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If you could pinpoint 

one Co loamy 
that was completely, totally, 

thoroughly capable of 

Designing 
Developing 
Processing 
Packaging 
Testing and 
Delivering 
both custom and standard MOS 

arrays that could more than meet 

your specs for quality, performance 

and economy, it would save you a 

lot of time and trouble. 

MOS TECHNOLOGY, INC. 
saves you a lot of time and trouble 

WE'VE TURNED 
A TECHNOLOGY 

INTO A COMPANY In 
MOS TECH 
VALLEY FORGE INDUSTRIAL PARK, VA 

A Proud Affiliate o 
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Introducing "touch & see"swept impedance 
measurement. 

Now the "do-everything" RF test system 
does even more. 

Just add our new impedance probe 
to the HP 8407A Network Analyzer, and 
you can measure complex impedance of 
circuits, coax systems, discrete components. 
View impedance excursions over the wide 
range from 0.10 to 10K0 as you sweep 
between 500 kHz and 110 MHz. 

The HP 8407A Network Analyzer 
itself makes comprehensive swept RF 
measurements quickly, and with high 
accuracy. You see important characteristics 
like gain/loss, phase shift, voltage and 
current transfer functions, group delay, 
impedance, return loss and S-parameters. 
Dynamic range is greater than 100 dB, yet 
you can resolve 0.05 dB. It has 360° phase 
range with 0.2° resolution. 

The 8407A Network Analyzer with 
the 8412A Phase-Magnitude Display costs 
$4650. The new impedance probe (Model 
11655A) costs $750. Other accessory 
kits for circuit probing and for general 
measurements in coaxial systems are also 
available, priced from $325 to $500. 

To learn more about how our 
"do-everything" network analyzer can 
help you in design and production test 
applications, call your field engineer or 
write Hewlett-Packard, Palo Alto, 
California 94304; Europe: 1217 Meyrin-
Geneva, Switzerland. 

HEWLETT PACKARD 

NETWORK ANALYZERS 
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Simplify designs, save space and assembly costs with 

another new chip on the old block. 
Putting the logic in the same pack-
age with the display makes a bet-
ter building block for many of your 
systems. Designing is simpler, PC 
boards and chassis get smaller and 
cheaper. Assembly costs drop. 
The net result: your product be-

comes smaller and more reliable... 
and costs you less to build. 
Since you gain these advantages 

when logic and display are com-
bined, TI is leading the way in de-
veloping a full line. Already you 
can choose from five parts. (And 
because the "old" building blocks 
with display only are still indis-
pensable in some designs, TI main-
tains a volume production capabil-
ity on a broad line.) 
Newest of the displays-with-

logic is the TIL311, a hexadecimal 

Ti's fast-growing hybrid LED display line. 
100-PIECE PRICE 

TIL302 7-segment numeric with decimal $8.70 
TIL303 Same as TIL302 but with 

decimal on right 8.70 
TIL304 Plus or minus overflow 7.80 
TIL305 5 x 7 alphanumeric 13.00 
TIL306 7-segment hybrid with decade 

counter, latch, decoder, driver 15.50 
TIL307 Same as TIL306 but with 

decimal on right 15.50 
TIL308 7-segment hybrid with latch. 

decoder, driver 12.50 
TIL309 Same as TIL308 but with 

decimal on right 12.50 
TIL311 Hexadecimal with latch, 

decoder, driver 12.50 

LED display with an internal 
TTL/MSI logic chip providing 
latch, decoder and driver. It ac-
cepts 8-4-2-1 data and displays 0 
through 9 and A through F with 
both right and left decimal points. 
Other TI displays-with-logic in-

clude a 7-segment with latch, de-
coder and driver and a 7-segment 
with decade counter, latch, de-
coder and driver. Both have left 
and right decimal point versions. 
For data sheets on the entire TI 

hybrid display line, plus applica-
tions information, circle 245 on the 
Reader Service Card. Or for Opto 
Packet 245 write Texas 
Instruments Incorpo-
rated, M/S 308, P. O. Box 
5012, Dallas, Texas 
75222. 

TEXAS INSTRUMENTS 
INCORPORATED 87090 
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Highlights 

Government aid for electronics exports sought, 53 

Why doesn't the U.S. behave more like Ja-
pan and other countries that give tax incen-
tives for commercial electronics exports 
and/or R&D? That was the major complaint 
of 30 U.S. electronics companies whose 
views the Commerce Department can-
vassed for a report commissioned by the 
White House. 

A new high In bipolar LSI performance, 65 

The 1,024-bit V-ATE random-access 
memory wastes a minimum of space on de-
vice isolation—each cell on the chip is sur-
rounded by a narrow air-filled notch. Bit-
density is significantly increased at no sacri-
fice in speed. 

What to look out for in digital panel meters, 77 

The surge in DPM sales has also multiplied 
the problems that confront DPM buyers. 
Here a path is traced for the design engi-
neer through the maze of overlapping speci-
fications, and an analysis is made of inter-
dependent DPM parameters. 

Face to face with optical isolation, 103 

No longer exotic, untried novelties, the opti-
cal couplers now in production may cost as 
little as $1 each in quantity. TTL-compatible 
at input and output, they're being most 
widely used as interface circuits in data 
communications. 

. . . and in the next issue 

Special report on peripherals . . . start of a 
new series of thermal design articles . . . a 
low-power LSI logic circuit . . . application 
tips on the integrated Schmitt trigger. 

The cover 

Set of microphotographs shows the air-filled 
notches used for isolation on a V-ATE 
memory chip from Raytheon. 
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Publisher's letter 

It's something of a cliche among 
newsgatherers that the story you 

start out to get often turns into 
something different. But that differ-
ence is usually a matter of emphasis, 
rather than a completely different 
story. 
However, our Washington bureau 

manager, Ray Connolly, did man-
age to come up with something to-
tally different when he literally un-
covered a Commerce Department 
confidential survey of electronics 
manufacturers. The subject: what 
they believe is needed by way of 
Federal support to retain a world 
leadership role (see Probing the 
News, p. 53). 
Connolly turned up a copy of the 

survey in the office of an industry 
source with whom he had scheduled 
an interview on a completely unre-
lated subject, a military program. 
But once he spotted the survey, the 
original story gave way and is now 
scheduled for a later issue. 
The crucial issue of world trade in 

electronics—and the U.S. role—is a 
subject the Washington bureau has 
now probed three times this year. 
While of critical importance to the 
health of the electronics industry, it 
does not yet shape up as a major is-
sue in a Presidential election year, 
Connolly says. 
"But it is geuing there. The Com-

merce working paper contains just 
about every industry viewpoint 
imaginable on the subject. That 
should help the Government come 
up with a policy, which it does not 
have. What is probably most sur-
prising about the manufacturers' 
comments is that so many of them 
seem to prefer direct aid, in the 
form of Federal support for export 
efforts, over international political 

pressure to open up foreign markets 
to American electronics goods." 

T he escalation of commercial air-
craft skyjacking for ransom has 

everyone tense and most people 
confused about how to stop it (see 
Probing the News, p. 56). But one 
uptight group that exhibits no un-
certainty about what should be 
done is the Air Line Pilots Associ-
ation. 
As Jack Bavis, ALPA executive ad-

ministrator, put it to our aerospace 
editor, Bill Arnold, "We need non-
lethal weapons, such as electronic 
devices, for crews. We need a whole 
system including ground security, 
in-flight security—a protected envi-
ronment for the crew—and inter-
national agreements." Bavis, an 
Eastern Air Lines pilot, says ALPA 
also wants a single Federal agency 
to coordinate a program and says 
"hell, no, to local control." 

"Everybody's passing the buck 
and the pilots are in the middle," 
Bavis contends. He says there are 
both confusion and contradiction 
within the airlines and the Federal 
Aviation Administration on the is-
sue. For example, he says, "The FAA 
tells us that pilots should resist sky-
jackers more. Then some airline 
managements put out a notice, 
which the FAA approves, telling us 
not to resist." 

Bavis says the pilots believe the 
lawmakers are moving too slowly, 
and the pilots, themselves, could 
move more quickly. "We may run a 
boycott on our own." 
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Which air movers 
for your system? 

Rotron® has the answer. 
There are at least three major reasons why you can rely on Rotron to provide the 
best possible answer to your air moving need. 

1. Rotron makes the widest selection of fans and blowers in the industry. 

2. Rotron has a reputation for producing only the finest air movers. It's a 
reputation well earned, and one Rotron intends to keep. 

3. Rotron offers you this superior selection and quality at hard-nosed competitive 
prices. 

What's more, Rotron field application engineers will be glad to work directly with 
you where custom solutions may be required. You get the benefit of more than 
20 years experience in developing specific answers to specific air moving problems. 

Finally, Rotron products are available through a large, nationwide network of 
stocking distributors, to meet your needs in fast off-the-shelf delivery time. 

Next time an air moving question arises, check Rotron. You'll like the answer. Get 
more information now by writing for Rotron's Quick Reference Catalog. 

8 
INCORPORATED 

ROTRON 

Why settle for less when the best costs no more? 

ROTRON INC., Woodstock, N. Y. 12498 u 914 • 679-2401 E TWX 510-247-9033 
Pacific Div., Burbank, Cal. 91506, 213.849-7871 • Rotron N.V., Breda, Netherlands, Tel.: 49550, Telex: 844-54074 

16726 
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Our 
ultra-bright 
monitor. 

Everything else 
pales 

in comparison. 

Our model 1000 X,Y,Z monitor features 
2 mHz bandwidth, an 8 cm by 10 cm 
screen, and a display so bright it'll knock 
your eyes out. 
All for $800. 

A steal. Especially when you consider 
that the brighter image gives a higher 
writing rate. That 2 mHz is one mHz more 
than our competition. And that you can 
read faster, easier, without eyestrain. 
Our 1000 has one megohm input imped-
ance (so you don't load your driving cir-
cuitry). It has its whole electronic works 
on only two field replacable plug-in PC 
cards. It has great linearity and spot size. 
It even has controls hidden away behind 
a door. 

Why not look into our 1000? Haven't you 
been looking al pale images long enough? 
Write for our literature: 

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

DUMONT 
OSCILLOSCOPE -A1110PATORIES INC 

Readers comment 

Testing by hand 

To the Editor: In your article, "Low-
priced German wire tester uses op-
erator's finger as probe," [Electron-
ics, May 22, p. 53], in which the hu-
man hand is the contact instead of 
wires, you state that "the measuring 
voltage is 24 volts dc—a harmless 
level for a human being." 
Only if the area of skin contact is 

small will 24 volts dc be harmless. 
Typical dry human skin resistance is 
about 100 kilohms per square cen-
timeter, so that two contacts on op-
posite sides of the body, each only 8 
square centimeters in area, will pro-
duce a current of 1 milliampere, 
which is lethal. If the skin is wet, or 
worse, perspiring, the area needed 
for lethal contact is reduced. 
I realize that the area of contact is 

intended to be small. However, 
there is no excuse for stating that 24 
volts dc is harmless. It is only harm-
less when precautions are taken. 

Jim Bradley 
Northern Electric Research Ltd. 

Ottawa, Ont., Canada 
• The currents involved are negli-
gibly small—in the range of micro-
amperes or nanoamperes. The resis-
tance in the wrist strap and the tester 
are in the order of megohms. Putting 
the low resistance (say 10 or 20 
ohms) presented by wet ground or 
water in which the operator may be 
standing in series with that low resis-
tance doesn't change the circuit's 
over-all resistance much. 

If that resistance is 50 megohms, 
then with a test voltage of 24 volts, 
the current through the body would 
be less than half a microampere. Be-
cause the tester is so inherently safe, 
it does not require approval by the 
VDE (Germany's equivalent of Under-
writers' Laboratories). 

Costs favor ceramics 

To the Editor: Your article, "Pack-
age cost," [Electronics, May 8, p. 44] 
contained this statement on over-all 
costs of ceramic and plastic-pack-
aged integrated circuits: "If the cost 
is, say, $30 per repair in a small sys-
tem, the buyer is spending twice as 
much for the glass ceramic package 
as for the plastic package." 

This statement does not appear to 
back up the premise stated in the 

opening paragraph that, when costs 
of maintenance and replacement 
are considered, the economics fa-
vors ceramic. We believe the state-
ment should have read, ". . . the 
buyer can afford to spend twice as 
much for glass ceramic packages. 
. . ." The reason for the economy is, 
of course, ceramic's much lower fail-
ure rate. 

Donald Towse 
Owens-Illinois Inc. 

Toledo, Ohio 
• Reader Towse is correct. In edit-
ing, the meaning was inadvertently 
changed 

A matter of license 

To the Editor: We very much en-
joyed William F. Arnold's article, 
"Will solar cells shine on earth?" 
[Electronics, May 22, p. 67]. We 
would, however, like to correct a mi-
nor error relating to our work on the 
edge-defined film-fed growth pro-
cess for silicon ribbon. 
Dow-Corning Corp. is not a li-

censee of Tyco for the use of this 
process. Perhaps the confusion 
arises from the fact that Corning 
Glass Works is a licensee of Tyco 
for the application of EFG to the 
growth of sapphire tubes for high-
pressure sodium vapor arc lamps. 

A. I. Mlaysky, Director 
Tyco Corporate Technology Center 

Waltham, Mass. 

The nanofarad—why not? 

To the Editor: I am all for the 
nanofarad, as proposed in "What 
happened to the nanofarad?" [Elec-
tronics, Engineer's Newsletter, May 
8, p. 131]. But why not further im-
provements? As the ohm symbol is 
omitted on schematics, why not 
write only in next to the capacitor 
symbol, instead of the customary 
1,000 pF? Needed explanations 
could be included in notes. Further-
more, the prefix could mark the 
decimal place: instead of 4,700 pF, 
4n7; instead of 1.8k, 1k8. Thirdly, I 
would like to see more uniform la-
beling by capacitor manufacturers. 
Why can't they stick to standard 
metric prefixes? 

Perr Cardestan 
University of Hawaii 

Honolulu 
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1/4 x 11/4" Fuses 

Normal Blowing Fuses 

AGC 3LH MTH 
From 1/500 to 30 amps 
for 32V, 125V, or 250V 

Time Delay Fuses 

MDL MDX 
From 1/100 to 30 amps 
for 32V 125V, or 250V 

04=111111111C 
Visual Indicating Fuse 

GBA 
(red indicating pin) 

From 3/4  to 5 amps, 125V 

TRON Subminiature Fuses 

MANY OTHER TYPES, SIZES, 

AND RATINGS AVAILABLE 

Whether 
Your requirements 

are ordinary 
or unusual, 

BUSS 
can supply what 

you need in 
FUSES, 

FUSEHOLDERS, 

AND 
FUSEBLOCKS 

at-ISSMANN MFG. DIVISION 
McGRAW-E.DISON CO-
ST. LOUIS, tn. 63107 

SEND FOR BUSS BULLETIN SFB 

BUSS QUALITY 

D 

FUSEriunid;;ILDERS 

Space-Saver ,Fuseholders 
for 1/4  x 11/4 " Fuses 

HTA 

HTA (Solder Terminals) 
HTA-HH (1/4" Quick-Connect Terminals) 

HTA-DD (3116" Quick-Connect Terminals) 

GMW; 

HWA 
HKL 

I 
\---e/ 

gr 
HKP HLD 

GMW/HWA Subminiature Fuse and Holder 

HKL Lamp Indicating Fuseholder 

HKP Fuseholder for All-Purpose Applications 
HLD Visual IndicaJng Fuseholder 

FUSEBLOCKS 
Bakelite, phenolic, and porcelain types — 
signal-indicating types — solder or screw 
type terminals, or 3/16" and 1/4" quick-
connect terminals available. 

FUSE CLIPS — Clips for printed circuit 
boards and other applications — available 
without terminals or with solder or screw 
terminals. 

BUSSMANN MFG. DIVISION 
McGraw-Edison Co., St. Louis, Mo. 63107 

Name 

Title 

Company 

Address 

City, State, Zip 
E 772 
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C RrERENCE 12-BIT fl -TO-A CONVERTERS 
...TOP QUALITY FOR ONLY $5.00/B1T! 
The Sprague UHM-412 A-C or D-C Reference ... one of a 

new generation of digital-to-analog converters that give you 
economy plus performance. 

All internal devices are hermetically-sealed and are de-
signed to meet or exceed MIL-STD-883. Monolithic IC ladder 
switches and buffer amplifiers feature input voltage offsets of 
less than 5 mV and saturation resistances of less than 0.1 e. 
Nickel-chroniium precision resistor networks assure the sta-
bility inherent in thin-film; resistors are laser adjusted to 
achieve typically ±0.1% resistance tolerance and matching 
to within 0.01%. A monolithic output op amp supplies 5 mA 
peak into a 2000 o load. Also available are 8- and 10-bit A-C or 
D-C reference modules at $5.00/bit! 

Operating temperatures are —55C to +125 C for ±1 LSB 
accuracy, or —25C to +100C for ±1/2 LSB accuracy. Finished 
units are packaged as DIP-compatible plastic modules. 

For complete information, call or write Ron Beck, 
Semiconductor Division, Sprague Electric Co., 115 Northeast 
Cutoff, Worcester, Mass. 01606. 
Tel. 617/853-5000. 

Analog Products 

for Signal Processing 

4SH /Is 

SPRAGUE 
THE MARK OF RELIABILITY 

40 years ago 

From the pages of Electronics, July 1932 

When the Chicago World's Fair of 
1933 opens next June, its lighting 
circuits will be switched on by light 
from the star Arcturus, gathered in 
the great Yerkes telescope, focused 
on a photocell, and amplified for 
transmission to relay switches at 
Chicago. The light used left Ar-
cturus 40 years before, at the time of 
the Chicago World's Fair of 1893. 

On-time performance of tows of the 
privately owned Mississippi Valley 
Barge Line Co., operating between 
Cincinnati and New Orleans, is fa-
cilitated by the system of radio re-
ports recently installed by the com-
pany. 
Every three hours the company's 

four towboats report their positions 
to the central station in Cincinnati, 
and communication is established 
between the various boats. 

Measurements of lightning involve 
time in microseconds, volts in mil-
lions, amperes in hundreds of thou-
sands, and horsepower in millions. 
So rapidly does the flash come and 
go, that its rise and fall can be indi-
cated only by a cathode-ray stream 
of electrons. 
With the recently developed cath-

ode-ray oscillograph, which records 
extremely brief phenomena by a 
pencil of electrons, it has been pos-
sible to secure records of natural 
lightning waves on lines, and to re-
produce these in the laboratory. 

Every man Interested in electronics 
repeatedly finds himself faced with 
the question: "If your electric eyes 
and vacuum tubes are replacing hu-
man labor and throwing men out of 
work, what real advantage are they 
to society as now constituted? Are 
not your inventions a menace rather 
than a boon to mankind?" 

This puts a puzzling query up to 
all invention and all scientific prog-
ress. But one thing is certain. Inven-
tion is bound to go on. And a way 
must be found so that society as a 
whole benefits rather than suffers 
from labor-saving devices. 

In the ultimate, electronic devices 
must be used to make the world a 
happier place for all. 
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901.111110N! 
NEW COUPLERS 

FROM GENERAL ELECTRIC 
For SPEED . . .4 models H11A series SSL-Phototransistor Couplers offer 

• Up to 2500V Isolation 
• Up to 50% min transfer ratio 
• Typical ±- 10% variation in transfer ratio —55 to 100GC 
• Typical 2 psec rise/fall time 

For GAIN ... H11B1 and H11B2 SSL-Photo Darlington Couplers offer 

• Up to 2500V Isolation 
• Up to 500% min transfer ratio 

For the complete story on General Electric Optoelectronics contact your 
authorized General Electric distributor, General Electric Electronic 
Component Sales Office, or use Inquiry Card Number 200 

GENERAL ELECTRIC 
Semiconductor Products Deartment, Syracuse, New York 

THIS SYMBOL REAFFIRMS OUR 
NO. 1 GOAL IN 1972: TO MAKE 
GENERAL ELECTRIC YOUR BEST BUY 
IN QUALITY, SERVICE, AND TOTAL VALUE 

Electronics/July 17, 1972 9 



The Am685 
Made for high-speed analog-to-digital 
converters, data acquisition systems, optical 
isolators, VCO's and line drivers and receivers. 
It has 0.5mV input sensitivity, 2mV maximum 
offset voltage, complementary ECL outputs 
and a built-in latch. The 7.5ns propagation 
delay and 2ns acquisition time permit data 
processing to be performed up to 100 MHz. 

Test conditions: Vin = 100mV step, 5mV overdrive. 



The world's fastest comparator. 
Propagation delay of 7.5 nanoseconds 
maximum at 25° C. 

9.5 nanoseconds maximum over 
- temperature range. 

ifery:m. pivAGLE 

Who's 1 s in comparators? 
We are. 

ri 
Advanced Micro Devices, Inc. 

Distributed nationally by Hamilton/Avnet and Cramer Electronics. Telephone 800-538-7904 toll free, or in California 408-732-2400, 
and ask for Shel Schumaker. In Los Angeles, Steve Zelencik or Russ Almand at 213-360-2102.1n Mid-America, Chuck 

Keough at 312-297-4115. In the eastern United States, Steve Marks or Bill Seifert at 516-676-4500. In the Northern California area, 
Dave Haun at 415-967-7031. 901 Thompson Place, Sunnyvale, California 94086/TWX 910-339-9280/TLX 346306. 
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More 
power 

to 
you! 

AND BANDWIDTH TOO ... 
Our Model 406L is an 

ultra-wideband RF power amplifier 
whose wide range of frequency 
coverage and power output 

provides the user with the ultimate 
in flexibility and versatility in a 

laboratory instrument. Easily mated 
with a wide variety of signal 

sources,this completely solid state 
unit amplifies AM, FM, SSB, TV 

pulse and other complex 
modulation with minimum distortion 

Constant forward power is 
continuously available regardless 

of the output load impedance 
match, making the 406L ideal for 

driving highly reactive loads 
Unconditional stability and 

instantaneous failsafe provisions in 
the unit provide absolute protection 
from damage due to transients and 
overloads Complete with power 

supplies and output meter, this low 
cost instrument provides over 5 
watts of power from 100 KHz to 

over250MHz .andthere'snotuning 

Applications include: 

• RFI /EMI testing 
• Laser modulation 
al Communication systems 

• Ultrasonics 
• Laboratory 

instrumentation 

• Spectroscopy 

For complete information 
write or call 

Electronic Navigation Industries, 
3000 Winton Road South, 

Rochester, New York 14623. 
(716) 473-6900 

_00- 1 

ELECTRONIC 
NAVIGATION 
INDUSTRIES 

People 

Role of engineering grows 

in consumer products 

Engineering in consumer electronics 
will no longer be shoved into the 
back seat when it comes to advanc-
ing technology if George A. Schupp, 
newly promoted vice president and 
chief engineer for color TV products 
at Zenith Radio Corp., has any say. 
The 48-year-old Schupp, who has 

been in consumer electronics since 
1948, attributes the existence of his 
present job to the explosion of new 
products and advanced applications 
within the consumer sector. 

His main responsibility will be to 

Schupp: Zenith will have home video player. 

convert fast-moving technical devel-
opment into products. One of the 
most challenging aspects of this role, 
he feels, is smoothing Zenith's own 
entry into the home video player 
competition—with a disk said to use 
a different approach from one being 
developed in Europe. 
"When the market's ready, we'll 

be there," Schupp promises. While 
he anticipates a reasonable volume 
of home players by 1975, he expects 
growth will be limited by compet-
ing, noncompatible systems. 

"There is room for a cartridge 
player-recorder and a disk player, 
but not for two or three of each," he 
points out. "We don't need another 
45 versus 331/3 problem, but I expect 
there will be one." 
The application of linear inte-

grated circuits to Tv receivers is an-
other fast-moving aspect of the con-
sumer electronics business. And 
Zenith is now deeply involved in ex-
panding Lc applications. "I think 

we've always had the engineering 
talent to move quickly from tubes to 
solid state to ics, but it has been a 
question of directing this talent into 
new technology," Schupp observes. 
"Outstanding product develop-
ments in the practical business 
world are what we need." 

Look westward, says 

Tanaka of Calcomp 

Many U.S. data-processing com-
panies are ignoring a vital market. 
That market, says Richard I. Ta-
naka, senior vice president at Cali-
fornia Computer Products Inc., is 
the international one—or, more spe-
cifically, Japan. And Tanaka should 
know, because his Anaheim, Calif., 
company derives half its revenue 
from business outside the U.S. 
Tanaka feels that the first annual 

U.S.-Japan Computer Conference, 
to be held in Tokyo, Oct. 3-5, is a 
tremendous opportunity for Ameri-
can industry to learn about what's 
happening in Japan. Tanaka is an 
honorary co-chairman of the confer-
ence, which is sponsored by the 
American Federation of Informa-
tion Processing Societies (AFiPs) and 
the Information Processing Society 
of Japan. Exhibit space for the non-
profit meeting, which is split be-
tween Japanese and U.S. com-
panies, has been sold out. 
One might think that California-

born Tanaka, 43, is particularly in-
terested in the conference because 
of his Japanese background, but it 
turns out that he didn't learn to 
speak Japanese until he started go-
ing to Japan on business about five 
years ago. "I've learned as much 
Japanese as possible because there's 
a much better rapport with people 
when you can talk to them directly." 
He suspects, though, that if his job 
were liaison with Japanese com-
panies, his background would be a 
liability. 
As it is, Tanaka is responsible for 

engineering, manufacturing, and 
marketing development at Cal-
comp. He has a Ph.D. in electrical 
engineering and physics from Cal-
tech, plus his BSEE and MSEE. 
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Nylon. 
A new twist in 
cutting circular 
connector costs. 

Shown three times actual size. 

Meet our new Circular AMPLIMITE connector. It does 
everything a metal-shell connector will do. Except cost lots of money. 
We make it of high-strength, glass-filled nylon. So it's just as rugged... 
but lighter, nonconducting and less expensive. 

Circular AMPLIMITE connectors cost less to buy. And less 
to use ... because you can terminate their pin and socket contacts on 
our high-speed, automated, customer-provided machines. 
And load only the contacts you need. 

We make this new nylon connector in most popular sizes, 
including 63-position, 1746-inch 0.D.; 28-position, 1146-inch 0.D.; 
and 8-position, 1146-inch O.D. Mountable or free-hanging. Standard 
or splashproof. Rated 7.5 to 15 amp. 

Ready for a new twist in circular connectors? Write for details 
to AMP Incorporated, Industrial Division, Harrisburg, Pa. 17105. 

AMPLIMITE is a trademark of AMP Incorporated. 

el\ I V 
INCORPORATED 

Manufacturing and direct sales I acilities worldwide: Barcelone, Brussels, Buenos 
Aires, Frankfurt, London, Mexico City, Pans, Puerto Rico, Sao Paulo, 
sliertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin, Vienna. 
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RANGE 
CHANGE 

Extralytic® Aluminum 'Lytic Capacitors give you 
extended temperature range without 
sacrifice in life or leakage current. 

Type 601D Tubular Case Type 602D Cylindrical Case 

55C to +105C 55C to +85C 
Superior performance over entire temperature Power supply filter capacitors specifically 
range, unlike conventional lytics that do not designed for maximum efficiency. Offer the 
operate satisfactorily at low temperatures, power supply design engineer the lowest ESR 
High volumetric efficiency, long shelf life, low and the highest ripple current capability per 
leakage current. Withstand high ripple current, case size available today for long, trouble-free 
Write for Engineering Bulletin 3456A or; life. Write for Engineering Bulletin 3457 or; 

CIRCLE 2400N READER SERVICE CARD. CIRCLE 2410N READER SERVICE CARD. 

MORE FROM SPRAGUE ... THE BROAD-LINE 

PRODUCER OF ELECTRONIC PARTS 

4 4 4 

e 
HALL EFFECT SWITCH ICs. Actuated 
magnetically, not mechanically or op-
tically. Hall generator trigger circuit and 
signal amplification circuit on single sili-
con chip. Reliable (no moving parts). 
Easy interfacing with DTL/TTL/MOS 
logic. High speed. Low cost. Write for 
Engineering Bulletin 27,402A or; 

CIRCLE 2420N READER SERVICE CARD. 

TYPE 430P METFILMC"E' CAPACITORS. 
High-Voltage metallized polyester-film 
capacitors designed for voltage multi-
plier circuits used in electrostatic cop-
iers, TV power supplies, etc. Working 
voltages from 4,000 to 
15,000 V. Capacitance 
is stable with time, 
temperature, voltage. 
Write for Engineering 
Bulletin 2445.1 or; 

CIRCLE 244 ON 
READER SERVICE CARD. 

U.L. LISTED FILTERS. Series JX5000 
for EDP equipment and general-purpose 
use. Rated 125/250 VAC, 0-60 Hz, 1 
thru 50 amps. 60 db @ 150 kHz, 80 db 
from .5 MHz thru 1 GHz. Special de-
signs and rectangular multi-circuit units 
also available. Write for Engineering 
Bulletin 8210 or; 

CIRCLE 2430N READER SERVICE CARD. 

BLUE JACKET ̀3 RESISTORS. Vitreous-
enamel power wirewound. Unique all-
welded end-cap construction eliminates 
moisture paths along leads, anchors 
leads securely to resistor body. Expan-

sion coefficients of vit-
reous enamel, ceramic 
body, and end caps 
are closely matched. 
Write for Engineering 
Bulletin 7410E or; 

CIRCLE2100N 
READER SERVICE CARD. 

SPRAGUE' 
THE MARK OF RELIABILITY 

Meetings 

Joint Automatic Control Confer-
ence: AIAA, IEEE, et al., Stanford 
University, Palo Alto, Calif., Aug. 
16-18. 

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

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

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

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

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

National Electronics Conf.: NEC, 
Regency Hyatt O'Hare, Chicago, 
Oct. 9-11. 

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

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

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

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

International Conference on Com-
puter Communications: IEEE, ACM, 
Hilton, Washington, D.C., Oct. 24-
26. 

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

International Conference on Mag-
netism and Magnetic Materials: AIP, 
IEEE, et al., Hilton, Denver, Nov. 28-
Dec. 1. 

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

Plug in true rms... 
at the lowest price available! 

....11111111111111 

These new Fluke plug-in options 
let you add true rms capability to 
Fluke 8200A and 8400A DVMs. 
Take the measure of non-sinus-
oidal waveforms in 500 ms. Get 
accurate readings from 1 mv to 
1000V rms. 

you can pu frue rrns o wodc n your Fluke 8200 for 
just $595, and for only $750 in the 8400A. These are the 
lowest prices offered for true rms in 41/2 and 51/2 digit DVMs. 

But price is only part of our story. Even at an unexcelled low 
price, we offer performance the others don't even begin to 
match. 

For instance, we measure low levels that competitive units 
can't touch. Why? Because we use an exclusive converter 
technique which doesn't have square law response limita-
tions of thermal rms converters. 

This same technique allows us to measure waveforms that 
quasi-rms or distortion insensitive converters can't handle. 
And, we can do it up to five times faster than thermal 
converters. Mid-band accuracy (50 Hz to 10 kHz) is 0.1%. 

A crest factor of seven takes care of wave-
forms with a duty cycle as low as 2%. 
Common mode rejection from DC to 60 
Hz is greater than 120 dB. 

These options are field installable. All 
other features and specs are those of the 
respective instrument. The Model 8200A is 
a high-speed 0.01% 41/2 digit voltmeter 
with 60% overranging, auto polarity, and 

auto ranging on all functions. It features switched input 
filter, full 1000 volt guarding. Full multimeter and systems 
options are available. Base price is $995. 

Fluke's Model 8400A is the ultimate bench and systems 
DVM. It features an accuracy of 0.002%, 1 microvolt resolu-
tion, resistance measurements down to 100 micro ohms, 
auto polarity and auto ranging. For $2450 you get five 
ranges of DC from 0.1V full scale to 1000 volts with 20% 
overrange. The switched filter provides better than 65 dB 
noise rejection for DC, AC, resistance and ratio. 

Both DVMs feature 1500V peak overload protection and the 
ability to meet tough environmental specs. 

For full details, call your nearby Fluke sales engineer or 
contact us directly. 

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211, TWX: 910-449-2850/In 
Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone: (04250) 70130. 

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

IFLUKEI 
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Radiant Heating 
keeps your 

slip from showing. 

The AMC-740 ISOMAX. Greater throughput than 
any other CVD system. And no SLIP. Wafers are heated to 
process temperatures with minimum thermal stress, with 
uniform temperature across the entire run. Especially important 
with 3" wafers, it's important in 2" wafers as well, because 
the crystallographic structure of all wafers is significantly 
improved as thermal stress is reduced. 

The ISOMAX achieves unparalleled uniformity 
within each wafer and from wafer-to-wafer within each run. 
It all adds up to better yields, bigger profits. 

With radiant heating, the reactor heats up and 
cools down in minutes, from 25°C to 1200°C. And with 
no RF1, no electrical glitches. No RF power supply. Less 
expense. Less room. And the radiant heating lamps are guar-
anteed for 1,000 hours. Super reliable. 

You can process forty 2" wafers or eighteen 3" 
wafers at a time in the ISOMAX, load and unload susceptors 
off line. And to minimize particulate contamination the wafers 
are processed in a vertical position. 

Radiant Energy Heating, The first major break-
through in 15 years for chemical vapor deposition systems. 
And Applied Materials is applying it to a whole new generation 
of equipment. 

The new AMN 730NitroxTM Reactor for greater 
flexibility; profiles temperature electronically so you can deposit 
multi-layer structures in a single run, without opening the 
reactor. That counts when you're processing SiO2, Si3N4, 
A1203, polysilicon, or refractory metals. 

The new AMH-704 Mini-ReactorTM an economical 
system for precise thin film deposition in the lab. Small in size, 
big on capability. 

Call Joe Nava at (408) 738-0600 for immediate 
requirements. Or for a complete literature pack on any of 
our units, write to: Applied Materials Technology, Inc., 
2999 San Ysidro Way, Santa Clara, California 95051. 

applied materials 
radiant heating 

,hg.. Ina L S Pen. Nu 3 en :12 
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New. 
8-channel recorder 

with preamps 
in a single box. 

It's the Brush 481. For about $1000 
less than the same components bought 
separately. 

It gives you Brush quality. And Brush in-
novations. For example: pressurized 
inking system that writes dry and elimin-
ates smudging, puddling and priming. And 
MetrisiteR non-contact servo-loop feed-

; back device that guarantees 99.5% 
linearity. 
You also get 12 pushbutton chart 

speeds, from 0.05 to 200mm/second. 40 
Hz full scale frequency response. And the 
built-in preamps provide a measurement 

range of 1mV/div to 500 V d-c full scale. With differential, balanced 
and floating inputs and high common mode rejection. 

Finally, you get your choice of either a compact portable or rack 
mounted version—and accessories like chart take-up reel 
and Z-folder. 
The only thing missing: the problems of separate preamps. 
You'll certainly want more information. So contact Gould Inc., 

Instrument Systems Division, 3631 Perkins Avenue, Cleveland, 
Ohio 44114. Or Rue Van Boeckel 38, Brussels 1140 Belgium. 

BRUSH INSTRUMENTS 
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Electronics newsletter  

Signetics builds 

static n-MOS RAM 

Signetics Corp. has developed what it believes to be the first ion-im-
planted, n-MOS, 1,024-bit random-access memory that's completely 
static. It requires no clocks and is completely DTL/TTL-compatible, 
operating from + 5 volts and ground. Ion implantation is used to get 
both depletion and enhancement mode MOS transistors, which makes 
for a low-power design. 
The TTL compatibility in both logic levels and power supply, plus 

the device's low power dissipation of only 200 milliwatts, makes it a 
candidate for minicomputer main memories and peripheral equipment 
storage. The price will also be attractive—about 1 cent per bit in quan-
tities of 100. Samples are expected later this month. 
Two versions are being planned. The standard part will have an ac-

cess and read cycle time of about 1 microsecond, while the higher-
speed part will operate at 500 nanoseconds. Write cycle time for both 
will be 500 ns. 

Larson to head An agreement between IEEE and Wescon has put the direction of In-
IEEE's Intercon tercon and Wescon under one man, Donald Larson, previously general 

manager of Wescon only. This move was prompted by the resignation of 
and Wescon . . . William J. Hilty as director of IEEE Convention and Publishing Ser-

vices to accept a similar position with the Society of Manufacturing En-
gineers. 

Besides filling IEEE's need for a replacement for Hilty, the com-
bined arrangement should facilitate idea-swapping between the East 
and West Coast shows, according to Donald G. Fink, IEEE general 
manager. 

. . . as IEEE maps One of the first orders of business for Donald Larson will be to put to-
Ian to draw gether Intercon's planned celebration of the 25th anniversary of the p  

transistor. IEEE hopes this program will bring the semiconductor exhib-
semiconductor folk itors back to the 1973 Intercon next March in New York. The program 

will be repeated at the 1973 Wescon. A letter addressed to all semicon-
ductor houses outlining the elaborate preparations for this celebration 
has received seven favorable responses, none of them, however, from 
Texas Instruments, Motorola, or Fairchild. 

Foremost in the planning will be a promotion effort to bring non-
electronics attendees to the exhibits. The theme, "Solid State Shapes 
the Future," will be embodied in an applications center showing the 
use of semiconductors in food processing, automobile, chemical, and 
other manufacturing enterprises. 

Ampex developing Ampex is believed to be working on a new automatic video document 

low-cost system storage and retrieval system for small- or medium-size organiza-
tions.The company already has a larger system—Videofile—that's 

for video retrieval aimed at insurance companies, hospitals, law enforcement agencies, 
and other groups with similar needs. 
The new system, as yet unnamed, is based on a new high-bandwidth 

video recorder/reproducer, and a program control unit. A version of 
the system was delivered to North American Rockwell earlier this year. 
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Electronics newsletter 

Hitachi develops 

new ceramic board 

A significant price advantage is promised by a new process developed 
by Hitachi's Semiconductor and IC division for making multilayer ce-
ramic boards for multichip and single-device packages. Reduced costs 
of firing and automated continuous-strip production methods promise 
lower prices than previous methods. The new SMC (for Screened Mul-
tilayer Ceramic) process is based on alternate screening and drying 
steps of conductive and dielectric layers on "green" (unfired) ceramic 
tape, followed by a single firing. This avoids costs of alignment and 
punching, as well as the costs and time associated with tooling that are 
involved in laminated processes, and the costs of repeated firings if a 
prefired substrate is used. 

Conductors are molybdenum-manganese or tungsten and the dielec-
tric is a special screenable alumina paste. The alumina paste is the key 
to the system, according to Takahiko Ihochi, IC packaging group 
leader at Hitachi. The paste's shrinkage rate is matched to that of the 
green ceramic and metalized conductors, and its viscosity is such that 
close tolerances can be held on via holes. 

Teradyne delivers As the demand for bipolar reed-only memories expands [Electronics, 
July 3, p. 65], test equipment for the parts is close behind. Following 

20-MHz tester quickly the announcement of Macrodata's 10-megahertz MD-104, 
for bipolar RAMs hometown rival Teradyne Dynamics—both are in Chetsworth, Calif.— 

says that it has delivered its first 20-MHz H484 memory exerciser to a 
semiconductor manufacturer and has four other units on order. 

Unlike the Macrodate unit, which is a stand-alone tester, the 
Teradyne instrument is designed to be used with systems such as the 
Teradyne J283 LSI test system. The $15,000 instrument tests 4,096 by 4 
bits, expandable by 4 bits. It offers the standard patterns, plus a special 
combination of read-modify-write and address complement that Tera-
dyne says can substantially reduce test time, yet detect most failures. 

Garrett calculator 

also tells time 

As calculator prices drop below $100, manufacturers are starting to 
come up with new features to attract customers. Garrett Comtronics of 
San Diego has designed an MOS chip, to be built by National Semicon-
ductor, that also can be used as a digital clock. 
The calculator itself, to be announced at the end of the month, will 

initially be a standard eight-digit unit. As the company's entry into the 
home and executive market, it features walnut insets and brushed 
aluminum panels. Later, the company will introduce models with addi-
tional features, such as timekeeping. Garrett Comtronics is the spin-off 
that remained when Burroughs acquired most of Garrett's MOS group. 

Addenda The Treasury Department has found what it terms reasonable grounds 
for believing that Japanese color TV tube makers are dumping their 
products in the U.S. at prices below those paid in Japan. What the ac-
tion does, in effect, is to stop the placement of new orders. . . . Sen. 
Kennedy's bill to create a Civil Science Systems Administration to ac-
celerate technology application to social goals and retrain jobless engi-
neers seems likely to get through the Senate, but appears doomed in 
the House. With it will die Sen. Javits' amendment to make pension 
portability part of Federal procurement rules. 
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Their book, book, ironically symptomatic of minicomputer 
technology itself, was good as far as it went 

but didn't go far enough. Significantly absent was 
any reference to the only really new and different 
concept for systems computers in years: functional 

minicomputers using a universal bus system. 

And that's a damned relevant topic to be 
leaving out! 

GRI's Functional Minicomputers* are integrated 
into system environments with unheard of 

simplicity. You won't find out what that means 
for the systems designer or end user—not in 

their book. That's why we wrote our book. 

Read it! 

*Patented 

t 4,4HttItUyaM 
7,rtion.ahtet rntnieunIrpegn.: 

S.n.ten ee...». Leek luu. 
and attuwer. 

!heel,' think lelceut be.fiZte, 

'.....YlerlY,•nuniromteteyu Seeten I etxeke nor 
Pn!',.'U.N.ina the qt. 
ratoAl'utiotrion - 

After you've read the 
whoa. ' boo', or thialc 
lo,hz7,2,‹eilto buy wont-

Tharx how we plan t, 
hocurnt. the ntunt,er 1 

rompxny. 

ra, 

tier& 01111111RAL 

ts 
Discover the minicomputers that can be fully 
integrated with your system and completely 
debugged in the time it takes to write the program 
for many others. That's relevancy! That's a lot of 
time, money and manpower saved. Multiply 
that savings by the number of systems you plan 
to build—can you afford not to check out the 
GRI story? 

Send for both books, theirs and ours. See if 
we're not setting new standards in more than 
just literature. 

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

Go ahead and crack a nut. 

GRI Computer 
CORPORATION 
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Now... foi all your frequency measurement applications 

the universal time-bose circuit 
MOSTEK is now offering a new 

MOS chip—the MK 5009 P—to solve a 
host of timing and counting 
applications at low cost. With this 
versatile new circuit you can replace 
seven or eight TTL packages usually 
employed and enjoy a 94% saving in 
power required (80 mW for the 5009 
compared with 1.3W for eight TTL 
decade counters!). 

For flexibility, the 5009 is 
designed to operate from any of three 
frequency sources: internal oscillator 
with external RC combination; internal 
oscillator with external crystal; or 
externally applied TTL signal. Other 
features? Check these: 
• "Reset to 9" and "Reset to 0" 
features are included to facilitate 
initiation of time base periods. 
• Separate oscillator output is 
available for use with other equipment. 

• BCD selection of time base periods 
facilitates automatic ranging of time 
base with addition of simple counter. 
• Inputs and time output are TTL 
compatible. 
• Frequency division ratios of from 
1 to 36 x 108 are available. 

With a 1 MHz input frequency or 
crystal, the 5009 provides the basic 
time periods necessary for most 
frequency measuring instruments-
1 p s through 100 secs. Also available 
for other applications: 1 min., 10 min., 
and 1 hour periods using a 1 MHz 
input, and 50 or 60 Hz output with a 
1 or 1.2 MHz input. 

Pair the 5009 with MOSTEK's 
MK 5002 Por new MK 5007 P 
counter/display circuits (the 5007 
features a 16-pin package containing 
four decades of counting storage and 
BCD output) and you've got a perfect 

low power "duo" for frequency 
counters, tachs or time interval 
measuring equipment. 

When counting/timing are 
important requirements, call MOSTEK 
or one of the distributors or 
representatives listed here. We make 
MOS with your needs in mind! 

MOSTEK 
CORPORFIT1011 

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

e 

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

Representatives: HAIR Inc., Minneapolis, Minn. (612) 920-8200; W. J. Purdy Co., Burlingame, Calif. (415) 347-7701; Littleton, Colo. (303) 794-4225; KCE Corp., San Diego, Calif. 
(714) 278-7640; Los Angeles, Calif. (213) 391-0586; FM Associates Ltd., Greensboro, N. Carolina (919) 294-2754; Huntsville. Ala. (205) 536-9990; Orlando Fla. (305)851-5710; Sprague 
Electric Co., Wayne, New Jersey (201) 696-8200; Schiller Park. III. (312) 678-2262; Richardson, Texas (214) 235-1256; Tempe, Arizona (602) 966-7233; N. Seattle, Wash. (206) 832-7761, 
Precision Electronics, Inc., Glenside, Pa. (215) MI 6-8383; James Semple Associates, Rochester, N. Y. (716) 342-1413; Midwest Marketing, Dayton, Ohio (513) 433..2511; Chagrin 
Falls, Ohio (216) 247-6655; Greiner Associates, Grosse Pointe Park, Mich. (313) 499-0188; Palatine Engineering Sales Inc., St. Louis, Mo. (314) 426-7055; Overland Park, Kansas 
(913) 262-5643; Andover, Kansas (316) 683-7512; Minnie Associates, Orange, Conn. (203)932-5656. 

