy today. Only 
$2.00. 

RCA Solid State 
Section 70C7Box 3200 
Somerville, New Jersey 08876 

D Please rush my order for copies of the 197 4 
"High-Reliability Devices" DATABOOK (SSD-2078). 
My cost, $2.00 each. 

D Please send a free copy of RCA's High-Rel IC 
Brochure (RIC-200). 

Name/Title-------------
Company ____________ _ 

Address ____________ _ 

City / State / Zip. ___________ _ 

I enclose payment by: DCheck DMoney Order 
Offer good only in U.S. and Canada. Direct other inquiries to RCA Sales 

~fiOM O< D1'1iib"'°" ft c n ~g:~~ 
----------------------------------------International : RCA, Sunbury-on-Thames , U.K./ RCA, Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-ku , Tokyo , Japan/RCA, 103 Nanking E. Road Sect. 2 

2nd Floor, Taipei , Taiwan . In Canada : RCA Lim ited , Ste. Anne de Bellevue 810, Canada. ' ' 
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Probing the news 

Automotive electronics 

Electric vehicles draw interest 
Electronic control systems are part of struggle to overcome 

cost, performance limitations in transit efforts 

by Ray Connolly, Washington bureau manager 

Consumers of the Western world these have been greatly reduced in 
waiting for an electric vehicle to res- size and relative cost from the early 
cue them from their dependence on days of streetcars and electric cars," 
gasoline pumps still have several says Ford Motor Co.'s Lewis E. Un
years to wait. And when the first EVs newehr. "However, many investi
arrive in quantity, they will most gators feel that solid-state devices 
likely be in the shape of buses, and circuits hold the most promise, 
rather than passenger cars. More- and there is no doubt that such sys
over, those buses with their electronic terns can give a smoother, more so
control systems probably will have phisticated type of control and 
been made in Europe or perhaps Ja- would be much smaller in size." 

expensive. To move a small, in
plant personnel carrier, for example, 
a minimum solid-state system could 
cost $200. For a large vehicle ca
pable of accelerations to a top speed 
of 60 miles per hour with the torque 
equivalent of 200 horsepower, a 
control system could cost as much as 
$1 ,000 each in quantity. "These 
costs are not competitive," says 
Gurwitz. 

pan, rather than in the United Conflict. However, some Euro- Gurwitz' frustration with solid
state control costs was matched by 
one French engineering executive's 
concern with the performance of 
present controls. General manager 
Pierre Margrain of Establissements 
E. Ragonot, an affiliate of the 
Thomson Lucas Group, called for 

States. pean EV specialists have different 
Surprisingly, those conclusions views of the economics and per

drawn from the Third International formance of electronic control sys
Electric Vehicle Symposium in terns. On the cost side, David Gur
Washington didn't discourage the witz, managing director of Britain's 
electronics engineers at the three- Sevcon Ltd., says that electronic 
day meeting near the end of Febru- controls as they now exist are too 
ary. "That may be discouraging for 
car drivers, but it is good news to 
us," contended one Westinghouse 
Electric Co. engineer, who noted 
that solid-state technology is still a 
newcomer to the EV marketplace. 
"There is still a chance." 

How chancy is the potential for 
electronics as the principal control 
system for electric over-the-road ve
hicles? Most Americans acknowl
edge that they do not yet know, be
cause the domestic market has not 
yet been tapped as it is beginning to 
be in Western Europe, where ve
hicle development is further along. 
There, the emphasis is on city buses 
and delivery vans with the capacity 
to carry the large, heavy battery 
packs now required by EVS. But the 
potential for electronic control sys
tems unquestionably exists, if they 
can be proved economically com
petitive with older, established me
chanical contactor systems and 
torque converters. 

" It is still feasible to consider the 
mechanical contactor systems, for 
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Is there a consumer market? 

In 1972, the New York-based Electric Vehicle Council commissioned a mar
ket study that determined there were about 55 million Americans who 
would be interested in a plug-in automobile for urban use if it could deliver a 
top speed of 40 miles per hour , would travel 150 miles without recharging, 
and could be bought for less than $2,000 . Both that range and price are still 
beyond the state of the EV art-now limited to about 50 miles and a price 
tag closer to $4,000-but much has changed in America in the past two 
years. 

Chief among these are the attitudes of the consumer, lately discontented 
with seemingly unending waits to buy limited quantities of gasoline. If there 
is an indication in the number of consumers who called the Third Inter
national EV Symposium anxious to see the exhibits-and in some cases, 
" place my order for an electric car " -then the principal obstacle to devel
oping the consumer market would seem to be only the absence of a proven 
consumer product . 

Offsetting the EV 's high first cost and range limitations are its distinct ad
vantages in the area of low fuel costs-about one-half cent per mile-as 
well as its low pollution level and relatively simple maintenance compared 
to conventional vehicles. 

Of the 42% of U.S. consumers who expressed an interest in an electric 
vehicle , more interest was shown by women then men (43% vs 41 %), by 
younger people than older (half of those in the 18 to 29 age bracket) , and 
by big-city dwellers (48%) than those in rural or other urban areas. Said one 
analyst of the data, "in developing the market , it seems that college stu
dents and liberated women should come first ." 
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RCA COS/MOS to 
MIL·M·38510 

Now, you can order COS/MOS 
parts processed to MIL -M-3851 O 
from the first supplier to achieve QPL 
approval for C/MOS, and the first 
IC supplier to achieve approval for 
any Class A parts. 

Orders are now being taken for 
eleven High-Rel IC's fully-processed 
to MIL-M-38510 - Class A, B, or C. 

MIL-M-38510 RCA 
Nomenclature Type Description 

MIL-M-38510/ 05001 CD4011A Quad 2- lnput NANO Gate 
MIL-M-38510/05002 CD4012A Dual 4-lnput NANO Gate 
MIL-M-38510 / 05003 CD4023A Triple 3- lnput NANO Gate 

MIL-M-38510/05101 CD4013A Dual "D" Fl ip-Flop 
MIL-M-38510/ 05102 CD4027A Dual J-K Flip-Flop 

MIL-M-38510/05301 CD4007A Dual Complementary Pair Plus 
lnverler 

MIL-M-38510/05302 CD4019A Quad AND-OR Select Gate 

MIL-M-38510/ 05501 CD4009A HEX Buffer/Converter (Inverting) 
MIL-M-38510/05502 CD4010A HEX Buffer/Converter 

(Non-Inverting) 
MIL-M-38510/05503 CD4049A HEX Buffer/Converter (Inverting) 
MIL-M-38510/ 05504 CD4050A HEX Buffer/Converter 

(Non-Inverting) 

These 11 parts are the initial 
complement of 26 C/MOS IC's 
covered by MIL-M-38510 detailed 
electrical specifications. Orders will be 
taken for the other devices as soon as 
they appear on the MIL-M-3851 O QPL 
list. 

Send for our free brochure which 
tells the complete story of RCA's 
COS/MOS and linear high-reliability 
IC's. 

Also available . . . RCA's new, 
197 4 576-page Solid State "High
Reliability Devices" DAT ABOOK 

(SSD-2078). This handy reference 
provides complete Technical Data 
Sheets and other useful information on 
the broad range of RCA High-Rel in
tegrated circuits and transistors. Send 
for your copy today. Price $2.00. 

RCA Solid State 
Section 1oc1 Box 3200 
Somerville, New Jersey 08876 

0 Please rush my order for _copies of the 1974 
"High-Reliabili ty Devices" DATABOOK (SSD-
2078). My cost, $2.00 each. 

0 Please send a free copy of RCA's High-Rel IC 
Srochure (R IC-200). 

Name/ Title---------------

Company ______________ _ 

Address----------------

City State Zip ____ _ 
I enclose payment by:DCheck DMoney Order 
Offer good only in US and Canada. Direct other inquiries to RCA Sales 
Office or Distributors. Ren Solid 

State 

International : RCA, Sunbury-on-Thames , U.K./RCA, Fuji Building , 7-4 Kasumigaseki, 3-Chome, Chiyoda-ku. Tokyo, Japan/RCA, 103 Nanking E. Road, Sect. 2, 
2nd Floor, Taipei, Taiwan. In Canada: RCA Lim ited , Ste. Anne de Bellevue 810, Canada. 
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Probing the news 

development of high-power transis
tors with collector currents as high 
as 500 amperes so that the com
pany's urban-vehicle controller can 
achieve economies as high as 80% in 
labor costs by replacing 33 compo
nents with no more than four or five 
that could cost 20% less. Margrain 
says he believes such components 
will be developed for use as chop
pers in EV speed-drive sys tems. 
Ragonot's prototype urban-vehicle 
contro ller has 11 independent 
power blocks, each consisting of 
three parallel transistors, driven in a 
Darlington assembly by a fourth. 
The problem, says Margrain, is the 
cost and complexity of the circuitry, 
as well as the associated problems of 
getting so many transistors to work 
in parallel. 

Systems. Though most Americans 
concede that EV applications are 
more advanced in Europe and Ja
pan- where gasoline prices have al
ways been higher and the distances 
between cities comparatively shorter 
than in the U.S.-the belief that the 
higher level of American systems
engineering expertise may prove an 
advantage in the long run. 

While all participants acknowl
edged that the limitations of battery 
technology are still the biggest 
handicap facing EV programs, Ed
ward E. David Jr., Gould Inc.'s 
executive vice president for R&D, 
condemned the lack of system de
sign. The former Science Adviser to 
the President said: "On-road truck 
and passenger vehicles are not reali
ties today [because] too little effort 
has been spent optimizing electric 
vehicles from a total systems stand
point. Until recently, most electric 
vehicles were developed by remov
ing an internal-combustion engine 
from an existing vehicle and adding 
standard batteries, motors, and con
trols. That is not adequate, and we 
now see that for a lead-acid battery 
to support broader vehicle appli
cations, we must optimize all por
tions of the vehicle" before it can be 
economically marketed and manu
factured. 

That view was echoed by Siemens 
AG's Rudolf Wagner, who observed 
that "we EES are technically inferior 
to machinery designers" in the au-
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Why R&D's stalled in America 
There seemed a common sense of frustration among the more than 1 ,000 
entrepreneurs, economists, and electronics engineers at the Third Inter
national Electric Vehicle Symposium . But the origins of the concern were 
different for the Americans than they were for the more experienced EV 
specialists from Britain , France, and West Germany, who dominated the 
meeting. While the Europeans pondered the need for new electronic con
trols and power sources , the Americans griped at the slower pace of their 
own programs. 

" Various European cities have found the electric bus an efficient and 
economical answer to mass transportation , but here in the United States , 
the Urban Mass Transportation Administration has announced grants of 
funds in the millions of dollars for internal-combustion buses, and not a dol
lar for the electric type ," complained Sen. James A. McClure (R., Idaho). 
Asked later to respond to the criticism, Undersecretary of Transportation 
John W. Barnum could do no more than confirm the accuracy of McClure 's 
assertion . 

Japan, meanwhile, is well on its way to spending a $13.89 million govern
ment grant for R&D on electric vehic les, following the development of 320 
prototype vehicles to transport visitors around the grounds of the Tokyo 
World's Fair . 

Why has the U. S. experienced such problems with innovation? Many EV 
buffs are convinced that the shadow cast on their progress is one made by 
" the oil companies-a lobby for which there is no counterpart in Europe 
and Japan. " 

tomotive industry when it comes to 
determining with precision the long
range production costs of a mass
prod uced vehicle. But, Wagner 
added, "we accept the challenge.'' 

Before an EV can be successfully 
marketed, much needs to be done to 
determine accurately the product's 
reliability and performance data in 
order " to make decisions on mass 
production, requiring a very high 
capital investment." By Wagner's 
estimate, "at least 10,000 cars will 
have to be built so that all technical 
data will be solidly grounded.'' 
Moreover, he urged the infant in
dustry to move quickly to develop 
technical standards, especially in 
such areas as battery chargers, "so 
that the electromotive engine does 
not fail at the start.'' 

Postal program. Some symposium 
registrants saw a certain irony in 
that the biggest EV effort in Amer
ica is being sponsored by the U.S. 
Postal Service, an agency not ordi
narily associated with innovative 
technology. Of the USPS program 
to move from 30 prototypes to 
300 operational electrically powered 
postal vans in one bound, one 
Briton said, "a very, very brave 
jump indeed.'' Building even 100 
vehicles "is enough to drive any
body mad," he argued, warning that 

"problems are going to exist" in the 
program because "none of the com
panies operating in the U.S .• could 
expect to build even l 0 vehicles at 
anything resembling real cost.'' 

Westinghouse Electric Corp.'s 
Pittsburgh R&D Center identified 
some of the EV postal-route requi re
ments in that city, reported a team 
of its specialists at the meeting. On 
three routes, mileage requirements 
varied from 12.3 to 28. Stops and 
starts totaled 375 on the longest run 
and 477 on the shortest. Kilowatt 
hours per mission ranged from 8.75 
to 15.1, according to the study. 

Are these and other proposed 
electric vehicles efficient? For the 
long term, the answer is a definite 
"yes," according to analyses by 
Westinghouse and others. In a study 
by Westinghouse's A. H. Long and 
three of his colleagues, the com
parative costs per mile for an EV in 
1973 were already competitive with 
conventional cars. They are 18. 7 
and 18.5 cents, respectively, on the 
basis of combined fixed and vari
able costs. And, as U.S. gasoline 
costs rise and emission-control sys
tems continue to reduce the mileage 
per gallon, the Westinghouse study 
estimates that internal-combustion 
vehicle costs will nearly double by 
1983 to 33.3 cents per mile. D 

Electronics/March 7, 197 4 



The engineering data 
in this 40 page catalog 
makes it indispendable. 
Performance curves, dimensional drawings and EIA 
specifications make it a virtual handbook on a complete 
line of standard capacitors and ceramic substrates 
available from Centralab Distributors. 

T raditionally, distributor cat
alogs have consisted of con
densed product descriptions 

and catalog listings. They've sel
dom provided the engineer with all 
of the information he would like 
to have in specifying the exact 
component to fit his particular 
application. 

That's why engineers will find 
the new Distributor Catalog on 
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Centralab's complete line of elec
tro-ceramic products such a radi
cal and welcome departure. It not 
only provides all the product spec
ifications needed on capacitors and 
ceramic substrates, but includes 
comprehensive technical data such 
as performance curves, test speci
fications and dimensional draw
ings. It's a real aid in the proper 
selection of the right component 

_________ ..... _ 
__ ct: .. f-..e -..ct 

to meet specific application re
quirements. 

There are 535 new items alone 
in this catalog. They include alu
mina substrates, now available in 
10 standard sizes from Centralab 
Distributors. The broad line of ca
pacitors include ceramic discs, new 
monolithics - chips, axial and ra
dial lead-aluminum electrolytics, 
polystyrenes and special applica
tion ceramics including RF, feed
thru and high voltage. Four ca
pacitor kits are also described. 

Off-the-shelf availability of the 
standard products in this catalog 
make it an indispensable specifi
cation tool. You can get your copy 
from your nearest Centralab Dis
tributor. Ask for Catalog 101. Or 
write Centralab Dist ributor Prod
ucts, Dept. C-1. 

This new D istributor Catalog is graph
ically simplified and color keyed to 
m ake selection of individual require
ments easier than ever before. 



Probing the news 

Automotive electronics 

Is electronics heading wrong way? 
Auto makers complain that semiconductor devices for cars 

need to be more cost-effective and more reliable 

by Lawrence Curran, Managing Editor, News 

In the eyes of the automobile indus
try, semiconductor manufacturers 
still have a long way to go both in 
understanding the penny-watching 
economics of the auto makers and 
in demonstrating that semicon
ductor devices are reliable enough 
for automotive use. Those were two 
of the salient points made at a panel 
entitled "Automotive Electronics 
Revisited," during the International 
Solid State Circuits Conference last 
month in Philadelphia, and at a fol
low-up discussion there with Elec
tronics editors. 

Auto company representatives 
stressed, too, that reliability and 
economics are tightly intertwined in 
their industry-the auto manufac
turer has to pay not only for the 
electronic systems but also for their 
service during that part of a car's 
life that's under warranty. 

Regarding reliability, the auto 
spokesmen said flatly that they 
don't want to pay for any bad semi
conductor devices. Their reliability 
requirements are often more strin
gent than those in the aerospace in
dustry, they maintain, where semi-
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conductor suppliers have become 
accustomed to talking with their 
customers about "lot tolerance per
cent defective" levels- the accept
able percentage of defective parts in 
a lot. Automotive manufacturers 
have no such tolerance. John Web
ster, manager of electronic-product 
development at Chrysler's Hunts
ville, Ala., division, perhaps best 
crystallizes his industry's view when 
he says that semiconductor manu
facturers have to learn to subscribe 
to the "childish simplification" em
bodied in a grocery-store analogy. 

Economics. Says Webster, "If you 
buy a 50-pound bag of potatoes and 
you get three bad potatoes, you can 
take them back, and that grocery
man will give you three new ones. 
He'll do it happily because he wants 
you to come back again." By the 
same token, Webster says, if a semi
conductor supplier "is shipping us 
half of l % bad parts and we're buy
ing 20 million of them, he can forget 
about doing business with us the 
next time around." 

Frank E. Jaumot Jr. , director of 
research and engineering at the 

Delco Electronics division of Gen
eral Motors Corp., Kokomo, Ind., 
also hammered at economics to his 
ISSCC panel audience when he said 
that automotive manufacturers still 
aren't necessarily enamored of elec
tronic systems. If the choice is be
tween an electronic solution to a 
problem and a cheaper mechanical 
or electromechanical solution, the 
auto maker will pick the cheaper 
unit. 

Jaumot, though, made the point 
that electronic systems are begin
ning to prove their value in systems 
where considerable experience has 
been gained. For example, Jaumot 
says, electronic ignition systems 
have l % of the failures of their me
chanical predecessors. "The prob
lem with the electronic-ignition sys
tem," Jaumot says, "is that the 
failure is usually catastrophic; it's a 
tow-in job 40% of the time," 
whereas the mechanical system de
grades slowly. 

Chrysler's Webster agrees that 
switching to electronics for the igni
tion system, which Chrysler pio
neered and now is installing in all its 
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autos, has cut the failure rate in that 
system. At Chrysler, there have 
been about 20% fewer electronic 
failures than the mechanical sys
tems had, although the age-old 
problem of semiconductor "infant 
mortality" still haunts users (see 
"Electronic ignition: the first 100 
miles"). 

At West Germany's Volkswagen
werk AG in Wolfsburg, the use of 
electronic fuel-injection systems 
gives fewer failures-70% fewer
than the old carburetor, says Klaus 
Stamm, of Volkswagen's research
and-development staff. Stamm says, 
though, that failures in the elec
tronic-injection system are 2.3 times 
more costly to repair. 

Unfulfilled promise. Further, says 
Stamm, the advance billing of 
greater reliability for integrated cir
cuits promised by their manufac
turers hasn't proved out. Some 25% 
of the failures in Volkswagen flash
ing warning lights have been traced 
to faulty integrated circuits. Never
theless, Volkswagenwerk is going to 
an injection system that is more 
fully integrated than the original. 
The new version, made by Robert 
Bosch GmbH, uses three 1cs and a 
total of 80 electronic components, 
compared with 300 discrete compo
nents in the original. 

The toughest lesson for the semi
conductor industry in dealing with 
Detroit, Chrysler's Webster believes, 
is to learn that automotive manufac
turers aren't going to change their 
way of operating to accommodate 
the semiconductor manufacturer; 
the reverse will have to happen. 

Regarding Detroit, Webster says 
"They've been building cars for lots 
of years, and they really know what 
they're talking about. They're al
most unbelievable in their demands 
from the economic standpoint." 
With a car that contains all kinds of 
combinations of options-a lot of 
them involving electronics-coming 
off production lines each minute, 
the auto makers have to make sure 
that parts are available at the lowest 
possible price. "The rest of us have 
to do it their way, and that's true of 
electronics, as well," Webster em
phasizes. 

For ICs, Chrysler's Huntsville di
vision has worked out a sampling 
plan that applies an acceptable 
quality limit (AQL) of 0.15 until ex-
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Electronic ignition: the first 100 miles 

Chrysler statistics show that the first 1 00 miles are the riskiest for elec
tronic-ignition systems . In fact, during the first 1 O miles , there is a substan
tial semiconductor " infant-mortality" rate . For more than 6,000 failed sys
tems from a total of about 2 million produced for a given model year, 24% of 
them failed in the first 100 miles , and 15% of those failures happened in the 
first 10 miles of driving . 

Interestingly, almost half the units that came back to the dealer as faulty 
turned out to be functioning properly, but, of the true failures , 78% resulted 
from component failures , "most of which were semiconductor failures ," 
says John Webster , manager of electronic-product development at Chrys
ler's Huntsville, Ala., division. 

perience is gained with a given 
semiconductor maker. Then if he's 
found to be delivering good parts, 
the AQL level is cut back so that 
fewer of those parts are tested. An 
AQL level of 0.15 means one bad de
vice in 315, "and that's pretty 
mean," Webster admits. 

Semiconductor Products division, 
argues for more understanding of 
semiconductor cycle times on the 
part of automotive manufacturers, 
just as semiconductor makers must 
realize that Detroit won't stop pro
duction lines because promised de
vices aren't there. 

The AQL challenge. For their part, 
panelists representing the semicon
ductor industry aren't wild about 
working under the shadow of such 
stringent demands as that AQL level 
or the need to supply huge volumes 
on a fast-turnaround basis (which 
happened with seat-belt-interlock 
systems for 1974 models). 

Will Steffe, analog design man
ager at Fairchild Semiconductor, 
observed, "We may argue about 
whether we'd want to sign a contract 
with that AQL number in hard, black 
writing." William Davis, who is re
sponsible for design engineering for 
consumer, linear, and non-enter
tainment products at Motorola's 

We have a problem with cycle 
times, too," Davis says. "It takes a 
certain amount of development 
time, mask time, and production 
time to get the material through and 
get it out. We don't feel they really 
understand that." 

Robert Hood, Fairchild's man
ager of automotive systems engi
neering, says the problem in the auto 
industry "is that the underlying con
cept is, 'All right. Today, let's shoot 
the designer and go into produc
tion,' and that's not the best thing to 
do-either from a cost or reliability 
standpoint. How we all learn to 
grapple with that over the coming 
years is going to be interesting." D 

'Self-repairing' seat-belt systems 

Little statistical data has been gathered by automotive companies on seat
belt interlocks because the systems still haven 't been in the field long 
enough. Delco's Frank Jaumot Jr . says Delco itself had to supply far more 
semiconductor devices than it had expected because outside suppliers 
were late with deliveries . But now that large quantities are coming from the 
semiconductor industry, he's pleased that the solid-state industry " really 
turned to on seat-belt systems and really put the relay people down. " GM 
had designed a backup relay system for use if semiconductor suppliers 
dropped the ball, but it wasn 't needed. 

One reason , though , that few statistics are available on seat-belt-system 
failures , says Chrysler 's John Webster , is that if the system fails , yet the car 
still runs , "we'll never hear about it. Out numbers are unbelievable at this 
point. Our digital clocks weren 't that good, and they use the same C-MOS 
technology." Besides he says, " the seat belt is a self-repairing system ." By 
that , Webster means that consumers are finding ways to disable what many 
regard as a nuisance, even though the system is a federally mandated 
safety feature . 
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Probing the news 

Computers 

Unidata starts long climb upward 
European computer combine must deal with problems of nationalism 

as it prepares to do battle with the dominant IBM 

by James Smith, McGraw-Hi// World News 

On Jan. 15 the nameplate came 
down on the headquarters of Sie
mens Data SpA at Via Fabio Filzi 
25A, Milan, and a new sign went up 
announcing Unidata-the tripartite 
company formed by Philips, Sie
mens, and en to cut into IBM's 
domination of Europe. The event, 
repeated in Spain, Belgium, the 
Netherlands, Austria , and else
where, coincided with introduction 
of the 7720, the first computer in 
Unidata's new line of five or six ma
chines. 

Six months after its formation, 
Unidata seemed on the right track: 
A troika of managers from the par
ent firms was presiding over work
ing sales offices in seven countries, a 
second machine was scheduled to 
appear in a few months, and the 
group was working on an advanced 
second-generation lineup. But as 
good as this record is, setting up a 
transnational European rival to IBM 
and other American firms isn't easy. 
Competitors are predicting Unidata 
will have to do a lot more before its 
success is certain. For example, a 
squabble over French contributions, 
only just settled, threatened to break 
up Unidata at the start. 

So far, the organization is not 
much more than a sales operation 
directly headed by a three-member 
board of management consisting of 
the president of en (Compagnie In
ternationale pour l'Informatique) 
and the heads of the Philips and 
Siemens data divisions. Many of the 
sales operations are still not for
mally incorporated, and some con
sist mainly of changes of the name 
on the door. 

Accommodating various market 
shares is probably the least of Uni
data's worries. Any real merger of 

76 

sales operations involves tre
mendous fiscal, managerial, and 
psychological problems. In addition, 
Unidata must step into a maze of 
contracts and offers made by the 
original sales organizations and per
suade customers to accept Unidata. 

With such complications on the 
marketing side, it is not surprising 
that Unidata has scarcely broached 
the possibility of eventual fusion of 
production facilities-the area in 
which Common Market Commis
sion experts estimate that real oper
ating efficiencies lie. While Uni
data's management board has direct 
control over selling operations, it 
has merely coordinating control 
over supply centers, which in the 
foreseeable future will remain in the 
hands of the partner companies. 

Research and development, plus 
investment in production, is appar
ently left largely to each individual 
partner. Unidata's role is to coordi-

nate development of software and 
hardware and to negotiate produc
tion contracts for specific machines. 

Moreover, while the partners may 
effect some economies by phasing 
out overlapping machines in their 
ex is ting lines, little production 
rationalization is probable on the 
present generation of machines, the 
technologies of which are essentially 
different. The Unidata 7720, for ex
ample, is basically the P2000, de
signed by Philips. 

Subsidies. In addition, govern
ment subsidies to the various na
tional partners present another 
obstacle to merger that the compli
cated Unidata formula does not 
seem likely to overcome. French 
partner en, expected to build two of 
the eventual five or six Unidata 
units, will get the bulk of the funds 
for its Unidata R&D commitments 
this year from the French govern
ment's Delegation a l'Informatique 

Spllt. In Germany, to protect Philips ' share of office-computer market. there will be two com
panies. One will be 80% owned by Philips with the rest in the hands of a planned holding 
company. The second, for medium and large units , will be controlled by Siemens. In the 
French setup, to be in existence by the end of this year or early '75 , Cll will have the 80%. 

. . " ·- "". • '. .. '". • • ~ . • :r • ' • 'l . . . . . . .. . . . . . 

Philips Siemens Cll Holding 

West Germany 80 20 

West Germany 80 20 

France 80 20 

France 80 20 

Holland 67 13 20 

Spain 20 40 40 
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At least where interactive design and drawing 
systems are concerned. Among these tools for 
designing and preparing finished art for 
IC's, PC's and electrical schematics, one 
system has become the hands down favorite 
of the major U.S., European and Japanese 
manufacturers. The Calma Graphic Data 
Station. It didn't happen overnight. The Calma 
system earned its place over the past two 
years by outperforming other systems in the 
toughest kind of competition. By consistently 
achieving twice the thruput. By performing 
reliably when others failed. By supporting 
more work stations without loss of perform
ance. By making it more economical to expand 
than other systems. Today, you don't have 
to take a chance on the untried. Calma has 
proved itself. Just ask around. The experience 
of others will make your buying decision easy. 
Write or call today for literature or a 
demonstration. Calma Company, Corporate 
Marketing Headquarters, 1930 Isaac Newton 
Square East, Reston, Virginia 20090. 
Phone ( 703) 4 71-1450. 

~ Interactive Desig11 and Drawing Systems. 
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tips fo r immedi ate data 
access 

0 Up to 10 chart speeds 
independent of li ne 
frequency 

0 Optional TTL propor
t ional drive 

0 Rugged d ie cast 
construct ion 

0 Electronic overrange 
protection 

0 3200' of trace from snap-
in fibre t ip pens 

0 Optional event marke rs 
0 .25% accuracy 
0 .5 sec response 
0 Prices from $475, with 

OEM discounts 

Ca ll or write Ron Gosk fo r 
comp lete deta il s: 
IEEE Booths # 2909 & 2910 

Keewaydin Ori~e . Salem , N .H . 03079 

Tel. 603-893-1921 • TWX 710-366-1887 
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Probing the news 

as part of the Plan Calcul. Says a 
Siemens man, "Care must be taken 
to see that these funds don't wind 
up with German and Dutch part
ners." 

On the other hand, such financial 
backing cuts both ways. Most gov
ernments subsidize the local com
puter industry in some fashion. In 
Belgium, for example, the govern
ment takes 50% of its hardware 
needs from Philips and Siemens, in 
return for which both firms operate 
manufacturing facilities in the coun
try. French public authorities have 
earmarked $160 million from 1971 
through 1975 for hardware under 
the Plan Calcul. And Germany will 
spend more than $200 million in the 
same period. Taken together, such 
funds would make a tidy subsidy if 
they are directed mainly toward 
Unidata efforts. 

What's more, the French govern
ment has favored en extensively 
through its buying policy. Early last 
year, en equipment amounted to 
26% of the hardware installed in 
government administrations, com
pared to 16% the year before. At the 
same time, shares of Honeywell-Bull 
and IBM went down slightly. In 
Italy, the government tie-in, which 
accounts for nearly half of all in
vestment spending, is not expected 

The British are coming 

to hurt Unidata in the least. Aldo 
Carlevaro, one of the three sales 
managers of Unidata spA, estimates 
the group will get 30% of its future 
sales from government and public 
administration uses, and another 
20% on the local level-. 

The blandishments of govern
ment assistance are not lost on Uni
data's U.S. competitors. Honeywell
Bull's French president Jean-Pierre 
Brule and Univac's top executives 
have clearly stated they would like 
to do business in Europe under Uni
data's colors. As John C. Butler, 
head of Univac's European oper
ations, puts it, "We are aware that 
in the future we will find ourselves 
between the hammer [IBM] and the 
anvil [Unidata] , since Europe will 
certainly become more and more 
nationalistic. Thus, it is our inten
tion to seek a solution through as
sisting a European company to com
bat IBM's dominant position." 

U.S. out. So far, any participation 
by U.S. firms has been vetoed by the 
French government. As the French 
partners in Unidata see it, every ef
fort has to be made to get Britain's 
IeL (International Computers Ltd .) 
into the combine. 

"It will take five years to build 
such a European company,'' says a 
senior French-government source, 
"and only when it exists will we dis
cuss anything with possible inter
national partners. Any talks before 

All concerned agree that Unidata would be playing a much stronger hand if 
it could add a fourth to the three computer make rs that have combined to 
form the new super-company. The fourth they have in mind is Great Brit
ain 's International Computers Ltd . 

Although the president of Compagnie Internationale pour l' lnformatique , 
Michel Barre, says that discussions with ICL are under way, what is hap
pening seems to be a replay of French and British failure to reach agree
ment two years ago . As Common Market Commission sources note , ICL 's 
line is not compatible with those of the three partners , and ICL is interested 
in keeping things that way to protect its 35% share of the British market . 

Joining Unidata , whose machines are compatible with IBM hardware , 
would simply expose it to the U.S. giant. What's more , the British , fresh 
from success in East European markets , are now preparing an attack on 
West Europe. " ICL 's machines are competitive with Siemens ' upper line , 
and as far as use is concerned , they can substitute for the IRIS, Cll 's line ," 
says a Brussels consultant. 

Some industry experts think the British company can easily get 1 0% of 
the existing European market share in France and Germany in the next five 
years-the time in which Unidata is expected to take to develop its second
generation line. A Philips Electrologica spokesman declines to call the con
tacts with ICL "negotiations." "There is no base for negotiations ," he says 
flatly. "And the British market is heavily protected ." 
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that stage with non-European com
panies would mean the failure of 
the all-European effort. We do not 
want such a solution." 

The question of American partici
pation may be the first ripple of a 
major disagreement between Uni
data's partners. Though Unidata's 
sales figures-about $700 million by 
the three partners-and number of 
installed computers-17 ,000 ma
chines-look good on paper, the fact 
is the combine, with 8% of Euro
pean sales compared to 13% for 
Honeywell-Bull and 60% for IBM, is 
just on the borderline of what ex
perts consider economically sound. 

"We would favor contact with 
anyone, including the Americans, 
provided they have a similar base," 
says a spokesman for Philips Elec
trologica, the Dutch giant's com
puter arm. Even en's big private 
shareholder, Compagnie Generale 
d'Electricite, wants a U.S. link to 
promote the viability of the group 
before investing the additional 
funds needed to meet en's Unidata 
research commitments. The furor 
over CGE's reluctance to put up its 
share of the needed investment 
money threatened to break up Uni
data before it got off the ground, 
and was settled only the last week in 
February by the French govern
ment's willingness to increase to $52 
million the amount required to 
carry en through this year. 

Unconcerned. Officially at least, 
en's partners do not seem bothered 
by the French firm's problems. "No 
company can pull out," explains a 
Siemens official, "because they 
would be left with a torso-one or 
two machines- without a complete 
line. The longer Unidata lasts, the 
greater the momentum built up." 

Even if Unidata gets the size it 
needs and manages to rationalize its 
production, other problems may still 
exist. Computer experts say Sie
mens, which relied heavily on its old 
license ties with RCA to beef up its 
research and development , may 
gradually move out of the main
frame business and broaden its tele
communications activities. 

en, anchored to large machines, 
might stand to broaden its market 
penetration outside France, where it 
has practically no presence. But the 
main partner to benefit from Uni
data, according to this argument, 
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would be Philips. The giant would 
gain the market needed to develop 
its general-purpose computer line
which thus far seems to be losing 
about $70 million a year. 

Not everyone agrees. One of Uni
data's Italian competitors sees the 
7720 as a further design of the Sie
mens 4004-a point which Unidata 
hotly disputes- and he thinks Sie
mens may come out ahead. 

In either case, the French firm, 
which is by far the smallest of the 
triumvirate, when measured in total 
sales, appears likely to be on the 
short end. That prospect may al
ready be troubling some of en's 
non-government shareholders. If 
and when the Dutch or Germans 
start getting most of the benefits, 
what will happen to French-govern
ment participation? D 
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Probing the news 

Production 

Changing MOS wafers in 36 hours 
Western Digital uses special equipment and facilities to cut time 

from the usual weeks or, in-some cases-months 

by Paul Franson, Los Angeles bureau manager 

Making changes in MOS masks can and the fact that the company has 
delay production for weeks or even its own mask shop. 
months. That's what motivated a Perhaps the most interesting as
three-year-old MOS firm in Newport pect of Western Digital's system 
Beach, Calif., using some ingenuity isn't so much that it is unique, but 
and modifications of tools that are rather that the company has at
readily available, to cut that time tacked the time problem and licked 
down to 36 hours and sometimes it to the extent that president Alvin 
even less. B. Phillips can declare flatly, "We 

The company, Western Digital have the world's fastest system." 
Corp., uses a combination of tai- The photoplotter is perhaps the 
lored equipment, in-house facilities, key to the process. The company 
and carefully thought-out proce- uses an inexpensive ($38,000 origi
dures to effect the dramatic saving nal price) machine from the Gyrex 
in time. William Roberts, vice presi- Corp. rather than the more common 
dent for R&D, says that, while sev- $300,000 David Mann photomask 
eral factors enable Western Digital maker. Roberts points out that the 
to respond so quickly, the most im- Gyrex machine wasn't designed for 
portant is its use of a photoplotter, LSI work-it was originally intended 
rather than rubylith masks. Other for circuit boards-and doesn't have 
important contributors are a much- anywhere near the resolution of the 
modified Applicon design system Mann machine. But "it turns out 

I The shrewd timing of Western Digital 
Western Digital started in business at 
what is considered a terrible time by 
most standards-April 22, 1970, in the 
midst of the worst slump ever to hit the 
semiconductor business. However, the 
company 's progress since then has 
been most impressive . The latest fig
ures show $3.5 million in sales and 
25% pretax profits in the quarter ended 
Dec . 31 . This is almost three times the 
sales of the corresponding 1972 quar
ter . Nevertheless, the chairman and 
president , Al Phillips (left) gets an
noyed when people seem surprised . 
" It 's all according to the plan I estab
lished over three years ago," he points 
out. 

Phillips says that the bad times when 
he started didn't cause problems. It 
even might have been an advantage. 
"My business plan said I would lose 

that we don't need it," says Roberts. 
'The mask aligners can't align accu
rately enough to take advantage of 
the Mann's capability." 

Western Digital has modified the 
Gyrex machine substantially. It is 
controlled by cassettes generated by 
a Digital Equipment Corp. PDP-11, 
rather than the paper tape originally 
used. Richard Perrin, manager of 
product design engineering, says: 
"We took the Gyrex controller out 
of the loop. We use ramping tech
niques that give a 3-to-1 improve
ment in speed over the paper tape, 
and, in the process, eliminated 
many errors that resulted from use 
of the paper." 

Along with the photoplotter 
comes another practice that is un
usual for W estem Digital, a small 
semiconductor firm: The company 

money for two years , and its realism 
probably helped me get capital. " 
Emerson Electric made an initial invest
ment of $1 .5 million in the company. 
And the St . Louis parent is happy about 
the relationship. Says a spokesman: 
" They 're doing very well-in fact , we 
just added to our equity." 

Phillips, who likes to call his own 
shots, had previously set up and man
aged the Rockwell Microelectronics fa
cility , and before that , Sylvania 's inte
grated-circuit operation . There he 
watched the company pioneer in SUHL 
TIL, then lose its lead to the Texas In
struments 54 /7 400 series-because , 
says Phillips, of overly cautious and 
conservative higher management . He 
has also worked at Motorola and Gen
eral Electric. 

To get his infant company started , 
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makes all its own masks from bare 
glass. This obviously helps turn
around in the present tight market, 
and Phillips says it gives far better 
quality and lower cost. The com
pany has even applied for a patent 
on its techniques. 

Cassette control. The Gyrex ma
chine is run from a cassette gener
ated by the Applicon design system. 
The firm feels that this is also vital
but not for initial layouts. "The aid 
for us in this computer-aided-design 
system is in making changes quickly 
and accurately," says Perrin. He 
points oµt that in designing a chip 
with 100,000 components, it's diffi
cult to avoid a few mistakes, but he 
feels that the system corrects them 
fast. The Applicon setup could be 
used on-line with the Gyrex plotter, 
but Roberts says that would sacri
fice much flexibility just to save 
some hardware, and it would be es
pecially unfortunate if the system 
were to break down during mask 
making. 

Western Digital uses manual lay
out and design initially, since the 
company feels that the Applicon is 
"a very expensive drafting ma
chine," says Perrin, adding that 
people seem to be much better at 
layout than machines. But the Ap
plicon is used for rote work, such as 
the repetitive cells in circuits, and to 
prepare completed segments of the 
circuits. "The designer thinks; we 

Phillips picked a new technology. He 
settled on silicon-gate technology , 
even though it is a more difficult pro
cess than the more popular aluminum
gate technology. He concentrated on 

... that one process: " Companies that try 
to do too much get poor yields." The 
process has been p-channel , but a 
compatible n-channel variation will 
shortly be added for 4,096-bit random
access memory and microprocessor 
chips. 

,. 

"" 

Initially, the company concentrated 
on calculator chips with a contract 
from lse Electronics of Japan to get 
things under way. Now, Phillips is look
ing for 25% of the U.S. personal-calcu
lator-chip market this year with its 
" chipstick " eight-digit, floating-de
cimal-point circuit with memory . Th is 
part is being sold in large quantity to 
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draw." Input to the Applicon is 
through an Autotrol digitizer. The 
company doesn't use standard cells, 
usually considered a time-saver. 
"We've gotten away from them," 
says Perrin. "They work, but they're 
not dense enough for the high-vol
ume parts we're making." 

The initial logic simulation is 
done by a program Western Digital 
developed. The Applicon itself op
erates from a PDP-11, and is one of 
the first Applicon design systems to 
use a minicomputer, rather than a 
large computer. The present system 
has about 20,000 words of core 
memory, which will soon be in
creased to about 28,000, plus a 500-
million-word disk memory. This is 
to be increased to 10 million words, 
which will permit all current design 
efforts to be stored and eliminate 
the need for loading from cassettes 
each time. A multicolor California 
Computer Products model 936 high
speed drum plotter is used to gener
ate artwork copies. 

Interactive editing. The Applicon 
CRT interactive terminal is used in 
the actual editing; Perrin says it's 
very fast and effective for editing 
designs. The company also has pro
grams to check design-rule viola
tions, many developed in-house. 

Comparing his computer-aided
design process with that of larger 
firms, Roberts points out that it is a 
small, dedicated system ready for 

Bowmar and Commodore, two of the 
three largest calculator companies (the 
other is Tl) , and others. This would 
rank Western Digital among the top 
chip suppliers, with Tl , Rockwe ll , and 
MOS Technology Inc. But unlike the first 
two , Phillips has no plans to go into the 
end-user-equipment business-except 
to market his Spartan LSI test system, 
originally developed for in-house use. 
What is unusual for a small semicon
ductor company, Western Digital also 
makes its own masks and molds its 
own plastic cavity packages. The com
pany also makes custom chips, includ
ing units for the 40,000 credit verifiers 
installed by TRW Data Systems, but its 
moving away from custom chips to 
standards. And Western Digital 's data 
communications parts go to more than 
600 customers . 

use. "The bigger a CAD system is, 
the more cumbersome it is to use. 
And when we get a tape off the Ap
plicon, we don't worry about it. We 
know it's good." 

Though almost all semiconductor 
companies talk about fast turn
around, few in practice aspire to 
times like those of Western Digital. 
Fast turnaround at most is four to 
six weeks, and the average may run 
into months; some can do the job in 
a week under crisis conditions. 
Smaller firms generally have to wait 
in line for outside maskmaking and 
other services, and at the large com
panies there is fierce competition for 
in-house services. And some experts 
maintain they could do the job 
faster, but see no real reason for it. 

Roberts says that the CAD system 
will be even more valuable when 
the company gets into the read
only-memory business; Western 
Digital will announce shortly an 
8, 192-bit silicon-gate n-channel 
ROM. "We expect to be able to go 
from customer tapes to mask in 12 
hours or so," says Roberts. "We will 
be able to directly generate the cas
sette for the Gyrex, plus a test pro
gram for our Spartan tester. I can't 
imagine why anyone would get in
volved with rubies for ROMS, but I 
know many companies are trying to 
do it that way. The result is weeks or 
months of delay. We'll have parts in 
a few days." D 

For now, Phillips is forecasting sales 
of $18 million and profits 20% higher 
than this year; the current order back
log tops $30 million. And the com
pany's first plant expansion is in prog
ress ; when Western Digital moved into 
its present facility three years ago, the 
building was almost empty, but it's full 
now and being expanded by one half, 
to 40 ,000 square feet . The company is 
also adding 12,000 square feet in Ma-. 
laysia. t 

Phillips is especially happy with his 
location near Los Angeles and far from 
Silicon Valley: "Am I glad we're not 
there! Labor is scarce up there , and 
there are no secrets and no discipline 
among workers. Here it 's warm, it's 
close to Newport Beach , where I keep 
my Islander 29 sailboat , and there 's 
plenty of labor around. " 
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BELL & HOWELL IS 
TWICE THE LINE IT USED TO BE. 

0 
0 
0 

You liked us in the lab.You'll 
love us in hostile environments. 
We're known for our reliable, lab-grade tape recorders/ 
reproducers. Always have been. And now that Astro
Science has joined us, we've added a broad new line of 
compact, state-of-the-art data acquisition recorders for 
land, sea and airborne applications. The result? Twice the 
line, twice the selection of reliable tape recorders/ 
reproducers. The largest line in the industry. 

Concentric reel and 
dual caestan design 
means lighter, more 
compact recorders. 
Our MARS series features "basic dual 
capstan design and concentric reel 
mechanism". That's a longwinded way 
of saying " slimmer and trimmer". The 
dual capstans are driven at different 
speeds and hence develop constant 
dynamic tension within the closed loop 
of tape across the magnetic heads. A 
tape wrap angle of more than 226 
degrees around the capstans develops 
the necessary forces to transmit positive 
drive power from the capstans to the 
tape. The large wrap angle effectively 
clamps the tape to the capstans and 
isolates the reels from the capstan drive without need for 
pinch rollers, thus doing away with a primary source of 
dynamic skew and flutter when operating in severe 
environments . The reels are mounted in a concentric 
arrangement, one on top of the other, to conserve space 
and ensure minimum size and weight. 

Talk about rugged . These MARS series airborne modu
lar recorder systems operate in the severest of environ
ments : -+- 1 OG Vibration , 15G shock, with 30G crash 
safety; - 55 °C. at + 55 °C. temperature range. Sea level 
to 75 ,000 feet altitude . They fly where the flying is rough . 

Take our svelte MARS 1400. It's the smallest and 
lightest multi-speed, lowest power consumption, 14-inch 
wideband 1 MHz airborne recorder in the field. But our 
MARS I 000 is slimmer and trimmer still! Both operate at 
6 electrically-switchable tape speeds (1 Ys through 60 ips-); 

14-28 channels with 1 MHz at 
60 ips wideband direct record
ing capability ; or 42 tracks 
with 250 kHz at 60 ips. Digital 
and FM capability are also 
available. 

Another bantamweight is the 
MARS 2000. H's a multiband 
recorder designed for airborne 
environments typically encoun
tered in high-performance air-

craft. It features up to 14 channels for recording Direct and 
FM signals on 10 1h inch NAB-type reels , either interme- ._ 
diate band or wideband. Six electrically-switchable speeds 
from 1 Ys through 60 ips. Absolute tape speed accuracy: 
only ± 0.20 % of nominal tape speed at any constant tem
perature or humidity . And a record and reproduce capabil
ities for Direct and FM analog signals . Weighing in at just 
32 pounds, it's the smallest multi-band recorder available. 

Our M-14E and M-14G: light in 
pounds. Heavy in performance. 
The M-14E is something special. For use in aircraft, 



aboard ships, on field vans or other hostile environments, 
it's the smallest and lightest wideband 2 MHz system avail
able which handles I-inch tape on 14-inch NAB reels . It is 
lightweight, state-of-the-art , compact, reliable and easy 
to maintain. 

Its reliable kin, our M- l 4G, is a wideband 2 MHz 
portable recorder I reproducer designed for tight spots. Its 
rack-mountable field enclosure includes all local controls 
and record-reproduce functions for total performance. The 
14G offers full 14-channel, 6-speed reproduce capability 
for data analysis in Direct or FM modes of operation. 

Designed to military specifications, the M-14G provides 
full front accessibility and modularity to permit complete 
service and maintenance without removing the unit from 
its rack. 

. OurCPR-4010 and 4040 bring 
the lab into the field. The rough and ready 

CPR-4010 provides laboratory-caliber performance in 
,.the field. This reliable unit has up to 7 channels on 1/2 -inch 
tape. Up to 14 on 1-inch tape! Seven speeds ranging from 
15 I l 6 to 60 ips are standard. It's a standout in ease of 
maintenance and repair, offering a hinged back panel for 
complete accessibility of all components and plug-in 
modules which can easily be changed. 

Our newest entry into the wideband recorder field is the 
C PR-4040. It's a winner in the cost-to-performance ratio. 
T his co-planar, portable reel-to-reel gem has 7 electrically
switchable bi-directional tape speeds ranging from 15/ 16 
to 60 ips. Plus direct signal electronics which provide 
response to 1 MHz at 60 ips. And the same ease of mainte
nance and repair as the CPR-4010. 
.., 
. .., 

The VR-37008 gives you more 
channels to choose from. 
Our VR-3700B is a real laboratory problem-solver. Yet it 
offers simplicity of design and reliability unmatched by 
any machine in its class. 

It operates within a wide range of speeds and 
frequencies. With 7, 14, 28 and 42 channels of record/ 
reproduce. 

For ease of setup, each amplifier assembly contains 7 
record and 7 reproduce channels. All electronics are 
modular, electrically-switchable and capable of operating 
at any of 8 speeds in Direct or FM modes. 1 t's easy to 
maintain with proven reliability. Low cost. (High-density 
PCM/DHDE signal electronics ava ilable on order.) Its 
data packing density of 33 ,000 bits per inch per track of 
tape is the highest in the industry. Coupled with the lowest 

error rate around-one in 10 
million bits-the VR-3700B 

is the only reproducer in its 
class with this capability. 

Bell & Howell 
is now Data 
Acquisition 

and Analysis 
Center U.S.A. 
Now, no matter what your 

requirements , Bell & Howell 
has it. Up. Down. On the 

ground. Portable or stationary. 
Bell & Howell probably has 

the data acquisition and 
analysis unit to fit your 

requirements . When you've 
got it , you needn 't flaunt it. 
But the fact is, we 've got it. 

--------------------- ------, 
BELL&HOWELL/CEC INSTRUMENTS DlY. 
360 Sierra Madre Villa, Pasadena, California 91109 
Gentlemen: 
Please send me your latest information on D Data Acqui
sition D Data Analysis D Magnetic T ape Recorde rs. My 

specific interest is -------------
Applica ti o n or Model N o. 

NAME ________ _ TITLE ____ _ 

COMPANY _ _____________ _ 

ADDRESS ______________ _ 

C ITY ______ STATE ____ ZIP __ _ 

TELEPHONE NO. _____ _ 

Astro-Science, MARS and M- 14 a rc trademark s of Bell & H owel l Company . 

BELL Et HOWELL 

Ii) Bell & Howell 1973 
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The Danameter. 
$195. 

1 Year Battery Life. 

In a digital 
instrument, you'd expect 
to fool with a battery 
regularly, recharging it 
or replacing it. 

Not with The 
Danameter. 

The battery will last 
you at least one year. And 
even if you find a way to 

wear it out, you're only 
talking about 69¢. 

Liquid Crystal Readout. 

The specifications on The Danameter 
show at a glance that this is a more 
accurate instrument than the one it's 
designed to replace. 

Yet there is 
another type of 
inaccuracy The 
Danameter 
solves- in an 
even more 
dramatic way. 

These are 
the errors that occur every day in reading 
an analog voltmeter. Scales are hard to 
separate. Increments of measurement are 
greatly restricted. Precise readings are 
difficult to make. 

When you measure with The 
Danameter, you interpret nothing. All you 
are shown is a number that is precisely 
the information you require. 

It's accurate to a degree that you 
never imagined possible in an instrument 
at this price. 

Once you have selected the proper 
function position, The Danameter 
instantly interprets, selects, and converts 
your information. It shows in a large 
liquid crystal display that adjusts to all 
light conditions. Even direct sunlight. 

Automatic 
Polarity. 

In measuring 
voltage, you're 
accustomed to 
swapping leads to 
get a reading. 

The Danameter instantly determines 
polarity, and then displays it as either 
positive or negative. All in a fraction of a 
second, with no help from you. 

Almost indestructible. 

The Danameter has only one function 
selector. It's recessed behind the molded 
edges of its cycolac case. You can drop it 
on concrete. You can kick it down the hall. 

When you pick it up, it'll be working 
perfectly. This is the first true portable 
instrument of its kind. For $195. 

Call Cliff Hamilton collect at 
(714) 833-1234. Ask for your nearest 
Dana representative. 

lc:::IJl==lif'""lll==ll® 
Others measure by us. 

Circle 85 on reader service card Electronics/ March 7, 197 4 



• 
• 

7 
"'-'be 

<v4c 
• • <o '-'4c 
I '<aov4c 
1 ~v4c 



PDP-B's going after you1 
Here we are again with 

some more good news 
for OEM's. 

PDP-8 price reductions 
of up to 40% for single units. 
Plus quantity discounts 
ofupto36%. 

PDP-8/M {4K) 
(Programmer's console) 

WAS 
$2,554 
NOW 
$2,432 

PDP-8/M (4K) 
(Operator's panel) 

WAS 
$2,362 
NOW 
$2,048 

But that's not the half of it. 
Our Standard-8 OEM 

systems can be had for less, 
too. (Complete hardware 
and peripheral packages 
at a bargain price.) 

And many dollars off 
on interfaces. 

PDP-8/M {8K) 
(Programmer's console) 

WAS 
$3,296 
NOW 
$2,688 

PDP-8/M (8K) 
(Operator's panel) 

WAS 
$3,104 
NOW 
$2,304 

And peripherals. 
Save big on software, too. 
Surprised? You shouldn't 

be. This sale is only part of 
our never-ending OEM 
campaign to make more 
computer cost less. What 

PDP-8/M (16K) 
(Operator's panel) 

NEW 
$3,328 



OEM business sale. Part 3. 
you see here is simply 
Digital doing it again. (8M, 
KL8-J, MR8-F, TA8 and 
PROM 8-M prices in quan
tities of 100.) Delivery 
60days. 

STANDARD-8 (8K) 
WAS / 
$21,735 
NOW 
$18,000 
:before discount) 

Write. Or call. Digital 
Equipment Corporation, 
Maynard, Mass. 01754. 
(617) 897-5111, Ext. 3185. 
European headquarters: 
81 route de l' Aire, 1211 
Geneva 26. Tel: 42 79 50. 

OS-8111 
~300 

FORTRAN 
IV 

KL8-J 
(Communication 
interface) · 

lbefore discount) $700 
(before discount) 

Digital Equipment of 
Canada Ltd., P.O. Box 11500, 
Ottawa, Ontario K2H 8K8. 
(613) 592-5111. 

~11~1111ma 
Circle 87 on reader service card 

PROM-8/M (1 K) 
$1,760 
PROM-8/M (2K) 
$2,240 

MR8-F 
(Programmable read-only 
memory) , 

$800 
TAB 
(Cassette) 

$2,496 
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Technical articles __________ _ 

Plasma's progress: gas-discharge 
technology moves into analog realm 

Screen-printing and internal-address techniques used in digital 
displays are combined to form a digitally addressed analog bar graph 

with no moving parts; 200-segment bars yield a resolution of 0.5% 

by Richard Saxon , Burroughs Corp., Electronic Components Division, Plainfield, N. J. 

D Despite all the brouhaha reverberating through in
dustry about the relative merits of light-emitting diodes, 
liquid crystals, electrochromics, and other exotic display 
technologies, many of the most successful displays in 
use today are of the gas-discharge variety. Not only is 
this technology doing well commercially, it is also ad
vancing at an unprecedented rate on a technological 
level. In fact, more progress has been made in develop
ing new gas-discharge products and processes during 
the past two years than had been made in the preceding 
10. Large message-display panels have become a real
ity, multicolored displays are just coming out of the lab
oratory into limited production, and compatibility with 
MOS drivers has been achieved. 

One of the most exciting new developments in this 
area is a digitally addressed Self-Scan (a registered 
trade mark of Burroughs Corp.) analog bar-graph dis
play (Fig. 1). Unlike the electromechanical indicating 
devices it is designed to replace, the new display has no 
moving parts. A combination of the screen-printing 
technique used in the manufacture of Panaplex (a 
trademark of Burroughs Corp.) II display panels, and 
the simplicity of the internal-address drive circuitry in 
the Self-Scan panels has made possible an extensive 
family of extremely rugged, low-cost, linear indicating 
devices. 

The first in the series of new displays is a fiat panel 
containing two separate bar graphs. Each bar is com
posed of 200 closely spaced segments so that, at normal 
viewing distances, the glowing segments blend into a 
continuous, but precisely controlled, bar length. 

The display is designed to be used in a scan mode, 
with a cathode-drive circuit common to both channels. 
Corresponding segments of both bars are bused to
gether in a three-phase configuration with two indepen
dent anodes and separate reset cathodes (Fig. 2). These 
techniques enable only six active drivers to operate both 
channels. If more than two channels are needed, it is a 
simple matter to add additional panels. The cathodes of 
the new panel or panels are simply connected in paral
lel with the old ones, and a new driver is provided for 
each new anode. 1. Glowing. Digitally addressed analog bar-graph display has no 

Since each element represents a discrete, reproduc- moving parts. Each bar contains 200 segments, providing 0.5% res
ible display step, each segment of the display is directly elution. Only six transistors are needed to drive the device. 
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The many faces of gas discharge 
Burroughs ' new bar-graph display is only one mani
festation of recent progress in gas-discharge read
outs . Large panels having as many as 250 ,000 display 
cells have been developed , as have devices capable 
of producing a full spectrum of colors . Some displays, 
such as the Digivue panel made by Owens-Illinois, 
even have an inherent storage capability that elimi 
nates the need for a refresh memory, while others al
low the production of precisely controlled gray scales. 

Gas-discharge panels are particularly well suited for 
large displays with variable brightness because of the 
ease with which large numbers of cells can be 
matched for both optical and electrical parameters. 
Unlike light-emitting diodes, which must be individ
ually selected for brightness matching and which may 
match at one drive current and not at another, the 
cells in a gas-discharge panel are inherently well 
matched . In a typical device, the cells are all enclosed 
in a common envelope with a common fill gas. When 
the panel is operated so that each cell is turned on for 
a length of time that is long , compared with its ioniza
tion time , the slight variations in ionization time caused 
by minor geometrical variations are not important, and 
all of the cell s in a panel can be regarded as identical. 
The result is that brightness can easily be controlled 
by varying either the duty cycle or the cell current , 
with no visible cell-to-cell variation . 

Gas-discharge displays have traditionally offered 
the user a choice of about three colors : neon orange , 
plus the red and amber hues that can be filtered from 
it . Now, two techniques for the generation of other 
colors have been proven feasible . 

The first method uses the ultraviolet component of 
the gas discharge to excite a phosphor coating within 
the panel to produce visible light. Different colors can 
be obtained by using different phosphors or by filter
ing the output of a phosphor that produces white light. 

The second method is more versatile and permits 
color to be changed electronically . With this method, 
both the ultraviolet and visible outputs of the gas dis
charge are exploited . At low drive-current levels, very 
little visible light is produced , but enough ultraviolet is 
generated to saturate a zinc orthosilicate phosphor, 
producing a green glow. As the drive current is in
creased , the visible neon orange emission becomes 
stronger, changing the display output to red . 

