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Datacraft makes memories

that eliminate all transformers

Datacraft makes memories

that eliminate all intercard hardwiring
Datacraft makes memories

that eliminate risers

Datacraft makes memories

that eliminate drive currents between cards

i ~..-||

PR Y s ST LW s —

Now, do you sincerely believe you can miss calling Datacraft ?

call(305]974-1700

Orifyou like,write for our brochure, “Inside the DC-38"
Datacraft room201 post Office Box 23550 Fort Lauderdale, Florida 33307
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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 0.1Q to LOKQ 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
$4525. The new impedance probe (Model
11655A) costs $750. Other accessory
kits for circuit probing and for gencral
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 lhﬁ, PACKARD

NETWORK ANALYZERS
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Introducing the 3-speed FFT Signal Analyzer.

So many different uses have been
found for our signal analyzers that
we've come up with three new models
to cope with different needs.

We think our new system and Fast
Fouricr Transforms Processors rep-
resent a significant step forward in the
analysis of mechanical and structural
vibrations, environmental stress, sonar
and other acoustical studies. They can
even be used for preventive maintenance
and “listening"" for oil.

Lirst gear: the new HP 5451 A
Fourier Analyzer. This complete, push-
button system is faster than our earlier
versions, taking only one second to
perform a 1024-point transform. We've
extended its dynamic range to 80 dB
for both power and voltage spectrums.
So you don’t miss those buried weak sig-
nals any more. Complete, ready-to-use
software is furnished with the system
but special user-written software can be
easily added. On-site installation and a

Circle 2 on reader service card

comprehensive training program are
included. Yet with all these advantages,
the $35,0CC price tag is much lower than
any comparagle system on the market.

Second gear: the new HP 5471A
FFT Arithmetic Unit, Plug it right
insidc our Fourier Analyzer's computer
and you get 1 1024-point transform in
160 milliseconds with no change in
operation. The new FFT AU can also
be used simply as an additional
arithmetic unit in any HP computer
to perform fast Fourier transforms of
up to 2048 points. And it will only
set you back $4500.

Third gear: the new HP 5470A Fast
Fourier Processor. Add it to any of our
analyzers and it gives you 1 transform
time of 15 milliseconds, letting you
carry out continuous real-time power
spectrum analysis up to 20 kHz. Mul-
tiple 5470s can be used for even greater
increases in speed. It handles complex
block arithmetic including multiplica-

tion, conjugate multiplication, additior,
block scaling and HANNING, in
addition to the Fourier transform.

The processor's self-contained
memory allows parallel processing in the
computer and the processor for
faster analysis speeds. Options include
transform sizes to 4096 points, and an
8K memory instead of the standard 4K.
The cost: $25,000.

We'd like to show you all these new
refinements. If you'd like to see them,
call in your local HP representative.

Or write for complete information to
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

02110
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Washingt(m Commentary—that’s

the title of the new department
we've inaugurated this issuc. 1t's
aimed at giving vou the perspective
and behind-the-scenes  details  to
better understand the way things
are going in the capital-and how
they affect what’s going to happen
in our industries.

Writing  Washington Commen-
tary is Ray Connolly. our Washing-
ton bureau manager. A vceleran
newspaperman, Ray has covered
the nation’s capital for six years, the
last three of those vears for Elec-
tronics. A cannier and more knowl-
edgeable commentator would be
hard to find.

The first commentary, on page 38,
delves into the reasons and results
of David Packard’s resignation as
deputy secretary of defense. Ray is

just the man for that analysis. hav-

ing interviewed Packard a number
of times since his arrival in the Ad-
ministration 35 months ago and
having carefully reported his activi-
ties in the Pentagon.

he end of the year is traditionally

the time for summing up. And it
has become a tradition here at Elec-
tronics to bring vou a triple-bar-
relled end-of-the-year summation of
where the key electronics markets
are headed. We've already covered
Japan. This issue we feature Eu-
rope. The next is devoted to the
U.S.

To produce this year’'s West Eu-
rope special report (sce page 87), we
sent a group of one dozen reporters
and researchers into action in 11
countries. In addition to our own
four overseas staffers, we had the
help of eight reporters from
McGraw-Hill World News, which

Publisher’s letter

maintains a worldwide stable of
business journalists.

Arthur Erikson, our Paris-based
Managing Editor. International,
coordinated both the country-by-
country survey and the writing of
the report.

“Until you’ve been involved on a
deep-research project like this,”
Erikson writes, “you can hardly be-
lieve how much work is invested in
it. As a rough estimate, I'd say that
at least 30 man-weeks went into the
interviewing to gather the data for
the charts and the text.

“And a good part of the toil was
logged by our European Special
Projects man, Oliver Ball. who
scouted up inputs in 10 countrics for
the forecasts that go to make up the
charts. We analyzed the mass of raw
data to codify the inputs and devel-
oped some 3.200 consensus esti-
mates to describe the West Euro-
pean market.”

This is the seventh year we've
done the job and the contributors
are veteran reporters in their gco-
graphic areas, making the report, we
feel. more authoritative than ever
before.

The credits: Electronics® own field
men John Gosch (West Germany)
and Mike Payne (Great Britain):
World Newsmen Mike Johnson
(France), Andrew Heath (ltaly).
Robert Skole (Sweden). James
Smith (Holland and Belgium),
Dominic Curcio (Spain). Laura Pi-
larski (Switzerland). John Heaslip
(Denmark), and Haakan Boerde
(Norway).
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what's a

The world is full of power
supplies that can do this:

power supply?

Even programmable ones

that can do this:

Up to

fusec
/W

Or this:

Up to
2 kHz.

Time

Time

Only a BIPOLAR OPERATIONAL POWER supply (we call ‘em BOP) will let you do things like this:

+E A Biased
Waveform \ To 30
de vp 1o kHz.
/ 9V/usec
0 Time
No /
Ghtch
\T)hlough Symmetnical
3 Zero Waveforms

We make a bunch of different BOP's:

+15V to - 15V @ 20 amperes
+36V to -36V @ 1.5 amperes
+36V to -36V @ 5.0 amperes
+72V to -72V @ 1.5 amperes
+72V to -72V @ 5.0 amperes

The 36V BOP’s are illustrated in metered
and modular styles.