Distributors: Cramer Electronics Inc.—Alabama: Huntsville (205) 539-5772; Arizona: Phoenix (602)263-1112; California: San Diego (714) 279-6300; Colorado: Denver (303) 758-2100; 
Connecticut: North Haven (203) 239-5641; Florida: Hollywood (305) 923-8181; Orlando (305) 841-1550; Georgia: Atlanta (404)451-5421; Illinois: Mt Prospect (312) 593-0230; Marylend: 
Baltimore (301) 354-0100; Gaithersburg (301) 354-0100; Massachusetts: Newton (617) 969-7700; Minnesota: Bloomington (612) 881-8678: New Jersey: Union, (201)687-7870; 
Pennsauken (215) 923-5950; New Mexico: Albuquerque (515) 265-5767; New York: Hauppauge. L.I. (516) 231-5600; Endwell (607) 754-6661; Rochester (716) 275-0300; East Syracuse 
(315) 437-6671; North Carolina: Raleigh (919) 876-2371; Winston-Salem (919) 725-8711; Ohio: Cleveland (216) 248-7740; Cincinnati (513) 771-6441; Oklahoma: Tulsa (918) 836-3371; 
Texas: Dallas (214) 350-1355; Utah: Salt Lake City (801) 487-3681: Wisconsin: Milwaukee (414) 462-8300; Canada: Ontario (416) 630-5023. Brill Electronics, Oakland, Calif. (415) 
834-5888; Elmer Electronics, Mt. View, Calif. (415) 961-3611; Liberty Electronics, Inglewood, Calif. (213) 776-6252; Wesco Electronics, Los Angeles Calif. (213)685-0533; Merquip 
Electronics, Skokie, III. (312) 965-7500; Stark Electronics Supply, Minneapolis, Minn. (612) 333-3361; Sheridan Sales Co., Cincinnati, Ohio (513) 761-543a 

international: MOSTEK GmbH, 7 Stuttgart 80, Waldburgstrasse 79, West Germany 0711-731305; System Marketing Inc., Center News Bldg., 1-3-11 Sotokanda. Chiyoda-ku, Tokyo, 
Japan; W. G. Booth Ply., Ltd., 39 Church Street, Hawthorn, Victoria 3122, Australia. 
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Electronics review 
Sledleant developments ,r) techncoogy and busints.-

Military to get 
$21 billion for 
fiscal '73 shopping 
Election-year pruning to 

trim 9% from Pentagon's 

requests; some electronics-

laden programs are sliced 

Military procurement for the fiscal 
year that began July 1 is expected to 
fall slightly below $21 billion—but 
not before a vigorous election-year 
floor fight in the Senate after the po-
litical conventions in Florida. The 
forecast figure—a compromise be-
tween the House-passed $21.3 bil-
lion measure and the $20.6 billion 
authorization approved by the Sen-
ate Armed Services Committee— is 
a 9% cut from the $22.8 billion Pen-
tagon request, some in programs 
heavy with electronics. 
SALT cuts. House officials, ac-

knowledging that defense spending 
will be a major campaign issue this 
year, point out that most of the 
committee cuts came as a result of 
the Strategic Arms Limitation Talks 
and in programs with large contro-
versial cost overruns, rather than in 
some new programs still in R&D. 
"The jobs issue is uppermost in 

the minds of most members, and all 
of them are standing for reelection," 
observed one House staffer, explain-
ing the lack of major cutbacks. On 
the Senate side, more cuts could be 
made on the floor, although some of 
these could be restored in the sub-
sequent House-Senate conference. 
Both House and Senate measures 

approved the full $444.5 million for 
Air Force R&D on the B-1 strategic 
bomber at North American Rock-
well, as well as most of the $926.4 
million sought for R&D and long-
lead-time procurement on the 
Navy's new Trident long-range mis-

sile submarine. Defense Secretary 
Melvin Laird had conditioned his 
approval of the U. S.-Soviet SALT 
agreement on Congressional ap-
proval of the two programs. 
Money for the Army's Safeguard 

antiballistic missile system was ap-
proved in both houses, but with 
sharp cuts motivated by the SALT 
agreement limiting the U. S. to one 
100-missile site for ICBM defense 
and another for the national capital. 
Of the $800.1 million sought by the 
Pentagon, the Senate approved only 
$561.5 million for the Grand Forks, 
N.D., site procurement and contin-
uing R&D. But the committee took 
no action on another $110 million 
for accelerated post-SALT weapons 
RDT&E sought by Laird. 
While approvals came in both 

chambers for a variety of aircraft 
and ship programs with heavy elec-
tronics content, funds for many 

were frequently cut or restricted in 
their usage. Key actions included: 
• The Navy's DD-963 destroyer 
program, hurt by delays and cost 
overruns in another Litton Indus-
tries ship program, was cut $363 
million in both houses from the 
$610 million sought for seven addi-
tional ships. The $247 million re-
maining is authorized for long-lead-
time items. 
• The Navy's CVN-70 Nimitz-class 
carrier, however, won approval of 
all $299 million for long-lead-time 
items. This is expected to produce a 
floor fight because Government re-
ports indicate final cost of the ship, 
its planes, and other hardware con-
tracted separately could push the 
price to nearly $2 billion—almost 
double the cost of the vessel itself. 
Secondarily, the Congress ques-
tioned if recent experiences with 
contractors such as Litton don't con-

FISCAL 1973 DOD AUTHORIZATION 
(IN MILLIONS) 

PROCUREMENT REQUEST 

Aircraft 

Missiles 

Vessels 

Tracked vehicles 

Torpedoes 

Other weapons 
Subtotal 

RDT & E 

Army 

Navy 

Defense agencies 

Emergency 
Subtotal 

Safeguard ABM 

Construction 

Housing 

Subtotal 

5,962 

3,717 

3,564 

251 

194 

97 
13,787 

2,097 

2,797 

520 

50 
8,696 

HOUSE ACTION REDUCTION 

5,744 218 

3,452 265 

3,201 363 

251 

194 

97 

12,941 846 

1,997 100 

2,661 135 

494 26 

50 
8,372 324 

387 0 387 

12 6 6 

399 6 393 

BILL TOTAL 22,881 

Totals may not add due to rounding 

21,318 1,562 
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tradict earlier arguments that Navy 
shipyard costs are higher than those 
of private industry. 
• The Air Force's Advanced Air-
borne National Command Post 
(AANcP) and Airborne Warning and 
Control System (AWACS) got limited 
approval. The Senate cut the AANCP 
to $100 million for procurement of 
four Boeing 747s, plus $20 million 
for R&D—reductions from requests 
for $224.8 million and $32 million 
respectively. The AWACS request for 
$470 million was cut by nearly $227 
million in the House, which denied 
any procurement funds for another 
year, keeping the project in R&D. 
• The Army's SAM-D air-defense 
missile program at Raytheon Co. re-
ceived Senate approval of its total 

Space electronics 

$171.4-million R&D request, despite 
program slippage and the Penta-
gon's questions about the program's 
cost prospects. 
• The Navy's F-14 fighter, under 
contract to Grumman Aerospace, 
and the Air Force F-15, recently 
rolled out at McDonnell Douglas, 
both won funding approval. How-
ever, the F-14 budget of $732.7 mil-
lion in the House and $734.8 in the 
Senate contained limitations that 
the $407 million procurement 
money be conditioned on company 
acceptance of a contract for 48 
planes in the fifth lot. 
R&D took the biggest percentage 

cut overall, as indicated in the 
House bill, on which a final appro-
priation is based (see table). 

Skylab tape recorder replaces telemetry 

to record 'tremendous' volume of data 

As space missions get more and 
more complicated with additional 
experiments, wider-bandwidth com-
munications links are required to 
get the data back to earth. But on 

Skylab, the first stage of which is 
scheduled for launch in April 1973, 
there will be no telemetry downlink 
for experimental data; instead, 
NASA is relying on a tape recorder 
and an astronaut. 

In the words of R.H. Webster, 
Skylab program manager at the In-
strumentation division of the Am-
pex Corp., Redwood City, Calif., 
"The volume of data accumulated 
from the Skylab experiments will be 
tremendous. [The three Skylab 
space stations are designed to test 
man's ability to stay in space for 
long periods.] So to save weight and 
money—by eliminating telemetry 
equipment and its associated an-
tennas—NASA went to tape." 
Two modified Ampex AR-700 

airborne digital recorders, one on-
line and one backup, will fly in the 
multiple docking adapter section of 
the space station. The standard AR-
700, a 14-track machine, will be 
converted to 28 tracks and will be 

Space tape. Ampex AR-728 tape recorder, 
to fly aboard Skylabs, is checked out in 

clean room. Data-filled tapes will be carried 

back to earth by one of astronauts. 

called the AR-728. Also, since Sky-
lab is a manned program, poten-
tially toxic or flammable compo-
nents will be replaced. 
Packed in. "Essentially what was 

done," says Webster, "was to take 
what is normally packed into a six-
foot-high -rack and reduce it to a 
100% reliable 1.5-foot cube." This, 
adds Webster, was difficult; in fact, 
about two years will have passed 
from the time Ampex got the con-
tract until the first two of four ma-
chines (two flight, and two ground 
preflight backups) will be delivered 
to Martin Marietta Corp., the prime 
contractor, later this month. 

Since there is no telemetry, the 
only way to get experimental data 
back to earth is to have one of the 
astronauts bring the tape when 
there is a change in crew. That's the 
reason for going from 14 to 28 
tracks—the astronaut won't have too 
many reels of tape to carry. In fact, 
only 10 reels will be needed to 
record all the data from the com-
plete year-long mission. 
Each 7,200-foot reel is to have not 

more than five errors in 1 million 
bits of data; the recorder is capable 
of recording 1 million bits per sec-
ond per track, and the capacity per 
reel is almost 50 billion bits. If 
someone other than NASA needs 
that kind of density, Webster says 
that Ampex will sell an AR-728 for 
$30,000 to $60,000, depending on 
options—"as long as it doesn't have 
to meet NASA's manned space flight 
requirements." 

Displays 

Toshiba light valve 

has no moving parts 

Large-screen television doesn't nec-
essarily require large components. A 
light-valve tube being developed for 
projection TV by Tokyo Shibaura 
Electric Co. (Toshiba) uses lc fabri-
cation techniques to get small size. 
The development team, headed by 
Shunichi Sano, hopes to complete 
its work in less than a year. 
Many of the basic principles are 
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similar to those of the Eidophor pro-
jection system—but the new light 
valve is a small, sealed tube, rather 
than the large tube with internal 
moving parts and a vacuum pump 
in the Eidophor. Another difference 
is that the Eidophor tube works by 
reflection, while the new tube is a 
transmission-type light valve. 

Bright light. Basically, both sys-
tems consist of an intense light 
source—typically a xenon arc lamp— 
plus a light-valve tube and the asso-
ciated optics of a schlieren optical 
system. The tube's face is coated 
with oil, the surface of which is de-
formed by electrons representing 
picture elements. The deformities 
vary the refraction and also slightly 
vary the diffraction of light hitting 
them, thus controlling the amount 
of light passing through. 

Several problems inherent in the 
original Eidophor system are elimi-
nated by the Toshiba light valve. 
The Eidophor valve has an accelera-
ted stream of electrons strike the oil 
surface. This degrades the oil, so 
that it must periodically be re-
placed, and requires control of the 
resistivity of the oil, so that the 
charges can leak away. Also, the 
electron beam sweep and intensity-
modulation circuits must produce a 
charge distribution that periodically 
undulates the oil's surface. Such cir-
cuits are more complex than those 
used in Tv receivers. 

Slick. With the Toshiba light 
valve, oil doesn't degrade, and re-
sistivity of the oil needn't be con-
trolled. That is because the electron 
beam strikes the thin film of con-
trolled-resistivity glass of the type 
used in image orthicons, and the 
charges leak off to a metal ring 
around the glass film. It's also un-
necessary to vary the inten-
sity or sweep rate of the electron 
beam because an evaporated alumi-
num mesh is photo-etched on the 
surface of the glass, where no elec-
trons impinge. 
The side of the glass film with the 

aluminum mesh (which has 4-mi-
crometer lines about 25 micrometers 
apart) is covered with oil. This film 
is thick enough and has enough sur-
face tension so that it is planar. Al-
though called "oil," the material is a 

Picture this. Top drawing shows light valve in Toshiba's tube. Bottom drawings compare 

Toshiba and Eidophor light valves. In the Toshiba model, the oil doesn't degrade. 

silicon-based polymer that is a hy-
brid between oil and highly resilient 
rubber. In more than a year the 
Toshiba material has shown negli-
gible flow or droop. 

In operation, picture information 
is written on the surface opposite 
the film by an electron beam that is 
swept and intensity-modulated like 
the beam in a conventional picture 
tube. The charge on the surface of 
the glass film opposite the aperture 
in the mesh extends through the 
glass film, through the oil in the 
aperture, and then bends around to 
strike the mesh. This charge distorts 
the film, and the mesh provides re-
quired variations in distortion. 
The schlieren optical system has a 

series of slits between the light 
source and the light valve, and a tar-
get mask is placed between the light 
valve and projection lens. The target 
mask has slits similar to those in the 
mask near the light source, but 
when the film is undistorted, the 
light passing through the slits in the 
first mask is focused on the solid re-
gions between the slits in the target 
mask. Deformation causes refrac-
tion of that light, which passes 
through the slits in the target mask 
and is focused on the viewing 
screen. 

Color Tv would require three 
light sources, three light valves, and 
associated color filters. Toshiba en-

gineers don't consider commercial 
movie theaters with giant screens as 
ultimate users of their tube. Rather, 
they envision applications where the 
screen size would be more moder-
ate, as in classrooms and small audi-
toriums. 

Consumer electronics 

Bipolar chip 

contains radio 

The first commercial radio on a 
single chip has been developed by 
Ferranti Ltd. of Manchester, En-
gland, by using collector diffusion 
isolation techniques [Electronics 
July 3, p. 96]. Researchers at Fer-
ranti have managed to provide a 
complete a-m radio circuit on a 
small monolithic bipolar chip that 
requires only battery, earphones, 
and antenna, plus a few capacitors 
for tuning and decoupling to com-
plete the package. What's more, the 
audio output is 3 milliwatts. 

Part. Bryan Down, marketing 
specialist for Ferranti, predicts that 
the ic will lead to production of 
low-priced pocket radios and may 
well be incorporated into television 
sets, tape recorders, calculators, and 
coffee pots. Although the chip is still 
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in the evaluation stage, Down 
stresses that it will be in production 
in two to three months. 
The tuned a-m circuit is a tuned 

rf receiver in a proprietary space-
saving design that allows the chip to 
fit into a standard three-lead TO-9 
plastic transistor package. By addi-
tion of a single-stage power ampli-
fier, the chip can be used with a 
standard loudspeaker. Only one 1.3-
volt battery is required, and under 
normal operating conditions, the 
quiescent current typically is only 1 
milliampere. 
The radio is tuned by the external 

variable capacitor; automatic gain 
control is built into the design. Fer-
ranti's Down emphasizes that CDI 
techniques make possible a super-

heterodyne IC, but additional exter-
nal components would be required 
to accomplish this. 

Avionics 

Phased-array radar 

for light planes 

Virtually all commercial rader sys-
tems for airplanes still use mechani-
cally driven scanning-dish antennas. 
Jetliners have room in the nose for 
antennas, but there's much less 
room in general aviation aircraft 
and none at all in single-engine 
planes. 

Digisplay, the flat-screen image sandwich, 

poised for commercial debut as peripheral 
When the Northrop Corp. won con-
tracts from the Army and Air Force 
to show how its Digisplay flat-
screen image tube was better than 
bulky CRIS, the military-oriented 
company also had ideas about li-
censing commercial manufacturers. 
Northrop felt that Digisplay showed 
promise for such commercial and 
industrial applications as a com-
puter terminal display [Electronics, 
June 21, 1971, p.30]. 
Now GTE Sylvania is planning to 

make an alphanumeric display with 
the Northrop tube at a price de-
scribed as competitive with conven-
tional CRT systems. Edmond N. 
Elowe, Sylvania's project manager, 
says samples will be available in 90 
to 120 days, and the price even-
tually will be in the range of $50 to 
$150. In recent meetings with pro-
spective customers, Sylvania said it 
may also supply drivers for the Di-
gisplay tube, or even complete ter-
minals. 
The main effort now is readying 

the tube for high-speed production 
at the Electron Tube division in 
Seneca Falls, N.Y., says Elowe, and 
the company has "sizable and sig-
nificant resources" committed. 
Northrop is also developing the tube 
further, emphasizing advanced 

work toward military and special-
purpose applications. 
Harper Q. North, manager of 

Northrop's Electron Optics depart-
ment, says that a proposal is before 
the military for a ruggedized version 
of the tube, and the company has a 
contract for a 40-beam version for 
incorporation into a 40-sensor for-
ward-looking infrared system. The 
company has already shown the 
Army Electronics Command a 32-

Now, a 20-pound phased-array 
weather radar system for general 
aviation has been developed by 
Aradar Corp., Blue Bell, Pa. It has a 
90° beam scanning angle and an es-
timated production cost of $5,000, 
less than half that of comparable 
mechanical systems. Called Airadar, 
the system's antenna will fit in a 
light-plane wing and give a range of 
90 nautical miles, reports David L. 
Stanislaw, project engineer. 
Key to the solid-state antenna 

system is the use of ferrite phase 
shifters. "They are inexpensive, 
compared with semiconductors," 
Stanislaw says, "and take less elec-
tronics to drive them." And, at less 
than a dollar apiece, the ferrite 
phase shifters are about 1/20th the 

by-16-character tube with a resolu-
tion of 80 lines per inch, and an 8-
by-10-in, tube with a 55-line resolu-
tion per inch and gray-scale capa-
bility. North's group has also made 
a color version and is developing -ry 
and graphic-type displays as well as 
storage tubes. 
The tube that Sylvania recently 

showed is the FTA-512, a flat alpha-
numeric display that shows 512 5-
by 7-segment characters 0.18 in. 
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cost of semiconductors, he says. "It's 
the first application of ferrites at 
these power levels (8 kilowatts) at X 
band." 
For a typical single-engine instal-

lation, the array would consist of 17 
radiators, each a vertical array of 
eight dipoles. Each array is fed 
through a ferrite phase shifter that 
has its electromagnetic state control-
led by transistor drivers. A solid-
state logic system controls the driv-
ers, causing the microwave energy 
to be phase shifted in 16 discrete 
steps across the array. The number 
of vertical arrays can be changed 
slightly to conform with the wing 
size. 
The unit also is relatively easy to 

produce, says Stanislaw. The 17 an-

high in a 5.4- by 3.8-inch viewing 
area. The tube is digitally addressed 
without deflection circuitry; hence, 
it is convenient for digital appli-
cations. Since it has random-scan 
capability, the time required to 
change the beam position does not 
depend on the distance between 
beam positions. 
The Digisplay has certain simi-

larities to a cathode-ray tube. An 
evacuated glass chamber contains 
a thermionic emitter and a phosphor 
target operated at about 9 kilovolts. 
There the similarity stops, however. 
A large-area cathode produces 
electrons over a large surface, with 
a number of metallized glass plates 
for focusing and selection of dis-
play. The tube is analogous to a CRT 
with 512 times 5 times 7 guns, with 
each gun selectable digitally. 

It would seem that selection of 
specific bits to be illuminated could 
be a formidable problem; however, 
the FTA-512 requires only 63 con-
nections. The four selector plates 
are a row-selector, a column se-
lector, a row-bit selector, and a col-
umn-bit selector. These plates, 
along with the cathode and beam-
forming and beam-focusing plates, 
form a rigid glass sandwich. The 
number of switching plates is a 
compromise between the number of 
connections and de..,ired writing 
rate, plus other factors. For switch-
ing the selectors, either a positive 
voltage, which permits the electron 
beam to pass, or a negative voltage, 

tenna arrays are identical printed 
boards, which means "you just pho-
tograph it and print and print and 
print." The feed, phase shifters, and 
all other microwave parts are on one 
other printed board. Moreover, the 
unit has neither moving parts to 
wear out, nor waveguides. 
A subsidiary benefit of the phased 

array is that the scanning rate is 
faster than the flicker rate of the 
eye, Stanislaw explains, thus giving 
a steadier, clearer picture than con-
ventional radars, which show bright 
scanning beams. Tube phosphors 
are brighter and don't burn, he says. 
Nearly any small television receiver 
can serve as the unit's viewing 
screen. 

Five years in the making, the unit 

which deflects the electrons, is ap-
plied to the plates. The tube is rated 
at -50 and + 150 volts, but the tube 
demonstrated actually used -20 
and + 30. Power required is 25 
watts for the filament and about 5 w 
for switching. Any type of CRT phos-
phor can be used. 
Elowe points out that the tube wi'' 

have to be cost-competitive 
other displays, including the 
his own division makes, to t-
cessful in the long run. Lic 
ting diodes and liquid cryst-
to be out of the running ff 
cations requiring large nun 
characters, he says. The 
obstacle to commercial 
seems to be convincing 
users to abandon the la 
CRTS for the lighter and mc 
pact Digisplay. 

was developed by A. Rufus Ap-
plegarth, a co-founder of Narco 
Avionics, a general aviation equip-
ment manufacturer, and Syracuse 
University Research Corp. Aradar is 
talking to several avionics manufac-
turers for production, starting next 
year. 
That $5,000 price, say industry 

sources, is high for single-engine 
planes but seems about right for 
light executive craft and larger. D 

Medical electronics 

Computer is key 

to health tester 

Contrary to popular opinion, Amer-
icans are far from the healthiest 
people on earth. Poor eating habits, 
little or no exercise, high-pressure 
working conditions—and most im-
portant, almost no preventive medi-
cine—take a staggering toll of men 
at the prime of their lives. 
The seeds of a solution to the 

problem are being sown, and elec-
tronics plays a key role. The out-
growth will be new ways to deliver 
-eventive medicine, with the com-
ter the tool to make it work. 
Doing it. Earlier this month, the 
merican Health Foundation 
pened its Health Maintenance 
nter in New York City. The em-
iasis is on the practice, rather than 
.e preaching, of preventive medi-
ne, emphasizes Dr. Ernest L. Wyn-
er, president of the foundation and 
iedical director of the new center. 
Basically, the center, a multipha-

ic testing facility, is set up to iden-
ify high-risk factors in the people 
creened there. The computer has at 
'east two important functions in this 
system, and it will probably be used 
for several others as well. 

First, the computer reviews the 
patient's medical history, which he 
prepares when he fills out a 400-
question machine-readable ques-
tionnaire. After verifying that the 
questionnaire has been filled out 
properly, the computer modifies the 
standard battery of tests. 
The machine's second task is to 
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Like it Is. Patient presents questionnaire at initial interview. Responses are entered into 

CDC 1700 in 90 seconds, which validates questionnaire and specifies test branching. 

modify the test procedure on the 
basis of data obtained from the test 
results themselves. To make this al-
most-real-time procedure feasible, 
the screening begins with blood and 
urine analyses, because these chem-
ical tests are time consuming. 
Electrocardiography, pre-glaucoma 
tonometry, audio and visual testing, 
and other tests are conducted later 
because their results become avail-
able quickly. 

Doctor. The last step is an inter-
view and examination by a physi-
cian. By the time the doctor is ready 
to conduct his examination (about 
an hour after the testing begins) the 
computer has provided him a print-
out of all test results, highlighting 
any abnormalities. 

In addition to its role in determin-
ing first- and second-order branch-
ing of the screening procedure, the 
computer can perform several other 
functions. For example, it can 
analyze an electrocardiogram (EKG) 
in real-time, although the current 
procedure is to rely on a standard 
strip-chart record. All EKGs are ac-
tually examined twice at the cen-
ter—once by the computer, and 
again by a cardiologist. 
To prepare EKG data for com-

puter evaluation, an a-d converter 
samples the analog signals at a 500-
hertz rate and encodes the data into 
10-bit digital words. The automated 
procedure can thus provide better 
frequency response and resolution 
than the strip chart. 

An additional function that the 
computer will no doubt perform in 
the future is trend analysis. As 
patients are reexamined, any 
changes in their test results, as well 
as the results themselves, will be 
taken into account in arriving at 
diagnoses. 
While the medical side of the 

Health Maintenance Center, which 
will charge about $80 per physical, 
is operated under the auspices of the 
nonprofit American Health Foun-
dation, the business side is run by 
the profit-oriented American Health 
Corp. This corporation is a joint 
venture of six companies—Control 
Data Corp. (the center's computer is 
a CDC 1700), Eastman Kodak Co., 
Northwestern Mutual Life Insur-
ance Co., Norton Simon Inc., Time 
Inc., and Bradford Computer & Sys-
tems Inc. 

Government electronics 

Coast Guard funds 

navigation contracts 

In pursuit of equipment that will let 
ships maneuver freely in foul 
weather and at night, the Coast 
Guard has awarded three parallel 
development contracts for short-
range, shipboard harbor navigation 
systems. Collins Radio Co., Cedar 
Rapids, Iowa; RCA Corp., Camden, 

N.J.; and Tracor Inc., Austin, Texas, 
has each received a nine-month 
study contract for a total of 
$350,000 to define the technical as-
pects of their competing systems. 
The systems include on-shore trans-
mitters. 
The awards are the first part of a 

three-year, four-phase $5.2 million 
R&D effort leading to an operational 
system that the "Coast Guard can 
set up and evaluate," says Comdr. 
Robert L. Cook, project officer for 
the River and Harbor Aid tó Navi-
gation System (Rihans). From that 
evaluation the Coast Guard will de-
cide when and in which harbors to 
install the systems—an undertaking 
that "could amount to many mega-
bucks," he says. 
Aim of the system is to enable 

pleasure craft and ocean-going ves-
sels to pinpoint accurately their lo-
cations with respect to shoals, 
bridges, and other harbor obstacles, 
Cook says. Under terms of the de-
velopment, cost of the receivers 
would be $250 for pleasure craft 
and $5,000 for large vessels. Respec-
tive accuracies would be within 
±-125 and -±50 feet, or "far in excess, 
on a total system and cost basis, of 
any other being used to do the job." 
Could be required. Although the 

Coast Guard has no intention at 
present of making such receivers 
mandatory, it could do so when the 
systems become operational in har-
bors and waterways. The receivers, 
called position-determining equip-
ment, will give a continuous display 
of a ship's current position, updated 
every three seconds in the case of 
large vessel receivers. Unlike San 
Francisco's Marine Traffic System, 
which is a traffic control system, Ri-
hans "lets the guy himself know just 
where he is." 
The three companies are taking 

different tacks in meeting the Coast 
Guard's tough requirements. Col-
lins proposes a time-multiplexed, 
short-pulse microwave beacon sys-
tem, in which a series of primary 
and secondary transmitting shore 
stations would beam time-coded 
double pulses to shipboard receivers 
in a hyperbolic format. With modu-
lar additions, Collins says, the unit 
could lead to an automated way-
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point navigation system translating 
time differences into latitude-longi-
tude coordinates. 
RCA wants to use a derivation of 

its Secant airborne collision avoi-
dance system [Electronics, Dec. 20, 
1971, P. 69]. Each ship would be 
equipped with an interrogator-re-
ceiver that would continuously re-
ceive microwave signals from trans-
ponders in fixed shore stations. The 
vessel would interrogate a trans-
ponder with time-jittered pulses on 
one of two frequencies, and the 
transponder would send back navi-
gation data by frequency-shift-key-
ing the return pulses to give range 
lines of position. 
Tracor proposes a low- and multi-

frequency format using phase-mea-
surement techniques in what it calls 
a "modified Omega" approach. 
Omega is a vlf radio-navigation aid. 
The company says the system would 
use simultaneous transmission of 
three frequencies, time-multiplexed 
from a network of transmitting an-
tennas to shipboard receivers. 
"Everybody is going to have some 

trouble with the requirements," 
Cook says, who expects one or two 
companies to drop out before the 
development project is over. 

Contracts 

Army testing Sony 

cartridge television 

The Japanese have won the first 
skirmish in the battle to sell car-
tridge television to the military— 
though the advantage may be tem-
porary. The Army Audio Visual 
Agency is testing the Sony Y4-inch 
video player that could establish an 
Army standard. John O'Brien, com-
munications manager specialist for 
the agency, says that Sony was 
chosen because it has the only com-
mercially feasible unit available. 
And sources say, too, that the Army 
was dissatisfied with the Ampex 1-
in. machines it previously used. 

O'Brien adds, however, "It is too 
early to zero in on a standard now. 
When equipment using the EIAJ 1/2-
in. standard becomes available, 

Look-see. The Army, in its search for a standard cartridge television player, is testing this 

Sony U-Matic. It was chosen, says Army, because it's only commercially feasible unit. 

there will be an advantage in the 
greater interface of systems." How-
ever, in the interim, more Sony units 
will be added to the 500 or 600 the 
armed forces now have. 

Waiting. Spokesmen for the Navy 
and Air Force say that the Army has 
been suggesting a standard within 
the services to facilitate the ex-
change of information. Both 
branches have been testing Sony 
equipment, but are not anxious to 
follow the Army's suit. The reasons: 
applications are different and, 
mainly, criticism that the Army is 
not buying American. Both Navy 
and Air Force have been using Am-
pex and other 1-in. units. 
Comment from other cartridge 

television manufacturers on the 
Army-Sony marriage is unani-
mously unworried. As one insider 
put it; "The Army is polygamous. 
Any action the Army takes now 
doesn't preclude us in the future." 
As for Sony itself, all questions are 
referred to the Army. 

Integrated electronics 

Signetics implants 

arsenic in wafer 

Many semiconductor researchers 
are working with arsenic as a do-
pant in bipolar structures to in-
crease device speed; but Signetics 
Corp. has added something new. In-

stead of diffusing the arsenic into 
the lc wafer in a furnace, research-
ers at the Sunnyvale, Calif., com-
pany are using an ion implantation 
machine. The work is similar to that 
reported last fall by IBM Corp., but 
Signetics says it's the first commer-
cial house to disclose such research. 
However, semiconductor industry 
insiders disclose that other bipolar 
makers are experimenting with im-
planted arsenic, among them Hew-
lett-Packard Associates. 
High energy. James A. Marley, 

manager of solid state research at 
Signetics, says, 'While most people 
are implanting boron and phos-
phorous, we wanted to have the ca-
pability of working with arsenic 
also." The problem is that, since ar-
senic is a heavier ion, higher im-
plantation voltages are required 
[Electronics, June 19, 1972, p. 69]. 
That's why the Signetics R&D im-
planter is a 400 kiloelectronvolt ma-
chine, and the production machine 
on order from Extrion Inc. will be a 
200 key machine. Several other Bay 
Area semiconductor makers have 
ordered the 150 kev model, but "we 
don't want to be energy-limited," 
says Marley. 
Why is arsenic a better dopant 

than boron or phosphorous? Marley 
says, "There are problems with 
phosphorous that can be eliminated 
by going to arsenic." It gives a 
sharper diffusion profile, permitting 
a shallower emitter and a narrower 
base—the two layers being doped in 
the Signetics experiment. Also, since 
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arsenic is a heavier ion, it tends to 
stay after it has been implanted—no 
matter what is done to the wafer af-
terwards. Marley adds that arsenic 
"is a better Group V dopant in that 
it offers a better lattice fit with sili-
con and, since it has a diffusion co-
efficient that is an order of magni-
tude lower than that of 
phosphorous, it's more controllable." 
While the benefits of arsenic can 

be gained by conventional furnace 
processing, the wafers must be dif-
fused at 1,200°C, which is higher 
than normal, and they must be pro-
cessed in sealed quartz tubes, which, 

Communications 

says Marley, tend to "sag at 1,200°. 
But with ion implantation, you just 
need higher voltage." 

Experimental results thus far in-
dicate that arsenic produces a more 
step-like junction than other pro-
cesses. "It's more square," says Mar-
ley, "and it remains square. We can 
get narrower base regions, and this 
means more efficient current injec-
tion from the emitter to the base 
and into the collector, even with 
present masks." What will come 
from all of this, he won't say, but 
faster, denser random-access memo-
ries are at the top of the list. 

Telephone test unit market seen soaring 

as phone companies update equipment 

Manufacturers of electronic test 
equipment for telephone communi-
cations networks are gleefully fore-
casting a burgeoning market for 
such precision items as phase-jitter 
meters, spectrum analyzers, and 
psophometers—which measure noise 
and transmission characteristics. Al-
though company spokesmen are 
unable to peg dollar volume, they 
predict rising sales because the mar-
ket, which is worth hundreds of mil-
lions of dollars, is changing. This is 
caused by several significant trends, 
among which, they report: 
• More sophisticated test equip-
ment is needed because telephone 
companies are updating their equip-
ment in response to public demand 
for better service. 
• Western Electric Co., Bell Tele-
phone's equipment-manufacturing 
arm, is reportedly concentrating on 
high-volume gear and leaving lower 
volume, but high-cost, items of 
phone test equipment for outside 
companies to manufacture. 
• Cable-television, microwave, and 
other data-transmission networks 
are growing, and they use much of 
the same test equipment to monitor 
performance in their stations, ca-
bles, and lines. 
• The number of telephones and 
users is rising as the population in-

creases, thus creating a bigger de-
mand for equipment. 
The rate of market increase may 

not top 9%, but "the base is so large 
that the total increase is high," says 
Jack T. Evans, marketing manager 
for Hewlett-Packard's Delcon divi-
sion, Mountain View, Calif. "You're 
talking about very large numbers." 
Since telephone companies' profits 
are Government-regulated, these 
utilities are pouring a lot of money 
back into equipment and facilities, 
he points out. 
Upgrading of equipment is gener-

ating a market for new semiauto-
mated and automated test equip-
ment, as well as portable and 
smaller items. Industry spokesmen 
say that New York Telephone plans 
to spend $1 billion a year in New 
York City alone. About $26 million 
is pegged for automated gear, and 
the company will need lots more 
portable equipment to locate 50,000 
idle lines it's unable to connect, they 
say. 

Customers. "The phone com-
panies aren't the only buyers," says 
Charles V. Parker, vice president of 
Northeast Electronics Corp., Con-
cord, N.H. "Nonphone carriers need 
them, too." 
Walter Mack, staff engineer at 

tiny Hekimian Laboratories Inc., 

Rockville, Md., says the market for 
phase-jitter meters is coming out 
just the reverse of what one might 
expect. Modem manufacturers 
started buying first, then data-line 
users, and finally the phone com-
panies are coming around, he says. 

Big and small companies alike 
joust for parts of the highly com-
petitive field, and some are reluctant 
to discuss contracts or business. 
Among those also making equip-
ment are General Radio Co., Con-
cord, Mass.; and such California 
companies as Cushman Electronics 
Inc., Telephone Technology Inc., 
Pacific Plantronics, and Wiltron Co. 
The big-ticket test-equipment 

market is diverse. Hewlett-Packard, 
for example, makes $600-$800 
psophometers, as well as $1,775 TV 
waveform analyzers and $8,000-
$12,000 microwave-line testers. He-
kimian sells its phase-jitter meters 
for $1,000 to $3,000. Northeast mar-
kets 120 items over a broad price 
range. fl 

Air traffic control 

Boeing approaches 

decision on ILS 

The Boeing Co. is completing tests 
of a new type of low-cost microwave 
instrument landing system, designed 
for remote airfield operations re-
quiring low-cost installations. Initial 
prototype projections call for the 
ground equipment to cost about 
$20,000 and the aircraft gear about 
$4,000. The solid-state terminal nav-
igation aid, developed by Boeing 
Electronic Products, is under test in 
Alaska and Washington state. 

Boeing is using data from the 
tests to make a decision on produc-
tion. "A decision on marketing the 
system worldwide is imminent," an 
official said. If a production go-
ahead for the microwave ILS is au-
thorized, Boeing officials predict 
that the system will benefit airlines 
worldwide that must fly to airfields 
now requiring only visual flight 
rules. The company describes the 
development as a microwave 
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equivalent of conventional low-fre-
quency ILS. 
The ground unit, located near the 

runway, generates glide slope and 

localizer information and transmits 
a fixed microwave beam. Insignifi-
cant attenuation has been experi-
enced, Boeing reports. 

An aircraft picks up and follows 
the beam to a point near the run-
way. The receiver in the airplane 

detects the microwave energy and 
converts it to a standard vhf/uhf ILS 

signal. This allows use of the micro-
wave landing system and the stan-

dard vhf/uhf instrument landing 

system on the same aircraft with no 

change in the cockpit displays. 
A prototype of the landing system 

was installed in January at the 
Deadhorse, Alaska, field that serves 

Prudhoe Bay and the North Slope 
petroleum activities. In a coopera-
tive program with Wien Consoli-
dated Airlines of Alaska, successful 
landings have been made by means 

of the prototype. The system has op-
erated without fault throughout the 

winter at temperatures reaching 

-60°F. 111 

Military electronics 

USAF "initiatives" 

require $428 million 

Electronics accounts for eight of 12 
new Air Force research and devel-
opment programs scheduled for fis-

cal 1973 funding. According to mili-
tary appropriations testimony 
released on Capitol Hill, the ser-
vice's "new initiatives" in electron-

For the record 
Liquid crystals next? 
Now that RCA's Solid State division has cut the prices of 
its entire line of commercial complementary MOS de-
vices, observers are awaiting a promised reduction in li-
quid-crystal display prices. As for C-MOS, RCA says that 
180 standard ICs are involved, with new prices averaging 
about 25% lower for plastic-packaged devices, 20% for 
dual in-line and flatpack ceramic, 50% for chips. 
A spokesman says that continuing product modi-

fications have kept RCA from announcing liquid-crystal 
price cuts. These include a different digit shape and the 
addition of a ground at each digit to permit multiplexing. 

NR to buy Unicorn 
North American Rockwell Corp. will acquire Unicom Sys-
tems Inc. from American Micro-systems Inc. under a re-
cent agreement. Unicom, now 88% owned by MOS-
maker AMI, designs and distributes electronic office 
equipment, including calculators. This is NR's first ven-
ture into the retail distribution and service area. 

Unicom, only a few years old, distributes lines from two 
Japanese and one U.S. company. NR says that, initially 
at least, Unicom will retain its identity. In particular, it 
won't have any special relationship with North American 
Rockwell Microelectronics Co., a major manufacturer of 
calculator MOS chips. 

GSA rebuilds EDP setup 
The General Services Administration, the nation's largest 
civilian computer customer, has restructured its Govern-
ment-wide EDP operations and enlarged them. 
The new Automated Data Processing and Communi-

cations Service (ADPACS) implements in part a report by 
Fry Consultants, of Chicago, that recommended im-
provements in the management of GSA's computer and 
related services, which now cost between $6 billion and 
$8 billion. Acting commissioner of the new ADPACS is 
Ted Trimmer, GSA assistant administrator. 

GE gets ARPS work 
General Electric's Aircraft Equipment division, Utica, 
N.Y., has a new $3 million-plus award from Grumman 
Aerospace Corp., Bethpage, N.Y., for design and devel-

opment of two Advanced Radar Processing Systems 
(ARPS). The award is a follow-on to the AN /APS-120 
program, under which six prototypes were turned out 
over the past three years for the Navy's E-2C. 

Radar to map winds 
The Naval Research Laboratory says it has come up with 
an operational breakthrough that enables high-frequency 
radar to map winds of a storm at long range-500 to 
1,000 nautical miles. The lab's radar men say the short 
time response of the sea surface to local winds may be 
mapped by the analysis of a matrix of range-azimuth 
records containing frequency-power spectra of high-fre-
quency signals backscattered from the sea surface via 
the ionosphere. While the potential has been demon-
strated in the past, the technology hasn't been used. 

Electric winds 
The Army's Mobility Equipment Research and Develop-
ment Center (MERDC), Ft. Belvoir, Va., is pushing devel-
opment of a soundless air-moving device with no moving 
parts and none of the characteristics of a conventional 
fan. _Long interested in research on silent systems—an ef-
fort spurred by the Vietnam War—MERDC calls its pro-
gram ionic airflow. 

While working on another program, MERDC research-
ers found that air could be forced to flow at velocities in 
excess of 2,000 feet per minute—more than twice the ve-
locity of conventional heating or air-conditioning sys-
tems. Further research showed, the Army says, that a 
static, or no-flow, pressure could be produced. . 

Ionic airflow is achieved by activating positive and neg-
ative ionized molecules in air by a dc charge impressed 
across an airspace between the ends of two conductors. 
The air ions are accelerated to the electric field poles of 
opposite charge, with the velocity dependent on shape of 
the pole ends, distance between them, and the voltage. 
Ionic airflow is generated at the expense of the kinetic 
and electrical charge energy of the accelerated ions, 
which collide with electrically neutral molecules and pro-
pel them toward the conductor poles. Thus, the majority 
of the mass flow is electrically neutral. 
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50 MHz 

czneklmi 

in a portable laboratory oscilloscope 
that weighs only 23 pounds. 

The dual-trace, 350-MHz TEKTRONIX 485 Oscilloscope is 

the newest addition to the world's most widely used port-

able family. Many features cf earlier TEKTRONIX port-

ables are retained, many others are expanded and a lot of 
new ones are added. The result is a new product which 

significantly expands the performance spectrum of port-

able scopes. Following are some of the features of the 
485, an oscilloscope which measures with laboratory 

precision and carries with small-package ease. 

350-MHz Bandwidth at 5 mV/Div—More dual-trace 

high frequency measurement capability at 5 mV/Div than 

any other laboratory-quality scope—portable or cabinet. 

1-1W2 and 50-t2 Selectable Inputs—Scope circuitry 

automatically disconnects the 50-n inputs when signals 

exceed 5 V RMS or 0.5 watts to protect your equipment 

Time Resolution to 1 ns/Div—More time resolution 

than any other portable. And it's direct reading. 

A-External Trigger—Just press this button to dis-

play the external trigger signal and quickly verify your 

trigger source or check timing reference. 

Alternate Sweep Switching—View intensified wave-

forms and delayed waveforms at the same time. When 

you move the intensified zone you always know pre-

cisely where you are, arid still see the delayed wave-

form. It saves time and adds operation convenience. 

Weight without accessories, just 201/2 lb (23 lb with ac-

cessories). As much as 30% lighter than other porta-

bles which have only 150-MHz bandwidth. 

For complete information or to arrange a demonstration. 

contact any TEKTRONIX Field Office. Our offices are 

located in or near major cities and industrial centers— 
worldwide. If you prefer, write Tektronix, Inc., P.O. Box 

500, Beaverton, Oregon 97005. 

485 Oscilloscope   $4200 

U.S. Sales Price FOB Beaverton, Oregon 

TEKTRONIX 
committed to 

technical excellence 
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SILICON FUSE 
CUTS COST 
OF NEW 

PROM 
Lowest priced 1024-bit PROM ships 
immediately and programs easily. 

Intel has developed a 1024-bit 
bipolar PROM that's programmed 
by breaking fusible links of silicon 
—a new, superior programming 
technique. 

In 100-piece quantities, the Intel 
3601 PROM costs only $39, which is 
less than any other 1024-bit PROM 
on the market. 

It's economical to produce be-
cause it combines two well-known, 
high-volume production techniques: 
the Schottky process and polycrys-
talline silicon deposition as used in 
our silicon-gate MOS devices. That's 
why we've been able to produce it 
reliably, have already stocked our 
distributors for immediate delivery, 
and can meet your production re-
quirements with ease. 

You'll find that the silicon-fuse 
PROM is much easier to program 

than the blown-junction type. Pulse 
width and pulse rise time are not 
critical. Typical programming time 
by automatic means is only one 
second. The silicon fuse separates 
cleanly and cannot cure or re-link. 
We'll sell you an automatic pro-
grammer, Model 7600C, or tell you 
how to build one yourself. 

The 3601 PROM has a maximum 
access time of 70 ns from 0° to 
+75°C ambient over power supply 
variations of 71- 5%. It's pin-compati-
ble with Intel's mask-programmed 
Type 3301A, so you can switch 
easily whenever you have high-
volume requirements. 

For immediate delivery of our 
3601 phone your local Intel distrib-
utor: Cramer Electronics, Hamilton 
Electro Sales, Industrial Compo-
nents or Sheridan Associates. In 

Europe Intel is at Avenue Louise 
216, B 1050 Bruxelles. Phone 
492003. Intel Japan, Inc. is at 
Hanei 2nd Bldg., No. 1-1, Shinjuku, 
Shinjuku-ku, Tokyo 160. Phone 
03-354-8251. 

Intel Corporation now produces 
memory devices, memory systems 
and micro computers at 3065 
Bowers Avenue, Santa Clara, Calif. 
95051. Phone (408) 246-7501. 

in 
delivers. 
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ics—a concept pushed throughout 
the military by DoD's John S. Foster 
Jr., research and engineering direc-
tor—will require $428.1 million in 
total funds, including $73.1 million 
programed for the next 12 months. 
ECM chunk. Biggest single incre-

ment will be $25 million to be spent 
this fiscal year on a four-part effort 
to develop prototype tactical elec-
tronic countermeasures (Ecm) sys-
tems for jamming. Total develop-
ment cost is expected to reach $73.3 
million, the service says. One part of 
the effort will be to interface 
McDonnell Douglas Corp.'s 
AN/APR-38 ECM hardware on the 
F-4D Wild Weasel countermeasures 
planes with higher-power 
AN/ALQ-99 jamming pods devel-
oped by Raytheon Co. and Air-
borne Instrument Laboratories Inc. 
to achieve "frequency set-on and 
antenna steering control" for jam-
mers. 
The tactical jamming program's 

second effort will be to develop 
small, disposable jammers with dis-
pensers and delivery systems. Third 
will be design of a countermeasures 
package for a recoverable drone air-
craft. Finally, the program will de-
velop and test a low-cost ECM drone 
for ground launching; the aim is a 
unit cost below $50,000. 

Location. Second largest budget 
is $12 million to be spent this year 
out of an $86 million total for devel-
opment of a Precision Emitter Loca-
tion System, a combination of air-
craft and remotely piloted vehicles 
using time-of-arrival techniques to 
permit location of enemy emitters in 
a high-density ECM environment. 
A new program known as EAR 

(for Electronically Agile Radar) will 
get $6.1 million of an estimated 
$48.6 million in program costs to de-
velop a modular airborne radar able 
to simultaneously operate in air-to-
air, air-to-ground, and terrain-fol-
lowing and avoidance modes. 
A $27.4 million program to build 

a large electromagnetic pulse simu-
lator to measure the vulnerability of 
avionics in aircraft as big as a C-5A 
supertransport will receive $8.3 mil-
lion in fiscal 1973. 
Upgrading the Strategic Air Com-

mand's Automated Total Informa-

tion network (Satin) by replacing 
obsolete electromechanical hard-
ware with large-scale lc technology 
will receive $1.7 million of an esti-
mated $5.6 million total cost. 
Known as Satin IV, the program 
will tie SAC into the Defense Satel-
lite and Fleet Satellite Communi-
cations Systems, the Advanced Air-
borne National Command Post, and 
the Worldwide Military Command 
and Control System. 
Another $2 million will be spent 

this year to complete development 
of a 35-pound polar uhf satellite for 
tactical forces. 