Other color combinations beside red-green can be 
obtained by selecting different phosphor coatings. 
These can be expected to lead to inexpensive multico
lor graphic displays in the not-too-distant future . 

relatable to a digital number. For instance, on the 200-
segment bar, a digital count of 127 will result in a bar 
with 127 elements illuminated. 

Sandwiching the panel 

As shown in Fig. 2, the display consists of a rear ce
ramic substrate, a spacer, and a glass front plate. The 
segment-metalization pattern is screened onto the ce
ramic substrate, as is a black dielectric material that sur
rounds the metalization. The black material creates a 
light-absorbent background that enhances the display's 
contrast ratio. Two transparent conductive anodes are 
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KEEP-ALI VE 
ANO OE 

CATHODE 
CONTACTS 

CERAMIC SUBSTRATE 

KEEP·ALIVE CATHODE 

2. Sandwich. Cathodes comprising bar segment pattern are 
screened onto ceramic substrate , while transparent anodes are de
posited on inside of glass front plate . 

applied to the glass front plate, and the rear substrate, 
spacer, and front plate are then sealed together in a 
sandwich-like construction. The display is evacuated 
through a small hole in the back substrate and is then 
filled with a neon-gas mixture. 

In almost every respect, except the shape of the met
alization pattern screened onto the substrate, the con
struction of the display is the same as the construction 
of the Panaplex II digital display [Electronics, April 12, 
1973, p. 92]. 

At first, it may seem impossible to generate 400 dis
crete bar lengths (2 bars x 200 segments per bar) in a 
device that has only seven input lines. The trick is to ex
ploit the glow-transfer principle in which the glow is 
first established at the reset cathode, and then, by using 
a repetitive scan, the glow is transferred sequentially up 
to the desired segment height. 

When the panel is energized, the current fl.ow be
tween the keep-alive anode and cathode establishes a 
glow discharge at the keep-alive cathode (Fig. 3). In the 
vicinity of this glow discharge, there is a heavy concen
tration of electrons, ions, and metastables* . The area ~ 
around the keep-alive cathode is open so as to allow the 
metastables and charged particles to diffuse into the re
gion of the reset cathode. 

A three-phase clock with a fourth reset phase controls 
the transfer of glow along the panel. To initiate a scan, 
the reset input to the J-K flip-fl.ops is brought to ground 
potential, which sets both Q outputs of the J-K flip-fl.ops -
to the logic I stale and turns off reset transistor Qi, 
grounding the reset cathode. The anodes are connected 
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through limiting resistors to the + 250-volt power 
source. When the reset cathode is grounded, the gas is 
ionized above this single cathode. The glow occurs 
within a fraction of the 60-µs clock interval because of 
the presence of the metastables that have diffused into 
the region from the keep-alive cell. 

After the gas around the reset cathode is ionized, and 
the reset pulse is returned to the logic 1 state, the first 
negative transition of the system clock advances the 
counter (which is made up of the two J-K flip-flops) . 
The relationship between the reset pulse and the three 
clock pulses is shown in Fig. 4. 

When the counter advances, reset transistor Qi is 
turned off, and transistor Q2 is turned on. Transistor Q2, 
coupled to the phase I bus, grounds every third cath
ode, while the reset cathode is returned to off-bias po
tential. While the reset cathode is grounded, ionizing 
particles diffuse along the anode cavity to the adjacent 
(No. I) cathode. When the phase 1 cathode is brought 
to ground, the gas near cathode I ionizes very rapidly, 
while ionization is no longer supported at the reset cath
ode, since this electrode has been returned to off-bias 

3. Driving. After glow is established above keep-alive cathode, it can 
be rapidly transferred to reset cathode (<l>R) when that cathode is 
grounded by turning off 0 1 . Glow is then propagated up the bar 

graph by sequentially grounding c/>1· </>2 · c/>a· c/>1 · </>2· etc. Capacitor 
C1 provides a slight overvoltage to the reset cathode when 0 1 is 
turned on. This increases the margin for resetting the panel. 

+5 v 

CHANNEL 1 
ANO OE 
CONTROL 

CHANNEL 2 
ANO OE 
CONTROL 

+250 v 

J- K 
FLIP-FLOP 

+2 50 v 

ANODE DRIVERS 

J- K 
FLIP-FLOP ~ +5 V 

CLOG K o--------f-----+-t--~ 

RESET 0----------11-+---~ 

+5 v 
+5Vo-----'V'..t'v------<0-+-----------' 

+5VO----J\/'..t\r----+---------~ 
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potential. The rapid transfer of the ionization glow from 
the reset cathode to cathode I is attributable to the high 
concentration of priming particles near cathode I. 

As soon as a glow is established near cathode I, the 
flow of current through the anode-current-limiting re
sistor reduces the anode voltage to a level that is suf
ficient to maintain the glow at cathode I but too low to 
cause ionization at any other grounded cathode. In 
other words, although every third cathode is grounded 
at the same time, ionization takes place much more rap
idly at the primed cathode than at any of the others 
(Fig. 5). And once it takes place, the anode voltage 
drops so low that none of the others can ionize at all. 

The next clock pulse turns off transistor Q2 and turns 
on Qa. This grounds the phase 2 cathode and returns 
the phase I cathode to the off-bias condition. While io
nization was present at the <f>1 cathode, the concentra
tion of charged particles was heaviest around the adja
cent cathodes ( <f>R and <f>2). When the counter advanced, 
the <f>1 cathode was reset to off-bias potential and the <f>2 
cathode was grounded. Since the <f>R cathode was still at 
off-bias potential, ionization could not form on the reset 
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cathode, so the glow is formed on (or transferred to) the 
ct>2 cathode. The next clock pulse turns off transistor Q3 
and turns on transistor Q4, so that cathode cj>2 is re
turned to off-bias potential and ionization transfers to 
the preionized, and now grounded, cj>3 cathode. 

As the counter advances, the cathode buses are se
quentially grounded, causing the glow to transfer down 
the panel. After the glow is transferred to the last cath
ode in the display, the reset pulse again grounds the ct>a 
cathode, and the scan cycle begins again . 

Selecting the scan rate 

To eliminate perceptible flicker, the scan rate must 
exceed approximately 60 Hz. A 60-Hz scan rate requires 
16.6 milliseconds per scan ; thus, for a 200-element bar 
graph, each element is turned on for a maximum of ap
proximately 83 µ,s. 

To ascertain if these numbers are reasonable, one 
must ask what determines the maximum scanning rate 
of the display. The limiting factor turns out to be the re
quirement that any cathode that has been ionized and 
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4. Timing. Although all cathodes bused to a common driver are acti

vated at the same time , glow only transfers to the one that has been 
primed by ionizing particles from adjacent glowing segment. 

PRIMED CELL 

UNPRIMED CELL 

5. Priming. Presence of priming particles not on ly reduces ionization 

time , it also cuts ionization voltage from high value of unprimed cell 

(V;0 n,u) to a value (V;0 11,p) close to the cell sustaining voltage (V8 ) . 
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6. Anode drivers. Power-conserving anode driver (a) needs two 

transistors to control 250-V potential with 5-V logic swing. One-tran

sistor circuit (b) is cheaper, but dissipates power when anode is off. 

then turned off must remain off long enough to allow 
the ionization to decay below the level at which it could 
prime that cathode into firing when it is next turned on. 
With the three-phase-clock system used in the bar
graph display, each element is on for one clock period 
and off for two. 

The minimum length of time for which a cathode 
must remain off is about 80 µ,s. Since a 60-Hz scan rate 
implies that each element is on for a maximum of 83 µ,s 
and off for 166 µ,s, there is no problem in making a 
flicker-free display. In point of fact, the usual scan rate 
used with the bar-graph display is between 70 Hz and 
100 Hz. 

The 83-µ,s figure is a maximum for a full 200-element 
scan at a 60-Hz rate. This cathode dwell time could be 
increased for greater brightness when fewer than 200 
elements are energized, but the result would be uneven 
aging of the display. Also, the display brightness would 
then vary with bar length. Fr miform aging and max
imum display life, the cath(• -dwell time sh uld not 
exceed the figure determined J, a full 200-elf' .ent scan 
at the lowest possible rate consistent with a fl icker-free 
display. 

Controlling the bar height 

As described thus far, the bar graph will always show 
a full-scale indication. How then does one vary the 
length of the bar? The answer is to let the cathode drive 
circuitry continuously scan the entire array of 200 seg
ments and simply turn the anode voltage off when the 
bar has reached the desired length. 

With this approach, a common drive circuit can be 
used for the cathodes of both bars in the display, al-
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7. Comparator display. Typical application of bar-graph display is to compare two or more voltages. Simple setup shown here provides ex
cellent results, since both comparators are driven by same ramp generator. Scheme is easily extended to handle more than two inputs. 

though each anode must, of course, be driven sepa
rately. On each scan, the anodes are both turned on at 
the beginning of the rest period, and they are turned off 
independently when the desired bar heights are 
reached. 

One design for the anode drive circuit makes use of a 
series pass transistor, either as a saturating switch with 
an appropriate anode current limiting resistor or, pref
erably, as a switched-current source. This technique 
conserves power, but requires either a capacitive or an 
active level-translator to control the + 250 v with the 
normal logic-voltage swings. An alternative approach 
utilizes an npn transistor to turn the panel anode off by 
clamping it to a voltage lower than its sustaining volt
age. This latter technique wastes power when the anode 
is off, but it saves a level-translation stage. Both config
urations are illustrated in Fig. 6. 

One advantage of this method of determining bar 
height is that the brightness of the bar does not vary 
with its length. No matter how long or short the bar is, 
each segment that is to be turned on at all is turned on 
for the same length of time as every other energized 
segment-83 µs for a 60-Hz scan. 

Bar graphs are practical 

When one considers that the indicator of the familiar 
analog panel meter moves in a circular arc because it's 
easier to build that way, not because the world wanted 
it to have that configuration, one realizes just how at
tractive a truly linear display can be. For a marine 
depth sounder, for example, downward is clearly the di
rection for the bar length to go as the depth increases. 

Two applications that are made to order for the bar 
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graph are matching and comparison. If an operator 
must adjust some controls until two (or more) voltages 
(flow rates, pressures, or other measurements) are 
matched, there is probably no simpler way than to ad
just them until two adjacent bars are the same length. 

Similarly, if a pilot wants to find out at a glance if all 
four engines of an airplane are equally loaded, what 
could be easier than a look at an array of four bars? If 
it is necessary to read off a number to several decimal 
places, a digital meter is required ; but for many applica
tions, the bar graph fills the bill. 

A nearly universal comparison setup is shown in Fig. 
7. Voltage inputs are shown, but any other quantities 
could be displayed by putting suitable signal-condi
tioning circuitry in front of the voltage inputs. 

A 50-µs clock controls the three-phase drive circuit 
and a divide-by-200 counter. When the counter reaches 
200, a reset signal energizes the reset cathode on the 
panel and initiates the ramp generator. The ramp gen
erator starts at zero and is at maximum at a count of 
200. 

This ramp signal is routed to two comparators 
whose outputs are connected to the anode drivers. The 
other comparator inputs are the signals to be moni
tored. The comparators hold the anode transistors off 
(the segments glow) until the internally generated ramp 
voltage reaches the level of the externally applied volt
age, when the anode turnoff transistor quenches the 
glow. D 

• Metastables are gas atoms that have been raised to an intermediate energy level from 
which they cannot return to the ground state without interacting with other particles or the 
walls of the chamber. If this interaction takes place with an atom of lower ionization energy, 
then the metastable causes this other atom to ionize. In the panel , the metastables ot the 
neon ionize the atoms of an additive gas upon collision. 
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T3L achieves C-MOS noise immunity 
while retaining TTL speed 
Inserting a third transistor in a·TTL circuit makes the threshold voltage 
about half the logic swing, or nearly the optimum for noise immunity; 
drawback of lower density is offset by ease of mixing TTL with T3L 

by Werner Fleishhammer, GUnter Schneider, and Gerd Koppe, Siemens AG, Munich, West Germany 

D The best things in digital circuits do not come free. 
For instance, part of the payment Schottky transistor
transistor logic makes for being faster than undamped 
TTL is a heightened susceptibility to noise, so that it also 
requires tighter wiring rules and more attention to 
grounding and transmission-line problems. 

Optimum noise immunity is obtained by digital cir
cuits in which the threshold is in the middle of the logic 
swing. Complementary metal-oxide-semiconductor 
(CMOS) logic satisfies this requirement, but the faster, 
noisier TTL circuits do not. Typically, a TTL threshold 
voltage of 1.4 volts is only about 37% of the 3.5 v (O. l to 
3.6 v) logic swing, and noise immunity is both asymmet
rical and around l v at a low level, which is only 28% of 
the logic swing. The percentages are even worse with 
low-level logic and Schottky-clamped TTL. 

Therefore, a logic family combining C-MOS noise im
munity with TTL speed would fill a gap in existing logic 
families . The lead came from noting that one diode 
voltage drop of0.7 v will shift threshold voltage and the 
logic swing to 2.1 v and 4.2 v (0.1 to 4.3 v), respectively, 
making the threshold voltage near the optimum 50% of 
the logic swing. The shift also provides a symmetrical 
noise immunity range of about l.7 v, or about 40% of 
the logic swing. Similar improvements are achieved 
with Schottky TTL. 

Circuits that feature this extra diode drop have been 

(a) CURRENT DRIVER AND 
LEVEL SHIFTER --

PHASE 
SPLITTER 

named T3L here because the input threshold voltage is 
determined by three base-emitter voltage drops. They 
were initially developed a few years ago by RCA in the 
U.S. and later by Siemens AG in Germany. 

T3L circuits feature increased noise immunity, possi
bly complementary outputs, and slightly higher speed 
than conventional T2L. However, these good things also 
come at a price, both literally-the circuits cost more
and in terms of space-since no T3L MSI is available at 
the present time. Consequently, when maximum den
sity and minimum cost are at a premium, T2L will prob
ably prevail. But, since T3L can readily be interfaced 
with T2L, mixed systems can be designed that exploit 
the advantages of each family. 

How it's done, what it does 

Figure l shows a T3 L NANO gate alongside a typical 
T2L NANO gate. At inputs Ii and h, resistor R1 and Rz 
are provided with clamping diodes D1 and D2, allowing 
unused inputs to be left floating because they are tied 
internally to V ee through resistors Ri and Rz. The shifts 
in threshold level to three base-emitter drops, or 2.1 v, 
is accomplished by the insertion of transistor Q3 be
tween the phase-splitting transistor Q2 and the output 
transistors. This insertion, coupled with the need for an 
output voltage of 4.3 v in the high state, required the 
upper output stage to be modified from the standard 

OUTPUT 
TRANSISTOR 
PAIR 

( b) 

1 . T2 L to a new power. A T3L NANO gate and its T2L counterpart demonstrate the essential differences between the two famil ies. Transistors 

Oa, a. and Os provide an extra pn junction drop that improves noise immunity by increasing the gate threshold for the same supply voltage, 
and also improves switching speed and driving capability. The amount of cell area is only slightly increased. 
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T2L configuration. The upper output transistor Q7 is 
turned off by Qs whenever Qs is on. 

Two other modifications of the T2L gate in Fig. 1 b 
should also be noted. They are provided by transistors 
Q4 and Q5, which improve the switching speed and the 
dynamic current drive capability without increasing 
static power dissipation. If the output switches from a 
high to a low level, Q4 turns on and provides extra cur
rent to the base of the lower output transistor Qs. Dur
ing switching from a low to a high level, Q5 turns on 
and delivers additional base current to the upper output 
transistor Q7 • The increases in threshold and output 
voltage is illustrated in the voltage transfer character
istic curve shown in Fig. 2. 

The output was designed to deliver full line current 
while maintaining logic voltage levels in both the low 
and high states and for 100-ohm lines. At low levels, 
this is done by having transistor Q4 turn on transistor 
Q8 when the output voltage exceeds 1.6 v . The small 
resistance of R io allows high-level currents of 33 mil
liamperes at 2.6 v . 

Typical input and output characteristics are shown in 
Fig. 3. In the low condition (dotted line) , the input cur
rent is 2.5 mA. One output can typically drive eight T3L 

inputs, which compares favorably with the fanout of 10 
featured in most T2L families. The output drive in the 
low state (dashed line) and in the high condition (solid 
line) demonstrate its high current drive capabilities. De
spite the good drive capabilities and complexity, aver
age power dissipation is only 28 milliwatts per ga te, 
higher than standard T2L. The typical gate delay time, 
however, is shorter. For a 50-picofarad load, T3L has a 
14-nanosecond maximum gate delay (IO ns typical) as 
against the 22 ns of T2L. The speed-power product of 
T3 L, however, is about twice as high. 

Where it's useful 

The ease with which T3L circuits can be interfaced 
with the T2L logic family is illustrated by the hookup 
schemes in Fig. 4. To drive T3L by T2L, all that is neces
sary is to insert a resistance of 2.2 kilohms to Y ee be
tween them. The reverse is even less trouble- T3L logic 
needs no extra circuitry to drive T2L. This makes it easy 
for a designer to combine in a single system the noise 
immunity, complementary output and drive capabilities 
of T3 L with low-cost and high density advantages of 
standard T2L. 

But the main usefulness of the new logic family lies in 
the area of design automation. T3L's higher noise im
munity in the low state and its smaller output resistance 
in the hjgh state allow for simplified techniques of sys
tem wiring and the connection of two or more back 
planes, into each of which many printed-circuit boards 
may be plugged. Standard T2L, and especially Schottky 
T2L, requires good rf wiring practice utilizing ground 
planes, power supply decoupling and thorough consid
eration of line-to-line crosstalk-considerations that are 
difficult to include in design automation programs. At 
Siemens, the programs used in developing new systems 
around T3L need few electrical restrictions. 

To illustrate, within one backplane in a T3L system, 
serially wired networks up to 7 fee t long can readily be 
driven. Between different backplanes in a system, flat 
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2. An Ideal change. For T3L, both the output voltage and threshold 

voltage increase by 0.7 V, leading to a threshold voltage that is 48% 

of the logic swing-almost the optimum for noise immumity. 

cables with an 100-ohm characteristic impedance can 
have lengths up to 34 feet without needing the special 
driving and receiving gates and line terminations that 
T2L circuits would require. 

At high speeds and for longer-line lengths, however, 
careful consideration of noise margins becomes critical. 
Three factors cause a device in the low state to suffer 
more from noise than when in the high state. First, 
ground noise is larger. Second, distortion due to reflec
tion is also larger, since the voltage swing of the propa
gating signal wave is higher for the falling than for the 
rising edge. Third, the signal level of the falling edge 
deteriorates along the line because of the resistive com
ponent of the input impedance of the load gate cir
cuitry. 

Unlike T2L, which has a lower noise margin at the low 
level than at the high level, T3L has a higher noise mar
gin in the low state. T3L's low output resistance in the 
high state eliminates pedestal problems with the signals 
pulse's leading edge causing spurious triggering. When 
a long line is driven by one T3L circuit, the signal swing 
is large enough for all gates on the line to be switched 
by the initially propagating signal. Thus a satisfactory 
noise margin is provided at every point of the line. Volt
age induced by one line connecting logic circuits in an-
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3. Current-voltage characteristics. Input current versus voltage 

(dotted line) is about 2.5 mA in the low state. Output low voltage 

(dashed line) and high voltage (solid line) versus cu rrent demon

strate drive capability of T3L. 
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4. Saving Interface. T3L can drive T2L directly (above) and can 
readily be driven by T2L (below), so that it can be used for special 

applications without complex interfacing and logic level shifting . 

other line running parallel to it and connecting other 
networks are a critical factor in determing whether un
disturbed signal transmission is possible. These induced 
crosstalk voltages are larger in TJL than in T2L, because 
of larger voltages on the signal lines. However, they are 
more than offset by T3L's better noise immunity so that 
the permissible coupling length for T3L logic is approxi
mately 60% higher than that ofT2L. 

The initial development effort at RCA and then at Sie
mens AG led to the family of eight circuits shown in Fig. 
4. Both Schottky-diode-clamped and standard un
damped circuits are available. They are being used to a 

large extent in medium-sized basic processor units, 
along with T2L MSI circuits. Other semiconductor com
panies, like Motorola, Signetics, and Transitron, are 
building these circuits under subcontracts from Siemens 
AG. 

The T3L family consists of NANO gates with two, 
three, four, five or six inputs, inverters, and two master
slave flip-flops. These circuits are available in four dif
ferent 16-pin dual-in-line packages. These are shown in 
the upper row of Fig. 5. The two master-slave flip-flops 
have the same noise-immunity and line-drive character
istics as the gates. Both flip-flops have the same internal 
_structure except that the logic input can be altered to 
make one an RS-master-slave flip-flop , and the other a 
D-master-slave flip-flop (Fig. 6). They have indepen
dent preset, clear and clock inputs. Information from 
the logic inputs enters the master with the falling edge 
of the clock pulse and is transferred to the outputs with 
the rising edge. On the D-type flip-flop , information 
may change while the clock is low. The RS flip-flop can 
also be used as a D-type flip-flop by connecting together 
S and R inputs. 

A family of similar circuits with Schottky diodes has 
also been developed. It consists of the four different 
packages shown in the lower row of Fig. 5. To make use 
of the higher speed of internal gates, most of the circuits 

UNCLAMPED STANDARD T3 L 

(a) 

x--+----~ 
X--+----~ 

(e) 

( b ) (c) 

SCHOTTKY-DIODE CLAMP GATES, T3 LS 

( f) 

n---+-+- X 
~-+-o-X 

( g ) 

(d) 

( h ) 

5. Family portrait. Various T3L gate combinations are available in four types of standard 16-pin DIP packages. Although not as fast as the 
fastest Schottky T2L, T3L is faster than available C-MOS, and provides comparable de noise immunity. 
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6. Dependency relation . An expanded diagram of Fig . Sd demonstrates how, by changing logic inputs, the same internal structu re can be 
used to realize both an R-S- and a D-type master-slave flip-flop. Information enters on the falling edge of the clock pulse and is transferred to 
the output on the rising edge, but on the D-type flip-flop information may change while the clock is low. 

have two-stage logic and complementary outputs. There 
are expandable AND-OR/ NOR gates, an expander, 
AND / NAND gates, and NAND gates. The gates have the 
same characteristics and loading rules as the T3L gates, 
except that threshold and output levels are slightly dif
ferent because of the Schottky diodes and both speed 
and power dissipation have increased. The typical delay 
time for both outputs of an AND-OR/NOR gate loaded 
with 50 pF is 8 ns (l l ns maximum). 

Typical applications 

A signal-transmission circuit which combines the 
noise immunity and complementary outputs of 
Schottky T3L is diagramed in Fig. 7. The circuits with 
inverting and noninverting outputs are used as a differ
ential line transmitter. This, when coupled with a differ
ential receiver such as Texas Instruments' SN 75107, re
alizes a transmission system for devices separated by as 
much as 200 feet. The system is operable even when a 
de noise voltage of up to 19 v is applied between the 
grounds of both devices. Neglecting cable delay, the 
propagation delay over the differential transmitter and 
receiver is typically as low as 24 ns. 

T3L gates are also useful where high noise immunity 
is not a necessity but where the logical structure of these 
Schottky-diode circuits simplifies the design concept 
and improves circuit speed. For example, a very fast 
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7. It goes a long way. A TJL circuit with both inverting and nonin

verting output (A) can successfully transmit over 200 feet of cable 
(B) to a receiver with a terminating network (C). Such a scheme 
would be impossible with T2L but . high drive capability makes it fea
sible with TJL . in the presence of high common mode noise. 

and simple RS flip-flop can be realized with only one 
AND-OR/ NOR gate if the gate's noninverting output is 
fed back to one of its inputs. 

This logic family is still at a small-scale integration 
level. Future developments will include MSI develop
ment and mixing T3L and T2L in medium-sized basic 
processor units and peripherals, as well as and in input
output controllers. The use ofT2L wherever possible will 
optimize the systems' logic power and cost, while T3L 

will be mixed in wherever noise immunity and comple
mentary outputs are called for . D 
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Tell ii like ii is! 
Measure the total power density from multiple 300 MHz to 18 GHz sources 
in a single integrated reading - only with Narda's NEW isotropic monitor 

Model 8321/8323 Isotropic Probe -
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This compact, easy-to-read, radiation monitor accurately meas
ures near and far field power densities over the broad frequency 
range of 300 MHz to 18 GHz . .. it simultaneously responds to 
different polarizations and direction of incident power. Read the 
total power density at any one point from CW, FM, pulsed RF 
and microwave sources used in communication , radar, ECM and 
industrial applications. 

Write for complete information. 
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D Methods of evaluating job performance of engi
neers appear to h.ave passed through two or three cycles 
during the last couple of decades. Although different 
companies may be at different points on the trend line, 
depending on size of department and management's 
current bent, the approach to rating EEs has swung from 
bland informality to strictly check-list formality. 

Today, performance evaluation has stabilized at a 
point somewhere between these two extremes, combin
ing the use of written forms with personal contact be
tween the supervisor or manager and the working engi
neer. What's more, it also appears that today's engineer 
expects-in fact, desires- to be evaluated and then told 
about his rating. 

These conclusions were gleaned from a sampling of a 
cross section of electronics companies throughout the 
country to find out how engineering departments eval
uate job performance. In general, here's what Electron
ics reporters found out in this roundup: 
• Most written evaluation forms are a combination of 
one-word ratings-excellent, good, fair, poor-and nar
rative description. 
• Practically every department performs evaluation an
nually, but most stress that keeping tabs on how EEs are 
doing is an ongoing process throughout the year-usu
ally on an informal basis. 
• Some companies include space on their forms for the 
evaluated engineer to comment on his rating, and oth
ers also make room for a projection of goals for the 
coming year. 
• Evaluation forms are generally designed by person
nel departments, rather than the engineering depart
ments. However, forms for EEs have different formats 
from those for hourly blue-collar employees. 
• Although criteria may vary from company to com
pany, engineering managers have clearcut ideas of what 
they are looking for in their men and stick to them. 
• Every company reports the existence of a dual-ladder 
promotion system. 
• Working-level EEs generally approve of the eval
uation systems. Complaints center around failure of su
pervisors to be objective. 
• Supervisors generally approve of the systems too. 
Their complaints : Engineering project schedules don't 
coincide with required evaluation dates, making it diffi
cult to complete thorough ratings. 

Times are changing, but why? 

While there are variations from these generalizations, 
both the supervisors and the working EEs agree that 
thorough performance evaluatiotis are more important 
today than in the past. The reasons for this attitude are 
not completely clear. To get a bench mark on this point, 
engineering managers were asked if they evaluate EEs 
any differently from how they had been evaluated as 
beginners. The responses were equivocal. 

Many say that, as designers, they did not get the same 
amount of attention from their supervisors that they 
now give their people. Others recall that, in the past, 
evaluations were much too subjective. If they didn't 
make any waves, their ratings were high. In some cases, 
evaluation had been so distasteful to supervisors that 
they let each EE fill out his own check sheet. Still others 
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Formalizing of 
evaluations helps 
EEs climb 
career ladder 
Engineers and managers agree that 
regular performance rating improves 
commun ications, enhances job output, 
and aids in career planning ; 
most compan ies have dual track for 
promoting specialists and managers 

by Gerald M. Walker, Associate Editor 
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claim that there has been no change in the way eval
uations are done, yet they agree that the results are 
more important today than they have been in the past. 

One clue to the growing importance of performance 
evaluation comes from an engineering department 
manager in the Midwest who says, "there's more inter
est now by engineers in feeling they've contributed to a 
part of the end product. So they want to know what 
they're doing and how well they're doing it." 

An East Coast engineering vice president points out 
that companies in general are opening up more to em
ployees, perhaps in response to complaints in recent 
years by assembly-line workers of boredom and man
agement indifference to their psychological well-being. 
This reaction has increased the value of personal con
tact, and the annual evaluation is the means to ensure 
it. Management is now striving to treat all employees as 
humans, rather than as cogs in the corporate machine. 

A West Coast project manager stresses that career 
planning for engineers is more important today than in 
the past, and companies feel a responsibility to encour
age short- and long-range employment goals. "Ten 
years ago we didn't give much thought to the next job 
or the next raise,'' he relates. "Now, engineers worry 
about where they're going, how they plan their future. 
That's why the evaluation process today covers the 
guy's goals and ambitions." 

Reflecting appreciation for this concern, an EE in this 
department remarks that he has no respect for engi
neers who try to get ahead by job-hopping. His feeling 
is that performance evaluation is important because it 
affords an opportunity to work out a realistic career 

Behavioral evaluation at Grumman 

" Many evaluation methods fail because they try to ac
complish too much " observes Daniel Knowles, personnel 
director at Grumman Aerospace, Bethpage , N.Y. " What 
we hope to achieve-by limiting our objectives in design
ing evaluations-is to assist individuals in planning devel
opment needs along their career paths." 

Performance appraisal , Knowles explains, has evolved 
over the years from the haphazard to the traditional , and 
recently to the " behavioral " approach . " Today 's em
ployee wants to have the opportunity to ask wh y. There is 
more of a trend towards participatory and democratic 
management structures, with the emphasis on improve
ment of employee morale and decision-making . The 
autocratic management of the past is almost obsolete to
day, " he observes. 

As a result , Knowles has been revamping the entire 
evaluation system for the 44-year-old company, a project 
aimed at dealing with both the individual 's performance 
and his career development. A new evaluation form , in 
effect for a little over a year , uses a narrative-discussion 
approach to provide a more flexible means of perform
ance appraisal than in the past. The system is not limited 
to engineers. It covers all employees. Knowles empha
sizes that the appraisal is strictly geared to the individ
ual 's development needs. It provides a more accurate 
and meaningful evaluation than the more formal concept , 
he adds , but it is not a means for obtaining salary in
creases or instituting disciplinary measures. 
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path without having to leave the company. 
Not surprisingly, the way companies handle eval

uation of engineers fits their general image very closely. 
For example, the hot, fast-moving semiconductor 
houses in California's Silicon Valley tend to rate per
formance on the run-virtually from day to day- and re
wards come equally fast. Big aerospace firms like 
Hughes Aircraft, Los Angeles, and Grumman Aero
space, Bethpage, N.Y., have carefully programed sys
tems that interface with education subsystems. 

Such large, diversified manufacturers as General 
Electric and GTE-Sylvania rate generalized character
istics, but depend on their chiefs at the working level to 
track the specifics. 

On the other hand, a small firm in a highly competi
tive market, Data Precision Co., Wakefield, Mass., is in
clined to tie an engineer's performance to how the final 
product comes off the manufacturing line. As expected, 
small firms have the least formal evaluations, but the 
engineers have high visibility throughout the design and 
production cycles. 

Evaluation reflects the company image 

EEs in companies outside the traditional electronics 
industries are not necessarily ignored minorities. In the 
Chrysler Corp. Automotive division, for instance, there 
are few EEs, compared to the army of mechanical engi
neers, and they are involved in relatively new develop
ment projects, which causes them to stand out. 

Says Robert Weir, manager of engine electrical devel
opment for Chrysler, Detroit, the problem with EEs in 
an auto company is not so much how to evaluate them, 

A one-page appraisal form , completed by the engi
neer's supervisor and reviewed by his superior , is broken 
down into six sections-performance evaluation, promo
tion considerations , level of education, training needs, 
over-all performance , and comments by the employee. 

This evaluation form, which can be used one to four 
times a year , depending on the number of department as
signments an individual gets, covers both engineers and 
supervisors , with a different set of criteria used for each 
group. For example , the engineers' characteristics are 
quantity and quality of work, cooperation , initiative , relia
bility , responsibility , attendance , work planning, commu
nications, costs , and safety factors , among others . In ad
dition to these qualities, supervisors are evaluated in 
terms of cost control , development of subordinates, dele
gation of responsibility , and " their efforts in the area of 
equal-employment opportunity." 

This last point is of significance to Grumman 's person
nel administrators , who point out on their appraisal forms 
that supervisors should maintain " good-faith efforts " with 
affirmative action goals, especially noting " utilization , 
counseling , and development of minority and female em
ployees. " 

The Grumman evaluation sheet also has space for the 
employee 's comments. In addition , he has an opportunity 
to discuss the evaluation with his supervisor before 
signing the form. 

Wayne Consolla, an electronics engineer, comments 
that this feature provides a viable outlet for the individual 
to voice opinions-either about the company or about the 
comments made on the appraisal form . He adds that the 
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but how best to move them around. "We have to be 
concerned with handling a double-E if the area he is 
working on is de-emphasized. Chances are, he is an out
standing ma:o., and we want to keep him, but the op
portunities to relocate are limited, compared with me
chanical engineers here." 

This is not the situation for semiconductor com
panies. Because of the great competition to get enough 
engineers, the evaluation systems at Signetics, Sunny
vale, Calif., American Microsystems Inc., Santa Clara, 
Calif., and Fairchild Semiconductor, Mountain View, 
Calif., for instance, are geared to keeping EEs happy 
and productive. 

Luther Hintz, manager of ITL design at Signetics, 
performs both an annual, formal review and an infor
mal, biweekly review, but he says that the biweekly 
check is more important. While the annual review cov
ers long-range goals for the engineer, the intermediate 
review touches on such questions as whether the project 
is running on schedule and what modifications have to 
be made. From this, the employee gets a good idea of 
how he would be doing even before he reads and signs 
the formal, annual evaluation. 

At AMI, an annual check list must be filled out, but 
there's a great deal of emphasis on individual com
mentary. The evaluation includes the person's plans to 
develop his employability and plans to move ahead. 
The last section asks the employee what he has done to 
implement his goals of the previous year. 

John R. Duffy, manager of computation products at 
AMI, says the interface between engineers and managers 
is so close that when a project goes exceptionally well, 

evaluation, which is used for employees throughout the 
company, probably is better than a form tailored specifi
cally for engineers. A specialized form would create addi
tional problems within departments, where diverse job 
ski lls would make a standardized appraisal ineffective, he 
contends. 

In its last step, the form is forwarded to the personnel 
department for consideration of the employee's promot
ability and for the planning of training courses to assist in 
satisfying the individual 's development needs. 

Grumman's previous evaluation system required allot
ting points or checking standardized answers in response 
to each trait or characteristic. However, Knowles ob
serves that the system became distorted , since it left little 
opportunity for the evaluators to give it some thought . By 
employing the narrative form, " the system is far more 
open-ended." Knowles points out that it provides more 
valid data than did the previous system on the individual's 
strong points, weaknesses, and development needs. 

Another program under development is a new type of 
career path for engineers. Termed a tri-career ladder, the 
system will employ the titles of assistant, associate, engi
neer, and senior engineer. At the senior level, an engi
neer can go in one of three directions-he can continue 
as an " individual contributor" under the title of technical 
specialist , principal engineer, or technical advisor , or en
ter one of two management levels . 

At one level , he is a supervisor in a design specialty
for example rf engineering-as a group head, section 
head, or manager . The other level is in program manage
ment , directing specific projects within the various disci-
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"it's easier to get approval for raises. It's related to the 
fact that groups in semiconductor houses are much 
smaller than in other companies, and it's easier to rec
ognize one person's contribution," he adds. It's also eas
ier to spot the poor performers in semiconductor com
panies. Fairchild, which has a procedure for giving mid
year rewards for outstanding performance, also has 
procedures to try to boost the output of sub-par work
ers. If someone's performance im't up to snuff, he gets a 
warning as soon as the problem arises, reports James M. 
Comstock, manager of MOS calculator products. 

Comstock's philosophy is "if you have a problem, 
don't procrastinate. Kick it around. Sometimes engi
neers have skills that would be better applied in other 
divisions. Just because a guy doesn't match up on one 
place doesn't mean he can't do well elsewhere in the 
company." 

R&D types are included 

Managers and employees agree that performance 
evaluation-both formal and informal-is a good means 
of establishing communications. Beginners, especially, 
find tqat required evaluations during the year help 
them get on the right track in a company; a conversa
tion with a supervisor may reveal that the employee did 
not fully understand departmental procedures. 

Contrary to the myth that EEs working on research 
and development are above all these policies, the Elec
tronics round-up indicates that performance evaluation 
is as important in advanced-product-development labs 
as it is in production-oriented departments. 

This point was confirmed by Robert Harwood, man-

plines as a project leader, project engineer, or project 
manager. Classifying this as part of Grumman's "matri x 
system," Knowles says it will be of advantage to engi
neers who reach the senior level and want to stay in de
sign engineering. He adds that Grumman attempts to pro
mote within the company and special efforts are made to 
retain its engineers. 

If there is a general reduction in staff, the head of each 
department is asked to submit a list of names of individ
uals having the lowest performance records to a termi
nation-review board . The board considers each name be
fore making the final decision. The company, which 
employs about 6,000 engineers, also informs employees 
who are "vulnerable " to layoff . Termination of an em
ployee who has been with Grumman for more than 1 0 
years requires the approval of the vice president; recom
mended termination after more than 15 years requires 
the supervisor's appearance before the review board; af
ter 20 years , the employee gets a personal interview with 
the vice president; and after 25 years , the case is re
viewed by the chairman of the board. 

Knowles also explains that when there is a reduction in 
personnel, employees are given the opportunity to look 
for positions available in other departments at Grumman. 

As for employee reaction to the rating system , 29-year 
Grumman veteran , Richard Cyphers, chief of the struc
tural system section , emphasizes that in evaluating , 
" they are not trying to destroy the individual , but rather 
offer constructive criticism. There would be no point to 
the evaluation unless it pointed out the individual 's weak 
areas and offered suggestions for improvement ." 
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ager of development engineering at the Pacom division 
of Amp, Harrisburg, Pa. He feels that his group may 
even be more careful in performance evaluations than 
the manufacturing divisions are. He points out, how
ever, that the formal rating sheet provided by the per
sonnel department for all engineers is actually "an ex
cuse to get a conversation going. The check list has a 
tendency to look back. In evaluating the creative people 
in development engineering, it's fine to be aware of the 
past, but looking to the future is the main idea." 

At Bell Laboratories, the engineers' association, the 
Conference of Professional Technical Personnel (CPTP), 
has also taken an interest in evaluation of personnel. A 
survey of engineers conducted last year by CPTP re
vealed that, of the almost 2,500 members of the staff re
sponding, 51.4% felt the present merit and salary-review 
procedure is reasonably fair and accurate. However 
87.8% of the respondents wanted a formal opportunity 
to rate their management on technical and adminis
trative performance. 

Keeping the promotion ladder clear 

The purpose of performance evaluations is to keep 
track of an engineer's work, and, at the same time, keep 
track of the projects assigned to the engineer. These re
views also influence promotions, and probably the most 
nagging problem is the dual-ladder advancement sys
tem. The dilemma is how to reward a top-notch design 
engineer who's happy in his work and does not want to 
go into a supervisory position in order to better his lot. 

All the commenting engineering departments claim 
to have some type of dual ladder, and most were satis
,fied that the plan is satisfactory. Generally, the solution 
for handling the top EE who wants to remain in non
management technical assignments is to create a hier
archy of technical titles tagged with salary bursts at 
each stop. This arrangement leaves the supervisory lad
der open for EEs determined to rise via management. 

Engineering managers assert that the technical ladder 
can match the management ladder-in some cases, up 
to the vice presidential level. Because of this arrange
ment, it's not unusual for a technical-ladder engineer to 
be making more money than his supervisor. 

The situation is not quite as cut and dried at the GTE
Sylvania Entertainment Products division, Batavia, 
N.Y. W. Daniel Schuster, engineering vice president, 
explains, "There's a corporate policy establishing the 

two paths, so, as a technical specialist, an engineer can 
go up to the equivalent of a vice president in salary. But 
we don't make it a hard-and-fast situation here. A man 
can switch back and forth from supervisor to design 
work without sacrificing his salary position. Thank 
goodness for that." 

The Sylvania division has recently switched to a new, 
less formal means of evaluation that the EEs like be
cause it's more personal. The supervisors like it because 
it requires less paper work than the previous checklist. 

Because it uses one large "salary spectrum" covering 
all engineers, it's possible for an EE at Hughes Aircraft 
Co. to move within a design or management function 
without causing too much upset. The company rates all 
engineers on a "maturity-curve basis." An EE's maturity 
curve is related to his years of experience and his per
formance ratings. All of this goes into the master-pay 
spectrum through which the engineer can move from 
job to job horizontally- no matter if it's a technical as
signment or a supervisory position. 

However, some companies expressed reservations on 
how well dual-ladder procedures serve EEs. A compo
nents-company manager spoke for many when he de
clared his refusal to create phony supervisory titles to 
tack on to EEs as a reward, even though they continue to 
perform the same tasks. This strategy only blocks the 
way to management for other EEs. 

One engineering-department manager put it frankly: 
"Let's face it, the guy with the management title is tak
ing risks. He's under pressure to produce, so he ought to 
be paid for it. The technical man may be valuable to the 
company, and he deserves to get extra privileges and 
more pay. But which one do you think is going to make 
it in the company?" 

For a fast-moving company like Digital Equipment 
Corp., employee mobility has not been a problem. The 
basic criterion, says Grant F. Saviers, manager of disk 
products, is how the man gets the job done- no matter 
what the title. 

Perhaps he raises the most critical issue of all with the 
remark: "One of the problems of evaluating engineers 
is that it takes a fairly long time to measure technical 
contributions. This is determined by the product in real 
use after it is delivered to the customer; that's when you 
find out how well it is done. The engineer has limited 
perspective on the use of the products he designs, but 
we try to encourage that perspective." D 

Evaluation of EEs: How's it done? Does it work? 
Is it changing? Here's a way to find out now 

Rating performance of EEs appears to be important 
these days in large companies and small. But there are 
questions about how well evaluation is done, and 
whether or not engineers feel that they benefit from the 
results. 

To get an idea of how readers handle this procedure, 
we've prepared the two questionnaires on the following 
pages with room for your written comments. The first 
questionnaire is for those being rated , and the second 
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is for those doing the rating . If you are on both the giv
ing and receiving ends, you may want to fill out both 
questionnaires. 

To submit your questionnaire(s) , clip the page, fill 
out your replies, and mail before March 29, 1974 to: 

Editor, Code E 
Electronics 

1221 Ave. of the Americas 
New York, N. Y. 10020 
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Note: All responses 
will be kept in 
strictest confidence. 
Only cumulative to
tals and conclusions 
- without names -

,., will be published . To 
be counted , returns 
must be received by 
March 29 , 1974. 

Nonsupervisory engineers questionnaire 
(Supervisory personnel . see next page) 

How are you evaluated? 

1. Are you presently working for a department in which you receive formal performance eval-
uations? Yes __ No _ _ 

2. If so, what is the frequency? Annually _ _ More often _ _ Less often __ 

3. Does your supervisor personally review with you your work performance?Yes __ No __ 

4. Do you (a) see the evaluation , (b) sign or initial the evaluation , (c) add comments of your own 
to the evaluation? (Check a// applicable spaces .) (a) Yes __ No __ 

(b) Yes __ No __ 
(c)Yes __ No __ 

5. Who performs the evaluation of your performance? (Check a// applicable spaces.) 
Immediate supervisor __ Peers __ 

Department manager __ Others __ 

6 . Do you think evaluations of your performance are fair? Yes __ No _ _ 

7. Do you feel that you have enough opportunity to choose between either moving up the pay 
scale as an engineer or up the promotion ladder in management? Yes __ No __ 

8. In event of layoffs , do you favor the " bumping " system in which senior engineers can take 
over jobs held by lower-ranking EEs at lower salaries, rather than leaving the company? 

Yes __ No __ 

9. Would you like to have formal " up evaluation " of your supervisors or management, that is, you 
would evaluate their performance? Yes __ No __ 

10. If yes, which is more important to you? (a) Technical performance is more important __ 
(b) Administrative performance is more important __ 

(c) Both are equal ly important __ 

11. What aspect of your performance is the most important to be evaluated? 

12. Is your boss doing a reasonably good job of evaluating your performance now? 
Yes __ No __ 

Title and function 

Total years in engineering ---------------------------

Your company's main products 

City _______________________ State ________ _ 
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Supervisory personnel questionnaire 
How do you evaluate? 

1. Do you use a formal , written performance evaluation of EEs in your department? 
Yes _ _ No __ 

2. Do you review evaluations with EEs personally? Yes __ No __ 

3. How often do you perform evaluations? Annually _ _ More often __ Less often __ 

4. What are the three most important performance characteristics that must be evaluated? 
(a) 
(b) 
(c) 

5. What is the purpose of employee evaluation? (Check a// applicable items.) 

6. Is the format for evaluating EEs designed by 

Improve performance __ 
Career planning __ 

Promotion __ 
Salary review __ 

(a) The engineering department __ 
(b) The personnel department __ 

(c) Other __ 

7. Do you have a dual-ladder promotion system for EEs who want to remain in technical work 
rather than move to supervisory positions? Yes __ No __ 

8. Do you believe that the promotion system works (a) Very well __ 
(b) Fairly well __ 

(c) Poorly __ 

9. Do you favor formal evaluation for your performance by your subordinates? 
Yes __ No __ No opinion __ 

10. Do you show written evaluations to those EEs you evaluate? Yes __ No _ _ 

11. How do you handle EEs whose performance is under par? 

12. In event of layoffs , how do you choose those who are terminated? 

13. Do you evaluate personnel any differently than you were evaluated in the days when you 
were a beginner? Yes __ No __ 

Title and function 

Highest degree 

Total years in engineering -------------------------

Your company 's main products 

City _ _____________________ State ________ _ 
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Only cumulative to
tals and conclusions 
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•test 610. 

digital multi 

The Digitest 610 is a portable DMM that measures volts, amps, and 
ohms plus component surface temperature. When trouble shooting, 
this plus feature allows the user to quickly identify defective com
ponents by surface temperatu re measurement. 

This light-weight, compact, 11 ,000 count unit goes where need
ed . When regular power sources are not available the bu ilt-in 
nickel cadmium power pack provides many hours of reliable 
portable measurement. Bold bright Sperry planar gas dis
charge displays provide easy viewing , even at angles up to 
130° and in direct sunlight. Data can be clearly read at 
distances up to 40 feet. 

Easy to operate push button switches enable rapid se
lection of all 16 ranges from zero to full scale without 
further adjustment. Non-skilled personnel can use 
the Digitest 610 with no training, yet the unit's pre
cision design gives the trained technician and 
eng ineer the high degree of accuracy that he 
needs. 

In addition to AC and DC volts, AC and DC 
currents, the Digitest 610 can measure re
sistances from 0.1 to 5 megohms, and tem
peratures from -50°C to +200°C. Accuracy 
is 0.1% and CMR is 100dB. 

Sold and serviced throughout the 
United States and Canada. U.S. 
distributorships available. 

DISTRIBUTORS 
For details or demonstration call : 
·eoston (617) 879-5710 
Hartford (203) 246-5643 
New York (201) 673-2500 
Philadelphia (201) 264-1851 
Washington D.C. (703) 671-4357 
Atlanta (404) 436-5169 
Orlando (305) 894-9863 
H untsvitle (206) 837-5778 

·seattle (206) 622-0177 

San Francisco 
Dayton 

•Chicago 
Minneapolis 
Dallas 

·oenver 
·salt Lake City 
·Albuquerque 
•Phoenix 

(415) 864-4870 
(513) 262-5627 
(312) 358-6520 
(612) 925-1883 
(214) 363-5291 
(303) 427-5299 
(801) 571 -0129 
(505) 281 -5602 
(602) 939-6757 

•Los Angeles (213) 789-0418 
•stocking representative 

Basic Unit: 

$295. 
Temperature Probe: $85. 

SCHNEIDER ELECTRONICS 

SCHNEIDER ELECTRON/QUE 

3 HAZEL ST .. PEABODY, MA. 01960 TEL. (617) 535-5620 

27-33 RUE D'ANTONY, 94150 RUNGIS, FRANCE TEL. 686.76.10. 
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We packaged 21 MPC's 
in this hostile environment. 

The sardines were delicious! 

new multi-pole, miniature PC relays feature low cost, high reliability 
Our new MPC DC-miniature relays for printed circuit board mounting 
are the smallest high reliability components on the market. Patented 
hingeless armature construction ensures long mechanical life. New 
interlocking housing design provides maximum contamination pro
tection. Excellent power handling capacity, maximum motor volume 
and modular construction all contribute to greater design freedom. 
Ideal for telephone, office equipment, alarm and instrumentation 
applications. For full information contact Allied Control Company, 
Inc., 100 Relay Road, Plantsville, Conn. 06479. Tel. (203) 628-9654. 

ALLIED CONTROL COMPANY, INC. 
Where Control Is The Key 

A COMPLETE LINE OF RELAYS • INDUSTRIAL CONTROL SYSTEMS • SOLENOID VALVES 
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At lntercon time, IEEE's 
'getting down to business' 
The show theme this year reflects the state of the industry, 
the state of lntercon, and the state of IEEE, as the 
institute and the show management settle into new images 

by Gerald M. Walker, Associate Editor 

D With an entrepreneur-engineer in the president's 
chair and with Intercon opening March 26 under the 
theme, "Getting down to business in electronics," the 
Institute of Electrical and Electronics Engineers takes 
on a decidedly business tone this year. Even the Inter
con technical sessions have fallen in step, featuring 
mostly applications and marketing talks, rather than a 
potpourri of research status reports. 

There are a number of reasons that IEEE is appealing 
as much to the members' account books as to their 
minds. While it's fair to wonder what electronics com
panies have been doing until now, other than getting 
down to business, the Intercon theme seems to reflect 
the industry's gestalt. The show is tracking the perva
siveness of electronics in the worldwide marketplace, 
the booming sales of last year, the necessity for tight
ening business practices in the uncertain year ahead, 
and the emphasis on applications 
that these trends impose. 

For another, the institute's role in 
aiding engineers' careers is also 
starting to change IEEE's image to 
some extent. Thus, one session of 
the technical meetings is devoted to 
pension-investment plans, a subject 
that would seem to be more appro
priate for a meeting of well-heeled 
doctors than EEs. Nevertheless, per
sonal business and investment will, 
no doubt, continue to be a topic for 
future Intercon programs. 

Membership in the IEEE gained 
slightly in 1973. Non-student mem
bers declined less than 1 %, but stu
dent participation increased, despite 
a drop in total engineering-school 
enrollments. Interest among stu
dents has been spurred by IEEE's 

beacons and the triode microwave oscillators used in ra
dar, his personality is much more business-like than 
academic. He too seems to fit the times. 

By 1970, Intercon had reached a diminished state 
through a combination of factors, including the shift of 
the industry away from dependence on defense R&D, 
defection of semiconductor exhibitors, unresponsive 
show management, and a job-eroding economic down
turn. A foundation of instrument manufacturers re
mained, but show activities on four floors of the New 
York Coliseum had been reduced to two. The show be
came an Austro-Hungarian Empire of exhibitions-a 
dream of past glories, while the edifice was being dis
membered by specialized vertical shows. 

New management took over for Intercon in 1973, and 
this year there's renewed confidence that the changes 
begun then will breathe new life into this year's confer

ence. So the theme, "getting down 
to business," is as much a reflection 
of Intercon's new management as it 
is the state of the electronics indus
tries. It means that Intercon will 
provide the place and the stimulus 
to get down to business. 

The show is intended to empha
size commercial activity, rather than 
engineering development, and to in
clude distributors and manufac
turers' representatives on the Coli
seum floors, along with manu
facturers. lntercon management 
wants once again to make the show 
a place to introduce new products, 
as well as a place for representatives 
of new industrial, commercial, and 
consumer markets to attend. How
ever, these goals have not yet been 
achieved. 

professional-development activities, lntercon's sleepy past. Sales-oriented 
instituted last year [Electronics , themeshouldwakeup19741ntercon. 

William C. Weber Jr., operations 
manager for the show, estimates 
that attendance should increase 

from 24,000 in 1973 to 30,000 this year. Some 225 ex
hibitors are expected to occupy more than 400 booths, 
compared to around 175 in 350 booths last year. Both 
the New York area IEEE sections and the Electronic 
Representatives Association chapters have been active 
in planning the show, together with the IEEE Conference 

March 15, 1973, p. 95]. 
Finally, there's IEEE President John J. Guarrera, who 

is founder, president, and chief executive officer of 
SaCom, a microwave-equipment firm in Los Angeles. 
Even though Guarrera, a 1943 graduate of Massachu
setts Institute of Technology, was once an engineering 
teacher and a developer of airborne and ground-based 
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Board. This participation should increase interest and 
promote attendance from these local groups, says 
Weber. 

The energy crisis may also help attendance this year, 
he adds. Because employing companies will probably 
limit travel by engineers, a broad, horizontal show like 
Intercon could take precedence over attendance at sev
eral special exhibitions. In addition, the long-range out
look appears healthy, starting in 1976, when Intercon is 
to begin alternating between New York and Boston. At 
that time, the Nerem show in Boston will be phased into 
Intercon, so that the East Coast's two-city schedule will 
resemble that of Wescon. "Sooner or later it will make 
sense to have a show in the Midwest, too," Weber ob
serves. "It would be a part of the growing importance of 
electronics in industrial and automotive centers." 

Will Intercon ever climb back to the size of the mid
l 960s? It's doubtful. Weber contends that the number 
of exhibitors could be doubled in the next five years, 
but times have changed too much to expect anything 
like the crowds of the past. 

On the other hand, he envisions the IEEE show be
coming a kind of industrial fair that provides an um
brella over a number of small, special-purpose exhibits, 
containing such elements as a small packaging show, a 
small medical-electronics show, a small automotive
electronics show, and a small industrial-electronics show 
under one roof. 

Under this concept, these entries would join the prod
uct promotions mounted by the instrument and compo
nents houses that now make up Intercon. Then the 
"business" that Intercon is "getting down to" might 
once again represent the entire range of the electronics 
industries. 

A tailored technical program 

This year's technical sessions, to be held at the Stat
ler-Hilton Hotel, complement the show theme. The pro
gram is the result of a conscious effort by the program 
committee to analyze and please the Intercon audience. 
Like the show, the technical program is the outcome of 
two years of rethinking and revamping. Last year, when 
the idea of accentuating applications began, 82.9% of 
the attendees rated the show excellent to good. Also 
more registrants attended more technical sessions than 
they had in the past- another objective set by the pro
gram committee. The most popular session last year was 
the panel featuring the three developers of the transis
tor, who appeared as part of the 25th anniversary obser
vance of the transistor's invention. 

Technical sessions that drew the largest audiences in
cluded discussions of minicomputer applications, MOS

LSI applications, computer-controlled test-system instru
ments, and automotive electronics. Also favored were 
sessions on microprocessors, solid-state imaging, and 
television. 

Based on these votes of confidence, program chair
man I.A.A. Raper, manager of advanced circuits and 
control for the Defense Electronics division of the Gen
eral Eiectric Electronics Laboratory, Syracuse, N.Y., be-

Alone again. Sparsity of crowds is also under attack by lntercon 

management by getting local IEEE sections involved in planning . 

108 

lieves the program is on the right track for this year. 
Among the highlights of the three-day program, Raper 
lists a panel on marketing, design, and applications of 
electronic calculators; the foreign thrust to capture 
larger shares of U.S. markets; changes in CATV ; and 
technology of point-of-sale systems. Also, recognizing 
the growing sophistication of a hobby, a panel will dis
cuss development of radio hardware and its deployment 
by amateurs for communications in space. 

Problems to be discussed 

Focusing on day-to-day engineering problems, a 
panel on "The Semiconductor Crunch," will emphasize 
delivery and price, and another will consider "Testa
bility-the Key to Automation in Circuit Testing." Two 
sessions on the rapidly proliferating microprocessor will 
deal with architecture and applications. 

The latest stand-by topic is "Solid State Systems for 
Automotive Electronics." "Solid State Systems for 
Consumer and Industrial Products," concerns a circuit 
for an electronic cash register from NS Electronics, 
Santa Clara, Calif., a data-acquisition device for indus
trial control from Analog Devices, Westwood, Maine, 
and a single-chip slide rule from Rockwell Inter
national, Anaheim, Calif. 

"Investment plans for Engineers and Employers," 
mentioned earlier, will have four speakers- Frank Cum
mins, the IEEE counsel on Government affairs, who has 
worked on pension legislation in Washington; Richard 
Backe of Sperry Rand Corp., who is chairman of the 
IEEE Pension Committee; William Astrop, IEEE's invest
ment counselor; and Thomas Sternau, the IEEE insur
ance-plan administrator. 

Another session that is more or less on the profes
sional-development level is entitled, "Technology As-
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Down to business. With more booths filled by more exhibitors, Inter

con 74 will try to live up to its theme and its goal of promoting sales. 

sessment and the Engineer." Topics to be covered are 
the future of artificial intelligence, forecasting commu
nications technology, tentative forecasts for ultrasonics, 
results of manufacturing-technology forecasting, an as
sessment of the SST's failure, and a discussion of the en
gineer's role in technology assessment. There were two 
sessions on this subject on the 1973 program, and both 
drew big crowds. And since technology assessment has 
become one of IEEE's ongoing tasks, this topic will prob
ably become a fixture for future Intercon technical pro
grams. 

The most offbeat session this year undoubtedly is 
"New Advances in Parapsychology," reviewing research 
into extrasensory perception [Electronics, Feb. 7, p. 82]. 
Topics will cover mental telepathy, use of the subcon
scious mind in problem-solving, and the relation of 
bodily electrical fields to health. 

These sessions should provide a good test for Raper's 
goal of establishing a distinct personality for the Inter
con technical program. "We can ensure a loyal follow
ing by patterning the program to the following," Raper 
points out. "Before we could do this, the conference 
board spent some time reflecting on the question, 'What 
are we trying to do with this program?' The pattern was 
set when we decided that the program has got to match 
the specific audience, rather than trying to please every
one and doing none well." 