The +15V and both 72V models are double
width and rack-mount without adapters.

The “OPERATIONAL" part of the BOP means that you use ‘em like giant OP-Amps:

©
O—vww- >l—<9> I @vvv:I >—‘L—© ©—V~/\/—L O
IN ouT ouT IN L ouT
© -0 ©- —@ © = ©
SCALE OR AMPLIFY SUM OR SUBTRACT INTEGRATE
O—— —@ \
IN out m © /
ref QUT  |LOAD
1w L L. .le

FOLLOW A VOLTAGE

CONTROL A CURRENT
BI-DIRECTIONALLY

OR WHATEVER

1f you think you can use one of our BOP’s, call us
for complete specifications, or write Dept. EC-14

KEPCO.,

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 « (212) 461-7000 « TWX #710-582-2631 « Cable: KEPCOPOWER NEWYORK
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A highly reliable solid state high frequency transmitter — ‘build

itin the field'.

Hermes Electronics Limited manufacturers a 100W Broadband

linear amplifier which replaces tubes in power output stages.

The 100W modules may be used singly or in groups to provide

power output levels from 100 watts to many kilowatts. The

amplifier has interface compatibility with the transmitter used

in the majority of MANPACK systems, and with most mobile,

airborne and fixed ground transmitter exciters.

It covers the frequency range 2MHz to 32 MHz and in combina-

tion can achieve power outputs to SKW.

* unique cooling system gives high reliability under adverse
conditions

* constructed for vehicular use

* embodies overload protection

Hermes Electronics Limited can plug you into a wide range of

HF equipment.

ASK US

Hermes Electronics Limited
Suite 315

2020 F. St., N.wW.
Washington, D.C. 20006

Telephone 202 296 2978
TWX 710 822 1106

Circle 6 onreader service card

Readers comment

Correct operation

To the Editor: In my Designer’s
Casebook, “Comparator logic limits
switching regulator current™ [Nov.
8, p. 79]. there were a few errors.
The inductor between Dy and Q,
should be 0.1 millihenry. not 0.1 mi-
crohenry. And the note “integrate
pulse to get triangle™ refers to the
0.1-microfarad capacitor in the
lower righthand corner of the draw-
ing. Finally. the switching points on
the triangular wave should be oppo-
site each other, one on the rising leg
and the other on the falling.
Robert S. Olla
National Semiconductor Corp.
Santa Clara, Calif.

Figure of merit

To the editor: |1 was interested in
your summary of R-W. Keyes’ con-
clusions regarding the eventual limi-
tations on computing speeds and
performance imposed by heat dissi-
pation [Oct. 11, p. 34}, Two years
ago, at the International Electron
Devices Meeting, | reported identi-
cal conclusions, but in terms not
simply of ultimate speeds. but of a
more interesting quantity—how
much computing capability a dol-
lar’s worth of hardware will buy. |
show that this figure of merit de-
pends on the power-delay product
of the switching device. which. for
semiconductor devices, appears to
bottom out at about a few pico-
joules per bit. Only by lowering this
can performance be improved.
T. P. Brody
Westinghouse Electric Corp.
Pittsburgh. Pa.

Mistaken acronyms

To the Editor: Regarding the LEAA
guidebook “Police Telecommu-
nication™ [Nov. 8. p. 51]. the follow-
ing mayv be helpful to your readers.
The book is obtainable for $4.75 a
copy from the Superintendent of
Documents, U.S. Government
Printing Office. Washington, D.C.
20402. Tt was written by the 11T Re-
search Institute. Chicago. 1. We are
a part of the lllinois Institute of
Technology, and not International

Telephone and Telegraph Corp.
B. Ebstein
T Research Institute
Chicago, I11.
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We guarantee

better performance and

reliability at 3GHz

1to 20 Watls

1to 3 GHz

GOLD METALIZATION

MORE RUGGEDNESS
MORE GAIN

® 2N6195

®2N6194

If you work with telemetry, ECM, phased arrays,
navigational aids or radio relay applications up to
20-watt outputs to 3 GHz, TRW microwave power
transistors will beat all comers. In a properly tuned
circuit, you'll get better performance, more rugged-
ness and reliability out of our transistors than any
others. And we guarantee you will. Period.

If you're in the designing stage of such applications,
go a step further—with TRW MICroAMPs. Disguised
as transistors, they're actually amplifiers featuring
outstanding reliability,broader bandwidth capability,

Electronics/December 20, 1971

easily matched 50-ohm input and overdrive rugged-
ness.And because MICroAMPs have half the thermal
impedance (8j.c) of classic discrete devices, chip
temperatures are much lower.

If you work in the lofty frequency range up to 3 GHz
get guaranteed performance—get TRW microwave
power transistors and MICroAMPs. Call toll-free at
(800) 421-2061 for immediate delivery. (In California
call collect at (213) 679-4561, ext. 455.) Or write TRW
Electronic Components, Semiconductor Division,
14520 Aviation Blvd., Lawndale, California 90260.

TRW

SEMICONDUCTORS
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How To Solve Your Power
Supply Problem In 24 Hours

Model W15D
Size 2¥2" x 31%” x 3%L"
Output 15 VDC at 2.5 amps

28 VDC to DC
Mode! C28D
Size 2%" x 38" x 3%”
Qutput 28 VDC at 1.8 amps

DC to 400 A
Model S3D
Size 2%” x 3" x 4”
Qutput 115 VAC at 30 VA

60 A to DC
Model R5S
Size 612" x 4" x 7"
Qutput 5 VDC at 5 amps

Abbott has four new lines of hi-perform-
ance power supply modules. Most of the
popular voltages are carried in stock for
shipment within 24 hours from receipt of
order. All types of converters are available
with any output voltage you need from 5
to 3,500 VDC—and DC to 400 Hz in-
verters, with cither T ¢ or 3 & outputs.

400 Hz to DC

Designed especially for 400 Hz input, these
hi-performance  converters feature  close
regulation- (+0.05%), low ripple (0.02%),
automatic short cirenit protection, com-
plementary  overvoltage  protection and
will meet the eletromagnetic interference
requirements of MIL-STD-461. Popular
sizes are in stock for immediate delivery.