First try. A major aircraft elec-
tronics effort calls for $38.8 million, 
including $7.4 million to be spent in 
fiscal 1973, to develop and outfit 
two F-il1As with a multisensor 
package that will permit attacks on 
targets during the first pass in bad 
weather. The Air Force says the 
prototype (known as Scana for Self-
Contained Adverse weather/Night 
Attack) must be pursued with "a 
high sense of urgency." 
A three-part project called MAWA 

for Missile Attack Warning and As-
sessment is scheduled for $10.6 mil-
lion in FY 73 out of an estimated to-
tal development cost of $148.2 
million. Its components represent 
system improvements, rather than 
new R&D efforts. First, for example, 
is the service's support of DOD's mis-
sile launch warning system, using 
satellites to improve "credibility and 
accuracy" of sensor data. The Air 
Force will get $79.7 million, includ-
ing $5 million this fiscal year, to de-
velop hardware, software, commu-
nications and displays. 

Reporter. The MAWA program 
also calls for development of a low-
cost, easily deployable and survi-
vable nuclear detection and report-
ing system. Its total development 
cost is estimated at $29.5 million, in-
cluding $3.5 million for studies and 
hardware in the coming year. Final 
increment of the program is for an 
attack assessment system designed 
to accelerate information flow and 
display options to the National 
Command Authority in the event of 
Soviet nuclear attacks. It is budg-
eted this year for $6.6 million of an 
estimated $39 million cost. 

FIRST 
IN 

UAL 
ET's 

We've got all of these DUAL 
FET's in stock for immediate 
delivery at the lowest possible 
prices. Give us a call now and 
get your quantity discount 
prices. 

Solitron DUAL FET's feature: 
low noise, low capacity, low 
output conductance, superior 
tracking ... and they're matched 
and tested. Check off your 
needs below: 

KH5196 SDF514 2N5452 
KH5197 SDF515 2N5453 
KH5198 UC2130 2N5454 
KH5199 UC2132 2N5515 
KH5515 UC2134 2N5516 
KH5516 UC2136 2N5517 
KH5517 UC2138 2N5524 
KH5518 UC2139 2N5561 
KH5519 UC2455 2N5562 
KH5520 UC2456 2N5563 
KH5521 2N3921 2N5564 
KH5522 2N3922 2N5565 
KH5523 2N3954 2N5566 
KH5524 2N3954A 2N5902 
SDF500 2N3955 2N5903 
SDF501 2N3955A 2N5904 
SDF502 2N3956 2N5905 
SDF503 2N3957 2N5906 
SDF504 2N3958 2N5907 
SDF505 2N4083 2N5908 
SDF506 2N4084 2N5909 
SDF507 2N4085 2N5545 
SDF508 2N5045 2N5546 
SDF509 2N5046 2N5547 
SDF510 2N5196 2N5647 
SDF511 2N5197 2N5649 
SDF512 2N5198 2N5902 
SDF513 2N5199 2N5909 

litron  OEVICES, INC. 
Give us a quick call today, and test our produci-
bility. We also excel in CMOS, PMOS, LIC's, and 
Custom Circuits. Solitron Devices, Inc., P.O. Box 
23157, San Diego, California 92123. 
Telephone (714) 278-8780 T1VX 910-335-1221 
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If TRW can design 
a 700-volt,10-amp, 20Onsec 
power switching transistor 

...think what TRW can do for you 
in precision motor systems" 

resistive networki 
and back plane connectors. 



TRW's SVT 7000 Series power switching transistors 
have a pulse energy rating of 4.5 
KW for 100µsec. They make 
significant size, weight 
and cost savings pos-
sible in such designs 
as off-line power sup-
plies and power modu-
lators. Microwave and 
mobile transistors, hybrids, 
high speed diodes and microelectronic power amplifiers 
are some other areas of TRW's advanced semicon-
ductor technology. (For more information, circle 214 on 
the reader service card.) 

TRW/Globe precision fractional horsepower motors 
operate everything from 
sophisticated space and 
missile systems to high-
volume industrial appli-
cations. Globe precision 
miniature motors are 
available from 1/1000 to 
1/6 hp, AC, DC or wound 
field, in over 40 types, with 
integral gear trains and a choice 
of ratios. Also as blowers, fans, timers, 
actuators, motor switches, tachs, pumps 
and "next assemblies:' And these are just examples of 
the hundreds of AC and DC motors and motor systems 
we offer. (For more information, circle 215 on the 
reader service card.) 

TaNFilm" resistive networks are an excellent example 
of TRW/IRC advanced resistor technology. 
These subminiature precision 
thin-film devices offer 
inherent low noise, - 
excellent stability, 
and hermetic per-
formance without 
hermetic cost. 
Tolerances of 
±0.03% are quite 
feasible. TRW also 
makes the industry's 
most complete line 
of discrete fixed resis-
tors. (For more information, 
circle 216 on the reader service card.) 

TRW/Cinch back plane connector systems solve the 
high density inter-
connection prob-
lem characteristic 
of computers and 
related equipment. 
They consist, basi-
cally, of a series of PC 
board edge connectors 
mounted on( a precision 
punched aluminum plate, 
with voltage and distribu-
tion capabilities. Other 
Cinch connectors meet the 
precise needs of every seg-
ment of today's electronic 
industry. (For more information, 
circle 217 on the reader service card.) 

What else do we make? Just about every type of 
electronic component in the books from actuators to 
zeners. Plus amplifiers, cable, capacitors, chokes, 
diodes, filters, gearmotors, power hybrids, inductors, 
RF modules, potentiometers, printed circuits, rectifiers, 
resistors, transformers, tuners, wiring harnesses, 
color convergence yokes...and more. 

One source —your local TRW representative — offers 
you all of these product lines and can supply almost 
all of your component needs. With a direct pipeline to 
all of our plants, he can assure you fast delivery, 
applications assistance, custom designs and special 
engineering help whenever you want it. 

Think what TRW can do for you. Then call or write 
TRW Electronic Components,10880 Wilshire Blvd., Suite 
1700, Los Angeles, CA 90024. Phone (213) 475-6777. 

TRW® 
ELECTRONIC COMPONENTS 

Electronics/July 17, 1972 39 



The PDP-11 
family grows on. 
The rugged one: 

PDP-11 R20 
Some computer problems are plain 
impossible to bring to the computer. 
PDP-11R20 goes to them. 

Goes where there are bad things like 5G 
shocks, 500Hz vibration, 55°C temperatures, 
95% relative humidity, severe EMI, 30% 
voltage swings, 10% frequency transients. 
Even if the power source fails completely, 
the PDP-11R20 processor will resume when 
the power does — from just where it left off. 
You won't lose data. 

Then there are convenience features: 
Peripheral connections are MIL type — 
quick and reliable. The computer will 
operate in any attitude — at weird angles, 
even upside down if it comes to that. 

Aside from these and other protective 
features, the 11R20 is the same high-
performance 16-bit computer as the 
PDP-11/20 and possesses the most 

powerful mini-computer architecture in 
the world. Like core memory expandable 

to 124K words, built-in multi line and 
level priority interrupt, 8 general purpose 

registers, over 400 instructions, direct 
memory access, automatic power fail 

and restart. 
It goes on and on. So if you happen to 
have an ocean going ship, or a tank, or 
just an ordinary van, take PDP-11R20 to 

where the control or processing 
problems are. It will not only survive the 
environment, it will keep processing in 

the environment for a long time. 
But first, send for the complete story. 

Digital Equipment Corporation, Main St., 
Maynard, Mass. 01754. (617) 897-5111. 
European Headquarters: 81, route de 

l'Aire, 1211 Geneva 26 Tel.: 427950 

d 11 MIA 
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Washington newsletter  

Laird lays the Defense Secretary Melvin Laird has given the first public hint that the 
Pentagon will rewrite Grumman Aerospace Corp.'s controversial con-

groundwork for 
tract for the Navy's F-14 Tomcat fighter, confirming lower-level de-

new F-14 contract fense reports [Electronics, April 10, p. 57]. Laird says he will wait until 
final appropriations action in the House and Senate and then write the 
conference committee, which was set up to adjust differences in the two 
bills, asking for removal of the present contract's requirement for the 
purchase of 48 more planes. At the same time. Grumman sources say 
the company will back off a bit from its refusal to accept a new award 
under the existing terms [Electronics, March 27, p. 48]. 
These actions are seen in Washington as paving the way for a rewrit-

ten contract authorizing fewer planes at a higher unit price. Also ex-
pected is a switch to the F-14B model based on the more powerful en-
gine that McDonnell Douglas uses for the Air Force F-15. 

FAA and Raytheon The Federal Aviation Administration is under Congressional fire again 
both attacked ov for its $117 million purchase of Raytheon Co. display equipment for er  

the en-route air-traffic control system, and both may face grilling in 
en-route ATC public hearings over the matter. Jack Brooks (D., Texas), chairman of 

the House Government activities subcommittee and a frequent critic of 
the FAA, charges that "Raytheon has yet to provide the Government 
with a completely acceptable production model of the unit" and "de-
spite Raytheon's bad performance, the FAA has awarded the company 
additional contracts for display units." The FAA contends the program 
is now up to snuff after some delays [Electronics, April 24, p. 74]. Ray-
theon officials could not be reached for comment. 

White House study Avionics and airframe manufacturers would get a boost from proposals 
in a White House study that recommends bolstering the sagging aero-

backs aerospace space industry against increasing foreign competition with Govern-
development ment-backed development and production money. Expected out by the 

end of the year, one proposal would aim to make funds available for the 
increasingly expensive development of new airliners to compete with 
foreign Government-financed craft. A large U.S. share of new airliners 
would help domestic avionics companies. Among the ideas being stud-
ied are a Government loan agency, Government-guaranteed loans, or 
investment credits. 

French missile Chances that the French air defense missile Crotale will enter the Army 
inventory have been enhanced by the licensing of North American 

licensed for U.S. Rockwell Corp. as U.S. manufacturer by Thomson-CSF, the missile's 
production by NR developer. Crotale has successfully completed one round of Army tests. 

following a Defense Department mandate to search for economies by 
looking at already developed foreign technologies before undertaking 
new domestic R&D programs [Electronics, Dec. 21, 1970, p. 39]. Cro-
tale is one of three European tactical air defense missiles being eval-
uated by DOD. The others include the British Aircraft Corp.'s Rapier. 
for which United Aircraft is U.S. licensee, and the West German Nord 
combine's Roland [Electronics, March 29, 1971, p. 31]. 
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Washington commentary 

The changing pattern of world competition 

Significant changes in the way the American 
electronics industry conducts its business are 
brewing in the capital. And they all involve 
more Federal support instead of more free en-
terprise. 
None of the changes will come overnight, but 

they are worth noting here because their very 
consideration by a group of about 30 major 
manufacturers surveyed by the Department of 
Commerce reflects some remarkable shifts in 
management thinking. With the industry run-
ning scared as its share of an expanding world 
market declines in the face of tough competi-
tion from the likes of Japan and West Ger-
many, American manufacturers are anxiously 
looking for ways to improve their exports, their 
technology, their productivity and, of course, 
their profits. The Nixon Administration is 
searching, too. And that is what the Commerce 
Department's confidential survey is all about 
(see p. 53). 

Praise for the stew 

The document's 41-inclusive nature has 
drawn both praise and criticism from those in 
industry who have seen it. But considering that 
it professes to be nothing more than a "working 
draft," a base on which to build something 
more solid, it deserves more of praise. Beyond 
analyzing the state of the U.S. communications 
and electronics industries, their relationships 
with the Government and a wide sweep of 
manufacturers' opinions thereon, the report 
also summarizes well the policies of Japan, 
West Germany, France, Canada, and the 
United Kingdom, which support their domestic 
electronics and telecommunications industries. 
"It's a bit like putting together a good stew," 
observed one company man of the Commerce 
Department's problem in preparing the report. 
"They have assembled all the right ingredients: 
everything that can be said about the subject of 
communications and electronics and world 
trade is there. The only things anyone can 
quarrel with are the proportions." 
What comes through most strongly from the 

report, however, is the call by the manufac-
turers surveyed for direct and indirect Federal 
support of commercial research and develop-
ment to bolster lagging electronics exports. In 
communications and electronics other than 
computers, the U.S. has seen its annual trade 
balance erode from a $161 million surplus in 
1967 to a $571 million deficit in 1971. And 
though imports rose from 4.3% to 9.5% of U.S. 
consumption in the same period, exports con-

tinued to grow through 1970. It was at that 
point—when exports slipped $111 million in 
1971 to $1.5 billion and when telephone and 
telegraph equipment recorded its first negative 
trade balance—that industry began to respond 
to Government's inquiries and search for solu-
tions. 

Changing priorities 

With the Federal Government now appar-
ently responsive to the need for development of 
a U.S. "game plan" for trade in electronics and 
other high technology industries, it is intriguing 
to see the Commerce Department now conced-
ing that much of America's problem lies with 
its heavy investment of its best technical talent 
in defense and space programs at the expense 
of commercial and industrial systems. 
The view at Commerce is that the U.S. needs 

"to increase both the quantity and quality of 
commercial product development, rather than 
accelerate pooling of research and develop-
ment" as in Europe. What the agency suggests 
instead are more stimuli such as "tax writeoffs, 
tax rebates, development loans, industry devel-
opment associations" for competition overseas 
and similar supports. 

The pace of change 

Manufacturers not only support these goals, 
but a surprising number of them also recog-
nizes that the U.S. no longer has a monopoly 
on useful technology—and they suggest that 
companies can profitably license more foreign 
technology for domestic consumption. Beyond 
licensing, however, the pace of change is likely 
to be slow when it comes to all the legislative 
and attitudinal changes that would be required 
to produce the large-scale Government and in-
dustry cooperation envisioned in the Com-
merce Department paper. Indeed, that hurdle 
is acknowledged to be the biggest by the Com-
merce Department itself, and indicates why its 
efforts at deriving a new national policy are still 
in the working paper stage. 
The broad scope of changes suggested by 

manufacturers—particularly those urging direct 
support of commercial product R&D—run con-
trary to what most of the public believes has 
long been the pattern of national industrial de-
velopment in the U.S. Nevertheless, such 
changes were effected in the defense and space 
industries some time ago. Whether or not they 
can be carried further is still to be determined, 
of course, but in any event they are not likely to 
come quickly. —Ray Connolly 
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Hot off the press. 
Teledyne's new FET Fact Finder 
From the company with the broadest line of 

FETs, comes the most comprehensive FET 

data book ever. Its 164 pages present a big 

section of applications and complete charac-

teristic curves on every FET we make. It also 
contains detailed min/max parameters on 

every device. It's the most complete JFET 

data manual ever compiled. 

Get yours now from your local Teledyne 

Semiconductor sales office or representative. 

,rQuick, 
have a salesman bring me a new FET data book. 

Name_ 

Company 

Address 

let-TELEDYNE SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View Calihirnia 94040 ;416)968-9241 TWX. 910-379 6494 Telex: 34-8416 
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In telephone companies around the 
world, inclusion-free copper-clad 
laminates from Norplex provide the 
extra measure of dependability de-
manded by sophisticated communi-
cations systems. They are without 
equal for stress-free uniform quality 
and reliability. 

The Lint-Pickers take such infinite 
pains in manufacturing a superior 
product, they have had to design 
much of their own quality-control 

equipment. This way they can guar-
antee it will meet or exceed NEMA, 
MIL- P and customer specifications. 

This careful attention to detail con-
tinues even after the sale. Your ac-
count is in the hands of an in-depth 
service organization, headed by your 
Norplex representative. He is an ex-
perienced laminate engineer, and a 
qualified problem-solving consultant 
in his own right. He is supported by 
a customer-service team on the "in-
side" and a technical service depart-

ment "outside" in the field. Together 
they offer readily available expertise 
second to none. 

For the most complete line of lami-
nates in the industry, call on the Lint-
Pickers from Norplex Division, UOP 
(Universal Oil Products Company). 
Main Office and Plant 
Norplex Drive 
LaCrosse, Wisconsin 
54601 
608/784-6070 

Franklin Office and Plant 
P.O. Box 186— 
Route 31 North 
Franklin, Indiana 46131 
317/736-6106 

How the Lint-Pickers 
keep the conversation clear. 

Norplex laminates 
by uop 
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Electronics international 
Significant developments in technology and business 

Japanese companies work on 

TV slide transmission systems 

Several Japanese electronics manu-
facturers are developing equipment 
to expand the utility of home tele-
vision receivers by transmitting 
single-frame still pictures—in series, 
if desired. A station established to 
broadcast slides could offer tens of 
channels to provide a variety of in-
formation services, such as a contin-
uously updated newspaper, with a 
column being transmitted over each 
channel employed. 
Although efficient transmission of 

slides presents no great obstacles, 
further work may be needed to ob-
tain the low cost and high reliability 
necessary in home receiver adapters. 
Government licensing of such 
broadcasts, of course, is also a nec-
essity. 
Thus far, Sony Corp. has devel-

oped and patented a slide trans-
mitting and receiving system. Mat-
sushita Electrical Industrial Co. has 
a system for transmitting individual 
pictures over telephone lines. Sanyo 
Electric Co. claims to be working on 
a system to display still color pic-
tures. Hitachi Ltd. plans to start 
marketing a black-and-white system 
in August. 
NHK System. Now, the Technical 

Research Laboratory of Nippon 
Hoso Kyokai (mix), Japan's public-
service broadcasting company, has 
developed an experimental system 
that relies on a plastic disk at the re-
ceiver. 

Since the Japanese and American 
standard TV stations transmit 30 
frames a second, 30 separate slides 
can be broadcast in one second. But 
even one second is too short a time 
to comprehend a slide; 10 seconds is 
a more reasonable period for view-
ing, and this is sufficient time for 
transmission of 300 slides. 
The experimental NHK system 

uses a 10-second repetition rate, 
with approximately one-third of the 
time used for transmission of slides 
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and two thirds for transmission of 
voice. This gives a theoretical capac-
ity of 100 separate channels for 
slides, but researchers opted for 
wide buffer margins and thus set a 
capacity of about 80 slide channels. 
For the remainder of the two-thirds 
of each 10-second period, voice to 
go with individual channels is trans-
mitted by four-level pulse-code 
modulation. 
The most important component 

in the receiver adapter is a magnetic 
memory with a capacity of one or 
more iv frames. A rotating disk 
memory with a capacity of one 
frame would be sufficient to record 
one of the picture channels and dis-
play it continuously for 10 seconds 
until the next frame is transmitted. 
The experimental disk unit devel-
oped by NHK uses a plastic disk 
plated with cobalt-based magnetic 
alloy and a magnetic head that 
floats a fraction of a micrometer 
above the disk. 

Sweden 

Mobile radio 

moves around 

A mobile-radio transceiver that's 
really mobile has been introduced 
by Sweden's AGA. The compact ra-
dio, which weighs only 3 pounds, 
plugs into a variety of support units 
without removing screws or connec-
tions. Thus, the radio can be shifted 
from one vehicle to another in a 
fleet—or even turned into a portable 
by being slipped into a 14-lb carry-
ing case, which holds battery, 
speaker, microphone, and antenna. 

Despite the radio's compactness, 
AGA says, it contains most of the ad-
vanced features available in mobile 
radios. It offers 6 or 12 channels, in 

a frequency range of 68.0 to 87.5 
megahertz. Maximum bandwidth is 
1.2 MHz. The entire IC circuitry is on 
one circuit board, but there is space 
in the unit for additional "systems 
circuits," which can be ordered as 
optional. 
These optional features include 

one that will automatically switch 
off the regular fm radio signals—re-
ceived from the Swedish Broad-
casting Co.—to allow a voice call to 
come through. It also offers a semi-
automatic or automatic channel se-
lection. 
The radio operates from 10.8 to 

33 volts; it needs 80 milliamperes 
for receiving and 1.8 amperes for 
transmission. The radio has a stan-
dard 10-watt output, but it can be 
equipped with an extra amplifier, 
intended primarily for use when 
carried outside, that can increase 
this to 50 w. Because of the broad 
operational voltage range—there's 
even an attachment for use in 6-v 
systems—the unit can easily be 
transferred from one vehicle to an-
other. 

Modular. Mobile radio can be removed from 

vehicle, slipped into portable 14-lb power 

and support pack. 
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Bourns LOW-COST FAMILY was designed specifically 

to fill the requirements of cost-conscious industrial 

users — so were the prices! Imagine how they reduce 

on large production-run quantities. As a bonus, you 

get Bourns TRIMPOT potentiometer quality, reliability 

and performance. 

AVAILABILITY 

MI models shown are stocked in depth RIGHT NOW, 

so delivery is off-the-shelf from the factory or your 

local Bourns distributor. 

Complete data on all models of the ',OW-COST FAMILY 
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International newsletter 

ICL to get The British government will pump $35 million into International Corn-
35 puters Ltd. in the 18 months ending in September next year. The funds   million in 

will support R&D work connected with ICL's new computer range, due 
Government support for announcement within the next two years. This is nearly 2.5 times the 

average annual rate of direct government support for ICL's R&D over 
the last four years, and probably about 35% of ICL's expected R&D in-
vestment in the 18-month period. Though a smaller sum than many 
had expected, it indicates that the government intends to see the new 
range properly launched. Providing further support is something the 
government will decide when the time comes. 
The government's obvious seriousness throws cold water on the tenta-

tive plans of Burroughs Corp. to bid for control of ICL in the open mar-
ket—the government holds 10% of ICL stock and the right to veto for-
eign control. However, it does not rule out a substantial minority 
holding in ICL by a U.S. company—an idea being developed by Uni-
vac—provided control remains in Britain. The big attraction of ICL is 
its sizeable market base—it holds about 38% of the British domestic 
computer market. Several years of talking with Continental computer 
makers has done almost nothing to make ICL part of a pan-European 
computer industry. Thus the government seems to be looking more ser-
iously at the possibility of linking the company with an American or 
even a Japanese computer maker as a means of expanding ICL's world 
market—and phasing out continuous government support. 

European sharing 

in post-Apollo 

is in doubt 

$66—a new low 

calculator price 

Chances of European nations taking up NASA's invitation to take part in 
post-Apollo space work are growing very thin. European enthusiasm has 
dwindled as NASA has spelled out what it would want Europeans to 
do, which is—to quote British Prime Minister Edward Heath—"limited 
to what one might describe as normal technology." Without a signifi-
cant share of the advanced work, European governments find it difficult 
to justify the expenditure of public money. In a last effort to retrieve the 
situation, new talks with NASA will be held and the outcome consid-
ered at a meeting of European space ministers in September—this 
meeting replacing last week's cancelled meeting in Brussels. 

A Japanese supermarket chain, Dai'ei Inc., has just started selling a per-
sonal eight-digit, no-memory calculator with a price tag of $66. a new 
low. The calculator, made by Crown Radio Corp. uses a single LSI 
chip from Texas Instruments. The extremely fast pace of price cuts is 
shown by comparison with a similar Crown eight-digit, no-memory cal-
culator, also using a TI LS! chip. Dai'ei started selling that one in Feb-
ruary for $89.33. • 

Dai'ei, though, has not been all alone in pushing down the price of 
calculators. For the past several months the lowest-priced calculator on 
the market has been a private-brand model made by Sharp Corp., and 
sold under the Kokuyo brand. It was introduced in June at a list price 
of $81.67. This calculator uses a one-chip standard LSI made by Hi-
tachi Ltd. Meanwhile, Ricoh Co. has started selling a 10-digit calculator 
with memory and printer for $199.33, which is a new low for calculators 
with printers. 
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International newsletter   

Boom times 

start again in 

West Germany 

After a lackluster 1971, West Germany's electronics industry is bounc-
ing back with a strength reminiscent of the boom years during the late 
1960s. The star performer is the communications sector, which, accord-
ing to the industry association, scored a 31% growth in production dur-
ing the first quarter of this year compared with the same period last 
year. The growth figure for the data processing sector is 20% and that 
for consumer electronics 12.5%. As a result, plants around the country 
are working at near capacity. Incoming orders, a leading indicator of 
prospective activities, are also on the upswing, suggesting that produc-
tion will continue strong throughout the year. Especially optimistic are 
color TV set makers, who expect production this year to climb to 1.1 
million units, an increase of more than 25% over 1972. 

Japanese plan Calculator exports to Europe during the year that started July 1 will be 
to restrict limited to a 20% increase over calendar 1971. This restriction will apply 

to all exporters, not only to members of the Japan Machinery Export-
calculator exports ers Association. Actual control will be maintained by the Ministry of 

International Trade and Industry. Licenses for export of personal cal-
culators—those without memories or with 12 or fewer digits—will be is-
sued to exporters on the basis of their exports during the 1971 base 
year. Licenses for business calculators will be granted on a first-come, 
first-served basis. 
Meanwhile, members of the Japan Machinery Exporters Association 

say they will try to hold exports of calculators to a 40% rise over calen-
dar 1971—on a voluntary basis. They will also try to hold the line on 
prices, but one manufacturer says prices will probably be allowed to 
float for a while, and then restricted at a lower level. 

Britain replacing 

VOR beacons 

Bosch ignition 

systems hit 

million-unit sales 

Britain's Civil Aviation Authority will start replacing the 43 conven-
tional VOR beacons in the U.K. by doppler-VORs in the fall. The dop-
pler-VORs are less site sensitive, appreciably improve angular accuracy 
and bearing stability, and require much less inspection and mainte-
nance, which it's expected will more than compensate for their higher 
initial cost. The first five systems will be supplied by West Germany's 
Standard Electrik Lorenz and the next 10 by Plessey Co. to a new de-
sign. All are solid state, and the SEL equipment is alternate sideband, 
the Plessey gear double sideband with a capability of including an fm 
reference as well as the normal am reference. In addition to the replace-
ment program, some new sites will be added, making about 50. 

Initial problems with reliability notwithstanding, the electronic fuel in-
jection system marketed by West Germany's Robert Bosch GmbH in 
1967 is proving quite a success. Since that time, the Stuttgart-based au-
tomotive accessory maker has built 1 million of its Jetronic systems for 
the world market. The firm expects sales to accelerate as more and 
more car makers introduce it on their new lines. 
So far, 11 car models by nine European automobile manufacturers are 

Jetronic-equipped. The first cars to use the system were Volkswagen 
1600 models destined for exports to the U.S. The developers say the ex-
haust-gas standards that can be obtained with the system are far better 
than the minimum limits legally set forth in the U.S. and Europe. 
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Get a clock driver free...with each 
Static Shift Register you order. 

4b, It's built right into the chip. Every 
2500 Series MOS static shift 

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

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

easier to use. 

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

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

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

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

Signetics 1024-Bit Static Shift Register 

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

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

TION 
DIP 

PACKAGE 
CLOCK 

FREQUENCY 

.1 

100 PIECE SIGNETICS 
PRICE PART NUMBER 

1024x 1 8 pn 20 S9 90 2533V 

Quad 80 16 pin 2.0 4.00 25328 

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

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

Hex 32/40 16 pin 3.0 4.00 2518/198 

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

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

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

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

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

Name 

Title 

Company 

Address 

City State Zip 

Telephone 
Signetics Corporation—a subsidiary of Corning Glass Works. 

%FUME 
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We make 
more minicomputers than 
all the other minimakers 

put together. 

We've been making more minis every week, 
every month, every year since 1963. And that was 

the year we invented the minicomputer. 
To find out why you should join the gang that 

buys Digital, write Digital Equipment 
Corporation, Maynard, Mass. 01754. 

(617) 897-5111. European headquarters: 81, route 
de l'Aire, 1211 Geneva 26. Tel.: 42 79 50. 

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

d Dean 
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Bendix printed circuit board 
connectors put an end to close 

order drilling. 

You know close order drilling. It's what's 
called for to produce ultraprecise hole 
locations in printed circuit boards. Elimi-
nate this need and you'll cut costs for 
sure. Bendix P.C.B. connectors help you 
do precisely that. Their optional floating 
pin terminations "give" enough to make 
it easier to align pins with the printed 
circuit board holes. 
Bendix boasts other features, too. 

Options like wire wrap or solder termina-

tions. Straight or right angle. Insertable 
crimp contacts. 

Applications? Wherever printed circuit 
boards are used, such as switching 
circuits, computers, business machines, 
process controls, etc. 
Chances are, Bendix Printed Circuit 

Board connectors can help you. Why not 
find out. The Bendix Corporation, Electri-
cal Components Division, Sidney, New 
York 13838. 
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Probing the news 
Analysis of technology and business developments 

Industry asks Federal export aid 
A confidential Commerce Department survey highlights requests for 

commercial R&D support and tax laws that will promote sales abroad 

by Ray Connolly, Washington bureau manager 

If the United States expects its elec-
tronics industry to retain world 
leadership and effectively compete 
for commercial communications 
and electronics business, the Fed-
eral Government is going to have to 
pay for it. This is the conclusion to 
be drawn from a confidential Com-
merce Department working paper 
based on a survey of 30 of the larg-
est American electronics companies. 
Twenty percent of those com-

panies rate "more Government 
funding and incentives for commer-
cial product research and develop-
ment" as industry's most significant 
need. The second most significant 
need, according to 15%, is "tax laws 
and regulations to provide more fi-
nancial incentives for industrial 
modernization and exports" from 
domestic plants. Also stressed were: 
easier antitrust regulations to permit 
joint corporate efforts in overseas 
sales through establishment of con-
sortiums; less Federal emphasis on 
small business support of non-com-
petitive companies; increased sub-
sidies and grants; plus development 
of a "national 'game plan' for elec-
tronics and telecommunications in-
dustrial development and world 
competition." 
The 72-page study was drafted by 

the department's Bureau of Domes-
tic Commerce "at the request of the 
President's Adviser on Technology," 
explains a cover statement. Titled 
"International Export, Technology 
and Productivity Enhancement Pro-
grams and Policies," the "working 
draft" was prepared by the bureau's 
Communications-Electronics divi-
sion, which is headed by Thomas Z. 
Corless. 

Corless says the study was com-
pleted about mid-May and is being 

updated regularly for the office of 
Presidential adviser William Ma-
gruder. He explains that the 30-
company survey was made possible 
by the assistance of the tele-
communications committee of the 
National Export Expansion Coun-

cil, a Government advisory group 
made up of top industry executives. 
No substantial changes have been 
made since the document was pre-
pared. 

Big firms chosen. "The companies 
selected," says the report, "were 

Ma Bell at home—and abroad? 

Western Electric Co., AT&T's captive manufacturing arm, "with a capacity 
to outproduce any foreign manufacturer at competitive prices, should be 
encouraged to enter the export field." That is one controversial U.S. indus-
try recommendation contained in the Commerce Department survey to de-
velop views on how the country's communications-electronics industries 
can better compete abroad. 
When asked about the recommendation, an AT&T spokesman said the 

company's top management is unaware of the report and could not com-
ment. However, he added that he was puzzled by the report's failure to indi-
cate how the company could compete overseas without violating a 1956 
consent decree with the Justice Department. AT&T at that time agreed not 
to sell equipment to companies outside the Bell System. 

"Bell Telephone Laboratories, the world's largest telecommunications 
R&D facility, make their findings available to all nations at the same time," 
observes an unidentified U.S. company in the study. "Thus the availability 
of U.S. R&D to other nations and their rationalization programs permits 
them to concentrate on selected segments of our markets, both in and out-
side the Bell System. This is particularly apparent in switching and special-
ized microwave areas where foreign interests have established U.S. assem-
bly facilities during the past year." 

In 1971, the U.S. posted its first trade deficit in telephone and telegraph 
equipment, recording a negative balance of $18 million as imports rose to 
$79 million on increased imports from Japan while exports dropped $14 
million to a level of $61 million. The 1970 surplus was nearly $20 million 
[Electronics, June 5, p.52]. 

Perhaps, for example, Western Electric Co. participation in a U.S. con-
sortium might have bettered American chances of winning a Venezuelan 
telecommunications system bid if the company could have provided the 
170,000 handsets needed, noted one industry source commenting on the 
report. On the other hand, he added, "If Western were able to move into the 
export market and tried to do so, I suspect they would have every public 
utilities commission in the country on their back, complaining that they have 
no right to export when they are having trouble meeting domestic de-
mands." Nevertheless, the industry recommendations in the draft docu-
ment confirm reports that the National Export Expansion Council will push 
allowing the AT&T manufacturing arm to compete abroad [Electronics, 
June 5, p. 57]. 
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Probing the news 

predominantly large U.S. inter-
national corporations with extensive 
experience in foreign production 
and trade, chosen to provide a good 
product mix" in communications 
and electronics other than comput-
ers. The participants were not iden-
tified. Though noting that industry 
cooperation was "excellent," the re-
port tries to soften its conclusions by 
adding that "there was a consider-
able divergence of opinion in their 
evaluation of foreign technology 
and productivity measures, the ef-
fectiveness of present U.S. pro-
grams, and what additional actions 
the U.S. Government should take" 
to increase American industry's 
competitiveness. Nevertheless, the 
agency said its assessment of indus-
try's views is "a consensus with an 
occasional 'minority opinion.— 
American industry's biggest prob-

lem is not technology or its dissemi-
nation, says the document, but the 
"translation into relatively mundane 
commercial products at competitive 
prices." Japan, it notes, achieved its 
great consumer product success 
"based on relatively simple tech-
nology." Yet the study also cites an-
other industry need—Federal sup-
port for export promotion that is 
"equal or better" than that of com-
petitor nations. 
An American MIT!? Japan comes 

in for the heaviest emphasis in the 
report, because its government-in-
dustry electronics programs have 
been "far more successful," and be-
cause that country "appears to pose 
the greatest long-term competitive 
threat" to the U.S. In fact, the over-
all tone of the study "sounds like it 
wants to fight fire with fire and 
counter Japan by setting up our own 
MITI," comments one industry offi-
cial who has seen the document and 
its detailed treatment of Japan, its 
Ministry of International Trade and 
Industry (Nim), and national elec-
tronic industries development stat-
utes such as Law 17 [Electronics, 
May 8, p. 29]. 
Other sources concur in this view, 

despite the caveat in the study that 
it is "totally impractical in the U.S." 
to achieve the close government di-
rection and control of industry that 
exists in Japan. Indeed, that dis-

claimer is itself rather halfhearted, 
for it is followed by the observation 
that some of Japan's economic in-
centives for electronics develop-
ment—tax write-offs, rebates, devel-
opment loans, and industry 
teaming—might be employed by the 
U.S. if it could get "substantial 
changes in legislation, including 
antitrust; national priorities, busi-
ness attitudes and practices; and 
Government-industry relations." 
The report does conclude that 
"greater Government tolerance of 
industry mergers to remain inter-
nationally competitive might be in 
order." 

Besides focusing on Japan, the 
study is believed the first to describe 
and contrast in a single document 
the government-industry relation-
ships in electronics practiced in 
France, West Germany, Canada, 
and the United Kingdom. 
Comments attributed in the re-

port to "the president of a large U.S. 
electronics firm" contend that Japa-
nese and European policies are very 
similar. They "preserve for their do-
mestic [electronics] industries max-
imum access to demand within their 
countries to support full production 
. . .; augment the production stabil-
ity of home industries through sig-
nificant export incentives in the 
form of total remission of internal 
taxes; strengthen the competitive 
appeal of their products in export 
trade through government subsidi-
zation; weaken the U.S. industry by 
a rapid penetration of the U.S. mar-
ket . . .; and systematically use un-
fair methods of pricing" their ex-
ports to the U.S. in the knowledge 
that countervailing duty and anti-
dumping statutes are seldom en-
forced. 
Impediments. Asked to comment 

on U.S. policies and recommend 
changes, companies responded vig-
orously. Varied industry recommen-
dations dealt with in the report in-
cluded: 
• Commercial R&D. Without a pro-
gram of tax credits or outright 
grants leading to hardware "or a re-
surgence in the NASA or DOD pro-
grams, the U.S. will soon (within 
three years) cease to be the source of 
advanced technology." 
• Standards. Increase Federal sup-
port of U.S. voluntary standards ac-
tivities as other nations do, and 

strive to achieve compatibility be-
tween the International Tele-
communications Union standards 
and those of the Bell System so that 
the U.S. doesn't cut itself off from 
the world telecommunications mar-
ket. "The cost of this changeover is 
enormous and needs Government 
support" if the U.S. is to compete 
successfully in expanding world 
markets. 
• U.S. planning. "Most Federal 
programs try to satisfy too many 
goals with the same program"—they 
may try to increase exports, cut 
unemployment, and aid small busi-
ness and underdeveloped nations all 
at the same time. Another criticism 
noted that American assistance to 
industry is "too often reactive rather 
than positive," as in nations like Ja-
pan. 
• Restrictions on exports. Com-
plaints were made about unilateral 
controls on exports to Communist 
Bloc countries and Pentagon sales 
from stockpiles that compete with 
U.S. companies, plus overly strict 
interpretation of military content of 
hardware for joint civilian/military 
uses such as air traffic control sys-
tems. The State Department's for-
eign service was criticized for failure 
to support overseas sales efforts. 
And Governmental failure to nego-
tiate nontariff barriers to U.S. prod-
ucts was mentioned, as well as its 
noncompetitive financing arrange-
ments for exports—again as com-
pared with aid provided by compet-
ing governments to their industries. 

Divided mind. Reaction to new 
U.S. programs such as the Joint Ex-
port Association and formation of 
domestic international sales corpo-
rations (Discs) was mixed. The DISC 
concept [Electronics, May 8, p. 65] 
only "helps large exporters," ac-
cording to one industry view 
quoted. "Lots of paperwork and 
monitoring reduces practical ben-
efits to most companies." 
On the other hand, comments on 

the JEA program urged its ori-
entation to "emphasize large proj-
ects" for large returns; "help large 
companies who can significantly ex-
pand exports, not small firms who 
could triple their volume and not 
have large volume." How best to 
help the large companies? "Give 
grants, not loans," says a manufac-
turer quoted in the report. 
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If you buy transistors, find out what you're buying. 
Data doesn't cost that much anymore. 
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Maybe the basic go/no-go type 
of transistor tester is all you really 
need. Fine. We can sell you the best 
there is, for as little as $12,500. 

But know this. The computer-
operated system that cost maybe 
$50,000 last time you looked is now 
yours for $29,000. 

What can computer control 
give you? 

Data. Measured values and lot 
summary statistics. In hard copy. 

Fast setup. Test programs that 
automatically flow into memory at the 
flick of a switch. 

Multiplexing. Testing 
different types of transistors 

at different stations, 
simultaneously. 

The system that 
gives you all this is our 
T241, the most widely 
accepted, thoroughly 
field-proven system 
of its kind. More than 
150 T241s are at work 
the world over, most of 

them on production lines. 
Now we have packaged an 

incoming-inspection version of the 
T241, complete with special software. 
Program writing couldn't be easier. In 
T241 talk, laic) is ICBO. HFE is HFE. 

Like all Teradyne test equip-
ment, the T241 carries a 10-year 
warranty and is built to work without 
worry at least that long. 

And it costs only $29,000. 
Learn more. 
Write Teradyne, 183 Essex St., 

Boston, Mass. 
02111. 

IleteetiJI 
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Probing the news 

Government 

Anti-skyjacking effort held up 
Who enforces and who pays for equipment—the airlines or the Federal 

Government—is hotly argued as funding of effective countermeasures drags 

by William F. Arnold, Aerospace Editor 

Arguing by the airlines and Fed-
eral Government over who's respon-
sible for preventing skyjacking is di-
verting a national program from its 
goal: a quick halt to air piracy. But 
as the wave of skyjacks has esca-
lated into high ransoms and high-
flying political acts, there's a push to 
put that program rapidly on course. 
And electronic gear is being advo-
cated—by equipment makers and 
potential buyers—as part of a solu-
tion. 
The big disagreements are over 

who should direct the necessary law 
enforcement and who should pay 
for the electronic detection gear. 
What's more, a truly national pro-
gram can't get off the ground until 
some airlines abandon their "it can't 
happen to me" attitude. 
Who's responsible? J. Floyd An-

drews, president of Pacific South-
west Airways, San Diego, Calif., be-
lieves the Federal Government 
should take responsibility for air-
port security. PSA was victimized 
twice earlier this month by sky-
jackers. Two were shot to death by 
FBI agents in a July 5 attempt and a 
passenger also died in the shootout. 

John Shields, who runs Eastern 
Airlines' successful anti-skyjacking 
program as manager of operational 
safety, agrees with Andrews. "The 
Federal Government should take 
over total law enforcement support 
on the ground," says Shields, a for-
mer Marine Corps colonel. He urges 
that the Federal Aviation Adminis-
tration formulate the policies, the 
Justice Department enforce them, 
and the Government buy the 
needed electronic equipment, an 
idea shared throughout the airline 
industry. 
The Government contends other-

wise, however. "The present Admin-
istration would like to back off as 
much as possible from law enforce-
ment," says one official charged 
with stopping skyjacking. He adds 
that "the FAA can set up specifica-
tions for the types of equipment, but 
it's up to the airlines to screen their 
own passengers and operate the 
equipment at their own gates." 

Since most airports are under lo-
cal law enforcement control, the of-
ficial continues, airline passengers 
"should get the same police protec-
tion that citizens downtown get go-

Probing look. Contents of attaché case are viewed on TV display of X-ray picture taken by 

Bendix machine. FAA plans more rigid baggage screening as part of crackdown. 

Mg to a concert." The airlines con-
tend that Federal law enforcement 
officers are better trained than local 
police. 
As this impasse has developed, 

the character of skyjacking has 
changed from "a free ride to Cuba 
to extortion and cold-blooded politi-
cal tactics," in the words of James P. 
Jaquet, vice president of Infinetics 
Inc., Wilmington, Del. His company 
and Schonstedt Instrument Co., 
Reston, Va., sell most of the magne-
tometers to airlines. Besides hitting 
at the FAA, airlines have asked Con-
gress for money because "the big-
gest problem is the lack of equip-
ment," Jaquet says. 

Congress is deliberating between 
spending $2 million or $3.5 million 
to buy 800 more magnetometers to 
augment the some 350 already in 
use and reimburse airlines that al-
ready have purchased them. Both 
Infinetics and Schonstedt estimate 
that this will saturate the country. 

Overall, though, Congress hasn't 
paid much attention to the sky-
jacking problem because "Congress-
men assume that the appropriate 
committees and agencies are doing 
the job," says one key Capitol Hill 
staffer. Two bills to require—and 
fund—passenger screening devices 
at all airport gates are tied up in 
committees with little action immi-
nent. Furthermore, the aide says, 
FAA administrator John H. Shaffer 
"has told Congress that he's not in 
favor of the Government buying the 
equipment." 
Some action. Spurred by the re-

cent wave of skyjackings, the FAA 
plans a crackdown where security is 
lax (see panel). 
James T. Murphy, the agency's 

director of air transportation secur-
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Carry-on luggage ban hinted 

To check the chances of guns or bombs being carried aboard airplanes, the 
FAA is turning tiger over carry-on baggage. In mid-June it asked the air-
lines' trade group, the Air Transport Association, to "immediately and effec-
tively" take steps to ban the use of carry-on luggage by skyjackers. 

"If they don't, we'll regulate it," says James T. Murphy, the agency's air 
transportation security director, sternly hinting that the agency might ban 
carry-on luggage altogether. Murphy insists that, at the very least, any bags 
carried onboard will have to be individually inspected and sealed, and un-
sealed onboard only in the presence of a flight attendant. He says carry-on 
baggage was used to conceal weapons in over one-third of the skyjacking 
attempts in the last three years. 

Moreover, the FAA is going to "start slapping fines on airlines that don't 
screen properly," says Lowell L. Davis, civil aviation security chief for the 
Department of Transportation. By "properly," Davis says he means "every 
flight, every gate, 24 hours a day." 

Further, the agency is turning to new technology for improved screening 
of passengers and baggage, says FAA's William C. Richardson, chief of the 
Airport Systems Development Branch. The agency is testing a West-
inghouse Electric Corp. computer-assisted active-field weapons detector at 
Dulles International Airport near Washington, D.C. Two contracts also will 
be let for two X-ray baggage inspectors, one using gamma-ray backscatter 
and the other using fluorescence. The agency is also looking into explosive 
vapor detectors [Electronics, Feb. 28, p. 34], but Richardson says his entire 
R&D budget is only $350,000 a year. 

ity, details the FAA's current but en-
larging security measures. All pas-
sengers—"every shift, every flight"— 
will be screened at the nation's 531 
airports. Security will be tightened 
at the 87 airports which handle 90% 
of all air passengers. 

But, the Federal role is declining, 
he says. The number of customs 
agents will decline from 1,500 to 
625. As to actually supplying equip-
ment, the agency's basic position 
hasn't changed. However, it will 
"pay for developing the technology 
and carry the weight of the research 
and development," says Murphy. 

First steps first. Government and 
private security men agree that the 
potential skyjacker must be stopped 
from getting on the plane in the first 
place. To do this, three elements are 
needed: the use of psychological 
profiles to spot a potential skyjacker, 
electronic detection equipment to 
pinpoint guns or bombs, and quick 
law enforcement reaction to appre-
hend the suspect, once discovered. 
To this proven formula, the FAA'S 
new security regulations also charge 
the airlines and airports with bag-
gage, cargo, and aircraft security. 
The formula works. Murphy says 

that 2,000 people have been stopped 
from boarding during the first four 
months of this year. Eastern Airlines 
stringently applied the formula ear-

lier, spending $2.6 million on mag-
netometers and law enforcement. In 
1969, the airline had one-third of all 
skyjackings; this year it has had 
only one out of more than a score. 
And, "the technology is there" for 

more accurate and more automated 
systems, says a spokesman for Pan 
American World Airways, which 
spends $1.5 million a year for its 
successful anti-skyjacking program. 
"Some pretty sophisticated devices 
can be made available, but they're 
expensive," he says. He puts fluo-
roscopic devices high on his list and 
says six would cover Pan Am's ter-
minal at New York's John F. Ken-
nedy International Airport. 
A sizable market could well de-

velop in advanced techniques to 
screen passengers and baggage. 
American Science and Engineering 
Inc., Bendix Corp., North American 
Philips Corp., and Raytheon Co. are 
developing X-ray and fluoroscopic 
inspection devices. 