The change in the meeting location downtown to the 
Statler-Hilton may counteract attendance falloff caused 
by the fuel shortage. Because the hotel is just across the 
street from Pennsylvania Station, EEs coming by rail 
from Long Island, Philadelphia, and New Jersey can 
register conveniently. As always, chartered buses will 
shuttle attendees to and from the Coliseum so that com
muters can get into the Intercon loop without having to 
use any public transportation in Manhattan. On the 
other hand, if companies clamp a tight lid on travel 
budgets, the months of planning for Intercon could be 
rewarded by empty meeting rooms and a silent Coli
seum. 

In the meantime, things are not very quiet at the New 
York headquarters of IEEE. By the end of 1974, a special 
committee will probably name a successor to Donald 

Want a booth? W. C. Weber, operations manager, says there's no 

reason that sales reps and distributors should not take show booths. 
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What's on Film Theatre? 
In keeping with the lntercon theme of getting down to 
business, the program committee has arranged for a 
radical departure in the Film Theatre, normally run in 
the Coliseum exhibit area . This year, the films will in
clude , not only the usual technical documentaries, but 
a series of highly rated management lectures pro
duced by BNA Communications Co. and donated by 
RCA Corp. 

Each day, starting on Monday afternoon , March 25, 
a different topic, encompassing a complete manage
ment course , will be screened. These films will not be 
repeated. The program consists of : 

• " The Effective Executives" presented by famed 
management consultant Peter Drucker. 

• " Motivation and Productivity " shown in two 
parts. 

• " Managing Discontinuity," also in two parts . 
• " Organization renewal ," concerning coping with 

change. 
• " Management by Objectives ," including a case 

history. 

Fink, executive director ·and general manager; who is 
retiring in 1976. To ensure what politicians call "an or
derly transition," the new director will start several 
months before Fink retires. Since the general manager
ship is a big job, with salary to match, the selection 
committee will be looking for a top-flight manager
someone who can handle an annual budget of $10 mil
lion to $14 million. 

As Fink describes the position, it requires a manager 
with an engineering reputation. Because a career in en
gineering "is almost required," this would rule out a 
professional association manager and point to someone 
from the electronics industries. In addition, says Fink, 
"the new general manager will sit on top of a complex 
organization with nine bosses [the board of directors]." 

During the year-long overlap, the incoming manager 
will first learn the ropes of the inside of IEEE, getting to 
know the staff and mastering the many, many com
mittees that make up the organization. The second step 
will be to get a handle on the external issues-IEEE's ca-

reer functions, the pension plans, engineering demands 
during the energy crisis, and the sometimes-touchy rela
tions with the technical societies operating under the 
IEEE imprimatur. 

For IEEE, it's Guarrera 

While the search for a general manager goes on be
hind the scenes, highly visible out in front this year is 
IEEE president John Guarrera. Even though he's the 
head man of an electronics company, Guarrera feels 
he's still more of an engineer than a chief executive. 
He'll need both skills during this year, when the insti
tute hopes to consolidate its professional-development 
activities, including its new, slightly higher profile in 
Washington. 

But he's quick to point out that IEEE's technical activi
ties will continue to be of prime importance. "It's dan
gerous to ignore the forefront role in technology IEEE 
enjoys," Guarrera cautions. "If not for the success and 
reputation of this organization as No. 1 in technology, 
we could not have accomplished any of our goals," he 
adds. 

One important project that ties together IEEE's role is 
technology forecasting. By getting an honest evaluation 
of the future, engineers will have a chance to redirect 
their careers-to "tune up in areas where they are 
rusty," he states. "The step-function approach to careers 
creates a mess in the engineering community," Guar
rera points out, in reference to the expansion and con
traction of jobs that accompanies changes in technology 
and the electronics marketplace. 

At the same time, the institute this year will empha
size information on product applications to assist mem
bers in the day-to-day needs of their present jobs. "Ob
viously, not all of engineering is state of the art," the 
president explains. 

Among outside projects, Guarrera is strongly pushing 
a portable pension for enginyers, passage of a mean
ingful congressional bill for research to develop alter
nate sources of energy, and renewed Government sup
port of research and development-either by direct 
funding or through tax credits. All three are complex is
sues that require understanding of both engineering 
and economics, not to mention insight into political 
wheeling and dealing. 

Guarrera states: "Engineers are used to making judg
ments only in the areas of their expertise and leaving 
the economics to others. But we have to get experts to 
help us separate the real from the baloney on these is
sues and try to avoid the baloney. We don't want head
lines-just results." 

Looking at the year ahead, the IEEE president con
fides, "I like to think I'm involved in making waves, and 
I'll continue to make waves in this organization when its 
necessary for the members' needs. In this job, you have 
to be responsive-responsibly." D 

The leaders. " I don 't believe in destroying an organization to 
change it," says IEEE president John Guarrera (left). " The changes 
we've made have demonstrated the flexibility of IEEE." Donald Fink, 
IEEE general manager (right), states, " IEEE has shown all other 
technical societies how much can be done in a short time by chang
ing to career activities successfully without breaking apart ." 
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We've found 
ideal ROMmate 

foi·fOUr microproces•. 
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~ ~ Big RoM contnbutes 16K bits program storage at lowest cost ever 
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Every little 8-bit micro
processor needs a compan
ion RO M willing to share 
cramped quarters and 
supply low-cost program 
storage. And there's no more 
perfect companion than 
EA's 4800 MOS ROM. It has 
a compatib le 2048 x 8 organ
ization and a l DO-piece price 
of $28. It will eagerly move 
in, custom-programmed, 
to join your microprocessor 
in 6 to 8 weeks. 

Your microprocessor will 
find our big ROM is extraor
dinarily undemanding to 

. . . 
t •• 

·-

live with. It doesn't need a 
clock because it's static. It 
gets along without address 
decoding circuits because 
it's decoded internally. It 
doesn't require input pull-up 
resistors because they're 
already on the chip. It 
demands only two supply 
voltages, +5v and -12v. 
And it will welcome more 
ROMmates with outstretched 
OR-wired outputs . 

Our ROM's maximum 
access time is 1.2µ,sec - fast 
enough to satisfy your micro
processor. Power dissipa-

tion is a low .032 mW/b it. 
It's clothed in a 24-pin 
silicone-molded DIP. And it 
will also take on a 4096 x 4 
organization to mate with 
any 4-bit microprocessors 
you happen to have around. 

Contact us right now for 
data showing how easily the 
EA4800 interfaces with 
popular microprocessors. 
Electronic Arrays, Inc., 
550 Middlefield Road, 
Mountain View, Calif. 94043. 
Phone ( 415) 964-4321. 

Cramer Electronics is our 
distributor nationwide. 
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Designer's casebook _________ _ 

Transistor array converts to 
fast-switching thyristors 
by H.S. Kothari 
Central Electronics Engineering Research Institute, Pilani, India 

An ordinary monolithic transistor array can be wired to 
perform as multiple four-layer silicon-controlled 
switches by making use of the terminal to the array's 
substrate. For example, a seven-transistor array having 
common emitters can be used to implement a seven
stage ring counter. 

As shown in (a), the npn transistor array has a sepa
rate connection to its p-type substrate. The array is eas
ily wired as shown in (b), with the substrate being em
ployed as a common anode to form pnpn structures that 
can be regarded as silicon-controlled switches. And 
since the geometry of each transistor is very small, 
switching times can be on the order of a few nano
seconds. 

The schematic of the ring counter is drawn in ( c). The 
first stage is turned on by the trailing edge of the reset 
pulse. Now, when a clock pulse is applied to the input 
transistor, the voltage at this transistor's collector drops, 
and the other counter stages are turned off. In this way, 
a trigger pulse is transferred from the first stage to the 
second stage. The next clock pulse causes a trigger pulse 
to go from the second to the third stage. This process 
continues and repeats when the seventh counter stage 
triggers on the first counter stage. 

The hold-on current for any stage can be between 50 
microamperes and 1 milliampere. The negative voltage 
amplitude of the reset pulse should be large enough to 
lower the voltage of the anode gate of the first stage so 
that this stage is sure to fire. The anode-gate voltage, 
therefore, is made negative with respect to the anode 
voltage. 

The length of the triggering delay is determined by 
the capacitance value selected. Voltage amplitudes can 
be made as large as the collector-emitter breakdown 
limit of each transistor by increasing the supply voltage, 
as well as the zener voltage. to some suitable maximum 
level. D 

Wiring tran1l1tor1 as thyristors. Integrated seven-transistor array (a) can be wired as silicon-controlled switches by making use of their 
common substrate connection . The transistors can then be operated as four-layer devices (b) that have switching times on the order of a few 
nanoseconds. One application for the pnpn switch array is illustrated in (c)-a seven-stage ring counter. 
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C-MOS touch-switch array 
controls analog signals 
by Max W. Hauser 
Berkeley, Calif. 

A few inexpensive complementary-MOS ICs can be used 
to create a bounceless buttonless touch-switch array. 
The resulting switching circuit takes advantage of the 
extremely high input impedance of C-MOS devices to de
tect the ambient signals (electrostatic charge and power
line hum) present on a person's finger. The circuit's out
puts are solid-state switches that are capable of control
ling audio or analog signals with negligible distortion 
and that, in many cases, are compatible with existing 
circuitry. Light-emitting diodes provide a visual display 
of the current state of these switches. 

The heart of each touch-switch (a) is a set-reset flip
flop (one-quarter of a quad latch) whose inputs are 
biased to the Yoo supply through 22-megohm resistors. 
Under normal (resting) conditions, this renders the in
puts inactive, and the flip-fl.op retains its last state. 
When a finger or large conductive object touches either 
the on or off input, a noise voltage appears across the 
bias resistor at that input and is amplified through the 
regenerative action of the flip-fl.op. This sets the flip-fl.op 
to the desired output state, where it remains until reset 
by touching the other input. 

The flip-flop's output simultaneously controls an 
analog switch and a buffer/inverter that drives a panel
mounted LED. The output from the buffer can also be 
used to activate a TIL input, provided that the internal 
pull-up supply (Vee) is made equal to the TIL power
supply voltage. The 100-kilohm resistor and the 0.1-mi
crofarad capacitor serve to decouple the Yoo bias sup
ply so that there is no interaction between the input and 
display portions of the circuit. 

The block diagram (b) shows how a quadruple touch
switch array looks. The touch-sensors should be small 
metal plates-squares or disks having a side or diameter 
of I to 2 centimeters are best. A substantial increase in 
plate area results in a proportionate increase in the 
quiescent hum pickup, and can reduce circuit reliability 
unless the sensor is mounted very carefully. At the ex
pense of added construction complexity, the LEDs or 
their mountings can be given a conductive coating, per
mitting them to serve as the solid-state equivalent of il
luminated push-button switches. 

Type-CD4016 analog switches work well for noncriti
cal applications, for example, if the circuit is to be used 
as a source selector for an audio-mixing console. In 
more critical systems, however, it may be desirable to 
substitute lower-impedance devices, such as type
CD4066 units. Of course, each flip-fl.op output can drive 
many analog switches, and a complex switching ar
rangement can be created that might be difficult or un
economical to implement with mechanical devices. Nor
mally closed switching is possible by driving the analog 
switches with the buffer/inverter outputs, but the cir-

Touch-actuated switching. A simple touch-switch (a) can be built with complementary-MOS ICs. The high input impedance of the C-MOS 

latch permits the ambient signals of a fingertip to be sensed. The latch 's output then controls a C-MOS analog switch. wh ich implements the 
desired switching function. The LED ind icates whether th is analog switch is on or off. A quadruple touch-switch array is shown in (b) . 
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cuit 's TTL interface must be sacrificed . 
In remote loca tions, where power lines or other major 

electromagnetic-fie ld sources are not availa ble, it is ad
visable to install a second contact (at ground potenti al) 
on each sensor, so that a slight conduction between the 

Switching regulator produces 
constant-current output 
by Steven E. Summer 
Hauppauge, N. Y. 

The high efficiency that can be achieved with switching 
regulators need not be restricted solely to voltage regu
lators. By taking advantage of the convenience of a 
monolithic voltage regulator, a free-running constant
current switching regulator having a I-ampere output 
can be built for applica tions like battery charging. 

A 723-type IC regulator acts as the circuit's reference 
and comparator. Th e I C's 7 .15-volt internal reference is 
scaled to approximately 3 v by the voltage divider 
formed by resistors Ri and Rz. These resistors also feed 
the !C's noninverting input, while resistors R3 and ~ 
drive the IC's inverting input. The lower end of resistor 
~ is connected to shunt resistor R5, and approximately 

two contacts will assure triggering. Also, to eliminate 
any chance of damage to the flip-flop inputs from an ex
terna l power source, the inputs should be protected 
against excessive current flow with 56-kilohm resistors, 
as shown. D 

l v appears across this shunt when the IC's comparator 
terminals are nearly balanced. 

A hysteresis voltage of around 28 millivolts is applied 
to the IC's noninverting input through resistor R6 . This 
sets the minimum output ripple of the circuit at 28 mil
liamperes peak to peak. But if the storage time of out
put transistor Qi is significant, the ripple current will be 
higher. 

When the circuit's feedback loop calls for a current 
increase, the output stage of the IC regulator conducts 
and a current pulse of 12 mA flows into the V c terminal. 
(The size of the current pulse is determined by resistor 
R7 .) This current pulse drives transistor Qi. 

The zener diode (D1) is used to bias the output stage 
of the IC regulator, while the junction diode (Dz) oper
ates as a freewheeling diode. Inductor Li and capacitor 
C1 fil ter the switched waveform . The circuit's maximum 
operating frequency depends on the size of the load and 
is typically 20 kilohertz. D 

Designer's casebook is a regular feature in Electroni cs. We invite readers to submit original 
and unpublished circuit ideas and sol utions to design problems. Explain briefly but thor
oughly the ci rcuit 's operat ing principle and purpose. We'll pay $50 for each item published. 

Constant-current source. Switching regulator circuit provides a 1-ampere constant-current output that has a peak-to-peak ripple of 28 mil

liamperes. The integrated 723-type vo ltage regulator functions as a reference source and a comparator. Transistor 0 1 is a current booster , 

wh ile inductor L1 and capaci tor C, filter the switched waveform. The circuit 's operating frequency can be as high as 20 ki lohertz. 
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FEf CHIPS 
For Hybrids 

from the industry leader in high-quality FET products 

When your hybrid design calls for FET chips to a JEDEC 
specification, your first choice should be Siliconix JEDEC
equivalent dice. You can select from more than 500 different 
JEDEC-type FET chips, all manufactured with the same 
meticulous attention to product quality which has made 
Siliconix a byword in the industry. 

FET Input Op Amp 

All standard Siliconix FET chips are 
equivalent to their JEDEC or house
numbered parents on all tes table pa
rameters. We have hundreds of JED EC 
and house-numbered parts in our product 
line. To specify a JEDEC-equivalent 

chip simply add the suffix "CHP," 
as in 2N4416 (JEDEC registration) 

= 2N4416CHP (chip form). When 

FET Analog Switch 

your design calls for a special device , 
remember that we've produced over 4000 
different FETs sorted to custom electrical 
specifications-We'll be happy to select to 
your individual requirements. 

For additional information on chips 
recommended for new equipment design or 
replacement service, plus a list of tested 
parameters and test conditions . 

write for data 
FET Applications Engineering (408) 246-8000, Ext. 120 

Siliconix incorporated 
2201 Laurelwood Road , Santa Clara, California 95054 
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The world's largest manufacturer 
of miniature aluminum lytics wants 
to show you their etchings. 

In the production process of electrolytic capacitors, the etching 
and forming of the foil is one of the most critical processes. The design 
of the foil directly affects performance and life. 

This is why United Chemicon designs, etches and forms all its own 
foil and achieves complete quality control of every one of the over 60 
million miniatures we sell each month. We know that we must use exactly 
the right type of foil to meet our customers' specific performance charac
teristics. That's why we welcome special, tough applications. 

Now that you know more about our etchings, you should also know 
that our special machinery division designs, develops and builds all our 
machinery. Every capacitor is automatically aged and 100% tested. 

This control guarantees an unparalleled degree of product uni
formity, predictability and reliability of supply. 

Shouldn't you know us? 
Write, call 315/474-2954 

or wire for full information 
and latest technical bulletins. 

UNITED NI PPON 
CHEMl·CON CHEMl·CON 

United Chemicon. 

6.3 to 500 WV, op temps from -40° to + 85° C. 
We solicit inqui ries to your specs. as brooder tempera 
ture ranges and performance characteristics are available. 

l •I• -~-,-· 
CE W 

200vlOOuF 
--=-

World's laruest nmnufacturer of miniature alu1ninum lytics. You should know us. 
c 1974 United Chemicon. Inc. 731 James Street Syracuse. New York 13203 315/474-2954 TELEX 937439 
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Simplified n-channel process 
achieves high performance 
Ion-implanted metal-gate process, cheaper than silicon-gate technology , 
has the same advantages, operating on + 5 volts for TTL compatibility; 
high-speed static memory has 350-ns access time and draws only 250 mW 

by R. J. Huber, K. F. Smith, D. R. Hill , J. N. Fordemwalt , J. W. Hanson , and W. H. Dobelle, Univers ity at Utah 

D To satisfy demands for a single MOS process that can 
accommodate today's increasingly complex digital sys
tems, such as medical prostheses and instrumentation 
systemsl, an ion-implantation n-channel metal-gate 
process has been developed . It achieves high oper
ationa l performance in fully TTL-compatible large-scale 
integrated circuits. The process, which was deve loped 
under a contract funded by General Instrument Corp., 
Hicksville, N .Y., is significantly simpler and cheaper to 
implement than silicon-gate technology or other pub
lished n-channel metal-gate processes. Production econ
omies are achieved by high yields, which are, in turn, 
attained through a reduction in the number of steps 
necessary in processing. 

Their ability to operate from a single + 5-volt power 
supply enables the new JCS to provide both the memory 
and process ing requirements of the more conventional 
data-processing and calculator equipment, as well as to 
provide new microcircuit capabilities for a growing 
number of telecommunications, industrial, and bio
medical systems. 

The range of MOS performance has already been ex
tended by these new res in memory and processor cir
cuits. A 5, 120-bit read-only memory has an access time 
of 500 nanoseconds and typical power diss ipation of 
only JOO milliwatts. A 1,024-bit (quad 256) static ran
dom-access memory, which has a read time of 450 ns 
and write cycle time of 500 ns, draws a low 250 milli
watts of power when operating and less than 40 mw 
when standing by. The size of the ROM chip is only 121 
by 126 mils, a nd the RAM chip is 160 by 164 mils. 
What's more, the process has been used to fabricate a 
16,384-bit ROM containing nearly 19,000 transistors 
(Fig. I) . 

The process is simple 

Like all of today's functional n-channel processes, 
this one uses ion-implantation techniques to do three 
things: control enhancement thresholds of the n-type 
ga te regions, increase fie ld-inversion voltage for better 
isola tion between devices, and produce depletion-load 
devices. 

But, unlike other ion-implanted n-channel processes, 
the main objective of this metal-gate process is simplic
ity. Indeed, this process produces LS I circuits more eas
ily and more cost-effectively than others because of the 
reduction in the number of critical process steps and the 
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1. Big ROM. This 16,384-bit read-only memory, typical of products 
being bui lt with new n-channel MOS processes, teams ion implanta
tion with metal-gate structures for maximum simplicity . 

use of conventional oxide masks, rather than polysilicon 
or si licon-nitride masks. 

The process requires only two ion-implantation steps 
and eliminates the need for silicon nitride and the at
tendant complex etching procedures. Simple metal 
gates are used, even though they norma lly result in 
larger geometries than silicon gates, but the simplicity 
of the process offsets this disadvantage. 

Getting rid of the silicon-nitride masks was a major 
boost to yield . True, the use of a silicon-nitride layer to 
mask against reoxidation is a technique successfully em
ployed in a number of ion-implantation processes2, but 
silicon nitride requires specialized equipment for depos
ition and more complex yield-killing etching tech
niques. 

F inally, arsenic is used as a diffusant to still further 
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ENHANCEMENT
MDDE DEVICE 

DEPLETIDN
MDDE DEVICE 

2. Careful control. The depth of implanted ions must be carefully 
controlled in the channels of both the enhancement- and depletion
mode devices. Oxide thickness is 5,000 A. 

simplify the process. Arsenic-diffused junctions are less 
mobile than phosphorus junctions during subsequent 
high-temperature processing. The source of the arsenic 
diffusion is a commercially available arseno-silica film, 
applied with a conventional photoresist spinner. But, in 
mass production, a more conventional sealed-tube tech
nique may be employed. 

Importance of controls 

However, some aspects of this process require careful 
control. The most critical of these is the total depth of 
the implanted ions in the channel regions of both en
hancement- and depletion-mode transistors (Fig. 2). To 
preserve the low body-effect coefficient (which deter
mines the effective threshold voltage for a given sub
strate bias) of the high-resistivity starting material (15 to 
25 ohm-centimeters), the thickness of the oxide grown 
in these devices must be carefully controlled. If the ox
ide is too thick, an insufficient portion of the implanted 
atoms will reside in the silicon. If it is too thin, the im
plant will be too deep and the body-effect coefficient 
will suffer. 

Indeed, at this point, it is necessary to control the ox
ide thickness through which the ions must be implanted 
to 5,000 angstroms ±50 A., a degree of accuracy that re
quires some unconventional process-monitoring tech
niques. A rapid method for control of this thickness is to 
compare the color of the interference pattern produced 
by the wafer in process with that of a standard that has 
been accurately calibrated. 

With this technique, the boron atoms implanted 
through 5,000 A of silicon dioxide at about 150 kiloelec
tronvolts gives an impurity distribution in the silicon 
shown in Fig. 3. With this distribution and the sub
sequent minimal heat cycles of the wafer, the body-ef
fect coefficients do not change from those of the starting 
material. 

The usefulness of this ion-implantation process to 
fabricate low-voltage circuits is confirmed by the electri
cal characteristics of individual depletion- and enhance
ment-mode devices : 
• Enhancement-mode threshold : VTEo = +0.85 ±0.3 v. 
• Depletion thresholds, VTDo = -2.5 ±0.3 v. 
• Field-inversion voltage, VTFo greater than 30 v (thick
oxide threshold). 
• Enhancement-gain factor, f3E = 25 to 30 µAlv 2 

• Depletion-gain factor, /3n = 35 to 40 µA/v2 

• Drain breakdown voltage, BVnss, approximately 
35 v. 
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3. Preventing changes. This impurity distribution and some minimal 
heat cycling of the wafers after implantation assure that the body ef
fect of the starting material remains unchanged in processing. 

The thresholds of both enhancement- and depletion
mode devices are kept well below 3 v , underlining the 
low-voltage TIL-compatibility of the process. Moreover, 
device stability is assured by the large (5 times thres
hold) field-inversion voltage and the high (35-v) junc
tion-breakdown voltage. 

Designing tighter circuits 

A key advantage of this n-channel ion-implanted 
metal-gate approach is that small-geometry devices can 
be produced in tighter LSI configurations than ever be
fore achieved with metal-gate processes. Arsenic diffu
sion allows close control of diffusion depths, which, in 
turn, guards against spreading of the diffusion regions. 
On the other hand, ion implantation eliminates field-in
version problems so that relatively thin-field oxide can 
be used. 

The RAM and ROM circuits already built clearly show 
the virtues of this process. The 1,024-bit static RAM fits 
on a chip measuring 165 by 160 mils (it has a static cell 
area of only 12.2 mils2, while the 5, 120-bit ROM fits on a 
chip 121 by 126 mils. 

The RAM circuit actually uses three different transis
tor thresholds, which can be tailored to their most con
venient values for low-voltage circuit design. The en
hancement-mode threshold of +0.85 v is set by the 
boron implant, and the depletion threshold of - 2.5 v is 
set up by the phosphorus implant. 

If a transistor is given the full dose of both implants, 
the threshold will be approximately - 1 v; thus, all three , 
thresholds are obtained with no increases in processing 
steps. The -2.5-v depletion and the + 0.85-v enhance
ment transistors are used in the peripheral circuits and 
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4. Conventional. Although the process is new, the RAM cell is 
based on the conventional bistable flip-flop. The loads are depletion
mode transistors, and the others are enhancement-mode devices. 

the - 1-v and the + 0. 8S-v thresholds are used in the 
memory cells themselves. 

A schematic of the static-RAM cell is shown in Fig. 4. 
Each memory cell is composed of six transistors in a 
conventional bistable flip-fl op. The load transistors are 
depletion-mode transistors with thresholds of - 1 v. The 
botto_m transistors in the flip-flop and the pass transis
tors are enhancement-mode devices with 0.8S-v thresh
olds. All other depletion-mode transistors in the re
mainder of the circuit and in the peripheral circuits 
have thresholds of -2.S v. 

The - 1-v threshold in the load transistors of the 
memory cell results in a better design than a cell that 
uses enhancement-load devices or depletion devices 
with - 2.S-v thresholds as loads. With enhancement-load 
devices, V cc, minus some threshold voltage, appears at 
the gate of the bottom transistors, whereas the deple
tion-mode transistors used as a load allows the full V cc 
power-supply voltage to be applied. Thus, the bottom 
transistors can be smaller for the same current drive 
when using depletion, rather than enhancement-load 
devices. However, a - 2.S-v depletion transistor, ra ther 
than a - 1.0-v transistor of the same size used as a load 
device actually degrades the perfo rmance of the cell , 
since the bottom transistors must sink the trans istor
load current, as well as drive the outboard pull-up tran
sistors and the capacitance load. An additional and per
ha ps more significant advantage of the - 1-v threshold 
over the - 2.S-v threshold is the lower power consump
tion for a given geometry. 

On the oth er hand, the use of a depletion transistor 
with a - 1-v threshold in the peripheral circu its would 
make th e design extremely di fficul t because th ese cir-
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cuits are designed for high speed, while size and power 
are of secondary importance. The body-effect reduces 
the - 1-v threshold to nearl y zero as the source voltage 
of the load transistor approaches the potential of the 
power supply. 

These circuits, using only depletion transistors with 
- 1-v thresholds as loads, would be too slow, especially 
where high-voltage-output drives are required. More
over, since the power supply is only S v, it is absolutely 
necessary to have drivers in the peripheral circuits that 
can drive hard to the power supply, a condition suitable 
for depletion transistors with - 2.S-v thresholds . En
hancement-load devices won' t work because their out
puts can only swing to within a threshold of the power 
supply, a nd bootstrapping their voltages requires too 
much space. 

Unusual circuit 

Besides the memory cell itself, most of the circuits 
used in this RAM design are similar to the conventional 
depletion-mode inverter (Fig. Sa), with one notable ex
ception. The push-pull stage is coupled with a conven
tional depletion inverter (Fig. Sb). This circuit is used in 
the address inverters and in the input/output section of 
the memory where large capacitiv~ loads are driven. 
Transistors Q3 and Q5 are depletion-mode transistors, 
and Q4 and Q6 are enhancement-mode transistors. 

The push-pull circuit is three times as fas t as a con
ventional inve rter with the same power because of the 

(a) 

+5 

I 
• DEPL ETION 

TRANSISTOR 

@NOOE 
NUMBER 

.----+-- OUT 

I 
5. Similar but different. In the input/output section, the design is 
similar to that of a conventional depletion-mode inverter (a), except 
that push-pu ll stage is coupled by a depletion inverter (b). 
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DI # 4 DI # 1 

DO # 4 16 x 16 1 OF 16 16 x 16 DO # 1 
I I 0 MEMORY Y DECODE MEMORY I I 0 

BITS BITS 

Ao 

A, 
1 OF 16 1 OF 16 

X DECODE X DECODE 
A2 

A3 

16 x 16 16 x 16 
1/ 0 MEMORY MEMORY I I 0 

DI #3 BITS BITS DI # 2 

DO # 3 DD # 2 

Vee POWERS MEMORY ONLY 

Voo POWERS ALL OTHER Cl RCUITS 

PD As A1 R/W cs # 1 cs # 2 

6. Organization. The RAM employs altogether eight address lines for decoding a memory segment containing 256 bits. The decoding cir
cuits are designed to be shared by all four quadrants, so that addresses are either read or written into simultaneously. 

high voltage that is applied between the gate and the 
source of Q5 after the beginning of a negative-going 
step input. This input causes Q4 and Q6 to turn off and 
the voltage to rise, both at the gate of Q5 and at the out
put. 

Now, transistor Q3 is driving Q5 as a source follower 
so that the capacitive load on Q3 is small. This means 
that the voltage at the gate of Q5 will rise very rapidly, 
while the voltage at the output will rise at a much 
slower rate because of the heavy capacitance load. Ini
tially, the voltage between the gate and source at Q5 will 
be approximately V cc; hence, Q5 will be driven on very 
hard during the initial charging of the load capacitor. 
But the reaction of the conventional inverter of Fig. S(a) 
is different because the voltage between the gate and 
the source of Qi is always zero. However, since the gate 
of Q5 is held at a voltage near ground when the input is 
high, the de current flowing in Q3 and Q5 is equivalent 
to the current in a conventional depletion-inverter when 
it is turned on. 

It is interesting to compare the speed of a depletion
mode push-pull circuit used in this RAM design with a 
conventional depletion inverter (Fig. Sb). The two cir
cuits consume identical amounts of power and have 
identical input capacitances, but the propagation delay 
of the push-pull stage is one third that of the conven
tional inverter, which is 120 ns. These calculations are 
based on typical parameters for the process being used 
to build the RAMS. 

The block diagram of the entire RAM configuration is 

120 

shown Fig. 6. The TIL-compatible inputs can accom
modate a minimum high voltage of 2.2 v and a max
imum low voltage of0.8 v, while the actual trip point is 
nominally at 1.5 v , near the center band of the TIL 
range. Leakage current at any input will be less than 
lOMA. 

Using the RAM 

The outputs can drive a single TIL load with a paral
lel 100-pF capacitor. The output will sink 1.6 mA at 
0.4 v and source 0.2 mA at 2.6 v. The required power is 
typically 100 mw for the memory cells and 150 mw for 
the peripheral circuitry, which results in the total oper
ating power of250 mw and a standby rating of 100 mw. 
A standby rating at 40 mw can be obtained with sub
strate bias and / or lowering of the cell power-supply 
voltage. 

As shown in the block diagram, eight address lines 
are provided to decode a 256-bit segment of the 
memory in each of the four quadrants. These X and Y 
decoding circuits are shared by all four quadrants. 
Thus, all four addresses are independently but simulta
neously either being read from or being written into. 

The circuit has two chip-select inputs, which activate 
the circuit only if both inputs are low. If either chip-se
lect is high, the chip is not selected. And, since the out
puts of the chip have three states, an unselected chip is 
completely disconnected 'from the data bus. 

A power-down signal, which drives the Y decoders, 
completely disconnects the memory cells in all four 
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quadrants from the peripheral circuits. In a typical 
power-down sequence, first a power-down signal is ap
plied, the cells are disconnected when the power-down 
line goes low, and then all power is removed from the 
peripheral circuits. The power-down signal can also be 
tied to the peripheral-power supply, which has the ef
fect of automatically disconnecting the cells. 

A problem could develop during the automatic 
power-down mode by changing the data in a cell al
ready being addressed or in some other cell that may be 
inadvertently addressed as power goes down. Normally, 
a memory system provides a signal to anticipate a 
power-down condition, and this signal can be used to 
initiate the power-down cycle. 

But, since the chip has two power supplies, Yee and 
Vnn, which supply the peripheral circuits and the 
memory cells, respectively, the power can be main
tained on the memory, even though the periphery is not 
powered. 

Although RAMS are normally operated from 5-v TTL 
supplies, Fig. 7 illustrates an excellent method for con
necting the circuit for battery operation in a standby 
mode. V cc supp lies power to the memory cells via 
diode D2 and the battery, Vss is trickle-charged via D1 
and Ri , and D3 is normally off. When V cc goes to 
ground, D2 and D1 turn off, D3 turns on, and Yss sup
plies power to the cells. This circuit approach permits 
data to be stored indefinitely so long as Von is held to 
4 v or more. 

The read-only memory (Fig. 8) is organized as a 512-
by-10 array. Its entire circuit was designed with only 
five basic cells, which are repeated as required; hence, it 
is possible to use the same cells and change the ROM 
configuration with little change in chip size or appear
ance. Indeed, a 16,384-bit ROM (Fig. 1) has been fabri
cated by means of the standard layout techniques. The 
array is organized 4,096 by 4 bits and has a chip size of 
169 by 174 mils. 

What's ahead? 

For still larger ROMS, a new technique reduces the 
silicon area required for a transistor so that circuits can 
be laid out in a much more compact arrangement than 

;.. ever before. This technique involves elimination of the 
usual dimensional tolerances along the width of the 
gate electrode. 

The factors that limit minimum device sizes are pho
tolithographic resolution and imperfect mask align
ment. The design rules for circuit layout take this into 
account by providing overlap between layers. Elimina
tion of this overlap would significantly reduce the cir
cuit area, but, in most instances, no misalignment be
tween layers can be tolerated. In fact, if misalignment 
occurs at metal delineation so that the gate oxide is ex
posed, transistor performance is impaired because elec
trical charges can migrate from the gate electrode onto 
the exposed gate oxide, causing an unwanted channel. 
This results in a shunt-current path from source to drain 
when the MOS transistor is turned off. 

Since absolute alignment without overlap is impos
... , sible, the only previous solution had been to completely 

cover the ga te oxide with gate electrodes that are sig
nificantly wider than the gate oxide. Applied to a ROM , 
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this enlargement of the gate electrode can easily double 
the area required for each storage transistor. However, 
an additional ion-implant step can inhibit this un
wanted channel formation. 

A typical layout of a standard ROM element is shown 
in Fig. 9(a). In the new ROM layout (Fig. 9b), the gate 
metal is made the same width as the channel. The ex
posed gate oxide, which results from the inevitable 
misalignment of the metal mask, would normally de
grade ROM performance. 

However, the formation of a conducting channel be
low the exposed gate oxide is prevented by implanting 
ions of the same conductivity type as the original sub
strate. In the n-channel process used for ROM fabrica
tion, a boron implant is used. No additional masking is 
needed because the metal forms the mask of the im
plant. 

The implanted ions in the exposed thin-oxide regions 
prevent the formation of uncontrollable conducting 
paths between source and drain regions normally 
caused by misalignment, which eliminates the necessity 
for using an oversize gate electrode to prevent the 
shunt-current paths. 

Indeed, the narrower gate electrode can substantially 
reduce the area required for a transistor, which, con
sequently, reduces the size of an entire circuit as shown 
in the ROM element in Fig. 9(b). The minimum metal 
width considered practical in processing such a ROM is 
0.3 mil. Allowing for misalignment, the active gate 
width would be 0.2 mil, which is equivalent to the stan
dard drawn device; however, the area required for the 
minimum-size zero-overlapped device, like the new 
ROM, is one half that of a minimum-size standard ROM 
device, even though the two devices are electrically 
equivalent. Fig. 9(c) shows a misaligned device and the 
area affected by ion implantation. 

The technique has been successfully tested on both 
single transistors and the 5, 120-bit ROM. And since re
sults are satisfactory for performance, yield, and stabil
ity, this technique can considerably reduce circuit size 

01 Rl 

02 03 

Voo 

~---i Vee 

l 
7. Power-down. For battery operation, Vee powers the cells via 02 , 

while battery voltage Vss is trickle-charged through 0 1 and R1 . 03 

turns on when Vee goes to ground, passing voltage to the cells. 

121 



Voo 

GND 

ROM 512 x 10 

(80 x 64) 

DECODE ROM 
(COLUMN) 

::;; 
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a:-
LJ.J;;: 
oo 
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'-' 
LJ.J 
Cl 

>--
::::J 
CL 

~ 
co 
I 

"' LJ.J 
>-- OUTPUT 
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'"" a: 
0 
z 

s 
::. 

CHIP SELECT 

INPUT ADDRESSES 

8. ROM layout. The 512-by-1 O array, which is co structed around only five basic cell designs, allows various different read-only memories to 
be configured with little change in chip size or desig:-i . The 16,384-bit RAM has same basic layout. 

.( a ) 

(b) 

( c ) 

SOURCE 

"DRAIN 

STANDARD ROM LAYOUT WITH 0.2-x 0.3-MIL DEVICE 

f.,,._ GATE METAL 
(ELECTRODE) 

ROM LAYOUT WITH ZERO OVERLAP ON GATE ELECTRODES 

THIN OXIDE 

I 
ION·IMPLANTED THIN 
OXIDE AREA 

ROM LAYOUT WITH ZERO-OVERLAP GATE ELECTRODE, 
SHOWING MISALIGNMENT 

9. Evolution. By using a narrower gate electrode and a boron im
plant, a ROM cell can be fabricated that is much smaller (b) than a 
standard cell (a). In (c), a misaligned device is shown. 
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without sacrificing performance for ROMS as large as to 
64 kilobits, and the technique is being investigated for 
application to other circuit types, as well. 

A still simpler n-channel enhancement/ depletion
mode process can be designed by using (111)-ori
entation silicon instead of the usual (100)-oriented ma
terial. Here, it's possible to take advantage of the natµ
ral surface-state change Qss of the ( 11 l) crystal face to 
give better depletion-mode load transistors without a 
phosphorous implant. On high-resistivity material, de
pletion-mode thresholds of nominally - 1-v can be ob
tained from Qss alone, so that the need for this second 
implant is eliminated. An adjustment of the size of the 
boron-implant dose compensates for the greater Qss in 
the enhancement devices. 

The principal difference in the electrical character
istics of circuits manufactured by this modified process 
on (111) silicon is a substantially lower gain factor_ be
cause of lower charge-carrier mobilities3. With a gate 
oxide 1,200 A thick, an enhancement-mode gain fact or 
of (3' = 12 ±2 and a depletion-mode gain factor of (3' = 
22 ±2 are observed. Because the reduced gain factors 
degrade circuit speed, this technique can only be used 
in moderate-performance devices. With this in mind, 
this laboratory has designed and built a simple 8-bit dy
namic shift register using the modified-(11 l) process. 
This device also operates from a single 5-v power sup
ply and TIL-logic levels at a clock frequency of 5 MHZ. D 
REFERENCES 
1. W. H. Dobelle e1 al , " Data Processing, LSI Will Help Bring Sight to the Blind ," Electron
ics , Jan. 24 , pp. 81-86. 
2. L. Forbes , " N-Channel Ion-Implanted Enhancement/Depletion FET Circuit and Fabrica
tion Technology ," IEEE J . Solid State Ci rcui ts, Vol. SC-8. pp. 226-230. 
3. Sato et al , " Mobility Anisotropy of Electrons in Inversion Layers on Oxidized Silicon Sur
faces," Physical Rev. B, Vol. 4, No. 6, Sept 15, 1971 . 
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The All-In-One, voltage Invariable, 
. self-Regulating, 
Constantly Bright, 

• Money saving, 
LED Lamp system. 

Under the dome of every Red-Lit 
series LED lamp is a bipolar IC current regu
lator that holds the LED's brightness con
stant through a supply voltage range as 
wide as 4.5 to 16 volts. 

This revolutionary design eliminates 
current-limiting resistors, individual drive 
circuits and even supply regulators. That's 
why you' 11 save far more than the few pen
nies the Bright Guys charge for adding the 
regulator IC. You' ll save on design costs, 
components, board assembly and supplies. 

Some neat savings in inventory and spares 
can be made, too. Since these lamps shine the same 
at different voltages, there's no need to use different 

124 Circle 124 on reader service card 

types in panel circuits operating at different 
voltages. 

Customer satisfaction is another 
benefit. When power supplies fluctuate or 
batteries droop, these LED lamps don't. 

Three types are avai lable: RLC-200 
w ith a constant brightness of 1.2 med; 
RLC-201 at 0.7 med; and RLC-210 at 0.6 
med. The RLC-200 and RLC-201 come in 
T-1 3/ 4 lamp size and cost 50¢ in 1 K quantity. 
The RLC-210 in a miniature T-1 package 
costs 60¢ in 1 K quantities. 

At these prices, why put all the parts together? 
Get your al l-in-one LED lamp systems at reps and 
distributors, or right from us. 

litronix 
Litronix, Inc. 19000 Homestead Road, Cupertino, Ca lifornia 95014 
(4081 257-7910 TWX: 9 10-338-0022 
European Headquarters: lilronix, Inc. Bevan House, Bancroft Court 
Hitch in, Hertfordshire SGS I LW England Tel: 2676 Telex: 825-497 
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Digital-IC models for computer-aided design 

Part 5: Shift register 
Multiple J-K master / slave flip-flop models 

duplicate the performance of 
serial -in I paral lel-out 4-bit shift register 

By John R. Greenbaum, General Electric Co .. Syracuse, N. Y. 

D In this series of articles, computer models have been 
developed for several basic digital-IC functions. Now 
these basic functions can be combined to realize more 
complex digital functions or to simulate complete dig
ital circuits. 

Such is the case for the type 9780 4-bit shift register, 
which consists of a bank of four J-K master/ slave flip
flops. The J-K flip-flop model described in Part 2 can be 
used here to simulate the operation of a shift register. 

synchronous device. As shown in Fig. 1, it provides a 
Q output (QO, Q 1, _Q2, and Q3) for each of its four 
stages, as well as a Q output (QB) at its last stage. Be
sides a clock input and J and K inputs, there is an over
riding asynchronous master reset input. Data entry is 
synchronous, with an input change of stage after each 
low-to-high transition of the clock. The asynchronous 
master reset overrides all other input conditions and 
clears the register. 

The type 9780 shift register is a serial-in / parallel-out Logic information present on the J and K inputs of 

FIG. 1 SHIFT REGISTER DATA 

00 

o---t----1 J FF o a 
CLK 

K o---t--+---1 K CL A Q 

CK 

RS 

VoH 

VoL 

V1H 

VIL 

IF 

Parameter 

Output high vo ltage 

Output low voltage 

Input high voltage 

Input low voltage 

Input load current 

J FF 1 a 
CLK 

K Q 
CLA 

IR Input leakage current 

lpo Power-supply current 
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01 

J FF2 a 
CLK 

K CLA Q 

02 

J FF 3 Q 

CLK 

K CLA Q 

ELECTRICAL CHARACTERISTICS 

Conditions 

Vee = 4.5 V , l oH = - 1. 2 mA 

Vee= 5.5 V , loL = 16 mA 

Vee = 5.5 V, VF = 0.4 v 

Vee = 5.5 V, VR = 4.5 v 

Vee= 5.0 V 

03 

OB 0 

0 

Minimum 

2.40 v 

1.70 v 

tn tn + 1 

Input Ou put 

K 0 0 

0 0 th 0 th 

0 

0 0 

0th 0 th 

tn = bi t time before clock pulse 
t n + 1 = bit time aft er clock pu lse 

Typical Maximum 

3. 0 v 

0. 25 v 0.40 v 

0.90 v 

- 1.1 mA - 1.6 mA 

20µA 60µA 

55 mA 80 mA 
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FIG. 2 MODELING THE SHIFT REGISTER 

QO 

8 Rl 0 

G)R20 (DR5@ 

FOR SPECTRE : El. E4. E7 . E10 = f(FJK, FJK2) 
E2, E5, EB , Ell = fl FJKl , FJK3) 

MODEL 

Ql 

Cl, C2 , C4, C5, C7 , CB, CA, CB = f(FCAPl) 

02 

R10 @) 

@RB@ ® R11@ 

E3 = f(VCl) , E6 = f(VC4), E9 = f(VC7), E12 = f(VCA) , E13 = f(VCB) 

FDR Cl RCUS-2: Vl , V4, V7, V10 = f(FJK, FJK2) V2 , V5, VB, Vl 1 = f(FJK 1, FJK3) 
Rl , R2 , R4 , R5, R7 , RB, R10 , R11 = f(RR72) 
V3 = !IV .Cl) , V6 = f(V.C4), V9 = f(V .C7) , V12 = f(V CA) , V13 = f(V.CB) 

SCEPTRE DESCRIPTION 

MODEL 9780 (RS- CK- J- K- QO - Q1 - Q2- Q3- QB- GNO) 

4-BIT SHIFT-REGISTER 
ELEMENTS 
JRS,RS- GNO = 0. 
JCK ,CK- GNO = 0. 
J, J- GNO = 0. 
JK,K- GNO = 0. 
El ,GN0- 1 = 01IVC2,P11 ,VJCK) 
Rl ,1- 2 = 100. 
Cl ,2 - GNO = 02(E1 ,VC1,7 5.E- 12,300.E- 12) 
E2 ,GN0 - 4 = 03IVC1 ,VJRS,P12,VJCK) 
R2,4 - 5 = 100. 
C2 ,5- GNO = 02IE2,VC2,75.E- 12,300.E=12) 
E3,GN0 - 3 = X11VC1) 
R3 ,3- 00 = 100. 
E4,GN0 - 6 = 01(VC5,P21 ,VJCK) 
R4 ,6- 7 = 100. 
C4,7 - GNO = 02IE4,VC4,75.E- 12,300 .E- 12) 
E5,GN0- 9 = 03(VC4,VJRS,P22,VJCK) 
R5,9-10 = 100. 
C5, 10- GNO = 02( E5,VC5,75.E- 12,300. E- 12) 
E6,GN0- 8 = X2(VC4) 
R6,8 - 01 = 100. 
E7 ,GN0 - 11 = Ol(VC8,P31,VJCK) 
R7 ,11 - 12 = 100. 
C7,12 - GNO = 02I E7,VC7,75.E- 12,300.E- 12) 
EB,GN0 - 14 = 03(VC7,VJRS,P32,VJCK) 
RB,14- 15 = 100. 
CB,15- GNO = 02(E8,VC8,75.E- 12,300 .E- 12) 
E9 ,GN0 - 13 = X3(VC7) 
R9 ,13- 02 = 100. 
ElO,GND - 16 = 01(VCB,P41 ,VJCKI 

Rl0,16- 17 = 100. 
CA, 17- GNO = 02IE10,VCA,75.E- 12,300.E- 12) 
Ell ,GND - 19 = 03(VCA,VJRS,P42,VJCK) 

Rll ,19- 20 = 100. 
CB,20- GND = 02(E11 ,VCB,75.E- 12,300.E- 12) 
E12,GN0 - 18 = X4(VCA) 
R12 ,18- 03 = 100. 
E13,GND - 21 = X5(VCB) 
R13 ,21 - 0B = 100. 
J00,00- GND = 0. 
JOl ,01 - GNO = 0. 
J02 ,02- GNO = 0. 
J03,03- GNO = 0. 
JOB,OB- GNO = 0. 
DEFINED PARAMETERS 
Pl 1 = 04(P12,VJRS,VJ,VC 2,VJ CK) 
P12 = 05(P11 ,VJK ,VC1 ,VJCK) 
P21 = 04(P22,VJRS,E3,VC5,VJCK) 
P22 = 05(P21 ,VC2,VC4,VJCK) 
P31 = 04(P32,VJR S, E6,VC8,VJCK) 
P32 = 05(P31 ,VC5,VC7 ,VJCK) 
P4 1 = 04IP42,VJRS,E9 ,E13,VJCK) 

P42 = 05IP41 ,VC8,E12,VJCK) 
FUNCTION S 
Ol (A,B,C) = IFJK IA,B,C)) 
02(A,B,C,D) = IFCAPllA,B,C,O)) 
03(A,B,C,O) = IFJK llA,B,C,D) ) 
04IA,B,C,O,E) = IFJK2IA,B,C,O,E) ) 
05(A,B,C,O) = IFJK3(A,B,C,O)) 
OUTPUTS 
VJ 00, VJO 1,VJ 02, VJ 03, VJOB,PLOT 

03 

E13 

QB 
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FIG. 2 CONTINUED 

CIRCUS-2 DESCRIPTION 

MODELS 
MODEL NAME = 4-BIT SHIFT REGI STER 
EXT ERN AL NODES = (RS,CK,J,K,00,01 ,02,03,0B,GNDl 
TOPOLOGY 
JR S,RS,GND 
JCK,CK,GND 
J,J,GND 
JK,K, GND 
Vl ,1,GND 
Rl ,1,2 
Cl),GND 
V2,4,GND 
R2,4,5 
C2,5,GND 
V3,3,GND 
R3,3,00 
V4 ,6,GND 
R4 ,6,7 
C4,7 ,GND 
V5,9,GND 
R5 ,9, 10 
C5 ,10,GND 
V6,8,GND 
R6,8,0 1 
V7 ,11 ,GND 
R7 , 11 , 12 
C7 , 12,GND 
VB,1'4,GN D 
RB, 14, 15 
CB,15,GND 
V9 , 13,GND 
R9 ,13,02 
Vl0,16,GND 
RlO, 16, 17 
CA,17 ,GND 
Vl 1,19,GND 
Rl 1,19,20 
CB ,20,GND 
V12,18,GND 
R12,18,03 
V13,21,GND 
R13,21 ,0B 

EQU ATIONS 
Pl 1 =FJ K2(P12, V.J RS, V.J , V .C2, V .JC Kl 
P12=FJ K3(P11 ,V.JK,V.C1 ,V.JCKl 
P21 =FJK2(P22,V.JRS,V3,V.C5,V. JCK) 
P2 2=FJ K3(P21, V.C2,V .C4,V.JC Kl 

any sta~, plus information fed back from that stage's 
Q and Q outputs, sets the master section of that flip
flop. When the clock input is logic 1, the master section 
of a given stage is isolated from the slave section. As 
soon as the clock pulse falls to the clock-threshold level 
(approximately 0.8 volt), the data on the J and K inputs 
is entered into the master section. 

When the clock is logic 0, the master section is again 
isolated from the slave section. As the clock pulse be
gins to rise, the master section is disabled, and, as soon 
as the clock pulse reaches the threshold level, the logic 
information at the output of the master section is trans
ferred to the slave section, which controls the flip-fl op's 
output. 

If the data on the J and K inputs of each stage re
mains stable while the clock is logic 0, that stage's out
put will correspond to the truth table shown in Fig. I 
when the clock makes a low-to-high transition. This 
truth table is for a single stage and applies when the re
set signal is logic 0. The electrical characteristics for the 
entire shift register are also shown in Fig. I . . 

The computer model for the type 9780 shift register is 
drawn in Fig. 2, which also shows the program listings 
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P31 =FJ K2(P32,V .JRS, V6, V.CB,V .JC Kl 
P32=FJ K3( P31,V .C5, V.C7, V.JC Kl 
P41 =FJ K2( P42,V .J RS, V9,V 13,V .JC Kl 
Vl =FJK (V.C2,P11 ,V.JCKl 
O(Vl ,Tl=O. 
R 1 =R R7 2( V 1,V .C 1,75,300) 
V2= FJK 1(V.C1 ,V.JR S,Pl 2,V.JCKl 
D(V2,Tl=O. 
R2=R R72(V2 ,V.C2,75,300l 
V3=V.C1 
O(V3,Tl =1. 
V4=FJ K(V .C5,P21 ,V .JC Kl 
D(V4,T)=O. 
R4=R R72(V4,V.C4,75,300) 
V5=FJK 1 (V .C4,V.JR S,P22,V.JCK) 
O(V5,T)=O. 
R5=R R72(V5 ,V.C5,75 ,300) 
V6=V.C4 
D(V6,T) =1. 
V7 =FJK(V .C8,P31 ,V.JCK) 
D(V7 ,T)=O. 
R7=R R72(V7 , V.C7 ,7 5,300) 
VB=FJ K 1 (V .C7 , V .JRS,P32, V.JC K) 
D(VB,T)=O. 
RB=R R72(V8,V.C8,75 ,300) 
V9=V.C7 
D(V9,T) =1. 
Vl O=FJK (V.CB,P41 ,V.JCK) 
O(V10,T) =O. 
Rl O=R R72(V 10, V.CA,75,3001 
Vl l =FJK 1 (V.CA,V.JR S,P42 ,V.JC KI 
D(Vll ,T)=O. 
R 11 =RR72(V1 1, V .CB,75,300) 
V12=V.CA 
O(V l 2,Tl=l . 
V1 3=V.CB 
O(Vl 3,T)= l . 
RETUR N 
END 

END OF INPU T 

DEVICES 
DE VICE NAME = 9780,MDDEL NAME = 4-BIT SHIFT REGI STER 
SINGLE-VALUED PARAMETERS 
JRS = 0, JC K = 0, J = 0, JK = 0, 
Cl = 100E- 12,C2 = 100E- 12,C4 = 100.E - 12, 
C5 = 100E- 12,C7 = lOOE- 12,CB = lOOE- 12, 
CA = lOOE- 12,CB=lOOE- 12, 
Rl = 100,R2 = 100,R3 = 100,R4 = 100, 
R5 = 100,R6 = 100,R7 = 100,RB = 100, 
R9 = 100,RlO = 100,Rl 1 = 100,R1 2 = 100, R13 = 100 
END OF INPUT 

that describe the model. There are two model descrip
tions-one for the Sceptre (System for Circuit Eval
uation and Prediction of Transient Radiation Effects) 
analysis program, and the other for the Circus-2 (CIR
cuit Simulator) analysis program. The model subpro
grams shown in the figure , which are applicable to both 
model descriptions, establish the shift register's output
signal levels and delay characteristics. 

Doing the simulation 

The model's signal-input impedances (J, JK, JRS, 
and JCK) are represented as zero-valued current 
sources, implying that the impedance of the register's 
input-signal terminals is infinite. This is a reasonable 
first-order approximation, although the inputs of an ac
tual type 9780 device do have measurable varying im
pedance values that depend on the applied signal level. 
For greater accuracy in the analysis, the current sources 
can be modeled as tables of functions of current vs ap
plied voltage. 

Each section of the shift register can be considered as 
an independent flip-flop whenever the correct input sig
nals are applied to any particular stage. The inputs to 
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FIG. 2 CONTINUED 

MODEL SUBPROGRAMS 

CFFJ K FOR USE WITH SHIFT-REGI STER 
2 FUNCTION FJK (A,8,C) 
3 c 
4 c REGI STER TO TRIGGER ON POSITIVE CLOC K SLOPE 
5 c REGI STER TO RESET FOR HIGH AT RS INPUT 

Nl =l 
IF(A. GE.1.5.AND .8.GE.1.5) N1=2 
N2=1 
IF(A.GE.1.5.AN D.C.LE.2.0) N2=2 

10 FJ K=0.1 
11 IF (N1.EQ.1.AND.N2. EQ.1) FJK=3.0 
12 RETURN 
13 END 

1 CFJKl FOR USE WITH SHIFT-REGI STER 
2 FUN CTIO N FJ K1(A, B,C,D) 
3 N1 =1 
4 IF (A.G E.1.5.AND .B.LE .1.5.AND.C.GE.1.5) N1 =2 
5 N2= 1 
6 IF (A.GE.1. 5. AND.D .LE.2.0.AND.B.LE.1.5) N2=2 
7 FJ K1=0.1 
8 IF (N1 .E0.1.AND .N2. EQ.1) FJ K=3.0 
9 RETURN 

10 END 

the first stage are the signals on the J, K , CK, and RS 
terminals, while the inputs to the subsequent stages are 
the same CK ~nd RS signals, but the J and K signals 
are the Q and Q outputs from the preceding stage. 

Examining the model 

Since every stage uses the same functions to generate 
its output signals, only the operation of the first stage 
needs to be examined. For the first flip-flop , then, the 
voltage levels associated with dependent voltage sources 
E 1 and E2 are determined by subprogram functions 
FJK, FJKl , FJK2, and FJK3. These functions are inter
related to simulate the master and slave sections of the 
flip-flop . 

Output signals from the master section are stored as 
DEFINED PARAMETERS to simplify the simulation be
cause a number of flip-flops are being interconnected. 
DEFINED PARAMETERS Pl 1 and Pl2 are determined by 
functions FJK2 and FJK3, respectively. These two func
tions determine the outputs of the master section, while 
functions FJK and FJK 1 establish the outputs of the 
slave section, which are E 1 and E2, respectively. Signals 
that are greater than or equal to 1.5 v are defined as 
logic 1, and signals that are less than 1.5 v are defined 
as logic 0. 

Because the switching-delay times for a negative-go
ing (tpdo) transition and a positive-going (tpd1) transition 
differ, two time constants are needed to establish the 
time delays for each stage. For the first flip-flop, time 
constants RI-Cl and R2-C2 are adjusted to get the right 
delay. 

If the Sceptre analysis program is used, the time con
stants are adjusted by varying the capacitor values by 
means of subprogram FCAPl. The value of capacitance 
chosen depends on whether the flip-flop's output is logic 
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CFJK2 FOR USE WITH SHIFT-REGISTER 
FUNCTION FJK2( A,8,C,D,El 
N1 =1 
I F(C.GE.1.5.AND .D.GE.1. 5.AND .E.LE.0.8) N1 =2 
N2=1 
I F(A.GE.1.5.AND .8.LE.1.5) N2=2 
FJK2=0.1 
I F(N1.E0.1.AND.N2. EQ.1) FJK2=3.0 
RETUR N 

10 END 

CFJ K3 FOR USE WITH SHIFT-REGI STER 
FUNCTION FJK3(A,8,C,D) 
N1 =1 

4 IF (A.GE.1.5) N1=2 
5 N2=1 
6 I F(8.GE.1.5.AND .C.GE.1.5.AND .D.LE.0. 8) N2=2 
7 FJ K3=0.1 
8 IF(N1.EQ.1.AND .N2. EQ.1) FJK3=3.0 
9 RETURN 

10 END 

CFCAPl DIGITAL-IC CAPAC ITOR-SELECT 
FUNCTION FC APl(A,8,C ,D) 

C FCAPl TO ESTABLISH CAPAC ITOR VALUE OF DIGITAL IC 
4 FCAP1 = C 

IF(A.GE .B) FCAPl = D 
RETURN 
END 

0 or logic I. Capacitor Cl , for instance, is set equal to 
300 picofarads when voltage El is greater than or equal 
to capacitor voltage (VCI). If El is less than VCl , ca
pacitor Cl becomes 75 pF. The value of capacitor C2 is 
established in a similar manner for the first flip-flop. 

If the Circus-2 analysis program is used instead, the 
model's delay characteristics are adjusted by changing 
the resistor values, rather than the capacitor values. 
Subprogram RR 72 does this, establishing the correct re
sistor value for a logic 0 or logic 1 signal at a stage's out
put. 