DC to 400 Hz
These small lightweight inverters change
28 VDC to 115 Volts 400 IHertz at operat-
ing temperatures of 100°C at base plate.
Six power ratings between 5 and 120

watts are available as well as frequencies
of 400, 800, 1200 or 1600 Hertz and 115
or 27 volts output. Popular sizes are in
stock for immediate delivery.

28 VDC to DC
These hi-performance converters change
28 VDC to any voltage between 5 and
100 VDC. They feature close regulation
(+0.05%), low peak to peak ripple of
less than 30 millivolts and  clectromag-
netic interference protection to meet the
requirements  of MIL-STD-161. Popular
voltages are in stock for immediate delivery

60 Hz to DC

Highly dependable, these convection
cooled power supplies have output volt-
ages from 5 to 100 VDC. They feature
close regulation (+0.05%), low ripple
(0.027), operation at 160°F ambicent and
minimum size and weight., Popular volt-
ages are in stock for immediate delivery.

Pleose see poges 930 to 949 of your 1970-71 EEM (ELECTRONIC ENGINEERS MASTER Cotolog)
for complete informotion on Abbott modules.

Send for our new 68 page FREE catalog.

LABORATORIES,

5200 W. lJefferson Blvd./Los Angeles 90016
(213) 936-8185 Cable ABTLABS

8 Circle 8 onreader service card

abbot NIFYTIEITYIR

INCORPORATED

1224 Anderson Ave. Fort Lee, N.J. 07024
(201) 224-6900

40 years ago

From the pages of Electronics, December 1931

New tubes are being developed.
New circuits are being invented and
applied. New services are being put
onto existing wire networks. New
electrical principles are being ap-
plied for familiar uses. Ease of tun-
ing is being improved. Sound
recording has been radically altered
on disks and film. New converters
and inverters give new flexibility of
appliances and circuits. The exquis-
ite mechanics of the electron itself is
being harnessed for everyday serv-
ice. And even the citadel of the
atom and its positive nucleus are
being hammered and now bid fair
to crack—with what undreamt elec-
tronic results!

The number of radio receivers in
Europe seems to keep pace with the
number in the United States, In
1929, the number in use in Europe
was roughly 11,000,000, in the
United States and Canada slightly
less, in 1930 the numbers were
about the same, and in 1931, the
number of receivers in use in Eu-
rope was 13,000,000 roughly.

Radio has never taken seriously the
threat that music might, someday,
come into the home by means other
than through *“‘the air.” Telephone
wires are in telephone service only
18 minutes of the day; systems are
ready by which programs of high-
grade music could go over the same
conductors. A system is ready for in-
stallation for transmitting several
music channels over power wires.

Already announced is a phono-
graph record that will play for 15
minutes, or 30 minutes if turned
over once. There need be no talk on
them. Fidelity and volume range
can be vastly better than the aver-
age radio set can interpret.

By a close decision of three to two,
the Radio Commission has denied
the application of the Columbia
Broadcasting System to install a
250-watt booster station in Wash-
ington, D.C., to be synchronized to
the clear channel of WABC, its New
York key. The station was sought as
an experiment on feasibility of com-
mon frequency operation.

Electronics/December 20, 1971



A year and a half ago we introduced the best universal
counter/timer available on the market . . . the 8000. Now we
have made it even better in the 8000B, by providirg the user
with increased flexibility through the use of more cptional
capability and increased performance ... and it's made to
sell from $1195 with features you wouldn’t believe ... 1 mV
sensitivity to 500 MHz; trigger level monitoring and
indicator; 8-digit display; 150 MHz direct count; 10ns time
interval; 150 pico secords time interval average; systems
interface; and much more. We think it's the best counter
you can buy in its price range.

Check us out before you buy. lLet us send you complete
information on 8000B . . . and our 8100 Automatic Counters
too, if you want. We'll prove to you that we maka really
great counters, 11 of them. You have the budget and the
decision ... Dana has the ELECTRONIC COUNTERS.

T Dana Laboratories. Inc.

2401 Campus Drive, Irvine
[I I Calitornia 92664 (714) 833-1234
COUNTERS When Test arid Measurement Count
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GR Resistarice Anodize Trim System
Circle 221 on reader service card

Micronetic’s Laser Trimming System
Circle 220 om reader service card

Full Capability Logic Circuit Analyzer
Circle: 223 on reader service card

Low-Cost Logic Circuit Tester
Circle 222 on reader service card

The Ultimate Network/Circuit Test System
Circle 224 on reader service card



The Ultimate Network/Circuit Test System
There’s something in it for you

. a faster, lower-cost way to
perform analog tests, logic tests,
and passive tests. Take your pick
of any combination to measure
(simultaneously, if you wish} ana-
log, hybrid and digital pc boards;
active and passive networks; hy-
brid IC’s; active, passive and dig-
ital components. But, get only the
capabilitieslyou need now. Dcn't
worry about adding more later;
we've already made provision for
expansion with modular hard-
ware and software.

Here's the big difference between

our system and others. The meées-

urement units in GR Systems

2200 are modules especially de-
signed for computer control.
They are not autcmatic instru-
ments acapted fcr cemputer con-
trol but unique modules that do
their jobs faster thar instruments.
Thera’s no time wasted translat-
ing commands, d-iving readouts,
and the like. You get faster test-
ing, increased throughput, and
over-all ccst savings in your test
operations.

The “ultimate” system illustrated

was designed anc built for agiant

electronics manufacturer who
needed 10-station capability to
handle a huge volume. Almost
everybody's testing require-
ments, however, can be satisfied
with a single-station system, se-
lecting from the several modules
already designed for the 10-sta-
tion ultimate.

Let’s talk about what GR can do
for you. Write or call your GR
sales engineer or GR, Concord,
Mass. In Europe write Postfach
CH 8034, Zurich, Switzerland.