Just how fast these newer devices 
will appear is uncertain, however, 
because the big problem is money, 
security executives agree. Harry 
Murphy, security official for the Air 
Transport Association, the airlines' 
trade group, says "The airlines' po-
sition is that the cost of this equip-
ment should come out of the Fed-
eral Airport Trust Fund." 

NEW! 
• Simplify design 

• Reduce 
manufacturing costs 
• Eliminate one or more 

power supplies 

ED -1.1 
goefele:re 

with the 
V-PAC* POWER SOURCE 
Now use standard +5v supply for 
MOS, too, with the V-PAC power 
source. Less than one-third 
cubic inch, standard DIP pin 
configuration, it mounts on the 
same PC card with MOS and ICs, 
even with boards on half-inch 
centers. Get performance and 
reliability, too. 

Type: VP5 VPIO VP12 VPI4 VP15 

Voltage's: ±5 ±10 ±I2 ±14 ±15 

VP10/10 VP12/12 VP14/14 VP15/15 

±10/±10 ±121±12 ±14/±14 ±15/±15 

Write or call for full specs, name 
of nearest sales representative. 
Include applications and volt-
ages required. 

Reliability, Inc. 
5510 Greenbriar, Houston, Texas 

77005 • 713-529-5817 
TWX: 910-881-1739 *TM, Reliability, Inc. 

Electronics/July 17, 1972 Circle 57 on reader service card 57 



Probing the news 

Consumer electronics 

Discord in four-channel audio 
Because of lack of standardization, equipment makers must build 

systems that can accommodate both discrete and matrix recording 

by Gerald M. Walker, Consumer Editor 

Audio equipment manufacturers 
have been forced to hedge their bets 
on the three-way battle being waged 
by two domestic industry heavy-
weights and one Japanese chal-
lenger because of the lack of a stan-
dard method of four-channel disk 
recording. The main antagonists are 
those traditional rivals in recording 
and playback—cm/Columbia 
group, which is supporting a matrix 
system called SQ, and RCA Corp., 
which is backing its yet-to-be-mar-
keted discrete approach. Electro-
Voice, Buchanan, Mich., was in the 
four-channel race first, but has been 
overshadowed since the two giants 
entered. The Japanese incompatible 
is Sansui Electronics Corp., already 
marketing its equipment, built with 
a Qs matrix technique. 

All four are recruiting their own 
licensees while spreading confusion 
among dealers and prospective buy-
ers of sound equipment. Caught in 
the technical crossfire are most 
audio component manufacturers. 

Essentially, the discrete disk car-
ries four channels of information in 
the record groove, so that sound re-
mains separated from original 
source to reproduction. In matrix-
ing, the rear-channel information is 
encoded onto the two front channels 
as subcarriers, then decoded back to 
four channels when reproduced. 
Both attempt to "fold" the rear 
channels into the front channels 
when in the two-channel stereo 
mode. The argument has raged over 
which system provides better sound, 
which retains two-channel compati-
bility more effectively, and which is 
more economical. 
There is no problem with tape 

players, which are all going to four 
discrete channels. But for disks, con-
fusion over which of the competing 
systems will prevail has forced man-
ufacturers to hedge, so that ampli-
fiers and tuners announced for this 
fall are ready for two-channel or 
four-channel matrix, and, in addi-
tion, are "adaptable" to four-chan-

Both worlds. Fisher's new Model 404 two/four-channel convertible a-m/fm receiver pro-

vides full-rated power from all four amplifiers in both the two- and four-channel modes. 

nel discrete equipment. 
The confusion extends to the 

recording industry as well. Colum-
bia, in announcing the SQ recording 
equipment developed by CBS Labo-
ratories, insisted that two inven-
tories be maintained—one for two-
and another for four-channel—and 
that the new four-channel disks sell 
for a dollar more than the stereo 
versions. But RCA officials have said 
that their discrete records will carry 
no premium price and that the same 
record will play on either stereo or 
four-channel with the aid of a spe-
cially designed cartridge. 
To make matters worse, no one in 

the components or record industry 
holds out much hope for standard-
ization, although CBS and rival mat-
rix supporter, Electro-Voice division 
of Gulton Industries Inc., recently 
agreed to exchange patent rights 
and technology, for a show of unity 
on the matrix side of the fence. 

Confusion reigns. All of these fac-
tors reached a peak at the recent 
Consumer Electronics Show in Chi-
cago, where the rivals squabbled 
publicly over who is to blame for 
the confusion. Manufacturers 
showed equipment designed to be 
all things to all audio buffs, and 
dealers moaned about their tribula-
tions in trying to persuade con-
sumers to buy now and play later. 
The lack of compatibility prompted 
one irate manufacturer at the show 
to vent his frustration: "They [RCA 
and cm] ought to be locked in a 
room and kept on bread and water 
until they come out with an agree-
ment." 

There's apparent agreement that 
four-channel is here to stay, despite 
the confusion. While one major 
New York City hi-fi dealer has 
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The best place to control downstream circuit drift 
is at the design stage. Specify IRC Metal Glaze 
resistors. They benefit the designer and everybody 
else by providing six specific kinds of protection: 

1. Load Life.Millions of unit hours of test data and 
years of field usage prove it: Metal Glaze resistors 
change less than 1% even after 10,000 hours-as 

illustrated in the computer printout above. 

2. Overloads. Metal Glaze thick film construction 
provides excellent overload and transient capa-
bilities; e.g., 1/2 W unit can take up to 150 W for 

300 p. sec. 

3. Temperature coefficient. Because of excellent 
thermal conductivity, Metal Glaze T.C. A R is up 
to 50% less than other resistors with the same 
temperature coefficient. 

4. Storage life. Metal Glaze inert characteristics 
cut shelf drift almost to zero. Drift of 1 to 3% per 
year is common in many other resistor types. 
5. Installation. Insertion and assembly shocks, 
heat, solvent and other abuses can produce in-
stantaneous A Rs beyond spec limits. But Metal 
Glaze sets the ruggedness standard due to solder 
terminated subassembly and molded protective 
jacket. 
6. Cost $s. Metal Glaze resistors are most eco-
nomical in universal use because the.y eliminate 
revenue drain due to field failures. Save on in-
ventories too, due to standardizing on one resistor 
type. 

Request Metal Glaze design data. TRW/IRC 
Fixed Resistors, an Operation of TRW Electronic 
Components, Boone, N.C. 28607. (704) 264-8861. 

TRW 
IRC FIXED RESISTORS 

Electronics/July 17, 1972 Circle 59 on reader service card 59 



Probing the news Listening to the user 

claimed that 50% of his sales are al-
ready in four-channel, most indus-
try observers estimated that qua-
draphonic gear will account for 10% 
of retail sales this year. 
The consumer show underscored 

a new mixture of enthusiasm and 
caution. In 1971, the approach was 
to sell the consumer quadraphonic 
sound—twin amplifiers, four speak-
ers, and all. This year, the angle is to 
sell equipment to the consumer—if 
he's not ready for four-channel, he 
plays two-channel disks and waits. 
As a consequence, the equipment 
maker has a foot planted in the two-
and four-channel matrix camps and 
may need a third to cover both four-
channel formats. And two-channel 
record collections will be protected, 
at least until enough four-channel 
programing is available. 
Hardware hedging. A sampling of 

the new lines shows how cautious 
the companies have become. For 
example, after much design analy-
sis, Fisher Radio division of Emer-
son Electric Co., Long Island City, 
N.Y., introduced its 04 line of re-
ceivers, which features a "strap-
ping" system to make possible the 
use of full-rated power in either two 
or four channels [Electronics, June 
19, p.36). Thus, the user can hook 
up the amplifier, priced to compete 
with two-channel-only equipment, 
and hold off on jumping into four-
channel gear. To ease this decision, 
there's a switch mounted on the 
front panel of each model that shifts 
from two- to four-channel. The line 
has a built-in CBS SQ matrix decoder 
circuit and an fm tuner featuring a 
new MOS FET phase-locked loop. 
Concerning this "convertible" 04 

line, Joseph L. Behr, Fisher's vice 
president for research and develop-
ment, comments, "I don't know of 
any other design here that was stud-
ied and debated as long and as hard 
as this one." 
Harmon Kardon, Plainview, 

N.Y., also has a new line of receiv-
ers that uses what it calls a "bridg-
ing" circuit to tie the front and back 
amplifiers together when played in 
the two-channel mode. The new 
configuration distributes the load 
equally to four output transistors 
connected as a bridge. Therefore the 

Recording artists have begun to study how best to use the new sound of 
four-channel for both pop and classical music. One pioneer in recorded 
sound, Enoch Light, who heads Project 3 Records, has released records 
using the CBS SO and the Sansui OS and eagerly awaits the arrival of 
RCA's discrete four-disk system. 

His interest in four-channel goes back to 1963, when an equipment man-
ufacturer asked him to evaluate a prototype tape player. Today, thanks to 
quadraphonics, Light feels that recording artists can reach the peak of re-
producing sound as close to the original as possible. "I don't see how we 
can get much better, in a practical sense," he says. 

However, like everyone else, he hopes for an early solution to the incom-
patibility of disks. After that, he observes, "we need a lot of cooperation be-
tween the hardware engineers and the record companies. If the engineers 
would just contact someone in the recording business fo fool around with 
new equipment before it is ready for the market, to find out how it performs, 
and to learn how to use its best features, we could make four-channel a lot 
more exciting to the average listener. 
"Maybe," he adds, "engineers become too interested in the specifica-

tions and not enough in what people will actually be listening to on the 
equipment. Four-channel requires our best efforts; fakes won't sell." 

amplifiers had to be balanced per-
fectly in relationship to each other 
to deliver full power to the two 
stereo speakers. Each of the Twin-
power Multichannel Models 75, 
100, and 150 has a switch in the 
back to convert from two to four 
channels. This line also has an SQ 
matrix decoder, and all three have 
sound field-balance joysticks on the 
front panels to "place" the listener 
in an optimum listening position, no 
matter where he is seated. 
The version produced by Marantz 

Co., Sun Valley, Calif., is called 
Quadradial 4. It includes two 
a-m/fm stereo receivers, two con-
sole amplifiers, and an adaptor-am-
plifier. The company is also bring-
ing out the RC-4 remote control 
unit ($39.95) that plugs into the 
four-channel equipment by a 15-
foot cord to control speaker balance, 
volume and on-off switching from 
the listening position. 
Aerospace and computer-circuit-

board techniques are the latest sell-
ing points in the receiver line from 
H.H. Scott Inc., Maynard, Mass. 
The two/four-channel Model 554, 
using the Modutron concept, straps 
the front and rear amplifiers in the 
stereo mode similar to the way 
Fisher and Harmon Kardon do it. 
As for the circuit-board concept, 
Scott claims that the use of individ-
ual function modules plugged into a 
"masterboard" that forms the floor 
of the chassis eliminates 95% of the 
discrete point-to-point wiring,, re-

ducing assembly costs through 
mechanization yet permitting new 
features to be added as the four-
channel controversy is sorted out. 
The big guns. Even the console' 

stereos have moved into the four-
channel scramble. Motorola Con-
sumer Products division in Chicago, 
for one, has introduced a line that 
features four speakers mounted in 
single cabinets in widths from 42 to 
761/4 inches. Two-range speakers are 
angled upward and outward from 
the back or wall side of the console 
cabinet. If the cabinet is placed two 
to three inches from the wall, these 
speakers tend to bounce the rear 
channel sound off the wall and back 
to the listener. Rear-channel bass 
comes from woofers mounted to fire 
from the sides of the console unit. 
The front speakers perform as 
usual. The console's receiver section 
will accept adaptors for four-chan-
nel discrete fm and disks if and 
when they become available. 
Nor has the stereo earphone busi-

ness been overlooked in the now-
you-hear-it-now-you-don't game. 
Koss Corp., Milwaukee, has added 
three new two-channel stereo/four-
channel earphones to the one intro-
duced last year. All four have two-
or four-mode switches and individ-
ual volume-and-balance controls. 
These headsets have two drivers for 
rear-channel information, but when 
switched for stereo, the drivers are 
connected in parallel, doubling the 
bass radiating area. 
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Probing the news 

Commercial electronics 

OTB is betting on prosperity 
New York City's off-track betting is starting to straighten out 

after a spate of initial problems; limitless market opening up 

by Marilyn Offenheiser, Assistant Editor 

Handicapped by contractor delays 
and equipment malfunctions, New 
York's Off-Track Betting Corp. left 
the gate against long odds. The 
track to the first turn was slow and 
cluttered with bidders—both win-
ners and also-rans—blaming each 
other for early problems. 

But now the track is clearing. 
OTB's betting volume vastly exceeds 
initial estimates—$150 million was 
bet in the first year, although only 
$30 million had been expected. 
With the bankroll generated by that 
volume and the $700 million 
"handle" now predicted for fiscal 
1972, OTB is adding contractors to 
extend the services in its 80 shops. 
What's more, for electronics sup-

pliers, the market's potential is 
huge, as officials in other areas of 
New York—and, when legislation is 
passed, in other states—approach 
the off-track starting gate. 

Across the board. Originally, after 
the New York legislature approved 
off-track betting in 1970, Computer 
Sciences Corp.'s csc Systems group, 
Falls Church, Va., landed the sole 
OTB contract for 18 initial shops, 
closing out 13 other bidders. But in 
14 of the 18 shops, the system was 
not ready on opening day, and OTB 
began to operate manually. 
Within two months, Ticketron 

Inc., New York subsidiary of Con-
trol Data Corp., was brought in to 
supply a parallel system of input 
terminals. Ticketron had been No. 2 
in the bidding and was waiting with 
a backup system in case csc had 
problems. Later, the field was ex-
panded to include the American To-
talisator Corp., Towson, Md., which 
is handling the telephone betting 
operation, and Conrac Corp., New 
York, which is putting in displays of 

up-to-the-minute information. 
The OTB system works from a 

central OTB office that has an IBM 
360/50 central processor tied on-
line to terminals in every branch of-
fice. Before each race, OTB's betting 
data—how much bet on which 
horse—is sent to the tracks via 
punched tape, and the bets are 
placed in the pari-mutuel pool. 
On the other hand, morning line 

information from the tracks—on 
sheets of paper—is distributed to 
each branch early in the morning. 
Last-minute changes, such as 
scratches or jockey replacements, 
may not become known to the bet-
tor until after a race is over and the 
race results are posted. When that 
happens, he receives a refund. 
Jerome Paul, vice president of 

OTB's computer services, says "OTB, 
unlike the track, is limited because 
the bettor cannot place his bet and 
receive information up to running 
of the race." Conrac's CRT displays 
in each branch will alleviate most of 
this problem. 

In addition, for a hard-copy 
record of changes and updated in-
formation, OTB is in the final stages 
of selecting a contractor to set up a 
facsimile system. 

Snafus. Everyone associated with 
OTB admits that the system was 
fouled up from the start, but no one 
is willing to take the blame. Most of 
the buck has been passed to the city 
government, with industry insiders 
quick to accuse the city of being in a 
rush to get the system started. 
The result was that nontechnical 

people accepted modified equip-
ment that was not really suited to 
OTB's needs, according to Moses 
Shapiro, chairman of General In-
strument Corp., the parent of Amer-

ican Totalisator. "There should be 
no technical reason for failure. OTB 
should have used a modular, not a 
systems, approach that could handle 
peaks of work," he adds. 
OTB is aware of its problems, and 

Paul, who has 11 years of IBM expe-
rience, including debugging of the 
American Airlines Sabre reserva-
tions project, was brought in last 
December to put the OTB system 
into harness. One of his first moves 
was to make branches compatible. 
Because of the use of different sys-
tems, a bettor often could not collect 
on a winning ticket purchased in a 
different shop. Paul's solution was 
to mix csc's 453 and Ticketron's 
376 terminals in each branch. 
Looking toward the future, Paul 

plans some kind of automatic ven-
dor. "Labor is our biggest economic 
factor," he says. "Actually the com-
puter constitutes only about 20-30% 
of expenses." And to speed up oper-
ations and decrease the betting cut-
off time before a race, Paul is look-
ing into replacing the racetrack/ 

Race results. Bettors will soon be able to re-

ceive current race information on terminals 

supplied by Conrac Corp. 
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1__Ei/e, LED LITE 
INDICATORS/SWITCHES 

SPECIAL LED DESIGNS 

IC COMPATIBLE 
INFINITE LIFE 
LED — latest state-of-
the-art indicator made 
practical, readily use-
able, by TEC-LITE. 
Brightest LED's made 
brighter, side viewing by 
highly efficient lenses. 
Dozens of body and lens 
styles and sizes. Termi-
nal options. Fast mount-
ing. Priced from $1.50. • 

SWITCH/ 
INDICATORS 
TEC-LITE has combined 
rugged, long life LED 
with a full range of inte-
gral switches — momen-
tary, alternate, and snap 
action in ratings to 15 
amps. Price: $4.50.• 

T-1 3/4  BASED LED-LITE 
Direct LED replacement for 
flanged base incandescent 
lamps in 5 to 28 volt models 
(with internal resistor). Con-
verts all TEC-LITE replace-
able lamp devices to LED! 
Lamps priced from $1.30. • 

•100-499 quantities. 

ILLUMINATED 
ROCKER 
SWITCHES 

LED's mounted adjacent to each rocker 
switch provide status indication. Multi-
ple switch assemblies available with 
a variety of handsome bezel designs. 

LED DISPLAYS 
One or more LED indicators incorpo-
rated in easy-to-mount bezels provide a 
new, attractive method of adding LED's 
to panels, instruments, etc. 

See TEC-LITE for the complete line of 

readouts, indicators, switches, display 

panels, keyboards, CRT terminals. 

TEC. Incorporated; 9800 North Oracle 

Road, Tucson, Arizona 85704; or phone 

(602) 297-1111 

Probing the news 

paper-tape interface with a direct 
core-to-core computer link. Yet an-
other venture may be establishment 
of a mobile OTB shop using a main-
frame from Wyle Computer Prod-
ucts Inc., El Segundo, Calif., fitted 
with a CRT terminal from Di/An 
Controls Inc., Boston, that includes 
optical character recognition. 

But for the long haul, Paul in-
tends to add a few more contractors, 
and then after the performance re-
turns are in, award a contract for the 
whole OTB operation to only one. 

Meanwhile, contractors are point-
ing the finger at each other. Ticke-
tron's Jack Lagan, vice president for 
automated wagering, says AmTote's 
system is unsuccessful because of 
too much downtime. AmTote, 
through GI's Shapiro, says csc's 
setup is too slow. csc, however, does 
concede trouble: for example, not 
keeping duplicate files and slow 
throughput. According to John 
Young, president of the Custom 
System division, the company is suc-
cessfully debugging the system. 
Nonetheless, csc recently lost out 
on the contract for telephone bet-
ting, which went to AmTote. Am-
Tote's Varian 620/L computers, 
with a 16-bit word rate, will inter-
face with the OTB computers and 
will be able to give credit directly af-
ter each race. 

Conrac, whose displays will work 
independently of those in the other 
OTB systems, thus far has stayed out 
of the storm. Its $2.8 million con-
tract calls for up to 11 terminals to 
be installed in each OTB branch by 
the end of 1972. Conrac won out in 
the final competition over six other 
companies. 
The long run. What's the growth 

potential for off-track betting? One 
industry spokesman says, "I'm 
afraid to give any numbers; they're 
so high it scares me." 
So far, New York is the only state 

with off-track betting. Other states— 
Maryland and Connecticut will 
probably be next—are sure to go to 
off-track betting. GI's Shapiro calcu-
lates that "for every dollar bet on-
track, two are bet off-track. So based 
on U.S. betting revenues, the poten-
tial for off-track betting is at least 
$12 billion a year." LI 

SUE: 
THE FIRST 

GIRL 
MINICOMPUTER 

She's 
[no fortune hunter.' 

Our gal SUE is a Sweet-
heart when it comes to price. 
Because you pay for exactly 
what you get. No more. Say 
you need a 4K computer. 
SUE's price, complete, would 
run $4,295. If you needed a 
hundred of them, SUE's price 
would drop to less than 
$2,600 a unit. 

And SUE has modularity 
that the neuter computers 
can't touch. Her I nfibus has 
plugs for up to 24 cards. So 
she can be whatever kind of 
minicomputer you peed. 
Want to generate displays? 
Use the combination of 
cards that make her Scin-
tillating SUE. A big memory? 
Sagacious SUE. And a hun-
dred or so more. For her vital 
statistics, call SUE at (213) 
722-6810. Or write to 6201 E. 
Randolph St., Los Angeles, 
California 90040. 

Lockheed Electronics 
Data Products Division 

A Subsidiary of Lockheed Aircraft Corporation 
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If you'd rather be skiing 
Let SAE solve your packaging problems. 

Wouldn't you rather be schussing than struggling with 
component selection, packaging, and systems assem-
bly? Then leave all that to us. You take some extra time 
to perfect your downhill form. 

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

We manufacture all the hardware for any card cage 
system, including PC cards, card guides, card files, en-
closures, connectors, sockets, mounting and bussing. 

Prefer logic panels? We'll provide all the planer system 
mounting hardware, sockets and all peripheral items. 

340 Martin Avenue, 

Or investigate our unique Dipstik. It gives twice the IC 
density as PC methods, and eliminates lots of hardware. 

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

Free bumper sticker for your desk. Show you're a down-
hill racer. Or if apre-ski is more your speed, tell us your 
favorite sport. We may have a sticker for it. We'll also 
send you our new brochure describing how we can 
handle all your packaging problems. Write us: 

Stanford Applied Engineering Inc. 
Santa Clara, California 95050 Telephone (408) 243-9200 — (714) 540-9256 — TWX 910-338-0132 
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Allen-Bradley Type SP. Tiny 
panel-mount pots for solving 
your severe space problems. 
These cermet pots give you ex-
ceptional stability in high-
temperature or high-humidity 
environments. A lot of perform-
ance, in a small pot. Rugged, too. 
Handles 1 watt loads to 70°C. 

Actual 
Size 

Operational range —65° to 
+150°C. Rotational life 25,000 
cycles with less than a 10% re-
sistance change. Resistance 
range 50 ohms to 1 meg. For 
panel or PC board mounting. 
Leads fit standard 0.1 inch spac-
ing. Immersion-proof, can be 
encapsulated. Plain or locking 

bushings, all watertight. Several 
shaft and bushing options. 
Allen-Bradley SP. Available 
from your A-B electronics dis-
tributor, or write: Allen-Bradley, 
Electronics Division, Milwau-
kee, Wisconsin 53204. Export: 
Bloomfield, N. J. 07003. In 
Canada: Galt, Ontario. 

NEW DIMENSION ELECTRONICS 

ALLEN-BRADLEY 
Circle 64 on reader service card 
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Technical articles 

V-ATE memory scores a new high 
in combining speed and bit density 
By etching notches that fill up with one of the best insulators—air— 

the V-ATE process economizes on isolation space; the result is a bipolar 

1,024-bit RAM, with still higher bit-densities expected shortly 

by John Mudge and Keith Taft, Raytheon Co., Semiconductor Div., Mountain View, Calif. 

fl To get the performance scheduled for the next round 
of mainframe and minicomputer memories, many sys-
tem designers would like to turn to bipolar devices be-
cause of their speed. But old bipolar processing meth-
ods yield arrays that are generally no larger than 256 
bits on a chip, so that subsystems built with them cost 
much more than subsystems built with the 1,024- and 
2,048-bit mos chips. 
New bipolar methods are changing all this. For in-

stance, the first memory component to go into produc-
tion with the V-ATE (vertical anisotropic etch) process is 
a 1,024-bit random-access memory, which boasts an ac-
cess time of 35 nanoseconds and a power dissipation of 
only 400 milliwatts. That yields a speed power product 
better than any similar product. 
V-ATE achieves this combination of bit-density and 

performance essentially by reducing the amount of chip 
real-estate needed to isolate active devices. In this it re-
sembles such other cell-size reduction approaches as: 
the oxide isolation of Fairchild's Isoplanar process; the 
polysilicon isolation of Motorola's VIP process; the ni-
tride isolation used in Ti's composed mask process; and 

1. Groovy. Clearly visible in the scanning electron microphotograph of a memory subfunction (a) are the isolation grooves formed with the 

V-ATE process. Shown in (b) are strings of cells with double metalization and cross-overs. In the case of the titanium-platinum-gold metal-

lurgy, note the absence of hillocks and bumps that are usually present with conventional aluminum systems. 

Ferranti's collector diffusion isolation method. But 
V-ATE perhaps goes the furthest of them all in this direc-
tion: to separate devices, it relies simply on a narrow 
air-filled notch (air is an excellent insulator). Thus it re-
duces cells to about a tenth the size they are on a con-
ventional bipolar chip, where transistors are isolated by 
extensive p regions. 

Trading density against performance 

All LSI memory designers face a basic dilemma: in-
creasing circuit complexity always decreases speed. For, 
as the number of circuits on a chip is increased, the 
power available to any individual cell or circuit goes 
down proportionally—and the lower the available cell 
power, the longer it takes to charge the cell, the slower 
the cell speed, and therefore the longer the access time 
of the memory. Likewise, the effects of interconnect and 
component parasitic capacitance increase with circuit 
complexity, and make the delay time of the circuit still 
longer. 

This density vs performance relationship is graph-
ically illustrated by recent history. As the bit densities of 
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The density game: V-ATE vs MOS 

Two factors enter any comparison of V-ATE and MOS 
memories: chip density, and system density. 

Air isolation and a thinner epitaxial layer reduce the 
size of the bipolar circuits to a point where V-ATE 
chips, such as the RR5502, are no larger than most 
MOS memories, such as the 1103, and indeed, the 
density is limited only by the minimum metal spacing 
tolerance required to get a reasonable yield. Most im-
portant, the peripheral circuits on a V-ATE chip are 
much simpler than on MOS chips. There are no inter-
nal clocks to be generated, and the devices auto-
matically interface with other bipolar circuits. Output 
devices capable of high fan-out are much smaller and 
also easy to build. 
When bipolar memories are combined into a sys-

tem, all this adds up to a significant bonus: fewer pe-
ripheral circuits; elimination of external clocks, pre-
charge and refresh circuits, and sense amplifiers; and 
only one power supply needed for a memory system 
of any capacity. 
As for future devices, the graph below shows the 

steady growth of bipolar device density since 1962. 
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V-ATE MEMORY CELL 

UNIT CELL CURRENT MODE 
CURRENT (3 LAYERS) 

RAM 101 COMPONENTS 
(2 & 3 LAYERS) 

• 

V-ATE 1,024-8IT 
RAM (2 LAYERS) 

256-BIT RAM (CELL) 

256-BIT RAM (1 LAYER) 

ri.•- STATE-OF-THE-ART CUSTOM ARRAYS 

\'` 
400 COMPONENTS (UP TO 4 LAYERS)  CAM-131 COMPONENTS (2, 3 8, 4 LAYERS) 

SHIFT REGISTER.60 COMPONENTS (2 LAYERS) 

SHIFT REGISTER-60 COMPONENTS (1 LAYER — 2 LAYER) 

MECL GATE-10 COMPONENTS (1 LAYER) 

BIPOLAR COMPONENT DENSITY VS TIME 

conventionally built bipolar memories have progressed 
from 16 to 64 to 256 per chip, their corresponding access 
times jumped from 20 to 40 to 75 nanoseconds. At the 
1,024-bit level, their projected access time would be 150 
ns. This figure might be reduced to 100 ns by improved 
circuit techniques—for example, by using two-layer met-
alization or Schottky clamps. But even 100 ns is unac-
ceptable for most large-scale memory applications— 
about 50 ns at the 1,024-bit level is what main-frame 
designers are now calling for. Clearly improvements in 
the processing of bipolar memories have been long over-
due. 

It's in the air 

The V-ATE process is one approach to achieving ade-
quate cell resistance and low parasitic capacitance, in 
addition to small cell size and high chip density. Two 
innovations enable it to deliver greater chip density— 
the passive device isolation already mentioned, and 

high-value resistors that occupy little chip area. 
Air isolation between devices, in place of diffused-

junction isolation regions, is the more important im-
provement. In the standard approach, a pe diffusion 
isolates the transistor from neighboring devices. But this 
blows up the memory cell, consisting of two double-
emitter transistors and two diffused resistors, to a size of 
30 to 40 square mils. Air, on the other hand, is a good 
electrical insulator, and also allows passive devices like 
resistors to be built right to the edge of the air-filled 
notch. 
Almost all the rest of V-ATE'S space saving comes 

from an improved method of building resistors, which 
in conventional devices can occupy up to 40% of the 
chip area. Precision etching exposes the epitaxial resist-
ive layer, resulting in tens of kilohms of resistance in a 
few mils of chip area. This, coupled with the air notch, 
reduces cell size to only 4.3 mi12—the equivalent of over 
one million transistors and resistors per square inch. 
Oxide isolation, another bipolar memory process that 
is also gaining popularity, has a cell size of about 6 mil2 
[Electronics, June 5, p. 41]). 

Finally, another feature of V-ATE construction—two 
layer-metalization—cuts down on the extra space re-
quired when one-layer construction is used, besides 
eliminating the extra unwanted capacitance and resis-
tance that the single layer causes. 

Above standard 

Figure 2 compares V-ATE characteristics with conven-
tional bipolar characteristics—here exemplified by Ray-
theon's RAY III process. In every important device cate-
gory, V-ATE offers significant improvement: a sixth of 
the transistor area, more than double the device speed, 
and a reduction in device parasitics of from over a half 
to an eighth. Yet RAY III is only a 256-bit technology, 
while V-ATE is an LS! technology. Indeed, V-ATE, with its 
two-transistor memory cell of only 4.3 mils2, allows a 
fully decoded I,024-bit bipolar RAM to be placed on a 
chip 91 by 125 mils—smaller than most of the 256-bit 

RAY III 

RAY III 

CHARACTERISTICS 

1. Area = 6.51 sq. mils 
2. Capacitance: 

Celt = 0.34 pF 

Che = 0.19 pF 
Ces = 0.61 pF 

3. ft = 600 MHz 

1 
M na 

VATE 

V• 8 FIGURE OF 

CHARACTERISTICS IMPROVEMENT 

1. Area = 1.08 sq. mils 6.0 
2. Capacitance: 

Cch = 0.10 pF 3.0 
Che = 0.05 pF 2.6 
Cu. 0.07 pF 8.0 

3. ft = 1500 MHz 2.5 

2. Old and new. A topological, cross-sectional, and parameter 
comparison of the conventional bipolar technique with V-ATE shows 
that large areas of wasted space have been eliminated and perform-
ance has been improved with the new process. 
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bipolar circuits and mos 1,024-bit RAMS now available. 
To obtain the best power-delay product for the basic 

V-ATE design, an emitter-coupled logic was chosen. ECL, 
of course, does not require gold doping as do some rrL 
designs, where it serves to decrease the storage time of 
the device but tends to decrease yields. In addition, ECL 
makes extremely frugal demands on chip area and 
switching energy. 

The process 

V-ATE fabrication begins conventionally with a p-type 
1-0-0-oriented substrate, the first masking step, and an 

antimony slug diffused into the substrate. Next an n 
epitaxial layer is grown on top in the usual manner, ex-
cept that a silane rather than a silicon tetrachloride sys-
tem is used. This allows the lower epi-growth tempera-
tures that make high-resistance epi resistors possible. A 
shallow base diffusion (Fig. 3a) follows, forming the 
base regions of the transistors and conventional p-type 
resistors. 
An isolation mask is applied,'and the pattern etched 

in the usual protective oxide. It is at this point that the 
vertical anisotropic etch creates the important isolation. 
Instead of being isotropic or uniform, the etch rate is 
anisotropic or preferential to the crystal orientation. It 
takes place 30 times faster along the 1-0-0 crystal face 
than along the 1-1-1 face, producing very precise vee-
grooves with a 54° angle to the surface. The etch goes 
down and away from the mask opening, without under-
cutting. This leaves an air isolation width that is equal 
to the mask width, and separates adjacent regions with 
no wasted space. 

Next, parts of the oxide are removed, and an oxide-
nitride-oxide sandwich is deposited (Fig. 3b). The con-
tact mask is applied, and all of the base, emitter, and 
collector contacts are opened down to the nitride. The 
base contacts are covered, and the nitride and oxide are 
etched from the remaining two contacts. The emitter 
diffusion (Fig. 3c) takes place in these two regions. Then 
the nitride and oxide are etched from the base contact 
so that all transistor contacts are etched down to silicon. 
Schottky diodes and all other contacts are formed with 
platinum-silicide as shown in Fig. 3d, completing the 
structure. 
An important innovation in the V-ATE process is the 

beam-lead metallurgical system. By minimizing inter-
connect metalization, such a system reduces inter-
connect capacitance. Originally developed at Bell Labo-
ratories, it consists of layers of titanium, platinum, and 
gold sputtered onto a substrate sequentially and then 
delineated into interconnections by sputter etching. 
This produces a pattern of very fine geometries—the 
standard metal-to-metal spacing is a mere 0.2 mils—and 
also reduces interconnect capacitance. 

In the version of the beam lead process used in V-ATE, 
one layer of metalization is deposited, and the dielectric 
between the two interconnection layers is sputtered on. 
This produces a high-integrity film of silicon dioxide 
with superior reliability and low pinhole densities. Via 
holes are etched through it, and then seed layers of tita-
nium-gold are sputter-deposited, built up by electro-
plating the surface to twice the thickness of the first 
layer. This second layer is generally used for larger cur-

SILICON DIOXIDE 

FIRST METAL BASE 

ISOLATION 
NITRIDE P BASE CUT 

N COLLECTOR 
PICK-UP 

EMITTER COLLECTOR 

c 

3. V-ATE processes. In the earlier steps (a), the epitaxial layer and 
base diffusion have been completed in readiness for the vee-etch. In 

(b), the process has been taken through the vee-etch and the oxide-

nitride-oxide sandwich, while (c) shows the emitter diffusion. Then in 

(d), the first layer of metalization is deposited. 

Electronics/July 17, 1972 
67 



rent busses, while the first layer is utilized for fine-line 
interconnections. 
The first V-ATE product is a 1,024-bit random access 

memory, designated RR5502 (Fig. 4). The specifications 
of this product bear out the high-performance potential 
of the V-ATE process. The chip is only 91 by 125 mils, 
with a packing density 50% better than typical oxide 
isolation products. Random access time is rated at 50 
nanoseconds maximum, but information from custom-
ers sampling this product indicates that typical access 
times are even lower—averaging 30 to 35 ns—making 
the V-ATE memories the fastest that are presently in 
production. 

Better than ECL 

Besides providing fast access, the V-ATE RAM has an 
excellent power-delay product. A 2-ns propagation de-
lay is realized with a gate current of only 1 milliam-
peres, representing a power-delay product of 10 pico-
joules. This is a quarter that of commercially available 
ECL devices, where 4 mA per gate are needed to achieve 
2-ns delays. Significantly, this low power-delay product 
indicates that 4,096-thousand bit memories are feasible 
with present V-ATE capability. 
The V-ATE RAM also has the advantage of a low input 

requirement. Because of a pnp input, it needs only a 50-
microampere input current, so that special drivers are 
unnecessary. The output will drive 10 Tn. unit loads. In 
addition, an open collector output and a chip selection 

provision together allow for easy memory expansion. 
Bipolar memories beat mos memories in two ways. 

They're easier to use, and they're faster. 
As for utility, they interface directly with bipolar logic 

circuits, eliminating the need for such buffer circuits as 
level boosters and three-level clock systems. In particu-
lar, the RR5502 RAM requires only nine small logic 
chips, eight resistors (or a resistor chip), and a standard 
5-volt supply (Fig. 5). To build an equivalent 4,096-by-
8-bit system with 1103-type mos memories takes ap-
proximately 30 to 40 external parts and four power sup-
plies (Fig. 5). 

Consequently, the system designer can use more ex-
pensive bipolar chips and still have a system that costs 
less, because he eliminates the extra costs associated 
with peripheral circuits—larger boards, and component 
testing, insertion and inventory. 
As for access time, in a system using RR5502s the 

time to access a bit of memory after the submemory 
block selection (board select) has been made is 25-35 
ns. Even when going through the memory address regis-
ter, accessing totals only 55 ns-15 ns for the address 
register and 35 ns for the RR5502. With an equivalent 
mos system, total access time is 300-400 ns. 

Systems made up of RR5502s also can outperform 
those composed of typical 256-bit bipolar memories. 
The RR5502 exceeds their speed, and at the same time 
reduces the power and space required by a factor of 
four. Estimating power cost at $2 to $4 per watt, the 

Why ECL? 

Speed was not the only reason, although the emitter-
coupled logic configuration is the fastest known circuit 
type. ECL is also more reliable for memory applications 
because its dc and switching properties are the least sen-
sitive to normal process variations during wafer manufac-
ture. In addition, ECL makes sparing demands on chip 
area and switching energy. And it is also capable of oper-
ating over a wide temperature range and operating volt-
age V. 
The accompanying graph shows that the breakdown 

voltage at 7 volts remains well above the operating volt-
age throughout the Mil Spec temperature range. The low 
voltage excursion is limited by the forward base-emitter 
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voltage of a conducting transistor at the instant of switch-
on. The high voltage is limited by the thermal character-
istics and breakdown voltage of the device. Typically, the 
packaging schemes yield a junction-to-ambient resis-
tance of 100° C per watt, allowing for a maximum junc-
tion temperature of 170° C. 

It is expected that ECL memory circuit design tech-
niques will become increasingly popular in the design of 
logic chips as well. Systems using ECL logic and memory 
will be faster than systems mixing TTL and ECL since the 
all-ECL system will not require additional on-chip level 
shifters (which increase delay) to make the ECL circuits 
compatible with the TTL ones. 
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4. The payoff. The first product to be made with the air-isolation process is this 1,024-bit V-ATE RAM, the RR5502. It has an access time of 

less than 50 nanoseconds, a total power dissipation of 400 milliwatts, and chip dimension of 91 by 125 mils. 

5. Beating the system. A 4,096-by-8-bit memory system using the 

V-ATE 1,024-bit RAM (RR5502) requires very few additional pack-

ages, unlike MOS systems, and offers access times of 25 to 35 ns 

from board select to data out. The memory is easily expandable, 

without extra buffers, because of the low address input currents. 

RR5502 operates at only 0.2 to 0.4 cents per bit, 
whereas the 256-bit memory costs 0.8 to 1.6 cents per 
bit. 
At first, the new bipolar memories will be confined 

largely to those applications where their high speed is 
absolutely essential—scratchpad and cache memories in 
large computers. As for core mainframe memories, the 
larger computer manufacturers have heavy investments 

in core production, and they will probably move more 
slowly toward semiconductor memories, perhaps wait-
ing until the 4,096-bit units become available. The 
minicomputer manufacturers, on the other hand, who 
are only now fixing their designs, should find products 
such as the RR5502 an attractive cost-performance al-
ternative to core. 

A fertile future 

Fairly soon, however, there should be a natural ex-
pansion of V-ATE products, leading to many innova-
tions, such as three-state outputs for Eci, applications, 
ECL options compatible with the more popular TTL fam-
ilies, and a power-down version to allow low standby 
power when the device is not in use. Most important, 
because of the low power-delay product available with 
V-ATE processing, small refinements should lead to a 
4,096-bit RAM of reasonable chip size. Read-only 
memories at that density are already being investigated, 
and could approach 8,192 bits of 1973. 

Outside the memory field, the packing density ob-
tainable with a V-ATE process is applicable to random 
logic chips as complex as mos but faster. The average 
V-ATE gate occupies 12 mils2, so that more than 500 
gates could fit on a chip. In practice, however, inter-
connection restraints may limit the design to about 300 
gates on a 100-mil2 chip. With these circuits, delay per 
logic decision would be a low 2.5 ns, at a power dissipa-
tion per gate of a very low 1.5 mw. 0 
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Our New Model 20 
Programmable Calculator. 
Latest In the Series 9800. 
It speaks and understands English. 
It speaks and understands Algebra. 
It really understands your problems. 
It was designed for instant program-
ming right at your desk. The Model 
20 will take you from concept to 
final solution of your problems 
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faster than any other system on the 
market. 

Incredibly Natural Language. 
You'll quickly grasp the operating 
concepts of the Model 20, because 
it uses a natural but powerful lan-
guage that lets you work with alge-
braic symbols, formulas, and English 
language instructions. And, if you 
already know how to program, you'll 

appreciate features that once were 
exclusive to languages like FOR-
TRAN or BASIC: Enter and Format 
statements, function subroutines, 
and callable subroutines with 
parameter passing. 

Talk out a problem with your 
Model 20. Key in your problem 
exactly as you would write it on 
paper. Press EXECUTE and there's 
your answer. It's deceptively simple. 
With the Model 20 you always 

know where you stand. Its alpha-
numeric display and printer give 
you operating instructions, show 
your formula as you key it in, and 
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completely label your input and 
output data. 

Easy To Get Along With. 
One of the nicest things about the 
Model 20 is that it doesn't bite. If 
you make a mistake, your display 
not only tells you there's an error— 
but precisely what and where the 
error is. Then it's a simple matter 
to insert, delete, or replace anything 
from one symbol to an entire line 
with just a few quick strokes on the 
editing keys. It adds up to this: You 
don't have to be an expert to operate 
the Model 20. Because of its error 
detecting and correcting techniques, 

the Model 20 is the fastest and 
easiest programmable calculator 
available. 

A Word About Power. 
What really counts is not that our 
calculator will solve up to 36 simul-
taneous equations, but what you can 
do with that power. With the Model 
20 you'll spend less time getting 
answers and more time building 
ideas. Another thin& Our keyboard 
is modular. So if you don't like our 
setup, you can build your own. 
The Model 20 can be plugged 

into our hardworking Series 9800 
Peripherals: X-Y Plotter, Type-

writer, and Card Reader, to name a 
few. An added plus — it interfaces 
with test instruments. The basic 
unit, including our built-in alpha-
numeric display and printer is 
$5,475, with immediate delivery. 

For more information or a "hands-
on" demonstration, write: Hewlett-
Packard, P.O. Box 301, Loveland, 
Colorado 80537. In Europe: 1217 
Meyrin-Geneva, Switzerland. 
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Adapting high-speed logic 
to data communications 
The most desirable properties of microwave and digital technologies 

are combined to produce data rates as high as 1 gigabit per second; 
circuit cards provide flexibility to experiment with new concepts 

by Pradman Kau I, Comsat Laboratories, Clarksburg, Md., and 0. Gene Gabbard, Digital Communications Corp., Rockville, Md. 

The application of high-speed digital logic to com-
munications is an obvious extension of the powerful 
semiconductor technology that has been developed for 
computer system design. For applications in both ter-
restrial and satellite communications systems, numerous 
research laboratories are already operating circuits at 
data rates of several hundred megabits per second. For 
these and other future requirements up to rates of 1,000 
megabits per second, designers are modifying printed-
circuit card techniques to take advantage of the high 
speeds of emitter-coupled logic. 

But the transition to microwave data rates is not a 
simple one. Application of high-speed logic to digital 
communications requires a judicious combination of 
microwave and digital technologies. Since digital cir-
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cuits do not require the high signal fidelity of analog cir-
cuits, the designer can sacrifice some degree of sophis-
tication and take design shortcuts. But when borrowing 
from digital technology, he must not push too far the 
minimization of logic functions often sought in lower-
speed digital hardware. 

Experience indicates that the most important design 
problems in high-speed digital systems are packaging, 
heat control, and distribution of clock signals. 

In an effort to overcome these problems, standard 
families of circuit-card modules have been developed. 
The modular approach is particularly helpful where 
new systems concepts are being developed and tested 
because quick changes can be made in the modules, and 
standard modules can be assembled quickly to test new 
concepts. Three types of modules have been developed 
to operate at data rates up to 100, 200, and 1,000 mega-
bits per second. 

All three high-speed modules use emitter-coupled-
logic la mounted on printed-circuit cards. Most of the 
100-megabit-per-second cards built thus far use Moto-
rola MECL 10,000 and Fairchild 9500 series logic 
mounted on standard double-sided printed-circuit 
cards. Both of these lines, however, are supplemented 
by MECL II, MECL III, and Fairchild 95H families. 
The 200-megabit-per-second modules use MECL III 
studded flatpacks mounted on four-layer pc cards, and 
the 1-gigabit-per-second modules use substrates from 
the MECL III line on multilayer ceramic-alumina cir-
cuit cards. 1,2,3 

3.5 X 4.5-INCH 
PRINTED-CI RCUIT 

CARD 
(DAUGHTER-BOARD) 

WRAPPED-WI RE 
CONNECTOR 

SOLDER 
WRAPPED-WI RE PINS 

b 

POWER 
PLATE 

MOTHER-
BOARD 

GROUND 
PLATE 

1. 100-megablt-per-second module. A conventional two-sided printed-circuit card (a) provides good signal fidelity up to 100 megabits per 
second. Wrapped-wire connector (b) eases mechanical transition into motherboard and speeds system assembly. 
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A complete equipment rack with multiple drawers 
and a built-in liquid-cooling system for the 1-gigabit 
system is now being built. The rack is to be ready for 
operation later this year 

100-megabit-per-second modules 

Standard double-sided printed-circuit cards with 
plated-through holes are used for logic speeds to 125 
megabits per second and system speeds to 100 megabits 
per second (Fig. la). Conventional interconnection 
techniques, such as wrapped wire or point-to-point sol-
dering, may be used within a drawer containing up to 
100 logic cards. These cards are interconnected in an 
81-position drawer with integral cooling blowers and 
ac-to-dc power converters. 
The ground plane on each card extends into a com-

mon ground plane within the drawer. One technique 
uses a ground (and power) plate (Fig lb). Here, a two-
layer printed-circuit motherboard plate is constructed 
with holes for all pins of a wrapped-wire connector that 
interfaces with each pc card, o! daughterboard. 
The bottom side of the motherboard forms the 

ground plate. All connector ground pins are connected 
to this ground layer. A power plate on the top side of 
the motherboard distributes dc power to the cards. 
The clock and all high-speed logic lines are carried 

between cards via twisted pairs (in a few situations de-
scribed below, the Schottky-diode termination may be 
more desirable). Standard 26- or 30-gauge wire suitable 
for wire wrapping can be used for the twisted pairs. 
When twisted at about 30 turns per foot, a transmission 
line made from these wires has an impedance of about 

FIBERGLASS 
EPDXY 
Er = 4.7 

(b) 

STANDARD FLAT PACK 

c) 
0. 
o 

2. 200-megabit-per-second modules. Four-layer glass fiber cards 

(a) serve as the building blocks for circuits operating to 200 mega-

bits per second. Interconnect layers (b) function very much like 

stripline. Lines in these layers are usually mutually perpendicular, re-

sulting in crosstalk more than 20 dB below signal levels. 