The output voltage (E3 , E6, E9, E12, or El3) of each 
stage is a function of capacitor voltage (VCL, VC4, 
VC7, VCA, or VCB, respectively), which is, in turn, re
lated to input-signal conditions. This means that rela
tionships are readily established between all input and 
output voltages. 

The output impedance (R3 , R6, R9, Rl2, or Rl3) of 
every stage is set equal to 100 ohms as a reasonable ap
proximation of the register's output signal level. To sim
ulate the output-impedance variations of an actual type 
9780 device, the output resistors can be expressed as 
functions of the load voltages and load currents. O 

This artic le conc ludes a five-part series on simplified, 
but accurate , computer models for common digital 
ICs. The models are based on device term inal behav
ior, instead of the c lassical method of modeling each 
transistor and diode junction in the IC . The NANO gate 
was covered in Part 1 in the Dec. 6 issue , the flip-flop 
in Part 2 in the Dec. 20 issue , the monostable multi
vibrator in Part 3 in the Jan. 24 issue, and the AND
OR-INVERT gate in Part 4 in the Feb. 7 issue. 
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Pinch load resistors shrink 
bipolar memory cells 
Simple flip-flop memory cell, for which narrow p channels provide high 
resistances, occupies as little as 9 mil2 of chip surface, dissipates 
only microwatts of power, is basic to 1 ,024-bit RAMs in IBM 370 systems 

by S. K. Wiedmann , 
IBM Deutsch/and GmbH, Boeblingen, Germany 

D The 10- to SO-nanosecond access times of bipolar 
chips used to have little appeal to memory designers be
cause those high speeds came along with low packing 
densities, high power dissipation, and high costs. At the 
time this cell was conceived, the high-impedance loads 
that would minimize power dissipation were not being 
realized in a small area. Space was also wasted by the 
need to isolate all active elements from each other, so as 
few active elements as possible seemed desirable. 

Advances in technology, however, made it practical 
to put pinch load resistors on a chip. This kind of re
sistor exploits the fact that a very narrow conducting 
channel has a high resistance. By merging two of these 
resistors with just two npn transistors,1•2 it has proven 
possible and economical to produce a very small flip
flop storage cell that dissipates little power. 

The silicon area of the complete memory cell is only 
slightly larger than the area of two normal npn transis
tors- about 9 rnil2 in the final product. The cell de 
standby power is approximately 20 microwatts. These 
characteristics explain why the cell is the basic building 
block of the 1,024-bit random-access-memory chips 
used in IBM's Systems 370/145 and 370/135.3 

Basic cell design 

The basic flip-flop circuit is very simple. It consists of 
directly cross-coupled npn transistors Qi and Q2, ohmic 

+ 
i Oal 

r-- --~~~~---<.._~~~--,---, 

O ,.1.. R, R2 l 
2 - ¥- (20 k) 120 k) -¥- o, 

I I 
L__ _ _ - - -~ 

a, 

load resistors R 1 and R2, and parallel diodes D2 and D1 
(Fig. 1). However, the sheet resistance of conventional 
diffused p-type resistors is only 150 to 300 ohms per 
square, and realizing large resistance values with this 
technology would make this memory cell unattractively 
large even though it would keep power dissipation at
tractively low. 

The way out of this dilemma is to turn the shallow p 
base channel region of the vertical npn transistor into a 
pinch resistor. Since the resistance is inversely propor
tional to the thickness of the conducting channel, resis-

R, 

B 
K 

a, o, 

c 

n+ EMITTER n- EPITAXY 

p+ ISO LATION p BASE 

E B C K 

.------..l l l l ....-----. 

1. High tolerance. Flip-flop ci rcu it basic to the memory cell has an 2. Twin halves. Each half of the ci rcuit in Fig. 1 has an identical lay-

output voltage that is highly insensitive to wide variations in resistor out. Narrow path through p base from contact K to transistor base B 

values, input supply current , and transistor saturation. Pinch load re- fo rms the pinch load resistor, while diode is simply the pn junction 
sistors provide high resistivity in small area . Broken lines indicate that between K and collector C. Not shown here are Schottky diode 

diodes double as part of the npn transistors. clamps and collector buried layers used in the actual memory. 
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tivities of 5 to 10 kilohms square can be achieved-30 
times higher than standard diffused resistors. 

The absolute resistance tolerances are fairly large but, 
fortunately, the voltage/ current characteristic at the 
flip-flop terminals is relatively unaffected by large toler
ances of the load resistors. Deep transistor saturation is 
avoided, even when Schottky diode clamps are not used 
at the base-collector junctions. This prevents the para
sitic effects of stored base charge, caused by carrier in
jection into the forward-biased base-collector junction, 
from occurring and slowing down circuit speed. 

The parallel diodes require no separate diffusion step 
but are identical with the pn junction between the con
tact for current source, I 0 , and .each transistor's collector. 
Since the diodes limit the voltage drop across the collec
tor resistor of the on transistor, the voltage across the 
flip-flop supply terminals does not ·change much within 
a fairly large range of the supply current Io. The supply 
current can therefore be readily increased from a small 
standby value to a larger value, so that pulse powered 
operation can be used to requce average power dissipa
tion still further. 

Finally, more space can be saved if current can be 
supplied to the cell through a series resistor common to 
many other cells. At small cell currents, the voltage 
drop across the transistor base and a series resistance is 
relatively small, and the voltage across the cell is mainly 
given by the VsE of the on transistor. Consequently, the 
voltage tracking of two adjacent cells is comparable 
with the V BE tracking of two transistors, and good cur
rent sharing can be obtained with a common series re
sistor. Deviation from a nominal cell current of less 
than 100 microamperes is less than 10%. 

Isolation at a minimum 

Two isolation pockets are enough to accommodate 
the circuit in Fig. 1. That circuit can be split into two 
identical halves, one of which is shown at the top of Fig. 
2. The rest of Fig. 2 explains how the elements of a half
circuit are accommodated within a single pocket of n
epitaxy surrounded by p+ isolation walls. The n-

' 3. Paired halves. The half cell of Fig . 2 is interconnected with an 
identical second section to realize a complete memory cell , which 
occupies little more area than two individual transistors. 
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From cell to main memory 

Structure of the memory used in the IBM 370 / 145 and 135 
and based on the pinch-load-resistor memory ce ll will be de
scribed at the IEEE lntercon 7 4 by John Gersbach . 

Each RAM chip has double-layer metalization and 
Schottky-diode base-collector gating . It packs 1 ,024 cells, 
organized as 32 words of 32 bits , into 117 by 149 mils. 

In his article , Gersbach states that the chip dissipates 58 
milliwatts in standby, 425 mW when se lected. A stable 300-
millivolt offset voltage is obtained by having a nominal cell 
standby current of 20 microamperes flowing through the 15-
kilohm loads. Logic level inputs are typical ECL levels of 
±400 mV. 

Main storage makes use of the IBM 4K standard solid 
logic technology module that packages four chips into a Y2-
in.-by-Y2-in. module. Chip selection within a large matrix of 
modules is facilitated by having row and column selects ar
ranged in a two-by-two matrix . All other chip inputs and out
puts are common . Typical cycle time is 50 ns.-Joel Du Bow 

epitaxy itself serves as the collector of transistor Q1 (a 
low ohmic buried-layer resistance, which reduces the 
collector resistance, is not shown for the sake of simplic
ity). Within then- epitaxy is a homogeneous p-base dif
fusion partly covered by two n+- type diffusions. The 
smaller n+ area is transistor Qi's emitter. The larger n+ 
diffusion, which overlaps the p base, implements the 
pinch resistor Ri between contact Q and base contact B. 

The beauty of this cell structure lies in the fact that a 
single diffusion serves more than one circuit function. 
Thus the n+ diffusion of the pinch resistor may be uti
lized for contacting the collector C. Also, diode D 1 be
tween contact K and collector C is inherent in the pn 
junction formed by the p diffusion region contacted at 
K and the n- epitaxy of the collector. Finally, Schottky
diode base-collector-junction clamps may be imple
mented simply by opening up the base contact B until it 
extends over the n- epitaxial region. 

Figure 3 shows how the two half-circuits are inter
connected to form a complete flip-flop. As a result, the 

4. Realization. Actual cell built with 3-micrometer epitaxy, 5-mi
crometer metal line widths, and single-layer metalization measures 
only 12 mil2. Double-layer metalization improves that to 9 mil2. 
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WL 

'--.._ READ /WRITE LINES ___,/ READ /WRITE LINES __.,x '-.._ READ /WRITE LINES ~ 
( a ) (b) (c) 

5. Making contact. To address cell , current can be fed into cell nodes (a, b) or taken out of them (c). The addition of Schottky diode clamps 
aids this process in all three cell versions but is essential only in (b). In (a), information may be transferred either via the col lector or. via the 

emitter path of the coupling transistor. Best tradeoff between read/write performance, cell area, and cell stability is given by (c). 

whole device occupies little more space than two or
dinary transistors would. 

The photomicrograph in Fig. 4 displays an actual 
cell, which uses 5-micrometer line widths and a 3-J.Lm 
epitaxy and occupies 12 miF with single-layer metal
ization. With double-layer metalization, the cell as used 
in the final product occupies 9 miF. 

Coupling options 

To turn the flip-flop into a full memory cell, it must 
be coupled to data lines.4 

There are two different ways of transferring data be
tween storage cell and read /write data lines. For both 
reading and writing, currents can be either pulled out of 
the cell nodes (Fig. 5a and b) or fed into them (Fig. 5c). 
Of course, a combination of these two operating modes 
is also possible to optimize read and write performance 
at the expense of some circuit complexity-and some 
waste of space. 

In each cell type shown in Fig. 5, however, the cou
pling elements can be realized in the n-type regions of 
the npn transistors, thus requiring only little silicon 
area. Note, too, that any of the cells may employ 
Schottky diode clamps at the input to the cross-coupled 
transistors. These clamps have several advantages: · 
• The cell switches faster, since less charge is stored at 
the flip-flop nodes. 
• The address line drivers operate at a smaller voltage 
swing so that less power is needed / dissipated and speed 
is higher. 
• The cell nodes are less sensitive to leakage, since the 
current reaching the base terminal of the on transistor is 
higher. 

The transistor-coupled cell of Fig. 5a can be ad
dressed in at least two ways, depending on whether the 
cell information is transferred via the collector or via 
the emitter of the coupling transistors. The first method 
has the disadvantage of requiring two additional area
consuming isolation pockets.5 

In the second approach, on the other hand, the collec
tor of the coupling transistor may be tied to the collector 
of the opposite flip-flop transistor, requiring only a sec
ond emitter to be added to the flip-flop transistor to irn-
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plement the coupling transistors.4•6 The disadvantage 
here is that parasitic current in the second emitter may 
occur unless the emitter-base junction is prevented from 
going into deep saturation by Schottky diodes, which 
turn on fully at a lower voltage than the transistor junc
tions. 

The cell circuit _in Fig. 5b has practical advantages 
only with Schottky clamped transistors. Its _operating 
characteristics are similar to those of the circuit in Fig. 
5a, except that a smaller sense current is available and 
thus the cell stability is more critical. (For selecting a 
memory cell in a word-organized array, a positive pulse 
of about 1 volt is applied to the upper word line so that 
the coupling transistors of the selected cell alone con
duct. Since current is pulled out of the cell during read
ing or writing instead of being fed to it, it is preferable if 
cell current be increased during addressing in order to 
improve performance stability.) 

The addressing scheme shown in Fig. 5c offers a good 
tradeoff between cell area, stability, and read / write per
formance2· 7 and was the approach finally adopted. The 
coupling diodes are preferably realized by Schottky 
diodes, because they will occupy little space and do not 
cause parasitic injection currents. 

Figure 6 shows a quasi-bit-organized array of such 
memory cells. All the cells of one address line are sup
plied via common series resistors RA and Rs. The track
ing of memory device characteristics provides suf
ficiently uniform current sharing between the cells. 
During standby, the read / write lines are biased so that 
the coupling diodes do not conduct any current. To ad
dress a cell, a negative pulse is applied to its address 
line and a positive pulse to its Y-address read /write-line 
pair, so that the read/write-line resistors Ro and Ri are 
shunted to the cell load devices. Thus the cell current is 
essentially determined by the lower-resistance 
read /write line resistors. 

For reading, the difference of the voltage drops across 
these resistors is sensed in the pre-sense amplifier. The 
delay time of the sense signal is negligibly small, since 
relatively large currents are chosen for the read / write 
lines. 

For writing a logic 1, the Bo is pulled down so that 
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6. Cells en masse. In this quasi-bit-organized array of cells, the wri te operation is one that limits speed, since the 81 line cu rrent has to pull 
Q1 's collector out of saturation. Because of uniform cu rrent sharing, only one common series resistor is required for each X address line. 

only the Bi line delivers a current to the cell to charge 
up the corresponding cell node and thus to turn on tran
sistor Q2 . The write operation is somewhat more critical 
than reading, since the Bi line current has to be rela
tively large to pull the collector of Qi out of saturation. 
In fact, at de conditions, this current has to be f3 times 
larger than the base current of Qi. Moreover, if dy
namic switching is used and fast switching is necessary, 
the read/ write-line current will have to be considerably 
larger, particularly if the on transistor is heavily satu
rated. This is due to the well-known Miller effect, which 
entails that during the on-state the effective capacitance 
between a transistor's collector and emitter terminals is 
essentially given by the base-collector capacitance mul
tiplied by the current gain /3. 

It should be mentioned that the write current can be 
reduced by inserting a small series resistor between col
lector and cross-coupling points, if necessary. 7 

Figure 7 shows a typical read/write operation se
quence for a circuit utilizing the coupling scheme of Fig. 
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Sa and adopting the common collector configuration 
(flip-flop and coupling transistors sharing a collector). 
Read time is fast since there are no resistors in series 
with the access path. As the oscillogram shows, the cell 
can within 15 ns deliver 50 millivolts of different voltage 
into a JO-picofarad load at its read / write lines. The de
lay time for writing is also less than 15 ns. D 
ACKNOWLEDGMENT 
The author is indebted to Howard Leung and Steve Platt for the ce ll layout for the 3-microm
eter epitaxy technology . 

REFERENCES 
1. S. K. Wiedmann , " Monolithic Circui ts with Pinch Resistors," U.S. Patent No. 3,693,057 , 
filed March 24, 1972. 
2. S. K. Wiedmann, "Memory Cell," IBM Technical Disclosure Bulletin, Vol. 13, No. 3, Aug. 
1970, pp. 616-617 . 
3. J . Gersbach. "New 1,024-bit Bipclar Storage Chip," to be presented at IEEE lntercon , 
New York, N.Y., March 1974. 
4. D. A. Hodges, M. P. Lepselter, D. J . Lynes. R. W. MacDonald , A. U. MacRae, and H. A. 
Waggener, " Low-pcwer Bipolar Transistor Memory Cells," IEEE J . of Solid-State Circuits, 
Vol. SC-4, Oct. 1969, PP- 280-284 . 
5. A. S. Farber and E. S. Schlig , "A Novel High-performance Bipclar Monolithic Memory 
Cell, " IEEE J. of Solid-State Circuits, Vol. SC-7 , Aug . 1972, pp. 297- 298. 
6. w_ D. Baker. W. H. Herndon, T. A. Longo, and D. L Pelzer. " Oxide isolation brings high 
density to production bipclar memories," Electronics, Vol. 46, March 29, 1973, pp. 65-70. 
7. D. J . Lynes and D. A. Hodges. " Memory Using Diode-coupled Bipclar Transistor Cells," 
IEEE J _ of Solid-State Circuits, Vol. SC-5, Oct . 1970, pp. 186-191 . 

133 



'~ 

134 

FLACS 

.. .. 
'· 

It ~ ~ OM1'191 S., OM/4191 

: '~,_J.;=======~D OMl~1 2 S, A D l H SDlS S, • 0 ( H 

llf Y I O•AO 

,AlfllHA 

"~,~------+~-L_-+--:::::,.~-SO-RS ~1---L_-+--,:::::,. 
Jr-- Q fr{OAS D.. Do D1 o.. D.. Do D, o .. D SOlS 

~----;MOOE C' 'y" ~ C, 

12 ..+++-+-+-"--~ C' cc ~ 
!; RO UP 2 
MI CRO INST 

0Ml~91 .... 
~ 

'-+-+---+m~--+------+---+---+ .... 

~ 
' 

l '"""' 
V1 V1 Xo 

~" J J 
'· 

' 

.1. , v, 

'""'" J 

II' 
I 
I 
I I 
I / 

H-t-tt-iH-t----t--+-1f-+-t-t-+++++--+--+---+----t--+--------jt-t-' 10111 Ill 

~ ....... '""""' (SWITCH AEGlSTER I 

ii. ··~ 

'""" J 
TTTT 

c... £~,. l~ .. 

'fRlfHEAAl 
COMMA NOS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Electronics/ March 7, 1974 



I 
1 I 
I I 
: I 
I I 
I I 

J_J 

" OMl~ll lllll 

MEMORY 

TOSWITCHA(GlnfRS 
oOOPUllOHERAl 
EOUIPMUT 



Engineer's notebook _________ _ 

Weighted averaging 
simplifies curve fitting 
by Richard E. Blake 
Vast Inc., Waldoboro, Maine 

A program called Focus considerably eases the job of 
curve fitting, especially if you are working with data 
that does not approximate a recognizable function. As 
long as you have sufficient data, Focus will work-with
out being modified-on a variety of data patterns. It will 
quickly fit data without having either convergence or 
accuracy problems. 

Focus takes the wrinkles out of otherwise erratic data 
by using a weighted average. The weights used are 
W1 = 1, W2 = 2, and W3 = 1. Each point n, which is 
represented by P(n), is averaged with its neighbors: 

) 
_ W1P(n - l) + W2P(n) + W3P(n+l) 

P(n - W1 + Wz + W3 

Since end points lack enough neighbors, they require 
special attention. For the first point, W 1 is set equal 
to O; and for the last point, W3 is also set to equal 0. 

The averaging is repeated for each point a specified 
number of times, which should suit your specific appli
cation. But don't forget that the data begins to lose sig
nificance as the averaging continues. Ultimately, you'll 
get a straight line for an absolute average. 
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SUBROU TI NE F IT2( AVE1 1 AVE, OEL Tl, OEL 1 2) 
C AVEl JS HIE •V ER.AGE RESIDUAL FRO " THE f'I RS T P ASS AT FOCUS 
C AVE IS THE AVERAGE REStOU ,t, L FROl't THE SE CONO PASS AT F OCUS 
C 0ELT1 JS THE 1110RST RESID U AL FRQI'\ THE F I RS T PA.SS 
C OEL. T2 15 THE WORST RE S I OU •L FR O" THE SEC OND PAS S 
C NOTE TH AT .1 &P PfaR S OF TEN ON P RI NTE D VAR IA BLES, SI NC E TH E Y 
C WE RE U T Il'IES REAL SC ALE 

Olf'l f NSlON UR I G (10011ll 
COl'lf'\ON .tB(10H l 1 ER(111100),NTf'S 
ll•l111 
CALL. F OCUS CNT PS,ER , H,A\1(1 , 0R l G, DEL.T ll 
AVE. • AVE 1 • Z • ~ 

C 2 0 5 Tll'I E S THE AVERAGE RESIDUAL. WlL.L. NOW SE US EO TO ELlf'l l NATE DATA 
WRITE.(6 , 1410) 

14le FORMAT{/ ///" OAT.I REMO\IEO Bfl llltf N P A::tS Dl'llf ANO T .. o~ . 11 . 

• " 8(A1U NG Q.t,H flT U! FFE RENCE l10X RE AL. YA L. Ut.S) ") 
00 42 l • l, 1'111P;, 
OIF • ABS COR lG(l ) • ER ( l)) 
IF (0 JF• AVE}42 , 4 2,4 1 

41 CONTINUE 
wRJH lfi , 411 ) AS(l) , ORIG(!) ,ER(l) 1 01F 

411 f 0k f'IAT{4FJ0 , JJ 
DO 41' J •J , NT PS 
A8(J) •AS (J • l ) 
ORl G(J) • OR IG(J • l l 

<11 !i ER l J ) ~ER (J • l l 
NTPS • floTPS • l 
I • I - 1 

4 2 CONTl f'ltlf 
C NOTI CE THAT TME CA L.L.Il'll G SE\JUENCE 11A::i 6 H N CrUlliG t OI 
C TH E NOT FOCUS h'IL.L. BE. ON fME OR IGltUL. OAU STORED IN ORllo NOW 0 

cAL.1.. r o L.u::i cr.r 1- :;, u r11 ... . 1 v, AYE, E" , uE 1.. T2 > 
C lMt:. FUL.L U•dNG CUOt PL.uT::i 1H t. flTTt U CA TA UN ' H, P , 7ii! l i1A 

:110 Curo; a ui .. . 
cu,..Y • Ji.!111 . 
lr'C • "' 
UU 55 1'1 ,NlP::t 

c 2.f53 ANO c 0 . ARE SCAL.E FAC TultS FOR THE P L. OTT ER 
l.(•{A6(l) • CONX) • 2 , 6~ 

J Y• ~O~ IG ( 1) • CONl) • ii!0 0 

• RITf l7J IPC,i , U ,I l 
::i::i IPC • l 

C Trif F UL. L. 0 ,. If4G COD E PRINTS ANGL. E;, OIL) t. RltQl'IS FUR F U~THER PHUl.E::tS I Nlo 
lfjf'Cl 1 t. lt>1 l ::>bJ 

l:>b FURMAT( " l ANG LE ERRulP ) 
00 :56 I&\,74 
ANG • ll • l) • 50 
Ou '57 J 'l, NTP ::t 
IF ( ANG • Al:llJ)) 5o ,::i7,5 7 

57 COr.il lNUE 
:!18 A11oG :.A NG • 0 1 

EitR OR • ORJG( J ) •, 1 •, d~ 
loR1T f ~l5 , 1'7J llNG,E~ROR 

:) 6 CUNT I NU f 
151 FO IHUTCF1 0 ii!,F7.ll 

0 16 kfT URN 
E11oC 

When using Focus, you are faced only with basic de
cisions. First, establish which axis should be used to or
der the points. This decision determines the neighbors 
that are the heart of the method. Next determine if the 
data from the remaining axis can be used as a reference, 
or should the data from both axes be averaged? 

After you determine these answers, you can then de
cide how many times the averaging should take place. It 
is easy enough to change this number, and perhaps the 
best solution is to try a few different numbers. And fi
nally, you have the option to remove data through some 
desired criteria and to do a possible refit. 

Two Fortran routines, labeled Focus and FIT2 in the 
figure, make up the program-subroutine FIT2 is used 
to control subroutine Focus. They are simple listings 
that should work on a lmost any machine. Before FIT2 
is called, the independent axis (AB) and the dependent 
axis (ER) are stored, the coordinate pairs are ordered in 
increasing values of AB, and obviously bad values of 
ER are removed. 

Focus follows these steps: 
•Data to be averaged is stored in ORIG to determine 
residuals . 
• Data points are averaged NFOC times. 
•The average residual is calculated. 

FIT2 follows these steps: 
•A call to Focus averages ER lO times (IY = 10). 
•ER values that are 2.5 times the residual (average dif
ference between original and final points) are removed. 
•With this "bad" data removed, Focus is called again. 
• The results of the computation are plotted and key fit 

SUl:ll'C UUT lN t. r OL.U ;, (r. U• TA' UAT A, Nt' U1. . AVt.. u ~ lG. Ot.L T 1 J 
C NU Al A l :S IMt. floUMtit~ Ur UAl A PUJNT::i TU de. t' 11 
C UATA l::> !Ht. UATA Ar(IUY 
C Nt'OL I::i !l"c. 11.UMlkM iJ t- llME ::t T ~t. UAl A l;, 10 6 t. A\lt.lh Gt. 0 
c AH IS l Mt. AVt.lhGt. r1E;,J UU AL. ( 01nEr1 t: l'llC t. oEJ ,;t. fN U~lld/IOAL. ~ F!TJ 
C Urllu J;, !M t. uM ! Gl NA L. t) ATA lSTUrlEU TO CAL.l.U LA IE Mt. !)11.)uAL.Sl 
c; Uc.L. T l I:;. Trlt. .. o ... s1 wE:>luUAL 

l)l ~c. N::iJUN Q.t,TA( l), Orc i u( J) 
Ou i'l- l• 1 1 NUA I A 

c it\ Okllo Cl) • UA TA Cl} 
c TPCE Fu1. 1.. u .. 1 .~G CliUt ~Tu ::iTA Tt.Mc. Nr .Jid) IS lME ACTUAL rocu::ilr.U 

Ou Je l•l,NrUL 
Ul• UA I All) 
o .. r ... ( 1). (Ul • 2 , • UA I • ll)) . ,,J.)J,JJ 
NUMl • r.OA TA• l 
Ou C!:I J ~ 2,Nul'll 

O<t • UI 
0 1• UA1A1J ) 

<t!I 0ATA{J)•Ci..2 • 0•.fA(J) • :.! ,• uAI A(J •l )) •, 2!1 
Jll UAl A (N l)AT A) s (1,;2 +UA TA (Nl)AT A) • 2 , ) • 0 ,JJ JJ.) 

A"ll • ~ . 
Ut.L. I 1 ~ ~ . 

C L.A l L.ul..A TE; ltUN,..1 ,..,G l:. wlf U~ fUM A\IE,..Auf EM"L)ll 
UU C:>;t1 1-1 1 1\\JATA 
\)lf' :.AoS lU• I .. ( 1 l ~ u ... ILo (I)) 
AVE • Av t.• 0 1 f 
I t' (UH • UtL.11) :i:!:i., , :.!:>11 , ii!.4:> 

24!1 Ut.L l l• OH 
2:>ii! CUN 1 l•.,Ut. 
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Getting an accurate flt. These two Fortran listings make up a curve
fitting program called Focus. (The subroutine FIT2 controls the sub
routine Focus.) The program, wh ich fits data by using a weighted av- · 

erage, is fast, as well as accurate. The solid line in Graph 1 shows 

how accurately Focus can generate a function to fit the data points 
(dots). If the averaging is repeated too many times, the fitted curve 
(dashed line) loses accuracy. Graph 2 shows the best fit that can be 
obtained for the same data points with a least-squares technique. 
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values are printed as the output. 
The two graphs compare the accuracy of Focus with 

that of the popular least-squares curve-fitting technique. 
Both graphs represent an instrument calibration. 

Graph 1 shows the results of Focus' weighted-average 
approach. The data points are represented as dots, 
while the solid line is the best average fit. The averaging 
was repeated 10 times, and it required only 5.34 seconds 

Measuring the use time 
of interactive terminals 
by Thomas A. Lutke 
Bunker Ramo Corp., Falls Church, Va . 

If you've ever tried to determine the actual use time of 
an interactive computer terminal, you already know 
what a troublesome task this can be. But, it's sometimes 
necessary to know, with reasonable accuracy, how long 
the terminal is actually being used to assess the load or 
amount of traffic on the terminal. 

Generally, the terminal's use time is greater than the 
time recorded by the computer's central processing unit, 
but smaller than the total time that the terminal in on
line with the computer. One way for you to determine 
this figure is to keep a log sheet by the terminal and 
hope that it's filled in, rather than forgotten. Another 
way, one that eliminates the policing required by the 
log sheet, is to install a time meter that is actuated by a 
pressure switch in the seat of a chair used by the oper
ator. 

RELAY : SIGMA 62R2- 12DC (185·!1 COi LI 
D, , D2, D3: 2N 1711 
ALL RE SISTORS : Y,W, 10% 
0 1 , D2, 03: COMPUTER -GRADE DIODES 

to run. The average difference between the data points 
and the best-fit curve is 1.076 units. If the averaging is 
repeated 50 times, the data becomes over-averaged, and 
the dashed line results. 

Graph 2 shows the same data points being fitted by 
using a least-squares approach. This plot is the best of a 
seri es of runs. It required 49 .3 seconds on the computer, 
and the difference error is 3.568 units. O 

An even better method is to use the circuit in the dia
gram to drive a running-time mete·r. This circuit is con
veniently activated by a I-millisecond communications 
pulse or pulse train, which can be taken from the com
puter's interrupt line. 

There is a delay between the time the input to the cir
cuit resets and the time the meter is deactivated. This 
delay lets the meter run continuously all the while the 
operator is using the terminal, provided ·that he inter
rupts the computer often enough to keep the circuit 
from resetting. 

An input pulse at either diode D 1, D2, or D3 turns on 
transistor Q1, which in turn charges the timing capaci
tor. Now transistors Q2 and Q3 also conduct so that cur
rent is supplied to the relay coil, energizing the relay 
and running the meter. 

When the input resets, transistor Qi turns off, and the 
timing capacitor discharges through the base of transis
tor Q2. This reduces the base current to transistor Q3 so 
that the relay is eventually de-energized. The circuit's 
timing, which can be varied from I to 50 seconds, is 
controlled by the 2-kilohm potentiometer. O 

Engineer 's Notebook is a regular feature in Electronics . We invite readers to submit original 
design shortcuts , calculation aids, measurement and test techniques , and other ideas for 
saving engineering time or cost . We'll pay $50 for each item published . 
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Making an accurate record. Circuit employs running-time meter to determine the actual use time of an interactive computer terminal. A 

pulse from the computer's interrupt line activates the circuit, so that the reading on the meter is reasonably accurate . 
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It's easy to 

turn an IC timer 

into an R-S flip-flop 

Plain sailing 

over rough spots 

Where to go for 

extra training 

in electronics 

Getting a grip 

on emi control 

requirements 
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The versatile 555-type IC timer can also be used as an R-S flip-flop, 
says D.E. Hokanson, a physicist at the Veterans Administration Hospi
tal in Seattle, Wash. The device makes a handy bistable because of its 
low cost, wide operating voltage range, and an output power large 
enough to drive indicators or relays. 

Wiring the unit is simple-j ust omit the timing capacitor. The set in
put pulse is capacitively coupled (1,000 picofarads) into the unit's trig
ger input, which is also connected to the supP,ly voltage through a 27-
kilohm resistor. The reset input pulse is applied through a switch (push 
button) that runs from ground to the timer's reset input. The timer's 
threshold and ground terminals are also wired to the grounded side of 
the switch. (The V cc supply and output connections are normal.) 

The timer flip-flop will be set by the negative-going edge of a pulse ap
plied to its trigger input. Grounding its reset input or momentarily rais
ing its threshold input above 2h V cc will reset it. If a positive pulse is 
applied to the threshold input for resetting, the reset input should be 
tied to the supply to prevent the timer from resetting prematurely. 
Conversely, if a negative pulse is applied to the reset input to reset the 
device, the threshold input should be grounded. 

Checking out the surface of wafers or thin or thick films is a tough job 
with most surface-profile measuring systems. The Dektak system from 
Sloan Technology Corp., however, is easy to use and can plot micro
scopic step differences as small as 25 angstroms or as large as a million 
angstroms. Chart speed of the strip recorder can be varied to attain 
horizontal magnifications ranging from 2 x to 5,000 x . Accuracy is 
±2%, and total traverse capability is 6 cm. Sloan's address is 535 East 
Montecito St. , Santa Barbara, Calif. 93101. 

Now that electronics is spreading into the automotive, medical , and 
other industries, many companies are discovering a need to give their 
own already highly expert and very busy personnel additional training 
in electronics. One source of this training is the Center for Technical 
Development Inc., a subsidiary of Kurz-Kasch Inc. , which offers five 
in-depth home-study courses in the design of digital circuits, power sup
plies, IC logic, MOSFET and JFET circuits, and MOS circuits. 

The center's clients are often corporations, not individuals, and stu
dent caliber is high- average age is 36 years, 43% are engineers with de
grees, and 57% are technicians with 10 to 12 years of experience. 
Course completion rate is also very high. Address of the center is 2876 
Culver Ave. , Dayton, Ohio, 45429; phone number is (513) 296-1020. 

If you've suddenly developed a need to meet Mil Std 461 requirements 
for controlling electromagnetic interference, a new publication from an 
emi consulting firm may help. The 130-page book contains complete 
guides and checklists for the engineer, project and quality control man
ager, and draftsmen, typists, and others faced with the complex prob
lem. "Simplified emi Control Plan Report 1546, Vol. l " costs $60 from 
Hish Associates, 9710 Cozycroft Ave., Chatsworth, Calif. , 19311. 
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Data General introduces the first 
stereo computer system. 



This computer not only looks like a music system. 
It works in stereo. 

Two separate computers play off the same disc. 
It's called the Dual Nova. 
The Dual Nova is a standard off-the-shelf product. Which 

means it's fully supported by the operating system. You just 
plug it in and go to work. 

Which is the first time you've been able to do that on a 
small dual processor system. 

If you want to do load sharing, the disc gives you a huge 
storage area that both computers can use. So both computers 
can share the same datafiles and programs. 

And if you want to use the Dual Nova as a redundant 
system, the backup computer won't just sit there. You can put 
it to work on computation, data reduction, or what have you. 

And if one of the computers happens to go down, the 
other one will keep going. One can't hurt the other. Because 
they're totally separated. Electrically. Mechanically. And 
physically. 

There's three discs to choose from: the quick access 
Novadisc, a cartridge disc, or big capacity disc pack. 

You can use any two computers made by Data General. 
And as it turns out, every Dual Nova computer 

has a foreground to do one thing. And a background to do 
something else. 

Just in case you want to go quad. 

Data General 
The computer company you can understand. 

•• Data General Corporation Southboro, Massachusetts 01772, (617) 485-9100. 
Datagcn of Canada Ltd .. Hull, Quebec (819) 770-2030/ Data General Europe. Paris, France 504-23-44. 

Circle 141 on reader service card 



asked 

Yes. 
Fairchild Digital and Linear Devices for High Reliability Applications. 

Digital 1800 5440 54155 54H73 9H22 
900 1801 5442 54156 54H74 9H30 
908 1802 5443 54164 54H76 9H40 
909 1803 5444 54165 54H78 9H50 
910 1804 5445 54166 54H87 9H51 
911 1805 5447 54174 54H101 9H52 
912 1806 5448 54175 54H102 9H54 
913 1807 5449 54178 54H103 9H60 
921 1808 5450 54179 54H106 9H61 
930 1809 5451 54180 54H183 9H71 
931 1810 5453 54181 54$00 9H72 
932 1811 5454 54182 54$03 9H73 
933 1812 5460 54190 54$04 9H74 
935 1813 5470 54191 54$05 9H76 
936 1814 5472 54198 54$10 9H78 
937 5400 5473 54199 54$11 9H81 
941 5401 5474 54HOO 54$15 9H82 
944 5402 5475 54H01 54S20 9H101 
945 5403 5476 54H04 54$22 9H102 
946 5404 5477 54H05 54$40 9H103 
948 5405 5480 54H08 54$64 9H106 
949 5406 5482 54H10 54$65 9H108 
950 5407 5483 54H11 54$74 9NOO 
951 5408 5486 54H20 54$109 9N01 
961 5409 5490 54H21 54$112 9N02 
962 5410 5491 54H22 54$113 9N03 
963 5411 5492 54H30 54$114 9N04 
9093 5413 5493 54H40 54$133 9N05 
9094 5416 5494 54H50 54$134 9N06 
9097 5417 5495 54H51 9HOO 9N07 
9099 5420 5496 54H52 9H01 9N08 
9109 5425 54107 54H54 9H04 9N09 
9110 5426 54121 54H55 9H05 9N10 
9111 5427 54145 54H60 9H08 9N11 
9112 5430 54150 54H61 9H10 9N13 
9135 5432 54151 54H62 9H11 9N16 
9157 5437 54152 54H71 9H20 9N17 
9158 5438 54153 54H72 9H21 9N20 

Does Fairchild make MIL and 
other hi-rel devices? 

Do we ever. 

9N25 
9N26 
9N27 
9N30 
9N32 
9N37 
9N38 
9N40 
9N50 
9N51 
9N53 
9N54 
9N60 
9N70 
9N72 
9N73 
9N74 
9N76 
9N86 
9N107 
9N122 
9N123 
9$00 
9503 
9$04 
9$05 
9$10 
9$11 
9$15 
9$20 
9$22 
9$40 
9$41 
9$42 
9564 
9S65 
9$74 
9$109 

Just look over our list of standard 
components, and chances are you'll 
find what you're looking for. 
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95112 93176 93153 93L24 Linear SN55108 
9$113 9317C 93155 93L28 702 5N55109 
9S114 9318 93156 93$00 709 SN55110 
9$133 9321 93164 93$10 710 7805 
9S134 9322 93165 93$12 711 7806 
9000 9324 93166 93$16 715 7808 
9001 9328 93174 93$41 723 7812 
9002 9334 93175 93$42 725 7815 
9003 9338 93178 93$43 726 7818 
9004 9340 93179 93$46 727 7824 
9005 9341 93180 93$47 730 9614 
9006 9342 93190 93$62 733 9615 
9007 9344 93191 935137 734 9620 
9008 9345 93198 93$138 740 9621 
9009 9348 93199 93$139 741 9622 
9012 9352 93HOO 93$153 747 9624 
9014 9353 93H72 93$157 748 9625 
9015 9354 93H87 93$158 760 9650 
9016 93576 93H183 93$174 776 
9017 9358 934076 93$175 777 
9020 9359 93410 93$194 791 
9022 9375 93411 93$253 LM101 
9024 9377 93415 93$257 LM101A 
9300 9380 934336 93$258 LM102 
9301 9382 93434 9600 LM104 
9302 9383 93435 9601 LM105 
9304 9386 93LOO 9602 LM107 
9305 9390 93L01 9603 LM108 
9307 9391 93L08 96L02 LM110 
9308 9392 93L09 CA3018A 
9309 9393 93L10 CA3018 I" 
9310 9394 93L11 CA3019 
9311 9395 93L12 CA3026 
9312 9396 93L14 CA3036 
9313 93145 93L16 CA3039 
9314 93150 93L18 CA3045 
9315 93151 93L21 MC1558 
9316 93152 93L22 SN55107 

Either JAN-MILM-38510 devices. 
Or Fairchild's own UNIQUE 

38510 series for high-reliability 
applications. 

All available now. 
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When ~u order MIL/hi-rel 
devices it's always nice lo 
have an ally. 

Ordering your MIL devices 
from Fairchild gives you some very 
clear advantages, too: 

You have one of the three largest 
semiconductor makers in the world 
on your side. 

You'll find Fairchild's complete 
catalogue-digital and linear-makes 
your planning simple. 

And you can rely on Fairchild to 
deliver-. some devices as quickly as 
two weeks. Most as quickly as four. 

JAN or UNIQUE. 
Fairchild gives you a cost-saving 

choice, too. 
Either JAN devices-tested to 

full Military slash sheet specs. 
Or economical UNIQUE devices 

- lOOo/o tested to full data sheet specs 
and to MILM-38510/MIL STD-883 
hi-rel screens. 

Check the following Class B 
Test Flow Chart and see for yourself. 

Then you tell us which spec 
you really need. 
Electronics/March 7, 197 4 

TEST FLOW CHART (CLASS B) 
----J~A .N MIL-M-38510 and UNIQUE 38510 

Preseal883/2010/B 

Bond Strength Acceptance Seal 

Bake 883/1008/C 24 hrs. 

Temp Cycle 883/1010/C 

Centrifuge 883/2001 /E Y, Axis 

Hermeticity 883/1014/B & C 

JAN 

Pre Burn-In 
Electricals 

Per Slash Sheet 
25°C 

UNIQUE 

Quality Conformance, Group A/B/C 

External Visual 883/2009/100% 

Send for complete information 
on prices and delivery. Or talk with 
your Fairchild Sales Office or local 
Distributor today. 

N\A\ll~ \N 

\:I\\ \l(~ \-\ \ \.\) 
Semiconductor Components Group, Fairchild Camera & Instrument Corp., 

464 Ellis St. , Mountain View, CA 94040. Telephone (415 ) 962-5011. TWX: 910-379·6435. 
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This chip 
is the world's first 
SOS processor . 

• It makes all the 
stuff on the next page 

possible. 
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Silicon-on-sapphire isn't new 
The aerospace industry and the 

military have recognized its high
speed, high-density and high-relia
bility characteristics for years. 

But no one was ever able to use it 
in a computer processor. 

Until now 
Now General Automation design

ers have built the world's first com
mercial processor using SOS tech
nology ~~-liiiiiiiii;I;...._ 

They've placed 
2000 gates or the equivalent of 4000 
to 5000 transistors on a single 
semiconductor chip. 

An 800 times size reduction from 
its predecessor product, the SPC-12. 

The world's first microcomputer. 

That tiny SOS chip has made it 
possible to bring you the LSI-12/ 16. 
A complete digital automation micro
computer with from lK to 32K bytes 
of semiconductor memory 

We call it the world's first micro
computer because it's the only 

• microproduct available that gives 
you the performance, the systems 
features, the reliability and the 
applications support you would 
normally expect from a minicomputer 

More work, less money. 

,; In the past this kind of size reduction 
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always meant you had to make major 
concessions in performance. 

With SOS you make none. 
The LSI-12/ 16 has an instruction 

execution cycle time of 2.64 micro
seconds. 

It's faster than any 
microprocessor on 
the market. 

It's more 
powerful. And 

lower in cost. In 
board-only configur

ation with lK memory, it 
costs only $495 in minimum 

OEM quantities of 1000 per 
year In short, we offer all the 
performance of a minicompu
ter at microprocessor prices. 

Breakthroughs 
across the board. 

The LSI-12/ 16 is the first micro
product to successfully put all 
of the following on a single board 

A processor, power fail/ auto 

restart, remote cold start, 16 bit 
parallel I/O interface and up to 2K 
bytes of semiconductor memory 

But we didn't stop there. 
GA engineering has also over

come the problems associated with 
semiconductor memory Like loss of 
data in the event of power failure . 

We handled that by developing 
an auxiliary battery backup 

system that will activate 
immediately upon loss of 
power and will retain the 

contents of memory for up 
to 15 hours. 
In case you're interested 

in more memory, we've designed a 
piggyback board that will give you 
an additional 2K of RAM or 8K 
of ROM. 

And if there's ever an error in 
ROM programming, it can be 
corrected. The LSI-12/ 16 has a 

unique built-inBOM patch that lets 
the user retrofit new instructions to 
any ROM. 

Custom tailoring. 

There's one more advantage 
the LSI-12/16 has that no 

other microproduct can offer 
It's the systems backup and 

application expertise that General 
Automation gives you. Helping 
solve customer problems has always 
been our long suit. It still i!i> 

We can customize I/O boards 
and match the LSI-12/16 exactly to 
your requirement. 

Our microcomputer is available 
in one of two different configurations: 

As a board-only system, packaged 
with memory, control console and 
processor on a single 7-3/ 4 by 
10 inch printed circuit board. 

Or the same board packaged 
in an enclosure with power supply, 
battery backup for semiconductor 
memory and card slots for 
additional I/O boards. 

For more information, write 

The LSl-12/ 16 with enclosure 

General Automation, 1055 South 
East Street, Anaheim, California 
92805. Or call us at (714) 778-4800. 

Our European headquarters is at 
Centre Silic, Cidex L242, 94533 
Rungis, Paris, France.Call 686-7431. 

GENERAL 
AUTOMATION 

A new generation of 
computer processors is beginning. 

All because of this . 

See the LSI-12/ 16 
in the Computerworld Caravan 

Circle 145 on reader service card 145 
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New products ___________ _ 

Exhibitors stress hard-sell 
at IEEE lntercon 7 4 

Instrument-dominated show, March 26-29 at New York Coliseum , 
to focus on applications-:-oriented equipment available now 
for automatic·testing, exercising high-speed logic families, 

checking communications links and terminals, and servicing industrial, 
commercial, and consumer systems. Following are some of the 

significant products to be introduced at lntercon 7 4 

Digital meters use new a-d conversion technique 
In a major assault on the instrumen
tation market, United Systems 
Corp., Dayton, Ohio, will be loosing 
more than 20 new products on the 
IEEE show. Called the HT (for high
technology) Series, the line includes 
counters, printers, digital multime
ters, digital panel meters, compara
tors, and precision calibrators. 

Technologically, perhaps the 
most significant are the company's 
model 2780 DPM and its model 
2210 DMM. Both are 41/i -digit 
(20,000-count) machines, and both 
are built around the same LSI cir
cuit, which performs analog-to-dig
ital conversions by means of a pat
ented new technique. The major 
advantages of the new integrating 
conversion scheme are high input 
impedance and low bias current, 
low cost, and minimized digitizing 
error, through the use of synchro
nized data transfer. The single refer
ence voltage source eliminates up to 
half the adjustments that might oth
erwise be needed in a bipolar ma
chine, and also does away with spe
cial drift problems around zero-to 
the new meters, zero is just another 
number. 

In their standard form, both me
ters are supplied with Monsanto 
MAN-72 LED readouts. These red 
digits are 0.3 in. high. For OEM buy
ers, however, the meters can be sup
plied with Monsanto's amber or 
green versions of the MAN-72 at no 
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additional cost to the purchaser. 
Price of the model 2780 panel me

ter, which United Systems is mar
keting under its Digitec tradename, 
is $219. An additional $40 buys a 
TTL-compatible parallel BCD out
put. The meter comes in four de 
voltage ranges and five de current 
ranges. The former include full
scale values of 1.9999 v, 19.999 v, 
199.99 v, and 1,000.0 v. The 2-V 
scale is electronically protected 
against overloads of up to ±200 v; 
all other ranges can withstand up to 
± 1.2 kV. Input resistance exceeds 
1,000 megohms on the lowest range, 
and equals 10 megohms on all oth
ers. Polarity is automatically de
tected and displayed on all ranges. 

In designing the new meter, ef
forts were clearly made to keep ac
curacy commensurate with resolu
tion. Maximum error on the de 

voltage ranges is specified as 
±(0.01 % of reading + 1 count) at an 
ambient temperature of 23 °C ± 1°C. 
For the current ranges the 0.01% 
figure becomes 0.05%. 

The meter's worst-case tempera
ture coefficient is ±0.00 I% of full 
scale per degree centigrade for the 
zero offset, and 0.002% for the full
scale offset. In addition, the external 
multiplier (or shunt) resistors sup
plied by United Systems cause a 
maximum temperature-related error 
of ±0.0025% of reading /°C. Alterna
tively, the user can supply his own 
external resistors. 

The 2780 is designed to fit into 
the 3.75-by-1.72-in. panel cutout 
that seems to be becoming an indus
try standard. It can run off standard 
line voltages or a 5-v supply. The 
line-voltage model can take either 
115 or 230 vac at any frequency 
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from 50 to 400 Hz, and it has a max
imum power consumption of 4 volt
amps. The 5-v version draws a max
imum of 750 IDA. Price for both 
types is the same $219. 

The model 2210 DMM has the 
same de voltage ranges as the panel 
meter; in addition, it measures ac 
voltage and resistance. Current 
measurement cannot be made. 

Ac voltage measurements can be 
made over the same span as de mea
surements, covering the frequency 
range from 45 Hz to 20 kHz. Input 
impedance on ac is 10 megohms in 
parallel with 40 pF, and maximum 
error is ±(0.25% of reading + 5 
counts). The temperature coefficient 
for ac is ±(0.025% of reading + 
0.001 % of full scale) /°C. 

Maximum response time for the 
multimeter to come to its rated ac
curacy is 1 second for de volts, and 5 
seconds for ac volts and ohms. The 
2210 is line-operated only and con
sumes a maximum of 5 w. Price is 
$525. 
United Systems Corp., 918 Woodley Road , 
Dayton, Ohio 45403(381] 

Tektronix launches calculator-based instrument line 
In a move that most industry observ
ers have expected ever since the 
company's introduction of its mod
els 21 and 31 calculators, Tektronix 
Inc., Beaverton, Ore. , has entered 
the field of calculator-based instru
mentation systems. Called the mod
els 21 /53 and 31 /53, depending 
upon which calculators they use, the 
new systems make extensive use of 
the company's TM500 line of modu
lar measuring instruments. 

Unlike many other automatic test 
systems that have been designed to 
exercise units under test by detect
ing and diagnosing their faults, the 

two new systems are aimed primar
ily at applications involving data ac
quisition and analysis. Only mea
surement modules - not signal
producing modules - from the 
TM500 line are meant to be used 
with the new systems. 

Not counting the measurement 
modules themselves, which are se
lected by the user for the particular 
task he has to perform, the basic 
systems carry price tags of $2,895 
for the 21/53, and $3 ,995 for the 
31 /53. These prices include a calcu
lator, a mainframe power supply, a 
plug-in interface unit for connecting 
the calculator with the instrument 
modules, an interface cable, and 
two software packages for data ac
quisition and reduction. 

The attractiveness of these new 
systems is in their relatively low 
cost, their flexibility , and their con
siderable data-reduction power. The 
software packages are supplied as 
tape cartridges. One contains rou
tines for the simple acquisition of 
data. With these routines, the user 
decides how often a measurement 
should be made, what limits it must 
fall between, how many measure-

ments should be made before the 
testing is stopped, and so on. The 
acquired data itself is stored in the 
calculator's registers, or may be 
listed by an optional printer. 

The second software package con
tains some much more powerful 
routines. Instead of saving the origi
nal raw data, it processes it as the 
data is acquired and stores the re
sults of its analyses. Some of the re
sults it can provide are calculations 
of the mean, variance, and standard 
deviation of a single input variable. 
It can also look at two input vari
ables- such as two voltages or a 
voltage and a time interval- and 
calculate their covariance and corre
lation coefficient. 

Further, the routines can calcu
late the best-fit straight line for a 
collection of data and can also pro
vide the outputs needed to construct 
a histogram. For obtaining a graph
ical presentation of the data auto
matically, the model 4661 digital 
plotter is available. 

The new systems will be available 
after March 15. 
Tektronix, Inc ., P. 0 . Box 500, Beaverton , 

Ore. 97005[382] 

GR network analyzer runs 200 tests a second 
Up to 200 tests a second- each of 5 
milliseconds duration-can be con
ducted by an automatic network 
analyzer, the model 2260 developed 
by General Radio. The versatile rf 
test system includes a digitally 
swept frequency synthesizer, GR's 
model I 062, which provides a fre
quency range of200 kilohertz to 500 

148 

megahertz, with 0.1-hertz resolu
tion. 

Since the synthesizer is accurate 
to one part per million, a spokes
man says the operator knows what 
frequency he is getting down to 10 
digits, an important feature in test
ing filters used in communications 
applications. Phase noise of the syn-

thesizer is 60 decibels down, low 
enough to test very-narrow-band 
devices. Also, when testing narrow
band devices, the 2260 can be pro
gramed to wait for the device to 
settle after each frequency change. 
Dynamic range is greater than 100 
decibels; interface is provided by 
kits that determine operating im-
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SPECIAL STYLES. 
ENDLESS CHOICE. 
CUTLER-HAMME 
Cutler-Hammer has responded strongly to 
the new emphasis on styling in appliances 
and other equipment with fresh new design 
in switches. 

Our unique rocker and paddle type 
switches have a new look. They're not only 
the finest in performance, but smartest in 
styling compared to traditional toggle and 
rotary operators. 

From a simple one pole Rockette® switch 
to a specifically designed unit combining a 
variety of features, Cutler-Hammer can solve 
your special problem. Illuminated, snap-in-, 
nest-, sub-panel- or flush-mounted, sealed 
miniature, multi-pole, you name it. AC and 
DC ratings. Up to 20 amps. The choice has 
to be Cutler-Hammer! 

And when you need an extra special 
special design, we'll work with you to make 
just what you want. 

Call your Cutler-Hammer Sales Office or 
Stocking Distributor. Or write for full-line 
catalog LD llOA. 

CUTLER-HAMMER 
SPECIALrY PRODUCTS DIVISION. M1lw• ukee. W1.s. 5320 1 
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pedance, which can be 50 ohms, 75 
ohms, or 50 and 75 ohms mixed. 

A programable attenuator associ
ated with the synthesizer provides 
the I-decibel-level output steps, and 
an offset generator provides the lo
cal-oscillator signal, 80 kilohertz 
from the test frequency. De bias up 
to ±20 volts in 40-millivolt steps for 
additional tests is supplied by a dual 
programable power supply. 

Transmission and reflection mea
surements are made by an rf mod
ule that amplifies the synthesizer 
output, splits it into two channels, 
and switches it to and from the de
vice under test and the measuring 
circuits. 

The test sequence, equipment
control settings, and port inter
connections are all controlled by the 
processor, a Digital Equipment 
Corp. PDP-8/E with 20,000 12-bit 
words of core memory. A tele
typewriter provides control via in
structions punched on paper tape 
and loaded into the processor by a 

high-speed tape reader. Instruction 
sets, one for each type of device test, 
are written in a simple language de
veloped by GR. Once the instruction 
set is written, the push of a button 
initiates the measurements and 
tests, and the routine can be modi
fied by changing instructions. In
struction sets are stored in a dual 
magnetic-tape unit. 

Test results are displayed on an 
8.5-by-11-inch oscilloscope, which 
can plot up to four characteristics 
simultaneously. Digital, hard copy, 
and bright-light outputs are also 
provided, giving anything from a 
simple go or no-go indication to a 
detailed account of each test. 

Nearly any active or passive one
or two-port device can be tested, in
cluding amplifiers, filters, couplers, 
relays, and antennas. Characteristics 
tested include transmission, reflec
tion, magnitude, gain, and band
width. 

GR says the 2260 can be used 
both in the laboratory and on the 

production line, and it can be oper
ated by semi-skilled personnel. A 
typical configuration including dis
play scope, processor, storage, tele
typewriter, and line printer will cost 
about $100,000. Delivery time for 
the system is four to six months. 
General Radio, 300 Baker Ave., Concord , 
Mass. 01742 [383) 

Logic scope records at 200 megahertz 
As the speed-power performance of 
logic families swings upward, so 
does the need for faster logic scopes. 
Among the latest to enter this test 
field is Biomation Corp., with a dig
ital waveform recorder that can 

• 

handle ECL speeds while displaying 
eight channels of input simulta
neously. The $15,000 model 8200 
digital logic recorder, says Roy Tot
tingham, product manager, "is to 
the digital designer or trouble-

·•· 

shooter what the 
large-bandwidth 
oscillator is to 
the analog de
signer." 

•• 
• • 

· • 'O 

The complex 
test require
ments of such 
technologies as 
MSI, LSI, and 
high-speed ECL, 
require a faster 
means of testing, 
says Totting
ham. The 8200, 
which can ac
cept and display 
eight input sig
nals simulta
neously , com
pares the digital 
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signals against 

two threshold levels. When the in
strument is in a sample mode, it dis
plays a 0 if the sample is below the 
threshold level and a 1 if it is above. 

The second mode of comparison 
is called latch, which detects noise 
pulses that may occur on a signal 
between clock pulses. The 8200 
records at 200 megahertz, storing 
the binary signals at the rate of one 
digit every 5 nanoseconds, and it is 
capable of storing 2,048 words in 
each of the eight channels. 

The solid-state recorder, says Tot
tingham, "looks like an oscilloscope 
and acts like one, but stores in dig
ital form and displays digital infor
mation." The display, using a con
vention al cathode-ray tube, 
provides a timing diagram, and 
each signal is represented as a 
square-type wave line that shows 
the high and low states with respect 
to time from left to right. 

The 8200 will allow designers to 
test 1cs, components and systems. 
Production will begin this spring. 

At Intercon 74, Biomation will 
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The whole works on one single 
PC board with every ch i p a 
plug-in ! 

Plug in to a TTY or any RS232 
printer for hard copy when 
you need it! 

OUR CRT HAS LESS GUTS 
•.. AND FEWER BELLYACHES 

Teleray users call it the Uptime 
Terminal because it rarely gets sick. 
If it ever does, the cure is simple. 
We replace one single plug-in board 
that contains ALL logic, character 
generation , drives, interface, the 
works. Just about anything that can 
go wrong is on that board and is 
plug-in replaceable, right down to 
every chip. Teleray is so quickly 
and easily repaired, you can do it 
yourself with our easy-to-under
stand service manual - or we'll do 
i t for you . MSI circuitry and top
grade components have drastically 

cut down the number of Teleray 
parts that can go wrong, and that 
brings down your cost , too. Our 
price is competitive, but we ' re 
different on the inside . .. we ' re 
" healthier." 

FEATURES 
• RS232-C, TTL, 20 ma current loop signal 

connections 
• ASCII coding ; 98 characters generated, 

64 displayed 
• Data rates to 2400 baud 
• Displays of 960, 1728 or 1920 characters 
• Full or half duplex, switch selectable 
• Local or remote modes, switch selectable 

• Non-contacting sol id-state keyboard 
(read-only if you want) 

• Direct TTY replacement without interface 
or software changes 

OPTIONS 
• Switchable baud rates 
• Switchable line formats 
• Numeric keypad adapter 
• RS232 output to any printer 
• 50 / 60 Hz, 115/ 230 VAC power 
• Remote keyboard 
• Slave up to 5 video repeaters 

Call collect (612) 941-3300 and ask 
for Teleray! It's a " gutless wonder"! 
(We have a warranty that's different, 
too!) Circle 151 on reader service card 



1,024 fusible links, like this one, let 
Tis new PROMs shorten your design time. 
Tl's new 1024-bit Schottky* 
PROMs give you the capability to 
complete your custom designs or 
new d esigns faster-when your 
customers want them. 

Whether you're implementing 
random logic , code converters, 
micro-programmers, or software 
emulators- virtually anything you 
can express in binary symbols can 
be programmed into these PRO Ms. 
Immediately and permanently. At 
your facilit y or at a TI authorized 
Distributor Programming Center 
near you. 

Programmability is enhanced 
by the incorporation of additional 
fusing circuitry that is tested dur
ing manufacture. And, reliability 

Tl Schottky PROM Features 

• Popular 256-word-by-4-bit 
organization 

• Choice of output circuits 
3-state SN74S287 
open collector SN74S387 

• High Performance 
15 nanosecond typical 

enable delay 
40 nanosecond typical 

address delay 
• Factory tested programmability 

is assured through Tl's experience 
in Schottky technology and an 
in-house PROM QA test qualifica
tion program. 