& GeneralRadio

NEW YORK (N.Y.) 212 964-2722 (N.J.) 231 791-8990 » BOSTON 617 846-0550
CHICAGQ 312 932-0800 - WASHINGTON, D.C. 301.881-5333 » LOS ANGELES 714 540-9830
TORONTO 416 252-3395 « ZORICH (01) 5524 20
GRASON-STADLER 817 368-3767 » TIME/DATA 415 327-8322
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Our new pA776: Closest thing to a universal op
amp yet devised.

We call the pA776 our “do-everything” op amp.

It probably is the next industry standard: one high
quality device that, with the addition of a simple
external resistor, can be tailored for optimum

performance over an enormous span of applications.

I'rom the world’s linear leader.

1 A776 Typical Performance

QUIESCENT SUPPLY CURRENT AS A
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The wide range of available characteristics makes
it extremely versatile. And useful. It is

adjustable for either standard or micropower
application. It ean be biased to have any of a
number of fixed characteristics; or biased sothat
the characteristics of the amplifier can be

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Canmera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040, (415)*962-5011. TWX: 910-379-6435

varied in response to an input signal. And it
can be turned on or off externally.

The tA776 offers superior operation at levels
similar to standard general purpose op amps. In
fact, when biased with a 15tA set current, it
has approximately the same gain, slew rate and
bandwidth as a pA741. But with an order of
magnitude improvement in input bias current,
input offset current, noise current and power
dissipation.

Or you can operate it from a supply voltage of
only +1.2V. This means the device can be run
off of two battery cells and with the proper set
resistor the total power drain of the op amp will
be lower than the hattery leakage.

The broad versatility of the pA776 means it is
ideal for micropower applications, battery pow-
ered systems, medical electronies, long-time
integrators, high-accuraey sample and hold,
frequency processors and active filters. For
many uses, it becomes the only op amp you
need specify on your standard parts list.

Available with complete data package, from
your friendly Fairehild distributor.

FAIRCHILD SEMICK

New LIC Data Book

The pAT76 is the newest I
of 17 general and specific I
purpose op amps,

All fully deseribed in our
new LIC Data Book:

320 pages covering K4
quality LIC devices.
Available now by writing to the address below.
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FREE

Engineering
Handbook

on
Electromagnetic
Delay Lines

e,
S |

We've reserved

a copy

for your desk. ..
Terms...engineering
definitions . .. how to
specify delaylines . . .
characteristics of various
types . .. specifications
...theyreall included in
thisconcise, easy-to-read
handbook...yoursfor
theasking.

LUMPED CONSTANT ...
DISTRIBUTED CONSTANT
...VARIABLE |
all three types are covered
in this reference
handbook.

RCL ELECTRONICS, Inc.,
General Sales Ottice:
Seven Hundred

South Twenty First Street
Irvington, New Jersey 07111
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People

Saxton wants EEs
to hear traveling music

Although he calls himself “one of

the new breed of NASA retreads.”
Lyle G. Saxton has a dedication to
ground transportation systems that
extends beyond merely earning his
livelihood. His avocation is to inter-
est acrospace-oriented EEs in broad-
ening the engineering base of trans-
portation.

“There’s a real future for the elec-
tronics community in surface trans-
portation systems.” says Saxton,
head of the Federal Highway Ad-
ministration’s Systems Develop-
ment and Technology group. “the
appreciation  for the systems as-
pects—interaction of programs, and
hardware design and fabrication
cycles—make aerospace experience
useful.” he contends.

Saxton typifies the engineer he is
trying to convert to traffic systems
engineering—he previously worked
as a systems manager at NASA'S
Goddard Space Flight Center on
the Earth Resources Technology
Satellite, and earlier. at RCA’s Astro-
Electronics division in camera de-
sign for meteorological satellites.

Challenge or frustration? The big-
gest difference between NASA and
the ground transportation agencies
is the 30,000 political subdivisions
that the Federal highway. railroad.
and mass transit agencies have to
deal with. For example, “since the
Federal Highway Administration
doesn’t own and operate its system
like Nasa does.” Saxton explains,
“implementation s a sales program
to the states.” Like the diverse mar-
kets that companies run up against
when developing transportation
clectronics  systems.  the  agencies’
relationships with the states can be
seen as either challenging or frustra-
ting.

Saxton’s biggest part-time effort
in his campaign to convince acro-
space EEs to make the jump to
transportation was a stint as guest
editor on the IELE Transactions on
Vehicular Technology, where he
produced a special issue on highwyy
clectronic systems for February
1970. “And we’re planning another

Saxton: Of the new breed of NASA retreads

special issue for February 1973, he
says. “The first was a survey of the
state of the art: the next will have
sections on automatic vehicle moni-
toring [Elecironics. Aug. 2. p. 77].
dynamic traffic control. and high-
way communications |Electronics
Oct. 25, p. 101}

Reinig expects 1975
to be a happy new year

Many medical electronics marketing
men forecast a steady rise in the de-
mand for patient monitoring sys-
lems. But William Reinig has a dif-
ferent idea. He expects business to
level off. stay there a while, ther

jump in 1975, To prepare for that
jump. the former Medtronic vice

president has started 1ais own com-
pary in Madison. Wis.. called Med
Data Inc.

Reinig is an EE who became inter-
ested in medical electronics while
designing  data-acquisition systems
for electroencephalographic studies.
His deciston to start the new firm
springs partly from a desire to get
back to such design work.

In March, Med Data will intro-
duce a series of electrocardiogram
machines featuring computer analy-
sis. But the company’s eye is realiy
on the middle of the decade when,
as Reinig puts it there will be a *“re-
naissance in monttoring gear.™
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imonewssl  Kinomat
R culture that counts

Meeting: IEEE. Statler Hilton Ho-
tel.New York. Jan. 30-Feb. 4.

0SA. Sands Hotel. Las Vegas. Nev., |
Feb. 7-9. |

Aerospace & FElectronics Systems
Winter Convention (WINCON): IEEE.
Biltmore. Los Angeles, Feb. 8-10.

International Solid State Circuits
Conference: 1EEE. Sheraton Hotel.
University of Pennsylvania. Phila-
delphia. Feb. 16-18.

International Geoscience Electron-
ics Symposium: [EFE, Marriott Twin
Bridges Motor Hotel. Washington,
D.C.. April 9-14.