110 ohms. Impedance-controlled pairs specified to im-
pedances of 50, 75, and 120 ohms can be purchased 
from such manufacturers as W.L. Gore and Associates 
Inc., Newark, Del. 

Coaxial or twin-lead transmission cable is required to 
interface between drawers. 

200-megabit-per-second modules 

For logic speeds to 200 megabits per second, a four-
layer printed-circuit card has been chosen as the basic 
building block (Fig. 2). The two layers in the middle are 
the interconnect layers. The top plane is ground, and 
the bottom plane supplies the -5.2-volt power. This par-
ticular geometry was chosen because it is simple and 
relatively inexpensive to fabricate. 
The active circuits used on the four-layer boards are 

from Motorola's MECL III family. In many cases, 
studded flatpacks are mounted to the circuit cards to aid 
in cooling the ICs. Such typical functions as a decoded 
decade counter built on these boards have operated at 
speeds of 275 megabits per second. 

Interconnections on the board are made by striplines. 
The asymmetry of the center conducting lines results in 
an insignificant change in their characteristic imped-
ance. Measurements show that crosstalk between adja-
cent lines within the board is less than 5% under worst-
case conditions. 

Shielded twisted-pair lines interconnect boards, while 
coaxial cable is used for connections between drawers. 
Miniature coax is also used in board-to-board wiring. 
Many commercially available connectors meet the re-

quirements of a 200-megabit-per-second signal. The 
connector should be chosen with a short electrical path 
length and with a low characteristic impedance between 
adjacent pins. Present connectors have an electrical 
length of about 1 nanosecond and a reflection coeffi-
cient of about 0.10 with matched 50-ohm cable. 

1,000-megabit-per-second modules 

For advanced systems requiring data rates above 
about 200 megabits per second, it was necessary to min-
iaturize the modules to cope with the effects of propaga-
tion delay in the interconnecting transmission lines. 
Uncased monolithic ICs are used in the high-speed 
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3. Ceramic speed. An 8-layer ceramic substrate allows logic speeds 
up to 1 gigabit per second. Uncased monolithic chips allow required 

miniaturization and complete the low thermal-resistance path from 

heat sink, through ceramic, to device junctions. 

cards, again to help reduce transmission-line lengths 
and to provide a lower thermal resistance between the 
active devices and heat sinks. At present, these logic 
chips are from Motorola's MECL III family. 
Thus, a standard line of eight-layer ceramic alumina 

cards, shown in Fig. 3, is being developed to operate at 
speeds at least as high as 1 gigabit per second. To date, 
these logic card speeds have been limited by the avail-
ability of active monolothic chips. Three of the layers 
are for interconnections—two are embedded microstrip 
and one is the more conventional stripline. 

In addition, there are three ground planes and one 
power-supply plane. The chips, mounted on the top 
layer, are bonded to the substrate by a gold-silicon eu-
tectic bond at 385°C. Ultrasonic or thermal-compres-
sion ball bonding is used to connect the chips to the ex-
ternal circuits. 
The exposed monolithic chips are sealed from outside 

impurities by using gold-tin or lead-tin solder to attach 
lids. Because the maximum temperature needed for this 
bond is only about 280°C, there is no danger to the de-
vice's substrate bond. 
Ceramic alumina, with a dielectric constant of 9.0, 

was found to provide the best building-block structure. 
Ceramic is also a good heat conductor, which is impor-
tant when trying to cool a small circuit card with densly 
packed active chips. 
Using these cards, a family of ceramic modules is 

being developed. Each is a basic building block, such as 
a decoded decade counter, an eight-bit serial-to-parallel 
shift register, and a pseudorandom number-sequence 
generator. The 1-inch-square mounting area on each 
module can accommodate up to 16 monolithic logic 
chips. 
The decoded decade counter of Fig. 4a has been op-

erated at speeds up to 325 megabits per second, the 
limit determined by the speed of the MECL III logic 
chips used. A 250-megabit-per-second clock input to the 
counter and a divide-by-10-output are shown in Fig. 4b. 
On this particular substrate, only thick-film resistors 

were used. On subsequent substrates, these were re-
placed by thin-film tantalum-nitride-on-silicon resistor 
chips. The chip, 50 mils square, contains 14 resistors, 
each with 5% tolerance. 
Timing accuracy must be rigorously controlled for 

successful operation of systems faster than 200 megabits 
per second. For example, if the system is operating at 
500 megabits per second, then the clock period is 2 na-
noseconds. A practical limit for clock skew (the mis-
match in timing between two inputs to a gate) is 1/2 th of 
a clock period, or 0.25 ns. At a nominal transmission-
line propagation speed of 1 ns per 9 inches, all trans-
mission-line lengths must be controlled to an over-all 
accuracy of within -±2 inches for proper system timing. 
In addition, factors such as degradation in rise and fall 
times have to be controlled because they can also con-
tribute to timing errors. 
Noise margin is also a critical factor in systems oper-

ating at these speeds. Because the voltage swing of high-
speed ECL circuits is only about 800 mv, factors that 
tend to degrade noise margins—such as crosstalk, power 
supply variations from module to module, and mis-
matched transmission-line terminations—must be care-
fully considered. 
The module connector must have a characteristic im-

pedance that is closely matched to the transmission 
lines and must present a very short impedance dis-
countinuity for pulses with rise times as short as 250 pi-
coseconds. Provisions for about 24 signals, including 
grounds and supply voltages, should be adequate for a 
standard module. One connector which meets these re-

b I 

4. Counting at 325 megabits per second. On an eight-layer ceramic substrate, a fully decoded decade counter (a) has been operated at 

325 megabits per second, limited solely by the 10 logic chips. The clock and a divide-by-10 output (b) show binary wave-shapes at 250 

megabits per second. Horizontal scale is 5 ns per division; vertical scale is 200 mV per division with logic levels at about -0.8 and -1.7 volts. 
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Digitizing commercial satellites 

The high-speed logic cards being developed at Comsat 
Corp. are, of course, digital in nature. The digital system 
is desirable, since it can tolerate smaller signal-to-noise 
ratios than the analog system can. Also, time-division-
multiplexing techniques can be employed, which can 
lead to much greater spectrum utilization efficiency. 

Until now, only analog techniques have been used in 
satellite communications. A ground station for the first 
partially digital system is now being installed at the Etam 
Earth Slation in West Virginia for operation with the Intel-
sat IV satellite. This system (called Spade for single-chan-
nel-per-carrier, pulse-code-modulated, multiple-access, 
demand-assigned equipment) is designed to accommo-
date light-traffic routes. 

Pulse-code-modulated voice signals are transmitted 
via the 800-channel Spade system at a data rate of only 
64 kilobits per second. A common signaling channel op-
erates at 128 kilobits per second. Baseband channels in 
the Spade system are, however, frequency-division multi-
plexed together, resulting in relatively low over-all trans-
mission efficiency. 
A more efficient method is to pulse-code modulate the 

voice signals, then employ time-division multiple-access 
techniques to multiplex the voice channels on a single rf 
carrier (see graph). For 16 ground stations accessing the 
same transponder, the channel capacity is increased by 
a factor of two. 

It is also expected that high-speed, all-digital tech-

niques will replace the analog transmission used today 
for relay of commercial television signals. One full trans-

Multiplexing tradeoffs. Time-division multiple-access systems 

allow much greater voice-channel capacity, especially as num-

ber of ground stations wanting to transmit to the transponder in-
creases. This curve is based on the Intelsat IV transponder. 

ponder of the Intelsat IV satellite is now needed to trans-
mit one TV signal with acceptable quality. Using digital 
bandwidth compression, the digital television communi-
cations (Ditec) system can send two TV signals through 
one transponder without any loss in quality, resulting in 
significant savings in transmission costs. 

High-speed logic has been used in two key parts of the 
Ditec system, representing about 75% of the total cir-
cuitry. The bandwidth of the standard analog video signal 
is about 4.5 megahertz for a total display of 525 lines. 
With eight intensity levels, a data rate of 80 megabits per 
second is required by the PCM encoder. Also, one of the 
techniques used to reduce the bit rate is a differential 
PCM system with a digital feedback loop, which requires 
a data rate in excess of 100 megabits per second. Future 
generations of both the PCM encoder and the differential 
PCM system will operate at speeds requiring ceramic 

cards. 
A general block diagram of a TDMA system is shown. 

The shaded functional blocks require 100 megabit-per-
second circuit cards in the first TDMA system, which was 
tested in the summer of 1970. The second-generation 
system with bit rates up to 400 or 500 megabits per sec-
ond, will use ceramic multilayer cards in the high-speed 
circuits. 
The ground segment is generally implemented with 

lower-speed logic, except for the input buffer memories, 
which have to process high-speed data bursts. As can be 
seen, the major part of the TDMA system requires high-

speed logic. 
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TDMA system. More than 50% of the first-generation time-divi-
sion multiple-access system is implemented with 100-megabit-

per-second cards. Future systems, operating at 400 megabits 
per second and higher, would use ceramic modules. 
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5. Flexible Interface. Module connector assembly allows complete 

plug-in capability for the high-speed modules. The panel connector, 

mounted to the chassis, interfaces with three-conductor cable plugs 

for matched-impedance tri-lead or coaxial cables. 

quirements has recently been developed for Comsat by 
Microdot Inc. 

The resulting interface arrangement (Fig. 5), allows 
complete plug-in capability for the high-speed modules. 
The module connector is mounted on the ceramic 
board, and the electrical connections are soldered. The 
panel connector, mounted on the chassis, interfaces with 
three-conductor cable plugs for matched-impedance tri-
lead or coaxial cables. 
Each module, which dissipates 2 to 10 watts when op-

erating, should be cooled to a case temperature of about 
25°C. To reduce over-all system noise margins, it is even 
more important that case temperature be uniform from 
module to module. 

After an investigation of different cooling methods, it 
was decided that a liquid-cooled cold-plate system was 
best for a standard development system. By using an 
adhesive bond, the ceramic module is attached to a 1/4-
inch-thick aluminum plate. This is then fixed to a liq-
uid-cooled cold plate. 

Terminating high-speed logic 

The Schottky-diode termination (Fig. 6) can be used 
to reduce the effects of overshoot caused by a termi-
nation mismatch. But the technique's usefulness is lim-
ited to bit rates in the 100-200 range, depending on 
diode quality. The diodes act as dynamic nonlinear re-
sistors. As overshoot tries to occur, one of the diodes will 
begin to turn on until its resistance approximates the 
line impedance (the other diode is back-biased). In this 
manner, the overshoot energy is absorbed, resulting in 
improved signal fidelity. 
To replace twisted pairs, the Schottky-diode termi-

nation can be used for single-conductor point-to-point 

6. Dynamic duo. A pair of Schottky diodes at the logic gate receiver 

reduces the effects of overshoot caused by a termination mismatch. 

The technique, first developed by O.A. Horna at Comsat in 1969, is 

often used as a dynamic nonlinear termination for long wires. 

7. Wideband sync. This single-transistor amplifier makes a good cir-

cuit for driving counters and external sync inputs on sampling and 

other wideband oscilloscopes. Matched to emitter-coupled logic, the 

circuit produces 400 mV of signal into a 50-ohm load. 

wiring for about three feet. While it involves a little 
added circuitry, the single-conductor line with a diode 
termination is sometimes necessary if connector pins are 
limited. This technique can also eliminate the need for 
an added differential receiver, with associated propaga-
tion delay, at the receive end. 

Following digital design rules of lower-speed circuits, 
the more important signals should also be terminated at 
accessible monitor points. A good circuit for driving 
counters and external synchronization inputs on sam-
pling and other wideband oscilloscopes is shown in Fig. 
7. This circuit provides 400 millivolts of signal into a 50-
ohm transmission line and is useful to bit rates well 
above 1 gigabit per second. The circuit is also short-cir-
cuit-proof. A small coaxial connector such as Microdot's 
Lepracon 141-1005-0001 makes an ideal interface on 
the printed-circuit card. 

In other design techniques, twisted pairs can be used 
to carry all clock signals between cards; 51-ohm series 
damping resistors can be used in all output lines leaving 
any card; and each IC can be filtered with a 0.01 m F 

high-Q ceramic capacitor. El 
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SPECIAL REPORT 

Choosing a digital panel meter 
is not as easy as it looks 
For one thing, different DPM manufacturers often mean different things 

by the same specification, and for another, key DPM parameters are 

interdependent; so do your homework—and be prepared to ask questions 

by Michael J. Riezenman, Instrumentation Editor 

D If growth is any criterion, digital panel meters appear 
to be the answer to an instrumentation engineer's 
prayer. From a ho-hum response to their first appear-
ance in 1967, they have moved up to become a $10 mil-
lion market, and an increase of 30% is expected next 
year. 
To rack up this steady growth, DPMS must offer the 

designer some concrete advantages that are worth the 
extra cost of going digital instead of analog. Three rea-
sons commonly given for going that route are: 
• It's getting to be more of a digital world, and, in addi-
tion to digital display, DPMS provide coded outputs that 
can be used for recording and control. 
• It's the most effective way to couple unskilled person-
nel with production-line instrumentation where precise, 
repeatable adjustments must be made. 
• Some designers just like to try anything new. 

Something new isn't necessarily something better for 
a given purpose, however. If it's reliability you want at 
low cost, and you can tolerate errors on the order of 1% 
of full scale, or if you want to monitor an unstable sig-
nal, the tried and true d'Arsonval movement is still your 
best bet. D'Arsonval movement reliability exceeds that 

of even the best DPms, and its prices generally begin far 
below those of even the cheapest digital units. 
As yet there are only rare exceptions to this price rule. 

For example, there is at least one 21/2 -digit DPM selling 
at $50 in lots of 100 whose main competitor is a large 
switch-board-type analog meter selling at about $85. 
And this price overlap of analog and digital panel me-
ters is expected to increase significantly in the not-too-
distant future. 
At present, DPms should be chosen mainly to obtain 

better resolution, accuracy, and repeatability than an 
analog meter can provide. Tests conducted by the Na-
tional Bureau of Standards indicate that the best mir-
ror-scale analog meters cannot be set repeatably with a 
resolution of better than about 0.5% by several different 
people. A single careful operator may do much better 
than this. But if a production-line operation requires 
that a parameter be set with 0.1% repeatability regard-
less of who is doing the setting, a simple analog meter 
will not suffice. 

Finally, if you need a capability that only DPMS pos-
sess, then analog meters don't even enter the picture. 
For example, if you require a binary-coded-decimal 
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output for operating printers or reading directly into a 
computer, most DPMs provide it. 
The decision made, you've barely started. At last 

count there were about 30 manufacturers fighting for 
pieces of the DPM market, with new ones constantly 
coming along. Some have been around since the busi-
ness began in 1967, and others haven't had time for the 
ink on their letterheads to dry. How, then can you 
choose between them? 

If you've seen one . . . 

The main thing you can do is to define carefully the 
conditions under which you intend to use the meter, 
and then evaluate the performance of competitive units 

2. Nomenclature. The 4-3/4-digit meter (top) gets its name because 

it provides 300% overrange. The 2-34-digit unit (bottom) has 100% 

overrange and two half digits to double its reading accuracy. 
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under those conditions, using the manufacturer's spec 
sheets. This can be an enlightening experience. Several 
superficially similar meters may turn out to perform 
quite differently when their behavior is examined under 
some specific set of conditions. 
And at first glance, they all do look pretty much alike. 

Practically every DPM uses some form of dual-slope in-
tegrator (Fig. 1) to convert an analog input signal into a 
series of digits, and then displays these digits on one of 
about five different types of displays. Most operate on 
standard ac line voltage, though the so-called "logic-
powered" units (see "What about logic power?") run on 
5-volt power supplies. And some specials also can be 
operated from a -±12-v supply. Many key differences be-
tween units, however, only come to light when their 
specifications are carefully and critically compared. 

. . . you haven't seen them all 

The six most important factors to be considered in 
evaluating a digital panel meter are generally agreed to 
be: price, operating temperature range, resolution, ac-
curacy, temperature coefficient, and reliability. 

Price is rather easy to evaluate: always seriously con-
sider the lowest-priced unit that will do the job. In other 
words, don't buy features that you don't really need. 
For example, if you don't need a bipolar unit, you can 
generally save about 4% or 5% by going monopolar. 
Some manufacturers give you an even finer choice: they 
sell bipolar units whose performance is tightly specified 
for only one polarity. Inputs of the opposite polarity are 
measured and displayed, complete with sign, but accu-
racy is not guaranteed. 
On the other hand, a small-quantity user may be will-

ing to pay a modest premium to a manufacturer with an 
extensive service operation, while a big OEM customer 
can deal with failures statistically, by simply buying a 
certain percentage of extra units to replace those that 
are expected to fail. 

Like price, operating temperature range is a fairly 
straightforward consideration, but one that is often 
overlooked. Before looking at any DPMs, measure the 
ambient temperature in which they will have to operate, 
and make sure that the units you are considering can 
take it. Just about all of the models on the market today 
have a maximum internal case temperature of 70°C, but 
to allow for the internal temperature rise, their max-
imum ambient temperature rating is usually 60°C 
(140°F). Any rating between 60° and 70° probably 
means only that the manufacturer has simply allowed 
less of a safety margin than his competitors. 
So what can you do if you want to operate a DPM in a 

steel mill in an ambient temperature of 150°F? In the 
words of one manufacturer, "Cool it, or your meter 
won't last six months." 

The specsmanship game 

The potential DPM user can be easily confused by res-
olution, accuracy, and temperature coefficient—three in-
terrelated parameters that are key to DPM performance. 
Part of the problem is that it is not easy to tell which of 
two DPMs is better by simply looking at a couple of 
numbers. You must sum the various errors contributed 
by source loading, basic reading error, temperature 
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drift, display ambiguity, etc., to get a true picture. It's 
the sum—not any single component—that counts. 
Another part of the problem is the lack of any stan-

dard method for specifying DPM parameters. One man-
ufacturer specifies accuracy as a percentage of reading; 
another, as a percentage of full scale. One gives the 
temperature coefficient in parts per million of reading 
per degree centigrade; a second talks about percentage 
of full scale per degree centigrade; and a third simply 
states that the basic accuracy holds at 25°±10°C. 

Finally, many manufacturers omit certain key specs 
either through oversight, or in the hope that you won't 
bring up the subject. 

Resolution is the easiest member of the triad to de-
fine—it's a measure of the fineness with which the unit 
makes a measurement. A 3-digit machine breaks up its 
range into 1,000 parts: it can resolve changes as small as 
10 millivolts if its full-scale value is 10 v (actually 9.99 v 
for a 3-digit instrument). Similarly, a 4-digit meter's re-
solving power is 1 mv on the same 10-v range. Of 
course this extra resolution comes at a price; a good rule 
of thumb is that the cost of a given DPM doubles for 
each full-digit increase in resolution. 

This concept of the full digit is unambiguous. But just 
what is a 21/2 -digit meter or a 2-1/4 -digit meter? There is 
no set standard for these terms. Most manufacturers 
agree that a 2-digit meter counts up to 99, and that the 
addition of 100% overranging—so it can count up to 
199—makes it a 21/2 -digit machine. But few agree on the 
meaning of 2 1/4 digits (Fig. 2). To one company it ap-
plies to a 21/2 -digit meter with an extra 0 and 5 added af-
ter the least significant digit. This cuts the meter's am-
biguity error from -±1 digit to ±1/2 digit, but it still counts 
up to only 199 (or rather 1991/2 ). To another company, 
however, 2 1/4 digits means two digits plus 300% over-
range—that is, a maximum count of 399. A third com-
pany calls a meter with 300% overrange merely an ex-
tended range 21/2 -digit DPM. 

Thus, the most meaningful question to ask when try-
ing to determine the resolution of a DPM is not "How 
many digits?" but rather, "How many counts?" And to 
be complete, you should also find out what the am-
biguity error is. 
That said, you may think that choosing between a 

31/2 -digit meter and a 41/2 -digit meter is pretty easy. Ei-
ther you can tolerate the errors of a 3'h-digit unit, or 
you can't. But sometimes it's not so easy to tell. Let's say 
that you want to be able to set a dc voltage level repeat-
ably to four significant digits. If the voltage is 150 v, a 
31/2 -digit meter is fine. It lets you read 150.0 v. But what 
if the voltage is 67 v? The 31/2 -digit unit will only read 
67.0, so a 4- or 41/2 -digit machine is needed. Of course, if 
the voltage happened to be, say, 35 v, a so-called 3 1/4-
digit (4,000-count) DPM would be ideal. 

Accuracy: the three significant figures 

Being able to read a lot of digits doesn't do you much 
good unless the digits mean something. The value of the 
digits you buy is largely determined by the accuracy of 
your DPM. This is a difficult parameter to evaluate since 
it depends upon how the meter is applied in your circuit 
as well as how accurate the meter itself is. 
The basic accuracy of a DPM is usually described by 

3. Blas current. For the differential-input configuration shown, the 
bias current is either l or 12, whichever is greater. The offset current 
(l i - 12) is most important when the source resistances are equal. 

specifying the maximum error as a percentage of read-
ing. This is a fairly straightforward specification as long 
as you note that it holds only at a specified temperature 
or over a specified temperature range. Since digital in-
struments are subject to ambiguity errors of -±1 least sig-
nificant digit, this additional error specification is usu-
ally tacked onto the percentage of reading figure. 
Some manufacturers, however, prefer to deal with the 

ambiguity error by describing it as a percentage of full 
scale. This raises the interesting question, "What is full 
scale?" If you have a 31/2 -digit (2,000-count) meter, do 
you include the overrange in the description of full 
scale, or not? Only the manufacturer knows for sure. So 
if he doesn't say, you'd better ask him, especially if he 
also specifies temperature coefficient as a percentage of 
full scale per degree centigrade. 
For meters with very high resolution (4 digits and 

up), it is usually necessary to add a third term to the ac-
curacy statement to take care of errors at the low end of 
the range. The extra uncertainty can be described 
directly as a voltage, or as a percentage of full scale. 
Thus, a specification might describe the accuracy of a 

41/2 -digit meter as within ±(0.03% of reading + 0.01% of 
full scale + 1 count). Or, it might be within ±(0.05% of 
reading + 1 digit + 10 microvolts). These are the ac-
tual specifications of two well-known DPMS. Which is 
more accurate? The answer, which depends upon how 
the meters are used, is explored in the table. 
For maximum cost-effectiveness, the accuracy and 

resolution of a DPM should be compatible. Fortunately, 
manufacturers are aware of this, and the two are usually 
pretty closely related. A 31/2 -digit (2,000-count) meter 

What about 'logic power'? 

Some manufacturers are now making so-called 
"logic-powered" DPMs—units that are powered by 5 
volts dc. Since they need no internal power supply 
they're cheaper too, provided that you already have a 
5-V supply from which to operate them. 
These meters are an excellent choice for systems 

with a lot of digital logic circuitry, since the power sup-
ply will already be there. But care must be taken to 
keep the digital signals away from the meter's analog 
input. A differential front end is almost a necessity in 
such applications. Meters with single-ended inputs 
have been successfully used in such situations, but 
considerable applications sophistication is needed to 
prevent ground-loop problems. 
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can resolve 0.05% of full scale. These instruments typi-
cally have maximum errors of -±0.05% of reading -±1 di-
git, or ±0.1% of reading -±1 digit. The manufacturers of 
the 0.1% units point out that, at half scale (1,000 counts) 
or below, the meter can't resolve more than 0.1% of 
reading so there's no point in having better accuracy. Of 
course, if you're planning to use your meter near the top 
end, this argument loses much of its force. 
More important, perhaps, than these minor differ-

ences in accuracy specs are differences in specified tem-
perature coefficient. One manufacturer specifies that his 
31/2 -digit unit has a temperature coefficient of error of 50 
parts per million of reading per degree centigrade. An-
other specifies ±(0.005% of reading + 0.01% of full 
scale)/°C. Since 50 ppm = 0.005%, and 0.01% of full 
scale is only 0.1 digit (or 0.2 digit depending on the defi-
nition of full scale), these two specs are essentially the 
same. The meter to watch out for is the one whose 
tempco isn't mentioned. 
The important thing to remember about temperature 

coefficients is that they're not zero. All too often people 
overlook them, and find out later that temperature-re-
lated errors are the dominant ones in their applications. 

Incidentally, an extremely important specification 
that is frequently overlooked is warm-up time. There 
are digital panel meters on the market that are guaran-
teed to meet their published specifications as soon as 
they are turned on. Others need a half-hour warm-up. 
Still others are described without any reference to 
warm-up at all. As before, what you don't know will 
probably hurt you, so ask. 
A DPM may function with its specified degree of accu-

racy in a test situation, however, and still not do as well 
when incorporated in your circuit. The two factors to 

watch out for here are input loading and noise. 
There are two or three parameters that must be con-

sidered when determining the loading effects of a DPM 
on a circuit. These are input bias current, input imped-
ance, and (for differential inputs) offset current. 
The bias current (Fig. 3) is the current that the source 

must supply to the DPM input, at zero input signal, to 
properly bias the meter. The error voltage developed by 
the bias current as it flows through the source imped-
ance can be nulled out with the meter's zero control. 
But the user should bear in mind that the bias current, 
and hence the offset adjustment, is subject to drift with 
time and temperature. 
The input impedance of a digital panel meter is the 

complex ratio of the input signal voltage to the input 
signal current. This parameter does not take the bias 
current into account. Thus, the total input current is the 
sum of the bias current and the current drawn by the 
meter's input impedance. 

Offset current is the difference between the two bias 
currents of a differential-input DPM. If the voltage 
source is balanced, this current—not the bias current— 
may be the only significant source of loading error. 
Noise rejection is the other DPM parameter that's im-

portant in actual use, but published specs don't tell you 
very much about it. Typically you are told that the me-
ter in question has a common-mode rejection ratio of X 
decibels at 60 hertz, and a normal-mode rejection ratio 
of Y dB also at 60 HZ. But how well will the meter reject 
the noise in your system? All the experts have the same 
answer: take a meter, put it in your system, and see. 
The common-mode rejection ratio (cmtut) is usually 

specified for a source imbalance of 1,000 ohms, and, of 
course, only applies to differential-input devices. It is 
the ratio, in decibels, of the meter's sensitivity to differ-
ential- and common-mode signals. 
The normal-mode rejection ratio is a measure of the 

4. Looking for reliability. Fewer components mean better reliability. This manufacturer has substituted a single IC for the 14 IC packages 

required in his older model, has reduced the package design to one circuit board instead of two, and cut the number of connections. 
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COMPARISON OF ACCURACY SPECS 

200-V FULL SCALE 200-mV FULL SCALE 

100-V READING 10-V READING 100 mV READING 10 mV READING 

UNIT No. 1 
±(0.03% of reading + 0.01% 
of full scale + 1 count) 

Error = .03 + .02 + .01 
= 0.06 V 

Error = .003 + .02 + .01 
= 0.033 V 

Error = .03 + .02 + .01 
= 0.06 mV 

V 

Error = .003 + .02 + .01 

= 0.033 mV 

ESSENTIALLY 

UNIT No. 2 
±(0.05% of reading + 1 digit 
+ 10 µV) 

Error 

IDENTICAL 

Error - 005 + 01 + 00001 
= 0.01501 V 

V 

Error = .05 + .01 + .01 
= 0.07 mV 

Error = .005 + .01+ .01 
= 0.025 mV 

V 

= .05 + .01 + .00001 
= 0.06001 V 

Check marks indicate superior accuracy in each case 

device's ability to ignore ac signals in series with the dc 
input. It is usually expressed as the ratio, in decibels, of 
the actual value of the ac signal to its displayed value. 

Both of these noise-rejection specifications are usually 
specified at line frequency because it is the most com-
mon source of input noise. Since these noise-rejection 
parameters may change rapidly with frequency, they 
are valid only at the exactly specified frequencies. Gen-
erally speaking, for frequencies much above the line 
frequency, the rejection ratios are improved. 

Reliability, the elusive quality 

Of all the desirable qualities in a DPM, reliability is si-
multaneously the most important and the toughest to 
nail down. If consideration of all other specifications 
has narrowed your choice of a meter down to three or 
four candidates, the next logical step is to obtain a 
sample of each one. These should be tested to see how 
they work in your system, and then subjected to a relia-
bility analysis. But not every company can spare an en-
gineer to do a proper reliability analysis. 

Nevertheless, a rough estimate of reliability can be 
made by comparing four items in the units under con-
sideration: number of components, number of connec-
tions, quality of components, and quality of work-
manship (Fig. 4). Sharp-eyed engineers have been 
lcnown to spot some interesting anomalies by this sort of 
inspection. For example, if the DPM in question has a 
rated temperature coefficient of 50 ppm/°C and you 
know that the reference zener has a tempco of 100 
ppm/ °C, you have earned the right to ask the vendor 
some tough questions. 
The final piece of reliability advice given by knowl-

edgeable people in the DPM field is: never buy a quan-
tity of meters without first visiting the manufacturer's 
plant and talking with his engineers. The key things to 
look for in the plant are an NBs-traceable standards and 
calibration facility, 100% inspection of incoming semi-
conductor products and 100% burn-in of all completed 
DPMs. 

So much for the normally invisible aspects of the 
DPM. What about the displays? At present, in choosing 
a display for a DPM, the manufacturer has essentially 
five options: 
• The shaped-character glow tube, such as the Bur-
roughs Corp's. Nixie devices. 

• The seven-segment planar glow tube, as made, for ex-
ample, by Sperry. 
• The seven-segement planar filament display. 
• The seven-segment or dot-matrix light-emitting-
diode display. 
• The liquid crystal display. 
The shaped-character glow tube is the oldest, most 

throughtly tested horse in the display stable. It has con-
vincingly proven its long-term reliability with a life ex-
pectancy that exceeds 100,000 hours. And it's cheap. 
For these reasons it's the most common display in use 
today. However, since it's tough to ionize the gas in a 
glow tube with a 5-v supply, these devices are not gen-
erally used in low-voltage meters. Some people also ob-
ject to the fact that the characters are not in the same 
plane. 
The second objection, but not the first, is met by the 

planar seven-segment glow tube. Many DPM manufac-
turers offer a choice between these two displays, with 
the planar type carrying a higher price tag. 
For low-voltage applications, the options are a fila-

ment or a LED display. Here, the LED unit usually costs 
more, if you have a choice. But quite often, the manu-
facturer offers only one type of low-voltage display, 
simplifying your decision for you. 
One point to bear in mind: if you're planning to use 

the meter out of doors, make sure you can read the dis-
play in bright sunlight. Filament displays are usually 
better than LED types in this regard. 
The liquid crystal diplay is more a creature of the fu-

ture than of the present. Although one manufacturer 
does offer a DPM with a liquid crystal display, most 
makers feel that the display's operating temperature 
limitations and short lifetime make it an unrealistic 
choice at this time. But in the future (say, five years 
from now), the picture will be very different. Liquid 
crystals, with their low power consumption and poten-
tially very low price, will make cheap, battery-operated 
portable DPMs a reality. 
As liquid crystal displays become more practical, the 

DPMs themselves will become more reliable, using fewer 
and better mos Ls! chips. It has been estimated that 80% 
of the high-quality analog meters in use today (a $45 
million market) will be replaced by DPMs in 10 years. 
Half of this replacement will take place within the next 
five years. 
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FIFO: FIRST 
ASYNCHRONOUS 
SUBSYSTEM 
FOR DATA RATE 
TRANSLATION. 
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FIFO: Our 3341 OPTIMOS 4x64-Bit Buffer Memory. 
Most cost effective way to interface two systems with different data rates. 

Instead of designing your own special subsystem, use our new FIFO. For example: 

1. Irregular data can be collected from a telemetry system 
and stored in FIFO for use when it's convenient. 111111 III I   1111111111 
2. Data for printout can be loaded into FIFO, freeing the CPU, 1111 1111 1111 F>IIIIII III 
and allowing the printer to proceed at its own slower pace. 

3. Inserted between an A/D and a D/A Converter, FIFO can be used 
tforZeeteciyo(i;fc=itetesZb:sseignoratange the 1111 III I 1111 11111111 1111 

InIdnerairinstirreciinaptuitil tepee zitneacnacinfbr:risltoa%u.11111IIIIIIIE>111111111111 

5. From peripheral equipment, you can input to a computer at a steady rate; 
CrFsC.:esftoorreesteifeonrtm off -formats it in even 111 111 11111 I E> liii  nil Hu 
FIFO is an asynchronous buffer subsystem designed specifically to solve the kind of handshaking problems 
that occur between a computer and its peripheral equipment. Input and output operate completely 
independent of each other — without common clocking — translating two dissimilar data rates 
simultaneously, and giving the system designer more freedom. 

Now the faster part of your system doesn't have to wait for the slower part to catch up. Instead, FIFO 
translates the data rates, and the CPU can move on to more important things. 

FIFO, as its name implies, operates in a first-in first-out mode. Four bits of input data are clocked into the 
FIFO device and 'bubble' automatically to the last unoccupied location. Special on-chip input pullup 
circuits and bipolar compatible output buffers provide direct compatibility with TTL and DTL, without 
any external components. Control signals make vertical and horizontal expansion easy. 
1MHz input/output rate guaranteed. 

FIFO is available now from your friendly Fairchild distributor in 16-lead ceramic DIP. 

FIFO: Another example of OPTIMOS practical problem solving. 

ADE 

11:1111.41) 

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. (415) 962-5011. TWX: 910-379-6435 
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Designer's casebook 

Frequency doubler 
accepts any waveshape 
by Donald DeKold 
Santa Fe Junior College, Gainesville, Fla. 

The frequency of nearly any waveform can be doubled 
by means of quadrature square waves that drive a bi-
conditional logic circuit. Only two restrictions must be 
imposed on the input to this frequency doubler—the 
wave form must have a duty cycle of approximately 
50% and a peak-to-peak amplitude of at least 0.5 volt. 
For the circuit shown, the input is a sine wave that 

can vary in frequency from 40 to 600 kilohertz. The out-
put is a square wave at twice the input frequency, hav-
ing a duty cycle of about 38% for the lower-frequency 
inputs to around 65% for the higher-frequency inputs. 
Comparator Ai operates in its noninverting mode, ac-

cepting the input sine wave and producing a square 
wave at its output. Capacitors Ci and C2 couple this 
square wave to a pair of complementary switches, tran-
sistors Qi and Q2. The switches boost the amplitude of 
the square wave to 24-v pk-pk. Resistors R1 and R2 pre-
vent the bases of Qi and Q2 from being clamped to de 
voltages that would drive them into cutoff. 

Capacitor C3 is alternately charged and discharged 
through resistor R3. When Qi is in saturation and Q2 in 
cutoff, C3 exponentially charges towards 12 v dc; with 
Qi cut off and Q2 saturated, C3 discharges towards 

Frequency times two. Sine-wave input is converted into square wave by comparator Al. Emitter-followers Qi and 02 charge and discharge 

capacitor C3, producing triangular wave that drives comparator A2. Resulting square-wave output of A2 is in quadrature with square-wave 
output of Al. Switches 05 and 06 conduct only when comparator states are different, providing square wave that is twice input frequency. 
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-12 V dc. When the charging or discharging interval is 
short compared to the R3C3 time constant, the voltage 
across capacitor C3 approximates a triangular wave that 
has its peak value occurring 90° out of phase with the 
peak amplitude of the input sine wave. 
The triangular wave is applied to the noninverting in-

put of comparator A2 through capacitor Cg. The com-
parator "squares" the triangular wave about its zero 
crossings, producing a square wave that is 90° out of 
phase with the output of the first comparator. 

Transistors Q3 and Qg are emitter-followers that act 
as buffer amplifiers for both comparators and drive a 
set of nonsaturating switches, transistors Q5 and Q6. 
When comparator states are the same, Q5 and Q6 are 
off; when comparator states differ, Q5 or Q6 conducts. 
The switching action of transistors Q5 and Q6 is 

equivalent to the biconditional logic function: 
XY + XY = 1 

which has the effect of doubling the frequency of 
quadrature square waves. A diode and resistor in each 

transistor's base-emitter loop prevent false switching 
when both comparators are in the same state, but may 
have different output levels. 
A square wave with a 50% duty cycle can be realized 

for a nominal input frequency of 120 kHz. At lower fre-
quencies, the duty cycle is smaller because the triangu-
lar wave becomes exponentially rounded. At higher fre-
quencies, the duty cycle is larger, since the amplitude of 
the triangular wave decreases, thereby shortening the 
duty cycle of the square wave at the output of the sec-
ond comparator. Also, circuit delays become significant 
compared to the period of high-frequency inputs. 
The frequency doubler can operate below 40 kHz if 

higher capacitor values are used throughout the circuit. 
To operate at higher frequencies, faster switching de-
vices must be used, and transistors Qi and Q2 must not 
be allowed to saturate. 

Since the maximum input voltage for the type µA710 
comparator is ±-7 y, the amplitude of the triangular 
wave must not exceed 14v pk-pk. LI 

Op amp cancels video 
switching transients 
by Steven E. Holzman 
Electromagnetic Systems Laboratories, Sunnyvale, Calif. 

The common-mode rejection of an ordinary operational 
amplifier can help to minimize switching transients in 
low-level video gates. The transients are caused by the 
leading and trailing edges of the switching waveform. 

The video gate basically consists of a switching field-
effect transistor (Q1), its associated TrL-compatible 
driver (bipolar transistor Q2), and an output op amp. 
Transients are generated when the switching waveform 
edges pass through the FET'S gate-drain junction. 
By adding a second FET (Q3) and its biasing resistors, 

the transients can be eliminated by forcing them to can-
cel through the op amp. Since the transients from tran-
sistor Qi will be identical to those from transistor Q3, 
the op-amp's common-mode rejection stops these un-
wanted spikes from reaching the output. 

Capacitor C1 helps maintain equal feedthrough char-

Transient-free video gate. Leading and trailing edges of gating waveform create transients when passing through first FET, Q. Including a 

second FET, 03, duplicates signal path of Oland permits op-amp common-mode rejection to cancel most transients. Capacitor C1 equalizes 

feedthrough characteristics of the two FETs so that matched pair is not necessary. Bipolar transistor 02 makes circuit TTL-compatible. 
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acteristics for both Qi and Q. This eliminates the need 
for a matched pair of FETS. By simply adjusting resistor 
Ri, nearly all of the transients can be cancelled. 

In the circuit shown, the amplitude of the switching 
transients can be reduced to less than 1 millivolt over an 
operating temperature range of -20 to + 60°C. 

Pulse generator accuracy 
is immune to aging 
by Frank Cicchiello 
Digilog Systems Inc., Willow Grove, Pa. 

This pulse generator for driving digital circuits won't 
change frequency, even after its components have aged 
or are replaced. And pulse repetition rate remains 
stable over a wide temperature range. 

If any or all of its active devices are replaced or have 
aged, the generator exhibits only a 1.5% worst-case vari-
ation in rep rate. Replacing or aging any or all of the 
passive components causes a worst-case change of 1%. 
Typically, rep rate varies merely 0.5% over a 50°C tem-
perature range, and all variations amount to less than 
2% when taken collectively. 
When the dc supply voltage (Vcc) is turned on, tim-

ing capacitor Ci charges exponentially through resistor 
Ri until capacitor voltage reaches the threshold voltage 
(VT) of programable unijunction transistor (PuT) Qi. 
This triggering level is established by the voltage divi-
der formed by resistors R2, 113, and R4. For optimum 
temperature stability when the supply is greater than 10 
volts: 
VT = 0.5VC0 

Pulse rep rate is determined by: 
rep rate = 1/[0.78R1 C1+ (0.5 x 10-12)111Ci] 
Once its triggering threshold is reached, the PUT 

switches, causing its gate voltage to swing in the nega-
tive direction. This produces a positive-going pulse 
across cathode resistor R5, which turns on transistor Q2 
and discharges capacitor Ci. 
The function of Q2 is twofold. It rapidly discharges Ci 

by passing the discharge current around the anode-
cathode junction of the PUT. And it also effectively elim-
inates the PUT's valley-current offset. This allows timing 
resistor Ri to have a value as low as 2 kilohms, rather 
than a value above 100 kilohms, as normally required. 
Output pulse rep rate can then vary over a 250:1 range 
for a given value of Ci (500 picofarads to 1 microfarad). 
Output frequency can be up to 1 megahertz. 
PUT temperature stability is assured by diode-con-

nected transistor Q3, which matches the temperature 
characteristic of the Purs anode-gate junction, even if 
current flow is in the microampere region. Although 
most standard diodes cannot do this, almost any low-
leakage diode-connected silicon transistor may be used 
for Q. 

Negative-going pulses from the PUT are directly 
coupled to the base of transistor Q4 through transistor 
Q3; capacitor C2 provides ac coupling. If pulses shorter 
than 4 to 5 microseconds (typical for this circuit) are re-
quired, the 116C2 time constant of Q4's input coupling 
network can be reduced to differentiate the input signal 
and produce narrower positive-going output pulses. The 
output pulse train is compatible with both transistor-
transistor and diode-transistor logic. 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published. 

Stable pulse generator. Power supply charges capacitor C1 until threshold of programable unijunction transistor 01 is reached, 01 then 

switches, turning on transistor 02, which discharges C1. Diode-connected transistor 03 dc couples resulting pulse to output transistor 04. 

Generator's repetition rate changes only 2% for worst-case variation of all its components, even if they age or are replaced. 
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to build a better 
VHF/UHF FET mixer: 

SIG U310 

Try our U310 junction FET in this balanced 
mixer and make your own performance com-
parison. Our results are below. The inherent 
square-law transfer characteristic of the FET en-
sures high intermodulation intercept and signal 
desensitization. The grounded-gate connection 
is most stable, while source injection of both the 
signal and local oscillator make easy impedance 
matching into the FETs. Also, the balanced con-
figuration reducesl.o. radiation from the signal 
port and suppresses the generation of even har-
monics (which helps reduce intermodulation). 

How do you select an optimum JFET 
for a mixer? Low gate capacitance is needed 
for wide bandwidth — the Siliconix U310 
typically has Cgs = 4.5 pF and Cgd = 1.9 pF. 
Useful conversion gain comes from high 
transconductance. Our U310 has typical 
g â = 14,000 ,umhos. Dynamic range is 
bracketed by the lowest drain current for 
an acceptable noise figure and the maximum 
drain current — typically iDss = 40 mA 
for the U310. For an optimum balance, 
matched pairs are available. 

50-250 MHz Mixer Performance Comparison 
‘...naractertstic JFET Schottky Bipolar 
Intermodulation Intercept Point +32 dBm +28 dBm +12 dBmt 
Dynamic Range 100 dB 100 dB 80 dBt 
Desensitization Level (the level for an 
unwanted signal when the desired signal 
first experiences compression) 

+ 8.5 dBm + 3 dBm + 1 dBmt 

Conversion Gain + 3 dB* — 6 dB +18 dB 
Single-sideband Noise Figure 6.5 dB 6.5 dB 6.0 dB 

stimate Conservative minimum 

There's a lot more to this, so 

write for data 
and get the complete story on VHF/UHF mixing and the Siliconix U310. 

Applications Engineering: (408) 246-8905 

Siliconix incorporated 
2201 Laurelwood Road, Santa Clara, California 95054 
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Selecting inputs to test digital 
circuits on complex IC boards 
Choosing excitation codes for inputs to locate faults and troubleshoot 

them requires judicious decisions on the right combination of fixed and 
pseudorandom signals that can be reproduced exactly for repetitive checks 

by Donald P. Allen and Noel P. Lyons, Trendar Automatic Corp., Mountain View, Calif. 

El Two factors are contributing to the growing difficulty 
of testing digital circuits: a wide variety of integrated 
circuits are becoming available for use in many differ-
ent applications, and the printed-circuit boards holding 
the ics are becoming larger as more and more circuits 
are mounted on them. 
Thus, any tester that is intended to be more than a 

special-purpose unit designed for a particular pc board 
must not only handle the wide variety of ics—including 
multiphase signals for mos circuits—but also must be 
able to apply signals to the board that will force the 
many ics mounted on it to run through all the possible 
logic states. (Murphy's law applies to digital-circuit test-
ing—any logic state not checked before the system is as-
sembled will be the one that turns out in the field to be 
faulty.) 
However, simply running the logic through all its 

states does not guarantee that faults will be discovered— 
any faults that are in the circuit must be propagated 
through all the logic stages separating the fault from the 
board edge connector; this requires care in the choice of 
test inputs to be applied to the board. Although all 
three of the major digital circuit test inputs (see "Gener-
ating test inputs," p. 90) have their advantages, pseudo-
random patterns generally offer better performance at 
lower cost than truth tables or fixed-pattern excitation. 

Comparison testing 

In comparison testing, where outputs of a board un-
der test and a known good board are matched under the 
same input excitation, the major problem is in selecting 
the proper inputs to the two boards; this is the equiva-
lent of the programing process in computer-controlled 
testers. 
One key to successful comparison testing is to use 

pseudorandom signals for excitation. These signals ap-
pear random to the circuitry, since there is no regular 
pattern of bit changes, but they can be reset to time zero 
and then will repeat the same sequence of "random" bit 
changes. 
Such resetting is needed for fault isolation—if the sig-

nals were truly random, a fault might be noted, but it 
would be impossible to duplicate the input pattern as it 
was at the time the fault appeared at the board edge. 
Most of the boards now in use can be successfully tested 
with such pseudorandom signals. 