The SN74S287 and the SN74S387 
are second generation electri-

cally programmable read-only 
memories in the industry standard 
74187 ROM pin configuaration. 

With 100 to 999-quantity pricing 
of $19.20 for industrial plastic 
DIPs, PRO Ms are becoming an eco
nomical option for more and 
more designs. 

Order any of these Schottky 
PRO Ms from your local authorized 
T I distributor. 

For a copy of a new 28-page 
brochure Designing with Tl TTL 
PROMs and ROMs, Bulletin 

{!~~:2~e~:it~:nc;repxo:~ ~o 
ated, P.O. Box 5012, 
M/S 308, Dallas, 
Texas 75222 

TEXAS INSTRUMENTS 
' Texas Instruments U.S. 
Patent Number 3,463,975 I NCORPOR A TE D 83022 
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als<J .introduce two other products: 
the model 805 waveform recorder 
and the model 815 AID, a video 

analog-to-digital converter. 
Biomation Corp., 10411 Bubb Rd., Cuper
tino , Calif. 94301 [384) 

Lab-grade scope is priced at $425 
Joining the recent spate of labora
tory-grade scopes aimed at servicing 
industrial and consumer electronics 
gear [Electronics, Oct. 25, 1973, p. 
220] is a new 15-megahertz trig
gered-sweep scope with a vertical 
sensitivity of 10 millivolts per divi
sion from Simpson Electric Co. 

Tagged at $425, the Simpson 
model 459 features a wide range of 
sweep speeds adjustable from 0.5 
second/centimeter to 0.2 micro
second/cm in 20 calibrated steps, 
and a 5-power magnifier can be 
used to extend sweep speed to 40 
nanoseconds/cm. Automatic, nor
mal, or free-running sweep modes 
can be selected, and special TV-hori
zontal and TV-vertical settings allow 
users to lock on to a television's line
or frame-synchronizing signals. 

Vertical sensitivity ranges from 10 
mv /cm to 20 mv /cm in 11 cali
brated steps. Input impedance is 1 
megohm ±5% in parallel with 35 pi
cofarads, and an optional 15-pF 
probe is available at $15. 

X- and Y-vector inputs are on the 
front panel, and Z-axis modulation 
input is on the rear. Also accessible 
from the front of the unit are three 
separate calibration signals- 1-
kilohertz square-wave signals of 5 v, 

0.5 v, and 50 mv peak to peak-for 
vertical calibration. The low-level 
signal outputs are useful for exter
nal circuit testing and calibrating 
the optional probe. 

Power-supply voltages, including 
high voltages, are regulated to en
sure that trace amplitude, time base, 
brightness, and focus are stable with 
line-voltage variations of ± 10%. The 
115-v ac, 50/60-Hz scope is also 
available in a 230-v ac model at 
$435. 
Simpson Electric Co. , 853 Dundee Ave., El
gin , Ill . 60120. [385) 

Counter operates up to 18 GHz 
As any engineer who's ever made a 
precision X-band frequency mea
surement knows, it's not easy. As 
frequency increases, noise goes up 
and power goes down for any given 
signal-generating technology. Un
fortunately, microwave frequency 
counters of the transfer-oscillator 
type, which can deal well with low
power signals, tend to be intolerant 
of fm noise. On the other hand, het
erodyne-type counters, which can 
tolerate a lot of residual fm, are not 
noteworthy for their sensitivity. 

Recent progress in counter tech
nology has largely overcome this di
lemma for frequencies up to 4 gi
gahertz. Above that, however, no 
solution has been available until 
EIP Inc.'s introduction of its 350D 
series Autohet frequency counters. 
These counters, which will be exhib
ited at the IEEE Show at the Wein
schel Engineering Co. booth, have a 
worst-case fm tolerance specifica
tion of 40 megahertz peak to peak, 
and a worst-case sensitivity of - 20 
dBm. Frequency coverage is either 

DIT-MCO 
THE DIFFERENCE 

IN TESTING! 

DIT-MCO's 
SYSTEM 8108 

A Multichannel Real· Time On line Multipro
grammed Controller And Program library For 
Automatic Wire-Circuit Test Equipment AND 
Numerically Controlled Production Test 
Equipment. 

Basic System: Computer. interface logic assembly, 
paper tape reader . dual / disk drive. electric type
writer 1/0. program library. CRT display/ editing 
station. 
Basic Software: Wiring analyzer control . system 
control. background editor. self program. and others 
as required. 
System Options: Card reader. magnetic tape trans
port. paper tape punch. line printer. communications 
modem link. 
Software Options: APH/ 810-2 auto programming, 
DMD/ 810-2 disk memory diagnostic 
• Multiprogrammed operation-simultaneous multi

channel control and file changes. 
• Provides a central 8 channel control for remotely 

located satellite station wiring analyzers and 
numerically controlled machines. 

• Complete computer programs I ibrary with edit 
capabilities. 
All software furnished and maintained by DIT-MCO. 

Reliability! Speed! Versatility! Give Us A Test 
Problem And We'll Show You How To Control It. 

DITE!)Mco 
DIT-MCO : The difference in testing. 

DIT-MCO INTERNATIONAL 
A division of Xebec Corporation 

5612 Brighton Terrace • K.C., Mo. 64130 
Telephone (816) 363-6288 

Telex Number 42-6149 

European Technical Representative 
RADIX HOUSE 

Central Trading Estate 
Staines, Middlesex, TW18-4-XA, England 

Telephone (0784) 51444 
Telex 935023 
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DESIGN ENGINEERS: 

Custom's 
Capacitors 

have what 
you need 

Do you deal with specifications 
like these in your work: 

- capacitance over 40 pf up 
- frequencies in MHz 
- voltage over 1 ooo voe 

Then reconstituted mica capaci
tors are what you need. 

Do you work with energy density 
of .05-.25 joules / in. 3, at high 
voltage? 

Reconstituted mica capacitors 
will best fill your requirements. 

Looking for high voltage in 
small packages? 

You need reconstituted mica ca
pacitors! 

Another of the many advantages 
of reconstituted mica capacitors 
is excellent performance under 
environmental extremes. 

Custom can meet your needs 
better, because each process in 
our capacitor production begins 
and ends with quality control to 
avoid failure in the field . Let us 
show you how we can fill your 
requirements. 

See our page in Electronic Buy
er 's Guide and EEM and write 
for FREE product sheets today. 

P.S. Oil exploration personnel: 
Custom can help you with your 
logging tool problems. 

©STOM 
CUSTOM ELECTRONICS, Inc. 

12 Browne St. , Oneonta, N.Y. 13820 
PH: (607) 432-3880 TWX:510-241-8292 
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20 hertz to 12.4 gigahertz, for the 
model 350D, or 20 Hz to 18 GHz, for 
the model 35 ID. Prices for the two 
units are $4,700 and $5,100, respec
tively. 

Since the 40-MHz fm-tolerance 
figure is cited as a worst-case specifi
cation regardless of rf frequency, 
signal level, or modulation rate, 
best-case conditions are considera
bly better. And in fact, peak-to-peak 
deviations of over 200 MHz can be 
tolerated under ideal conditions. 
Similarly, sensitivity is actually - 25 
dBm over the broad frequency 
range from 1.1 GHz to 12.4 GHz, 
with a typical figure closer to - 30 
dBm over most of that range. A 
$100 option guarantees -30 dBm 
sensitivity from 1.1 to 6.5 GHz. 

Both instruments employ I I-digit 
LED readouts grouped into four sec
tions- GHz, MHz, kHz, and Hz. The 
need for annunciators and decimal 
points is thus eliminated. When full 
1-Hz resolution is not required, 
reading speed can be considerably 
increased by blanking up to six of 
the least significmt digits in the dis
play. As the resolution is decreased 
in decade steps, the counter's gate 
time is also decreased in decade 
steps from a maximum of 1 second 
to a minimum of 1 millisecond. 

Accuracy of the counters is 
±(time-base stability + I count). 

The standard time base supplied 
with the units has an aging rate of 
less than 3 parts in 107 per month, 
and a short-term maximum drift of 
less than 1 part in 109 rms for a one
second averaging time. Tempera
ture-induced variations are less than 
2 parts in 106 over the range 0°C to 
50°C. 

Three time-base options are 
offered for the 350D counters. The 
most expensive of these costs $600 
and has an aging rate of less than 5 
parts in 1010 over a 24-hour period 
after a 72-hour warmup. Short-term 
stability is better than I part in 1010, 
and temperature stability over the 0 
to 50°C range is better than 3 parts 
in 108 . 

Many other options, including 
BCD output, remote programing, i-f 
offset, and YIG preset are also avail
able. The YIG preset option allows 
the user to set the frequency at 
which the counter's YIG-tuned filter 
will begin its sweep. This shortens 
the measurement process for appli
cations in which the user knows that 
the frequency to be measured is 
above a definite number. 

The counters require 80 watts of 
. 9perating power at either 115 or 230 
vac. Line frequency may be any
where from 50 to 60 Hz. 
EIP Inc., Subsidiary of Dana lab, 3130 Alfred 

St. , Santa Clara, Cal if. 95050 (386) 

12-bit converter uses little power 
Hybrid Systems' contribution to this 
year's IEEE show is the ADC-575-12, 
a low-power analog-to-digital con
verter that operates from a single 
power supply. The 12-bit a-d device 
is packaged in a small module 2 by 
0.4 inches with a pinout compatible 

with dual in-line packages. 
Designed specifically to need little 

power, the ADC-575 uses a single 
source of + 12 volts to + 15 v and 
consumes only 30 milliwatts of 
power. Hybrid claims this is sig
nificantly lower than most 12-bit a-d 
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ew from Cinch: 
mpact,easy 

connection 

mally developed and successfully used for 
telecommunications applications, this Cinch CCB 
circu it concentration system may now be the an
swer to your complex interconnection problems. 

One side of the panel assembly is wirewrappable, 
fo r automatic, semi-automatic or hand wiring . The 
other side accepts polarized , positive detent, 
single through six-pin , color-coded patch cord 
plugs for rapid circu it changes. 

Color coded panels have raised, high-visibility, 
replaceable marker strips. Contacts are on 0.200" 
centers and individual contact modules can be 
replaced in seconds. The compact CCB system 
is remarkably easy to install , modify and maintain. 

For detailed information call TRW/ Cinch Connec
tors at (312) 439-8800 or write TRW/Cinch Connec
tors, an Electronic Components Division of TRW 
Inc., 1501 Morse Ave ., Elk Grove Village, Ill. 60007. 

CM-7310 

TRW CINCH CONNECTORS 
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NEWS 
FROM 

AIR PAX 

about 

Magnetic 
and Digital 
PICK-UPS 
Airpax manufactures "passive" analog and "active" 
digital transducers (pick-ups) to provide the most 
effective and accurate means of converting 
mechanical motion into usable voltage control 
signals .. . without mechanical I inkage. These 
magnetic pick-ups operate by accurately detecting 
moving ferrous discontinuities. Want to know more 
about pick~ups? . . . How is the selection made? 
How does the gear or discontinuity affect 
the pick-up output? 

These questions are answered 
in the new 20 page AIRPAX Text #8510 

"MA GNETIC PICK-UPS 
AT WORK." 

Send for it today! 

AIR PAX 
Controls Division 
P.O. Box 8488 
Fort Lauderdale, Florida 3331 O 

Phone 305 587-11 00 
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converters which may consume as 
much as IO times that much power. 
A Hybrid spokesman notes that 
some a-d converters reduce their av
erage power drain by shutting off 
the analog section when the device 
is not in use; the ADC-575 is never 
shut off. 

The heart of the ADC-575-12 and { 
the key to the minimal power drain 
is the use of delta-sigma modu
lation, which is provided by the Del
taverta, a product recently intro
duced by Hybrid Systems. The 
Deltaverta converts its input to an 
output pulse rate by maintaining a 
charg~ balance across an integrating 
capacitor. The pulse rate, in tum, 
controls the amount of charge that 
is applied to achieve balance. The 
Deltaverta eliminates the need for a 
power- and space-hungry ladder 
network through high-quality inte
gration, even though this raises the 
conversion time of the device to IOO 
milliseconds. 

By a simple change in its pin-in
terconnections, the ADC-575 can be 
made to convert either unipolar (0 
to +IO v) or bipolar (-10 to +IO v) 
i~put signals. The unit can also pro
vide corresponding C-MOS-level 
binary or offset binary output codes 
to within ±Yi count linearity (0.02%). 
The device contains an internal dc
to-dc converter that provides the 
necessary bipolar offset. 

The minimum input impedance is 
10 milliohms for unipolar signals 
and 400 kilohms for bipolar signals. 

The gain stability in relation to 
temperature is 30 parts per million 
per °C, and offset drift is 5 ppm/°C. 
Specified temperature range is 0 to 
70°C. 

Hybrid Systems' ADC-575-12 is 
designed for such battery-powered 
applications as portable instrumen
tation and for point-of-measure
ment conversion of remote trans
ducer outputs. It is also suitable for 
measuring many geophysical and 
oceanographic parameters. 

The ADC-575-12 converter is 
priced at $199 each in quantities of 
one to nine. 

Delivery time for the unit is two 
weeks. 
Hybrid Systems Corp., 87 Second Ave., Bur

lington, Mass. 01803. (387] 
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Old-Phosphor Bronze 

Honeywell had ~ perfectly good main frame connector. 
What in the world made them change it? 

A copper alloy called CA 725. Now they use it 
for new main frame connector springs. 

Honeywell's experience with CA 725 has 
been outstanding. Since bare CA 725 solders 
readily, resists corrosion and tarnishing. it was 
possible to eliminate costly gold plating over 
most of the contact spring. 

This allowed Honeywell to get more gold 
where it is needed-at the contact point. More 
gold at the contact point increased connector 
life ten times; made possible by CA 725. 

Honeywell's connector manufacturer, 
Winchester Electronics, knows that CA 725 has 
a lot to off er in the way of good mechanical 
properties and excellent fabricability. CA 725 
is a standard material available from many 
copper and brass sources. 

Why don't you consider a change for the 
better? For more detailed facts about CA 725, 
write The International Nickel Company, Inc., 
Dept. 3373, One New York Plaza. New York. 
New York 10004. 

Honeywell's new main frame connectors are manufactured by Winchester Electronics. 

1nco 
THE INTERNATIONAL NICKEL COMPANY. INC. 
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That's the way to increase the 
legibility of your display. With our 
CRTs you can have a flat surface as 
large as 22:· superior brightness, 
exceptional contrast and an optional 
dual persistance capability as well . 

That means you can display such 
rapidly-moving information as 
aircraft identification labels and 

position symbols next to the display 
of low repetition-rate video-without 
confusion. Phosphor persistance 
and color can be selected by voltage 
switching to present radar targets in 
one color and to write computer
generated characters and air routes 
in another color. 

By varying the voltage of a single 

electron ooam scanning a multiphos 
phor screen, we've achieved out 
standing brilliance and contrast. And 
resolution that's comparable to that 
of high quality monochrome CRTs. 

For complete information on our 
color CRTs, circle the appropriate 
number on the reader's service card, 
or contact us directly. ~ ~ 

• THOMSON-CSF 
MARKETED IN NORTH AMERICA BY DUMONT ELECTRON TUBES & DEVICES, CLIFTON, N.J,/ TEL(201)773-2000 
Fr1nc1 . THOMSON·CSF Group1ment TubH ElectronlQUH/ 8, rue Ch1111loup-L1ub1t /7!S737 PARIS CEOEX 15/ Te l. !S&e 70 .04 
Germany . THOMSON-CSF Eleklrontnr6hren GmbH/ Am L1onh1rd1brunn 10/ 6 FRANKFURT/ MAIN / Tel . 70 20 .99 
Italy. THOMSON·CSF Tubl Elettrontcl SRL / Vl1l1 degll Ammlragll 71 / ROMA/Tt l. 638 1'.58 
J1p1n . THOMSON -CSF Japan K.K./ Kyo1ho Bulldlng / 1·9-3 Hlrakawa-cho/ Chlyod1·ku/TOKYO/ T102 / Ttl. (03) 264.15341 
Sweden . THOMSON·CSF Eltklronr6r AB / Box 27080/ S 10251 STOCKHOLM 27/h l. (08) 22 58.15 
Un ited Kingdom. THOMSON·CSF Electron lc TubH Lld ./ Bll ton HouH , Uxbridge Road , E1llng / LONDON W !S 2TT/Tel. (01 ) 579 55 .11/Telu : 25 859 
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Schottky-TTL controller put on a chip 
Four-bit microcontroller can do job of 24 TTL MSI packages and uses less 
power; it emulates midicomputer systems with a fraction of the DIP count 

by Laurence Altman, Solid State Editor 

Large-scale integration, until 
recently a technology of benefit only 
to MOS-circuit manufacturers, has 
been adapted to bipolar data-pro
cessing circuitry-with significant re
sults. Monolithic Memories, Sunny
vale, Calif. , has built a bipolar 
microcontroller-a complete 4-bit 
Schottky LSI processor slice on a 
single chip. It can do the job of 24 
TIL MSI packages and save 6 watts 
of power in the process. Indeed, 
with a gate complexity of 1,000 (the 
largest bipolar processor chip avail
able), the 5701/6701 microcon
troller with only 28 packages can 
emulate a Nova-level computer, 
whereas a typical Nova's CPU board 
requires 175 packages. 

Dale Williams, marketing man-

ager, claims that the 6701 is "ideal 
for upgrading or replacing existing 
computers because no new software 
is needed, and it's extremely flex
ible. Since the microcontroller is 
4-bit expandable, machines in all 
classes can be emulated with a min
imum number of packages-from 
8-bit single-chip MOS processors, 
such as Intel's 8080, to the higher
performing 8-bit multichip mini
computers, right up through the 16-
bit midimachines. Even the 32-bit 
maxis, such as the IBM-360 types, 
are in the 6701 range." 

The 6701 microcontroller con
tains an impressive array of cir
cuitry; bit shifters, a multiport 16-
by-4 RAM, control registers, multi
plexers, arithmetic/logic unit, and 

16·BIT DATA INPUT TO 1/0 

01 16 01 13 01 12 01 9 01 8 01 5 014 01 1 

OVERFLOW 
lo M---~o, 

MICRO- 6701 6701 6701 6701 
CONTROLLER 

~ 
FIVE -~+++H 

6301's 

QUOTIENT BIT SOLO 
SOL1 

CARRY SLO 
FLIP-FLOP SLI 

(
{ ~020 
INTERRUPT 

352 bits of ROM, in addition to 
clocks and output-control drivers. A 
total of 256 instructions is possible, 
providing full arithmetic, logic, and 
shifting capabilities. There are 16 
directly addressable two-port gen
eral-purpose accumulators, and a 
separate accumulator-extension reg
ister. 

The two-address capability of the 
6701 (ability to work on two accu
mulators simultaneously) and the 
powerful microinstructions permit 
design of hard-wired central proces
sors having sub-microsecond cycle 
times or the efficient emulation of 
conventionai machines through use 
of read-only memories for micro
programing. The microcontroller 
will handle the data-flow section of 

Vee 

CONTROL 

F = ALL LOW } 
F = ALL HIGH TO BRANCHING LOGIC 

3 STATE-OUTPUT CONTROL 
CLOCK 

00 1• 001 3 001 2 009 oo. 005 004 001 

16-BIT DATA OUTPUT 

Low count. Typical special-purpose microprocessor has four 4-bit controllers, five 6301 ROMs, two H6241 ROMs, four TIL shift registers 
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"Forget it. 
I'm not~ to have 
MOS circuits Clesigned outside 
"7hen "'e can do it ourselves. 

''"What "'e need 
is a company that can produce 
our circuits.'' 

Circle 160 on reader service card 

No"' for 
the good news: 

We now have a separate Customer Tooling Department. 
It's set up to deal directly with companies that have their own design 
departments or work with engineering consultants. You provide us 
with the tooling; we provide you with high volume production and 

broad process capabilities. It's another first-rate service from the 
Number One MOS company. For complete information, including 

our new brochure, write to Bill Robson, American Microsystems Inc., 
3800 Homestead Road, Santa Clara, CA 95051. AIM ii 

Phone: (408) 246-0330. Or ask your distributor. 
AMERICAN MICROSYSTEMS. INC.: 



Our Customer 
Tooling Service 
is for companies 
with designs 
of their own. 

We've already worked with enough big 
firms to know that we've got what they need: 
an abi lity to produce large quantit ies of 
circuits in a wide variety of processes. 

ow we're ready to work with you, 
start ing at any stage you want. We can take 
the designs from your own engineering 
depart ment and run them. We can act as an 
interface between you and an outside MOS 
des ign firm. Or we can work with you all I 
the way from the concept through the finish. ' 

Which is the best 
process for you? 

When you come to AMI, you get a 
complete choice. P-Channel, H igh Voltage, 
Metal Gate ; P-Channel, Low Voltage, Metal 
Gate ; P-Channel, Ion Implanted, Metal Gate ; 
P-Channel, Silicon Gate ; P-Channel, Ion 
Implanted , Silicon Gate ; N-Channel, Si licon 
Gate; and Compli mentary MOS. 

Each process has its trade-offs in te rms 
of cost , speed, power consu mption, ch ip size, 
noise immuni ty, flex ibi lity etc . So, between 
us, we can pick the one that will do the job 
fo r you most efficient ly and economically. 

Read all about it 
• 1nournew 
brochure. 

We spell out how we work and exactly 
what we have to offer in th is new Customer 
Tooling booklet. It tells you about such 
things as our Design Workshop, ou r standard 
interface procedures, product test ing, work 
scheduling, and background on the company. 
In short , it su ms up most things you might 
want to know about AM I's capabi lities, 
experience and services . 

Your local AMI distributor has copies 
on hand. Or contact us di rect and we'll stick 
one in the mail. And you won't get stuck 

paying for more MOS AIM ii 
services than you need . 
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most computers, since it is expan
dable to handle any word length in 
increments of 4 bits without signifi
cant speed degradation (look-ahead 
outputs are available). The 16 on
chip general-purpose accumulators 
give the microcontroller the type of 
central processor usually found only 
in high-performance 16-bit mini
computers and 24- or 32-bit com
puters. 

T he mi crocontroller can be 
thought of as a general~purpose 
4-bit register and arithmetic/ logic 
unit with separate A operand, B op
erand, and data-in and data-out 
ports. Additional accumulators or 
registers can be added by tying off
chi p packages to the microcon
troller's data-in pins. 

· When compared with its TTL MSI 
equivalent, the single-chip micro
controller has 350 fewer input-out
put pins and 19 are replaced-14 16-
pin packages and five 24-pin pack
ages. In board area, this saves about 
40 square inches. To emulate the 
Nova-class minicomputer, for ex
ample, would require only four 6701 
controllers, 14 ROMs or programable 
ROMs, say of the 530116301 type, 
four or five registers, three gates, 
and two multiplexers-a total pack
age count of only 27 or 28 . 

Besides package reductions, in
struction times in 670 I systems are 
reduced, as well- following from the 
670 l's speedy 150-ns cycle time. A 
jump, for example, is done in two 
microcycles that take 400 ns, com
pared to Nova 800's 800-ns jump 
time. Jump-to-subroutine takes 3 
microcycles or a total of 600 ns, 
compared to Nova's 800 ns, Mono
lithic Memories says. 

"Aside from emulating existing 
machines," asserts Williams, "the 
670 I will also be useful in new ap
plications, such as tape and disk 
controllers, point-of-sale terminals, 
process-machine control, word-pro
cessing and navigation systems, in
telligent terminals, game machines, 
and traffic-control systems-any
where high computer performance 
is required in small space using a 
minimal number of packages." De
liveries will begin in July. 
Monolithic Memories Inc ., 1165 East Arques 

Ave ., Sunnyvale, Calif . 94086 [339] 

Help 
college 

help 
you. 
Businesses like yours 

gave over $340,000,000 to higher 
education last year. 

It was good business to do 
so. Half of all college graduates 
who seek work go into business. 
The more graduates there are, 
and the better educated they are, 
the more college serves the 
business community. 

Your money was vital to 
colleges. It relieved financial 
pressures, made planning more 
flexible, and contributed to the 
kind of basic and applied research 
that puts new knowledge and 
technology at the service of 
industry. 

So that colleges can con
tinue to help you, give to the 
college of your choice now. For 
information on ways to do it, 
please write on your letterhead 
to Council for Financial Aid to 
Education, Inc., 6 East 45th 
Street, New York, N.Y. 10017. 
Ask for the free booklet, "How 
Corporations Can Aid Colleges 
and Universities'.' 

~ Council for Financial Aid to Education , Inc. 

Advertising contributed for the public good. ·m~ 
o""~'"'• 
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Nickel-boron plating may replace gold 
Plating for connectors, printed-circuit boards is one tenth the price; 
it's corrosion-resistant, solders well with rosin fluxes and wire bonds 

by Stephen E. Grossman, Packaging & Production Editor 

Gold plating on connectors and 
printed-circuit boards costs more 
than $100 million a year, but re
searchers at Du Pont have devel
oped a nickel-boron substitute that 
they say rivals gold in performance 
for a tenth the price. The new mate
rial, called Sylek 201, consists of a 
nickel plating solution that weighs 

only 1 % as much as boron. 
For packaging engineers, the 

nickel-boron plating means they 
may be able to replace the costly 
metals that now house semiconduct
ors with a relatively inexpensive 
nickel-boron-plated steel. Nickel
boron may make this substitution 
possible because the plating, besides 

Promising plating. Sylek 201 , a nickel-boron plating solution, developed by Du Pont as a 
substitute for gold, may greatly reduce the cost of semiconductor components such as the 
lead frames, headers, and other electronic packaging components shown below. 
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being relatively immune to corro
sion, solders with rosin fluxes and 
wire-bonds quite well. The plating 
may also replace gold on the contact 
fingers of printed-circuit boards. 

Despite the moves toward lead
less designs and tin-alloy contacts 
[Electronics , Feb. 1, 1973, p. 86], 
gold plating is still used almost uni
versally. This is because it forms vir
tually no surface films and, when 
two gold contacts mate, the resist
ance across the interface is low-on 
the order of 5 milliohi:ns. Equally 
important, the resistance of a gold
plated contact remains low when 
subjected to all kinds of hostile envi
ronments. 

While the contact resistance of 
Sylek 201 is somewhat higher than 
gold-about 15 milliohms- it is satis
factory for virtually all connector 
applications, according to Harold E. 
Bellis, laboratory manager of Sylek 
plating products. Bellis also states 
that the contact resistance of Sylek 
201 remains low through a whole 
battery of environmental tests such 
as humidity, hydrogen sulfide, and 
high temperature (250°C). Even salt 
spray fails to raise the contact resist
ance above 25 milliohms, he says. 

In addition, Sylek 201 plates out 
at about the same rate as gold-250 
microinches per hour. And, since 
the solution is autocatalytic, it re
quires no electroplating setup, and 
thus can be used to plate noncon
ductive materials such as plastic and 
ceramic. Du Pont says Sylek 201 
wears as well as chromium, yet it is 
ductile enough to survive flexing 
and deformation without cracking. 
The plated surface costs about $40 
per square foot-mil. 
Industrial Chemicals Dept., Du Pont Co ., 
Wilmington , Del. 19898 [ 403] 
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Plug this in, and you've just designed 
a custom data acquisition interface. 

Nothing to it. computer inteNention, between Write, and we'll tell you more. 
Just plug in a few modules sources and local peripherals. We're Digital Equipment 

and tap in your instructions. Off-the-shelf modules con- Corporation, Logic Products 
The new PDM70 program- nect the PDM70 to any com- Group, Maynard, Mass. 01754. 

mable data mover will sample puter, to analog and digital (617) 897-5111, extension 2785. 
your sources, transmit your input devices, and to such In Canada: P.O. Box 11500, 
data in serial ASCII to a remote computer peripherals as Tele- Ottawa, Ontario, K2H 8KR. 
computer, and return control types, X-Y recorders, storage (613) 592-5111. 
instructions to local devices. oscilloscopes, printers, In Europe: 81 route de l'Aire, 
If you want, it can also com- modems, and LED displays. 1211 Geneva 26. Telephone: 
municate interactively, without System prices start at $2000. 42 79 50. 

We think interfacing is so important, we've devoted an entire department to it. ~ D m Dam D 
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Carpenter soft magnetic alloys. 
Uniform. 
Profitable. 
All the time. 

Carpenter soft magnetic alloys are 
specially tailored for fabricating 
techniques: stamping, etching, 
deep-drawing, spinning, 
hydroforming, machining, 
forging, cold heading, 
blanking and forming. You 
specify which you use. 

Got a question? Call your 
Carpenter Service Center 
for effective answers. 

Every grade, form and size you'd 
ever need. You can handle any job. 

Consistent, uniform quality keeps 
production up and costs down. 

164 Circle 164 on reader service card 

Users will tell you. 

Top quality from surface to core. 
Beautiful to work with. 

You can get everything. High 
permeability grades. Silicon core

Irons. Nickel-Iron alloys ... 
and the purest commercial 

Iron high flux density alloys ... 
available. 

Get prompt, personal attention on all your 
soft magnetic alloy requirements . Call your 
nearest Carpenter Service Center today for 
complete information . Or write Carpenter 
Steel Division , CarpenterTechnologyCorpora
tion , Reading , Pa. 19603. European Office: 
51 , Square Vergote , 1040 Brussels, Belgium. 

CARPENTER STEEL DIVISION 

For shielding, you can 't beat Carpenter Hipernom®. 
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Components 

Paper capacitors 
take high power 

Extra leads shut off 

Mylar-paper devices 

if they overheat 

Mylar-paper capacitors aren ' t 
known for their ability to withstand 
high voltages, but a variation of a 
proven component of that type spe
cifically designed for high-voltage 
circuits will make its bow in Booth 
1216 at the IEEE Intercon 74. 

That's where Electro-Motive 
Corp., a subsidiary of International 
Electronics Corp., will show the 

newly designed El-Menco type 
MPCE four-lead device, which 
offers safe high-voltage operation in 
such applications as the high-volt
age horizontal oscillator circuit of 
color-TV sets. Two-lead versions 
might cause fire, explosion, or melt
ing of circuits and components ·in 
such applications after prolonged 
overloading. 

In the four-lead version, when the 
capacitor is wired into a circuit, 
overheating will cause one or more 
of its four terminal connections to 
increase in de resistance so that the 
capacitor shuts down. Shutdown can 
also be triggered by excessive vibra
tion. 

As with its two-lead forerunner, 
the four-lead unit is non-inductively 
wound with Mylar and paper, and it 
is vacuum-impregnated with min
eral oil. The sections are enclosed in 
an impervious ceramic tube and 
sealed with a specially developed 
epoxy and fill . 

Electronics/ March 7, 197 4 

The conventional two-lead El
Menco type MPCE capacitors have 
demonstrated excellent ac and pulse 
characteristics. They are used in TV
flyback circuits ( 15 kilohertz), power 
converters (400 Hz to 50 kHz), fluo
rescent-light circuitry ( 100 kHz), and 
in noise-filter circuits with peak cur
rents of several amperes. 

El-Menco type MPCE capaci tors 
range from .001 microfarad to l µ,F. 
De-rated voltages of 1,000, 1,600, 
and 2,000 v are designed for the 
temperature range - 40°C to + 85 °C. 
They offer capacitance tolerances of 
± l 0% and ±20%. 

In the 1,600-v de range (the range 
in which the four-lead critical safety 
component is presently being manu
factured), .001 µ,F capacitors mea
sure l.187 inch by .41 in. ; .056 µ,F 
capacitors are l.875 in. by .8 in. 
International Electronics Corp. / El-Menco, 

316 South Service Rd ., Melville , N.Y. 11746 

[341] 

Stepper is aimed at 

floppy-disk applications 

The Tormax model 020-029 stepper 
motor is designed for manufacturers 
of floppy-disk recorders. The output 
shaft of the motor is an integral lead 
screw, which is used to position read 
and record heads linearly. The de
vice also offers a good torque vs dis
placement gradient, which makes 
not only for good settling time but 
also for the holding required for 
rapidly addressing information and 
maintaining track-to-track posi
tional accuracy. Step angle is 15°, 
and maximum response rate is 220 
pulses per second with a maximum 
input current of 1.65 amperes. 
IMC Magnetics Corp. , 570 Main St., West

bury, N.Y. 11591 (343] 

Motion potentiometer is 

for automation uses 

A miniature linear-motion poten
tiometer is designed for use as a po
sition indicator for automatic ma
chinery, such as industrial robots, 
servo valves, and actuators. The 

model 120 provides a I-inch stroke 
and has clearance holes for mount
ing. Various shaft endings, plain, 
threaded, or slotted, are available. 
The continuous conductive-film re
sistive elements are suitable for ac 
or de operation without amplifica
tion. Linearity is to 0.1 %, and resist
ance range is from 500 ohms to 100 
kilohms. 
Computer Instruments Corp., 92 Madison 

Ave., Hempstead, N.Y. 11550 [344] 

Lighted switches can be 

---made into a keyboard 

Users can make their own keyboard 
or data displays with a series of 
Yi-inch push-button switches featur
ing independent lamp circuitry. 
Single-pole single-throw through 
double-pole double-throw functions 
are offered with ratings of 30 volts 
de or 115 v ac, 2 amperes resistive, 1 
A inductive . Minimum life is 
100,000 operations. The series 61 is 
also available in momentary or al
ternate action with nominal oper
ating pressure from 9 ounces. 
Electro-mech Components Inc., 1826 North 

Floradale, S. El Monte, Calif . 91733 [345] 

Subminiature slide switch 

inhibits flux contamination 

Designated the Mini-Mike model 
23-021-303, a subminiature slide 
switch is a double-pole double
throw unit with insert-molded ter-
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YES NO 

SMARl00 
GAUDY00 

DRESS YOUR SYSTEMS IN TRIMLINE ENCLOSURES. 
TO GET THAT ADMIRING ATTENTION YOU WANT! 

TVA Series Vertical Assemb ly
Const ruction Detai Is 
(1 Fram e, 2 End Panels, Rea r Door) 

""' ,,,..,. 

_ ... ----· 

--·-· 

·-·e 

1. Tr im, ex truded anodized alumi· 
num wi th textured vinyl inl ays 

2. Outsi de removable fl ush end 
panels (16 ga.) 

J . Recessed ha nd grip for panel 
re mova l 

4. 2 pr. panel mou nt ing angles, 
f ul ly adjustable front to rear with 
tapped 10·32 ho les on EIA & 
WE Standards spacing (1 2 ga. ) 

5. 1" dia. holes for ca bl e entry 
beneath base 

6. Recessed cas ter moun t ing ho les 
7. 1 piece formed stee l base pro · 

vides f or heavy equipment mount· 
ing area and concea led caster 
mou nting (14 ga. ) 

8. 1 piece so lid top for ext ra r igid· 
it y and squareness (14 ga.) 

9. Foam gasketing (3 sides) 
10. Magnetic closure gaske t 
11. Door stiffener channel 
12. Keyed latch and brushed alum i· 

num pull hand le 
13. Horizontal cross-brace and panel 

mount ing angle supports 
14. Quick release, spring loaded door 

hinges (top and bottom) 
15. l '/s" dia . knock-outs fo r rea r 

cab le ent ry underneath rear door 
16. Formed stee l uprig hts (14 ga.) 

prov ide 'h " recess to panel 
mounting angles 

All fea tu res shown are standard in 
the Trim line TVA Seri es 
We lded, formed steel construc t ion 
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minal pins specifically designed to 
inhibit solder and flux contamina
tion. The use of thermoset plastic 
and· gold-over-nickel-over-brass 
plating also provides low energy us
age for pc-board applications, with 
minimal contact resistance. Quan
tity price is less than $1 . 
Chicago Switch Inc ., 2035 Wabansia, Chi
cago , Ill. 60647 [347] 

Liquid-crystal filters offer 

51 .2-MHz center frequency 

A line of liquid-crystal filters, desig
nated the 6918LA, offers a center 
frequency of 51.2 megahertz. Other 
specifications include a 3-decibel 
bandwidth of 28.4 MHz minimum, a 
shape factor of 1.5:1at30/ 3 dB. and 
an operating temperature of -10° to 
+ 65 °C. The filters , priced at under 
$50 in lots of 100, are available in 
low-pass , high-pass , bandpass , 
band-reject or in combination config
urations. 
Damon Corp .. Electronics Division , 80 Wil
son Way, Westwood, Mass. 02090 [346) 

Program relay performs 

multiple functions 

The model P-69 program relay, us
ing 12 in-line microswitches, per
forms multiple switching functions 
and is said by the company to fill 
the gap between complex relay gat
ing and solid-state circuitry. The 12 
microswitches are independently ac
tivated by interchangeable cam bars 
held in 12 slots around the periph-

~-~•'' 
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Digital readouts. Ubiquitous 
in calculators and instrumentation. 
And the coming thing in all kinds of 
consumer gear. Appliances. Hi Fi. 
Cars. You name it. 

You know it. We know it. 
So what? 
So, for starters, we can give you 

what nobody else can. All (that's right, 
all) of the standard character heights 
in the most commonly used digit 
combinations. With the best resolution 
in the business (because of our unique 
mask construction) . And in easy to 
read, orange-red. 

We call it DiaDigit:• A differently 
designed, single envelope package, 
multi-digit gas discharge display. You 
don't need other package combina
tions to get what you want. It's IC com-

Circle 167 on reader service card 

patible. Mechanically you handle it _ 
like other components in your system: 
leads like an IC, mounts directly to 
your PC board, no fancy sockets to 
buy. It also has low power require
ments. Super reliable. Sounds good, 
right? But by now you may be wonder
ing just what our qualifications are. 
Good question. We're well known as 
the leader in innovative packaging 
to the semiconductor industry. (You 
guessed it. Logically, our package is 
based on DIP construction techniques. 
The processes used are our own 
patents.) 

Bonuses : We're fast on specials. 
We can give you many combinations 
of letters, symbols and digits. Because 

we're geared to handle the unusual, 
and the simplicity of our design lets us 
deliver what you need. 

Now, if you're hooked on the 
possibilities, but worrying about the 
price. Don't. We're competitive. 

After all , we think the name of the 
game is numbers. And we want 
everybody to play. 

We can't spell out all the details 
here. And you probably have our 
competitor's specs. All we ask is you 
compare ours. (Along with price 
and delivery.) 
Diacon, Inc .. 4812 Kearny Mesa Road , 
San Diego, California 92111. Or phone 
714/ 279-6992. 



New products 

ery of a rotating cylinder. In each of 
the 12 operating positions, reached 
through an ac- or de-powered step
ping mechanism, any one of more 
than 1,000 combinations may be 
programed. When two or more re
lays are connected in series or paral
lel, the number of permutations 
multiplies accordingly. 
Global Marketing & Management Inc ., 947 
Beau Drive, Des Plaines, Ill. 60016 [348] 

Infrared lamp emits 

from 0.4 to 5 µm 

An infrared lamp source, called the 
model CMS-3968, emits a spectrum 
wavelength from 0.4 to 5 microme
ters. The device also operates on a 
total power input of 33 watts at 12 
volts ac or de and offers a life ex
pectancy averaging in excess of 

5,000 hours at rated voltage. The 
lamp is designed primarily for use 
in automotive-exhaust analyzers 
and other pollution-detection equip
ment. 
Chicago Miniature Lamp Works, 4433 N. 
Ravenswood, Chicago, Ill. 60640 [349] 

Heat sinks cool 

T0-11 6 devices 

Dual in-line heat sinks are available 
in four styles to cool T0-116 and 
similar devices without taking up 
extra board-space. The models 141 
and 142 measure 0.40 by 0.75 inch, 
the models 143 and 144 measure 
0.25 by 0.75 in., and the model 145 
is 0.21 by 0.75 in. The models 141 
and 142 can also be used on l/z-inch
wide microcircuit packages. 
Aham , 968 W. Footh ill Blvd. , Box 909 , Az
usa, Cal if. 91 702 [350) 
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(Time to get serious about uninterruptible power sources.) 

America's romance with energy is cooling 
off. We're running out of steam, out of water
falls, out of electricity from any source. And as 
our power becomes less available, brownouts 
and blackouts become more likely. (Just ask 
your computer.) Fortunately, there's still time 
to install an Elgar Uninterruptible Power 
Source. It will protect your computer system 
against voltage dropouts and brownouts (regu
lation to -+- 2%; up to 40 dB line transient re
duction) and give 10 minutes of backup power 
in the event of a blackout. Write or call for de
tails today ... while you still have the energy. 
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Elgard U ninterruptible Power Sources are 
available in 500 VA to 15kV A models. They 
supply up to ten minutes of instantaneous re
serve in case of power failure; and they have 
self-contained, maintenance-free batteries. Ideal 
for IBM Systems 3 and 7, DEC PDP Series, 
Burroughs Banking Systems, and Litton/Sweda 
P.O.S. Systems. Priced from $1,895. 

ELGAR 
-8225 Mercury Court, San Diego, 
CA 92111 Phone (714) 565-1155 
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New products 

Instruments 

Analyzer boasts 
tuning accuracy 

Spectrum-measuring unit 

operates in either 

frequency or time domain 

Spectrum analyzers suffer from sen
sitivity problems and tuning uncer
tainties that make it difficult to use 
them on very weak signals, espe
cially in the presence of stronger 
ones. To detect a very weak signal, a 
very narrow i-f bandwidth must be 
used-but a very narrow i-f pass
band must be positioned with great 
accuracy to ensure its being cen
tered on the weak signal. This 
means that excellent tuning ac
curacy and low frequency-jitter are 
necessary for the acquisition of 
weak signals. 

Rohde & Schwarz has therefore 
incorporated a very fast-responding 
varactor-tuned local oscillator, and 
a series of i-f filters with extremely 
steep skirts into its latest analyzer. 
Called the Analyskop EZF, the in
strument is said to provide 1,000 to 
10,000 times the tuning accuracy of 
more conventional instruments. The 
unit spans the frequency range from 
6 kilohertz to 170 megahertz in four 
overlapping bands. With its add-on 
uhf tuner, model EZFU, the instru
ment's frequency range is extended 
to 2.7 gigahertz in two additional 
ranges. 

Input sensitivity of the analyzer 
over a I-kHz i-f bandwidth varies 
from about 0.5 microvolts to about 1 
µV, depending upon frequency. The 
1-µV figure applies at the top of the 

• • ·• ·M*•* *l •U ' 
" · . • ~ I .. 
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uhf tuner's range-2.7 GHz. The 
bandwidth can be made as small as 
50 Hz with an accompanying im
provement in sensitivity of three to 
five times. 

In addition to functioning in the 
frequency domain as a normal spec
trum analyzer, the Analyskop can 
also make time-domain measure
ments. In this mode, the frequency 
scan is stabilized at a selected point 
in the displayed band, and the fre
quencies passed by the i-f filter then 
in use are fed to either an a-m 
demodulator or an fm discrimina
tor. The waveform that results is 
then displayed in the time domain 
by a time base that is synchronized 
with the input signal to provide a 
stationary display. When stabilized, 
the analyzer's local oscillator has 
approximately 1 Hz of residual fm 
noise on it. 

With the uhf tuner, frequency is 
indicated from 0 to 2.7 GHz by 
means of a seven-digit counter. 
Tuning accuracy is within 1 kHz to 
10 kHz, depending on range, while 
frequency resolution varies from 10 
Hz to l kHz. 

The basic Analyskop EZF is 
priced at $18,485, and the uhf tuner 
adds $8,070 to the price. 
Rohde & Schwarz Sales Co. , Inc., 111 

Lexi ngton Ave., Passaic , N. J. 07055 (351] 

Three plug-ins added 

to 60-MHz scope family 

Two amplifer plug-ins, models 5A38 
and 5A45, and a time-base plug-in, 
model 5B40, have been added to the 
5400-series of 60-megahertz oscillo
scopes. The model 5A38 is a dual
trace amplifier with a 35-MHz band
width. It is intended for applications 
requiring more than the 2-MHz 
bandwidth of the company's 5100-
series amplifiers but not requiring 
the full 60-MHz bandwidth of the 
5A48 dual-trace amplifier. For ap
plications requiring a wider band
width, but needing only a single 
channel, the 5A45 amplifier plug-in 
offers a 60-MHz bandwidth with a 
sensitivity rating from 5 millivolts 
per division to 10 mv/ division. The 
5B40 timebase unit provides sweep 

generation and an external ampli
fier. Sweep rate ranges from 5 sec
onds per division to 10 nanoseconds 
per division. Price for the 5A38 is 
$350; the 5A45 is priced at $250, 
and the model 5B40 is $275. 
Tektronix Inc., Box 500, Beaverton, Ore . 

97005 (353] 

Recorder delivers copy 

at 90 lines per minute 

With a speed of 30 sweeps a second 
or 90 lines of data per minute, the 
model 600 Push-to-Print recorder 
employs a facsimile technique on 
electrosensitive paper. The instru
ment is meant to work with conver
sational terminals using bistable 
storage tubes. TV or CRT terminals 
can also be interfaced with the 
recorder directly through a scan 
converter. Paper advance is 100 
lines per inch, and 400 frames can 
be provided on a 200-foot roll of pa
per. Price of the recorder is $2,500, 
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• eliminates silver scavenging 

• prevents base metal bleed-thru 

• eliminates silver migration 

• allows either soldering or bonding 

AVX's development of a new, exclusive technique 
for applying silver, nickel and gold terminations on 
ceramic chip capacitors is another example of AVX 
technical leadership. 

AVX ceramic chip capacitors with NiGuard can 
speed your assembly and improve dramatically 
your production yields. 

TM 

Nobody makes more ... or better multilayer capaci
tors than AVX. This combined with AVX technical 
leadership means you can depend on AVX to de
liver consistent quality chip after chip after chip. 
Available in a wide range of sizes. Meets all stan
dards including EIA, and high reliability MIL 
C-55681A specifications. Whether you need chips 
in V2 pf to 50 mfd ranges or higher, AVX can supply 
them. Need applications assistance, it's yours for 
the asking. 
For complete information, 
request a copy of the AVX Short Form Catalog. 
Write AVX Ceramics, 
P.O. Box 867, Myrtle Beach, S.C. 29577. 
Telephone: (803) 448-3191. TWX: (810) 661-2252. 
Or 0.1.A.L. EEM toll-free (800) 645-9200 
(In N.Y. State, call (516) 294-0990). 

~/~\V/j'( 
THE CERAMIC CAPACITOR MANUFACTURER I 

Electronlcs/ March 7, 197 4 Circle 171 on reader service card 171 



COMPUTER·COMPATIBLE 
PROGRAMMABLE 

ANALOG FILTER 
16CHANNELS 

SYSTEM816 
• DIRECT INTERFACE WITH COMPUTER, PROGRAMMER 

OR SWITCH CLOSURES 
• PLUG-IN CARDS PROVIDE UP TO 16 INDEPENDENT 

FILTER CHANNELS IN 5%" HIGH PANEL 
• LOCAL, REMOTE, AND ON-CARD PROGRAMMING 

OF CUTOFF FREQUENCY 
• CUTOFF FREQUENCY RANGE: 0.01 Hz to 150KHz 
• FUNCTIONS: Low pass, high pass, bandpass, band reject 
• ATTENUATION SLOPE: 48 db/octave/channel 
• ATTENUATION CHARACTERISTICS: Butterworth, Bessel 
• DYNAMIC RANGE: 80 db 
• PASSBAND GAIN: 0 db 
• OUTPUT SIGNAL: 20 volts p-p 
• IMPEDANCES: 1 Meg input, 50 ohm output 

SOME APPLICATIONS: 
• BAND LIMITING ANALOG SIGNALS PRIOR TO 

AID CONVERSION (ANTI-ALIASING) 

• NOISE ELIMINATION IN DATA CHANNELS 

• TRANSDUCER OUTPUT FILTERING 

• FAST FOURIER ANALYSIS 

For immediate information on how Rockland's instruments 
can meet your specific application and delivery 
requirements - call our local rep or Dave Kohn directly at: 

ROCICl.Rl\ID 
Rockland Systems Corporation 230 W. Nyack Road, West Nyack, N. Y. 10994 

(914) 623-6666 • TWX 710-575-2631 
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and delivery time is 60 days. 
Alden Electronic & Impulse Recording 
Equipment Co., Alden Research Center, 
Westboro, Mass. 01581 [356) 

Capacitance bridge 

operates at 1 MHz 

A capacitance bridge operating at 1 
megahertz provides automatic pro
gramable capacitance and conduc
tance measurements. The versatile 
instrument displays changes of ca-

pacitance or percentage of change 
in relation to an internally stored 
reference, as well as series or paral
lel resistance, dissipation, and Q. 
Features include a 2-picofarad full
scale sensitivity, autoranging, and 
continuous and manual trigger 
modes. Price is about $4,900. 
Boonton Electronics Corp., Rte. 287 at 
Smith Rd., Parsippany, N.J. 07054 [355) 

Fm / a-m modulation meters 

measure narrow deviations 

The model 2300B fm/a-m modu
lation meter measures narrow de
viations. The instrument uses a 
tuned local oscillator that reduces 
internal fm noise and almost elimi
nates microphonics. Fm deviation 
as high as 500 kilohertz can be mea
sured at carrier frequencies to 1,200 
megahertz, and a-m depth can be 
measured to 95% at carrier fre-
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When the questions 
are about enclosures, 

Optima has beautiful answers. 

Whether packaging small, digital 
multimeters or a huge, commu
nications center, you need 
enclosures with structural in
tegrity, access, and versatility. 
Doing their job and doing it 
well. 

How do you get them? Con
sider the alternatives ... job 
shop? ... in-house construction? 
... a manufacturer? To decide, it 
is important to ask the right ques
tions and get the right answers. 

!lllm~ 

Sales Appeal 

The first ten seconds of display 
for an electronics unit focus simply 
on its style, color and finish. They 
w on 't break a sale -the equip
ment inside does that. But they 
can sure help make one. 

• Is an industrial designer with 
packaging skills involved? 

• Can you get the superior vinyl 
finishes so much in demand 
today? Or woodgrains? Or spe
cial textures? 

• Is a total range of designer 
colors on hand? 

Versatility 
An important sales tool is the 

ability to adapt to the changing 
needs of a client. 

• Does a source offer hundreds of 
configurations to choose from? If, 
for instance, your client is think
ing vertical rack, but wants the 
operator seated, can you offer a 
console-desk? 
• Does a client need a ventilating 
grille? a blower? stabilizers? 
Wouldn't drawer slides help his 
operations? What about writing 
surfaces, storage areas, drawers, 
casters? Are they in production, 
on line and ready to go? 

Customer Service 
A re your own nee ds being 

served? 
• Can you get personal service 
from engineers, designers, and 
production people? 
• Can you get special applications 
assistance? 
• Does your source have a 
knowledgeable customer-service 
representative? 

The Optima Line 
Our line of enclosures for 
electronics is the product of 
finding good answers to 
tough questions. Whether 
your question is component 
access, cooling, special 
applications or new product 

development and even safe 
shipping-we're ready! 

Ready with Small Cases in 24 
sizes from 133.6 to 1445.4 cubic 
inches; Instrument Cases and 
Racks in 124 sizes for 19- and 24-
inch panels; Desk Consoles which 
are adaptable systems of instru
ment housing, counter and stor
age space; and the unique 
combination of chassis and case
Optima 17. 

Computer scheduled manufac
turing assures you of top quality 
control. We finish each unit in
side and out with rugged vinyl 
and assemble them for final 
inspection -including most 
options and accessories - right at 
the plant. 

Optima is the best answer. No 
question about that. 

Write Optima Enclosures, 2166 
MountainindustrialBlvd., Tucker, 

Ga. 300.84 or call "RIJlllMA 
(404) 939-6340. vr I II"' 

Other Scientific-Atlanta Inc. Divisions are • Cable Communications • Instrumentation • Electro-Systems • Southe rn Tool and Machine • Security 
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If the timing diagram 
saxs your logic 

shoulCI look like this ••• 
e~ 11 II 

I I I I 
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••• now you can 
see if it does. 

Introducing the Glitch Fixer: 
Biomation's new 810-D Digital 
Logic Recorder makes any 
scope a data stream display. 
Analyzing a complex logic circuit-es
pecially asynchronous logic-used to 
be a tough assignment. No longer. Not 
if you put Biomation 's new Glitch Fixer 
-the 810-D Digital Logic Recorder
between your troubled circuit and any 
oscilloscope. It lets you record up to 
eight digital signals simultaneously. 
Presents them in the same format you're 
used to seeing on data sheets. And lets 
you expand the 250-bit data line (x5) to 
get a closer I ook at what you 've got. 

Best of all, it features an input latch that 
grabs hold of any random logic pulse
the glitch you're looking for-as narrow 
as 30 nanoseconds. 
Here are some other features to mull 

"See us at IEEE INTERCON Booth 2223-5" 

over: records 8 logic channels using 1 
Mn inputs 0 selectable logic thresh
olds, including TIL and EIA levels D 
synchronous clock input to 10 MHz or 
internal clocking selection from 20Hz 
to 10MHz 0 storage of selected data 
ahead of trigger 0 digital output for 
computer analysis or mass storage. 
The Glitch Fixer is a new basic piece of 
diagnostic instrumentation designed 
for (and at the request of) logic circuit 
designers and troubleshooters. If you 
work with logic circuits, our 810-D Digi
tal Logic Recorder will do the job. For 
$1950(withoutdisplay). Getthe product 
literature and see for yourself. Write, 
wire, or phone Biomation at 10411 
Bubb Road, Cupertino, CA 95014, 
(408) 255-9500, TWX 910 338 0226. 

biomation 
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quencies to 400 MHz. Applications 
are in fixed and mobile communi
cations, telemetry, and multichannel 
links. Price is $2,650. 
Marconi Instruments, 111 Cedar Lane, En
glewood, N.J. 07631 [354] 

Digital impedance meter is 

accurate to 0.25% plus 1 digit 

The model 275 digital impedance 
meter, which has an error of 0.25% 
plus one digit, makes four-terminal 
measurements of capacitance, induc
tance, resistance and conductance. 
In addition, lead resistance, leakage 
impedance, stray field effects, and 
temperature and humidity problems 
are said to be eliminated through 
the use of redundant circuitry. An 

--

external guard signal is available on 
the front panel to keep stray shunt 
impedance from influencing the 
measurements; only function and 
range need be set. Indicator lamps 
tell the operator which functions are 
being used. Price is $990. 
Electro Scientific Industries, 13900 N.W. Sci
ence Park Dr., Portland, Ore. 97229 (357] 

Slotted lines measure 

from 2 to 26.5 GHz 

The type 5240-series of slotted lines 
provide measurements over a range 
of 2 to 26.5 gigahertz of standing
wave ratio or impedance of instru
ments equipped with SMA connec
tors. To achieve the lowest residual 
SWR, the measuring connector is 
mounted directly to the slotted-line 
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When you need short- to medium-
run drilling at mass-production rates 
- and incidentally, almost eliminate 
template costs - consider Excel Ion's 
new 1218 Quad-Drill. This four
spindle machine offers both precision 
drilling of pc stacks and an adjust
able, semiautomatic drilling cycle by 
a template-following stylus. An 
exceptionally flat, rigid , dimensionally 
stable working surface is created 
by a massive granite surface plate 
on a gran ite base. 

Machine takes, in addition totem 
plate, four stacks of 12.5" x 18.5" 
boards . Despite the variable factors 
in hit rates, a conservatively estim

-ated production rate of one million 
holes per day per machine can be 
achieved . 

Very short loading/unloading 
cycles and extremely high registra-
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Four off the floor. 
Precise, 
semiautomatic 
drilling with Excellon's 
1218 Quad-Drill. 

Unique tooling plate provides spindle reg is tra
tion ol circuit stacks, minimum downtime, with 
any tooling pin center dis tance. 

tion accuracy are achieved through 
unique bushing-and-slot tooling 
plates. 

The 1218 maintains ± 0.001 " 
accuracy indefinitely. Template
making or short production runs can 

be accomplished directly from circuit 
art. In fact , the cost of templates 
made this way is so low, it can be 
virtually ignored in relation to hole
production cost. That's no small 
savings in itself. 

All in all, it's fast, it's neat, and it 
gets the job done economically. For 
more on the 1218 Quad-Drill, call 
Dick Hogan, Sales Manager, at 
(213) 325-8000. Or write. 

Excellon Automation 
A Div1s1on of Excell on Indu stries 

23915 Garnier Street 
Torrance, California 90505 

Phone : (2 13) 325-8000 

·--· •:e•·· 1.:.. 
Telex : 67 .45 .62 Cab le: Excel Ion Torran ce '------~ 

Exce ll on Sales and Servi ce in ENGLAND · FRANCE 
SCANDINAVIA · W. GERMANY • HOLLAND • AUS
TRALIA · HONG KONG ·TAIWAN • JAPAN 
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INTERNATIONAL'S 
MOE Crystal Oscillator 
Elements provide a complete 
controlled signal source 
from 6000 KHz to 60 MHz 
The MOE series is designed 
for direct plug-in to a standard dip 
socket. The miniature oscillator 
element is a complete source, 
crystal controlled , in an 
integrated circuit 14 pin dual-in
line package with a height ~ 
of Y2 inch. INTERNATIONAL 
Oscillators are grouped by 
frequency and temperature 
stability thus giving the user 

~liiiY 
a selection of the overall accuracy 
desired. Operating voltage 

CRYSTAL MFG. CO., INC. 
10 NO. LEE • OKLA. CITY. OKLA. 73102 

3 vdc to 9 vdc. 