International Conference on Mag-
netics (INTERMAG): [EE, Kyoto In-
ternational Conference Hall. Kyoto,
Japan, April 19-21.

Southwestern 1EEE Conference & |
Exhibition (SWIEEECO): 1EEE. Baker |
Hotel & Dallas Mem. Aud., Dallas,
Texas. April 19-21.

Off-Shore Technology Conference: |

% automatic
lAE;»:.l 3(/)\-51:/{2?131‘1. Houston. Texas, : maChineS
Spring Joint Computer Conference: — fOl' e]eCtromlC

IEEE. Convention Center. Atlantic

City, NJ. May 15-18. and electromechanical components

CALIL FOR PAPERS 3 0 ding and

/
14

0 g 0 difie
d

1972 International Symposium on | N mes for conta ads, lacquering and grinding machine
Electromagnetic Compatibility: or the prod on of resite 0 g spot and aso
tIEEE: Arlington Heights, 1L, Jul. 18- | 3 Aps

20. Submit all papers to J1.J. | ofe ing ma - ation sta g ma es, rotating
Krstansky. Chairman. Program | : . eSS e

Committee. 1ITT Rescarch Institute,

10 W. 35th St.. Chicago. Hll. 60616. |

no later than Jan. 14, ‘ -' e]V.

1972 Annual Conference of the As- 0 ; 2 OMAT-BO
sociation for Computing Machinery: - ; :
IEEE. Boston. Mass.. Aug. 14-16.
May 20 is the deadline for submis- |
sion of papers to Prof. John .
Donovan, ACM72 Technical Pro- I
gram Chairman. MIT Project MAC. ,
i
i

Please send us, without any engagement for us. technical information concerning

your machinefor: : —

S - DDRESSTO: . i = ==
545 Technology Square, Cam- A

bridge. Mass. 02139.
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Bell developing
fast 15-megabit
bubble memory

Project Search
test results called
‘very good’

NRMEC cuts price
of SOS ROMs

National courting
custom MOS business

Electronics Newsletter

December 20, 1971

Bell Laboratories’ massive magnetic-bubble effort is paying off to the
point where researchers are developing a 15-megabit mass memory that
can access each of its 1,328-word blocks in 1.25 milliseconds. Each garnet
chip contains 19,920 bits stored in 80 249-step shift registers, and each
register is linked to I/O circuitry via a single 249-step register.

The importance of the development can be seen in a comparison with
disk files. A moderate size disk file—10 million to 100 million bits—would
occupy 2 feet on each side. In contrast, the bubble memory would require
only 2 to 3 inches of space. For power, the bubble requires 10 watts but
the disk needs 500 W. Access time for the bubble is an order of magnitude
less, while its storage density is three orders of magnitude better. And the
price probably would be one-tenth that of disk files per bit of storage.

Initial tests of Project Search, the narrow-band transmission of finger-
prints across the country via satellite [Electronics, June 7, p. 46], have
proved the feasibility of the concept, says Paul Wormeli of Public Sys-
tems I[nc., national program coordinator. He adds: “The tests are going
well. Initial results are very good for both the Videofile system and the
facsimile system, and overall system degradation is less than we had
expected.” The tests are aimed at determining if the relay is economical,
if the image is adequate, and how much the fingerprint search can be
speeded up.

In the test, a facsimile land link from Los Angeles to Sacramento
simulated a local police department’s transmission to state headquarters.
Then, prints were sent from Sacramento to Tallahassee, Fla., via satellite
using both Ampex’s Videofile and fax to simulate state-to-Federal trans-
mission. Videofile handles a video analog signal while the faxed signal
can be either analog or digital.

Silicon-on-sapphire technology appears finally to be reaching long-
awaited production and demand status. At least that’s the word at North
American Rockwell Microelectronics Co. which, after introducing a 40-
by-128 diode ROM in development quantities [Electronics, Feb. 1. p. 24]
and later as a production device, is cutting prices on the unit as much
as 42%. The reason: NRMEC has increased production to meet brisk
demand for the ROMs as microprogramed memories; the company says
it has 10 major firms in its backlog. Applications range from character
generation to speech synthesis for stored messages; the array also can be
used as a microprogramed control store in ROMs where speed of at least
50 nanoseconds is needed.

The biggest price cut comes in quantities from 500 to 999, where the
unit, designated 159-66NA, has been slashed from $45 each to $26. Price
cuts in other quantities average about 30%. Approximately 3,200 bits are
available for laser encoding on the array, which works out to a price per
bit of 0.7 cent in the larger quantities.

In an effort to broaden its customer base, National Semiconductor Corp.,
is going after custom MOS business. While the company has built its
reputation as a standard-products-only house, it actually has been work-
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TTL clock offered
in TO-5 can

Signetics to sell
D/MOS transistors

Addenda

18

Electronics Newsletter

ing on some high-volume custom MOS programs.

As one source at National puts it, “We have a large market share in
many segments of the business; so, to expand and become a bigger com-
pany, we have to look into some new areas, such as custom MOS. Besides,
the custom business will bring in more standard-product business for us
in market areas that we haven’t served previously.”

Heading the new operation is Roy Thiels, who was one of the founders
of Unisem in Phoenix.

Users of TTL now can get a low-frequency crystal clock oscillator in a
TO-5 can. What’s more, the manufacturer, the Statek Corp. of Orange,
Calif,, says that price is competitive with that of the substantially larger
digital oscillator modules being sold for TTL applications.

The device, the SQXO-2 TTL logic clock, offers frequencies from 10
to 100 kilohertz, includes a thin-film hybrid substrate with resistors, plus
three chip capacitors, three transistors, and the quartz crystal, and is
compatible with 5-volt logic circuitry. The logic clock will sell for as
little as $11 in quantities of 5,000 for a device that operates over the
—55°C to +125°C military temperature range. The price for quantities
from one to nine over the same temperature range is $84, which Statek
president Jergen Staudt says is competitive with that of larger oscillator
modules.

The device also offers size and price reductions to quantity buys over
the AT-cut crystals often used with divider circuitry to get from the
crystal’s 5-megahertz frequency to the lower frequency required for TTL
systems. Statek produces the quartz crystals photolithographically
[Electronics, Oct. 25, p. 26].