In some cases, however, pseudorandom signals will 

SIMULTANEOUS 
1TRANSITIONS 

r 

,11r 

(c) 

1. Pseudorandom patterns. Three types of pseudorandom sources 

are (a) one that allows transitions on more than one line at a time, 

the so-called Trendar generator; (b) the pseudo-Gray generator, in 

which only one line transits at a time; and (c) the 1-of-N generator, in 

which a pulse appears on only one line at a time. Waveforms are 

shown for three of 32 available lines in each case. 
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2. Clock sources. Gray clock generator (a) allows one bit stream to 
transit at a time (three of 24 bit streams shown). The eight-phase 
clock generator, useful for MOS circuits, is shown in b. 

not suffice, and they must be combined with signals of a 
particular relative frequency. This is especially true of 
certain classes of sequential logic, such as cascaded 
counters and shift registers, to ensure that all the states 
have been exercised. 
However, when combining such inputs with the 

pseudorandom signals (and also when combining 
pseudorandom signals), phase relationships must be ac-
counted for to prevent indeterminate circuit action or 
"race". conditions. This is particularly important where 
sequential 'logic clock, set, or reset signals are derived 
from levels of gating internal to the circuit. 

It's also important to observe certain control relation-
ships, such as READ and WRITE commands. Indetermi-
nate circuit action will result if the circuit is asked to do 
both simultaneously. If two control signals are involved, 
one can be a pseudorandom "master" control, while the 
other becomes its complement, thus maintaining exclu-
sive control states. Some exclusive control relationships 
that are externally related to the end-use system can be 
ignored in testing the circuit. Here, it is simply required 
that all internal nodes toggle, since it is mandatory in 
the comparative technique that sister circuits behave 
identically under a given sequence of stimuli. 
The sequence of stimuli is particularly important in 

circuits such as those contained in modems and disk 
controllers, where a specific bit sequence is necessary to 
compel full exercise of the circuit. For such cases, 
pseudorandom signals will not be appropriate; instead, 
programable bit generators that éan be loaded with the 
proper bit sequences are required. 
Now in accordance with the preceding general rules, 

what groups of generators will be required to perform 

comparison testing? Basically, there must be a group to 
supply data, a clock group, and a programable group. 
The data group should be pseudorandom, while the 
clock group should provide fixed patterns, and the pro-
gramable group should not only provide programable 
bit patterns, but also programable clock rates. 

Choosing generators 

The data group is used to create code sequences, such 
as 16-bit addresses, ASCII characters, and random con-
trol-code changes. Individual bit streams can be used 
for data, control-state, and clock or command inputs. In 
a recently developed commercial comparison tester, 
three types of pseudorandom code generators make up 
the data group: pseudo-Gray, 1-of-N, and a specially 
developed set of generators, called, because of their 
proprietary nature, Trendar code generators. Each of 
the three provides 32 bit streams on 32 output lines. 
The Trendar generator is typically applied to coded 

data inputs, address inputs, or counter inputs where a 
particular balance is sought in data rate, clock rate, or 
reset rate. The patterns (Fig. la) include bursts of max-
imum bit rates, as well as strings of 1 s and Os. The indi-
vidual bit streams must be used carefully, however, be-
cause more than one output can transit at a time. 
The pseudo-Gray code generator has practically no 

restriction on its use. It shares one property with the 
Gray code: only one bit position changes logic levels at 
a time (Fig. lb). However, there is no regular pattern 
associated with the sequence of bits that make transi-
tions— the one bit making the transition is equally likely 
to appear on any of the 32 output lines. 
Pseudo-Gray patterns can be applied to any combi-

natorial or sequential logic. Typically, they will drive a 
data-bus address-select group, control decoder, or data-
transfer gating. 
The restriction of one bit transiting at a time (only 1 

of 32) limits the over-all bit rate of change. The se-
quence probability of an output-bit position of this gen-
erator is identical with that of the Trendar generator, 
but the bit rate is 64 times slower. Where maximum 
toggling activity per bit is desired, the Trendar gener-
ator is used for pseudorandom input signals, or a Gray 
clock can provide square-wave input signals. 

The 1-of-N pattern 

The 1-of-N generator produces a pseudorandom 
pulse at only one output bit position at a time (Fig. 1c). 
The pulse will appear at any output an average of 32 
times less often than a Trendar transition. Occasionally, 
multiple pulses will come in close sequence. At other 
times, longer periods will elapse with no pulse. The gen-
erator bit outputs, as a group, can be made normally 
high or normally low, and the active bit output will 
pulse to the opposite polarity. 
The 1-of-N pattern can be used occasionally to exer-

cise a circuit function of normally limited activity. For 
example, an inhibit input can be held in the noninhi-
bited state and pulsed to inhibit the circuit periodically. 
This enables the circuit under test to operate the 
majority of the time, yet exercises the input. Likewise a 
.strobe to a decoder can be held in the strobed off state 
(or vice versa), depending upon the test engineer's pref-
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erence for amount of relative circuit-activity. 
One-of-N signals can periodically set latched control 

states when the circuit has multiple interlocked controls. 
Also, this generator is ideal for exercising bus systems 
that have tri-state logic, which has a high, low, and 
high-impedance off state. The 1-of-N characteristic en-
sures that only one circuit is signalled to be active at a 
time. 

Clock signals are generally periodic square-wave or 
pulse (strobe) functions used to trigger sequential logic 
or to gate control or data signals. They can be divided 
to obtain signals of known relative frequencies. In the 
tester described here, the clock group provides 24 Gray-
code clock signal outputs and an eight-phase clock. 
The Gray-code generator, with 24 output bit streams 

(Fig. 2a), is a form of binary divider. The first bit posi-
tion has the highest frequency; the second runs half as 
fast; the third runs one-fourth as fast, and so on. Only 
one transition occurs at a time throughout the 24 Gray-
code bits. Gray-code clocks are generally applied to 

Generating test inputs 

Digital circuit testers generally have used one of three 
basic approaches to generating inputs for circuit exci-
tation: truth tables, fixed patterns, and random or 
pseudorandom patterns. 

Truth tables, in which the state of every output is 
known for every possible combination of input states, 
are generally used in computer-controlled testers. 
Some testers create the truth table by applying known 
signals to a known good board and then recording the 
corresponding outputs; however as board complexity 
increases, the possible combinations increase rapidly. 
Software systems are being developed to model the 
circuits under test and then create the input pattern 
sequences needed to exercise all the internal states of 
the circuits. However, this is a complex, costly ap-
proach. 

Fixed patterns have been used successfully in 
memory testers and for circuitry of limited complexity. 
Walking is and Os are sufficient to exercise a random-
access memory, but such patterns are too limited for 
general-purpose applications; they will not usually 
provide enough toggling action to bring to the edge of 
the board any logic faults that are several stages re-
moved from the edge (active toggling on an output line 
does not assure that all internal states are being tog-
gled). One fixed pattern that is useful, when applied 
with other patterns, is the Gray code. The fact that 
only one input changes at a time prevents indetermi-
nate timing or "race" conditions. However, the Gray 
code has a limited number of high-frequency inputs, 
since each successive bit position toggles at half the 
rate of the adjacent bit position. 
Random patterns have been used as excitation for 

circuit testers; a white-noise digital pattern generator 
has been built into a commercial tester. However, the 
use of white noise suffers from two drawbacks: simul-
taneous transitions on two or more lines can occur, 
and truly random signals are not repeatable, which 
limits fault isolation. Thus, pseudorandom sources, 
which can be reset to generate the same "random" 
pattern from time zero, are more useful in actual cir-

cuit testing. 

such functions as counter inputs, clock inputs to flip-
flops, shift registers, and counters. The phase of this 
clock generator as a whole is independent of any other 
pattern-generator source, and the one-transition-at-a-
time property ensures that only one clocked activity oc-
curs at a time, thereby preventing race conditions in the 
circuit. 
The eight-phase clock offers eight independent non-

overlapping clock phases (Fig. 2b) for circuits that use 
multiphase clocks. For example, an mos shift register 
may require a two-phase clock. The first and fourth 
clock outputs can be used for this purpose. The event 
phase of each eight-phase clock transition is indepen-
dent of other generators. Each of the 8 phases runs at 
one-eighth maximum Gray-clock frequency. 

Programable group 

The programable group is used for circuits that re-
quire a fixed bit sequence to logically enable parts of 
the circuitry to accept data signals. In other cases, a 
given relationship of duty cycle and relative toggling 
frequency is required between inputs to "open up" the 
card's internal states. Such special code sequences can 
be provided by presettable arrays of memory registers 
having serialized outputs and programable clock rates. 
The programable code generators provide eight out-

put bit streams. Each of the eight programable gener-
ators is associated with 16 bit positions of one of the 
other pattern generators. The generators can be used in 
two ways. They can serially clock out a stored bit se-
quence of the associated pattern generator, and they 
can create a fixed code. In the first application, for ex-
ample, the programable code generator associated with 
16 bit positions of a pseudo-Gray generator would se-
rially clock at a programed rate that generator's pseudo-
random bit pattern (captured at an instant in time) out 
to the circuit under test. 
The second method is to create a fixed code by using 

override logic-level switches. Once these switches are 
set, the programable code generator is loaded, and the 
switches are returned to allow normal pseudo-Gray op-
eration. The programable generator repeats indefinitely 
the bit stream thus loaded. Two or more programable 
code generators can be chained together to produce 
longer fixed sequences. 

Assigning generators 

The assignment of pattern generators to specific in-
puts is the nearest equivalent of programing in a com-
parison tester. One pitfall in choosing inputs is that 
highly active toggling on the output line is no guarantee 
that internal states are being thoroughly exercised. For 
example, in a push-pop, or last-in/first-out memory 
stack, it's possible to exercise the upper registers near 
the input, but to leave the registers farther away un-
touched. 
Another example is in the circuit of Fig. 3, which 

shows a NAND gate driving a string of counters. The 
counters have reset inputs which, if pulsed too 
frequently, will prevent the counters from reaching their 
full counts. Thus, if the reset pulses are applied at too 
high a rate compared with the count signals coming 
from the NAND gate, some sections of the counters will 
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never receive the signals to make the check. 
It is not necessary to manually program each condi-

tion of the state diagram, as with a computer system. 
On the contrary, the usual procedure is to make an ini-
tial pattern assignment and observe the toggling action 
of each lc. In this manner, inappropriate circuit action, 
such as a counter string being reset before overflow, can 
be detected. This is the equivalent of software debug-
ging in computer-controlled testers. 

In assigning generators to board inputs, the first step 
is to assign inputs to independent parts of the circuitry. 
Next, circuit sections that are interdependent, perhaps 
including recursive control logic feedback, must be 
studied to estimate relative frequencies and duty cycles 
that would yield proper toggling behavior. The test en-
gineer should take advantage of any available data con-
cerning the nature of typical circuit input waveforms to 
the circuit in question. In this fashion, he can select sta-
tistically similar bit streams, thus creating a high proba-
bility of active toggling behavior. 

Test Illustrated 

It would be difficult to present an example that dem-
onstrated all the considerations in choosing excitation 
sources. However, some of the data and control circuits 
for a memory system shown in Figs. 4 and 5, do show 
significant points. The whole board, of which the illus-
trated circuits are only a part, contains some 50 or more 
ics; this has been successfully tested by the comparison 
method during production. 
The circuit in Fig. 4 shows two presettable, up-down, 

four-bit binary counters. Preset data is applied to pins 

15, 1, 10 and 9, while the LOAD command is applied to 
pin 11. COUNT UP commands go to pin 5, COUNT DOWN 
to pin 4, and four-bit outputs come from pins 3. 2, 6, 
and 7, with pin 7 the most significant bit. 
The preset data words, three bits to 7E and four bits 

to 6E, can be simulated by pseudorandom signals. In 
general, it's best to drive sequential logic by pseudo-
Gray rather than Trendar generators because of the si-
multaneous transitions possible with the latter. How-
ever, in this case, no action takes place inside the 
counters until the LOAD pulse is applied, and thus either 
pseudo-Gray or Trendar generators can be used. 
The LOAD input should be driven by a Gray clock 

square wave that is relatively slow with respect to the 
COUNT-UP and COUNT-DOWN inputs in order to cause 
the counter to fully exercise all its states. The 10th Gray 

3. Get In step. Simple demonstration of programing problem with 

comparison tester is logic gate driving three cascaded counters. In-
puts to gate must step the counters through all states before reset 

pulse is applied, or else some states will be untested. 
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4. Forces overflows. Section of memory-control system has two presettable up-down four-bit binary counters. Preset data words applied to 
pins 15, 1, 10, and 9 are represented by pseudorandom signals; LOAD input is driven by Gray lock square wave. 
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5. Adder activity. Another section of memory-control system has two four-bit binary adders, 60 and 7D. Inputs COUNT 4X and TD RESET 

must toggle J-K flip-flops with enough activity to provide adequate adder inputs before reset. Pseudorandom and Gray clock signals do this. 

6. Compare and test. Troubleshooting by comparison tester, once 

fault is discovered on board under test, is performed with pair of dual 

in-line package test clips. Fault is traced back from output. 

clock stream is a square wave that transits at 2-10 times 
the frequency of the highest Gray clock, and it will be 
used for the load input. 

In order to exercise all its states, the counter must be 
driven to overflow and underflow. Choosing a COUNT-
UP frequency higher than the COUNT-DOWN frequency 
will ensure that the counter does overflow periodically. 
The 1 1th Gray clock stream can be assigned to count up 
and count down, and the ninth to count up. Thus, the 
COUNT-UP input is exercised four times faster than 
COUNT DOWN. 
The other section of the circuit in Fig. 4, the EXCLU-

SIVE-OR gates are independent of the counting circuits 
and thus can be adequately exercised with pseudo-
random signals. 

In Fig. 5, two cascaded four-bit binary counters (6C 
and 6B) feed two more cascaded J-K flip-flops (7C) all 
of which provide inputs to the two four-bit full binary 
adders, 6D and 7D. Here it is important that the inputs 

COUNT 3X and To RESET be of such a relative frequency 
that the counter flip-flop string can provide sufficient 
activity for the flip-flops and adders. The outputs of 
flip-flop 7C must provide enough adder inputs before 
the adders are reset. A number of combinations of in-
puts can do this. 

In particular, a pseudorandom input, such as a Tren-
dar, on the COUNT 3X line and a relatively slow Gray 
clock (clock 17) on TD RESET will cause resets that occur 
approximately 64,000 times less frequently than the 
count input. This is sufficient to allow the divide-by-29 
action of the counter flip-flop string to actively toggle at 
the inputs to the adders. Not shown, but also part of the 
circuit, is a set of mos shift registers. With the eight-
phase clock, the registers can be tested at 2 million to 4 
million tests per second with clock frequencies well 
above the minimum 5 kilohertz required. 
The final debugging evaluation would be to actively 

operate the circuit and check all of the key internal 
nodes to ensure that active transitions are occurring. 
With this circuit, it is necessary to ensure that a bad bit 
entered into the shift register will always find its way to 
an external comparator as an output fault during the 
test. 
Troubleshooting with a comparison tester can be per-

formed through two logic probes—clips that fit over the 
dual in-line packages and contact each of the terminals 
(Fig. 6). When a fault is sensed at an output terminal on 
the edge connector, the operator resets the test inputs to 
the same state that existed when the fault was noted. He 
then traces back through the circuit, comparing the 
state of each IC in the chain on the board under test 
with that of the corresponding IC in the known good 
board until the fault is isolated. D 
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Engineer's notebook 

Computational module stresses 
applications versatility 
by Lew Counts and Fred Pouliot 
Analog Devices Inc., Norwood, Mass. 

Multiplication, division vector calculations, solving for 
roots, and finding root-mean-square values are just a 
few of the jobs that can be done by a recently intro-
duced multifunction module [Electronics, May 22, 1972, 
p. 125]. Sold by Analog Devices for $75 singly, the 
model 433 uses logarithmic computing techniques, so 
that its accuracy is maintained even with decreasing sig-
nal levels. 
The small unit can accept three independent inputs— 

V, Vy, and Ve—of up to 10 volts each. They are related 
to the output by: 
Vo = Vy(Vz/V.)ni 
Exponent m is adjustable over a 25:1 range, from 1/5 to 
5, by appropriate selection of resistance values in a two-
resistor divider network. This is illustrated in the block 
diagram and in the set of typical transfer functions. Pro-
graming resistors are not required for m = 1.0. 
Of course, any conventional analog multiplier may be 

placed in the external feedback loop of an operational 
amplifier for use as an analog divider. However, such an 
arrangement increases error terms associated with the 
multiplier. Higher noise, offset drift, and over-all error 
result when the denominator signal decreases, thereby 
reducing loop gain. 
For example, a 0.1% multiplier can operate as a 0.1% 

divider for a 10-v full-scale denominator input. But if 
this amplitude drops to 1 v, divider error increases from 
0.1% to 1%. When denominator input levels reach 0.1 v, 

Vi 
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FOR PROGRAMMING INDEX m 
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Handy logarithmic module has output that is function of three in-

puts: \/,, = Vy(Vz/Vx)in. Two resistors set value of exponent m. 

over-all error rises to 10%. In contrast, the model 433 
functions as a logarithmic unit, so that errors emerge as 
a gain error and a fixed offset and are independent of 
the denominator signal amplitude. 
One of the more sophisticated applications for the. 

model 433 is computing the length of a two-dimen-
sional vector. Only two external op amps must be out-
boarded, and this minimizes accumulated errors from 
amplifier offset, drift, nonlinearity, and noise. Ordinar-
ily, such a vector computation requires a multiplier to 
square each input, an amplifier to sum the squared sig-
nals, and a multiplier/op-amp combination to extract 

Voltage transfer curves show effect of varying index m from 1 /5 to 

5. Of course, when m = 1, the output is linear. 

Y 

Vo = Vo2 /Vo 

R L YI MOoEL 0-10v 
x  433 

Vb. VVa2Ot 

Oulboarding one or more op amps permits module to find vector 

length (top) or solve for root-mean-square sygnal values (bottom). 
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the square root of the sum of the squared signals. 
The closed-loop operation of the module's vector cir-

cuit broadens input signal dynamic range because cir-
cuit equations are solved implicitly, maintaining the 
output well within the module's operating range. Nor-
mally, the equations are solved explicitly, producing 
signals that quickly exceed a device's capability. Over-
all circuit accuracy is also improved to within 0.1% by 
closed-loop operation. When computing vectors, the ac-
curacy of the model 433 depends primarily on the tem-
perature stability of resistors in the external feedback 
loop and how closely their values are matched. 

Another closed-loop application of the model 433 is 
finding true rms signal values. Here, only a single exter-
nal op amp must be added. The standard approach re-
quires an analog multiplier to square the input signal, 
followed by a separate integrator that drives a second 
multiplier (in an op amp's feedback circuit) that finds 
the square root for the final output. 
As with the vector circuit, closed-loop operation for 

true ruts computations permits a 100:1 input dynamic 
range to be realized for a 0.1% error. To obtain accurate 
results, the RC time constant must be large, as com-
pared to the time constant of the input signal. 

Spark gaps can 
switch as well as protect 
by Michael Distefano 
General Instrument Corp. Sygnalite division, Neptune, N.J. 

A spark gap, or surge arrester, not only protects circuits 
against sudden voltage overloads, but also acts as a 
high-energy, voltage-sensitive switch. In this role, it can 
be used to transfer pulses in such applications as ex-

GLOSSARY OF SPARK GAP TERMS 

Dc breakdown: 

Impulse breakdown: 

Trip voltage: 

Impulse ratio: 

Tube drop: 

Follow-on current: 

Maximum dissipation: 

Peak discharge energy: 

Peak current: 

Life: 

voltage at which ionization occurs when 
subjected to a slowly rising dc voltage. 

voltage at which ionization occurs when 
subjected to a fast-rising voltage. 

voltage at which ionization occurs under 
any circumstance (also referred to as 
firing voltage). 

ratio of impulse breakdown to dc 
breakdown. 

operating voltage of device during current 
conduction. 

current that flows through ionized arrester 
from a power source. 

maximum average power device can 
dissipate during operation while still 
remaining within published life 
specifications. 

maximum amount of energy device can 
withstand during operation without 
permanent change in breakdown ratings 
or published life specifications. 

maximum amplitude of current ionized 
device can pass without permanent 
change in breakdown ratings or published 
life specifications. 

number of ionizations before a change in 
dc breakdown rating, pulse breakdown 
rating, or both, exceeds the initial value by 
some specified amount. 

ploding bridge wires or triggering flash tubes, and in ca-
pacitive-ignition discharge systems. When a triggering 
element is added to the two-element spark-gap device, 
the combination can be used where triggering energy is 
limited. 

Spark gaps flow available can operate with trip volt-
age ratings from 75 volts to as high as 25,000 V. They 
are cold-cathode discharge devices that operate as high-
energy, short-duration, low-loss switches. Normal oper-
ation is in the arc mode, with tube drops (operating 
voltage during current conduction) on the order of tens 
of volts for currents of hundreds to thousands of am-
peres. They present a near-infinite impedance to a cir-
cuit while unfired, and a near short when fired. 
When the applied voltage is sufficient to ionize the 

gas in the envelope, a discharge occurs from one elect-
rode to the other. The degree of ionization is deter-
mined by the amount of current through the gap during 
operation—if excessive current flows, the gap will re-
main ionized even after the transient is removed. Since 
this current is proportional to the source impedance, the 
turn-off of the gap also depends on the source imped-
ance—the higher the current level of the previous pulse, 
the longer the turn-off time. 
Spark gaps are typically designed for short-term op-

eration, and should not normally be used for long-duty-
cycle applications. In a situation where voltage is reap-
plied quickly, the gap may not be fully de-ionized and 
would break down at a lower voltage level. If the source 

1. Load protection circuit is first reset, energizing relay and con 

necting load to supply; relay is held energized via its own contact 

If transient occurs, SG1 fires, and its voltage drops below voltage 

needed to hold relay, opening contacts and disconnecting load. 

Second spark gap is used if load is connected through long length 

of line, susceptible to transient pick-up. 
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3. Three-terminal triggered spark gap fires flash tube when 

pulsed. Megohm resistor provides path for trigger pulse and also for 

initial rush of current through spark gap. 

impedance is low enough to maintain conduction 
through the gap, provision must be made for circuit in-
terruption before excessive energy is dissipated in the 
gap, ultimately destroying the unit. 
A term often used with spark gaps is "impulse ratio." 

A ratio of unity means that the device will trip at its 
rated breakdown voltage, regardless of the rate of rise 
of the wavefront of the transient (breakdown voltage, 
firing voltage, and trip voltage are synonymous). Im-
pulse ratios greater than 1:1 define the amount of over-
shoot the gap will permit before tripping when the 
wavefront is very steep. 

Impulse ratio is important when a gap is used to pro-
tect sensitive components. For some gaps it can be as 
damagingly high as 10:1. At that level, spikes with steep 
wavefronts would bypass the gap before it could go into 
operation. 

Spark gaps can be simply paralleled across an expen-
sive component for protection. Alternatively, two of 
them can be employed in a more elaborate circuit (see 
Fig. 1). 
A typical circuit using a spark gap as an energy trans-

fer switch is shown in Fig. 2. It repetitively fires a flash 
tube in a relaxation oscillator circuit. Voltage from the 
dc source charges capacitor Ci, which will supply the 
voltage across the flash tube, and also C2, which fires 
the spark gap. C1 charges much faster than C2. When 
C2 charges to the firing point of the spark gap, current 
flows through the transformer, providing a trigger pulse 
to the flash tube. Ci then dumps its charge into the flash 
tube to fire it, recharges quickly, and holds its charge 
until the charge on C2 again reaches the trip voltage of 
the spark gap. 
The three-element triggered spark gap permits high 

levels of stored energy to be switched in fractions of a 

4. Crowbar protection against overcurrent surges is provided by 

STGI, set to trigger from the secondary of the series transformer, T1 

and TSGi, which absorbs overcurrent when triggered. 

5. High voltage Marx generator uses triggered spark gap and two-

terminal spark gap to place three capacitors in series providing 

high-voltage pulse to load. 

microsecond by low-energy control pulses. Triggered 
gaps require no standby power, are relatively small, and 
are extremely rugged. 
As with the two-element spark gap, the triggered gap 

presents a near-infinite impedance to the circuit before 
ionization. Triggering can be done by a transformer, ca-
pacitor discharge, or some similar means. When the 
trigger voltage reaches the gap's breakdown potential, a 
low-energy discharge occurs between trigger and adja-
cent electrode. This provokes the high-energy main dis-
charge. 
A circuit using the three-element spark gap for trig-

gering flash tubes is shown in Fig. 3. Firing of the spark 
gap is controlled by the trigger generator, which then 
permits discharging of the capacitor to activate the flash 
tube. 
When used in a crowbar circuit (Fig. 4), spark gaps 

can provide fast-acting protection from overcurrents. 
An arc fault occurring in the load causes excessive cur-
rent to be drawn from the 14-microfarad supply capaci-
tor, which could destroy the load. Transformer Ti 
senses this overcurrent, and pulses the fast-acting trig-
gered spark gap, TSGi, which then "crowbars" the re-
maining energy in the capacitor. The two-element spark 
gap, SGi, in this circuit acts as a regulator to prevent 
spurious firing of the triggered gap. 
The circuit for a Marx generator, a source of high-

voltage low-current pulses, is given in Fig. 5. In oper-
ation, all three capacitors are charged in parallel. Then, 
after switch S1 is opened, a low-level pulse is applied to 
the trigger electrode in the triggered spark gap TSGI. 
When this gap fires, C1 and C2 are placed in series, and 
the voltage at point A is doubled, providing an over-
voltage pulse to the two-element gap SG2, which then 
fires. Voltage at point B then is tripled. 
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OUR ANGLE: four frequency 
phase angle voltmeters 

CAN YOU THINK OF A BETTER 
ANGLE TO AVOID OBSOLESCENCE? 

North Atlantic's 214 FOUR-FREQUENCY PHASE 
ANGLE VOLTMETER introduces a new flexibility in 
AC voltage measurements. It enables direct reading 
of null balance, total voltage, fundamental voltage, 
in-phase voltage, quadrature voltage, and phase 
angle. 

It's also pre-wired to handle four operating frequen-
cies from 30Hz to 20kHz, which means extended 
longevity and broader application. Even if you only 
need one frequency, there are three extra spots to 
add other frequencies later. Frequency changes can 
be made rapidly and conveniently in the field with 
plug-in modules. The 214 can be completely recal-
ibrated at the installation site by a single rear-panel 

adjustment. 

Harmonic rejection and high signal overload design 
of the unit screens out conventional distortion and 
errors in measurement and calibration. The all solid-
state Model 214 offers full accuracy over ±5% 
bandwidth, 1° phase measurement, adjustable meter 
scaling for go/no-go testing, and 300 p.V full-scale 
sensitivity. Priced from $1215.00. 

Options? Other models offer 0.25° phase accuracy, 
lower-cost single frequency operation, broadband 
phase-sensitive performance from 10Hz to 100kHz. 

Whether your AC measurements are large or small, 
contact your North Atlantic sales engineering rep-
resentative today. He'll show you a new angle to 
your AC voltage measurements. 

NOR 'T I-I A. rl' L A. N I C 
industries, inc. 

200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 
cable: noatlantic / twx: 510-221-1879 / phone: (516) 681-8600 
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Engineer's newsletter  

SHP modules 

ride rising 

military tide 

Don't be surprised if the Army and Air Force start asking you to use 
Navy Standard Hardware Program circuit modules. Until now, SHP 
modules have been covered by Naval Ordnance Weapons specifica-
tions, but they're now in the process of being converted to the more gen-
erally applicable Military Standards and Military Specifications. Al-
ready, some Army and Air Force systems are being built with SHP 
modules, according to the Naval Avionics Facility in Indianapolis. So 
far, the modules are found mainly in fire-control and sonar systems, 
with little usage in radar and communications, primarily because of 
limitations of the standard connector. However, NAFI engineers have 
developed a connector that is good up to 2 gigahertz; documentation is 
completed, but the connector hasn't yet gone into production. 

Thermal analogs The concept of thermal-electrical analogs is familiar, but the idea has 
have electrical been mainly applied to thermal equivalents of such simple electrical 

parameters as current, voltage, and resistance. Now, a company is 
part versatility building thermal equivalents of active circuit components. With a form 

of heat-pipe called a Quik-Watt, Noren Products, 846 Blandford Blvd., 
Redwood City, Calif., is producing thermal analogs of relays to control 
heat remotely, capacitors to store large amounts of heat in lightweight 
units, diodes to provide unidirectional heat flow, zener diodes to hold 
output temperature constant, and trigger diodes that turn on when tem-
perature reaches a certain level. No transistors yet, though. 

MOS LSI modem If you're designing digital communications systems or terminal equip-
speeds enhance ment, keep your eye on developments in MOS LSI chips for modems. 

North American Rockwell Microelectronics Co. has developed a five-
data potential chip modem that fits on a single printed-circuit board. The modem op-

erates at 4,800 bits per second, and now NRMEC is working on a 9,600 
b/s unit. Faster transmission may lead to an increase in the complexity 
of terminal equipment. For example, simple credit card verifiers now 
run at only about 300 b/s, making inquiries of the central computer as 
to the general status of buyers' credit. But with 4,800-b/s capability in a 
small size, these systems may be able to handle much more complex in- • 
formation, such as actual account balance and other recent purchases. 

Addenda Two booklets recently crossed our desk that may interest you—both 
from N.V. Philips Gloeilampenfabrieken, Eindhoven, The Nether-
lands. One is a rather complete guide to specifying and designing 
printed circuits, priced at $3. You may order it from C.D. Elcoma-BA, 
Printed Circuits Department at Philips. The other is a 50-page, com-
pletely worked-out example of computer use in circuit design. A pro-
gram is applied to optimizing signal-to-noise ratio in a television camera 
preamplifier. The booklet is the April 1972 issue of the company's 
"Electronic Applications Bulletin" which carries a price tag of $1.75 
. . . We're getting interesting results from our employment and job sat-
isfaction questionnaire in the June 19 issue. Engineers in surprising 
numbers say they feel underemployed in their present position—most 
cite too much clerical work. We'll report fully in the Aug. 28 issue. 
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Price. 
Performance. 
Delivery. 

It's all 
in the 
AillX Cards. 



No matter how you want them, we've got them. 

Cards that do the job. At the right price. Available now 
for virtually every application in digital data storage. 

Buy more memory or new memory: 
The AMS BASIC STORAGE MODULE (BSM) adds capacity 
and performance in the most efficient and convenient 
way. The BSM is a rack that incorporates control, 
address/multiplexer and driver cards that can handle 
up to 26 storage cards. You get capacities up to 
32K x 1 bits per card and up to 26 cards per rack module. 
Use one or more modules; they're interface compatible 
with virtually every computer. 

Add-in minimemory: 

The AMS PIGGYBACK CARD fits right into your mini's 
main memory in various sizes—for example, 4K x 8/9. 
These increments can double, triple or quadruple 
internal memory capacity, using their own driver/control 
circuitry and (in most cases) the existing power supply. 

Name your standard mini: 
AMS can deliver a STANDARD MEMORY CARD for it. 
We've configured cards for virtually every popular 
machine—you name it, we've got 4K and 8K cards in 
8- to 18-bit word lengths. With our device specifica-
tions, you're using the very best memory available! 

Do it yourself: 
Try the AMS CARD KIT for development engineering 
and prototyping. The kit includes a driver card, a control 
card and an address/multiplex card, along with the 

number of storage cards you specify. You take it from 
there with wiring and rack mounting. 

Did we forget you? 
If we did, perhaps our DESIGN SERVICE will do the trick. 
AMS memories are the most widely specified in the 
industry—many of them started with a good idea we 
helped implement. All use the industry's standard 
P-channel 1024-bit (6002) and 2048-bit (6003) RAMs 
that deliver proved user reliability. 

For specific performancé-iprice/delivery 
quotations, 
call or write AMS Memory Card Applications 
or your local sales office. 

ALM!. 
Advanced Memory Systems 
1276 Hammerwood Avenue 
Sunnyvale, California 94086 

Our name is our business. 
We make advanced memories. 
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AMS STOCKING DISTRIBUTORS • 

Arizona: R. V. Weatherford Co., Phoenix (602) 272-2144; California: R. V. Weatherford Co., Anaheim (714) 547-0891, Glendale (213) 849-3451; 
Mt. View (415) 964-0820; Palo Alto (415) 321-5373; Pomona (714) 623-1261; San Diego (714) 278 7400; Colorado: V. Weatherford Co., Denver 
(303) 427-3736; Florida: Powell Electronics, Orlando (305) 423-8586; Maryland: Powell Electronics, Beltsville (301) 474-1030; Massachusetts: Apollo 
Electronics, Cambridge (617) 868-3120; New Mexico: R. V. Weatherford Co., Albuquerque (505) 265-5671; Pennsylvania: Pcwell Electronics, 
Philadelphia (215) 724-1900; Tennessee: Powell Electronics, Fayetteville (615) 433-5737; Texas: R. V. Weatherford Co., Richardson (214) 231-6051, 
(214) 231-7141, (214) 231-7142; Washington: R. V. Weatherford Co., Seattle (206) 762-4200. 

AMS INTERNATIONAL SALES OFFICES 

Munzig International, Inc.: Los Angeles (213) 382-8435; England: London Slough 34003; Sweden: Stockholm 766 33 94; fibtland: Amsterdam 45 68 24; 
Switzerland: Geneva (022) 35 84 14; Japan: Tokyo 503-4751; West Germany: Munich 0811/630667; France: Paris 073 8931. 

AMS DOMESTIC SALES OFFICES 
California: Sunnyvale (408) 734-4330; Encino (213) 986-3895; Massachusetts: Randolf (617) 828-2'81; Pennsylvania: Blue Bell (215) 643-5422. 
AMS manufacturers' representatives are located throughout the United States. Consult your local telephone directory fur the one nearest you. 
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Our new one-piece data acquisition 
system offers benefits that other 
graphic systems can't, such as: 

Completely self-contained. Signal 
conditioning circuitry is built right into 
the 1858! All you do is select and plug 
your choice of modules into the front 
panel. 

Most readable and accurate 
record available. Our 1858 allows any 
trace to be positioned at any point on 

18 CHANNELS 

THEN 

the record with full record width 
deflection, plus digital trace 
identification. In addition, it offers 
high-frequency response and a 
super-fast rise time—without trace 
overshoot—and without high-frequency 
trace wipe-out—for the easiest-reading 
record, the best resolution ever. 

As easy to use as an oscilloscope. With 
the all-electronic, fiber-optic CRT 1858, 
there are no galvanometers or pens to 
fuss with. No mathematics or matching 

networks to fool with. There's simple 
front panel set-up for calibration, trace 
position and sensitivity. Just plug in 
your signal inputs and you're ready 
to record. 

18-channel recording capability. This 
new system records up to 18 channels, 
each with DC to 5,000 Hz response. You 



NEW FROM HONEYWELL 

A complete graphic data 
acquisition system, with its own 
built-in signal conditioning, 
in a package just 83/4" high! 

18 CHANNELS 

NOW 

also get a choice of 42 discrete paper 
speeds up to 120" per second! 

True portability. Just because our 1858 
gives you an 80% reduction in rack 
space and weight isn't the only reason 
it's called portable. It's also because 
everything you need is self-contained 
within that package, including signal 

conditioning and paper take-up! You 
can stick it in a rack, set it on a table, 
or carry it away. 

A variety of signal conditioning 
modules. Your choice includes a 
high-gain differential amplifier, a 
low-gain differential amplifier, a 
medium-gain differential amplifier, an 
impedance interface module, a strain 
gage control unit and a thermocouple 
control unit. 

And this is only part of the story. For 
more information, call 303-771-4700. 
Write Lloyd Moyer, MS 218, Honeywell, 
Test Instruments Division, P. 0. Box 
5227, Denver, Colorado 80217. 

Honeywell 
The Automation Company 

Circle 101 on reader service card 



onward 8 upwàr 
1/2 BILLION BITS 
OF MOS MEMORY soo,000 Y000 
Microsystems International 
first year of MF1103 
production! 

Our first first MF1103s came out of the tubes in June, 1971. After twelve 
months of steadily accelerating production, we've shipped more 
than 500 million bits of this popular memory. 
We'll ship more in the future. Much more— by several orders of 
magnitude. 
Why? Because the market is there, growing rapidly—and we 
have the know-how to make the product. Selected to suit 
your specific requirements, with access times ranging from 
300 ns to 150 ns and cycle times from 580 ns to 340 ns. 
Quality assured by the most extensive diagnostic and 
testing resources available. We have the production 
capacity— housed in a $30 million facility, backed up 
by our MF1103 experience — twelve months of it. 

Also in high volume production are MF1101A/1101A1-
256 bit fully decoded RAM; MF1301— 2048 bit ROM and 
MF1601/2, 1701/2-2048 bit pROM. Our shift register 
portfolio includes the dynamic 1024 bit MF1402A family, 
dynamic dual 100 bit MF1406 family, static dual 128 bit MF7104 
and static dual 100 bit MF7105. For DIA conversion there is the 
MF7108 —10 bit SPDT switch. 

Whatever your memory requirements, contact Microsystems International 
—we ship immediately. 
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silicon gate MOS LSI from 
the performance leader 

microsystems international limited box 3529 station c ottawa Canada - montreal ottawa toronto brussels stuttgart london. palo alto Philadelphia 

ro1103 
iff1103-1 
1024 bit MOS RAM 

Emicrosystems 
international 

For further information — call or write your nearest Microsystems sales office or distributor. 

U.S.A. MICROSYSTEMS INTERNATIONAL SALES OFFICES: 
CALIFORNIA -Palo Alto. Phone 415.-493-0848 ILLINOIS - Schaumburg. Phone 312 894 7660 PENNSYLVANIA - Philadelphia, Huntingdon Valley, Phone W I 7-5641 2 

SALES REPRESENTATIVES: ARIZONA - Scottsdale. Erskine Associates, Phone 602-263-7654. CALIFORNIA - Los Altos, W W. Posey. Phone 415-948-7771 Santa An., Flical Associates, Phone 714 
-557-654.I CONNECTICUT - New Canaan. Stan Pierce Inc.. Phone 203-966-4630. FLORIDA - Indialmm, Tech-Rep Associates, Pnone 305-723-9140 Largo. Tech-Rep Associates. Phore 
813-595-2834 GEORGIA - Chamblee, Tech-Rep Assomates. Phone 404-939-8339 ILLINOIS -  lioso Lou Bacher 8 Associates. Phone 312-773-1810 INDIANA - Indianapolis/ R.E Merman & Asso-
mates. Phone 317-253-3997 MARYLAND - Ball/more. L H Kolrnan Co. Phone 301-752-8756. MASSACHUSETTS - Nomood. Stan Pierce Inc Phom 617-762-3164 MISSOURI -  SI. Louie Pent Sales 
Co.. Phone 314-427-7200 NEW YORK - Cicero, Advanced Components Inc.. Phone 315-699-2671. New York. ABC Electronics Sales. Phone 516-747-6610 OHIO - Columbus, Tom Mulligan 8 Associates, 
Phone 614-457-2242. PENNSYLVANIA - Pholedelphie. ABC Electronics Sales. Phone 215-464-2275 TEXAS - Addison, Caneen Sales. Phone 214-239-9196 

DISTRIBUTORS: ARIZONA - Phoenix/ Kterulll Eiertronics. Phone 602-273-7331 CALIFORNIA -0.. . Santa Monica Bell. Phone 213-321-5802 Los Angeles. Wesco. Phone 213-685-9525. Nehru 
Park/ Bell Electronics. Phone 415-323-9431 San Carlos. Sterling Electronics. Phone 415-592-2353 San Oiego.Kierullt Electronics. Phone 714-278-2112 COLORADO  , h,c,ulll Electronics, Phone 
303-343-7090 LONG ISLAND - F rr I. Milgmy E1ectronics Inc . Phone 516- 546-6000. MARYLAND - Bellmore. Arrow Electronics Inc. Phone 301-247-5200 MASSACHUSETTS - Dedham. Gerber 
Electronics. Phone 617-329-2400 Watertown, Sterkng Electronics, Phone 617-926-9720 MINNESOTA - Minneapolis. Hall Mark Electronms Corp.. Phone 612-925-2944 NEW YORK - Buffalo, Genesee 
Red. 8 Parts Co Inc . Phone 716-873-9661 ROCheater. Sirncona Electronics. Phone 716-328-3230 NEW MEXICO - Mugu rrrrr . Kermit, Electron.", Phone 505-247-1055 TEXAS - Dallas. Semicon-
ductor Specialists Inc . Phone 214-358-5211 WASHINGTON -Seattle. KieruIll Elechon.cs. Phone 206-763-1550 

CANADA - MICROSYSTEMS INTERNATIONAL SALES OFFICES: ONTARIO -Ottawa, Phone 013-828-9191. Toronto. Phone 416-279-1350 QUEBEC - Montreal, Phone 514-875-2814 

-ALES REPRESENTATIVES. BRITISH COLUMBIA - Vancouver, A W. Bleue, Phone 604-685-7914 

DISTRIBUTORS: BRITISH COLUMBIA - Vancouver, RAE Industrial Electronms Ltd.. Phone 604-687-2621. ONTARIO - Mallon, Semiconductor Specialists (Canada) Ltd. Phone 416-678-1444. 
QUEBEC - Montrml, Cesco Electronics Limled. Phone 514-735-5511 
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New products 

Optical isolators: outlook is bright 
Lower prices and IC compatibility widen use of photon couplers as 
data communications interface circuits, relays, and limit switches 

by Lucinda Mattera, Circuit Design Editor 

Technological advances and declin-
ing prices are rapidly establishing 
optical isolators as up-and-coming 
semiconductor devices. Within the 
last two years, optical isolators have 
matured from a toddling business to 
one of the fastest growing market 
segments in the electronics industry. 
Sales are more than doubling from 
year to year. 

Engineers are learning how to de-
sign with optical isolators, which are 
now directly compatible with nt. 
Also, isolators are available in IC-
type packages, and prices are fast 
approaching the $1-per-piece figure. 

Isolators are still essentially logic-
signal switching devices capable of 
moderate operating speeds and hav-
ing only limited power transfer effi-
ciency. But manufacturers are de-
veloping faster devices with better 
efficiencies. Air-gap isolators may 
soon be challenging the proximity 
or limit-type switches. And solid-
state relays face direct competition 
from more efficient isolators. 
The conventional optical isolator, 

also called an optical coupler or an 
optically coupled isolator, is an un 
usual component. Although the 
unit's heart is optical, its input and 
output are strictly electronic. 
An input signal drives a light-

emitting diode that is optically 
coupled to a light sensor through a 
light pipe. The entire optical assem-
bly is then placed in a modular 
package. The LED emitter generally 
operates in the near-infrared region 
because this is the optimum spec-
trum for silicon photodetectors. 
The air-gap isolator, on the other 

hand, is a normally closed type of 
switch. It operates when an object 
breaks the light beam that spans the 
air gap between the emitter and the 

sensor. It is useful for sensing small 
parts over small distances. 
The light sensor can be any one of 

a number of semiconductor photo-
devices, such as a phototransistor, a 
photodiode, a photo-Darlington, or 
a photo-scR. The output character-
istics of the isolator depend on the 
type of sensor used. For example, a 
photodiode output provides the 
fastest switching speed but the 
smallest current, while a photo-Dar-
lington output offers a lower oper-
ating frequency and a higher output 
current. A photo-KR supplies the 
largest output current. 
For the most part, optical isola-

tors are now being used as interface 
circuits in data communications 
equipment. Since isolators get rid of 
unwanted ground loops, they can 
eliminate the causes of noise when 
installed at the input and output 
points of logic systems. Nowadays 
isolators are being placed between a 
computer and remote peripherals or 
telephone lines. Their inherently._ 
high isolation voltage, which is on 
the order of thousands of volts, per-

mits them to interface systems oper-
ating at different voltage levels. 

In some applications, optical 
isolators can be used in place of 
transformers, relays, reed switches, 
limit switches, or tachometers. A rel-
atively untapped applications mar-
ket is linear circuits like isolation 
amplifiers and isolated oscillators. 
Recognizing the potential of opti-

cal isolators in data communi-
cations, Hewlett-Packard Associates 
of Palo Alto, Calif., is introducing a 
series of dual-in-line high-speed 
photodiode devices. Series 5082-
4350 units offer a 5-megahertz 
bandwidth at a current transfer ra-
tio (coupling efficiency) of better 
than 20% because their photo-
diode detector is followed by a 
same-chip high-frequency transis-
tor. Isolation voltage for the family 
is 2,500 volts; prices range from 
$2.95-$6.50 in 100-unit quantities. 
H-P plans to introduce an even faster 
isolator, a photon-coupled gate, 
- within six weeks. Harvey Gold, 
product marketing manager for op-
toelectronics, notes that H-P will an-

Harnessing photons. H-P's opto-isolator has a transistor amplifying its photodiode output. 



( 
Reliability 
and Service 
Two important reasons to 
discuss your power rectifier 
requirements with Tung-Sol. 

Complete Line of Power Rectifiers 

If your current requirements 
are in the 3 to 420A range, 
let us send you specifications 
and operational data on 
Tung-Sol DO-4, 5, 8, 9 and 
21 types. Ratings up to 500A 
in flat base construction. 

Higher Ratings in Standard 

Bridge Rectifier Packages 

B-20 Series 

ILING•soi 

Single phase B-10 Series - 
30A DC @ 55°C. Forward 
surge rating — 400A @ rated 
load. Replace similar bridges 
rated from 8 to 25A and 
from 50 to 1,000 PRV per leg. 

Three phase B-20 Series - 
35A DC @ 55°C. Forward 
surge rating — 400A @ rated 
load. Replace similar bridges 
rated up to 25A and from 
50 to 1,000 PRV per leg. 

B-10 Series 

WRITE FOR TECHNICAL INFORMATION. 
SPECIFY BRIDGES, OR POWER RECTIFIERS. 