TYPE CRYSTAL OVERALL 2s0 c PRICE 
RANGE ACCURACY TOLERANCE 

+ .002% Zero 
MOE-5 6000KHz to 60MHz -10· to +60°c Trimmer $35.00 

+ .0005% Zero 
MOE-10 6000KHz to 60MHz -10· to +60°c Trimmer $50.00 
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body without needing an inter
mediate precision connector. The 
residual SWR of these precision SMA 
slotted lines is tentatively rated at 
l .05 to 18 GHz and l .065 to 26.5 
GHz. Price is $1,940. 
Alford Manufacturing Co ., 120 Cross St., 

Winchester, Mass. 01890 [358] 

Milliohm digital multimeter 

measures over 1 3 decades 

The 31/i-digit model 164 multimeter 
measures resistance over 13 decade 
ranges with an over-all sensitivity of 
10 microhms to 2,000 megohms by 
means of a de constant-current 
method. The 28 ranges of the 164 
include resistance measurement 

from 10 microhms to 2,000 meg
ohms, a voltage span of l microvolt 
to 1,000 volts de, and over-all de 
current sensitivity of O. l nanoam
pere to l ampere. Other features in
clude analog output for recorder 
monitoring, l ,000-volt overload pro
tection, 500-v floating capability, 80 
dB normal-mode and 120 dB com
mon-mode ac rejection, and 100% 
overranging on all except the 1,000-
v range. Price is $995. 
Keithley Instruments Inc., 28775 Aurora Rd. , 
Cleveland , Ohio 44139 [359] 
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We put 
the 

Guardian Angel 
TO 

THETESTI 

"Hey, Angel;' we said, "lots of engineers need a very small relay (like with all terminals 
on .1" grid for PC boards) but they want it to carry a big load (like up to 50 amps): ' 

"Easy;' said the Guardian Angel. 
"Wait;' we said, "this relay must be very dependable (like for computers and business 
machines) but must be very low cost (like for the competitive appliance business): ' 

"Not so easy;' allowed the Angel. 
"There's more;' we told her. "Engineers want this relay in dozens and dozens of ( 
variations (like 5 to 50 amps, SPST to DPDT and everything in between) . 
Oh, and AC or DC:' 

The Guardian Angel looked at us like we were nuts. 
"And while you're at it;' we went on, "give it a temperature range - 45°C to + 70°C ... 
life span over 10,000,000 operations ... and bring it in at about an ounce:' 

The poor kid just started to cry. 

"Look;' says we, "you're supposed to be THE Guardian Angel of engineers, 
so let's see you do your stuff. PASS US A MIRACLE, BABY!" 

DID THE GUARDIAN ANGEL SUCCEED? 
Or did she fall on her pretty patoot? 

SEE NEXT PAGE FOR THE EXCITING ANSWER t t t 
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New products 

Semiconductors 

Calculator chip 
has 8 functions 

IC for business, scientific 

machines also offers 

full memory control 

Calculator manufacturers-those 
who make commercial and scientific 
machines-want to pack as many 
functions into one chip as possible. 
The newest calculator chip from 
MOS Technology Inc. does just that; 
it offers eight functions with full 
memory control. 

Donald L. McLaughlin, engineer
ing vice president, says that the chip 
operates a maximum of 30 keys. 
The user implements his calculator 
simply by electrically connecting his 
keyboard to the chip according to 
MOS Technology's .instructions. 
While he doubts many users will 
want the full 30-key capability, " the 
flexibility is there if he needs it," 
McLaughlin says. 

The eight basic functions pro
vided by the MPS 2541-007 are add, 
subtract, multiply, divide, percent
age, square root, reciprocal, and 
square. McLaughlin notes that the 
square-root function, the most com
plex, was included by reprograming 
one of the company's existing 512-
word calculator chips with an al
gorithm written to add in both the 
square root and the full memory 
control. 

Seven memory-control keys can 
be implemented with the chip, be
ginning with the simple "clear 
memory" function, moving to the 
"recall memory" step, which trans
fers the contents of the memory reg
ister to the entry register without 
modifying data stored in memory, 
and on to five others. The "memory 
total" function transfers the con
tents of the memory register to the 
entry register an.d clears the 
memory register. The "memory 
add" operation adds the number 
displayed to the memory register 
without changing the display, while 

178 

the "memory subtract" step sub
tracts the displayed number from 
the memory contents without alter
ing the display. 

There are also " memory 
plus/equals " and " memory 
minus/ equals" operations available. 
The former executes a prior stored 
command and adds the result to the 
contents of the . memory register, 
transferring the new value to the 
display; the latter does the same 
thing in the subtract mode. 

McLaughlin says that the eight 
functions plus seven memory-con
trol operations represents just about 
any combination a commercial or 
scientific calculator maker could re
quire short of slide-rule complexity. 
The chip also incorporates an inter
nal clock generator, direct segment 
drive for a LED display, a low-bat
tery detection circuit, and display
cutoff circuit, minimizing the need 
for external components. 

The price in 100,000 quantities is 
$12.75 each; prototypes will be 
available this month, with full pro
duction by lateApril. 
MOS Technology, 950 Rittenhouse Rd., 
Norristown, Pa. 19401 (411] 

Multiplexing technique packs 

4-kilobit RAM in 16-pin DIP 

Staking its new claim in the 4,096-
bit RAM market on a substantial 
savings in memory-system real es
tate, Mostek Corp. has shrunk its 
random-access memory. Using a 
novel input-multiplexing scheme, 
Mostek fits the 4,096-bit part into a 
standard 16-pin dual-in-line pack
age, an approach that should save 
considerable space in printed-cir
cuit-board layouts. " We 've also 
looked at pc-board-layout rules and 
automatic insertion equipment, and, 
taking conservative layout rules, we 
see that the 22-pin version takes 
56% more space," says Bob Cook, 
applications manager. 

The chip, which measures 157 by 
185 mils, uses a single-transistor-cell 
design. A special self-aligned pol
ysilicon interconnect enables elimi
nation of all contacts from the 
memory matrix for increased manu-

facturing yields [Electronics, Dec. 
18, 1972, p. 30]. To obtain the 16-
pin configuration, Mostek breaks 
the 12 bits necessary to address the 
chip into two 6-bit bytes- the first 6 
address one of 64 rows and the sec
ond, one of 64 columns. 

Because the timing is more com
plex, the MK 4096, as it is called, re
quires two external clocks. But the 
chip's clock inputs are directly ITL
compatible, which eliminates the 
need for high-level drivers. In ad.di
tion, clock-input capacitance is only 
5 picofarads. 

A multiplexer is keyed to the 
clocks to present to the chip either 
the row portion or the column por
tion of the address, in that order. 
The chip is selected as the column
address strobe goes negative. "But 
since a 2: 1 multiplexer is necessary 
for memory-refresh of the 22-pin 
RAM, the complexity we're asking 

. for in the controller design is that 
the multiplexer be 3: l ," Cook points 
out. 

Access time of the memory, which 
uses power supplies of + 12, + 5, 
and - 10 volts, is 350 nanoseconds, 
and read and write .cycles are· 500 
ns. Active power dissipation is less 
than JOO microwatts per bit ; 
standby power is less than 2.5 µ,w 
per bit. The part, in quantities of 
100, is priced at $45. Mostek expects 
a second source to be announced 
next month. 
Mostek Corp., 1215 W. Crosby Rd ., Carroll

ton , Texas 75006 (404] 

1 ,024-bit RAMs provide 

30-nanosecond access 

A pair of bipolar 1,024-bit random
access memories developed by Sig
netics have typical access time of 
only 30 nanoseconds. The two ver-
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We said, 
"OK, Angel, 

PASS US 
MIRACLE" 

IT'S SMALL ••• all terminals 
on .l" grid spacing for standard PC board, 
weighs about an ounce. 

IT'S BIG ••• carries 5 to 50 AMPS 
with a life expectancy over TEN MILLION 
operations. 

IT'S HIGH ••• in quality to 
meet uncompromising dependability 
demands. 

IT'S LOW ••• in price to keep 
your product competitive. 

IT'S VERSATILE ••• 
DPDT, DPST-NO; DPST-NC, SPOT, 
SPST-NO; SPST-NC ... 5 to 50 amps, 
AC or DC. Solders right on PC board ... 
or use mating socket. 

Way to go, Angel. .. way to go! 
SEND FOReee the complete story on the new 1360 ... 
plus all the other miraculous Guardian Relays. Circle the reader 
service number for your just-off-the-press 1974 RELAY CATALOG. 

mlU~E!T!C t!AI!G~ ~t !,~A~.: llllnol' 60607 
Circle 177 on reader service card 



• CIRCUIT-STIK introduces 

GP BOARD/ 
GENERAL PURPOSE 
CIRCUIT BOARDS 
Plug-in & Chassis Mounting 
and ELECTRONIC 
PACKAGING MATERIALS 

GP CIRCUIT BOARDS 
HIGH QUALITY 
• FR-4 Blue Epoxy Glass 
•Computer "DRILLED", High 

Accuracy Holes (not punched) 
• Mil-Spec Plating 
• Precision Routed Edges 

VERSATILITY 
• Mix All Types of DIP 

Sockets (8 to 40 Leads) 
• Low, Medium and High 

Profile Interconnections 
• Hybrid Designs for Mixing 

Discretes and Sockets 
• Designed for Edge Connector 

"Plug-In" or Chassis Mounting 
• RFI Shielding 

HIGHEST DENSITY 
• Up to 50 DI P's on one 

4%" x 6Y," Plug-In Card 
Plus Space for 50 
Decoupling Capacitors 

COMPLETENESS of 
STANDARD DESIGNS 
• Choose from 7 4 Off-the-Shelf Boards 
• 4 Sizes of Boards available 

APPEARANCE 
• Beautiful Gold , Blue and Bright Tin 

FULL LINE of ACCESSORIES 
(HIGH QUANTITY PRIC ING AVAILAB LE) 
• Sockets - Low and Standard 

Profile, P.C. and Wire Wrap 
- Molded Nylon and Highest 
Quality Gold Contacts 

• Adapterplugs 
• Con nectars 
•Card Pull Handles 

EPOXY GLASS BOARD 
MATERIALS 
• 76 Standard off-the-Shelf Boards 
• Including Unclad, Copper Clad , 

Cut & Peel Copper Clad, 
Pre-etched "X-Y" Pattern and 
Plated thru Hole Copper Clad 

• .100" Grid Hole Pattern or Undrilled 

SEND FOR YOUR FREE CATALOG 

P.O. BOX 3396 
Torrance, Cal ifornia 90510 
Phone (213) 530-5530 

® 
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New products 

sions being introduced are the 
82SIO, which has open-collector 
output, and the 82S 11 , which has 
tri-state output. The latter is appar
ently the first 1,024-bit memory to 
provide this feature. Both have the 
common 1,024-bit pin layouts and 
are compatible with Signetics' al
ready announced 82S08 1,024-bit 
RAM with its power conserving 
"power-down" mode. 

The RAMs are fully TIL-compat
ible. Signetics has used the same 
process to obtain the Schottky effect 
in earlier products, including 256-bit 
RAMs. The new RAMs, which are or
ganized 1,024 by I bit, can be easily 
combined to make larger memories. 
The open-collector version is more 
commonly required, but the tri-state 
part is good for driving a capacitive 
line. 

Both should find applications in 
buffer and scratch-pad memories, 
and Signetics predicts that they will 
be competitive in high-speed main
frame applications by 1975 . The 
RAMs are also suitable for writable 
control storage. "They will get down 
to the I-cent-per-bit level at the 
same time that the smaller 256-bit 
RAMs do," says Harry Neil, market
ing manager for bipolar products. 
The present price in quantities of 
100 is $63.20 each, which Neil says 
is cost-competitive with other bipo
lar memories of the same capacity. 

Each RAM requires a single + 5-
volt supply and typically consumes 
120 milliamperes at 5.25 v. Max
imum power-supply current at that 
voltage is 160 mA. 

All specifications are quoted for 
the range of0°C to 75°C. Ac charac
teristics include maximum address 
access time of 45 nanoseconds and 
maximum chip-enable access time 
of 30 ns. Both parts are supplied in 
16-pin dual in-line packages. 
Signetics Corp., 811 East Arques Avenue, 

Sunnyvale , Calif. 94086 [412] 

Voltage-level translator 

handles C-MOS devices 

Solitron Devices Inc., San Diego, 
Calif., has introduced a voltage
level translator that handles C-MOS 

circuitry. Called the CM4104A, the 
quad unit translates logic levels 
from a low-voltage system to a 
higher-voltage system. The com
pany says this function has not been 
available in integrated form for 
C-MOS until now, but could previ
ously be accomplished only by using 
discrete transistors. 

The CM4104A is useful in appli
cations where C-MOS devices must 
be interfaced to the outputs of TIL 
when the C-MOS system is operating 
at a higher voltage, in bus-oriented 
systems, or in systems where high
frequency C-MOS oscillators are op
erated at low voltages to conserve 
power, but must drive higher-volt
age logic or output devices used in 
the system. 

Each unit consists of four trans
lators, each with a true/complement 
output. Each translator shares a 
common enable input to provide a 
high-impedance output when the 
enable input is low. Output imped
ance is 700 ohms, output leakage is 
5 nanoamperes, and input leakage is 
100 picoamperes. Propagation delay 
from low to high is rated at 170 
nanoseconds, and the figure from 
high to low is 350 ns. Power dissipa
tion is 100 microwatts. Packaged in 
a 16-pin dual in-line package, the 
epoxy-encapsulated device is priced 
at $3.45 each in 100-lots. 
Solitron Devices Inc. , Box 23157, San 

Diego, Calif. 92123 [413] 

256-bit SOS memory 

cycles in 180 ns 

Using silicon-on-sapphire tech
nology, a 256-by- l random-access 
memory, designated the model 
INS4200S, offers a read-cycle time 
of 180 nanoseconds and a write
cycle time of 140 ns. Quiescent 
power dissipation is 40 microwatts, 
and operational power dissipation is 
26 milliwatts. Input capacitance is 
rated at 6.5 picofarads at 25 °C, and 
supply voltage ranges from 5 to 15 
v . Other features of the device in
clude a three-state-compatible out
put, full address decoding and bipo
lar-compatible pin-outs in a 16-pin 
dual in-line package. A minimum of 
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Need a DMM with a difference? 
... Keithley's got em! 
Tired of "general purpose" Digital Multimeter perfor
mance? Want that something extra that'll make your 
job easier? Then we've got the Multimeters for you . 
Take ournew 5-1 /2 digit, 10 µ.V resolution, $750, 
ac/ dc Model 190 ... or our new 5-function , 32-range 
Model 165. It's even got a built-in 1 mA source for 
semiconductor testing . Then there's our model 171 
... a real do-it-al l DMM . 4% dig its, 1µ.V resolution , de 
volts, ac volts, ac/dc amps, ohms too. 

Our latest " How sweet it is" proclamation is on a 
marble base paperweight. It's free when you re
quest a DMM demo. Get one now! 

Electronlcs/March 7, 1974 

But the Keithley family doesn 't end there. We can 
give you resolution to 30 nanovolts, or let you mea
sure currents of 10-15 amp, or resistances to over 
1014 ohms ... we 've even got a DMM that has the read
out in a probe. 

If you have a job that needs a DM M and then some, 
we can help. Send for our Digital Multimeter selector 
guide or call for a demo now. Phone (216) 248-0400 

ll!
KE ITH LEY 
INSTRUiv.t:ENTS 
U.S.A., 28775 AURORAROAO . CLEVELAND. OHl044139 
EUROPE, 14, AVENUE VILLAROIN, 1009 PULLY, SUISSE 
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The Color Guard 
comes on slrong in 

color conlrol. 
Get the brights, with a rainbow 
of SUikrome® color filters that 
slip easily over clear mini
ature lamps, automotive 

And for 
applications 
where light 

is critical, they 
come on strong two 
ways--as a seal of 

safekeeping against 
light leakage, and as 
shockmounts for sen
sitive lamps. All this, 

lamps, even potted 
lamps ... to make 
them any color you 
want. The inter
changeable, 
field-replaceable 
silicone rubber 
boots stay color
fast and pliant, 
even after 1000 
hours at 500°F, 

~-....-..Ji with no plastic caps to 

so you can put 
color to work v 
when you 
want it, 
where you 
want it, 
as long a s 
you want it. 

THE 
CLEAN 

FIGHTERS. 

melt or crack, no 
coated bulbs to fade 
or chip, no mounting 

hardware needed. 
Find out more

write or phone today 
for free literature, 

price information and 
samples: APM-Hexseal, 

44 Honeck St., 
Englewood, N.J. 07631; 

(201) 569-5700. 

~!?M:W§~ 
Circle 182 on reader service card 

The HS-2005 .. . a wire memory offering 
speed, capacity, cost and reliability 

of ample proportions. 
This is our latest wire memory. It gives you access time of 180 ns and 
cycle time of 250 ns. Memory elements, of course, consist of our own 
special development, magnetic wires. Non-destructive read-out is 
featured . H5-2005 means maximum reliability at minimum cost. In 
fact, you get a 65 ki lo-byte assembly with an MTBF figure of 10,000 
hou rs. H5-2005 is a com ponent precisely matched 
to comp uters of the new age. 

Wire Memory System HS-200S Specifications 

1. Memory elements Non-destructive read-out 
2. Storage capacity 8 kwords/80 bits, 16 kwords/ 
40 bits, 32 kwords/20 bits 3. Access t ime 180 
nanoseconds 4. Cycle t ime Write-in Read-out 
250 nanoseconds 5. Interface levels TTL logic . .. 
H +2.4- +5V L -0.5-+0.SV 6. Dimensions 
500 x 300 x 112mm (Basic unit capacity is 65 
Kbytes . Expansion to one megabyte is possible.) 
7. Required power +30V, + 15V, + 5V, -15V 

Please contact our sales department if you have 
special requirements. 

• 

r~ . ..,. I ! ~e~ ~~e.·H~·~a:a. Oh.,·ku, Tokyo, ):pan 
New York: Toko New York Inc. 

• 350 Fifth Avenue, New York, N.Y. 10C'01 U.S.A. Tel : 565-3767 
Los .A.ngeles: Toko, Inc. Los An1ele1 Liaison Office 

182 

3440 Wilshire Blvd., Tishman Bu ild ing, Suite 1106 Los Angeles, Calif. 
90010, U.S.A. Tek 3eo-o417 

DiiHefdorf: Toko, Inc . Europe liaison Office 
4 DOsseldorf, Koiner StraSe 246, DUsseldorf, W . German y Tel : 78-7064 

Circle 706 on reader service card 

New products 

additional components is required, 
especially with large memory ar
rays, because of the three chip-select 
inputs. Price is as low as $26 each in 
100-lots. 
lnselek Inc .. 743 Alexander Rd ., Princeton, 
N.J. 08540 [414) 

Divide-by-N counter 

has four decades on chip 

A four-decade divide-by-N C-MOS 
counter, designated the model 
CD4059AD, uses LSI techniques, 
which allow all four decades to be 
placed on a single chip. The counter 
is programable and can divide a 
clock frequency by any number 
from three to 15,999. Three mode
select controls are used for program
ing. The device operates on 3 to 15 
volts, and its output has the capabil
ity to drive TTL levels. Price in 
1,000-lots is $13 .60 each. 
RCA, Solid State Division, Route 202 , Som
erville, N.J. 08876 (415) 

FET-input op amp 

delivers 1 ,000 VI µs 

The model 825 FET-input oper
ational amplifier, which delivers 
1,000 volts per microsecond, comes 
in a hermetic hybrid package that 
meets military standards. Full
power bandwidth is 10 megahertz, 
and the device can handle a 100-
milliam pere load current for video-
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Sangamo makes 
recorders with 
enough channels 

for space science 
and enough economy 
for hospital labs. 

If you need 48 channels of data, we build the only IRIG all-band tape recorder 
on the market-the Sabre IV. 

If you are in the life sciences and need an efficient economical recorder for less 
than $5,000, you can buy a Sangamo/ Tandberg Tl R model that does almost 
everything a $16,000 recorder can do. And it's no bigger than a breadbox. 

Between the two extremes are the Sabre 111 , the all-band 7 and 14 channel 
portable, featuring laboratory quality, and the Sabre V, the most advanced 
portable 28 or 32 channel recorder/ reproducer available. 

That 's a wide range of capabilities . An even wider range of prices. The one thing 
that never varies is the quality. Sangamo recorders do the best job on every job. 
Including yours. 

For details write : Sangamo Electric Company, Data Systems, P.O. Box 3347, 
Springfield, Illinois 62714, or call (217) 544-6411 / Telex 406-421 . 
Sales and Service Representatives World Wide. 

SANGAMO RECORCERS 
Circle 183 on reader service card THE INNOVATORS IN TAPE INSTRUMENTATION 



High 
Voltage 
Multipliers 

C ircle 184 

High-voltage multipliers are available for CRT display 
systems, electrostatic power supplies, TV receivers, and 
other high-voltage applications. 
The series includes doublers, triplers, and quadruplers 
in a wide range of voltages. They are designed for re
liability, maximum stability and high temperature opera
tion. For example, the Series MH 919 Tripler (with focus 
tap) for color TV has a nominal output voltage of 24 kV 
with BkV peak-to-peak maintained. Cases are UL SEO 
rated. 
A wide variety of package sizes and connectors is 
available. Custom design service for your particular 
applications is also available. 

Write for free catalog. 
Design us In -
We'll stay there VARO 

VARO SEMICONDUCTOR, INC. 
P.O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040, 21.:'/272-4551, TWX 910-860-5178 

on reader serv ice card 

llew 
card Fllles* 

Introducing a new design in card files. Accepts all circuit or socket 

cards between 2 x 4 inches and 8 x 9 l / 4 inches. Any card spacing 

(from 0.3 in. up) in 0.05 in. increments. Single and / or double tiers in 

three file sizes. With a complete assortment of catalogued hardware. 

Ready to ship as soon as you order. Send for our free catalog. 

*Manufactured by Critchley Bros. Ltd., in England. Also available from G.S. Marshall Co. nationwide. 

EECD 
1441 East Chestnut Avenue / Sonia Ano, California 92701 / Phone714/ 835-6CXX} 

184 Circle 707 on reader service card 

New products 

pulse amplifiers and coaxial line
drive applications. Other features 
include ±3 millivolts offset, 100-pi
coamperes maximum bias current, 
and 35-MHz unity-gain bandwidth. 
Further, the model 825 settles in 300 
nanoseconds to 0.01% for d-a and 
a-d applications. 
Beckman Instruments Inc., Hel ipot Division , 
Box 11866, Santa Ana, Calif. 92711 [ 416) 

IC preamplifier is aimed 

at chopper replacement 

Designed to replace chopper ampli
fiers, the model LM 121 integrated
circuit preamplifier, when used with 
a conventional operational ampli
fier, is said to eliminate the prob
lems, like a limited supply voltage, 
associated with choppers. The de
vice is also said to improve the dc
input characteristics of the op amp, 
as well as increase loop gain, thus 
ensuring over-all accuracy, since the 
de gain error is decreased. The 
LM121 is designed to give zero drift 
when the offset voltage is nulled to 
zero, and operating current is pro
gramable by the value of the null
network resistors. 
National Semiconductor Corp., 2900 Semi
conductor Dr., Santa Clara , Calif. 95051 

Fetron kits replace 

tubes in instruments 

Petron kits make it possible to sub
stitute solid-state devices for the 
vacuum tubes in the Hewlett-Pack
ard model 400 voltmeter and the 
Tektronix CA oscilloscope plug-in 
module. The Petron duplicates vac
uum-tube performance with a hy
brid JFET circuit that plugs directly 
into the tube socket, but without the 
drift, screen grid or support power 
needed and found in tubes. The H-P 

kit, priced at $48 in small quantities, 
replaces all five meter-circuit tubes. 
The CA oscilloscope plug-in kit, 
which replaces 15 tubes, is priced at 
$110. Both are available from stock 
and distributors. 
Teledyne Semiconductor , 1300 Terra Bella 
Ave, Mt. View , Calif . 94043 [418) 
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TYPE - 256 x 1 Static SOS/CMOS Ram 
NUMBER - INS4200 

DISTRIBUTORS 

READ CYCLE TIME -180 nS 
WRITE CYCLE TIME -140 nS 

QUIESCENT POWER DISSIPATION - 40 J.JW @ 10 V 

INPUT CAPACITANCE - 6.5 pF . 

SUPPLY VOLT AGES - 5 to 15 volts 
OUTPUT - Three-state TTL compatible, full address 

decoding and bipolar compatible pin-outs. 
PACKAGE - 16 pin dual-in-line 

PRICE - Mil Range (100-999) $38.00 
Comm. Range (100- 999) $21 .00 

Only lnselek makes the lowest power, highest speed 256x1 Static 
SOS/CMOS RAM currently available. And the price is only $38.00 in 

the military range and $21.00 for the commercial version (100-999 ). 
Excellent prices when you consider the added benefits you 're 

getting with our proven SOS technology . .. exceptional relia 
bility , high speed and low power. With an lnselek INS4200 

Ram , a minimum number of additional components are re
quired due to the 3 chip select inputs, especially when 

employed with large memory arrays. For the applications 
minded engineer or manager, you 'll be glad to know 

that they 're perfect for use in point-of-sale systems, 
mini & micro computers, computer peripherals, 

calculators & portable electronic systems. One 
more point. The lnselek INS4200 Ram is fully 

compatible w ith other CMOS and TTL de
vices. Check the specs above and then 

contact Bob Burl ingame, your appli 
cations eng ineering specialist at 

lnselek. Bob will be glad to d iscuss 
your spec ific requ irements . Call 

Bob collect at (609 ) 452- 2222, 
or write him at INSELEK, Inc ., 

743 Alexander Road , 
Princeton, New Jersey 

08540. 

SALES OFFICES IN : 
CONCORD, MASS. ( 617) 369-5298 
LOS ANGELES, CALIF. ( 213) 889-2788 

West Coast - WESTATES ( 213) 341-4411 • New England - GREEN SHAW ( 617) 969-8900 • Mid-Atlantic-WILSHIRE ELECTRON ICS ( 609) 786-8990 
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Hitachi offers patent license 
on translucent aluminum oxide: 
an easily-formed, alkali-resistant material 
with excellent optical and electrical properties. 

Hitachi 's new translucent 
aluminum oxide (U.S. patent 
No. 3 ,711 ,585) offers con
spicuous advantages over 
translucent ceramic materi
als . 

Developed to eliminate 
difficulties encountered in 
the blacking of luminous 
tubes for high pressure sodi
um vapor discharge lamps, 
Hitachi 's translucent alumin
um oxide may be broadly 
applied as a substrate materi
al for electronic devices and 
as a translucent material for 
high-temperature optical de
vices. 

The outstanding advan
tages of Hitachi 's translucent 
aluminum oxide, particular
ly the low temperature it 
requires for forming, its high 
alkali resistance, and its ex
cellent optical and electrical 

Circle 186 on reader service card 

Properties Unit Hitachi Transluce nt Conventional 
Aluminum Oxide Tran slucent Ceramic 

Densi ty g/ cm 3 3.98 3.53 - 3.65 
Maxi m um Usable Tempera tu re oc 1900 1600 
Form ation T emperature oc 1700 1900 
Thermal Expansion Coeff icien t cm/ cm ° C 8 .3 x 10 6 7.0 - 7.5 x 10 6 

Dielec tr ic Constant (1 MH z) 10.6 9.0 
Dielec t ric Loss ( 1 MHz) 4 .2 x 10- 4 4 .5 x 10- 3 

Porosity % 0 1 - 5 
Tota l f ransmittance % 93 - 95 30 - 40 

properties may be easily dis- @ H I ,.'AC H I 
cerned by reference to the I , 
above table. 

For further information, Hitachi.Ltd. 
A rea section A (Patent Group) 

please Write US at the address Int ernational Business Operations Divi sion 
indicated. 6 -2, 2-chome, Ohtemachi, Chiyoda-ku , 

Tokyo 100, Japan. 

Electronics/ March 7, 1974 



Peripheral vision. 

From the beginning, we 
have preferred concentration to 
diversification. We don't supply 
everything that attaches to 
your computer. But the things 
we do supply are the best. 

What do we supply? 
Drum plotters. We're the 

world's leading supplier of 
both hardware and software. 

Flatbed plotters. Several 
years ago, we saw a need and 
an opportunity to expand the 
plotter's uses. The flatbed 
plotter allows a variety of 
materials to be substituted for 
paper; and it has expanded the 

market for computer graphics, 
as well. 

Microfilm plotters. Here, 
we got bigger by getting 
smaller. With microfilm Our 
1675 COM plotter/printer and 
our 2100 COM printer deliver 
the best price/performance in 
the industry. 

Disk memory equipment. 
This was our second area of 
concentration. In a remarkably 
short time, we have become the 
leading independent supplier. 

Tape systems. We've 
recently begun to concentrate 
on tape. The result is that 

our new 1040 Tape Drive 
combines the features of 
others with our own 
experience. We intend to be a 
leader in this field. 

The point is we have not 
grown by accident. Thirteen 
years after our beginning, we 
have become a leader in 
computer peripherals. 

For information on 
peripheral products, call your 
local CalComp office, or contact 
California Computer Products, 
Inc., EM-M3-74, 2411 West La 
Palma Avenue, Anaheim, 
California 92801. (714) 821-2011. 
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THE 
SUCCESS 

STOAar· 
OF THE 

ISRAEL· 
ELECTA[]fl~CS 
~fl[]lJSTA'JI ~ 

HOW YOU CAN BE A PART OF IT. 

CROP A CARO TO: 

THE ELECTRONICS CENTRE 

ISRAEL EXPORT INSTITUTE 
SHALOM TOWER, 25TH FLOOR, 9 AHAO HA1AM ST. 

P.O.B 29732 TEL AVIV, ISRAEL 
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• more core 1n 
- Fabri-Tek's 

reliable -
We have an addition to our 600 Series I It 's the Model 
686 Core Memory System with a basic module capac
ity of 16K x 18. Like a II 600 Series models, the 686 
combines off-the-shelf availability with reliable per
formance and minimum cost . Modular constructed , 
ferrite core memories permit operation of up to eight 

emory System 

Capacity of 1,024 worda by 10 bhil on a single card. Planar 3-0, 4-wlre 
configuration meaeurn 8 0 11 t 4 l'nd\ee E11pandal>le. Access time: 350 
nanoseconds Full cvcl~ tlm,: 1 0 "'90. 

The 6 8 hf; System 

Basic module capacity of 18,384 words by 18 bits on a single card. 
Expandable to 84K, 128K or 128K by 9, 18 or 38 bits. Planar 3-D, 3-wire 
configuration measures 11 .0 x 19.0 Inches. Acce11 time: 350 nano
seconds. Full cycle time: 750 nanoseconds. System options include: 
enclosures with printed circuit back panels, power supplies and 
test exerciser. 

&OD Series 
core modules in a single enclosure . 

Developed for a wide variety of data storage applica
tions, the entire 600 Series is completely compatible 
with TTL logic . So , check the specifications , then spec
ify the 600 Model that best fits your application . 

The 884 Core Memorv System 

Basic module capacity of 8,192 words by 18 ... on a alngle card. 
Expandable to 32K, MK or 128k by 9, 18 or 38 ~ Planar 3-P..r. 3·wlre 
configuration measurH 11.0 11 14.75 Inches. ACCll& time: 3uu nano
seconds. Full cycle t ime: 850 nanoseconds. System options Include: 
enclosures with printed circuit back panels, Pc>-r 1uppl191 and 
test exerciser. 

The 888 Core Memory System 

Basic module capacity of 32, 788 words by 20 bits on a single card. 
Expandable to 84K, 128K, 268K or 512K by 10, 20 or 40 bits. Planar 
3-D, 3-wire configuration measures 15 x 21 .5 Inches. Access time: 
500 nanoseconds. Full cycle time: 1.2 microseconds. System options 
include: enclosures with printed circuit back panels, power supplies 
and test exerciser. 

~ IF/A~~ll ® 1r~ 1~ 1Nc. 
Li.D COMPUTER SYSTEMS 

5901 South County Road 18 • M inneapolis, MN 55436 • (61 2) 935-881 1 
Leader in M em ory Techno logy for Over a Decade 

SALES Chicago 
OFFICES IN: (312) 437-4116 

Boston Dallas 
(6 17) 969-5077 (214) 661 -3155 

Denver 
(303) 753-0631 

Long Beach 
(213) 420-2493 

New Jersey 
(201) 964-4770 

Phoenix 
(602) 266-4448 

Sunnyvale 
(408 ) 739-4780 

Toledo 
(419) 865-6693 

Hong Kong 
K2 101 91 

Munich 
089 -755-8298 

Tokyo 
(03) 432-6901 

United Kingdom 
01 -903 1923/5 
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D~S eeMI?lJTOOLLER.., I?DI?ll, 1\ND 
3330 TYl?6: DISe 
ORM: UNIT6:. 
1\N INeREDIBIE 
M1\RRl1\G6:. 

An Episode in the True Chronicle 
of the DIVA~ Proudest Peripheral 
Family in the Computerworld 
The computerworld stares in awe at the incredible 
wedding scene which has unfolded before them. The 
bride is minicomputer PDP I I ,offspring of the 
illustrious maxi-computer clan, begat of Abacus. 
The bridegroom is DIV A COMPUTROLLER, 
scion of this proud , most respected peripheral family. 

' j i 

L~ 
Officiating at the ceremony is Duke DIV A Disc Duke DIVA 
Drive, direct descendant of IBM compatible 3330 Disc Dr!Jff.b~; p-
type disc drives. --~lb 

Mini PDP 11 

"Vive, DiVA ! Vive , DIVA! Vive, DIVA !" Everyone 
unwinds. 

Realizing the great impact this interfacing will have on 
the computerworld, our happy guests monitor the 
wedding with joyous solemnity. 

"Mated," Interdata 70 whirrs , "PDP 11 will have 
access to 100 million bytes of data on a single spindle 
or 200 million bytes on a dual spindle disc drive unit 
within an average access time of 32 msecs." 

" And with COMPUTROLLER providing a buffering 
sector, data will be transferable at the rate of 645,000 
bytes/ sec," marvels Nova II. 

" And keep in mind, " interrupts a breathless ,;-7 
TI 980A, " that with 
COMPUTROLLER 
controlling eight drives , 
mini will have access to l . 6 
billion 8-bit bytes of 
data !!" 

But, hush ! Listen to Duke 
DIV A repeating those 
always-inspiring words : 
" With the data stored in 
me, and with provided 
interconnecting cables and 
distribution panel , I now 
pronounce you linked in 
holy matrimony." 

Resounding cheers befitting 
the occasion arise from the · 
crowd. " A toast ! A toast! 
A toast !" they roar . As is 
the custom , the proud 
parents, mini processor and 
DIV A controller, propose 
the toast to the dazzling 
couple: " To the most 
splendid and significant 
union in all our memories." 
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But even as we listen to the clink of ceremonial glasses 
and the exuberant laughter , we sense an underlying 
sadness. Those unchosen minis - do they count for 
nothing now ? Will they not be able to enter the world 
of high speed data storage/access and low cost/bit 
performance ? And why - throughout this entire 
festivity - has COMPUTROLLER remained hidden 

""- under his purple robe ? Is there more to 
I.:r1 COMPUTROLLER than meets the eye ? Be 

sure to join us for the next episode in the True 
Chronicle of the DIV AS 
when we will hear the 
horrendous accusation: 
" Bigamy ! BIGAMIST !" 

In the meantime, learn 
COMPUTROLLER'S in
side story . Find out about 
the free implementation and 
training courses, the software 
packages, and warranties that 
go with each disc system. 
All you PDP 11 users call 
George Roessler at 201-
544-9000 for cost and 
delivery information . 
Or write: DIV A , Inc. 
607 Industrial Way West 
Eatontown, N .J. 07724 
TWX 710-722-6645. 

REGIONAL SALES 
OFFICES : 
CT : 203-526 -3222 
CA : 415-349 -3482 
Wash. DC : 703-3 70-5211. 
GSA CONTRACT NO. 
GSS-OOC-00159. 
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New products 

Data handling 

Cassette head 
has long life 

10,000 hours claimed for 

read-after-write unit 

at tape speed of 8.7 in. l s 

Generally, West German companies 
don't flock to U.S. electronics exhi
bitions like Intercon with bags full 
of new devices because many of 
them consider the American market 
too competitive to begin with. 

One of the exceptions at Intercon 
74 will be Wolfgang Bogen GmbH, a 
West Berlin firm specializing in 
magnetic heads for consumer and 
commercial applications and report
edly Europe's biggest company in 
this field. 

Among its exhibits will be a half
t rack magnetic 
head that at tape 
speeds of 8.7 inches 
per second has an 
operating life of 
about 10 ,000 
hours-five times 
more than that of 
conventional units. 
It also achieves 
completely uni
form resolution at 
a tape bit density of 556 bits per 
inch. 

The result of two years of devel
opment, the DZ 1791 is a read-af
ter-write head intended for commer
cial applications in Philips' compact 
digital cassettes. It is designed ac
cording to standards specified by 
the European Computer Manufac
turing Association, the counterpart 
of the ANSI in the U.S. 

The head's long life, says Bogen's 
marketing manager, Michael Lim
burg, derives from a core made of a 
special metal alloy. The a lloy's 
abrasive characteristics are adapted 
to those of the carrier material, and 
that, Limburg says, "makes the 
head as Ionglasting as the equip
ment in which it's used." 

Since crosstalk between a head's 
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write and read portions can be a 
problem in read-after-write appli
cations, a special precision shielding 
was designed that reduces crosstalk 
voltage considerably-typically to 
3% of the read voltage. 

A high resolution is achieved by a 
2-micrometer gap width between 
the head 's read and write portions. 
At that width, a resolution of 100% 
is obtained with tape storage den
sities of 556 bits per inch, of 85% 
with 800 b/in., and of 70% with a 
1,600 b/in. Limburg adds that since 
the write and read gaps are of equal 
widths, the write portion can be 
hooked up so as to perform the read 
function-a feature which makes for 
fast data search operations. 

The DZ 1791 operates on a write 
current of 6 milliamperes peak-to
peak and has a read sensitivity of 14 
millivolts p-p, both values refer
enced to a bit density of 556 b/ in. , a 
tape speed of 8.7 in.ls, a rise time of 
I 0 microseconds, and a read band
width of 100 kilohertz. 

The head is 
available as the 
clamp version 
shown in the 
photo, but is also 
sold as a unit that 
can be mounted on 
a precision base 
plate. Unit prices, 
Limburg says, 
range between $25 
and $30. 

The head's core material comes 
from Vacuumschmelze GmbH, a 
metals producer near Frankfu..:t. It's 
a permalloy material enriched with 
small amounts of titanium and nio
bium. After subjection to a special 
annealing process, it exhibits a crys
tal structure that is highly resistant 
to abrasion by the tape. 

For its DZ 1791 and other non
consumer magnetic heads, Bogen 
expects a big sales push to come 
from the market gap left by Philips 
Gloeilampenfabrieken, reported to 
be getting out of the commercial 
magnetic-head business. Comment
ing on the U.S. marke t, Limburg 
says that experts predict the share of 
read-after-write heads to reach 20% 
on the digital cassette market. Ac
cording to Bogen's marketing man-



New products 

ager, forecasters further expect that 
by 1975 such cassettes will account 
for about 60% of the market for 
small data-storage terminals, 
whereas cartridge units and floppy 
disks will have shares of approxi
mately 22% and 18%, respectively. 
Wolfgang Bogen GmbH, 1 West Berlin 38, 
Potsdamer Chaussee 80, Germany [361] 

Printer operates at 

600 lines a minute 

Designed for computerized manage
ment reports and financial data, a 
high-speed line printer developed 
by Vogue Instrument Corp. can be 
coupled to telephone lines and pro
vide printouts from remotely lo
cated computers. 

Designated the Vogue model 
400C, the machine prints at up to 
600 lines per minute, completing a 
full page in 6 seconds. It can pro
duce from one to six clean copies 

without penetration controls or ad
justment. A novel ribbon-reversing 
system makes it possible to print 
more than 300,000 lines using a 
standard commercially available 
ribbon. The model 400C is compat
ible with all major minicomputers, 
as well as with the Bell System's 201 
and 202 modems and their equiva
lents. 

An eight-channel, vertical-format 
unit saves computer and print time 
by enabling the 400C to vertical-tab 
to any position on a form. Vernier 
controls permit horizontal and ver
tical placement of forms while the 
machine is running. 

Paper feed is actuated by a simple 
stepper motor that drives fan-fold, 
sprocketed paper up to 6-ply. All 
operator functions are accomplished 
through the front door of the cabi
net, and the compact integrated 
logic circuits are contained on re
movable cards. 

Price of the 400C ranges from 
$9,800 to $13,800, depending on 

system configuration. Delivery time 
is 60 days. 
Vogue Instrument Corp., 131st St. and Ja

maica Ave., Richmond Hills, N.Y. [374] 

Flexible-disk recorders 

handle 250 ,000 bytes 

An IBM 3740 compatible flexible
disk recording unit called the model 
145 . is field-upgradable from a 
single-disk to a dual-disk unit. 
Aimed at the OEM market, the unit 
uses 8-inch Mylar diskettes that 
handle to 250,000 bytes on each 
side. A side sensor mounted in the 
recorder detects the operational side 
of the disk and forwards this infor
mation to the status line. The two 
heads are mounted on a common 
positioner driven by a stepper mo
tor. Each step of the motor indexes 
the heads by one track. Average ac
cess time for a random seek is 176 
milliseconds or 2.5 ms track-to-

low cost circuit protection 
against high voltage/hig 
energy surges 
Stackpole Special Purpose Resistors (SPRs) help protect systems where 
high energy surges and high voltages would destroy valuable equipment. 
Check these characteristics: 

e Best solution for protecting against high voltages in limited space. 
• Unlike wire-wound resistors, SPRs are non-inductive, can be 

made in rods, rings, discs, or sleeves with wire leads or 
metal contacts. 

• SPRs do not fuse out; they return to nominal value after 
absorbing the energy surge. 

e Maximum voltage gradient 10 kilovolts / in ., resistivity range 
from 2 ohm-cm . to 10,000 ohm-cm. 

Write on your letterhead for samples to test in your 
next system design. Stackpole Carbon Co., 
Electronic Components Div., St. Marys, Pa. 15857. 
,Phone: 814-781-1234. TWX: 517-693-4511 . 
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Bulletin No. 83/ 84-101 ! 
gives full specification I 

data, size ranges I 
and application guidance . 

Ask for it . ~--------' 
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track according to the company. 
Sycor Inc ., 100 Phoenix Dr., Ann Arbor, 

Mich. 48104 (365] 

Electronic desktop calculator 

solves engineering problems 

The model 1920 electronic desktop 
calculator for engineering appli
cations provides full register arith
metic in all 10 storage registers. The 
display format is said to eliminate 
errors by permitting the engineer to 
work with units of his or her choice. 
A total of 18 engineering functions 
are hardwired, and parentheses up 
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to three levels can be nested. In ad
dition, there are 11 working regis
ters, a floating minus sign, and lead
ing and trailing zero suppression. 
Monroe, 550 Central Ave., Orange, N.J. 
07051 (363] 

Optical character reader 

has facsimile capability 

The model OCR/FAX combines 
the capabilities of optical character 
recognition and facsimile in a single 
unit, so that an operator can scan 
and transmit full page documents. 
In the OCR mode, input can be from 
a standard typewriter and typical 
typewriter pages _are scanned, com
pacted to 8 bits per character and 
transmitted in 8 seconds .over stan
dard telephone lines. In the facsim
ile mode, input can be any kind of 
document, which is scanned, com
pressed and transmitted in l 'h min
utes over telephone lines. Input ter-

minals are priced from $32,700, and 
output terminals from $5,500. 
Dest Data Corp., 1285 Forgewood Ave., 
Sunnyvale, Calif. 94086 (364] 

Pc board permits link 

with PDP computers 

A plug-in printed-circuit board en
ables a line of high-speed punched
tape readers, punches and combina-

it's what's 
under the cap 
that counts 
Stackpole economical Lo-Pro™ keyswitches are setting a new standard 
of value in cost-conscious applications like desk top calculators, 
data terminals, and communications equipment. 

• completely enclosed switch with only 6 parts . 
• co il spring cross point contacting with controlled wipe. 
•specially designed terminal, base and housing protect 

against flux contamination . 
• less than 7I 16" body profile, .160" or optional .100" total stroke, 

latch or momentary. 

Check under the Stackpole cap. You 'll find .pace-setting low initial cost, 
functional long life, and operating accuracy. Write for Bulletin 
No . .77-103. Stackpole Components Company, P.O. Box 14466, 
Raleigh, N.C. 27610. Phone: 919-828-6201. 

~ SIJW:KPOLE ' ® . COMPONENTS COMPANY 
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New products 

tions to be interfaced with DEC com
puter models PDP-8 and PDP-I I, 
with no modification to the DEC 
equipment necessary. Part of an in
terface kit including cables and 
diagnostic software, the board em
ploys MSI and TTL technologies as 
well as passive filtering and an
tiambiguity logic to reduce the ill ef
fects of tape jitter, pin holes, and 
cable noise. A tape reader with in
terface is priced at $1 ,205 , while a 
reader-punch combination with in
terface costs $2,595. 
Electronic Engineering Co. of Calif .. 1441 E. 
Chestnut Ave, Santa Ana , Calif. 92701 (366] 

Disk system provides 

up to 80 megabytes storage 

Two disk systems for use with most 
minicomputers provide either 40 or 
80 megabytes capacity. Called the 
7,000 series, the units come in five-

disk packets. Rotational speed is 
2,400 or 3,600 rpm, access time is 30 
milliseconds average, and data 
transfer rate is either 6.5 megabits 

need an inductor? 
check these 
facts about ferrites 

FACT 1: cost of ceramic ferrites is 1/10 of steel alloys for low ~ 
frequency applications, yet ferrites offer extremely high resist ivity 
and coercive force. 

I 
FACT 2: for power applications, ferrite cores can operate at higher 
frequencies than laminated steel with better permeability 
and higher Q. 

FACT 3: higher perm ceramic ferrite inductors require fewer turns, 
resulting in lower distributed capacity, material savings, and 
improved performance. 
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per second or 9.67 megabits per sec
ond. The mode of transfer used is 
data channel. Price of the 40-mega
byte unit is $14,500; the 80-mega
byte system, $16,800. 
Xebec Systems Inc., 566 San Xavier Ave., 

Sunnyvale , Calif. 94086 (368] 

Key-to-disk system 

stores 2.5 million bytes 

An eight-station key-to-disk system 
with 2.5 million bytes of disk storage 
is designated the System IV 170 
model 7008. The unit is intended for 
keypunch users seeking an economi
cal introduction to shared-processor 
data entry and for key-to-disk users 
desiring more power from their sys
tems. The system can store up to 
20,000 80-character records, reduc
ing the need for frequent disk 
purging. Stations use 12-inch video 
terminals for entry of records of 
variable lengths up to 192 charac-
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ters. Six program levels per job and 
six accumulators are provided. 
Monthly rentals vary from $120 to 
$960. 
Four-Phase Systems Inc., 10420 N. Tantau 
Ave ., Cupertino, Calif . 95014 (367] 

Disk systems store up to 

10 million 16-bit words 

The series 4091 Univac 1616 disk 
system is composed of a disk for
matter, computer adapter, up to 
four magnetic-disk units, and inter
connecting hardware for installation 
in standard 19-inch cabinets. Stor
age capacities up to 10 million 16-

anew 

bit words per controller are offered, 
with an access time averaging 40 
milliseconds at 2,400 rpm. Each 
drive has one fixed and one remov
able disk. Bit density is 2,200 bits 
per inch, and transfer rate is 156 ki
lohertz words per second. Price for a 
system starts at under $11 ,000. 
Datum Inc ., 1363 S. State College Blvd ., 
Anaheim, Calif. 92806 (369] 

Magnetic-tape terminal 

links Selectric and computer 

An optional port for the IBM Com
municating Mag Tape Selectric 
Typewriter (MCST) has been added 
to the MDRS-9 terminal to provide 
an off line interface between the 
MCST and computers. The MDRS-9 
will accept information sent by 
MCST stations over the dial-up net
work and record it on computer
compatible magnetic tape, while 
computer-prepared magnetic-tape 

choice in 
Plug-In Ro~aries 

Start with Stackpole's exclusive environment proof rotary. Then 
add terminal pins facing front or rear, ready to plug in instantly to 
your PC board. Or design in a Stackpole PC board rotary switch 
with 12 terminals ending at a common junction point for vertical 
or horizontal mounting or mating to an edge-board connector. 

Eliminate wiring harnesses, hand wiring errors, costly interme
diate assembly. Pin termination switches are available as standard 
off-the-shelf switches as well as with binary codes and special 
switching sequences. Yet they cost less than $2.00. 

Call Stackpole. They're plugged in to your needs. Stackpole Com
ponents Company, P.O. Box 14466, Raleigh , N.C. 27610. Phone: 
919-828-6201. 

data can be sent by the MDRS-9 to 
MCST stations. Line discipline is the 
same as when MCST stations are 
communicating with one another. 
Code conversion is available. The 
MDRS-9 terminal can also be used 
as a central pooler for a wide range 
of asynchronous terminals in the 
110- to 1,200-baud range. 
Mitron Systems Corp., 5026 Herzel Place, 

Be ltsville, Md. 20705 (370] 

• "'· ·~- .... ~~· ···· 
~ ... .. ...... . 
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Now! Bright, st~ble, accurate alphanumeric and graphic display! 

Name your number, letter or pattern, and 
NEC's new plasma display panel will display 
it- brightly, stably, accurately. 

The new panel effectively utilizes the refresh
drive technique, but with a difference : instead 
of conventional gold or silver electrodes, 
transparent tin-oxide film deposited in a 
special structure is app lied . The happy result 
is sharp, clear display with directly visible 
discharging dots. 

Whatever your application , NEC's new plasma 
display panel offers you these features and 
others, such as high contrast, w ider 
operational voltage range and long life. 

(

You are co rdi all y inv ited to v isit us at :) 

BOOTH Nos. 1505 & 1507 
IEEE lntercon '74 

NEC 
Nippon Electric Company, Limited Tokyo , Japan 
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Now available are the following types of panel. 
External Dimensions (mm) 

Panel Type 
Width l ength Thickness 

PX0606·32 37 210 6 

PX0704·20 47 163 6 
t-

PX0705-32 111 265 7 

PX0501 A-32 118 213 7 

For m ore inform at ion, contact : 

NEC America, Inc. 
Head Office : 

Dots per 
le tt er or 
number 

5x7 

5x7 

5x7 

7 x 9 

277 Par k Avenu e, New York, N .Y. 10017, U .S.A. 

Letters or 
numbers 
per line 

32 x 1 l ine 
-

20 x 2 li nes 

32 x 8 lines 

32 x 8 tines 

Tel : 2 12-758- 1666 Cab le Add ress: N IPPE L EC O NEW Y OR K 
Telex Add ress: NECA U R 234936 
Los Angeles Office: 
A irpo rt -Centu ry Bldg .. Suite 924 , 984 1 Ai rpo rt Boul evard, 
Los Ange les. Ca lifornia 90045, U.S.A. Te l : 2 13-776-5923/ 
5924 Cab le Add ress: N I PPE L ECO LOS A N GEL ES CA LIF 
Telex Add ress N IPPON E L EC LA 673569/N IPP ELEC LSA 
9 10-328-657 4 
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... e PS2L. 
It's new from Acme Elec ~ Co!Jl(mff1on ... a programmable solid state load device. 
The PS2L load tests DC poWfuupplies and batteries faster, more efficiently and with greater 
accuracy than conventional test equipment. It's ideal for incoming test, quality control and lab work. The PS2L saves 
set-up time and eliminates recalibration and maintenance ~ 
that's necessary with conventional test equipment. 
Most other load testing devices use a resistive load. 
They heat up. Need constant adjustment. 
Lose efficiency. 
None of this happens with the PS2L. It can be 
programmed to simulate the load. This means no heating 
up and no load fluctuations. So down goes your test time, 
up goes your efficiency. The PS2L dissipates up to 
1000 watts within a voltage range of 2 voe to 50 voe 
and a maximum current of 110 amps when de-rated 
per the power dissipation curve provided. It's equipped 
with two modes of operation: 1) constant current and 2) constant 
resistance. For dynamic loading, the PS2L is provided with a program input • for external connection of a pulse or signal generator. Two models 
available: 500 and 1000 watts. For more information, write for our 
PS2L brochure: Acme Electric Corporation, Cuba, New York 14727. Acme Electric 
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The Hanover Fairfor9 ~ 

Highlight of the year for 

electro-• • en 1neenn 
For 9 days the Hanover Fair is the world centre for the electro-engineering industry. 

The range of products on offer extends from micro-building elements to large transformers 
and from laying out a control loop up to planning complete national grids. 

In Hanover you obtain a panoramic view and detailed information in the shortest possible way. 
Due to the fact that Hanover is such an important event 84 % of buyers 

regard the visit to the Hanover Fair as essential*). They collect information and ideas not only 
from their own particular branch but also from other sections of industry such as automation, 

internal combustion engines, gears, transmissions and drives. 
Plan your stay in Hanover. The world class range of products on display at Hanover 

ensure that your visit will be a success - after all, the fair only takes place once a year 
and there is only one Hanover Fair in the world . 

r-::-------- e,==·· 
I 

For planner and buyers , .• ;:;·;·;·~,; 
Electric energy, plant and equipment 
Electric power generation and conversion: Electrical machines, Trans-

• 
1~ 1 

formers, Static converters, Primary and secondary power sources, Heavy
current capaci tors. 

*) refer to the brochures 
entitled "The transparent market' '. 

Electric power distribution: High-voltage switchgear, Low-voltage switch
gear, Conductors and wiring, Cables, Cable fittings and line fittings. 

11 11
hlfh I Electrical apparatus for machining and processing: Electro-mechanical 

/~I_~ fl r - . machining, Electric welding and soldering , Electro-thermal treatment, 
ftf" 1 ~ • 

1 
Electro-chemical and electro-physical processing, Electrical apparatus for 
manufacture and operation . 

fl 
Electric and electronic Instrumentation and automation 

~ 
AOfA. Individual apparatus, Equipment and systems. Apparatus and equipment 

r/, ~ 
fl .,. - I (classified by measured quantities), Apparatus and equipment (classi fied 

(J,fC 
by measuring methods) 
Electronic components 

I 
Active components, Passive components , Electro-mechanical components, 
Assemblies and subassemblies. 
Lamps and light fittings 
Illumination engineering: Light fittings, Incandescent lamps, Discharge 

I 
lamps 
Electrical installation : Installation equipment, Electric conduit 
Telecommunlcatlons 

I 
Communication by wire, Communication by radio, Signalling and security, 
Timing apparatus 
Leisure electronics/ Audio-visual apparatus/Oomesllc Installations and 

apparatus, Receiving antennas, Electro-acoustic components and acces-
Information, ideas I r!:~~~e electronics / Audio-visual apparatus: Radio, TV and phonographic 

H 
sones, Aud10-v1sual apparatus for commercial purposes ano¥er I Domestic installations and wiring Installation equipment, Electric con- 1·:;: .. :.::;;::·:·. 
duit, Electric household appliances 

Obtain the following information leaflets from the Deutsche Messe- , ·::::::: 
und Ausstellungs-AG , D-3 Hannover-Messegelaende, Tel: (0511) 8 91 :·:·:• 

F 
. ' telex : 09 22 728, ;:;:;: a Ir I o the list of exhibitors from the electrical engineering section 1·:·:·: 

~ ~1~!~~:~71:~:~~~~;it;~lation engineering .j.i.i.j·j·j I o electronic components I Thursday, April 25 o measuring and automation .:::::;. 

toFriday, May J L... ----- --~~@~~: 
.. ·===~===~=M:M:;:;:l:~=~=~:i:~:;:~=~=~~=~=~:;:~:~:;:;:;:~:;:;:~:;:~§;:;:~:~:;:~t:;:~=~=~=~~=~=~=~=~=~m:;:::;:~:;:~ 
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Look to 
Ballantine for 
scopes 

Portable • Dual Trace • X-Y 
1040A 40 MHz, 5 mV Delayed Sweep 

Only 27 lbs. 
10668 20 MHz, 5 mV 
1010A 10 MHz, 5 mV, Only 15 lbs. 
7050A Electronic Transient Recorder 

$1200 
$745 
$495 
$985 

~ ei1' Ballantine Laboratories, Inc. ti P.O Box 97, Boonton, New Jersey 07005 
~ 201-33&-0900, TWX 710-987-a300 
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•For T0-3, T0-66, 
Transistors 

•Ready to assemble mounting 
hardware kits f or other types, 
styles, Transistors. 

• Mica Insulators 
• New ca t alog on request. 

Circle 709 on reader service card 

puts ideas to work 
in electronics 

The lnntWati.-e Electronic Group of ITW. •• 
LICON • ELECTRO MATERIALS • PAKTRON 

0 ILLINOIS TOOL WORKS INC. 1874 
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DIGISCOPE: 
Eight channels of simultaneous digital logic at 50 MHz 

"1973 will be remembered as the year of the Logic Scope 
... It is remarkable that since their introduction last spring, 
logic scopes have already evolved to their second genera
tion. The first of these second generation instruments is the 
AMC 1320 Digiscope." 

-Michael Riezenman , ELECTRONICS Magazine, 
12/20/73 

" In the world of analog test and measurement, there's no 
doubt that the oscilloscope reigns supreme. But if you're 
working with digital signals - as more and more people are 
- you're probably more interested in looking at the simul
taneous time relationships of multiple signals. And that's 
where the AMC 1320 Digiscope comes in." 