Signetics Corp. is getting into the transistor business. According to
informed sources, the Santa Clara, Calif., IC house is looking for a mar-
keting manager to handle “high-technology, high-frequency discrete
devices.” This means that the firm plans to go ahead with its D/MOS
double-diffused microwave transistor [Electronics, Jan. 4, p. 24]. These
devices are good low-noise, high-frequency amplifiers and are thus a
natural for cable TV systems. Although the company won’t comment,
samples are expected to be available by midyear.

Honeywell will modify its APN-194 short-pulse, leading-edge aircraft
radar altimeter, now in production for the Navy’s Grumman F-14 fighter,
to go on the Navy’s Harpoon antiship missile now in development at
McDonnell Douglas. . . . Engineers at North American Rockwell Micro-
electronics Corp. have developed what they say is the first MOS/LSI
telephone-frequency tone generator. It’s not a standard product yet, but
NRMEC has “a few evaluation circuits available,” and is investigating
“the best characteristics of voltage and frequency to meet industry
requirements,” a spokesman says. . . . IBM has received a 1.5% across-the-
board price increase from the Price Commission [Electronics, Dec. 6,
p. 26]. It had requested increases ranging from 3% to 8%. . . . Robert C.
Wilson, new president of the Collins Radio Co., has reorganized the
company into four groups. They are avionics (based in Cedar Rapids,
Iowa), international operations and telecommunications and switching
systems (both in Dallas), and special telecommunications (Newport Beach,

Calif.).
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Ever try to find an <y recorder de-
signed o adapt to your OEM system?
We've kuilt a totally new cast alumi-
num recorder because you've bzen
bayirg modified laboratary machines
far OEM applications. Arc paying for
{hkem in more wavs than cne

HF's 7040 won't force you into buy-
irg anything you cer’t use. An OEM
mackine from the ground up, it s de-
stgned around a one-piece, die-cast
aluminum mainframe...a rugged plat-
farm for the modular features you se-
lect. But only the features you selact.

A comglete cast of options lets you
specify axzctly what you need io do
the job. Everything from a control
panel (shown above) to rear connec-
tor. Nearly 40 independent opiions
in all.

You get standard features that make
sense in ary OEM agplication. Things
like Autocrip electrostatic holddown.
IC circLitry a long-life hybrid poten-
tiameter. d.sposable pens and more
All the things we learned while pio-
neering the development of xy record-
ers for twe¢, decades.

A rugged die-cast mainframe. A
complete cast of aptions. HP's new
7040 is the only OEM xy recorder cast
for the role. Get specifications and
discount data fram Hewleti-Pazkard,
16399 West Bernardo Dr. San Diego,
California 92127; Europe: 1217
Meyrin-Geneva, Switzerland.

HEWLETT W PACKARD

GRAPHIC RECORDERS
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It can become four different systems.

t can go anywhere you do.

It can protect you against obsolescence.
It can make buying and maintaining a
counter less expensive than ever before.

Mecet the Hewlett-Packard 5300,

the snap-together counter that's not much
bigger than the palm of your hand. It
has six digit accuracy, solid state display
and autoranging. It'll make period,
frequency, time interval and ratio
measurements, operate on its optional
snap-on battery pack and drive a printer.
Rugged dust-proof aluminum case
resists almost any bumps it might get in
the hield. Prices start at only $520 for
one of the most amazing counters
vou've ever owned.

CATR

le

Introducing thelittle counter that can.

Start with the basic mainframe
($395). Then snap on aay of the
following modules (more on the way)
to make just the counter you nced,
and avoid obsolescence, too:

10 MEz frequency module Model
53014, $125.

50 MHz all-purpose module in-
cludes period, time interval. Modcl
52024, $250.

500 MHz module with both 502
and I M inputs. Model 5303A, $750.

100 ns time interval module with:
unique “time holdoff” feature, dc
counling, slope and trigger level con-
trols, and period and frequency measure-
ments to 10 MHz. All the functions
you'd pay $1200 for in a universal
counter. Model 5304A, 3300.

) 53004 KEASURING SYSTEW

MEWLEET « PACK 4RO

Rechargeable battery pack module
works with any of the other modules for
cord-free operation. Model 5310A, $

The 5300 is one system you have
to use to appreciate. If you've ever
needed to accurately measure frequency
or time interval, you ewe it to yoursel?
to call your nearby HP field engincer
for further information. Or write
Hewlett-Packard, Palo Alto, California
9-:304; Europe: 1217 Meyrin-Gencva,
Switzerland.

Counters that promise a lot and
deliver it all.

HEWLETT @ PACKARD

ELECTRONIC COUNTERS




Navy wants to put
electronics gear
outside new subs

Hull-mounted devices able
to survive 90 days in water
are technological challenge
to electronics manufacturers

A Navy study of the submarine of
the future—one in which most of the
boat’s electronics would be mounted
between its pressure hull and out-
side shell-—could sire a new breed of
ultrareliable components.

However, the Oflice of Naval Re-
search concept hasn’t been met by
universal enthusiasm. Even Ray-
theon Corp., which has just started
the second phase of the study, “was
reluctant to do it” when the Navy
proposed the concept less than a
year ago, according to the ONR proj-
ect office. "But when they got going
they became more and more inter-
ested”—to the extent of putting five
people on the program and “com-
pany money in an amount equal to,
or more than™ the total of its one-
year, phase two contract of $60,000.
Though the money isn’t much as de-
fense contracts go. Navy advocates
see a successtul program producing
a complete change in submarine de-
sign and warfare.

Mounting a submarince’s electron-
ics between the hull and the shell, or
fairings, poses some obvious prob-
lems. Chief among them is the in-
ability to service components while
under way.

Don’t exist. Thus, says the ONR,
the whole concept of “hands-off
hardware™ could rise or fall on in-
dustry’s ability to come up with ul-
trarcliable components that do not
now exist.