SILICON PRODUCTS SECTION 
TUNG-SOL DIVISION 

WAGNER ELECTRIC CORPORATION 
630 West Mt Pleasant Ave. Livingston, N.J. 07039 

TIVX: 710-934-4865 PHONE: (201) 992-1100 
(212) 732-5126 
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New products 

nounce other high-speed isolators. 
Also stepping up its activity in op-

tical isolators is the semiconductor 
products group of General Electric 
Co. in Syracuse, N.Y. The company 
is introducing two series of plastic-
DIP isolators, the series H11A with a 
phototransistor output, and the 
series H 11B with a photo-Darling-
ton output. The units offer a min-
imum isolation voltage of 1,500 or 
2,000 y, and prices range from 
$3.05-$3.95 for 100-unit quantities. 
Later on this month, GE will release 
its series H15 units, which will be 
housed in modular plastic packages 
and provide 4,000 V of isolation for 
$1.50-$1.60 (100 pieces). Randy 
Wadiak, product planner for optical 
products, says that at least six more 
new isolators will be introduced in 
the next 18 months. 
One of the largest suppliers, Mon-

santo Commercial Products of Cu-
pertino, Calif., is announcing two 
air-gap type isolators, a reflective 
optical switch (the MCA7) and a 
slotted optical switch (the MCA8). 
Both devices require a drive current 
of 16 milliamperes and provide an 
output current of 2 mA. The MCA7 
sells for $2.95 in 100-unit quantities; 
the MCA8 for $3.30. According to 
Mike Bottini, product manager, 
Monsanto is concentrating on 
higher-speed devices, 2-3 mega-
hertz. He says that a product will be 
ready by the end of 1972. 
Ac inputs accepted. Clairex Elec-

tronics, Mount Vernon, N.Y., which 
has been in the light-sensing busi-
ness for 19 years, has probably the 
only optical isolator that can accept 
ac inputs. Labeled the CLI-60 
series, the plastic-DIP units have two 
input LEDs and a photo-Darlington 
output. Minimum isolation voltage 
ranges from 1,500-5,000 y, input 
current is 1 mA, output current is 
about 6 mA, and cost is $3-$4 in 
volume. Joe Harris, silicon products 
engineer, indicates that Clairex will 
have air-gap isolators in the fall. 
Yet another unusual series of 

isolators is being marketed by Op-
tron Inc. of Carrollton, Texas. The 
company's type OP1050 devices fea-
ture 50,000 V of isolation, a 40-mA 
input drive current, special pack-
aging, and a choice of a photodiode, 

phototransistor, or photo-Darling-
ton output. Approximate 100-unit 
pricing for all the devices is $37.50. 

Litronix in Cupertino, Calif., is 
planning to expand its line of plas-
tic-DIP isolators with two high-speed 
devices. One unit will be released in 
about 60 days. It has a Darlington 
output, a 200-kilohertz gain-band-
width product, a minimum transfer 
ratio of 100%, 2,500-Y minimum iso-
lation voltage, and is expected to 
cost around $3.50 in 100-unit quan-
tities. The second isolator, which 
will be announced in about 90 days, 
offers a phototransistor output, a 
gain-bandwidth product of 1 wiz, a 
typical transfer ratio of 35%, and a 
minimum isolation of 2,500 Y. Its 
price is also tentatively set at $3.50. 
Motorola Semiconductor Prod-

ucts Inc., Phoenix, Ariz., is coming 
out with its series MOC1000 isola-
tors with phototransistor outputs. 
Isolation voltage can be as high as 
2,500 y with a coupling efficiency of 
at least 10%. Hundred-unit costs 
vary from $1.70-$3.60. A photo-
Darlington isolator, part of the com-
pany's MOC1100 series, is now 
available for $3.15 each (for 100). It 
provides 1,500 y of isolation and 
more than 100% efficiency. Later 
this month, Motorola will introduce 
a hermetically sealed series. 
On the attack. Planning aggres-

sive marketing of its development-
type (not standard commercial 
product) optical isolators is RCA 
Electronic Components, Industrial 
Tube division, Lancaster, Pa. Ted J. 
Grabowski, the product marketing 
manager for photodetectors and 
emitters, says that RCA will be.intro-
ducing five or six new products in 
the next 12 months. Currently, RCA 
is selling phototransistor-output 
isolators in hermetic TO-5 packages 
for less than $20 in small quantities. 
Texas Instruments, Components 

Group, Dallas, Texas, hopes to have 
isolators that can perform more 
complex logic functions by the close 
of 1972. TI currently offers a full line 
of military, industrial, and commer-
cial isolators. Ken Horton, the mar-
keting manager for optical elec-
tronic products, predicts that 
multiple-isolator packages will be 
available in two to four years. 
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New products 

Minicomputer OEM prices slide 
New Interdata model tagged at $2,268 for more than 60 machines; 
'mix-or-match' discount schedule is applied to entire series 

Down, down, down come mini-
computer prices as Interdata Inc. 
this week announces the fifth mem-
ber of its New Series of machines— 
the 16-bit model 74, aimed at origi-
nal-equipment manufacturers of in-
dustrial-control, commercial, and 
data communications systems. From 
a unit price of $3,600, the model 74 
tag dips down about 40% to $2,268 
when more than 60 machines are or-
dered. And an OEM can get a 15% 
discount for only one. 

Interdata's marketing vice presi-
dent, Ronald A. Paterson, asserts 
that the prices set for the Model 74 
are "significantly lower than those 
of competitive machines in the same 
performance class." Moreover, 
along with its new machine, Inter-
data is introducing a "mix-or-
match" discount schedule for OEMS 
that allows a quantity discount on 
all machines involved in an order, 
even though the machines are a mix 
of the five New Series units 
presently available. In addition to 
the model 74, these include two gen-
eral-purpose 16-bit minis—the 
$6,800 model 70 and the $14,900 
model 80—and two data communi-
cations processors. "The quantity 
OEM buyer usually requires a family 
of minicomputers with varying per-
formance capabilities," points out 
Interdata's president, Daniel Sin-
nott. 
Far from being a stripped-down 

or "naked" mini, the new model 74 
offers a full complement of fea-
tures—including multiply/divide, 16 
general registers, eight kilobytes of 
directly addressable core memory 
(expandable to 64 kilobytes), a 
large-scale-integrated read-only 
memory, upward compatibility with 
the other New Series processors, 

and up to 255 input/output inter-
rupts, each of which causes the pro-
gram to branch automatically to a 
routine to service the interrupt. 
The directly addressable main 

memory in the model 74 is built 
around core modules with an access 
time of 300 nanoseconds and a 1.0-
microsecond cycle time. Data word 
length is eight, 16, or 32 bits; in-
struction word length is 16 or 32 
bits; typical execution time is 1.5 ps 
for a 16-bit add operation. Data 
transmitted over the multiplexer 
channel can go to either eight-bit 
byte-oriented or 16-bit half-word 
peripheral-device controllers. A pro-
gramed input-output loop transfers 
data at 66 kilobytes per second; an 
optional selector channel makes 
data transfers at 2,000 kilobytes/s. 
The model 74, weighing 70 

pounds, is packaged in a standard 7-
inch Retma chassis, which houses 
the power supply, accepting 115 or 
230 volts -±10%, 50 or 60 hertz 
single-phase power at 7 amperes 
maximum. 

Off-the-shelf software for the 

model 74 includes the basic oper-
ating system, interactive Fortran, 
symbolic assembler, interactive text 
editor, interactive debug package, 
and loaders and subroutines. 

Options include memory parity, 
power-fail-detect/auto restart, se-
lector channel, universal clock, and 
asynchronous and synchronous data 
set adapters. Also available is an 
automatic loader for no-display 74s; 
a flick of the switch automatically 
reloads the system. 
A newly developed loader storage 

unit, designed to support and pro-
tect remote or unattended systems, 
can also be used with the model 74. 
This unit provides an automatic re-
initialization of the system in the 
event of a malfunction. A program-
able read-only memory stores in a 
non-volatile form the information 
needed to restart the system. Price 
of the loader storage unit is $500, 
plus $100 for a 128-byte storage 
module. Deliveries of both it and 
the model 74 begin in April 1973. 
Interdata Inc., 2 Crescent Place, Oceanport, 

N.J. 07757 [339] 

System-priced. The 16-bit Interdate model 74 is a general-purpose minicomputer aimed 
at quantity OEM buyers. Single-unit price for a no-display version of the 74 is $3,600. 
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r Allusif The Digital Profit Makers! 
They're "Money Makers"— 

First-class appearance will sell your product, so 
we designed the NEW 4000 series digital panel 
meters with big, bright, solid displays that are 
"No. 1" in national user-preference surveys. 

Included is a regulating AC power supply that 
completely blocks out line transients up to 
400 volts peak-to-peak! No more jumpy 
readings to make you wonder "—what was that?" 

And extra-low input bias current keeps 
readings accurate and super-stable, even at 
the highest operating temperatures. 

Give your panel the quality look. 
Your customers will recognize it — 
and buy it, too! 

and "Money Savers," too! 

We designed the 4000 series to protect you 
against profit-robbing failures. 

The displays are more reliable (and more readable) 
because there are no "loose" elements inside. 

High quality components, superior workmanship, 
and wide-safety-margin designs combine to 
reduce failures, too. 

We're so sure we have the answer, 
we've extended our WARRANTY for ONE FULL YEAR! 

It won't take you that long to find out how 
much money you're saving with the 4000 series 
on your panel. 

Don't be fooled by low price tags! This time, 
buy quality and reliability right from the start! 

If you have anything left from your last panel meter purchase, give us a call. 

If you don't have anything left, call our sales department collect. (714) 546-7160, ext. 567. 
We'll understand. That's why we built a totally new kind of DPM — 

"the Digital Profit Makers" 

Data Technology 
Corporatiorx 
2700 South Road 
SantaAr,a Callturn,a 92704 
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New products 

Packaging and production 

Software eases 
interconnect job 

Program produces inner 

layers, permits stocking 

of 'universal' boards 

With design changes occurring more 
often because of the steady stream 
of new integrated circuits, equip-
ment designers are being faced with 
tough decisions on when to freeze 
the design and release the multila-
yer board to production. To carry 
them through the prototype and 
even early production stages, when 
most design changes occur, they 
have had to turn to wire-wrapping 
to interconnect the ICS. Now, Adcor 
Packaging International has intro-
duced a software package that de-
signs a programable multilayer 
board. Such a board will accom-
modate design changes, and so re-
duce multilayer interconnection 
costs below those of wire-wrapping. 
This is true even for just a few 
boards, says Allen Chertoff, the 
company's president. 
The board has no interconnection 

profile when produced. The inner 
layers are etched, but the two outer 
layers are left as smooth copper. 
Through-holes are plated. Then, 
when the circuit is to be inter-
connected, artwork is prepared for 
only the two outer layers, and the 
board is produced with conven-
tional pc production methods. Cost 
of production at this stage is thus 
the same as for a two-sided board. 
Once it is programed for the size 

of the board and the location of 
holes for component mounting, the 
software will produce interlayer pat-
terns that will provide enough flexi-
bility to allow any connection 
scheme to be carried out between 
the ics. (Simple X-Y patterns on in-
ner layers would not provide this 
flexibility.) 
The method, which is suitable for 

backplanes as well as ics, is being li-
censed on a nonexclusive basis to 

systems users and to pc board 
makers. For the first time it gives 
the board makers a standard prod-
uct—they can make up the boards 
and stock them in various sizes. The 
charge is $5,000, of which $3,000 
goes for the software and $2,000 for 
production of the first board. 
Comparing his approach and 

wire-wrapping, Chertoff says that 
total interconnection cost comes out 
to below $1 per IC. Wire-wrapping, 
he points out, runs from a minimum 
of $1.50 to $2 per ic, including the 
cost of socket board and wrapping. 

Chertoff further points out that 
the Adcor technique allows design-
ers to breadboard equipment using 
multilayer boards, but paying only 
for the two-sided etching, and thus 
to get a better idea of how the board 
will perform when in actual produc-
tion. 
Adcor Packaging International Inc., 185 

West End Ave., New York, N.Y. 10023 [391] 

Connector mates with any 

0.025-inch-square post 

A family of connectors called the 
Varipost Box mates with any 0.025-
inch-square post on the market. The 
unit features low-insertion-force 
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contacts with long spring members. 
Contacts are rated at 3 amperes and 
12 milliohms maximum. A cable-to-
board type has wire-crimp-remov-
able contacts and a board-to-board 
version has solder-tail contacts. 
Elco Corp., Willow Grove, Pa. 19090 [394] 

Socket connectors need 

no insertion tool 

A family of miniature pin and 
socket connectors offers fingertip 
contact insertion and rear contact 

release, eliminating the need for an 
insertion tool. Several contacts can 
be put into place in the time usually 
required to fit one contact onto an 
insertion tool and then in to the di-
electric. The family includes 9-, 15-, 
25-, 37-, and 50-contact configura-
tions in choices of screw machine 
contacts in bulk packaging or 
stamped contacts on a strip. 
Amphenol Industrial Division, 1830 South 

54th Ave., Chicago, III. 60650 [393] 

Testers check out linear 

circuits and memories 

Two testers are aimed at high-speed 
checkout of linear circuits and semi-
conductor memories. The model 
1200 computer-operated linear cir-
cuit-test system allows greater 
throughput to be obtained over 
multiplexed test systems. Eight pro-
gramable stations are available, ca-
pable of testing simultaneously 
through time-sharing. The second is 
the Venture II high-speed func-
tional test system for RAMs, ROMs, 
and shift registers. It uses ECL levels, 
a high-speed instrumentation test 
head, and a test rate of up to 10 
MHz. Price of the 1200 with one sta-
tion is $67,000, with additional sta-
tions available at $13,000 each. 
Price of the Venture II ranges from 
$40,000 to $60,000, depending on 
configuration. 
Computest Corp., 3 Computer Dr., Cherry 

Hill, N.J. 08002 [395] 

Photoresist coater-dryer 

delivers uniform films 

A continuous-process coating and 
drying system for applying and cur-
ing liquid photoresists offers pro-
duction rates of 8 feet per minute. 
The system uses a roll technique to 
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$OG 
BUYS THIS 

12-BIT 
BINARY A/D 
CONVERTER 

Model 53E112 

WITH -±.01% 
ACCURACY 

AND 
5Oppm/C° 
STABILITY 

Here's more A/D converter for 
your money than ever before! 
Gralex integrating A/D converters 
are available in 8, 10 or 12-bit and 
2 or 3-digit BCD—priced as low as 
$59 in single quantities. Input 
voltages include ± 0.1V, 1V, 10V— 
uni or bi-polar. Shielded or un-
shielded construction. Design and 
performance features include: 
high noise immunity; high input 
impedance; flexibility of output 
data formats; buffered analog out-
put for recorder use; external and 
internal trigger. 

Send for complete tech data today, 
and put your money where the value is! 

GRaLEx 
INDUSTRIES 
155 MARINE ST., FARMINGDALE, N. Y 

516-694-3600 
DIVISION OF GENERAL MICROWAVE CORP 

New products 

apply 0.5 to 10 micrometers of posi-
tive and negative coating resists in a 
single pass with uniformity within 
-±10% of the total thickness. An in-
frared emitter section with high-in-
tensity preheater connects directly 
to the coater. Price of the model 9 
Microcoater with fluid system is 
$3,445, and the model 92 Micro-
dryer is $1,850. Both are suited to 
laboratory and production use. 
Gyrex Corp., 400 E. Gutierrez St., Santa 
Barbara, Calif. 93101 [396] 

Microcircuit packages 

eliminate expensive tooling 

A series of modular sidewall enclo-
sures eliminates the need for expen-
sive tooling and long lead times for 
making special integrated-circuit 
package configurations. The units 
are intended for monolithic and hy-

brid applications. The cases are 
formed of Kovar component pieces 
cut to customer requirements, and 
standard 14- to 40-lead packages 
are available with rigid 0.040-inch 
bases to accommodate substrates 
from 0.250 by 0.60 inch to 1.47 by 
1.27 in. Lids of 0.010 to 0.040 inch 
may be either braze- or weld-sealed. 
Round leads with or without nail-
heads, are available for plug-in or 
circuit-board mounting. 
Tekform Products Co., Subsidiary of Bliss & 
Laughlin Industries, 2780 Coronado St., 
Anaheim, Calif. [397] 

Tubing shrinker delivers 

concentrated heat 

A tubing shrinker that opens and 
closes to encircle the tubing pro-
vides concentrated heat and handles 
all types of tubing, except Teflon, up 
to 3 inches outside diameter. A 
handheld model is for intermittent 

use while the table model is for con-
tinuous operation, manual or auto-
mated. Interchangeable plug-in 
elements of 1-, 2-, and 3-inch 
diameters are available for all mod-
els. Guards surround the outside of 

the elements so that the heat is re-
flected inward toward the tubing. 
The unit can also be used for sweat-
soldering tubing and bending PVC 
pipe and tubing. 
American Beauty Division of American Elec-
trical Heater Co., 6110 Cass Ave., Detroit, 
Mich. 48202 [398] 

Printed-circuit board is 

also heat sink, chassis 

A chassis-like printed-circuit board 
combines the functions of heat sink, 
structural element, and circuit board 
in a single component. In one appli-
cation, the components of a high-
current power supply were mounted 

on the board, and the circuit was 
operated at a power of 170 watts 
while maintaining a case tempera-
ture rise of all semiconductors 
within acceptable tolerances. The 
same circuit on a G-10 epoxy board 
would be 4ble to operate at a power 
level no higher than 12 watts. 
International Electronic Research Corp., 135 

W. Magnolia Blvd., Burbank, Calif. [399] 

108 Circle 108 on reader service card Electronics/July 17, 1972 



Imagination and 
Stackpole ferrites 

can cut a power supply 
down to size 

Tektronix, Inc. uses Ceramae 

ferrite materials to achieve effi-

ciency and significant savings. 

Conventional power supplies are 

bulky, heavy and inefficient. Tek-

tronix, Inc. changed all that. With 

ferrites and a fresh idea. 

By rectifying line voltage, con-
verting it to 25kHz and rectifying 

it again, Tektronix, Inc. engineers 

produced a power supply that 

was 50% lighter, over 25% 

smaller and consumed Y3 less 

power. And the overall operating 

efficiency of 70% is a big im-

provement over the 50% typical 

of conventional power supplies. 

Ferrites can offer the unique ad-

vantages, design freedoms and 

electronic characteristics that 

produce exciting new ideas. 

Stackpole Ceramag ferrites were 

used throughout the power sup-

ply design. Because Stackpole 

has a wide variety of materials 

and configurations, designers 

can unleash their imaginations. 

Ceramag 248 

Tektronix, Inc. selected 24B for 

their "U" and "E" cores. This 

proven material has seen years 

of service in flybacks for televi-

sion. Ideal for power applications, 

it can be operated at higher fre-

quencies than laminated steel. It 

is cool running, due to low losses 

under power conditions and con-

trolled power permeability. Tool-

ing is available for a wide range of 

"U". "E" and "I" configurations. 

Ceramag 24 

Toroids of Ceramag 24 were used 

by Tektronix, Inc. for transformer 

cores. Again, this is a proven 

material, widely used by the com-

puter industry for pulse trans-

former cores. It has a tightly 

controlled initial permeability, 

and tooling for a variety of sizes 

is also available. 

Ceramag 7D and 27A 

Multiple material selection for 

coil forms allowed Tektronix, Inc. 

maximum flexibility and design 

freedom. Proper inductance 
values could be achieved in the 

allotted amount of room. In addi-

tion, the high resistance of 7D 

eeen 
material prevents accidental 

shorting on printed circuit boards. 

Great new designs happen when 

you start with the idea of ferrites. 

Particularly Stackpole Ceramag 

ferrite components. Why? Be-

cause Stackpole offers the vari-
ety of materials, numerous tooled 

configurations and the technical 

back-up you need. Twenty-four 

years of television and computer 

experience makes Stackpole one 

of the largest and most experi-

enced domestic suppliers of 

quality ferrites. 

Consider ferrites on your next 

prototype or redesign. But give 

us a call when you start. Perhaps 

we (and some Ceramag'''' ferrites) 

can help you cut a problem down 

to size. Stackpole Carbon Com-

pany, Electronic Components 

Division, St. Marys, Pa. 15857. 

Phone: 814-781-8521. TWX: 510-

693-4511. 

sTAceP°12 ELECTRONIC COMPONENTS DIVISION 
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Staggered fingers 
let case-mounted semi's 

work harder in 
less space 

Now you can safely operate such 
devices as TO-3, TO-6, TO-66, plas-

tics, at many times their bare case 
power rating using our patented 
Staggered Finger dissipators. We've 
got over 70 different models with dissipa-
tion capabilities ranging from 3 to 35 
watts in natural convection, up to 125 

watts in forced air. Why are 
they better? Staggered Finger 

design increases dissipating sur-
face, cuts re-radiation, and pro-

duces turbulence in forced air. Send 
for catalog. IERC, 135 W. Magnolia Blvd., 

Burbank, Calif. 91502, a Corporate Divi-
sion of Dynamics Corporation of America. 

IERC ') 
Circle 112 on reader service card 

Synchron.R 
The motor 
with 10,000 lives. 

Our A-C timing motors are quietly 
at work in thousands of applica-
tions, all over the world. Each fit-
ted to specific requirements, with 
our confidential help. 

Choose from five major styles. 
Speeds from one revolution per 
week to 900 revolutions per 

minute. Torque from 8 to 98 oz.-
in. at 1 rpm. Hundreds of output 
options. All competitively priced. 

Heat Sinks 

Write now for specs of the motor 
with 10,000 applications. Includ-
ing yours. Or contact one of our 
representatives below. 

hansen manufacturing company, inc. 
Princeton. Indiana 47670 

Hansen Representatives: CAREY & ASSOCIATES, Houston and 
Dallas, Texas; R. S. HOPKINS CO., Sherman Oaks, Calif.; 
MELCHIOR ASSOCIATES, INC., San Carlos, Calif.; THE FROMM 
CO., River Forest, III.; JOHN OAR ASSOCIATES, Grand Rapids, 
Mich.; H. C. JOHNSON AGENCY, INC., Rochester, N.Y.; 
WINSLOW ELECTRIC CO., Essex, Conn.; KILEY ELECTRIC CO., 
Villanova, Pa., and HERBERT RUDE ASSOCIATES, INC., 
Teaneck, N.J. 

New products 

pushbutton is operated, comple-
mentary solid-state outputs reverse 
logic levels, and isolated single-pole 
double-throw contacts transfer the 
power load. Contact bounce is elim-
inated, thus removing the need for 
buffer circuitry. Price ranges from 
$9.54 to $17.67, depending on quan-
tity. 
Staco Switch Div., Staco Inc., 1139 Baker 

St., Costa Mesa, Calif. 92626 [345] 

Pot-switch module contains 

up to 5 microswitches 

A precision potentiometer-micro-
switch module features 7-ampere, 
250-volt snap action microswitches 
phased to the Ys-inch-diameter pot 
contacts at arbitrary angles. Up to 
five independently adjustable 
switches can be incorporated in the 

package, and the potentiometer pro-
vides linearities to within 0.25% with 
a resistance range of from 500 to 
150 kilohms. Linear or nonlinear 
functions are available. The pots 
can be combined with any number 
of mechanical devices, such as mo-
tors, gears, resolvers, and synchros. 
New England Instrument Co., 14 Kendall 

Lane, Natick, Mass. 01760 [347] 

Miniature capacitors 

rated at 50 and 100 Vdc 

Miniature metalized polycarbonite 
capacitors, the MiniMiniature 22 
series, are available in a variety of 
encasement styles and leads. They 
are rated at 50 and 100 volts dc and 
range in size from 0.58 inch by 1.16 
in. to 0.40 in. by 0.67 in. Capaci-
tance ranges from 0.001 microfarad 
to 50 microfarads with tolerances to 
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new S-1) expandable counters 

Frequency Range: 
Expandable: 
Multifunction: 

Systems: 

Options: 

50 MHz, 200 MHz, 512 MHz, 3 GHz 
Expand any unit to higher frequency ranges 
Frequency, period, multiple period, time in-
terval, ratio and scaling 
Single line, binary, BCD programming and 
output options 
10 ns T.I.M. resolution, 5 oscillators, 9 digits 
50 200 512 3 
MHz MHz MHz GHz 

Frequency Model: 6050 6051 
Counters Price: $ 770 $1050 

6052 6053 
$1395 $2295 

Universal 
Counters 

Model: 6150 6151 
Price: $1195 $1475 

6152 6153 
$1795 $2995 

Contact our Scientific Devices office for a demonstration or Concord Instru-
ments Division, 888 Galindo St., Concord, CA 94520. Phone (415) 682-6161. 

SY'STRON DONNER 

Circle 114 on reader service card 

ENGINEERS 
WHO KNOW 
TANTALUMS 
SPEC DICKSON 

"The 

Specialists" 

Because Dickson is a specialist in solid tantalum 

capacitors! This specialization means more quality in 
every unit produced from MIL-C-39003 types to 

low-cost commercial units. With over 4.000 standard 

catalog items, you can always depend upon Dickson 
to supply the right tantalum unit at the right price. 
Try us! Write, 1oday, for our 6-page Tantalum 

Capacitor Short Form Catalog. 

"Where Quality Makes The Difference" 

IC'.7CS-CP141" 
ELECTRONICS CORPORATION 

PHONE (602) 947.2231 TWX 910 950.1292 TELEX 667-406 
P.O. 1130X 1390 • SCOTTSDALE. ARIZONA 85252 

±-1%. Operating temperature is from 
-55° to +105°C. Insulation resis-
tance is a minimum 100 gigohms. 
S&EI Manufacturing, 18800 Parthenia St., 

Northridge, Calif. 91324 [348] 

Dual in-line networks 

consist of 28 resistors 

The series 899-5 and 898-5 are dual 
in-line networks, consisting of either 
24 or 28 resistors. They are primar-
ily designed for pulse-squaring net-
works or logic terminators. The re-

sistors are placed in groups of two 
hooked together in series, having a 
common line for power and a com-
mon line for ground. The center 
point of each pair is brought out to 
a separate terminal, giving 12 or 14 
center points and two common 
lines. 
Helipot Division, Beckman Instr. Inc., 2500 

Harbor Blvd., Fullerton, Calif. 92634 [349] 

Capacitors permit 

wide-range tuning 

Ultraminiature trimmer capacitors 
for microelectronic tuning to be-
yond the 5-gigahertz range are des-
ignated the CP series. The model 
CP10 has a capacitance from below 
0.5 picofarad to above 0.9 pF and a 
Q factor of above 500 at 250 mega-
hertz. The unit features a stainless 
steel movable shuttle that permits 
simplified high-resolution tuning. 
This avoids product loss caused by 
irreversible tuning methods such as 
wire-bonding, scraping, and chang-
ing chips. Contact resistance is 5 
milliohms, and voltage rating is 150 
volts dc. Price is 95 cents each in 
quantities of 10,000. 
Voltronics Corp., West St., Hanover, N.J. 

07936 [350] 
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New products 

Data handling 

System handles 
256 channels 

Family of data conversion 

units aimed at industrial 

control, signal processing 

About the first fact of life a com-
puter maker or user faces is that his 
digital processor has to operate in 
an analog world. Nothing in an in-
dustrial control application reaches 
the computer in digital form, and 
next to nothing can be directly con-
trolled with binary Os and Is. It is 
this which creates a market for the 
new AN5800 series from Analogic, 
Wakefield, Mass. The 5800s are 
called data conversion systems and 
act as the computer's translator of 
incoming data and outgoing data 
and commands. 

Analogic's director of marketing, 
Fred Molinari, says that the 
AN5800 series of 15-, 14-, and 13-
bit conversion systems offer capac-
ity, speed and accuracy. "The 15-bit 
unit," he points out, "is capable of 
randomly accessing up to 256 chan-
nels if expanded to its largest con-
figuration; our specifications reflect 
a more normal installation, one with 
either 64 single-ended or 32 differ-
ential analog inputs. Our a-d stage 
yields a throughput of 40,000 bits 
per second, and resolution is easily 
as good as expected from a 15-bit 
converter at better than one part in 
30,000. Linearity is precise at within 
0.006%." 

At $2,785, the 15-bit system is ap-
propriate for industrial control ap-
plications with PDP-11 or Nova-
class minicomputers. 
The 14- and 13-bit units add a 

lower-cost end to the line for those 
who need less resolution or greater 
speed. Linearity of the 14-bit system 
is the same as that of the 15-bit 
5800, though accuracy is within 
0.015% of full scale. Conversion 
speed is high—system throughput is 
80,000 bits per second. This model 
costs $2,115. 

The 13-bit unit, because of its 
word length and the conversion 
technique used, is the fastest of the 
three at 85,000 bits per second. Its 
full-scale accuracy is within 0.02%, 
and linearity is within 0.01%. This 
unit sells for $2,065. 
Although linearity and accuracy 

tend downward with price and word 
length, the other half of the 
tradeoff—speed—increases to the 
point of making the line suited to 
applications like broadband signal 
processing, complex waveform digi-
tization, fast data acquisition, and 
computer control of process values 
or output devices like our displays, 
oscilloscopes and X-Y recorders. 
For all three units, output word 
length before conversion to analog 
format is 14 bits. 

There's lots of flexibility in the 
5800 configuration. In the least 
complex version, an input is fed 
directly to an a-d converter. But it is 
possible to add multiplexing, single-
ended or differential buffer amps, 
plus sample-and-hold networks 
ahead of the conversion stage. In all 
cases, the 5800's output to the com-
puter is bit-parallel and "justified to 
the right," that is, the most signifi-

cant bit is in the right-hand position 
at the output. 
The a-d converter for the 15-bit 

unit includes a precision referenced 
supply, d-a conversion circuitry, a 
low-noise comparator, and a digital 
programer and registers. Up to eight 
such converters fit the standard 
rack-mounted cabinet, and even 
more can be accommodated. Re-
gardless of the configuration or-
dered, each 5800 is subjected to 
computer tests of each multiplex 
channel. Eventually, to assure mo-
notonic performance, every one of 
the codes for a given conversion 
word length is checked-32,768 for a 
15-bit system—making sure that the 

computer gets an accurate digital 
picture of the analog world. 
Analogic, Audubon Rd., Wakefield, Mass. 

01880 [361] 

Minicomputer is aimed at 

data communications market 

When Texas Instruments intro-
duced the • low-priced 960A mini-
computer last fall [Electronics, Nov. 
8, 1971, p. 111], the company's Digi-
tal Systems division had a second 
and similar performer waiting in the 
wings. This week, TI spotlighted the 
second one—the 980A, with a $3,475 
price for one to 100 that is $655 
higher than the first entry. 
Though alike in basic design, the 

machines are aimed at different 
markets. The 960A was optimized 
for manufacturing automation and 
process control. The new 980A has 
additional features that make it suit-
able for data communications, 
front-ending, and scientific and 
small-business data processing. 
Whereas the earlier machine has 
only bit- and word-addressing capa-
bilities, the 980A offers byte and 
byte-string capabilities as well. 
"One of the reasons our cost is 

low is the commonality between the 
980A and the earlier 960A," says 
Randall J. Gilliam, manager of TI'S 
Computer Equipment Department. 
The 980A comes with 4,096 words 

of 1103-type mOs random-access 
memory and an internal power sup-
ply that will accommodate up to 
65,536 internal and external words. 
Read and write cycle times are 750 
nanoseconds, and memory access 
time is 500 ns. 
The basic machine is not dis-

countable for the first 32,768 words 
of storage. But add-on modules at 
$1,500 per 4,096 words can be dis-
counted up to 22% on 100-unit or-
ders for the 980A. And with each 
central processing unit, TI will sell 
its thermal printer for $2,100 in-
stead of the $3,300 list price. 

Besides a full complement of soft-
ware, standard features of the 980A 
include: a 98-instruction set, among 
them about a dozen double-preci-
sion instructions; hardware break-
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point on the front panel to stop the 
program at a preset memory ad-
dress—when debugging hardware 
and software; a switch-initiated 
ROM bootstrap loader for fast cold 
starts; and a store-register file se-
quence to store all eight addressable 
registers and the status register in 7 
microseconds, thus cutting down 
pverhead in servicing interrupts. 
Texas Instruments Digital Systems Division, 

P.O. Box 1444, Houston, Texas 77001 [362] 

Digital tape transport 

loads, unloads automatically 

A digital tape transport offers auto-
matic loading and unloading, vac-
uum buffering, and a modular cap-
stan assembly that pulls out of the 
front of the unit and can be re-
placed without realignment. The 
model TD 1000 is IBM-compatible, 
and has bidirectional tape speeds 
from 25 to 90 inches per second. 
Bidirectional search speed is 150 
inches per second. The unit, housed 
in a frame measuring 19 by 24 
inches, costs less than $4,000. 
Tandberg of America, 8 Third Ave., Pelham, 

N.Y. 10803 [364] 

Optical reader accepts 

handwritten characters 

An optical character reader can 
handle written and printed letters, 
numerals, and symbols. It accepts 
subjectmatter ranging from post-
card size to letterhead size, and up 
to 29 lines of characters can be read. 

The machine uses a laser beam that 
passes through a lens onto the sur-
face of the sheet. The reflected 
beams are received by a photo-
multiplier tube, and the resultant 
electrical pulses are then sent to a 
recognition-logic component. If 
characters are unrecognizable, the 
laser beam automatically rescans. If 
they are still unrecognizable, this is 
indicated on a CRT display so that 
correction can be made through a 
keyboard. 
Hitachi America Ltd., 100 California St., San 

Francisco, Calif. 94111 [365] 

Cassette memory built 

for desktop calculators 

Designed for use with H-P series 
9800 calculators, the model 9865A 
cassette memory adds 6,000 data 
registers or 48,000 program steps to 
the calculator memory. Among its 
capabilities is being able to go 
directly to files upon identification-
number command. Files may be of 

different lengths and are located by 
address without rewinding. The 
ability to find a file by number also 
lets the user recall data from that 
file, modify it, then restore it to the 
same file without rewriting on a sec-
ond cassette. Search speed is 130 
feet per minute in either direction. 
Price is $1,750. 
Hewlett-Packard Co., 1601 California Ave., 

Palo Alto, Calif. 94304 [366] 

Minicomputer is designed 

around MSI/LSI functions 

A 16-bit minicomputer series, called 
the Gm-99 and available in three 
models, is designed around Ms! and 
LS! functions. The unit, with 8,192 

16-bit words of core memory is 
priced at under $3,000 in OEM quan-
tities and is also available with 8,192 
16-bit words for as low as $2,500 

each in quantity. The unit is in a 
class of general-purpose computers 
known as direct-function processors, 
and is aimed at applications requir-
ing wholly dedicated systems. The 
internal architecture and machine 
language use a universal bus sys-
tem. 
GAI Computer Corp, 320 Needham St., 

Newton, Mass 02164 [367] 

Video terminal controller 

provides high-speed display 

The model 204 video terminal con-
troller is intended as a replacement 
for teleprinters, hard-copy data-cap-
ture terminals, and industrial dis-
play/controllers. As a replacement 
for teletypewriters, it provides a 
soundless high-speed display of data 
input at asynchronous rates to 1,200 
characters per second. As a substi-

tute for display/controllers, it per-
mits software control of data and 
data format. The model 204 features 
built-in buffer and refresher memo-
ries, and is capable of driving mul-
tiple displays which may be either 
conventional Tv sets or 525-line 
video monitors. Price is $795. 
Ann Arbor Terminals Inc., 6107 Jackson 

Rd., Ann Arbor, Mich. 48103 [369] 
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A CAMBION® Double "QQ" Product Line 
When your design calls for handles, standoffs, solder termi-
nals, spacers, insulated terminals, battery holders, and basic 
hardware, it's nice to know there's a source that believes in 
quality — CAMBION. And it's also nice to know that you can get 
CAMBION quality in quantity. That's the CAMBION Double "Q" 
approach. 

CAMBION puts the extra finish on,handles, precise plating on 
significant surfaces of terminals, and long-life in plugs and 
jacks for almost infinite cycling. The quality stands up as the 
quantity goes on. All CAMBION hardware items are available 
"off-the-shelf." 

Try the CAMBION Double "Ct" approach. Tell us of your needs 
and we'll supply a jumbo catalog, No. 747, full of answers. 
Cambridge Thermionic Corporation, 445 Concord Avenue, 
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Blvd. 

There's plenty more where 
these come from. 

Wilk 

le 

Standardize on 4444ii 

CAIMMOIRte 
the guaranteed electronic components 

Circle 136 on reader service card 

FREE! 
NEW INSERTION 
HANDBOOK 
FOR AXIALS, DIP'S, TRANSISTORS 

New, comprehensive, 
16 page technical 
bulletin covering to-
day's industry stan-
dards and design 
parameters for auto-
matic insertion of 
electronic compo-
nents into PC boards. 
Over 30 detailed 
schematics. Send for 

it now. Dept. E -72 

0 UniversaL INSTRUMENTS CORPORATION 

DESIGN 
GUIDELINES 

East Frederick St., Binghamton, N.Y. 13902 
(607) 772-1710/TWX 510-252-1990 

extra features at 
no extra costa.. 

Datascan m VOLTS 

NEVI 
7 SEGMENT 
600 SERIES 

DIGITAL PANEL METERS 
...from Datascan 

1. New 7 Segment Readout — provides 0.6" high digits 

2. Die Cast Aluminum Case and Bezel 

3. Small Compact Size — 3.5"W x 2.9"H x 4.6"D with 
front mounting and adjustments 

4. High Reliability — 100 hour minimum burn-in, 1 year 
warranty 

Low Power — 3 Watts nominal means a small tem-
perature rise and better performance 

6. Low Prices': Your Choice — Models 615/625:7 seg-
ment units and Models 610/620: Nixie tube units both 
available e the same low prices. 

7. Engineering Back-Up — Our engineers are available 
before, during and after a sale to discuss your appli-
cation and interface requirements. 

5. 

Our complete line consists of 21/2, 3, 3½, 4 and 41/2 digit 
meters for vonage and current inputs with accuracies from 
0.02% to 0.5%. 

At Datascan, we don't just ship you a meter, we help you 
optimize your system (or product) so you can provide some-
thing extra to your customers . . . We've been helping people 
go digital for over a decade. 

/ Write or call today for our new Data/ scan DPM Brochure. 

/' digital products group 
Datascan Inc., 1111 Paulison Avenue 

Clifton, N. J. 07013. (201) 478-2800 £27 
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Spare the tests... 
and spoil the board. 

If you don't test incoming cir-
cuits before wiring in, it's your loss. 
Literally. Because every defective 
device that blows on the board is a 
threat to your profit margin. 

In dollars. In expensive man-
hours. In discarded equipment. A 
,combined toll usually twice the ex-
pense of in-house pre-testing. The 
question is not if you can afford 100% 
pre-use inspection, but rather, how 
can you afford not to? 

Consider what just 
one malfunctioning com-
ponent can cost your 
plant, over and above replace-
ment price. 

Could $10 cover the time lost in each trouble-
shooting sequence? Locating the device that failed. Removing 
it and clearing holes in the PC board. Installation of new com-
ponents. And how much does it cost for each assembled board 
you're forced to scrap, because of 
damage during rework procedures? 
What happens to orders with ship-
ment delayed due to excessive 
checkout time? And what about the 
field service required by early fail-
ure of marginal components? 

In the new Economic Feasibility 
Kit developed by Fairchild Systems 
(the pacesetters in semiconductor 
testing), you can work out the an-
swers for yourself scientifically. 
Comparing your own plant costs: 
with functional and parametric 
testing against doing without. Fill-it-
in forms show you step by step what 

each mode of operation means 
in cold hard cash. With a sepa-

rate section following to help you 
determine the level of test and meas-
urement equipment most econom-
ical for your specific needs. 

For R & D, or the minimum 
volume user just beginning semi-
conductor applications, the inexpen-
sive Fairchild System modular instru-
ments with a simple Go/No Go, pass/ 
fail capability may prove sufficient 
for immediate requirements. While 
large scale manufacturers with heavy 
circuit uses will demand the unparal-

leled flexibility, speed and sophistication 
offered by one of our innovative Sentry family 

systems: the total semiconductor test systems with enor-
mous expansion capabilities, and adaptability options for pro-
duction and engineering. To suit your individual needs, Sentry 
Systems swing from MOS to bipolar, from IC's to discretes, or 

LSI. With software compatible to all. 
And the lowest throughput costs in 

Fairchild Systems 
LID 3500 Deer Creek Road 

Palo Alto. California 94302 

Plea›x send us your Economic Analysis Kit 
for semiconductor test systems, 
with details on your Sentry Systems. 
with details on your bench top testers. 
Call on immediately for individual application assistance 

Name  

Title  

Company  

Street  

City State   

Zip Telephone  

the industry. 
We know that you know that no 

test system yet devised can turn a 
bad circuit into a top performer. Of 
course you don't test reliability into 
a circuit —anymore than you can 
eliminate occasional poor workman-
ship, human error or catastrophic 
failures. But you can significantly 
reduce the expense of rework, main-
tenance, scrapped parts and dam-
aged boards. With 100% pre-use 
inspection. To weed out the defects, 
while measuring quality. 

Fairchild Systems 
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Semiconductors 

ICs move into 
audio front-end 

Dual preamplifiers replace 

discrete transistors without 

adding unacceptable noise 

Many designers in the top-of-the-
line audio field have tried using mo-
nolithic operational amplifiers as 
the high-gain first stage in their 
equipment. But the unwanted noise 
the devices introduce has forced the 
designers back to discrete transistor 
circuits. Two dual audio preampli-
fiers from National Semiconductor 
Corp. may change this. 

Called the LM381 and LM382, 
they offer both high gain and low 
noise, and they operate from a 
single power supply, which can be 
from 9 to 40 volts dc. An internal 
power supply decoupler/regulator 
provides 120-decibel power-supply 
rejection in each circuit, both of 
which also have built-in short-cir-
cuit protection. 
Joe Byerly, consumer product 

marketing manager at National, 
claims that the LM381 offers audio 
circuit designers the performance of 
discrete transistor circuits with the 
cost advantages of integrated cir-
cuits. "With the low output level of 
magnetic tape heads and phono-
graph cartridges, amplifier noise be-
comes critical in achieving an ac-
ceptable signal-to-noise ratio," says 
Byerly, adding that "this is the ma-
jor deficiency of the op amp in this 
application." Other inadequacies of 
the op amp, he says, are insufficient 
power-supply rejection, limited 
bandwidths, and the need for many 
external components. 
The LM381 has a total equivalent 

noise input of only 0.5 microvolt 
rms; this is equal to or better than 
that of the best discrete circuits 
found in top-of-the-line stereo 
equipment. Gain of the LM381 is 
112 dB, and the small-signal band-
width is 15 megahertz; power band-
width is 75 kilohertz. Other features 

include a total harmonic distortion 
of typically 0.1% at the 75-dB gain 
point, and channel separation of 
typically 60 dB. Output voltage 
swing is equal to the power supply 
voltage minus 2 v, peak to peak. 

Besides high-fidelity audio appli-
cations, the LM381 can be used in 
instrumentation tape recorders, hy-
drophones, and other systems re-
quiring low-noise, high-gain ampli-
fication of low-level signals. 
The LM382 dual preamp has the 

same specs as the LM381 except for 
its total equivalent noise spec of 0.8 
microvolt and open loop gain of 100 
dB. The major difference between 
the two is that a resistor matrix is 
provided on the LM382 chip that al-
lows the user to select a variety of 
closed-loop-gain options and fre-
quency-response characteristics, 
such as flat-band, NAB (tape) and 
RIAA (records) equalization. Both 
the gain and frequency response are 
selected by external capacitor con-
nections, and no other external 
components are needed, except for 
the input coupling capacitor. Byerly 
says that with its lower price and its 
built-in resistor network, the LM382 
"is ideal for the auto and home 
stereo market." 
Both dual preamplifiers come in 

14-pin dual in-line plastic packages 
made of National's high-reliability 
epoxy-B material. 
The LM381 sells for $4.95 each in 

quantities of 100, and the LM382 
for $2.25. 
National Semiconductor Corp., 2900 Semi-

conductor Drive, Santa Clara, Calif. 95051 

[411] 

Self-scanned linear array 

designed for page-reading 

What is probably the closest thing 
to a page-reader-on-a-chip has been 
developed by Reticon Corp., Moun-
tain View, Calif. The RL-512 is a 
self-scanned linear array of 512 
photodiodes, spaced on 1-mil cen-
ters. John Rado, Reticon president, 
claims that the RL-512 is the first 
commercial solid-state line scanner 
to give television-type resolution. 
The device can be used for film 

be. " 

reading, surveillance, page reading, 
and other applications. In a page 
reader, one RL-512 would provide 
17-mil resolution over the 8.5-inch 
width. The 5-to-10-mil resolution re-
quired for facsimile transmission, 
Rado says, can easily be obtained 
by using two arrays. 
The array is self-scanned by the 

photodiodes and two 256-bit mos 
shift registers integrated onto the 
same silicon chip. Separate output 
video lines are provided for the odd 
and even elements, and each shift 
counter is driven by a pair of com-
plementary square-wave clocks, 
with a start pulse to initiate each 
scan. Rado says that, since a new 
photodiode is accessed on each 
clock transition, the two shift count-
ers can be run a quarter-cycle out of 
phase and the two video lines tied 
together to give 512 elements of 
continuous video. Or the user can 
get 256 video elements on 2-mil cen-
ters by running only one of the two 
shift counters, or by running both 
shift counters in phase. 
The RL-512 includes the diode 

array and the two shift counters in a 
18-pin dual in-line ceramic package 
with a clear quartz lid. To complete 
the system, the user must add the 
clocks, the driver, and the video am-
plifier; or he can purchase these cir-
cuits on a printed-circuit card from 
Reticon. The OEM-quantity price of 
the RL-512 is $600. 
Reticon Corp., 365 Middlefield Rd., Moun-

tain View, Calif. 94040 [412] 

Phase-locked loop operates 

from 0.01 Hz to 25 MHz 

Two phase-locked loops give the de-
signer a choice of high- and low-fre-
quency operation. The model 2820 
offers a range of 0.01 hertz to 3 
megahertz, and the model 2800 ver-
sion operates to 25 mHz minimum. 
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The Elegant 
Custom Coils 

Inductor coils made with a jeweler's 
touch. At mass-production prices. Ele-
gant answers to applications that de-
mand exacting performance. Like 
solenoid control valves. And coils for 
computer disc drives. With custom bob-
bins, windings and transfer-mold encap-
sulation executed under a single roof. So 
turnaround is fast - even when you want 
sample or pilot quantities. 