-Stan Runyon, ELECTRONIC DESIGN Magazine, 
1/18/74 

"The Digiscope is a test instrument designed expressly for 
the debugging and maintenance of digital electronic equip
ment ... (it) permits the ready implementation of many fea
tures long desired in testing digital systems: Features like 
*Simultaneous display of many channels in true time relation 
*Negative trigger delay *Triggering on a 
logical combination of the inputs *Multi
channel recording of fast , one-shot events. " 

-Bill Furlow, EON Magazine, 1/5/74 

"A radically new logic state analyzer from 
E-H Research gives you the equivalent of 
an 8 or 16 gun, 50 MHz, real time scope 

European subsidiary : 

P.O. Box 1018, Eindhoven, The Netherlands, (040) 433704 
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display of logic timing. It lets you 'see' such analog paramet
ers as glitches, ringing, rise and fall times, and voltage 
levels. " 

-Jerome Lyman , ELECTRONIC PRODUCTS 
Magazine, 1/19/74 

The editors have had their opportunity to preview the Digi
scope, and now it's time you discovered all the ways in which 
this new digital test instrument can help you save time and 
error in designing, producing, and trouble-shooting digital cir
cuits and equipment. Our new brochure is ready for mailing 
to all engineers with an application for a compact instrument 
that offers, among other features : 

50 MHz bit rate 
Double-threshold comparison 
Up to 100 bits of look-back before trigger 
High impedance active probes (10 megohm, 8 pf) 
Simple operation and clear, plain-Engl ish screen display of 

test parameters for photographic recording . 

Write today for full particulars. 

E-H Research 
Laboratories. Inc. 

515-11th Street, Box 1289 
Oakland, California 94604 

(415) 834-3030 
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New products 

Packaging & production 

Dry process cuts 
cost of masks 

Plasma dry etcher / stripper 

for chrome masks increases 

yield and resolution 

Emulsion masks have one big ad
vantage-at about $1 per finished 
mask they are inexpensive. But they 
suffer from poor resolution and a 
relatively short life, since the contact 
method used to print them contami
nates them and makes it necessary 
to clean them after every use. Hard 
masks such as chrome have double 
or more the life of emulsion masks, 
require thinner photoresist coatings 
during wafer processing, and offer 
higher resolution. But at $20 to $50 
per finished mask using wet chem
ical processing, they appeal to only 
about 5% to 10% of the total mask 
market. 

The LFE Corp., Waltham Mass. , 
hopes to change all that with the in
troduction of its new PCrE / PDS-
501 plasma dry etcher/stripper for 
chrome masks. It expects the et
cher /stripper will bring the cost of 
processing the 
chrome masks 

clean as emulsion masks, and, if 
descummed with only oxygen, have 
suffered from impaired resolution 
because the etch mask was removed 
as well as the underlying chrome.) 

In the etch cycle, the unwanted 
chrome is volatilized by a composite 
halogenation process from which 
chlorine gas is absent. Unlike wet 
chemicals, which lose stability with 
use and thus ~ust be replaced 
frequently , the plasma remains 
stable and reproducible. The etch 
rate for multiple masks is set at 
about 100 angstroms per minute, 
considerably less than the several 
hundred angstroms per minute of 
wet processing. 

With wet chemicals, too, excessive 
undercutting may occur at high-res
olution high-density geometries. 
But, since average distance between 
collisions of atoms in the gas plasma 
is controllable, LFE can etch vertical 
walls as the geometry of the mask 
commands. Moreover, no post-pro
cessing, with deionized water rinsing 
and drying after etching, is needed 
after plasma etching. Also, the ac
tion of the plasma stops instantly 
when rf energy is removed, whereas 
wet chemicals continue to react with 
the chrome even after the mask is 
removed from the acid bath. 

The final strip step removes all 
photoresist at an average stripping 

rate of 500 to 

down to that of -~A4~~.....,....,,,._~--.. l' ~c:J,..._CI __ 
emulsion masks. • . · 

1,000 angstroms 
per minute. LFE 
claims the spe
cial gas used 
h e re actually 
harden s the 
chrome, making 
it more durable 
t h a n w e t - p ro
ce s s ed chrome, 
without affect
ing the finish. 

It a_lso _claims the •.. i. 
umt mcreases 
yields, improves 
resolution, gives 
a finer edge 
acuity, and by
passes many of 
the problems of 
multi-step wet 
processing techniques. 

The unit has three cycles: photo
resist descumming, chrome etching, 
and photoresist stripping. The 
"flash strip" photoresist descum
ming cycle, which takes about 45 
seconds, uses an oxygen-buffered 
gas to remove the layer of scum and 
residue left on the chrome after the 
photoresist is developed . (Hard 
masks have not been as easy to 

I • , "' . 

.• :J 

All gases used are nontoxic, non
corrosive, and nonflammable and 
require no special plumbing and 
handling. Gas is admitted auto
matically to the reaction chamber. 
The operator can select single func
tions or run through the three steps 
automatically. Temperature in the 
chamber reaches a maximum of 
150° to 200°C. 

LFE believes that the market for 

Procond 

Synthetic film 
capacitors 

Electrolytic capacitors 
Filters 

Push Buttons 

PROCOND S.pA 
32013 Longarone (Belluno) Italy 

telephone (0437) 76145 I 76355 
telex 44029 
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Many customers remember us for the "extras" engineered and buil t 
into our microwave cavities, e.g., our potted anode bypass assembly. 

But some may not be aware that today MCL also offers one of the 
industry's largest and most diverse power oscillator, amplifier and 
systems lines. 

The same extra margin of reliability and performance customers 
have learned to expect from our cavities is also a feature / oour 
instrumentation products. 

For a recommended solution to your 
high power testing problem-without 
obligation- write us today. 

MCL, Inc., 1 O North Beach Avenue, 
La Grange, Illinois 60525. 
Or call (312) 354-4350. 

Circle 202 on reader service card 

FRENCH TRADE SHOWS 1350 Avenue of The Americas 
NEW YORK, N.Y. 10019 Tel.: (212) 582-4960, 1 
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New products 

chrome plasma-etching will grow 
rapidly and that it will replace other 
etching methods, as well as other 
hard-mask materials. 

A PCrE/ PDS-501 with a 12-inch
diameter chamber for 5-in. masks 
costs $25,000. Other sizes of cham
ber will be available. Price includes 
a supply of the three gases. Delivery 
time will be 30 days, starting in 
April. 
LFE Corp ., Process Control Division , 1601 
Trapelo Rd., Waltham, Mass. 02154 [391] 

Sputtering system has valve 

to limit pump contaminants 

In a sputtering system, a source of 
thin-film impurities is the back
streaming of contaminants from the 
diffusion pump as it evacuates the 
sputtering chamber. But in a mul
tiple-target sputtering system from 
Varian Associates, this problem is 
considerably reduced by a pro
gramed vacuum valve. Moreover, 
the pump works about six times as 
fast as conventional diffusion 
pumps, and the sputtering mecha
nism more than doubles targe t life, 
accord ing to the company. 

The vacuum valve counters 
backstreaming in two ways. First, it 
is programed to operate automatic
ally at pressures up to 200 microm
eters with a cycle that minimizes 
backstreaming. Second, the valve 
automatically adjusts itself in re
sponse to the gas load in the cham
ber and in this way reduces break-
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if it's a meter 
or meter relay, 

Stock or Special ... 

makes it. 

Stock: Special: 
Simpson distributors nationwide stock over 
1,500 types, ranges , styles and sizes of panel 
meters, relays and controllers . They 're all 
listed in Catalog 4200 . Write for your free 
copy. 

Need a special or unusual meter? Let Sim pson 
help you custom design it. Send us your specs 
and we'll send you a quote. But check our 
catalog first - that "special" may be a standard 
Simpson stock item . 

Get off-the-shelf delivery from your local electronics distributor. 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue, El gin , Illinois 60120 
(312 ) 695-1121 • Cab le: SI MELCO • Telex : 72-2416 

IN CANADA: Bach-Simpson, Ltd ., London, Ontario 
IN ENGLAND: Bach-Simpson (U.K. l Limited. Wadebridge, Cornwa ll 
IN INDIA: Ruttonsha-Simpson Private. Ltd ., Vikh ro li , Bombay 

KATY INDUSTRIES 

ELECTRICAL EQUIPMENT 
GROUP 
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ltS logical 
Panasonic's new R-relay makes a lot 
o.1 sense. It 's the smallest reed-type 
relay you can buy with a latching func
tion (memory). And it's available in a 
form C (SPOT) contact closure. 

When we set out to build our logical 
relay, we decided not to refine old 
ideas. Instead we invented (and pat
ented) a relay of revolutionary design 
and construction with features no 
other relay has. We used an easily 
manufactured plastic bobbin instead 
of the expensive glass capsule used in 
every other reed relay. We included a 
barium ferrite permanent magnet to 
provide latching (logic) function. And 
we molded it together in one piece of 
hermetically sealed heat-resistant 
epoxy resin that occupies less than 
one-sixth of a cubic inch. Our relay 

has a mechanical life of over a billion 
operations performed as rapidly as 
500 Hz. It operates with an extraordi
narily wide range of currents-from a 
few microamps up to a full amp. It's 
even available in a two-coil bi-stable 
configuration . 

Do you need to mount a relay on a 
circuit board with a high parts den
sity? Do you need a relay that needs 
no maintenance over an extra long 
life? One with higher sensitivity in low 
power semiconductor circuits? Or one 
that can withstand currents up to a full 
amp? Perhaps you need a relay with 
negligible contact bounce, rapid 
respon se, and high operational fre
quency. If you do, send for more infor
mation about Panasonic 's unique 
R-relay. It's the logical thing to do. 
Matsushita Electric Corp. of America 
Industrial Division 
200 Park Avenue, N. Y., N. Y. 10017 
Telephone : (212) 973-8210 
At tn : Tom Gottl ic k 
D Please send A-relay literature . 
•::::J Please have an engineer call . 

Name Title 

Company 

City State 

Panasonic 
Zip 

our technology is all around you 
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New products 

down at the top jets of the diffusion 
pump, thus eliminating primary 
backstreaming by that pump. 

The pump itself has been de
signed to handle large flows of ar
gon at the I0-3-torr pressure at 
which sputtering is done. At this 
pressure, it can pump 300 liters per 
second, or about six times as much 
as conventional diffusion pumps. 

The sputtering target module, 
called a suppressed ring source, ex
tends target life to 172 days at four 
cycles a day rather than the more 
usual 64 days. The module also de
posits the thin film with great uni
formity. 

Within the sputtering module are 
three targets- a fourth is optional. 
Four substrate carriers in the work 
chamber can be sequenced for rf 
sputter etching, rf bias sputtering, 
and deposition of three materials. 
Both 6- and 8-inch targets are stan
dard. 

The system features automatic se
quencing for high throughput. A 
specially designed master control 
panel reduces the operator's task to 
lining up rows of lights. Erni/rfi gas
keting on all removable panels pre
vents rf leakage, and each unit is 
checked out for FCC compliance. To 
fulfill OSHA requirements, electrical 
interlocks remove high-voltage po
tentials when terminals are exposed. 

Delivery of the system takes 90 
days. Price ranges from $40,000 to 
$60,000. 
Varian Associates Vacuum Division , 611 

Hansen Way, Palo Alto, Calif . 94303 [392) 

System controls, records 

wafer diffusion processes 

A diffusion-process-control system 
built for Western Electric Co. has 
evolved into a standard system for 
process-management and -control 
of diffusing semiconductor wafers 
that is now being offered by the 
Lindberg division of Sola Basic In
dustries. Built around a Digital 
Equipment Corp. PDP-11140 with 
16,384 bits of memory and a Tele
type terminal, the system is able to 
monitor and control as many as 100 
diffusion tubes, notes Richard Rock-
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Everybody talks 
about the weather. 
EMRisdoing 
something about it ... 
For the National Oceanic 
& Atmospheric Administration 
NOAA's new SMS/ GOES Synchronous 
Meteorological Satellite will usher in a new era 
in satellite borne weather instrumentation . Once 
in orbit NOAA will commence processing and 
distributing weather data from the new Visible/ 
Infrared Spin-Scan Radiometer (VISSR), which 
produces improved pictures of the earth 's cloud 
cover. At the heart of VISSR are eight EMA 
Integrated Photoelectric Sensors. On earth the 
data from VISSR is processed by EMA Digital 
Interface Electronics using the latest PSK demodu
lation and bit synchronization techniques. 

For NASA 
NASA is responsible for launching SMS/ GOES 
into orbit. EMA-Telemetry systems at the Kennedy 
Space Center and various tracking stations through
out the world will gather vitally needed data. 

For Philco-Ford 
Philco-Ford 's WDL Division is building this 
advanced meteorological satellite. Critical data 
is being processed through EMA PCM Bit Syn
chronizers, PCM Decommutators and Displays during 
development and pre-launch checkout. 

Electronics/ March 7, 197 4 

For the Bureau d'Etudes 
Meteorologiques Spatiales 
France is typical of the many world-
wide users of SMS/ GOES who wi ll use EMA 
Digital Interface Electronics to process vital 
weather data. 

We're not only talking about the weather .. . 
we're doing something about it! 

Now ... 
what are we g ing 
to do for you? 

EMA nmmEMR• 
EMA Telemetry 
Weston Instruments, Inc. 
Box 3041 , Sarasota, Florida 33578 
813-958-0811 
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PRICES CUT 
37% to 66% 

REPLACEABLE 
CARTA I DG E LITES 

Now 40¢ to 86¢ * 
only 

IMMEDIATE DELIVERY ON 
MANY LENS COLORS & LAMPS 

Low-cost RCL Series Cartridge 
Lites are offered in 3 lens styles, 
1 o lens colors, a full range of volt
ages and incandescent or neon 
lamps. Clear anodized aluminum 
body is also available in other 
colors and finishes-including ir
ridite-on special order. 

Devices mount in panel with spring 
steel clip, lead wire connectors 
or solderless cartridge holders 
shown below. Lens may be im
printed with up to two symbols. 
Stainless steel terminals are off
set to provide neon lamp polarity 
and to align legends in holders. 

*Each in 100-499 quantities. 

PRICES ALSO REDUCED ON 
CARTRIDGE LITE ~OLDERS 

Save 33% to 67% ... RCLH Series 
Holders now priced from 25¢ to 
70¢. Available in front- and rear
mounted versions, solder cup and 
turret lug terminals and printed 
circuit board mounting. 

New products 

hill , system design supervisor. 
Besides economically replacing 

individual gas-sequencing systems 
for each diffusion tube, the system 
contains a wafer-lot-tracking capa
bility to insure proper processing se
quence . Process-control panels 
linked to the computer and furnaces 
prevent operators from using the 
wrong tubes. Timing on the pro
gramable sequence system is accu
rate to within 1 second; the system 
can control eight timed events and 
can monitor eight additional binary 
inputs, such as contact closures. 

The management end of the sys
tem will print out complete yield re
ports by lot, by device, or by aper-

ation, and it also exercises complete 
inventory control and reports sys
tem status, Rockhill says. Options 
include temperature and gas-flow 
monitoring and control, either su
pervisory or direct digital, as well as 
outputs from a CRT and keyboard 
printer. 

Typically, a 24-tube system sells 
for $52,000, while a 64-tu be control
ler carries a tag of about $72,000. 
Part of the system, the programable 
sequence controller, is ava ilable sep
arately at $30,000 for a 24-tube in
stallation and $50,000 for a 64-tube 
installation. Delivery time is six 
months to a year. 
Lindberg Division, Sola Basic Industries, 304 
Hart St., Watertown, Wis. 53094. [ 401] 

Desoldering system won 't 

damage sensitive circuits 

The model SX-211 Ped-A-Vac de
soldering system is a vacuum system 
using shop air that can be attached 
to a soldering station for production 
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Is 
equipment 

• service 
• squeezing 

your profit? 
RCA Service Company can supply com
prehensive maintenance, emergency and 
installation service coast-to-coast, for 
electronic or electro-mechanical Indus
trial and commercial equipment mark~ted 
by you. We're specialists on co.mmun1~a
tions, control and data processing equip
ment maintenance for the large user, and 
account of the manufacturer. 

• Stop the profit squeeze. 
• Compare price and benefits. 
• Eliminate service headaches. 
• Decrease down-time. 
• Lower overall service costs. 

Write or phone for details: 
B . L. Grossman, Building 204-2 
RCA Service Company 
A Division of RCA 
Camden, New Jersey 08101 
Phone: (609) 779-4129 

ncn 
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PICTURE, PATTERN, 
OR PLOT 

Now you can afford to add instant graphic 
hard copy ou tput to your data terminals, 
storage tubes, computer outputs, SSTV, 
sca nning senso rs. 

• Get low cost hard copy by instant 
graphic recording on ALFAX Type A . 
electrosensitive paper where electricity 
is the ink. 

• Interface ALDEN " Flying Spot" Com· 
ponent Record ers by simple synchronizing 
with your sweep circuit or scanning sensors 
and record directly from your target or 
cathode signal current. 

Send for free brochure : 
" ALDEN Components to Picture, 
Pattern or Plot " 

ALDEN 
llfCIRONIC & IMPUL Sl RECOROI NG lOU!PM! Nl CO INC 

'--~~~~-

Westboro. Mass. 01581 TeL (6171366-8851 TELEX : 94-8404 

" SEE US IN BOOTH # 2418-I EEE " 
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\,. SINCE R SIGNAL GENERATOR MODEL 620 1 

SINGER MODEL 6202 

-

i -1 nnC:l 
':1 I 1- 1 .Ci -' - MHz 

FREOUENCY 

0' . , 

What•s DAFL stability! 
1 ppm/24 hrs. 

The Model 6201 Signal Generator continuously adjustable and metered 
offers you a new experience in preci- over a 166-dB range, high enough (20 
sion testing over the 61-kHz to 1024- dBm) for saturation data and low 
MHz range. Simply set your desired enough (- 146 dBm) for critical sensi-
frequency on the six-digit counter, flip tivity measurements. And it's a clean 
the lock switch, and enjoy the confi- signal with broadband noise at least 
denceofalocked,crystal-stableoutput 130 dB down in a 1-Hz bandwidth . Re-
signal. That's what DAFL - Digital sidual FM is less than 5 Hz peak. 
Automatic Frequency Lock-is all We invite you to treat yourself to 
about. It means 1 ppm stability, all day, DAFL stability and discover a new era 
all night. in signal generators. Send for more in-

You can use this s ig nal generator formation now. Contact Singer Instru-
with the assurance that it will take mentation, 3176 Porter Drive, Palo 
your toughest tests in S 1 N G E R Alto, Calif. 94304. Phone 
stride . Output power is (415) 493-3231. 

INSTRUMENTATION 
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WHISTLIN& IN THE DARK •.• 
if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE ... so more will live 

HEART FUND 

New products 

desoldering and repair and rework. 
There are no electrical spikes so the 
unit won't damage sensitive circuits. 

'· The system is particularly suited for 
use with multipin devices and other 
types of miniaturized circuit compo
nents regardless of lead configura
tion. The foot-controlled unit causes 
room-temperature air to be drawn 
up through a plated hole across 
pads and around leads as soon as 
the tool tip has melted the solder. In 
this way, the solder is removed and 
the area cooled to prevent resweat
ing of the lead. 
Pace Inc ., 9329 Fraser St., Silver Spring , 

Md . 20910 [393) 

Resin dispenser handles 

small potting applications 

The model 102 Epoxer is a hand-op
erated resin dispenser designed for 
miniature and small potting appli
cations. It dispenses epoxy, adhe
sives, potting compounds and other 

materials. The unit also provides a 
clean and measured means of han
dling liquids and pastes. Once filled 
and pressurized, it is self-contained 
until the material in the polye thyl
ene cartridge is completely dis-
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' any 
Or any new way. 
Then sit back and watch your lse display elec
tronics get your ideas across. Beautifully. 
In an eye-easy fluorescent green glow. 
At the same time, they're low on voltage and 
current drain. 
High on stability. 
Pick the readouts that offer more of everything, 
including variety, for a whole host of digital 
display ideas. 
They're a difference you can see. 

Display module w / counter &: latch 
• Fluorescent green glow. 

• 12-pin connector. 
• Three performance perfect models. 

• Custom ROM programming with other 
than BCD and seven-segment output. 

International Div. The Brighter Side of Electronics 

ISE IN~l,!!;!I~2~n!~u.~o~.~~~ ~ !.~s~x4~~e~i~!e~9!a~($ CORP. 
Tel: 433-6616-9 Telex : J26546 
Cables: " ISEWORLDREP" TOKYO 

Representative: Los Angeles, Paris, Munich, Amsterdam, Stockholm, Vienna, Milan, Bombay, Hong Kong, Taipei. 
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The standard _l!Ower supply is 
a m.inor cons1ileration .. . until it fails. 

One little power supply can put a big piece of equipment out of com
mission. And, that's when "bargain-level power" can get very expensive. 

Besides downtime and repairs, the cost of 'unreliability' may 
also include some loss of reputation. 

That's why it will pay you to take a good look at North. 
We've been the leading producer of custom power units 

for over 40 years. And our standard modules get 
the same reliability treatment- including rugged 
life tests , EMI analysis plus shock, vibration and 
humidity tests. 

If reliability is worth more to you, send for a 
bulletin, or call your North Standard Power 
Manager at 419/468-8874. 

Listed here are the more popular models
many other voltages are available. 

MODEL 11000 12000 13000 14000 15000 16000 17000 18000 

voe AMPERE S 

MODEL 

voe 
0 7 5 
0 16 
0 2S 
0 33 

10000 

AMPS 

2 10 
I 25 
o as 
0 68 

50 39 S3 11 3 13 0 20 0 32 s 49 0 82 0 
12 0 '8 42 80 10.5 IS 0 23 0 36 0 sa 0 
IS 0 24 3' ,, 95 14 0 20 5 ,, 0 47 0 
18 0 2 I 33 60 80 13 0 180 26 0 40 0 

DUAL OUTPUT 
SUPPLIES 

MODEL NOJ052 
voe A.MPS NORTH~~~ 

24 0 15 28 4 2 70 11 0 15 0 ,, 0 330 
28 0 1 4 2 4 4 0 6 3 90 14 0 200 29 0 

±. 15 12 400MA 

MODEL N60052 
ELECTRIC COMPANY ••• 

36 0 1 2 22 3 I 56 80 11 0 14 0 23 0 voe AMPS 

North Electric Company I Galion . Ohio 448 33 / A United Telecom Co. 48 0 9S I 8 26 4 2 60 80 10 0 18 0 +15 12 1 OA 

SP-20 
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Beautiful 

New Babies 

BOTBTRULJ 
RIJf ARKABLI 

210 

COi's New Baby: Series SL, Linear Slide Switch (Pat. Pending) 

APPLICATIONS: CONTROL FUNCTIONS 
REQUIRING RAPID POSITION SELECTING 
• CA TV channel selecting 
• High & Low limit switches 
• Process equipment controls 
• Computers & peripherals 
• NC applications 
• Many others 

up to 100 (unique feature) 
OTHER REMARKABLE FEATURES: 
Mounts EITHER left/ right OR up/ down (versatile). 
Single or multiple position selectors. 
Solder lugs or dip solder termination for p.c. use. 
1 or 2-Poles, or coded outputs available. 

ELECTRICAL CHARACTERISTICS: 
200 megohms min. insulation. 
1000 volts min. dielectric strength. 
2 amps @ 115 VAC current carrying capability. 
125 ma @ 115 VAC current breaking capability. 

CD I earns its reputation every day for Consistently High Quality, Consistently Good Delivery, Designing to Your Needs. 
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pensed. The Epoxer has positive, 
"no-drip" cutoff control. 
Kenics, 1 Southside Rd ., Danvers , Mass. 
01923 [400] 

Wire stripper requires 

no air for operation 

Featuring all-solid-state control, the 
model EW S-lOK wire stripper op
erates without air. Measuring 18 by 
20 by 20 inches, the unit will cut and 
strip 5,000 six-inch-long wires per 
hour. Strip lengths from 0 to 1.5 
inches in 0.1-inch steps, and wire 
lengths from 2.5 to 99.9 inches in 

-·- "' .= . . -... ••· . c.-·e: 
c - .. . . . . 

c.e: •;.. 

0.1-inch steps can be handled. Wire 
and strip length are controlled by 
gating the number of steps of the 
two motors that feed in the wire. 
O.K. Machine and Tool Corp ., 3455 Conner 

St., Bronx, N.Y. 10475 [394] 

Connector withstands 

over 20,000 mating cycles 

A graphite coating technique en
ables the hermaphroditic contacts of 
the miniature model Dualatch con
nector to withstand over 20,000 
cycles of mating and unmating 
without the plating wearing 
through. The coating is also said to 
reduce mating and unmating force, 
since the connector requires only 
three ounces of pressure per contact 
mating, and 0.1 ounce for unmating. 
These qualities, the company says, 
make the connector a suitable sub
stitute for higher-cost, more com
plex zero-insertion-force connectors 
in many applications. 
Amp Inc., Harrisburg , Pa. 17105 [395] 
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Hybrid ~---~ 0 

analog ~ 
switches 

~~ 
I 

o-C>-----' 

tr om : ~ 
o-C>- I 
o-C>-----' 

DICKSON 0 ~&..o 
0 ' crj• 0 

o-C>- I 
o-C>----J 

These versatile Dickson analog switches may be just the 
circuits you need for your system. They offer a variety of 
switching functions in standard 6, 10 and 12 lead packages. 
Ideal for use in multiplexing, sample and hold circuits, A / D 
and D/ A conversion. 

Modeis DAS2126, DAS2132, DAS2133, DAS2136 and 
DAS2137 operate from DTL, RTL or TTL logic. Model 
DAS2110 operates from a 0 to 15V drive signal. 

All of these standard Dickson units provide fast switching 
speeds, handle AC signals through 1 MHz, and have the 
quality and dependability you expect from a leading 
supplier of high-reliability semiconductors. Shipments are 
being made from stock. Custom analog switches are 
also available. 

MODEL TYPE 
LOGIC Ron ton Vout PACKAGE NUMBER LEVEL Typ. µsec volts 

DAS211081 SPST high-level 30 0.3 ±10 T0-5 
inverting 6 lead 

DAS212683 SPOT/ low-level 30 1.5 ±10 T0-8 
DPST alternating 12 lead 

DAS213281 DUAL low-level 30 0.5 + 10 T0-5 
SPST non-inverting - 9 10 lead 

DAS213381 DUAL low-level 30 0.5 ±10 T0-5 
SPST non-inverting 10 lead 

DAS213681 DUAL low-level 30 0.5 +10 T0-5 
SPST inverting - 9 10 lead 

DAS213781 DUAL low-level 30 0.5 ±10 T0 -5 
SPST inverting 10 lead 

CUSTOM ANALOG SWITCHES ALSO AVAILABLE 

CUSTOM CAPABILITIES 
For your copy of a 16-page brochure giving complete information 
on Dickson custom hybrid capabilities, drop us a note on 
your letterhead. 

.DIC'ICSO.N' 
ELECTRON IC S COR P ORATION 

PHONE (602) 947·2231 TWX 910·950·1292 TELEX 667-406 
P. 0 . BOX 1390 • SCOTTSOALE, ARIZONA 85252 
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Mary Lou, Martha, Mollie an 
are sold on the .AO STEREOSTAR® Zoom Microscope. 

Here's why. 
The AO STEREOSTAR Zoom stereoscopic micro
scope was specifically designed for convenience, 
working ease and optical performance. 
Zoom controls are located on both sides for 
convenience. It eliminates awkward reaching 
when changing magnification. The high resolu
tion optical power pack may be rotated 360° to 
accommodate most any assembly or inspection 
situation. Full optical equipment offers a 
magnification range of 3.5x through 210x. 
Working distance of 4.0 inches is main-
tained at all magnifications in basic models, 
and if that's not enough, add a 0.5x 

Circle 212 on reader service card 

auxiliary lens to make it 5. 7 inches. 
STEREOSTAR Zoom microscope assures a wide 
field of view, up to 2.25 inches with the lOx 
high eyepoint eyepieces. It also features an 
extremely efficient illuminator that stays cool 
even after long hours of continuous use. 
See for yourself. Contact your AO dealer or 
sales representative for a convincing 
demonstration. 

DJ AMERICAN OPTICAL 
~ CORPORATION 

SCIE NTIFI C IN STRU MENT DIVISION • BUFFALO. N .Y. 14215 
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more than batch ... 
more than timeshare ... 
le~ than $170000* 

Full system capability from multiple 
interactive terminals. For your new 
brochure call (408) 257-7000, Ext. 3000. 

Or write 

22408 ' Domestic USA Price Only. 
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53000. 

Sales and service from 172 offices in 65 countries . 
1501 Page Miii Road . Palo Alto . Cal1forn1a 94304 
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SYNONYMOUS! 

I 
0 

Associated manufactures a complete line of en
vironmental chambers ranging from the smallest, 
lowest priced chamber available, Model RW-1100, 
to full size walk-in rooms . 
The standards built into every Associated cham
ber probably exceed your day-to-day require
ments, enabling you to purchase a reasonably 
priced standard unit rather than a customized 
special. In short: 

COST+ QUALITY+ DELIVERY= ASSOCIATED 

For details on the broadest standard line of en
vironmental chambers, send immediately for our 
new, complete catalog . 

associated environmental mtems 
360 MERRIMACK ST., LAWRENCE, MASS. 01802 • (617) 683-9501 

DIV: CRAIG SYSTEMS CORP. 
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Flameless 
Compressed-Air 
Heat Torches -
Lightweight and 
portable for 
pinpoint 
intense heat 
performance . 

Heat Blowers - Built for 
continuous 24-hour duty. 

A flameless 
heat tool for 
every need: 
Master 

Standard 
Heat Gun 

-Compact 
and 

economical , 
die-cast 

aluminum 
housing. 

' I 

mal~es them all 
Master offers you the world 's most 
complete line of flameless heat 
too ls. Each one is precision bui It for 
rugged dependability and versatile 
performance. And every Master 
heat tool features a complete 
line of attachments for every 
production need. 

Heat Guns and Blowers are availab le in 
U. L. and L.A. approved models. 
CSA approved in Canada. In Canada, contact 
Martin Industria l Sales, P.O . Box 576, 
4445 Harvest Road, Burlington, Ontario . 

Send for your free 12-page catalog and price 
list on the world 's most complete line 
of flameless heat tool s. 

mASTER 
a.pp~~ 
Raci ne , Wisconsin 53403 
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OUR ANGLE: 
The FIRST Digital 
Phase Angle Voltmeter 

. . . . This NEW DPAV provides complete analysis of complex 
AC waveforms at discrete frequencies and displays the results 
on a high readability 4V2 digit display. Parameters measured 
are Total, Fundamental , In-Phase, and Quadrature voltage plus 
Phase Angle. Phase angle is displayed directly in degrees 
from 0° to 360° with a resolution of 0.1°. 

The Model 220 operates phase-sensitively at a single fac
tory-set frequency from 30 Hz to 32 KHz. The Model 225 has 
the capability of operating with two to four pre-specified fre
quencies. Both models have a total voltage measuring capabili 
ty from 30 Hz to 100 KHz. 

The DPAV can be used on the bench or in Automatic Test 
{ATE) applications. Remote programming, 10Mn input isolation 
auto ranging, and BCD output options allow for complete hands 
-off operation necessary in automated test consoles. Priced 
from $2950.00. 

Let our sales engineering representative demonstrate our 
NEW angle to you. Call toll-free (800) 645-9200 for his name 

... and address. 

~NORT::H: A.TLA.NTIC industries, inc. 
'Ti:J' 200 Terminal Drive, Plainview. New York 11803 • Phone (516) 681-8600 T@ California District Office: 13418 Wyandotte Street, N. Hollywood, CA 91605 • Phone (213) 982-0442 
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New products/ materials 

A thermally and electrically conduc
tive grease compound is a silver-sili
cone base containing no graphite or 
carbon fillers. The one-part nonset
ting material resists moisture and 
operates between -65 and +450°F . 
One of its uses is to conduct heat 
from high-voltage, high-current 
SCRs. One-pound jars and two
ounce tubes are available at below 
$4 per ounce in qudntity. 
Technical Wire Products Inc., 129 Dermody 

St ., Cranford, N.J . 07016 [476] 

A copper-epoxy-glass laminate for 
the construction of hybrid micro
circuits and for high-line-density 
multilayer circuit boards consists of 
an epoxy-glass substrate clad on one 
or both sides with a 0.0001-inch
thick copper layer. Gold or nickel 
fine-line conductor patterns are 
plated on, the copper cladding 
serving as a plating electrode. The 
copper is then removed by immer
sion in a suitable etchant. 
Mica Corp., 1 0900 Washington Blvd., Culver 
City, Calif. 90230 [ 4 77] 

A solvent and cleaner for printed
circuit applications and for general 
bench work is a degreaser conform
ing to military specifications. The 
material has no flash or fire point, 
low residue, low toxicity, and good 
solvency. Called CD-240, the degr
easer is available in a 16-ounce 
aerosol can for $2.10. It has no ef
fect on other materials except poly
styrene. 
The Cole-Flex Corp., 91 Cabot St., W. Baby
lon, NY 11704 [478] 

A machinable ceramic with a fine 
grain structure, is designated mate
rial 902. It is made from aluminum 
silicate with a melting point of 
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New products/ materials 

3,200°F. Applications are in electri
cal insulators, rf heating fixtures, 
prototype ceramic components, sol
dering, and thin- and thick-film ca
pacitors. Rods, plates, and special 
sizes are available. 
Cotronics Corp., 37 W 39th St., New York, 
N.Y. 10018 [ 479) 

A screen-printable thick-film paste is 
aimed at makers of electro-optic de
vices. All pastes in the system fire in 
"nitrogen atmospheres, eliminating 
the possibility of explosion-a prob
lem with firing in hydrogen atmo
spheres. The system also uses non
p re ci o us -met al conductors. 
Bala Electronics Corp., Cermet Division , 14 
Fayette St ., Conshohocken, Pa. ( 480) 

A thick-film conductor called Plati
num+ is a reactive bonder contain
ing no glass contaminates. Fired in 
air, the material wets quickly, is 
leach-resistant, and requires more 
than 6,000 psi to pull it off the chip, 
which fractures at this tension. Plati
num+ is also peel-resistant, re
maining intact after 100 hours at 
150°. 
Electro Oxide Corp., 3896 Burns Rd ., Palm 
Beach Gardens, Fla ., 33403 (371] 

Ten sizes of 95% alumina substrates 
are available for applications in 
photocells, integrated circuits, and 
resistor and capacitor networks. The 
substrates are suitable for most 
types of thick-film and refractory 
metalization systems and are avail
able in sizes ranging from 0.750 by 
0.250 inch to 2.500 by 2.500 inches, 
offering good dielectric and me
chanical strength. Price ranges from 
5 cents each for the smallest size to 
33 cents for the largest in 5,000-lots. 
Centralab division , Globe-Union Inc., 5757 
N. Green Bay Ave ., Milwaukee, Wis. (372) 

High-purity powders in the sub-mi
crometer range include 99.8 % 
aluminum and aluminum carbide, 
99.9% barium titanate, and 99.99% 
silicon. Advantages include chem
ically greater reaction rates and 
high density and hardness in flame 
or plasma-spray coating and casting 
formulations. 
Aremco Products Inc. , P.O. Box 429, Ossin
ing, N.Y. 10562 [373) 
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A DETAILED STUDY concerning Florida's future 
participation in the growth of the nation's electronics 
industry; documenting Florida's major advantages 
of labor availability and productivity. 
Be sure to get your copy by writing on your 
letterhead to : 

Bureau of Marketing Development 1~.._ IJtt 1· ....... ·i 11-·1 Florida Department of Commerce ..... ~ • 
Collins Building, Room 5310M 

Tallahassee, Florida 32304 COMPATABILITY BETWEEN ENVIRONMENT AND THE ECONOMY 

Plan r__our trill 
In time"' 

come to Hanover. 
On the ,,days of the year" 

for planners and decision makers. 

I 

·~ 1 
Hanover o. . 

Hanover 
f!iA~!74 
to Friday, May J L watch the date! .. .... ... ... ............................ . 

German American Chamber of Commerce, Inc. 
666 Fifth Avenue 
New York, N.Y.10019 
German American Chamber of Commerce of Chicago 
77 East Monroe Street 
Chicago,111.60603 

German American Chamber of 
Commerce of the Pacific Coast, Inc. 
465 California Street, Suite 1228 
San Francisco, Calif. 94104 

Circle 217 on reader service card 217 



-

RADIAL LEADED 
MONOLITHIC CAPACITOR 

Underneath its epoxy coating, it's got a chip for a 
heart - a USCC/ Centralab ceramic chip capacitor, 
100 % monolithic construction. Solid reliability for 
business machines, computer and communications use; 
rugged enough to meet mil-spec requirements yet 
priced for commercial applications. 

Capacitance from 4.7 pF to 10 Mfd, working volt
ages 50 to 200 VDC and a variety of dielectric 
characteristics. 

Best of all - AVAILABLE. USCG has recently im
proved chip capacitor deliveries ... now radial leaded 
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Mono-Kaps are available in as little as 12 weeks for 
non-stock items. 

Remember. USCC/ Centralab or your local Centralab 
industrial distributor. 

We deliver. 

- USCC/Centralab 
Electronics Division • Globe-Union. Inc. 

2151 Nor th Lincoln Str eet • Burbank, California 91504 
£213) 843-4222 • TWX: 910-498-2222 
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It's a new book about us. And about the thick film pastes we make. 
About our palladium silver materials. Five complete product 

lines of low-cost conduc- Plesk:"" ..... _••I 
tors with high adhesion and sey EMo 
excellent solderability. 
Each engineered for a spe
cific application . 

About our new dielec
tric materials. Hi-0, Low-K 
for multilayer. Hi-0, lnter
mediate-K for thick film 
capacitors. Low-0, Hi-K for fast switching. 

The book 
we wrote. 

And about our complete line of gold, palladium, platinum , 
silver and other materials. .. .•..... MSS"Ev"iN<;OOPOR'Am··· · 
0 d MATERIALS DIVISION 

Ur con ucto rs, dielectrics, 320 Long lslaod E<p•essw" So"1h 

humistors, thermistors , 
bonding materials and re
sistors . Including our new 
Hi-Rel " G" series resistors . 
One of the broadest prod
uct lines in the thick film 

Melville.NY 11746(516)694-7900 

Please send me. at no cha rge, a 
copy of your new book on Plessey 
thick film materials. 
Name ______ _ 

Title ______ _ 

Company _____ _ 

Address _____ _ 

. d Telephone _____ _ 
1n ustry. • .................................... . 

The coupon 
that brings you 
the book 
we wrote. 

At Plessey Materials , our thick film business has been grow
ing . With new products . New applications. New production 
equipment. 

We 've put it all down in one new book. A book we'd like to 
send you . To help make your products a best seller. 
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PLESSEYINCORPORATED 
MATERIALS DIVISION 
320 Long Island Expressway South . Melville, N.Y. 11746 (516) 694-7900 

Otl1ces 1n Cherry Hill. New Jersey; Rochester. New York. Chicago. Ulmo1s. Dallas. Tekas; Los Angeles. Cahlorn1a. Mountain View. Cat1forma 
Phoenix, Arizona, Charlotte, Norlh Carolina. Reading_ Massachuseus Represenlat111es in Boulder, Colorado. Cleveland, Ohio 
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IN WIRE-WRAPPING ok . HAS THE LINE ......... . 
COIL TITE® SLEEVES 

COIL TITE BITS 

HAND WRAPPING 

r CABLE 
I STRIPPER 

~FETY 
'PLIERS 
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FRE 
TEST 

shows you how to save costs 
SUPERIOR NO. 30 FLUX 

prevents corrosion when soldering 
Ideal for printed circuit boards 

Why take chances that corrosion from soldering will cause rejects 
and unnecessary expense? Use the same flux that hundreds of 
our customers all over the world are using - Superior No. 30 
N-ON·CORROSIVE SOFT SOLDER LIQUID FLUX. We'll sample it to 
you at no cost to prove that it will end corrosion problems! 
It' s posit ively non-corros i ve . No zinc, ammonium chloride, resin 
or gum. Non·hygroscopic, non·conductive . . . no fum es or d is· 
agreeable odors. Res idue is water soluble . Makes soldering eas ier 
and faster! 
Send coupon below or chec k reader service card for free sa·mpl e 
now. After you 've tested it, you 'll be m ighty g lad you d id . 

SO SUPERIOR THAT IT IS PATENTED 
Meets U .S. Army Sat. Com. Agency Spec . SM·A·571678 

-----------------------SUPERIOR FLUX COMPANY• Est . 1932 
653 Alpha Dri ve, Cleveland, Ohio 44143 Dept . E 
D Send free sample. No. 30 FLUX 
D Send prioes and details 
FIRM 

ATIN . OF 

AO DRESS 

CITY STATE ZIP 

------------------------
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international 
coil winding 
association 

<Devoted Entirely To The Coil Winding Industry) 

PRESENTS 

COIL WIDDIDli 
EHIEAliO '74 
CONVENTION and 
Sheraton O'Hare Hotel, 

Rosemont, Illinois, U.S.A. 

EXHIBITION 
21,22,23, 
May, 1974. 

FOR FURTHER DETAILS CONTACT:
INTERNATIONAL COIL WINDING ASSOCIATION 
EUROPEAN & HEAD OFFICE N. AMERICAN OFFICE 

Cleveland House 
344A Holdenhurst Road 
Bournemouth BH8 8BE 
Hampshire 
England 
TEL: Bournemouth 38738 
TELEX : 417123 

Suite 106 
3158 Des Plaines Ave 
Des Plaines 
Illinois 60018 
U.S.A. 
TEL: (312)827-4060 
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Data General Corp. - the mini-computer star - really packs its PC 
boards. Typical is this 15" x 15" edition with 126 integrated circuits, 12 
levels of logic, 15 time states. 

Most test system companies just shook their heads. So Data General 
has been handling all its own circuit testing. 

Until recently. 
DGC brought 80 of these boards to us. Many 

doctored to incorporate particularly tough The board 
nobody could test 
BUT Data General. 

combinations of particularly 
troublesome faults. We ran them using 
the MIRCO 410 Logic-Circuit Test 
System and a test program developed 
with FLASH Test Generation Software. 
Result: fault isolation, on the 
average, in 1/24th the t ime. 

DGC bought. MIRCO Systems 
and Software. Wouldn't you? 
Shouldn't you? 

And now us ... 
in V2J. th the time. 