“We're looking for 90 days of fail-

« Circle 20 onreader service card

ure-free  performance from hull-
mounted systems.” says an ONR
source, "a requirement that cannot
now be met and one that will prob-
ably lead us to take a closer look at
how manufacturers make things.”
The overriding consideration is
the issue of component reliability,

however. “That single question of

reliability is so serious as to say go
or no-go” at that point in the future
when the Navy decides whether or
not the performance it needs can be
achieved. Since word on the ONR's
concept began to spread among in-
dustry’s submarine specialists,
“there has been an awful lot of in-
terest and a lot of skepticism, t0o.”
Negativism within the industry
appears premised on the view that
hull-mounted electronics would nec-

assarily “‘require a whole new set of

mil specs” for component perform-
ance, says ONR’s man, “and manu-
facturers are fearful of the increased
costs” these would produce. For this
reason the ONR’s approach toward
this particular innovation is slow
but steady.

Positives. On the plus side, the
Navy can see multiple advantages.
The saving within the pressure hull

in terms of space and elimination of

cooling systems for electronics is 2-
for-1 on the basis that ““for every cu-
bic foot of hardware you put outside
vou gain two cubic feet” now re-
quired for spares and maintenance
space.

At the moment, preliminary in-
formation leads the ONR to believe
that virwually all a submarine’s elec-
tronics could be hull-mounted in ei-
ther pressure-hardened (gas-filled)
or pressure-compensated (water-
filled) contatners. “The exceptions,
of course, are those things you need

to get your hands on and repair, like
navigation. fire control, and weap-
ons systems,” the Navy explains.

Extending technology to permit
hull mounting has Raytheon explor-
ing such obvious areas as integrated
circuits and semiconductors gener-
ally, as well as fiberoptics for com-
munications and superconducting
systems to extend lifetimes.

Modular subs. Raytheon’s efforts,
says the ONR, is “just one facet of a
larger look at submarines of the fu-
ture.” Conceptually, these boats
would consist of interchangeable
modules with one containing all or
most of a boat’s electronics.

__7Cgrgpogerlts

Connector for peripherals
ripples IBM pond

For years. 18M has had a ncat little
way to keep close track of competi-
tive peripherals that were being
plugged into 360 and 370 computer
mainframes. To be compatible.
other peripheral manufacturers
necded a connector that mates with
the one on the end of the cable from
IBM’s mainframe. And. as it turns

Checkmate. Amp's Amplimate 48-position
>onnector is billed as competitor to IBM's
Serpent for plug-to-plug peripherai market




Electronics review

out, 18BM was the only source of the
connector.

Now. Amp Inc., Harrisburg, Pa.,
and Nationa! Connector Inc.. Minne-
apolis, are offering those manufac-
turers an alternative. Amp’s Ampli-
mate. a 48-position hermaphroditic
connector. Although Amp’s market-
ers are treading lightly in their pro-
motion of the Amplimate lest they
disturb their position as a supplier
to I8M. they say their connector will
do all that 1BM’s so-called Serpent
connector does. National’s is the
200318.

Amp pushes an additional ad-
vantage: peripheral makers can re-
duce their costs by assembling their
own connectors using Amp’s au-
tomatic termination machines,
which handle the contact reels.

The contacts themselves are phos-
phor bronze. plated with gold over
nickel and with heavier gold on the
mating arcas. Insulation support
cars on the contacts eliminate the
necessity for heat-shrink tubing to
achieve strong terminations for co-
axial cable. The housing is a heat-
stabilized nylon block that’s fire-re-
sistant and self-extinguishing. Other
features are a spring-loaded jack-
screw for locking mated connectors,
a strain relief cover clamp that iso-
lates loaded contacts from stresses.
and coding on the front and rear or
side for cavity identification.

B Communications 7

Millimeter-wave repeater
prepares to leave lab

Millimeter-wave-guide  communi-
cations have been brought a step
closer to practical application by sci-
entists at Bell Laboratories, who
have operated a manufacturable re-
peater. They are part of the Bell
team developing a buried wave-
guide system [Electronics, Feb. 2,
1970, p. 38].

“Until now. experimental re-
peater configurations have been
pieced together, often spreading
over several lab benches.” says Per
Brostrup-Jensen, who supervises the
millimeter-wave circuit design

22
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Baseband repeater. Pulse-modulated inputs are downconverted and detected for regenera-
tion at baseband. The reconstructed data stream then phase modulates the rf output

group at Holmdel. N.J. “This one is
packaged in an 18 x 18 x 4-inch box.
Also, the components of the design
could be manufactured on a pro-
duction basis.” he adds.

In a typical system. this channel
repeater would be one of 120 used
in a relay station operating from 40
to 110 gigahertz (the channel re-
peaters have a bandwidth of several
hundred-megahertz and are spaced
almost equally in the 40-to-110-
GHz range).

Error rate. The error rate of a
single link, from baseband at one
repeater to baseband at an adjacent
unit, has not been accurately deter-
mined. “We are encouraged by the
results obtained so far.” says Brost-
rup-Jensen, adding, “We feel confi-
dent that we can achieve an crror
rate less than 1 bit in 10Y bits trans-
mitted.”

The repeater recently tested has
an information bandwidth of over
400 MHz centered at 57.4 GHz. It is
sensitive to inputs down to -50 deci-
bels per minute and retransmits at a
level up to 100 milliwatts, giving a
gain of as much as 70 ds.

The repeater’s receiving portion
consists of a down-converter fol-
lowed by i-f amplification and filter-
ing in the band from 1.200 to 1,600
MHz. The i-f signal then is equalized
and detected at baseband fre-
quencies from dc to about 300 MHz.
Timing is extracted from the aver-
age frequency from dc to about 300
MHz. Timing is extracted from the
average frequency of the pulse

stream to produce properly recon-
structed pulses at baseband.

In the repeater’s transmitter, a
millimeter-wave signal from a cw
Impatt oscillator passes through a
circulator in which the side arm to-
tally reflects the signal. The point of
reflection is at a p-i-n diode which,
in its conducting state. represents
short with a reflection coefficient of

I and an open of + 1 in its noncon-
ducting state. By turning the diode
on and off, the phase of the millime-
ter-wave carrier can thus be made to
shift by 180" in response to the base-
band pulses. yielding a two-level,
phase-shift-keyed output.