At U.S. Electronics, you'll find all the 
precision and finesse you expect from 
an EAI component company. Look to EA1 
also for transformer kits. For thick-film 

audio and servo amps. 
For capacitors. Active fil-
ters. Analog/digital con-
verters and other special-
function modules. Plus a 

growing list of other elegantly crafted 
etceteras. 

USE 
United States Electronics Corporation 

275 Warren Street 
Lyndhurst, New Jersey 07071 

Tel. (201) 438-2400 
A Subsidiary of Electronic Associates, Inc. 

Both models feature loops broken 
between Vo and phase comparators 
with loop demodulation gains inde-
pendently variable, making the de-
vices suitable for phase demodula-
tion. In addition, the dc level of 
demodulated output voltage and/or 
gain can be selected. Temperature 
compensation allows the Vco fre-
quency drift with temperature to be 
100 ppm/°C. Vco outputs of the. 
2820 are ni-compatible, and the 
2800 is compatible with either Tat 
or ECL when used with a logic power 
supply and negative voltage. Price 
ranges from $6.35 to $22.65, de-
pending on frequency and tempera-
ture range. 
Harris Semiconductor, • P.O. Box 883, Mel-

bourne, Fla. 32901 [415] 

MOS registers offered in 

commercial, military grades 

A six-part mos shift register group 
features three devices with 10-mega-
hertz guaranteed frequency , oper-
ation. These silicon-gate registers 
are pin-for-pin replacements for In-
tel and similar circuits, and are 
available in both commercial and 
military temperature grades. Power 
dissipation is 0.1 milliwatt per bit at 
1 MHz. All six devices are DTL- and 
Tm-compatible, and have guaran-
teed operation as low as 400 hertz. 
They require two-phase overlappine 
clocks, and provide a one-bit shift 
on each clock pulse. They're all 
available in dice for makers of hy-
brid circuits. Price ranges from 
$9.60 to $24. 
Advanced Micro Devices Inc., 901 Thomp-

son Pl., Sunnyvale, Calif. 94086 [417] 

FET-input op amp 

settles in 100 ns 

A slew rate of 1,000 volts/micro-
second and a settling time to within 
0.01% of 200 nanoseconds are guar-
anteed features of the model A-132 
FET-input operational amplifier. 
Typical slew rate is 1,500 vie, and 
settling time, 100 ns. The unit is 
suited for high-resolution analog-to-

digital applications, sample-and-
hold circuits, high-speed buffers or 
integrators. In addition, low output 
impedance and good stability per-
mit the unit to drive high-speed 

logic, cables, or other capacitive 
loads to 1,000 picofarads. Open-
loop gain is typically 100 decibels, 
and bandwidth is 20 megahertz 
minimum. Input bias current is less 
than 50 pA, and input drift is 50 
vi°C. Price is $57, and delivery is 

from stock. 
Intech Inc., 1220 Coleman Ave, Santa 

Clara, Calif. 95050 [416] 

White-noise generators 

cover 10 hertz to 500 MHz 

Five white-noise generator diodes 
called the CND 1000 to CND 4000 
and CND 6000 are hermetically 
sealed silicon devices operating in 
the avalanche mode. They produce 
high levels of noise independent of 
frequency and temperature. Band-
width ranges from 10 hertz to 500 
megahertz, and temperature range 
is from -55° to + 125°C with a max-
imum noise output variation of -±2 
decibels across the frequency spec-
trum. 
Codi Semiconductor Division, Computer 

Diode Corp.,. Pollitt Dr. South, Fair Lawn, 

N.J. 07410 [419] 

Silicon-gate RAM has 

125-ns access time 

A 1,024-bit, n-channel, silicon-gate 
random-access memory offers a typ-
ical access time of 125 nanoseconds 
and power dissipation of 60 milli-
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Radlegion Devious Co. 
2 

w io, 3 4 5 3 

2 .1 

12 1.3 

OEM'S — BROADCASTERS 

UNIVERSITIES — SERVICE COMPANIES 

Review Our Economical Lene of Instruments. Accessories, and Sig-
nal Processing Components Spanning The Frequency Range From 
D-C to 2 GHz. To Get Best Value For Your Electronics Dollar. Bro-
chures and Application Notes Are Available Upon Your Request. 

RADIATION DEVICES CO., BOX 8450, BALTIMORE. MD. 21234 

CIRCLE 952 ON READER SERVICE CARD 

9.,,DAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC 

TRIGKING ANTENNA SYSTEMS. NIKE AJAX NIKE HER-
CULES M-33 M50-1A MPS-I9 MPS-9. SCR 584 TPS-1D 

TPS-28 FAA-ASR-2 AIRBORNE SYSTEMS. APN-84 APN-102 

APS-20. APS-27 APS-45 DPN-19. DIGITAL COMPUTERS 
IBM 650 IBM 704 

LARGEST INVENTORY OF RADAR AND 

MICROWAVE EOUIPMENT IN THE WORLD 

RADIO RESEARCH INSTRUMENT CO. 
3 OUINCY ST., NORWALK, CONN 06850 12031 853-2600 

CIRCLE 951 ON READER SERVICE CARD 

Somebody— 

Somewhere 

needs your idle equipment! Reach 
that buyer quickly and economically 
thru the 

"SEARCHLIGHT SECTION" 

The meeting place of 
Used Equipment Buyers and Sellers 

Send new ads to: 

ELECTRONICS 
P.O. Box 900, N.Y., N.Y. 10020 

New products 

watts. The model EA1501 combines 
high speed and low power. It oper-
ates off a ±12-volt supply and draws 
0.01 mw /bit in standby. The 
memory is organized in a 1,0244Dy-1 
configuration, and 10 address inputs 
are completely decoded internally to 
select the addressed word location 
for operation. A write operation oc-
curs when a write pulse is applied in 
conjunction with the chip-enable 
pulse. A read is performed when 
chip-enable is activated without the 
write pulse. Price is from $19.50 to 
$28.50, depending on quantity. 
Electronic Arrays, 510 Ellis St., Mountain 

View, Calif. 94040 [418] 

Transistor arrays are for 

matched thermal applications 

Five transistor arrays are monolithic 
in construction, and combine the at-
tributes of silicon integrated circuits 
with the design flexibility and acces-
sibility of discrete *devices. They are 
aimed at applications requiring 
matched thermal and electrical 
parameters. The models ULS2045H 
and ULN2046A consist of five npn 
transistors with two connected as a 
differential pair; type ULN2054A, 

of six npn transistors connected to 
form two independent differential 
amplifiers; and types ULN2081A 
and ULN2082A, each consisting of 
seven npn transistors connected in 
the common-emitter and common-
collector configuration respectively. 
Price ranges from $1.05 to $2.25 in 
100-lots. 
Sprague Electric Co., 35 Marshall St., North 

Adams, Mass. 01247 [420] 

Worth repeating: 
"The most comprehensive 
and authoritative 
reference volume 
on audio ever published!" 

Updated 2nd Edition 

AUDIO 
CYCLOPEDIA 

By Dr. Howard M Tremaine 

• 1758 fact-filled pages 
• Covers more than 3500 topics 
• Over 1800 illustrations 
• Completely updated content 

It's a library in one handy volume! Fully up-
dated to include latest developments, right 
down to the newest solid-state and integrated 
circuits. Gives you concise, accurate explana-
tions of all subjects in the fields of acoustics, 
recording and reproduction ... with each sub-
ject instantly located by a unique index and 
reference system. 

It's the indispensable, complete reference 
book for anyone associated with or interested 
in the audio field. 20675-429.95 

25 sections! Contents inçlude: basic principles 
of sound: acoustics, studio techniques and 
equipment; constant-speed devices, motors 
and generators; microphones; attenuators; 
equalizers; wave filters; transformers & coils; 
sound mixers; VU meters; tubes, transistors & 
diodes; amplifiers; disc recording; cutting 
heads; recording & reproducing styli; pickups; 
magnetic recording; optical film recording; mo-
tion picture projection equipment; speakers, 
enclosures, headphones & hearing aids; power 
supplies; test equipment; audio-frequency 
measurements; installation techniques; special 
charts & tables. 

10-day FREE EXAMINATION 

Howard W. Sams & Co., Inc. 
4300 West 62nd Si. 
Indianapolis, Indiana 46268 
CI Send me AUDIO CYCLOPEDIA (20675) for 10-
day examination, without cost or obligation. I will 
send $29.95, or will return the book within 10 days. 
(Include sales tax where applicable.) 
CJ I enclose $29.95 payment. Send my copy post-
paid with full 10-day refund privilege. (Include 
sales tax where applicable.) 

Name (Print) 

City  

E 07 1 
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New literature 

Relays. C.P. Clare & Co., 3101 Pratt 
Ave., Chicago, Ill. 60645. A 12-page 
catalog describes general-purpose 
relay line. Information on contact 
materials for switching dry circuits 
is included, as well as a designer's 
reference guide. Circle 421 on 
reader service card. 

Camera system. A four-page bro-
chure, available from Ampex Corp., 
401 Broadway, Redwood City, 
Calif. 94063, describes features and 
specifications of the model CC-500 
color television camera system, de-
signed for educational, medical, and 
industrial use. [422] 

Transducer calibration system. Dra-
netz Engineering Laboratories Inc., 
2385 S. Clinton Ave., South 
Plainfield, N.J. 07080, is offering a 
bulletin detailing the S-7 sonar 
transducer calibration system, 
stressing the building-block concept 
offered by the company. [423] 

Communications systems. Capabili-
ties of Xerox Corp., 701 S. Aviation 
Blvd., El Segundo, Calif., in com-
puter-controlled data communi-
cations systems are described in an 
eight-page brochure that deals with 
hardware, software, and systems 
support. [424] 

Circuit tester. Teradyne Inc., 183 
Essex St., Boston, Mass. 02111, has 
published a 55-page price list and 
catalog for the model J133 analo-
gical circuit-test instrument. More 
than 3,800 digital integrated circuits 
that can be tested on the unit are 
listed by manufacturer's part num-
ber, along with the stock numbers 
and prices of the J133 programing 
boards needed for each lc. [425] 

Active filters. Frequency Devices 
Inc., 25 Locust St., Haverhill. Mass. 
01830, is offering a six-page report 
on active filters that provides sys-
tems engineers with data needed for 
selection of proper filter character-
istics. [426] 

Potentiometers. An 84-page product 
catalog describing a line of precision 
potentiometers and counting dials is 
available from the Amphenol Con-

nector division Controls Operation, 
Janesville, Wis. Included are electri-
cal and environmental character-
istics, as well as line drawings and 
selection charts. [427] 

Computer. Microdata Corp., 644 E. 
Young St., Santa Ana, Calif. 92705, 
has published an 88-page reference 
manual for the Micro 1600 mini-
computer. It includes seven chapters 
and an appendix, in addition to a 
reference table and system descrip-
tion. [428] 

Switches. Grayhill Inc., 561 Hill-
grove Ave., La Grange, Ill. 60525. 
An engineering catalog contains 104 
pages of drawings, dimensions, 
prices, and operating features of a 

eê 

Miniature Electrical and 
Electronic Switches, 
Solid State Relays 

and Termination Hardware 

line of rotary switches, pushbutton 
switches, termination hardware, 
wire ties, and solid-state relays. [401] 

Diodes. Diodes and high-frequency 
transistors available from Hewlett-
Packard Co., 1601 California Ave., 
Palo Alto, Calif. 94304, are de-
scribed in an eight-page catalog. 
Listings include a line of Schottky, 
p-i-n, Impatt, and step-recovery 
diodes; chip, beam-lead and other 
configurations for use in hybrid cir-
cuit applications are shown. [429] 

Modems. Pulse Communications 
Inc., 5714 Columbia Pike, Falls 
Church, Va. 22041. A brochure de-
scribes a line of low-speed Bell Sys-
tem-compatible data modems, des-
ignated the series 4080. [430] 

DIP trimmer. A two-page data sheet, 
available from Spectrol Electronics 
Corp., 17070 E. Gale Ave., City of 
Industry, Calif. 91745, describes a 
low-cost 3/4 -inch trimmer with dual 
in-line pin spacing. [431] 

D/a converters. A four-page catalog 
from Micro Networks Corp., 5 Bar-
bara Lane, Worcester, Mass. 01604, 
provides specifications and pinning 
information on 24 models of digital-
to-analog converters in dual in-line 
package and module form. [432] 

Power supplies. Power supplies 
available in the EP series from 
Power Pac Inc., 24 Stage St., Stam-
ford, Conn. 06901, are specified in a 
brochure that also includes price in-
formation. [433] 

Power conversion equipment. Topaz 
Electronics, 3855 Ruffin Rd., San 
Diego, Calif. 92123, is offering a 
nine-page bulletin describing a line 
of solid-state power-conversion sys-
tems. These include inverters/ 
converters, ultra-isolation trans-
formers, ac line regulators, and 
uninterruptible power systems. [434] 

Modular oscillator. Fork Standards 
Inc., 205 Main St., West Chicago, 
Ill. 60185, has published a 12-page 
catalog describing a line of modular 
oscillátors. Specifications, including 
frequency ranges, output wave-
forms, dimensional and mounting 
drawings, and terminal layouts, are 
shown for 18 models of both crystal 
and tuning-fork units. [435] 

Audio-video receiver. Conrac Corp., 
Conrac division, 600 North Rims-
dale Ave., Covina, Calif. 91722. A 
data sheet outlines the 1000 series 
audio-video receivers and describes 
optional modules for professional, 
closed-circuit, community-antenna 
and educational applications. [436] 

Coaxial load resistors. A short-form 
catalog from Bird Electronic Corp., 
30303 Aurora Rd., Cleveland, Ohio 
44139, lists a line of coaxial load re-
sistors, absorption wattmeters, di-
rectional wattmeters, rf attentuators, 
and coax switches. [437] 
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NEW 
SHORTER 
CASE! 

SCHAUER 
ZÊ1ÏljuilS 

.160 MAX. 
DIA. 

.028 DIA. 

GOLD PLATED 

NICKEL CLAD 

COPPER LEADS 

U.S.A. Made 

All welded 
and brazed assembly 

No fragile 
nail heads 

High pressure 
molded case 

ALKYD RESIN 

CASE LENGTH 
0.320" MAX.---".". 

— 16 

(Was 0.437") 

SAME LOW PRICES FOR 
1% TOLERANCE ZENERS 

ANY VOLTAGE 
FROM 2.0 TO 18.0 

Quantity 
1-99 
100-499 
500-999 
1000-4999 
5000 up 

Price Each 
$1.07 

.97 

.91 

.86 

.82 

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

Semiconductor Division 

SCHAUER 
MANUFACTURING CORP. 

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

Circle 138 on reader service card 

New books 

Systems Programming, John J. 
Donovan, McGraw-Hill Book Co., 
pp. 488, $13.95 

Digital Computer Fundamentals, 
Thomas C. Bartee, McGraw-Hill 
Book Co., pp. 467, $10.95 

Basic Principles of Integrated Cir-
cuits, R.G. Hibberd, Philosophical 
Library, pp. 274, $15 

Electronic Data Processing, Martin 
Nussbaum, Vocational Guidance 
Manuals, pp. 160, $4.95 

Superconductivity, E.A. Lynton, Sci-
ence Paperbacks, pp. 219, $5 

From Electrocatalysis to Fuel Cells, 
G. Sandstede, University of Wash-
ington Press, pp. 415, $12.50 

The Design of Digital Systems, John 
B. Peatman, McGraw-Hill Book 
Co., pp. 457, $15.50 

Solid State Electronic Devices, Nick 
Holonyak Jr., Prentice Hall Inc., pp. 
463, $13.95 

Electronic Drafting and Design (sec-
ond edition), Nicholas M. Raskho-
doff, pp. 666, $13.50 

High-Voltage Measurement Tech-
niques, Adolf J. Schwab. M.I.T. 
Press, pp. 290, $15.00 

Modern Control System Theory and 
Application, Stanley M. Shinners, 
Addison Wesley, pp. 528, $14.95 

Computer Networks, Randall Rus. 
tin, Prentice-Hall Series, pp. 205, 
$9.95 

Theory and Analysis of Phased Ar-
ray Antennas, Noach Amitay, Victor 
Galindo and Chen Pang Wu, pp. 
443, $22.50 

Materials for Semiconductor Func-
tions, E.G. Bylander, Hayden Book 
Co., pp. 220, $13.50 

Materials Science And Technology 
for Design Engineers, Alex E. 
Javitz, Hayden Book Co., pp. 560, 
$23.95 

it's so easy to take . . . 
You can replace your thermopile with a 
SBN PYROELECTRIC DETECTOR 

• BROADBAND RESPONSE— 
UV to microwaves 

• HIGH SENSITIVITY— 
> to 125 V /W 

• FAST RESPONSE— 
better than 5ns 

• NO CRYOGENICS— 
operates from —40°C to 90°C 

• RUGGED AND 
NONHYGROSCOPIC 

This package includes a sensing element 
plus a integral FET and fits a standard 9 
pin miniature tube socket. Available from 
stock for only S125.00. 

Call us at 216/248-7400 with your IR 
detection and measurement problems 

THE HARSHAW CHEMICAL COMPANY 
DIVISION OF KE. \AANEE OIL COMPANY 

Crystal & Electronic Products Department 
6801 Cochran Road • Solon, Ohio 44139 

(216' 248-7400 
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THE 
SOURCE 

We're quoted, noted and footnoted. 

Professionals believe in us. Key people in 
publishing and electronics. Because we're the 
authority throughout the world. 
We have the professionals where you want 

them. Not scanning. Reading—thoroughly. 
We've captured their attention by doing a 
thorough job, ever since we coined the word 

"electronics" back in 1930. They took our word 
for it then. They still do. 

Each issue the best editors, at home and 

abroad, spend about 4,000 man-hours distill-
ing vast quantities of original information col-
lected from around the globe. 

When you put your product in Electronics, 
you've got believers. You have more than their 

attention. You have their trust. 

When it's in Electronics, they take your word 
for it. 
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6411, This shirt-pocket sized electronic calculator was 
revealed by  Electronics Magazine ... 1pge 

—Associated Press 

41,6 The electronics industry, should have a 9.5% 
growth in 1972 Electronics Magazine says ...11p, 

—Washington Daily News 

éé Unless the new international monetary agreement 
produces a lift, Europe's economic growth may be 
even slower than the snail's pace of this year, 
Electronics Magazine reports ... gele 

—United Press International 

640 Electronics Magazine reports that a scientist 
has developed an electronic pacemaker which can 
be recharged without performing surgery ....tple 

—Detroit Free Press 

66 An article in Electronics Magazine said CATV can 
be used for fire and burglar protection, shopping 
and banking at home, electronic mail delivery, 
picture and fingerprint retrieval, traffic control, 
in-home printout of newspapers ...ee 

—Philadelphia Inquirer 

610 The new U.S. surtax on imports may well cause a 
switch in what so far has been the usual trans-
Pacific practice, says Electronics Magazine ...foe 

—Oakland Tribune 

éé How'd you like a camera that stops action at a 
billionth of a second?  Electronics Magazine  
tells of one ...fie, 

—Long Island Press 

Electronics riji- 4 
THE SOURCE. nntil 
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Electronics advertisers July 17, 1972 

Advanced Memory Systems 
Writing Unlimited 

Advanced Micro Devices 
Keye Donna/ Pearlstein 

• Advanced Micro Devices 
Keyei Donna/ Pearlstein 

• AEG Teiefunken 
Werbeagentur 

Air Reduction Company, 
Airco industrial Gases 
Gimbel, Hammond, Farrell & Walsh, Inc. 

Aico Electronic Products, Inc. 
Marketronics Advertising 

Allen-Bradley Company 
Hoffman-York, Inc 

AMP, Incorporated 
Aitken-Kynett Co., Inc. 

Applied Materials Technology 
Hall Butler Blatherwick, Inc. 

Bell & Howell - Electronics & 
instruments Group 
Coordinated Communications, Inc. 

• Bendix Corporation, Electrical 
Components Div. 
D'Arcy-MacManus-Intermarco, Inc. 

$ Boums, Inc. 
Marlborough Assoc., Inc. 

• Bussmann Mfg. Division of 
McGraw Edison Co. 
Henderson Advertising Company 

• Cambridge Thermionic Corporation 
Chirurg & Cairns, Inc. 

Dale Electronics, Inc., 
A Sub. of The Lionel Corporation 4th cover 
Swanson, Sinkey, Ellis, Inc. Advertising 

• Datascan, Inc. 
MSD Advertising Agency, Inc. 

• Data Precision 
Allied Advertising Agency, Inc. 

Data Technology Corp. 
James Bischof & Associates 
Advertising /Communication 

Dickson Electronics Corporation 
N. A. Winter Advertising Agency 

• Digital Equipment Corporation 40.50-51 
Creamer, Trowbridge, Case & Basford, Inc. 

Dumont Oscilloscope Laboratories, Inc. 6 
Barbetta Miller Advertising, Inc. 

Eico Corporation 3rd cover 
Mort Barish Associates, Inc. 

• Electronic Associates, Inc. 
Gerald Clarke, Inc. 

• Electronic Navigation Industries 
Hart Conway Co., Inc. 

Electronics 

Fairchild Semiconductor, Inc. 
Carson/Roberts, Inc. Adv. 
Division of Ogilvy & Mather, Inc. 

Fairchild Systems Technology 
Hall Butler Blatherwick, Inc. 

• Fluke Manufacturing Co., Inc. 
Bonfield Associates 

• General Electric Co., 
Semiconductor Products Department 
Advertising & Sales Promotion 
Syracuse Operation 

• Gould, Inc./Instrument Systems Div. 
Carr Liggett Adv., Inc. 

Graiex industries Division of 
General Microwave Corp. 
Industrial Marketing Associates 

GRI Computer 
Allied Advertising Agency, Inc. 

Hansen Mfg. Company 
Keller-Crescent Co. 

• Harshaw Chemical Company 
Industry Advertising Company 

• Hewlett-Packard 
Tallant /Yates Advertising, Inc. 

• Hewlett-Packard 
Tallant /Yates Advertising, Inc. 

98-99 Lockheed Electronics Company 
McCann-Erickson, Inc. 

10-11 Master Appliance 
Klau-Van Pietersom-Dunlap, Inc. 

18E Microsystems International Ltd. 
Media Advertising Ltd. 

22E MOS Technology, Inc. 
Henry S. Goodsett Advertising, Inc. 

Mostek Corporation 
113 Continental Communications Incorporated 

Non-Linear Systems, Inc. 
128 Marketing Directions. Inc. 

North Atlantic Industries, Inc. 
64 Helme Associates, Inc. 

• Philips Gad Elcoma 
13 Tag-Intermarco delaMar 

• Philips N. V. Pit/T & M Division 
16-17 Marsteller International S. A. 

• RCA Ltd. 
Marsteller Ltd. 

Reliability, Inc. 
Marketing Services Management 

• Rohde & Schwarz 

Rotron, Incorporated 
Black-Russell-Morris 

Howard W. Sams & Co. 
Aitkin-Kynett Co., Inc. 

7 Schauer Manufacturing Corp. 
Nolan, Keelor & Stites 

117 • Schlumberger Solartron 
Scott MacTaggert Advertising 

• S. E. Laboratories Ltd. 
Graphic Publicity Ltd. 

• Siemens Aktiengesellschaft 
117 Linder Presse Union GmbH 

Signetics Corp., Sub. of 
128 Corning Glass Works 

Hall Butler Blatherwick, Inc. 

106 Siliconix Incorporated 
Paul Pease Advertising 

Solitron Devices, Inc. 
114 Sol Advertising Agency 

Sprague Electric Company 
Harry P. Bridge Company 

Stackpoie Carbon Company, 
Electronic Components Division 
Ira Thomas Associates, Inc. 

Stanford Applied Engineering 
Rose Associates Advertising & 
Public Relations 

• Systron Donner Concord Instruments 
Bonfield Associates 

TEC, Inc. 
TEC-AD 

82-83 • Tektronix, Inc. 
Dawson, Inc. 

Teledyne Relays 
118 S. Michelson Advertising 

Teledyne Semiconductor 
15 Regis McKenna, Inc. 

TERADYNE Inc. 
QUINN & JOHNSON, INC. 

9 • Texas instruments Incorporated, 
Components Group 
Albert Frank Guenther Law, Inc. 

18 • TRW, Electronic Components Division 
The Bowes Company 

• TRW Electronics, IRC Boone Division 
108 Odiorne Industrial Advertising, Inc. 

Tung Sol Division, Wagner Electric Corp. 
21 Winius Brandon Company 

Universal Instruments Corp. 
112 Conklin, Labs & Bebee, Inc. 

$ Universal Oil Products, Norpiex Div, 
123 Campbell Mithun, Inc. 

• VIO Techmashexport 
70-71 V i0 Vneshtorgreklama 

31 

52 

46 

120 

12 

124-125 

110 

Hewlett-Packard 1 
Richardson, Seigle, Rolls & McCoy, Inc 

• Hewlett-Packard 11E-14E 
Dorland Advertising Ltd. 

Honeywell Test Instrument Division 100-101 
Campbell Mithun Inc. 

• industrie Bitossi S.A.S. 20E 

Intel Corporation 36 
Bonfield Associates 

International Electronic Research Corporation 112 
Van Der Boom, McCarron, Inc., Advertising 

LFE Corporation, Process Control Division 33 
Culver Advertising Inc. 

62 

127 

102 

2nd cover 

22 

127 

96 

4E,19E 

46 

2E-3E 

57 

1E 
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123 

9E 

17E 

7E 

49 

87 

37 

8,14 

109 

63 

114 

62 

29,35 

21E 

43 

55 
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38-39 

59 

104 

117 

44 

44 

Classified & Employment Advertising 
F J. Eberle, Manager 212-971-2557 

EQUIPMENT (Used or Surplus New) For Sale 
Radiation Devices Co 121 
Radio Research Instruments Co 121 

• For more information on complete product line see adver-
tisement in the latest Electronics Buyer's Guide 

• Advertisers in Electronics International 
$ Advertisers in Electronics domestic edition 

Advertising Sales Staff 
Pierre J. Braude [212] 997-3485 
Advertising Sales Manager 

Atlanta, Ga. 30309: Joseph Lane 
100 Colony Square, 1175 Peachtree St., N.E. 
[404] 892-2868 

Boston, Mass. 02116: James R. Pierce 
607 Boylston St. [617] 262-1160 

Chicago, 111. 60611: Robert W. Bartlett 
Kenneth E. Nicklas, 645 North Michigan 
Avenue, [312] MO 4-5800 

Cleveland, Ohio 44113: William J. Boyle 
[716] 586-5040 

Dallas, Texas 75201: Richard P Poole, 
Charles G. Hubbard 
1340 Republic National Bank Building 
[214] RI 7-9721 

Denver, Colo. 80202: Harry B. Doyle, Jr. 
Tower Bldg., 1700 Broadway 
[303] 266-3863 

Detroit, Michigan 48226: Robert W. Bartlett 
2600 Penobscot Building 
[313] 962-1793 

Houston, Texas 77002: Richard P Poole, 
Charles G. Hubbard 
2270 Humble Bldg. [713] CA 4-8381 

Los Angeles, Calif. 90010: Robert J. Rielly 
Bradley K. Jones, 3200 Wilshire Blvd., South Tower 
[213]487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H. Gardner [212] 997-3617 
Michael J. Stoller [212] 997-3616 

Philadelphia, Pa. 19103: Warren H. Gardner 
6 Penn Center Plaza, 
[212] 971-3617 

Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, [212-971-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge. Pittsford, N.Y. 
[716] 586-5040 

San Francisco, Calif. 94111: Don Farris 
Robert J. Rielly, 425 Battery Street, 
[415] 362-4600 

Parts: Alain Offergeld 
17 Rue-Georges Bizet, 75 Paris 16, France . 
Tel: 720-73-01 

Geneve: Alain Offergeld 
1 rue du Temple, Geneva, Switzerland 
Tel: 32-35-63 

United Kingdom: Keith Mantle 
Tel: 01-493-1451, 34 Dover Street, London W1 

Milan: Robert Saidel 
1 via Baracchini Phone 86-90-656 

Brussels: Alain Offergeld 
23 Chausses de Wavre 
Brussels 1040, Belgium 
Tel: 13-65-03 

Stockholm: Brian Bowes 
Office 17, Kontor-Center AB, Hagagarten 29, 
113 47 Stockholm. Tel: 24 72 00 

Frankfurt/Main: Fritz Krusebecker 
Liebigstrasse 27c 
Phone 72 01 81 

Tokyo: Masaru Wakeshima, McGraw-Hill 
Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan 
[581] 9811 

Osaka: Ryji Kobayashi, McGraw-Hill 
Publications Overseas Corporation, Kondo 
Bldg., 163, tlmegae-cho Kits-ku [362] 8771 

Australasia: Warren E. Ball, IPO Box 5106, 
Tokyo, Japan 

Business Department 
Stephen R. Weiss, Manager 
[212] 997-2044 

Thomas M. Egan, 
Production Manager [212] 997-3140 

Carol Gallagher 
Assistant Production Manager [212] 997-2045 

Dorothy Carter, Contracts and Billings 
[212] 997-2908 

Frances Valione, Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
George F. Werner, Associate Publisher 
[212] 997-3139 

Regina Hera, Directory Manager 
[212] 997-2544 
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flarneless 
1000° 
heat 

Instant, precise heat for 
1001 uses — shrink tubing, 

soldering-desoldering, 

forming, bonding, deburring, 
drying, setting adhesives. 

World's most complete line. 
Models from 200-1000cF. 

Send for new free Catalog 75. 

you can hold 
in your hand 

1  i 
1745 FLETT AVE.. RACINE, WI 53403 

Circle 171 on reader service card 

YOU'RE WHISTLING 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 
Conwibuted by the 

DIGITAL 
MULTIMETERS 

You can rely on 

MX-1 

FIVE DIGIT, HIGH ACCURACY DIGITAL 
MULTIMETER 
The lightweight, rugged multimeter that broke the estab-
lished price barrier for high-accuracy DMM's. Offers 5-
digit accuracy with automatic ranging and wide-range 
ratio as standard features. 

LX-2 

FOUR DIGIT, AUTO-RANGING 
DIGITAL MULTIMETER 
Exceptional versatility and low cost. Standard instrument 
offers auto-ranging and measures DC volts, AC volts, 
resistance and multifunction ratios. 

111111L.... 

WEI 

• • • X-3A 

THREE DIGIT DIGITAL MULTIMETER 
Specifically designed to replace moving-needle analog 
meters with an accurate, easily-read digital display. 
Makes in addition to standard VTVM measurements, ac-
curate measurements of DC millivolts, DC microamps, 
high voltages, and RF voltages. 

20 YEARS OF RELIABILITY 

NON-LINEAR SYSTEMS, INC. 
DEL MAR, CALIFORNIA 
(714) 755-1134 / 
TWX 910 443 1132 
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lp'le'J1 BATON SWITCH 
This new ALCOSVVITCH series satisfies many low current 

switching needs. Available in 2-8 poles & 2 or 3 positions. 

Panel wired or P/C 

mounting — all with 

identical baton ac-  
811111111111111rmei r tuators, including 

a mating power 

switch. 

ALCO's 
STB Series 

ALCD5UJITCH® 
DIV OF ALCO ELECTRONIC PRODUCTS, INC. NORTH ANDOVER MASS 01845 

Circle 128 on reader service card 

First in a series of PC Slide Switch-
es with "ELEVEN" positions for 
greater versatility in design. Useful 

in a variety of ma-
trix designs or 
singularly as 

0-1 0 posi-

tions and 

OFF. 

Circle 129 on reader service card 

2 forl 

51/2 DMM 
r-

BASIC ACCURACY IS ±0.001% f.s. ±0.007% rdg. ±1 
DIGIT GUARANTEED FOR 6 MONTHS. 

"Two for the price of one." This is the way many of our customers 
have reacted to our Tri-Phasic 51/2 DMM. At a cost of 50% less, 
they purchase two of ours for the same price or less than one of the 
closest comparable DMM's. 

It's The Best Buy in the DMM field. 

This precision 5,/t digit Model 2540 gives you DC Volts, AC Volts, 
Resistance, Voltage Ratio, Auto-Ranging, Auto-Polarity, Isolated BCD 
Outputs, Remote Triggering and Remote Ranging. Documented by 
full test data and Certificate of Conformance. All for $1195. 

Choose from eight 41/2 digit and 51/2 digit models from $580. Call or 
write Bob Scheinfein (617) 246-1600, Data Precision Company, 
Audubon Rd., Wakefield, Ma 01880. 

qIMDATA PRECISION 
...years ahead 

A member of the Gordon Group 

Presenting 
in your corner: 

THE 
ELECTRONICS 

BOXER! I 

Why mess around when you can 
have the ELECTRONICS BOXER clean up 
your copies—keep them in top 
condition. 

And, it's easy and inexpensive to 
keep the ELECTRONICS BOXER in 
your corner. Just complete the 
coupon below and mail. 
Your order will be processed 
immediately, postpaid. 

ELECTRONICS BOXER 
Jesse Jones Box Corporation 

2250 E. Butler St., Philadelphia, Pa. 19137 

Please send me: D boxes @ $4.25 each; 

D 3 boxes @ $12.00; 

6 boxes @ $22.00 

My check or money order is enclosed. 

Name  

Address  

City State Zip  

1 

—1 
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For additional information on products advertised, new products 

or new literature, use the adjacent business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the 

Reader Service postcard 

that corresponds to the 

number at the bottom of the 

advertisement, new product 

item, or new literature in 

which you are interested. 

To aid the manufacturer in 
filling your request, please 

check the appropriate in-

dustry classification box. 

Postage is prepaid in U.S. 
Correct amount of postage 

must be affixed for all mail-

ings from outside the U.S. 

All inquiries from outside 
the U.S. that cannot reach 
Electronics before the expir-
ation dates noted on the 
Reader Service postcard 
must be mailed directly to 
the manufacturer. The man-
ufacturer assumes all re-
sponsibilities for respond-
ing to inquiries. 

Subscriptions & Renewals 
Fill in the subscription 

card adjoining this card. 

Electronics will bill you at 

the address indicated on 

the card. 

ELECTRONICS Issue: July 17, 1972 Expires Oct. 1, 1972 

NAME TITLE  

COMPANY  

STREET  

CITY STATE ZIP  

Industry Classification (check one) 
a P Computer & Related Equip. 
b P Communications Equip. & Systems 
c D Navigation, Guidance or Control Systems 
d E Aerospace, Underseas Ground Support 

e E Test & Measuring Equip. 

h 

Ill Consumer Products 
E Industrial Controls & Equip. 
D Components & Subassemblies 
I=1 Independent R&D Organizations 
E Government 

1 21 41 61 81 101 121 141 161 181 201 221 241 353 373 393 413 433 453 473 
2 22 42 62 82 102 122 142 162 182 202 222 242 354 374 394 414 434 454 474 

3 23 43 63 83 103 123 143 163 183 203 223 243 355 375 395 415 435 455 475 

4 24 44 64 84 104 124 144 164 184 204 224 244 356 376 396 416 436 456 476 

5 25 45 65 85 105 125 145 165 185 205 225 245 357 377 397 417 437 457 477 

6 26 46 66 86 106 126 146 166 186 206 226 338 358 378 398 418 438 458 478 

7 27 47 67 87 107 127 147 167 187 207 227 339 359 379 399 419 439 459 479 

8 28 48 68 88 108 128 148 168 188 208 228 340 360 380 400 420 440 460 480 

9 29 49 69 89 109 129 149 169 189 209 229 341 361 381 401 421 441 461 900 
10 30 50 70 90 110 130 150 170 190 210 230 342 362 382 402 422 442 462 901 

11 31 51 71 91 Ill 131 151 171 191 211 231 343 363 383 403 423 443 463 902 
12 32 52 72 92 112 132 152 172 192 212 232 344 364 384 404 424 444 464 951 

13 33 53 73 93 113 133 153 173 193 213 233 345 365 385 405 425 445 465 952 
14 34 54 74 94 11 4 134 154 174 194 214 234 346 366 386 406 426 446 466 953 

15 35 55 75 95 115 135 155 175 195 215 235 347 367 387 407 427 447 467 954 

16 36 56 76 96 116 136 156 176 196 216 236 348 368 388 408 428 448 468 956 

17 37 57 77 97 117 137 157 177 197 217 237 349 369 389 409 429 449 469 957 
18 38 58 78 98 118 138 158 178 198 218 238 350 370 390 410 430 450 470 958 
19 39 59 79 99 119 139 159 179 199 219 239 351 371 391 411 431 451 471 959 
20 40 60 80 100 120 140 160 180 200 220 240 352 372 392 412 432 452 472 960 

ELECTRONICS Issue: July 17, 1972 

NAME TITLE 

Expires Oct. 1, 1972 

COMPANY  

STREET  

CITY STATE ZIP  

Industry Classification (check one) 
a E Computer & Related Equip. 

b E Communications Equip. & Systems 
c E Navigation, Guidance or Control Systems 

d E Aerospace, Underseas Ground Support 
e D Test & Measuring Equip. 

f p 

g El 
h D 
I 
k 

Consumer Products 
Industrial Controls & Equip. 
Components & Subassemblies 
Independent R&D Organizations 
Government 

1 21 41 61 81 101 121 141 161 181 201 221 241 353 373 393 413 433 453 473 

2 22 42 62 82 102 122 142 162 182 202 222 242 354 374 394 414 434 454 474 
3 23 43 63 83 103 123 143 163 183 203 223 243 355 375 395 415 435 455 475 
4 24 44 64 84 104 124 144 164 184 204 224 244 356 376 396 416 436 456 476 
5 25 45 65 85 105 125 145 165 185 205 225 245 357 377 397 417 437 457 477 

6 26 46 66 86 106 126 146 166 186 206 226 338 358 378 398 418 438 458 478 

7 27 47 67 87 107 127 147 167 187 207 227 339 359 379 399 419 439 459 479 

8 28 48 68 88 108 128 148 168 188 208 228 340 360 380 400 420 440 460 480 

9 29 49 69 89 109 129 149 169 189 209 229 341 361 381 401 421 441 461 900 
10 30 50 70 90 110 130 150 170 190 210 230 342 362 382 402 422 442 462 901 

11 31 51 71 91 111 131 151 171 191 211 231 343 363 383 403 423 443 463 902 
12 32 52 72 92 112 132 152 172 192 212 232 344 364 384 404 424 444 464 951 

13 33 53 73 93 113 133 153 173 193 213 233 345 365 385 405 425 445 465 952 
14 34 54 74 94 11 4 134 154 174 194 214 234 346 366 386 406 426 446 466 953 

15 35 55 75 95 115 135 155 175 195 215 235 347 367 387 407 427 447 467 954 

16 36 56 76 96 116 136 156 176 196 216 236 348 368 388 408 428 448 468 956 
17 37 57 77 97 117 137 157 177 197 217 237 349 369 389 409 429 449 469 957 
18 38 58 78 98 118 138 158 178 198 218 238 350 370 390 410 430 450 470 958 

19 39 59 79 99 119 139 159 179 199 219 239 351 371 391 411 431 451 471 959 
20 40 60 80 100 120 140 160 180 200 220 240 352 372 392 412 432 452 472 960 
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needed information by writing directly to the manufacturer, or by 
sending your name and address, plus the Reader Service number, 
to Electronics Reader Service Department, Box 2530, Clinton, 
Iowa 52732. 
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postage here ... for 
faster service. 

Electronics 
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Electronics 
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Electronics 
Reprint service 
Only the Electronics editorial 
matter listed on this page is 

available in reprint form: 

You may order any of the below listed 
reprints by key number. Discounts on 
quantifies over 10. 

Bulk reprints of editorial matter can be 
ordered from current or past issues The 
minimum quantity is 500 copies. Prices 
quoted on request: call 609-448-1700 
Ext. 5494, or write to address below. 

Bridging the Analog & Digital Worlds 
with Linear ICS. 16 pages. $4.00. 
Key no. R-205 

1 East Europe Market Report. 
a 16 pages. $2.00. 
1 Key no. R-203 
i 
ri U.S. Market Report. 
il 28 pages. $2.00. 

Key no. R-201 
i 

i; 

European Market Report 1972. 
20 pages. $2.00. 
Key no. R-119 

Optoelectronics Makes It At Last. 
3 Parts. $4.00. 
Key no. R-113 

Automation For Survival. 
12 pages. $2.00. 
Key no. R-110 

Computers in The 70's. 
24 pages. $4.00. 
Key no. R-107 

Reshaping The EE For The Seventies 
24 pages. $1.00. 
Key no. R-18 

Special Report on New Look 
in LSI Packaging. 
Parts I & Il. 16 pages. $2.00. 
Key no. R-15 

Computer-Aided Design. 
148 pages. $4.00. 
Key no. R-11 

Active Filters. 
96 pages. $4.00. 
Key no. R-032 

Circuit Designers Casebook. 
217 pages. $4.00. 
Key no. R-031 

Special Report: Tomorrow's 
Communications. 32 pages. $3.50. 
Key no. R-023 

Field Effect Transistors. 
Parts I, Il, and III. 64 pages. 
$4.00. Key no. R-64 

To order reprints or for further informa-
tion, please write to: 

Electronics Reprint Department 
P.O. Box 669 
Hightstown, N.J. 08520 

Only orders with cash, check, or money 
order will be accepted. No invoicing will 
be done. 



... using Elco's Series 6317*, 6320* and 6321* 
card edge connector systems. These new problem-
solvers from Elco help you beat the "wrap-or-not-to-
wrap" syndrome that crops up when you're designing 
a new circuit. Formerly you had one of two choices. 
Go the wire-wrapping route for design flexibility. 
Or choose p.c. wiring for manufacturing economy. 
Either way, you've had to accept trade-offs. 

Wire wrapping lets you make circuit changes 
throughout the life of your equipment. But, at 
roughly 10e for each pair of terminations, a densely 
wrapped board can be expensive. On the other hand, 
committing all signal interconnections to p.c. wiring 
is the less enstly alternative, but you're married to 
the circuit on your multi-layer board. So when a 
design change is called for, you have to discard 
the board and design anew. 

That is, up until now. 
Because Elco's press-fit card edge connector sys-

tems give you the best of both approaches. 
In a typical application, you can specify 50 to 

75% of your interconnections as p.c. wiring, includ-
ing all grounds and voltage distributions. And thus 
cut as much as 75% from your overall intercon-
necting costs. Your interconnections will be made 
by press-fitting the contacts of our connectors into 
the plated-through holes of the board. The remain-
ing interconnections will be made by wire wrapping 
the appropriate contacts. 

Since your p.c. wiring is exposed, you now have 
the ability to make circuit changes and repairs using 
the wire wrap tail available on each contact. You're 
also able to replace damaged contacts without dis-
turbing or removing the insulator or adjacent con-
tacts. And you needn't worry about the integrity of 
the press-fit connection because it's mechanically 
stronger and electrically more reliable than the best 
soldered connection. Furthermore, circuit reliability 
in general is improved because the p.c. board is not 
subjected to the heat shock that accompanies most 
soldering processes. 

And Elco will go you even two better. 
Give us your p.c. back panel laid out to our hole 

specs (.125" x .125" — Series 6317; .100" x .200" — 
Series 6320; .125" x .250"— Series 6321), and we'll 
fill the board with our "Economist" Series connec-
tors. Or send us your specifications, and we'll even 
supply the board. In either case, we'll also complete 
the wire wrapping. 

Just two more services in keeping with CONNEC-
TRONICS, Elco's Total Connector Capability. 

For full details and specifications on the "Econo-
mist," contact your local Elco representative, or: 

Elco, Willow Grove Division, 
Willow Grove, Pa. 19090 
(215) 659-7000 

Elco, Pacific Division, 
2200 Park Place, 
El Segundo, Calif. 90245 
(213) 675-3311 

Operations ;n USA, Australia, Belgium, canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world. 
Copyright i 1971 Elco Corp. All rights reserved. *Pat pending. 
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New DaleTrigger-Type Pulse Transformers 
Available fast for SCR control circuits. New Dale Trigger-Type Pulse Transformers 
match your performance and budget requirements for industrial and commercial 
applications. Two styles with PC pins (PT20) or bobbin type leads (PT10) for use 
where trigger source isolation is employed in half or full wave SCR power control 
circuits. Available with turns ratio of: 1:1, 1:1:1. 2:1, 2:1:1 and 5:1. Primary 
inductance from 200 p.h to 5000 µh. Inter-
winding capacitance as low as 400 pf. 
Leakage inductance as low as 3 µh. 

The price—very competitive in most 
any quantity. Phone today for a 
quote: 605-665-9301 or write: 

DALE ELECTRONICS, INC. 
East Highway 50, Yankton, S.D. 57078 

A subsidiary of The Lionel Corporation 

Check our expanded inductor capabilities... 
Standard or special, Dale is moving up as a preferred source for inductive components. 

Readily available among our broadened standard lines are: 

Conformal 
Coated Chokes 
Type IR-2, IR-4. Durable 
epoxy coating give equiv-
alent performance, lower 
price than molded styles. 
Machine insertable. 
Tolerance =10%. Induc-
tance: .10 µh to 1000 µh. 

Flame Retardant 
Molded Chokes 
Type IM-2, IM-4. 
Meet MIL-C-15305D, 
Grade 1, Class A, B. 
Tolerances: =5%, 
=10%, =20%. In-
ductance: .10 µh 
to 1000 µh. 

DIP Pulse Transformers 
Type PT-14, PT-16. Machine insert-
able. 14, 16 pin styles. Inductance: 
1 µh to 2 mh. Tolerance =20%. Leak-
age inductance: As low as 0.2% of 
inductance. Interwinding capaci-
tance: As low as 3 pf. ET product: 
up to 10 volts/µsec. 

Series TE. Meet MIL-T-
27C. Type TF5SX2OZZ. Bobbins, RF Transformers, 
Epoxy encapsulated. High Variable Pitch Inductors 
Q and wide selection of Q Complete facilities to design 
vs. frequency ranges. In- and produce everything from 
ductance: .050 mh to 20 h. prototype quantities to high 
Tolerances: =1%, =2%, =5%. volume production run‘. 

PC Mount Toroids 
Custom Chokes, Toroids, 

For a fast quote or immediate design help, phone 605-665-9301 or write 

Dale Electronics, Inc., East Highway 50, Yankton, S.D. 57078. Circle 80 for Inductor Catalog. 