[ .... ·1 .... a l ~11~~~ - ~!~~:.~~·o~~T~ . Az . 85029 • Phone (602) 944-4691 . ~ IC ... . The only name you need to know in circuit testing 
~~~~~~~~~~~~~ 
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OPEN-LINE 
REED RELAYS 
Quality Engineered at Low Cost 
Broad Line ... From Distributor Stock 

An exceptionally high quality line of Form A and Form Copen 
frame reed relays - with up to 6 contacts (Form A) and 
4 contacts (Form C) per relay! Available in standard 
coil voltages 5 to 48 voe . .. Capable of switching 
up to 1h amp, 250 voe (Form A) or ';4 amp, 28 
VDe (Form e). Only .350" high by 1.125" long, 
with terminals on .1" or .15" grid spacing. 
Electrostatic and electromagnetic shield ing 
optional. Top performance at low cost ... 
Tailored to fit your cost / environmental 
requirements. 

Phone, wire or write. 

ELEC-TROL, I NC. 
26477 N. Golden Valley Road 
S1111us, Callfomia 91350 
(213) ,788-7292 
lWX91N38-1158 
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2 new catalogs from S-D 
(tree) 

1. Systron-Donner 's 1974 general in
struments catal og. It's a 256-page 
compi lation of one of the widest 
selections of electronic instrumen
tation in the industry. Complete 
specifications are given for Systron
Donner's extensive range of test 
and measurement i nstru men ts, 
power supplies and computer test 
systems. Instruments for R & D, 
manufacturing and service applica
tions use the latest technical 
advances to assure maximum per
formance and value. 

2. Systron-Donner's microwave com
ponents catalog. This 112-page 
guide c overs mo re than 4, 000 
waveguide and coaxial compo
nents spanning the frequency range from or on short delivery. Free copies of the 
DC to 140 GHz. Detailed specifications catalog(s) may be obtained from Scientific 
and applicati on informati on make this Devices offices or from Systron-Donner, 
catalog especially useful. All items listed 10 Systron Drive, Concord , CA 94518 
are readily available, either off-the-shelf Phone (415) 682-6161. 

BYSTRON < I ® DONNER 
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New literature 

Rf transmission. Decibel Products 
Inc., 3184 Quebec, Dallas, Texas 
75427. A booklet titled "About Rf 
Transmission Lines" is aimed at 
people involved in two-way radio 
communications. The booklet dis
cusses the application of trans
mission lines and how they affect 
systems. Circle 42 l on reader service 
card. 

SCR selection. The method of select
ing SCRs for single-phase de motor 
drives is the topic of an applications 
note from International Rectifier 
Corp., Semiconductor division, 233 
Kansas St. , El Segundo, Calif. 
90245. [422) 

P c connectors. Continental Connec
tor Corp., 34-63 56th St., Woodside, 
N.Y. 11377, has issued a 16-page 
technical catalog describing a group 
of receptacle-type printed-circuit 
connectors with 0.025- and 0.045-
inch-square terminations for wire
wrapping. [423] 

Miniature connectors. From B&W 

Associates Inc., 21 B Street, Bur
lington, Mass. 01803, comes a six
page catalog, which covers min
iature precision coaxial and strip 
transmission-line connectors and in
cludes specifications on semirigid, 
flexible and stripline versions of the 
connectors. [424) 

Trimmer capacitors. A bulletin on 
ceramic trimmer capacitors from 
Sakata International Inc. , 651 Bon
nie Lane, Elk Grove Village, Ill. 
6007, describes the rotary design of 
the units, which use an optically flat 



Norplex multilayer laminates-the 
heart of today's high-density circuitry. 
In applications where space is 
critical , multilayer circuits can 
replace two or more single 
boards, allowing you to increase 
circuit density without sacrific 
ing f inished exterior dimensions. 

Norplex glass laminates and 
prepregs are available with 
either epoxy or polyimide resin. 
They continually meet (and 
generally exceed) all customer 
specifications. We provide not 
only the materials but the tech
nical services to go with them, 
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©1 974 UOP 

working close ly with you to at
tain maximum benefits for your 
product line and increased fin
ished product yield. 

We have a separate group 
devoted exclusively to the man- . 
ufacture of multilayer materials, 
wo rking w i th specialized 
Norplex- designed equ ipment 
for optimum production capa
bility and qual ity assurance. 

No one else can offer you the 
in-depth experience and tech-

----------~ / Norplex Division, UOP \ I (Universal Oil Products Company ) I 
Norplex Drive, 

I La Crosse, Wis. 54601 I 
I Please send me your brochure on 

multilayer laminates. 

I Name _____________ _ 

I Title _____________ _ 

I Company 

Address ____________ _ 

I 
I 

I I City State Zip· ___ _ 

\ ' --------~--·----~--

nical exp~rtness of Norp lex, 
where laminate manufacture 
has been our only business for 
more than 25 years. 

Send coupon for our new 
brochure which explains the 
advantages of Norplex multi
layer laminates. Or phone: 
608 / 784-6070. 

Norplex®lamlnates 
byuop 
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The right Ferramic™ for the right 
application ... everytime! 

With Permag supplying application-rated Indiana 
General Corp. Ferramics, you'll always get exactly 
what you need. Complete fabricating facilities. Pro
totype quantities available. Engineering assistance. 
Annealing and field testing. Prompt 24-hour delivery. 
Extensive stock of ferrite parts at all locations. 
Catalog available. 

YOUR NO. 1 SOURCE 

FERRAMICST.M. FOR ALL MAGNETIC MATERIALS 

FROM PERMAG 
Consult your Yellow Pages 

for address and telephone numbet ol Permag near you. 

Cable Address : MAGNETS NEWYORK ALL ACROSS THE COUNTRY 
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New literature 

ceramic dielectric and electrode to 
provide linear variations in capaci
tance. Dimensional information, or
dering procedures, and test values 
are given. [425] 

Logic'. Teledyne Semiconductor, 
1300 Terra Bella Ave. , Mountain 
View, Calif. 94043, has issued two 
catalogs on the company's HiNIL 
family of logic. A 12-page con
densed catalog and a comprehen
sive 64-page catalog provide appli
cations and specifications on nearly 
40 devices. [426] 

Resistors. Vishay Resistor Products, 
63 Lincoln Highway, Malvern, Pa. 
19355. Applications bulletin AB-102 
describes the series S 102 and S 105 
resistors used in critical portions of 
pressure transducers to ensure sta
bility. [427] 

Power rectifiers. Medium-current 
single-phase bridge silicon power 
rectifiers are described in a bulletin 
available from Edal Industries Inc., 
4 Short Beach Rd. , E. Haven, Conn. 
06512. [428] 

Pulse driver. A bulletin from Elec
tron Physics Ltd., Survey Ho., Poole 
Rd. , West Molesey, Surrey, Eng
land, describes the company's Pock
els cell pulse-drive unit, which pro
vides a means for gating 
nanosecond pulses from a long-du
ration laser pulse, or for selecting 
one or more picosecond pulses from 
a mode-locked pulse train. [429] 

Cassette transport. A four-page 
specification sheet from The Amilon 
Corp., 49-12 30th Ave., Woodside, 
N.Y. 11377, describes the model A7 
digital cassette transport. [430] 

Data communications. Computer 
Transmission Corp., 2352 Utah 
Ave., El Segundo, Calif. 90245 . A 
12-page brochure discusses the ap
plications and benefits of the com
pany's Multitran 4000 remote pro
cessing system for data
communications networks. [431] 

Oscillator. Bowmar Instrument di
vision, 531 Main St., Acton, Mass. 
01720, has published a data sheet 
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INTRODUCING 
THE LATEST ROCKWELL 

MOS/LSI ADVANCE ... 
AND NEWVERSADUTY 

IN MACHINE DESIGN: 

What It does 
Our new Parallel Pro
cessing System 
(PPS) has the 
potential of ~ ·:. 
cutting the Q 0 ta~~ 
cost of many 1 ""' 
machines- ~ 
professional 
and program
mable calcula
tors, business 
machine terminals and system 
controllers. Even for small volume 
applications, PPS circuit costs 
will be in the range of volume
produced circuits. That's because 
the entire PPS system-except 
for one circuit-is predesigned 
to work in all these machines. 
Only one circuit is unique to your 
machine-and, once you've 
mastered microprogramming, you 
can design it yourself, with no 
Rockwell design involvement. 
Even if you're already using 
MOS/ LSI, you should evaluate 
our new PPS. The "Characteris
tics" chart at right shows you 
its design advantages. And here's 
another advantage: Rockwell has 
ready for you a complete package 
of design aids: a time-tested 
program for Microprogramming 
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NEW PPS. 
through Tymshare . . . 
special equipment for micro

program assembly and ROM 
emulation ... evaluation 
board for prototype testing 
... programmer's reference 
manual, and all requ\red 
documentation. 
What it is 
The PPS performs the 
arithmetic and logic 
functions of a four-bit 

parallel microprocessor. It's based 
on a powerful one-chip CPU 
controlled by ROM micropro
gramming and possessing its own 
discrete I / 0 capabilities. The 
other building blocks are pre
designed compatible ROM/ 
RAM, ROM, RAM and I / 0 
circuits plus a crystal-controlled 
clock generator circuit. The 
smallest PPS is a 2-chip set capa
ble of executing 704 eight-bit 
program instructions and storing 
76 four-bit words. It can be 
expanded into a 30-circuit system 
without need for additional 
buffering or drive circuitry. 
As a digital processor, the PPS 
can readily be interfaced with a 
variety of sensors-card readers, 

keyboards, displays, etc. 
What you should do about it 
Just drop us a line on your 
company letterhead and we'll 
send additional information so you 
can make your own micro
processor comparison. Marketing 
Services, Microelectronic Device 
Division, Rockwell International, 
P.O. Box 3669, Anaheim, 
Ca. 92803, U.S.A. 

ROCKWELL PPS CHARACTERISTICS 

Instructions .............. 50 
Instructions Cycle 

Time-µS ............. . 5 

Addition of Two 
8-0igits-µS .... . ...... 240 

Nesting of Subroutines-
Levels .... .. .. . . .... .. Unlimited 

ROM Chip Size .. . ..... . .. 1024 x 8 
(16K Words 

Max.) 

RAM Chip Size . . .... ... .. 256 x 4 
(8192 Words 

Max.) 

1/0 Capability .. . .. . .. ... 24/CKT 
+12 CPU 

Write us today for an appointment 
for a PPS demonstration at 
IEEE in New York. 

Microelectronic Device Division 
Rockwell International 

.. where science gets down to business 
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CONTROL-precise 
SIZE-fits 

SUPPLY-fast 
PRICE-fine 

Miniature 
Relay Type 
MPM-100 

•Available for various voltages AC & DC. 
• Both 4PDT and DPDT contact switching 

requiring minimum driving power is 
available. 

• Highly economical. 
• Incorporates anti insulation fatigue de

vice which prevents short-circuits. 
• Uses UL-approved resin bobbin. 

Digital Line Printer LP-108 

•Compact size with simplified mechanism. 
• Up to 18 columns. 
• 14 characters per column. 
•High reliability. 
• Red/black printing. 
•Print rate of 2.5 to 3.0 lines/sec. 
• Low cost 

Miniature 
Motor Timer 
Type UT-500 

• Smart surface 
design. Plug-in 
type terminal. 

• Economical due to simplified pointerless 
mechanism. 

•Available in a variety of types ranging 
from 10 seconds to 24 hours, surface
mounted or flush-mounted. 

Whichever way you take the measure of 
TEC control instruments you 're getting top 
value. They work longer; give you more 
reliable performance for your money. 

lttm I TOKYO ELECTRIC co.uo. 
14-10, 1-chome, Uchi-Kanda, Chiyoda-ku, 

Tokyo, Japan 

New literature 

providing information on the model 
41 SA digital-communications os
cillator. [432] 

Capacitors. A data sheet describing 
voltage-variable capacitor models 
IN546 l through IN5476 is available 
from Codi Semiconductor division, 
Codi Corp., Pollitt Drive South, 
Fair Lawn, N.J. 07410. [433] 

Substrates. Electronic Slicing and 
Dicing Inc., JO Railroad St., Law
rence, Mass. 01841, has made avail
able a specifications and price sheet 
for a line of 96% alumina substrates. 
[434] 

Disk memory. Engineered Data Pe
ripherals Corp., 170 l Colorado 

Ave., Santa Monica, Calif. 90404, 
has issued a booklet designed to aid 
computer users and manufacturers 
in evaluating and selecting disk
m em o ry devices. The "Disc 
Memory Buyers Guide" deals with 
choosing the right medium, such as 
core or tape, and includes a discus
sion of fixed-and moving-head and 
floppy-disk drives. [435] 

Reed relays. A four-page bulletin 
describes the series 46 miniature 
reed relays available from North 
American Philips Control Corp., 
Cheshire, Conn. 06410. Mercury
wetted, dry-reed and magnetic
latching types are discussed, and 
specifications, dimensional drawings 
and performance curves are pro
vided. [436] 

Heat sinks. Aham, Box 909 , 968 W. 
Foothill Blvd., Azusa, Calif. 91702, 
is offering an applications handbook 
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Seizure of Nominal Value Deviations 
considering previous events 

-

• 
253.17 .56 .21 

What caused the anomaly? Which 
variable quantities are effected? 
How long does the nominal value 
deviat ion last? What eliminated it 
eventually? - Questions, needing 
answers to make an exact fault anal
ysis possible . OSCILLOSTORE®helps 
you to answer such questions. Be
cause OSCILLOSTORE can monitore 
all continuous processes which can 
be represented through electrical 
signals up to 10 kHz . OSCILLOSTORE 
simultaneously registers, depending 
on task, up to 32 measurement 
values for milliseconds or minutes . 

OSCILLOSTORE reacts as soon as 
the monitored measurement value 
exceedes its limits: A connected 
recording device is switches on to 
record the delayed measurement 
value - a few undisturbed periods, 
then the process of the entire dis
turbed measurement value and fi 
nally the re ccurrence of the nominal 
value. 
Would you like to know more about 
OSCILLOSTORE?Where this modular 
system has been applied successfully 
in electrical power stations or pro
cessing systems? 

253 .17 .56 .21 

Please write to: 
Siemens Aktiengesellschaft, 
zvw 133, 
7500 Karlsruhe 21, 
Postfach 21 1080. 

in USA to : 
Siemens Corporation , 
186 Wood Avenue South , lselin, 
New Jersey 08830 

in Canada to : 
Siemens Canada Limited, 
7300 Trans-Canada -Highway, 
Point Claire 730, Quebec 

with the OSCILLOSTORE by Siemens 
Circle 227 on reader service card 



BK3@8-150 MHz 
(HC-35/ U) 

BK5W@ 2-30 MHz 
(HC-37 / U) 

BLILEY 
BG61AH-5S 

5 MHz 

BA6@0.2-100 MHz 
(HC-36/ U) 

HB2@ 0.2-100 MHz 
(HC-39/ U) 

QUARTZ CRYSTALS 
• Applications : General communication , aerospace, 

OPL/ MIL-Type C-3098F & precision 
reference/ high stability glass units 

• Holder Types : Solder seal , coldweld & glass 
sealed holders 

• Freq . Range : 1000 Hz to 200 MHz 
• Tolerance / Ambient : ±100 ppm (range) to 

±1 PP'!1 (oven) 
• Maximum Aging: 40 ppm to .003 ppm/ 30 days 
• Custom high shock & vibration designs available 

Complete Data Sheets Supplied On Request 

Circle 228 on reader serv ice ca rd 

FANTASTIC MILEAGE, 
ANYONE? 

You 'll love the Vespa Ciao's 168 
miles-per-gallon performance for 
tennis and other leisure-time ac
tivities . Pedal it like a bike or enjoy 
the motor. The Ciao has auto
matic transmission , is whisper
quiet, and weighs just 74 pounds. 
Check Yellow Pages tor Vespa 
dealer or write to : 

MR . SHORT 

WESTERN SCOOTER OISTRIBUTORS 

228 
Ci rcle 261 on reader service card 
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New literature 

on heat sinks. A guide to thermal 
engineering, the 152-page book pro
vides graphs, photos, and answers to 
problems that often arise in this 
field. [437] 

Oscillator kit. A data sheet from 
Statek Corp., 1233 Alvarez Ave., 
Orange Calif. 92668, is also an or
dering form that includes descrip
tions and applications for a low-fre
quency oscillator kit. [438] 

Transistors. A 32-page catalog de
scribing a line of hermetic transis
tors made by Raytheon Semicon
ductor, 350 Ellis St., Mountain 
View, Calif. 94042, includes infor
mation on beam-lead chips, military 
devices, and wireless-bond semicon
ductors. [ 439] 

Message withholder. A method of 
monitoring and controlling message 
traffic through data-communi
cations storage devices is explained 
in a data sheet from Plantronics, 385 
Reed St., Santa Clara, Calif. 95050. 
The publication discusses the oper
ation of the model 1160 Message 
Withhold unit in communications 
networks. [373] 

OEM recorder. Gulton Industries 
Inc., Measurement and Control Sys
tems division, E. Greenwich, R.I. 
02818 . A bulletin describes the 
Mark III OEM recorder, which 
records while simultaneously print
ing alphanumeric data in the chart 
margin. [374] 

Printed circuits. The Institute of 
Printed Circuits, 1717 Howard St., 
Evanston, Ill. 60202, has released 
two publications; "Specifications for 
Double-Sided Flexible Wiring with 
Interconnection" and "Specifica
tions for Single-Sided Flexible Wir
ing." [375] 

Displays. Liquid-crystal displays are 
discussed .in a manual available 
from Hamlin Inc., Lake and Grove 
Sts., Lake Mills, Wis. 5355 l. The 
eight-page brochure explains the 
fundamentals of these displays , 
types available, and their advan
tages and disadvantages for various 
applications. [376] 
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If you thought 
you had to give up performance 

to get a two pen XY recorder, 
run the HP 7046 through a few tight curves. 
If your job is to capture fast changing 
input signals, you need the two-pen 
XY recorder that's built for speed and 
accuracy. It's called the HP 7046A. And 
it gives you an unsurpassed y-axis 
acceleration of 2,500 in/ sec2 and a 
slewing speed of 30 in/ sec 
with virtually no over
shoot and accuracy 
of ±0.2% of full 
scale. 

Working with 
this kind of speed 
means you've got to 
have a writing system 
equal to the test. So HP 

starts with fiber tipped pens with a 
crossover separation of only 0.05 in. 
With reliability proven in our high
speed one-pen recorders, these 
disposable pens make replacement and 
color changes quick and clean. 

Autogrip solid state electrostatic hold 
down has no moving parts and 

silently grips the plotting 
paper to a smooth 

writing surface. 
The 7046 is a 

rugged machine. A 
heavy-duty aluminum 

casting means the recorder 
can take hard knocks without 

misaligning the axes. Inside, the 
continuous-duty servo motors have no 
complicated slip clutches. 

The price is $2,,650 (domestic USA 
price only) and a long list of options 
lets you customize the 7046A to your 
special applications. You can have 
internal time base, event marker, re
transmitting pots, TTL remote control 
and a rear connector, to name a few. 

Get details on the XY recorder that 
gives you two-pen capability without 
giving up performance. See your HP 
field representative or write Hewlett
Packard, 1501 Page Mill Road, Palo 
Alto, California 94304. 

11401 

HEWLETT~ PACKARD 

Sales, service and support in 172 centers in 65 countries. 
Palo Alto. California 94304 Offices In princlpat cities throughout the U.S. 

(';,.,.._1,.... r')f")("\ ,....,.... ,..,..,.....J-- -.- -· .: - - - - • I 
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VECTOR FITS IT ALL TDGETHER1 BETTER 

CMA SERIES 

Strong, rugged all alumi
num units supplied assem
bled for slide- in EFP mod
ules in 31/2", 51/4', 7" and 
8%" heights and up to 
1531." deep. 

EFP 
MODULES 

Sleek aluminum 
cases with slide-off 
side covers, extruded 
top and bottom rails hold 
cards 2.73", 4.5" and 7.98" 
wide and 4.5", 6.5", 9.6" 
and 11 .31" long. 59 models 
available in widths from 
l " to 41f2". 

CARD FILES AND CAGES 

Rugged all aluminum, card 
height adiustable card files 
supplied assembled ready 
for connectors which mount 
on 4-way adiustable struts. 
The cages are designed for 
cards with width ranges 
of l .O" to 2.73"; 2.73" to 
41/2"; 6 .2" to 7.98"; and 
lengths up to 9.6". Plastic 
ar metal guides available. 
Continuous extruded alumi
num plate style has l 06-
0.075" wide continuous 
grooves on 0 .150" centers 
for cards allowing maxi
mum flexibility. 

Visit I NTE RCON Booth ·122 1 

MULTI -USE CAGE KITS 

Supplied unassembled in 
11 different models for 
ma xim um flexibility to 
house cards and / or mod
ules . Order card and module 
guides separately. Slotted 
side walls and bracket
mounted connector mount
ing struts provide wide 
adjustability. Available in 
31/2", 51/4', 7" and 83/4' 
heights and 9" , 12", and 
1531." depths . Al I parts and 
hardware of any Vector 
cage are available sepa
rately. For custom card or 
module cages, request our 
"design your awn" form 
drawing. 

e PLUGBORDS 

e TERMINALS 

e CONNECTORS 

See 88m vol . 3, pg. 954-958 

PA c KA GI NG 'J/ee!Oi E LE c TR 0 N I c c 0 ' I N c ill p" 0 ' p I.' l l I l h ,, 111 ' ~41113 

HARDWARE FROM: 12460Gl.id'::.toneAvt> Sylrn.ir ( il1lorn11Ql~4L) \......_\f._) TV\X 1gJUJ .:q6 l'J19 
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Easy Access 
At Newest Plant Site 
In Rochester, New York 

The Outer Loup Industrial Park is right next to a 
freeway system that connects you with the New York 
State Thruway and the World . Expre;;sways a lso 
lt'ad you ;;traight to the profitable Rochester market. 

Neighboring· companies know the benefits of this 
fin e loca tion on Rochester's west side. Some of them 
are Eastman Koda k, Bendix Corporation, 3M Com
pany, Genera l Motors, and Ragu Foods. 

Railroad servit:e i;; available on-site and an airport 
served by three major airlines is minutes away via 
th e freeway;;. The Port of Rochester , a few miles to 
the north, has deep water act:ommodation for ocean
going vessels. 

For more information, contact RobertJ. Hall, 
Director of Area Development, Rochester Gas 
and Electric Corporation, 89 East Avenue, 
Rochester, New York 14649 01· ca ll (716) 
546-2700, ext.2466. 

We know more about s ites in our nine-co unty 
area than just about anyor.e e lse. Contact us for 
information on available facilities from 10,000 to 
bOlJ,000 o.q ua re feet. 

ROCHESTER GAS AND ELECTRIC 
89 EA S T AVCNUC ROCHC S TER N Y 1464 • 5 46 llOO 
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Integrating man's creativity with a computer's speed 
and memory isn 't easy. But Gerber has done it with an 
interactive system which can create and plot drawings as 
complex as the operator can imagine .. . all' at the touch 
'of a button. 

Think what this can mean in your department. 
Drafting drudgery eliminated. More accurate draw
ings, faster. More time for designers to 
think and create. Lead time drastically re
.duced to give you a competitive edge in 
bring ing new products to the marketplace. 

Translated into dollars, this 
means more profits from your en
gineering department profit center. 
More profits whether you make au
tomobiles, aircraft, electronic equip
ment, machine tools. Or anything 
else that requires drafting. 

The Gerber interactive system is delivered complete 
and ready to go to work for you. And, of course, the entire 
system is designed, built and serviced by Gerber Scientific, 

the internationally recognized pioneering 
leader of the industry. 

Find out now the Gerber Interactive 
Design System can produce for you. 

A note or phone call will bring a 
prompt response. 

The Gerber Scientific Instrument 
Company, Hartford, Connecticut 

06101. (203) 644-1551. 

t::®GERBER 
1.:1 SCIENTIFIC 

Circ le 231 on reader service card 

Push Button Drawing. 
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problem solver p 
Bausch & Lomb StereoZoom 7 Microscope with 

Coaxial llluminator is the answer to your need for full 
field, full aperture i I lu mi nation; fu II color, hi gh contrast 
imaging and better resolution. 

This unique form of incident illumination eliminates 
surface glare from highly reflective surfaces and also 
effectively illuminates low contrast objects. 

You zoom over a magnification range of 15X through 
280X. Field diameter ranges from 0.55 in. through 0.03 
in. Working distance is 3.0 in.-0.56 in. 

Send today for our catalog 31-15 
and our FREE DEMONSTRATION offer. 

StereoZoom. Reg . T.M. Bausch & Lomb 

BAUSCH & LOMB (i) 
SCIENTIFIC OPTICAL 

PRODUCTS DIVISION 

62303 Bausch Street, Rochester, New York 14602 

For literature circle Reader Service Card No. 232 
For demonstration circle Reader Service Card No. 90 

A broad range of special purpose piezoelectric ceramics Is of· 
fered by one of the nation's oldest and largest sources of such 
Items as thin discs. spheres. rings. bars. and cylinders. Avail· 
able from stock or by special order to customer specifications. 
• Lead Zirconate • Barium Titanate • ADP Crystals 

Ceramic Application Notes and product data sheets will be sent upon request. 

'~-~;~:; 

New 
goodies 
add 
measure 
power to 
Fluke 
8000A 
Best selling 3Y2 digit DMM 
even better with new options 
and accessories 

For data out today, 
dial our toll-free hotline, 
800-426-0361 

New ac/dc high current 
option lets you measure 10 A. 
continuously or up to 20 A. 
momentarily. New low 2 and 
20 n scales give 0.001 n 
resolution . Low cost RF probe 
offers new capability. 

Other options Include 
rechargeable battery pack, 
digital printer output , deluxe 
test leads, 40 kV high voltage 
probe, 600 A. ac current probe, 
carrying cases, dust cover 
and rack mount. 

Basic " best buy" $299 DMM 
feature de accuracy of 0.1%. 
Measure ac / de volts from 
100 µv to 1200 v, current from 
100 nanoamperes to 2 A. and 
resistance from 100 milliohms 
to 20 megohms. Guaranteed 
20,000 hour MTBF. 

='F:L:U==:K::E::t 
John Fluke Mfg. Co., Inc., P.O. 
Box 7428, Seattle, WA 98133 
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"When work began on the 
AN/TPX-42A, we started looking 
for an interconnection system 
that offered high reliability and 
design flexibility, without sacri
ficing lower initial costs or low 
field maintenance. 

experienced no mechanical fail
ure or intermittence with the 
Augat system. 

"Electronic Systems 
Division of U.S.A.F. accepted 
these findings and approved 
the Augat system. 

"Our program staff ran RobenA.Mesard "We now have used sub-
detailed reliability and cost analyses of 
the four basic interconnection systems 
under consideration: P.C. boards, multi
layering, welded wire-stitching, and 
wire-wrapped plug-in panels. 

"The system meeting all of our 
requirements was wire-wrapped plug-in 
panels. We compared several manufac
turers of socket panels and selected the 
Augat panel based on overall quality, 
range of products, and their willingness 
to respond to our needs. 

"Our findings were incorporated 
into our proposal to the Air 

\ ' 

Force. But as the wire-wrapped 
plug-in panel concept was com
paratively untried in U.S.A.F. 
equipment, they requested 
additional testing. So we ran a 
series of in-depth reliability and 
stability studies and tests as part 
of our systems qualification and 
reliability demonstration program. 

, I ' 

"After 13,200 test hours, we TheANmx
4

2A 

stantial production quantities of Augat 
panels without a single contact failure." 

Augat first pioneered the socket
panel concept in 1965, and the exclusive 
precision-machined tapered-entry con
tact has made Augat the reliability 
standard for the plug-in interconnection 
industry. 

A.I.L's record of not a single contact 
failure is one of the reasons why Augat 
supplies more panels than all other 
manufacturers combined. 

As the world's leading manufac
turer of wire-wrapped panels and 
other IC interconnection prod
ucts, Augat is ready and willing to 

help with all your interconnec
tion requirements. 

Call or write today for 
free brochure and complete 

product information. Augat, Inc., 
33 Perry Ave., Attleboro, Mass. 

02 703. Represented and distributed 
internationally. 

AUGAT~ 
Europe-Augat International, Inc., Boulevard A. Reyers, 103, 1040 Brussels, Belgium, Tel.102) 36-93-99. 

Japan- Kyokuto Boelti Kaisha Ltd., New Otemachi Bldg., 2-1 , 2-Chome Otemachi, ChiyocL ·Ku, Tokyo 100-91, Japan, Tel.103) 244-3788, 
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Value 
engineered for 
total performance ... 
get budget priced! 

• DC to 10 MHz @ 10 mV • Triggered 
• Solid State • Highly portable • Attractive in 
Systrex Vinyl Aluminium finish • Easy grip 
handle serves as tilt stand • Printed circuit 
layout allows easy access to components 
• Vectorscope facility • CRT display on 6 x 10 

divi sion graticu(ilei··~=~~~'7T~l 

- - -
.., ' S'W•ittM• 7f O&ctL1..0•co•a -) L 

•DC to 15 MHz @10mV •Triggered 
• Solid State • Extremely portable 

• Vectorscope facility • Attractive in Systrex 
Vinyl Aluminium finish • Easy grip handle 

serves as tilt stand • CRT display on 8 x 10 
division graticul e • Useful for industry, 

academic in stitution s, service shops 
,.;;;;.:::==.===:::=:===::::::::::::::::==:.,. and ma i ntena nee. 

BJ 
q::i§oc;i .~ 0 
"0 13 0-~ ·. • .-... · .. """ D .. "' o .. ·"""' 
~- 0·.·0~~-
f.. . .;. .• ;·- ;r~·~k~-·.~'" ~-·~·I 

-;.· e. t_, 0 :"C .:°'" I;! !lJ14lfi;ntg 
• DC to 15 MHz @ 10 mV • Triggered 
• Solid State • Easily portable • Vectorscope 
facility • Attractive in Systrex Vinyl Aluminium 
finish • Easy grip handle serves as tilt stand 
• CRT display on 8 x 10 division graticule. 

ifjf 'Systems JJi~ftronics Inc. 
liiii Makers of fine Oscilloscopes. 
9727 Inglewood Avenue, Inglewood, California 90301 . 
Tel : (213) 671-8231 •Telex : 67 -7459 •Cable: ·Rectusa' 

"See us at l.E.E.E. lntercon 1974, Booth 271 O". 
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New books 

Handbook of Electronic Compo
nents and Circuits, John D. Lenk, 
Prentice-Hall Inc., Englewood 
Cliffs, N.J. 216 pp., $12.95. 

Talk about not telling a book by 
its title! Although the title and cover 
will probably sell many volumes, 
the electronic components this vol
ume deals with are discrete field-ef
fect transistors and unijunction tran
sistors, and that's about all. The text 
is strongly oriented towards appli
cations, treats the device physics 
only perfunctorily, and doesn't even 
mention the use of a computer in 
circuit design. 

Nevertheless, the book covers its 
limited subject matter quite well. It 
is a good exposition of practical de
sign techniques for discrete unijunc
tion- and field-effect-transistor cir
cuits. The author's method is to 
present a basic circuit, then discuss 
individual component and bias se
lection, using few equations but giv
ing lots of practical design tips. He 
finishes up with a design example. 

A treatment of these devices as 
they are used in integrated circuits 
would have been helpful, however. 
For example, the author might have 
described the advantages and disad
vantages of monolithic versus dis
crete gates for small-scale integra
tion. 

Individual design rules are dis
cussed, along with component selec
tion and biasing tips. Designers will 
find many hints about practical 
problems they may run into. 

Clearly, the result is not a text for 
circuit designers, but an aid to engi
neers or anyone else who wants to 
build a unijunction or FET circuit for 
a test setup without becoming a cir
cuit-design expert. But that fact is 
not at all apparent from the title, 
which does a disservice to the book's 
potential readers. 

- JoelDuBow 
Components Editor 

The Fast Fourier Transform, E. 
Oran Brigham, Prentice-Hall Inc., 
1974, 252 pp., $19.95. 
Prof. Brigbam, of the University of 
Texas, has taken a rather unusual 
approach in explaining the nature 
and applications of the fast-Fourier
transform (FET). He first introduces 
an intuitive description of the FET, 
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Open a ~avings Account 
with our new 

megapower SCRs 

When you invest in IR 's new Megapower SCR Family 
Sav ings Plan you start earning dividends three impor
tant ways. 

First, you can eliminate over 70% of the devices and 
parts normal ly needed (see the 3-phase converter "sav
ings account" below for full details) . That gives you a 

yields SCRs of virtually identical switching characteris
tics , so you eliminate expensive current balan ci ng 
equipment. It also produces the high voltage SCRs you 
need. Specifically: 700A(av) 500 to 2100V; 850A(av), 500 
to 2000V; 1000A(av) , 500 to 1500V, and 1600A(av) , 500 
to 1200V. 

lower total system cost, plus 
more reliabi l ity. IR'S 4800 Amp, 3-PHASE CONVERTER SAVINGS ACCOUNT 

There is also an extra divi
dend in overall productivity 
because Megapower SCRs 
will keep your equipment on 
line longer. Their surge capa
bility is so high, they can ride 
through massive overloads 
without resorting to protec
tive fuses. 

Second , having fewer parts 
cuts assemb ly time sharply, 
increases reliabil i ty and 
makes your field servicing 
that much easier, too. 

Third , Megapowe r SC Rs 
give you more production 
power with only a minimum 
change in your equipment 
size. 

If you want to para I lei Mega
power SCRs, there 's a special 
bonus. Our epitaxial process 

4800A Assy. 4800A Assy. 
Usi ng Usi ng Parts 

Pa rts Per 3-550A SCRs 1-1600A SCR Saved 
Assembly Per leg Per Leg Per Assy. 

1. SC Rs 18 6 12 
2. Heat Sinks 21 9 12 
3. Clamps 18 6 12 
4. Fuses 18 6 12 

5. Balancing Reactors 18 0 18 

6. Trigger Pulse 6 0 6 
Pwr. Amplifiers 

7. Isolated Gate 18 6 12 
Drive Windings 

Totals 117 33 84 

International 
Rectifier 

Open a savings account to
day. Call your IR branch office, 
or bank headquarters (213) 
678-6281: Telex: 67-4666. In
ternational Rectifer, 233 Kan
sas Street, El Segundo, CA . 

International Rectifi er, 233 Kansas Street, El Seq undo, CA 90245. . .. the innovative power people 
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NEC's Models 2P05M, 2P1M, 2P2M, 
& 2P4M are P-gate all-diffused mold 
thyristors with an average on-state 
current of 2 Amps. (Tc=54°C). 
Surface treatment of the pellets with 
glassivation technique guarantees a 
high degree of reliability. 

With their miniature size and thin 
electrode leads, these thyristors are 
easy to install, while lowered 
holding current distribution offers 
endless design variation. 

Adequate stock is on hand now, 
so rapid delivery can be guaranteed. 
Likewise, bulk orders fli..t"Vr 
are no problem. ,, L'-" 

Nippon Electric Co .. Ltd. 
Tokyo, Japan 

NEC America, Inc. 
Head Office: 277 Park Avenue. New York, N.Y. 10007. U.S.A . 
Los Angeles Office: Tishman Airport Century Bldg. CTAC-3). 
9841 Airport Boulevard. Los Angeles , Calif. 90045, U.S.A. 
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New books 

then supports it by a simplified but 
sound mathematical treatment, and 
finally presents examples to review 
and expand the concept. 

It is a noble effort, and the book, 
by and large, is worth buying and 
studying; but it is definitely not the 
kind of book to be read in an easy 
chair, feet propped up on an otto
man, in front of a roaring fire. The 
reader must definitely be able to 
keep the esoteric relationships and 
symbols sorted out or he quickly 
gets lost. Even with the post
ponement of proof until later chap
ters, this reviewer wonders if a 
plainer-if perhaps longer-explana
tion would not have been possible 
in words instead of equations. 

The intuitive description is 
presented largely in the form of 
mathematical equations backed up 
by drawings and plausibility argu
ments, rather than by rigorous 
proofs. Included here is a chapter 
discussing the relationship of the 
Fourier transform to convolution 
and correlation, as well as another 
chapter on the Fourier transform 
and sampled waveforms. 

Sampled waveforms lead directly 
to the discrete Fourier transform, 
which is shown to be merely a spe
cial case of the general Fourier 
transform. A full chapter is devoted 
to applications of the discrete trans
form. 

After nine chapters of prologue 
comes a specific discussion of the 
FET. It is first presented intuitively 
and then with mathematical rigor. 
In its simplest and most straight
forward form, the number of wave
form samples to which the FET is 
applied is a power of 2; in Chapter 
12, Brigham shows how, even 
though the power-of-2 samples save 
much computation time, still more 
expeditious computation is possible 
under certain circumstances when 
some other number of points is 
used, provided the number is highly 
composite-that is, many factors. 

Finally, Brigham describes in de
tail the use of the FET in convolution 
and correlation, as well as an ap
proximation to the Fourier trans
form of other continuous functions. 

Wallace B. Riley 
Computers Editor 
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THEENERGYCRUNCHIN'74: 

SITIT 
E 

With all aspects of the '74 outlook weighed and care
fully evaluated-the energy crisis, increased distribution 
costs, decreased labor availability-many companies 
simply cannot afford to remain stationary and absorb 
escalating operating costs. 

But there is a positive note. Expansion into Georgia 
could offset anticipated drops in corporate profits. 

The reasons are simple: 

FUEL RESOURCES 
Nationwide, heavy fuel oil shortages could reach an 

average of 38% unless rationing is initiated in 1974, so 
the National Petroleum Council indicates. As freezing 
winter conditions persist, power reserves dwindle, forc
ing many businesses to curtail production. 

In Georgia the vast majority of electric power is gen
erated by coal , lessening the demand for oil , and putting 
Georgia in an excellent position to provide energy for 
new and expanding plants. 

Moreover, Georgia has such a mild climate that less 
fuel is needed than in cooler regions. A typical aver
age temperature for the month of January in northern 
Georgia~s 40.9° F; in southern Georgia 51 .9° F. In July, 
the average for northern Georgia reaches 78.3° F, 
while readings maintain an 81 .1° F average in south
ern Georgia. 

TRANSPORTATION RESOURCES 
Nationwide, the availability of fuel for transportation 

has reached a level lower than at any time since World War 
11 . Airlines are faced with a 15%-20% short-run flight cut
back due to decreased fuel allotments. 

In Georgia is based the second busiest airport in the 
world , transacting in 1973 an average of 1,176 operations 
daily. A 20% cutback in air flights in Georgia would still 
provide better shipping opportunities than a 20% cut
back in a less active transportation center. In addition, 
the Georgia Ports Authority operates two deep-water 
ports, one of which is the most modern on the East 
Coast. We also have 5,636 miles of railway, and over 
500 motor carriers to transport your goods and produc
tion materials. 
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LABOR RESOURCES 
Nationwide, although employment among fuel

related businesses has declined, statistics show that 
factory jobs in most industries have increased. Employ
ers are still searching for workers who produce an honest 
day's work for an honest day's pay. 

In Georgia labor is always available. And Georgia will 
train your workers free through the Quick Start Program, 
operated in conjunction with the state 's vocational tech
nical schools. There are 26 such facilities strategically 
located throughout the state. Geographic coverage is 
so complete that 9 out of 1 O people in Georgia are with
in 25 miles of a vo-tech school. Some schools have ex
tended hours from 8:00 a.m. until 11 :00 p.m. so as to 
provide education to more working adults. With the 
Quick Start Program, you need not face production 
delays that might ordinarily be incurred while training 
laborers. And with Georgia 's mild climate, absenteeism 
due to inclement weather is almost nonexistent. Finally, 
one of the most important considerations is the fact that 
Georgians still take pride in their work, earning their 
wages with a decent day's output. 

Contact our Georgia Department of Community De
velopment for the 1974 Industrial Survey of Georgia. 
And find out more reasons why you shouldn 't just sit 
it out where you are. 

~--------------------------, 
Georgia Department of Community Development 

Industry Division , Dept. EL-45 
Box 38097 

Atlanta, Georgia 30334 

Please send me the 1974 Industrial Survey of Georgia. 

Name Title 

Company 

Address 

L----~i~-------~~e _____ !! ___ _J 
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[I3 Kyodo Electronic Laboratories Inc. 

KB-6400 LED Segment Driver 
KB-6401 LED Digit Driver 
KB-6402 LED Digit Driver 
KH-6286 Nixie Tube Segment Driver 

KH-6288 Nixie Tube Segment Driver 
KH-6800 Nixie Tube Digit Driver 
KH -6811 Nixie Tube Digit Driver 
KH-6813 Nixie Tube Digit Driver 

KH-6814 Nixie Tube Digit Driver 
KM-6608 Fluorescent Tube Driver 
KM-6609 Fluorescent Tube Driver 
KH -6270 Printer Driver 

KH-6298 Printer Driver 
KH-6275 Printer Driver 
KH-6269 Printer Driver 
KB-5404 Clock Generator Dual Fhase 

#Trademark of Burroughs corporation. 

fEKYODO 
ELECTRONIC 
LABORATORIES INC_ 

11-18, 2 Chome. Sonan. Sagamihara-shi , 
Kanagawa-ken . Japan 
TEL : 0427-42-6731 - 6 
CABLE ADDRESS : KELIC MACHIDA 
TELEX : 2872 - 239 KELIC 

Circle 238 on reader service card 
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''PLAGUE 
FREE'' 

All aluminum bonding, Post to Pad. Lower 
sealing temperatures in the assembly of 
Diacon packages makes for higher elec
trical yields of 8 to 36 lead Diacon package 
systems for surface-sensitive devices. 

For information, call or write ... 

4812 Kearny Mesa Road 
San Diego, California 92111 

(714) 279-6992 

Circle 266 on reader service card 

Best OJiJcka 

Electric Clock Motors 
Increase your sales potential with compact, 
ultra-thin motors that deliver an amazing 
150 gr-cm at only 6 rpm! 
Just compare the following features : 
•More power for your money. 
•Compact construction means easy design. 
•Low speed increases lifetime and elimi-

nates noise. 

NIKKO SEIKI CO.,LID. 
4-25, 2-chome, Azuma-cho, Ageo-shi , 
Saitama, Japan Tel : 0487-71-2450 

Circle 267 on reader service card 



CLASSIFIED ADVERTISING 

SEARCHLIGHT SECTION 
BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT 

AUTOTRACK MOUNT 
AUTO TRACK 
SCR-584 llADARS 
360 degree azimuth . 210 
degree devalion '.) "'cep with 
better than I mil. acc uraC} . 
Missile vclocit) acceleration 
and ~1c:.,.ing rates . Ampli · 
d) nc and ~~rvo control. Will 
handle up to 20 rt . di:..h . Sup-

"Jl ~~i:~~ 1~~ ~f.1Sti 1~i~~~~ntr~J , t \ cm. van mounted radar sy)I -
= =,,.._ . . -'';J1:· . ~ tern . Conical !rlc an . PPL 6 rt . 
c ..,...-_:.,. . · . ~~ di!<th . Ideal for S band telc -
~- _...il). ~- mctr) . v.cather. baloon trk . 
m1)1!->ilc trk. rocket trk. ECM range . Write for complete 
dat a . 600 pg . instr . bk . avail. at S25 ca . 

1 MIV LINEAR ACCELERATOR 
Dual Mode, Jon or Electron. RF Drive . JOO KHZ at 45 
KW. Includes control console , RF unit . accelerator. etc . 

MOD IV HIGH RESOLUTION TRACKER 
Instrumentation radar: freq . 8.5-9.6 GHz. Pwr: 250 
KW . . I mil tracking accuracy. 6' Fresnel lens antenna 
with 4 ho rn monopulsc recd . Tracking range 50 or 2CX) 
miles. Formerly used as range sare ty radar at Cape 
Kenned y. 

RECON DRONE CONTROL RADARS 
X Band !!Y!itCm!I autotrad a nd !!Carch complete with 
plo1ting board~ . Fully m obile van moun~ed . Give~ ~Pl. 
,1an1 rang.c . altitude data . Ground to air control links 
and beacon> abo in stock . AN / MPQ-19 A AN I 

~~'D-lR DATA MICROWAVE LINK 
Frcg. 7. 1-7 .9 GHz. Pwr. 100 mw., 4 ~han.nels . Tr~ns

mits video, pulse, synchro, and voice mforma11on. 
Mfr: Motorola. 

SPARE PARTS IN STOCK 
Nike Aja>. Nike Hercule>. M -J3 . MPS- 19. TPS- ID. 
TPS-IOD . FPS-6. SPSS . SCR -584. HIPAR . 

RADAR & RF PKGS. 
3~ghL40k~ Pulse RF pk~ 
24ghL 40kw Pulse bomb toss ~v~tcm 
16jlhz IJO kY. Pulse 8 -58 search radar S) Stcm 

X BAND SEARCH 40 l(W PULSE WEATHER RADAR 
X llAND AUTOTRACIC 1501CW PUl.SE M-JJ 

rnmpl w / plot boards 
X BA ND BEACON 400W PULSE AN / DPN-62 
X BAND AUTOTRACIC 50kW PULSE 8-47 

fire control complete 
C UNO WEATHER RADAR 150 ICW PULSE 
C BAND HEIGHT FINDER 

AN / F.PS-26 5 mcjlav.att output. 
AN / TPS-37. I me3awatt output. 

C BAND I MEGAWATT AUTOTRACIC 

PULSE MODULA'PORS c ~~~dDs~~~r~u~~"i ~~t,2lN I SPS-5 
245 KW LINE PULSER Output 16 KV at 16 amp . . 25 SBANO AUTOTRACIC 500 ICW PULSE 10' DISH 

µsat4000PPS . S BAND I MEGAWATT COHERENT AN / FPS- 18 
405 KW FLOATING DEC.K PULSER Output 20 KV S BAND I MEGAWATT PULSE NllCE ACQ. 

at 20 amp. I µsto 10 m1llesec pulse. S BANDS MEGAWATT HEIGHTFINDERAN / FPS-6 
500 KW LINE PULSER Output 22 KV at 28 amp. S BAND BEACON 1 ICW PULSE 

.4/ 1.75 / 2.25 µsat 2500/ 550/ 300 PPS . L BAND SOOICW PULSE AN / TPS ID / E 
I MW HARDTUBE MIT MODEL 9 Output 25 KV at L BAND 5 to lOICW PULSE -

40 amp .. 25-2 µsat .002 D.C. 400mhl I KW CW AN ./ FPS-23 
2.0 M~LINE PULSER Outpct 30 KV at 70 amp. 1/ 2 225mhz I MEGAWATT PULSE AN / TPS 28 

µsat 600/ 300 PPS. 2-30mh, IOOK W PULSE 
3 MW LINE PULSER Output 39 KV at 75 amp. C W .950-5ghL 150 WATTS 

.25 / I µsat 500 PPS. CW 1.5mhL-10. 5~ht 5 WATTS 
IOMWLINEPULSEROutput76KVat 135 CW7.4GHZ 2KW 

amp. 2.5 ,., at 350 PPS. AN / GPG-1 SKYSWEEP TRACKER 
17 MW LINE PULS[R Output 17 KV at 1000 J c m. auto . tracking radar S)stem . Co mp. 

amp. 2-5 µsat 150-2(,, ')()PPS. pkg . ..-. I indicator S)l'I . Full tatgct ' c4u1s1-
HV POWER SUPPLIES • tio n & auto . tracking. Input I 15v 60c~ . new . 
6.3 KV@ 5. Amp; 20K V@ 1.3 Amps; 35KV@ CATllOG In >lock For immcd. del. Entire sys . 6 ' ' 3' ' 
1.5 Amps: 28KV . 70MA : 12KV (g, 800M.A · OH YOUI iO' . ldr:al for infrared tracker . drone tr.:11..:: kcr . 
18KV @. 2.25 Amps: 17 .5KV @. 1.8 Amp" ~~- lUT~I~, mi>silctracker . R & D. 

Radio-Researcli Instrument Co.1Nc. 
.. __ 3 Quincy St., Norwalk, Conn. 06850 • 203-853-2600 -----• 
~----------....... ~~"".""~~C~IR~C~LE_9_5 ..... 20N READ~E-K_S_ER_v_1c_E_c_A_RD ____________ --, 

IMMEDIATE DELIVERY 
Minis & Peripherals 

DEC-HIS-NOVA 
SEl-HP-MOHAWK 
CPU, Card, Printer, Tape,_ Disk 

NEW• MOHAWK 4320 PRINTERS 

PDP 11 t~~l.P~f~~~~ 
PDP-8 CPU $1500 

$750 Mini_s 
TELETYPE 35 & 37 

DEC & HONEYWELL Modules 
617/261·1100 

: Send/or F~ee-RepOr1 .-1iiiinlenante·o/compurers-·· 
AMERICAN USED COMPUTER CORP. 
P.O. Box 68. Kenmore Sta .. Boston. MA 02215 
member COMPUTER OEALERS ASSOCIATION 

CIRCLE 953 ON READER SERVICE CARD 

FREE CATALOG 
HARD-TO-FIND PRECISION TOOLS 
Lists more than 1700 items-pliers, 

~1:z~1:,ir~;t~~~r~~i::~~ ~~ki~; 
and -cases. Also includes four pages of 
useful "Tool Tips 11 to aid in tool selection . 

~ . T E N SE N "Tl_)C.> L S 
~ 4111 N 4-lth Slf PP I Ph o<'n n A .. 1 8'>0 b 

a::::4 l:;qi 

CIRCLE 956 ON READER SERVICE CARD 

Q. Whom do I contact or call to re
new my classified ad or make 
corrections? 

A. Write Electronics, Class. Adv. 
Dept. , P.O. Box 900, NY, NY 
10020 or call: (212 ) 997 6585 
or 6586. Give full company 
name, size of ad . & date or dates 
it is scheduled to appear. 

..ti t:MPl .. OYMt:NT 
"" OPPORTlTNITIES 

Send New Ads to: 
Electronics 

Class. Adv. Dept. 
P.O. Box 900, N.Y., N.Y. 10020 

--~~ 
~--Communkations 

Enginnn 
Boeing Aerospace Company hos 
openings in the following specific 
fields: 
Radio Systems-Both narrow and 
wide bond transmission. 
Intercoms and multiple subscriber 
switching subsystems. 
Communications Equipment and 
Systems-transmitters I receivers, 
modems , mulliplexers, teletype 
systems, data and audio distribulion 
systems. 
Communications Techniques
modulolion I demodulolion, multi 
plexing I demultiplexing, encryption I 
decryption coding. 
BSEE or comparable experience 
required . 
Please send your resume lo The 
Boeing Company, P.O. Box 3707-
MBY , Seollle, WA. 98124 . 

An equal opportunity employer. 

BOE.I/VG 
Gelling people toge!her . 

POSITIONS VACANT 

Assistant Professor of Electrical Engineer
ing Technology- Immediate appointment. 
Successful applicants MSEE, Preferably 
industrial controls/ computer experience, 
research and promotional interests. To 
teach associate and bachelor State-of-the
Art Programs at mature 145 year old in
sti tution. Reply to John C. Spille, Dean, 

.Ohio College of Applied Science, Cincin
nati , Ohio 45210. Equal Opportunity Af· 
firmative Action Employer. 

Positions Afailable-Electrical & Elec
tronic Eng' s. Over 1000 US client co's 
pay our fees for selected technical refer
rals . Est. 1959. Send resume with pres. 
sal. Atomic Personnel, Inc., Box L, 1518 
Walnut St., Phila., Pa. 19102. 

EMPLOYMENT SERVICES 

Growth Positions, $14-30,000. Fees Paid. 
Nationwide. Longberry of Pittsburgh. 
Suite 962-G, Two Gateway Center, Pitts
burgh. Pa. 15222. 



We bridged the forward 
surge gap. 

For extra protection. 
Our bridge rectifier 

ratings for DC output and 
forward surge capacities are 
substantially greater than 
those of competitive devices. 
Even though our physical 
dimensions are the same. 

So, our single phase and 
three phase bridge rectifiers 
provide important added safety 
at normal operating levels. 

You no longer have to take 
the chance of using a margin
ally rated bridge rectifier 
and running the chance of 
expensive down time and 
replacement costs. 

Wagner single and three 
phase bridge rectifiers as well 
as center tap rectifiers come 
in standard size packages. 
Only our current ratings and 
forward surge ratings are 
higher. 

B-10 Series. DC r ating-
30A@750C Case. Forward 
Surge rating-400A @ rated 
load. B-10 Series replaces look-
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111111111111111-il:~!~~~I 
1111111111111111111111111 
1111111111111111111111111 

alike bridges rated up to 25A 
and from 50 to 1,000 PRV 
per leg. 

B-40 Series. DC rating-
15A@750C Case. Forward 
surge rating-300A @ rated load. 

B-50 Series. DC rating-
10A@750 C Case. Forward 
surge rating-300A@ rated 
load. 

For additional informa
tion on Tung-Sol® bridge 
rectifiers, write to: Tung-Sol 
Division, Wagner Electric 

Corporation, 630 West Mt. 
Pleasant A venue, Livingston, 
New Jersey 07039. 

Wagner makes other quality 
products in volume for the elec
tronics industry, including vacuum 
fiuorescent readouts, power supplies 
and subsystems, silicon r ectifiers, 
resistors, miniature lamps and 
status indicators. A nd Wagner 
offers contract manufacturing. 

WAINER® 
®T radema rks Wagner and Tung-Sol, Reg. U.S. Pat. Off. and Morcos Registrodos We've got a lot more riding for you. 
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Acme Electric 197 Cosmo Electronics 204 • Gould, lnc/ln1trument Systems Div. 230 
Hutchins/ Darcy Inc. Robert Whitehil l Inc., Advertising Carr Liggett Adv., Inc. 

• Adret Electronlque 28 • Custom Electronlcs., Inc. 154 G.T. Sch~eldahl Co. 21 
P. Ramain Laux Advertising ., Inc . Chuc Ruhr Assoc . Advertising, Inc. 

• Advanced Micro Devices 6E Cutler Hammer., Inc. 149 * Gua~~:~7Ti;'~~~l~:f~5s~~iates , Inc. 
177 ,179 

Keye, Donna. Pearlstein Campbell-Mithun ., Inc . 

Advanced Micro Devices 10-11 • Dale Electronlca, Inc., Hanover Fair '74 217 
Keye, Donna, Pearlstein A Sub. of the Lionel Corp. 4th Cov. German American Chamber of Commerce 

• AEG Telefunken 52 
Swanson. Sinkey, Ellis, Inc. Advertising 

• Harshaw Chemical Co. 191 
Werbeagentur Dr. Kuhl Gmbh •t Dana Laboratories 84-85 Industry Advertising Company 

AIL TECH/Cutler-Hammer 
Dailey & Associates 

• Hewlett Packard 214-215 
R.L. Thompson Advertising Data General Corporation 

Scal i, McCabe, Slaves., Inc . 
140-141 Richardson, Seigle , Rolls & McCoy, Inc. 

• Alrpax Electronics 156 • Hewlett Packard 62,63 
Robert Walker & Associates • Daiei Systems., Inc. 3rd Cov. Dancer, Fitzgerald , Sample Inc . 

Alden Electronics 206 
John Dolan Advertising 

• Hewlett Packard 213 
Ell iott Advertising Agency, Inc. Deutsche Messe AG, Hanover 198 Richardson, Seigle, Rolfs & McCoy, Inc. 

WilkensWPT, 

Alle~o~r~:~~YY~~~C:~lr & Johnson inc. 
24 • Hewlett Packard 2 

Dlacon 167 Richardson, Seigle, Rolfs & McCoy, Inc. 

Allled Control Corp. 106 
Gardner Des pain & Associates 

• Hewlett Packard 229 
Coqper Advertising Inc . DI aeon 238 Phillips, Ramsey Advertising & Public Relat ions 

American Microsystems Inc. 
Grant Rogondino Millard ., Inc. 

Hitachi, Ltd. 186 160-161 
Wi lton Coombs & Col nett Inc. Advertising 

• Dlallj~~~~~~;:r''.~c 2nd Cov. Dentsu Advertising Ltd. 

American Optical Scientific Instrument Division 212 Hughes Aircraft Company 39 
Wilson, Haight & Welch, Inc. Dlck1on Electronics Corporation 211 Foote. Cone & Belding 

AMF/Potier & Brumlleld Division 60-61 
NA Winter Advertising Agency 

Information Handling Services 15 
Fuller & Smith & Ross ., Inc. Digital Equipment Corporation 86-87 Tallant / Yates Advertising , Inc. 

Amphenol Components Group 
Creamer, Trowbridge , Case & Basford ., Inc. 

lnoelek 185 
Bunker Ramo Corp. 22-23 Digital Equipment Corporation 163 Ambrose & Barrie Advertising 
Marsteller, Inc. Schneider Parker., Inc. 

Intel Corp. 12-13 
• Anrltau Electrlc Co., Lt. 11E DIT-MCO lnternatlonal 153 Regis McKenna , lnc . 

Diamond Agency Co., Ltd . Strecker Advertising 
243 • lnterelectronlca, Inc. 

Anzac Electronics 226,228 Diva, Inc. 190 Samuel H. Meyer Advertising 
Ken Puleo Advertising Hallolf • Caine 

tnte~~"t!~n.J.1 ~:kr!~~ 'if!Ji5s~~iates 176 

• APM-Hexseal 182 Eastman Kodak Co. lnterdlvlslonal / Optlcal 244 
The Sommer Agency., Inc. Rumrill-Hoyt, Inc. 

International Nickel Company 157 
Appllcon Inc. 16 Edo Western Corporation 232 Ogilvy & Mather., Inc. 

Johnson, Raffin & Lingard , Inc. Technical Services for Industry 
lntematlonal Rectifier Corp., 

Associated Environmental Systems, Inc. 214 EECO 184 Semiconductor Division 235 

A.O. Adams Advertising, Inc. The Greer Agency William E. Wilson Company 

• Augat 233 • Interstate Electronics Corp. 43 
E-H Reoearch Laboratories, Inc. 200 Chris Art Studio Inc. Creamer. Trowbridge, Case & Basford., Inc. Hal Lawrence Inc. 

t Automatic Electric 58-59 lntronlcs 6 
Elec-Trol Inc. 222 Impact Advertising Inc. Marsteller, Inc. S. Michelson Advertising 

Electronic Arrays 111 
lse Electronic Corp. 209 

• AVX Ceramics 171 Shinwa International , Inc. 
All ied Advertising Agency., Inc . Bonfield Associates 

Electronic Meaaurementa Inc. 88 
Israel Export Institute 188 

Ballantlne Laboratories, Inc. 199 
MLF Graphics Hill Advertising Agency • Johnson Company, E.F. 20 

Bausch & Lomb., Inc. 232 
Martin Williams Advertising 

• Electronic Navigation Industries 14 
Wolff Assoc., Inc. Hart Conway Co., Inc. Keithley Instruments, Inc. 173 

Chargrin Valley Marketing Associates 

• Bell & Howell-Electronics t Elgar Corp. 169 
& Instruments Group 82-83 Chapman Michett i Advertising • Keystone Electronics 199 

Boylhart, Lovett & Dean Lawrence Nelson Advertising 

Blomatlon., Inc. 174 
• El Instruments Inc. 208 Krohn-Hite Corp. 5 

Paul Pease Advertising , Inc. 
Langler-Stevens, Inc. Impact Advertising, Inc. 

Blle~a~:~~~~~is~~~~lc . 228 
Emr-Telemetry 168,205 Kyodo Electronic Laboratories., Inc. 238 

Carol Marketing Associates Sanko Tsushinsha Ltd. 

Advertisinq & Public Relations • English Electric Valve Co., ltd. 4E, SE • Lambda Electronics Corp. 46-47 
The London Advertising Partnership Michel-Cather, Inc . 

• Bussmann Mfg. Division of McGraw-Edison Co. 45 
Henderson Advertising Company • Erle Technological Products, Co., Inc. 17 Lear Siegler, Inc. 

Allman Hall Associates Advertising Electronic Instrumentation 
California Computer Products 187 Dlv.-Pln Bar 51 

Dai ley & Associates Advertising Excellon Industries 175 Jansen Associates, Inc. Marketing Services 

Calma Company 77 
Graham & Sparkman Advertising Etcetera 

LICON dlvl1lon llllnols Tool Works Inc. 199 
William Cain, Inc. Advertising Fabrl-Tek Inc. 189 Post Keyes Gardner Inc . 

Carpenter Technology Corp. 164 
Midland Associates Inc. 

Lllronlx Inc. 124 
Beaumont, Heller & Sperling ., Inc . 

Marketing and Advertising Services 
Regis McKenna, Inc . 

• Centralab Electronics Div., 
Fairchild Semiconductor, Inc. 142-143 Lockheed Electronics Co. 41 Carson / Roberts, Inc. Adv., 

Globe-Union Inc. 73 Division ol Ogilvy & Mather Mccann-Erickson, Inc. 
Action Communicators 

Florida Department of Commerce 217 • LTT 9E 

• Chicago Dynamic Industries Inc. 210 Arthur L. G(ay & Associates, Inc. Master Appliance 215 
Burton Browne Advertising Klau-Van Pietersom-Dunlap, Inc. 

Cinch Connectors., Operation of 
• Fluke Manufacturing Co., John 123,232 

Bonfield Associates MC Linc. 202 TRW Electronic Components 155 Carr Ligget Advertising , Inc. 
St ra l Advertising Company., Inc. General Automation 144,145 

Circuit-Silk, Inc. 180 
Chiat-Day, Inc . Advertising • MFE Corporation 78 

Haaga Advertising Georgia Department of 
Brightman Company, Inc. 

Community Development 237 Micro metals 224 
• Coll Winding International Exhlbltlon1, ltd. 220 Gerald Ralshoon Advertising , Inc . Printing / advertising / plus. inc. 

Colonsay Communications 
The Gerber Sclentlllc Instruments Co. • Micro Switch Division of Honeywell 146 231 

• • Computer Components. , Inc. 12E Charles Palm & Co., Inc . N.W. Ayer & Son , Inc. 
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Mlrco Sy1tem1, Inc. 
McAward Associates 

Mltel Canada Limited 

Motorola Semiconductor Products, Inc. 
E. 8 . Lane & Associates, Inc. 

• Narda Microwave 
McCarthy, Scelba, DeBiasi 
Advertising Agency, Inc. 

National Electronic• 
Lea Advertising 

• National Semiconductor Corp. 
Chiat/Day, Inc. Advertising 

• The J .M. Ney Company 
Cooper Advertising, Inc. 

Nikko Seiki Co., Ltd. 
General Advertising Agency, Inc. 

Nippon Electric Co., Ltd. 
Hakuhodo, Inc . 

Nippon Kogaku K.K. 
K & L Advertising Agency 

North Atlantic lndu1trleo, Inc. 
NOA T Advertising Company 

North Electric Co.-Electronellc1 Div. 
Marc Associates 

•Norton 
Technik Marketing 

•Oak Switch 
Marsteller, Inc. 

• O.K. Machine & Tool Corporation 

•Panasonic 

• Permag Corporation 
Schneider, Allen , Walsh, Inc. 

• Phlllp1 N.V. Plt/T & M Division 
Brockies Communications Systems SA 

Phillps TMI 
Brockies Communications Systems SA 

Pleoseylnc. 
TCI Advertising, Inc. 

• Pleosey Semiconductor• 

:I: Precision Monollthlc1, Inc. 
Marlborough Associates., Inc. 

Premier Metal Product• Corp. 
Commercial Press, Inc. 

Procond S.p.A. 
OUADRAGONO 

RCA-Solld State Division 
Marsteller, Inc . 

RCA Servi"'! Company 
Al Paul Lefton Company, Inc. 

:I: Rental Electronlc1, Inc. 
Humphrey Browning MacDougall, Inc . 

• Reaearch, Inc. 
Pederson, Herzog & Nee., Inc. 

RochHter Ga1 & Electric Corp. 
Ad Group 
Hutchins/ Darcy Inc. 

• Rockland System• 
Rolf Johnsen, Inc. 

Rockwe,11 international Electronic• Group 
Campbell-Ewald Company Advertising 

• Rohde & Schwarz 

Rotron, Inc. 
Black-Russell-Morris 

Sangamo Electric Co. 
Satz-Hodgson-Neuwoehner. Inc. 

Schauer Manufacturing Corp. 
Nolan , Keelor & Stites 

Schnelder Electronic• Corporation 
F.M. Field & Company., Inc. 

Scientific Atlanta / Optima Dlvt1lon 

221 

216 

129 

98 

79 

134-t35 

243 

238 

196,236 

167 

216 

210 

BE 

18-19 

220 

204 

224 

54 

64-65 

219 

58-59 

28 

166 

201 

69, 71 

206 

54 

151 

230 

172 

225 

1E 

48 

183 

42 

105 

181 
Raniere, Saslaw, Mohr and Associates,., Inc. 

S. D. S.A. 202 
Public Service 

Slemen1AG 227 
Linder Presse Union GmbH 

Slllconlx 115 
Robertson West, Inc. 

242 

Slmp1on Electric Co. 
Amerad Advertising Services., Inc. 

Singer ln1trumentallon-Allred Div. 
N.W. Ayer / Jorgensen / MacDonald , Inc. 

:I: Soren1en Company, A Unit of 
Raytheon Company 
Provandie Eastwood & Lombardi Inc. 

Sprague Electric Company 
Harry P. Bridge Company 

203 

207 

44 

8 

Sta~~~/~.;rct::'m~:;':'t~Yb1v111on 192-195 
Ira Thomas Associates., Inc. 

Superior Flux & Mfg. Co. 
Watts, Lee & Kenyon, Inc. 

System• Electronic•, Inc. 
lntamallonal Rectifier Afflllateo 
William E. Wilson Company Advertising 

Sy1tron Donner Concord ln1truments 
Fred Schott & Associates 

Taiyo Denki Co., Ltd. 
Daipro Inc. 

• TEC, Inc. 
TEC-AD 

• Tektronix Inc. 
Mccann Erickson, Inc. 

Tektronlx-IDD 
Young & Roehr Inc. 

• Teledyne Relays 
S. Michelson Advertising 

Teledyne Semiconductor 
Regis McKenna, Inc . 

Teradyne, Inc. 
Quinn & Johnson , Inc. 

Texas ln1tn1ment1 Incorporated, 
Semiconductor Group 
Tracy-Locke Advertising Inc. 

:I: Thomas & Betti Company 
McCarthy, Scelba, DeBiasi 
Advertising Agency, Inc. 

Thom1on-CSF I Dumont 
Raniere, Saslaw, Mohr and Associates, Inc. 

Toko, Inc. 
Hakuhodo, Inc. 

Tokyo Electric Co., Ltd. 
PAL, Inc.I Export Advertising 
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NEYETCH COMMUTATORS AND SLIP RINGS ... 
are made of solid, wrought, .non-porous noble alloys 
which afford low noise and extremely long life with no 
possibility of base metal contamiRation. In contrast to 
conventional printed circuit commutators, which are 
electroplated with thin layers of noble metal, extremely 
low tolerances can be held with Neyetch. And, too, the 
fabrication cost is reduced to a minimum by the 
elimination of machining or stamping operations. 

Neyetch commutators and slip ring assemblies have 
proved superior for both commercial and military 
applications and are widely used in potentiometers, video 
tape recorders, radios, encoders, aircraft instruments, 
sonar, timers, switches, marine instruments and such. 
Ney plays a leading part in many products with low 
energy electrical precision contact components including 
switch assemblies, welded and staked assemblies, wire 
forms, flat spring contacts, plastic molded brush and 
contact assemblies, rivet head contacts and complete 
assembled components. For our catalogue, write 
The J. M. Ney Company, Bloomfield, Connecticut 06002. 

the precious world of 

"See us at . . . Booth 1523-25 IEEE Show" 
Circle 242 on reader service card 

lnterelectronics all-silicon thyratron-like gat
ing elements and cubic-grain toroidal magnetic 
components convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts-

Ultra-reliable in operation (over 260,000 
logged hours), no moving parts, unharmed by 
shorting output or reversing input polarity. 
High conversion efficiency (to 92%, including 
voltage regulation by lnterelectronics patented 
reflex high-efficiency magnetic amplifier cir
cuitry.) 

Light weight (to 6 watts/oz.), compact (to 
8 wotts/cu. in.), low ripple (to 0.01 mv. p-p), 
excellent voltage regulation (to 0.1 o/o ), precise 
frequency control (to 0_2o/o with lnterelectronics 
extreme environment magnetostrictive stand
ards or to 0.0001 o/o with fork or piezoelectric 
standards.) 

Complies with MIL specs. for shock (lOOG 
11 misc.), acceleration (lOOG 15 min_), vibra
tion (IOOG 5 to 5,000 cps.), temperature (to 
150 degrees CJ, RF noise (1-26600). 

AC single and polyphase units supply sine 
waveform output (to 2o/o harmonics), wili 
deliver up to ten times rated line current into 
a short circuit or actuate Mil type magnetic 
circuit breakers or fuses, will start gyros and 
motors with starting current surges up to ten 
times normal operating line current. 

Now in use in major missiles, powering 
telemeter transmitters, radar beacons, elec
tronic equipment. Single and polyphase units 
now power airborne and marine missile gyros, 
synchros, servos, magnetic amplifiers. 

lnterelectronics-first and most experienced 
in the solid-state power supply fleld produces 
its own all-silicon solid-state gating elements, 
all high flux density magnetic components, 
high temperature ultra-reliable film capacitors 
and components, has complete facilities and 
know how-has designed and delivered more 
working KVA than any other firm! 

For complete engineering data, write lnter
electranics today, or call 914 Elmwood 8-8000. 

INTERELECTRONICS CORP. 
700 U.S. Route 303 Congers, New York l 0920 

Circle 243 on reader service card 243 



Glamourous, mysterious liquid crystals. 

We make them. 

Behind the mystery and glamour: Those 
who cou ld reasonably be expected to 
phone Mr. Grau are probably interested 
in making display devices ranging from 
mass-marketed consumer goods to some 
of the more ambitious reaches of the en
ginee~ing imagination. 

Liquid-crystal technology has blazed up 
after smoldering quietly for most of the 
time since 1888. Organic chemists get to 
collaborate with electronic engineers 
through the medium of° the marketplace, 
if not personally. For now, Kodak has set 
up its booth on the chemical side of the 
street. 

The present generation of electronic 
engineers catch on fast to subjects they 
didn't necessarily concentrate on in school. 
Jn liquid-crystal work, one deals with the 
different forms and degrees of orderedness 
among molecules, ranging between the 
randomness of an ordinary isotropic liq
uid and the periodic architecture when it 
freezes to a crystal. Only certain com
pounds assume this mesomorphic state. 
Molecules of such compounds have a gen
erally elongated shape. 

The most highly ordered kind of liquid 
crystal, cal led smectic, where the mole
cules tier up in layers and the layers can 
only slide against each other, can be seen 
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when water sits in contact with a bar of 
soap. Jn a nematic liquid crystal there are 
no tiers, but the molecules stay parallel. 
Possib ilities exist for controlling their 
alignment. And this a lignment controls 
what they do to light passing through. And 
that's what the act ion is mostly about in 
industry circles. 

Field effect, one approach used to cre
ate a visible pattern in a thin layer of ne
matic material between patterned, trans
parent electrodes, amounts to electrically 
tuned birefringence. (We hope you didn't 
cut the lecture on birefringence in Physics 
1.) Contrast between "on" and "off" is 
attained through various arrangements of 
light polarizers and quarter-wave retarda
tion plates. Where and when the field is off, 
the molecules must line up parallel to each 
other and to the cell walls. This is called 
"homogeneous" al ignment. Surface treat
ment to make it happen is protected by 
patents or trade secrecy. 

Dynamic scattering is the other 
approach. Here, in the "off" state, the 
alignment can be either homogeneous or 
perpendicular to cell walls. The latter is 
"homeotropic" in the lingo of the art. 
Either way, light passes straight through, 
and the layer looks clear. Where field is 
applied, then regardless of previous orien-

News: For field-effect devices, 
EASTMAN I 4080 is now ready to 
ship. At 18 1-'m spacing, a typical lot 
shows a threshold of only 1.5 volts 
rms for 60-Hz sine wave (or 2 volts 
de) , an operating temperature range 
of 0 to 75 °C, and a dielectric anisot
ropy of+ 11.9 at 25 °C. At 5 V rms, 
turn-on time at room temperature is 
about 100 ms ; turn-off time, about 
350 ms; contrast ratio, about 50: 1. 

For dynamic scattering devices, 
EASTMAN 14099 is equally ready, 
with the same 0 to 75 °C operating 
temperature range. It aligns itself ho
meotropically on clean electrodes 
without additional magic-an impor
tant advantage. Typical threshold is 
4 volts rms, 5 volts de . 

More details from George Grau at 
Organic Chemical Sales , Kodak, 
Rochester, N.Y. 14650 (716-325-
2000, ext. 57288). 

tation , all the molecules strive for paral
lelism to the wall. But ions that have been 
incorporated in the mixture migrate, col
liding with them to knock them every 
which way. The resulting optical inhomo
geneity scatters light. These turbid areas 
can be made to look either darker or 
lighter than the clear areas, depending on 
directi(;)ns of illumination and viewing. 
Appearance of the pattern is more sensi
tive to angle of view than with field effect. 
Power drain is more, because of the tur
bulence to be maintained. But you don't 
have to find (or license from somebody) 
a way to a lign the molecules. You just use 
EASTMAN 14099. 

Say, if you've read this far you are 
probably interested enough to ask D ept. 
412-L, Kodak, Rochester, N.Y. 14650 for 
Eastm an Organic Chemical Bulletin, Vol. , 
45, No. 2 ( 1973), where four scientists of • 
the Kodak R esearch Laboratories, who 
write more like scientists than engineers, 
will take you farther into this than you'd 
want to go for just recreation. It has a 
76-item bibliography. For our 3,281-item 
Liquid Crystal Bibliography (Kodak Pub
lication JJ-193) on microfiche, make that 
Dept. 454 and send $25':' (plus applicable 
state and local taxes). 

•Price subject to change without notice. 
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