Arinc to build its own

microwave networks

Acronautical Radio Inc.. the air-
lines’ communications service orga-
nization, plans to build two regional
microwave networks. The move
comes after Arinc complained about
the doubling of its annual bill to $60
million since 1968 [Electronics. Sept.
13, p. 25]. Arinc runs the world’s
largest commercial private-line net-
work. with lines lcased primarily
from AT&T.

The two regional nets, forerun-
ners of a national network, will be
based on a study made by Collins
Radio Co. carlier this year [Elec-
tronics. April 12, p. 38]. Arinc says it
will ask the FCC next April for per-
mission to start building the links at
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an estimated cost of $8 million.
They would be located in the Los
Angeles area and between Chicago.
Cleveland. and Detroit, and go into
operation about a year after FCC ap-
proval.

The Los Angeles basin network
would comprise 18 stations with
1,220 voice channel ends, including
a Las Vegas extension. Twenty-
three airline users would be served
over the 376-mile system at 14 ser-
vice locations. The Chicago seg-
ment. 23 stations and 1,520 voice
channel ends. would extend over
474 miles and serve 44 airlines at 10
service points.

Competitive bids. Further site, en-
gineering. and  frequency studies
have to be made for the two sub-
nets. Arine says. The subnets, fi-
nanced by bonds. will be con-
structed on a competitive bid basis.
There is speculation that Collins
would be a major contender.

When Arinc talked about build-
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ing its own network before, the
speculation was that it was talking
to keep its charges from AT&T down
or to force the telephone company
into a competitive situation with
other proposed systems. Industry
sources now believe that Arinc is
serious, but point out that large
problems remain for a nationwide
network, such as finding the neces-
sary $267 million, site selection. ob-
taining rights of way for coaxial ca-
bles where microwave interference
from other networks precludes new
stations in congested areas, and get-
ting complete engineering studies.

IBM proposes common
data bus for shuttle

[t isn’t often that a system used in
oil field management winds up in an
aerospace program, much less the
proposed manned space shuttle. But

Industrial-commercial electronics s
Consumer electronics

Defense electronics mss

Total industry

JFMAMJJASONDJFMAMJ) JASONDJFMAMJ JASOND

1969

Segment of Industry

Consumer electronics

1970 1971

Oct.'71  Sept.'71*  Oct.'70

Defense electronics

Industrial-commercial electronics

Total industry

87.5 81.9 89.9
114.0 1125 118.2
118.4 118.4 1234
110.9 1091 114.6
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IBM's Federal Systems division is
proposing just that 10 NASA: using a
common data bus—in this case. an
electronic “party line”—to carry and
route traffic among the many avion-
ics subsystems in the shuttle and
space station.

Frequency modulation tech-
niques will allow many of the units
to use the data bus almost simulta-
neously at the low data rate require-
ment of | megabit per second. The
result is that the spaghetti wiring
common to many airborne electron-
ics interconnections is eliminated.
This should save space and weight-
50.000 feet of wiring or more than a
ton, 1BM says—and increase reliabil-
ity and ease of maintenance.

Can handle 32. Combination in-
put/output units called standard
terminals are spaced along the
length of the bus, a pair of twisted
shielded cables connected by line
couplers of single toroid cores. The
terminals. each of which can handle

Electronics
Index of
Activity

Dec. 20, 1971

October's production index was up 1.6%
over the previous month’s, though it was
still 3.2% below its year-ago level. No
category of the index fell, though indus-
trial-commercial showed no change from
September’s revised 118.4.

Consumer climbed a healthy 6.8%,
leaving it down 1.7% from a year ago.
Defense showed a 1.3% gain, 3.6%
lower than its October 1970 total.

Indexes chart pace of production volume for total in-
dustry and each segment. The base perod, equal to
100, 1s the average of 1965 monthly output for each of
the three parts of the industry. index numbers are ex-
pressed as a percentage of the base period. Data 1s
seasonally adjusted

* Revised

23



Electronics review

DATA
POINTS

IR

STANDARD
TERMINAL
j i
mrT\:/:xGEMENT gGgA LINE LINE DATABUS JLINE
| COUPLER COUPLER TERMINATION
COMPUTER  ISUPERVISOR
' i
STANDARD
[——" TERMINAL ‘—_J
DATA USER
POINTS 7| SUBSYSTEM

Space bus. IBM Federal Systems division has proposed this data bus to NASA for space
shuttle. IBM says it will save more than 50,000 feet of wiring or more than a ton on shuttle.

signals from 32 separate avionics
sensors, allow the sensors to trans-
mit data within the whole avionics
system. Driving the bus is a data bus
supervisor directed by a data man-
agement computer which serves as
line driver, formatter, and receiver.

Follows trend. As a standard data
communications trunkline, the bus
will enable modifications of systems
design and configurations without
major redesign of cabling or elec-
tronics, according to IBM. Any ter-
minal can be moved almost any-
where providing it's within plug-in
reach of the bus. Thus, the concept
takes advantage of two aerospace
trends: the move toward on-board
digital systems and the swing away
from individual subsystems to to-
tally integrated systems. Both trends
reflect the increased data load com-
plex aerospace systems now carry.

The data bus also will “reduce the
requirement of onboard power sup-
ply.” says staff engineer Richard R.
Manasek of the division’s Hunts-
ville, Ala., electronic systems center.
“Instead of 100 terminals using the
system at full power, there’s essen-
tially only one up at any given in-
stant.” He estimates a 99-to-1 reduc-
tion in needed power on the shuttle
in that instance. Most of the time,
only about 20% of the system’s data
traffic capability will be used, leav-
ing plenty of spare capacity to
handle peak loading.

Manasek says the design enables
the system to accept normalized
analog, discrete, and digital signals:

24

to handle particular input/output
signals when directed; and to pro-
vide a universally acceptable inter-
face for the avionics subsystems.
Use of four computer/supervisor
units, five twisted-pair cables, and
extra terminals provides enough
redundancy to preclude system fail-
ure, Manasek says. For example,
the terminals are interconnected so
that each can use any given cable
pair. One cable is a command line
and another a response line, giving
three redundant cables.

Five tasks. Directed by the com-
puter, the supervisor provides all
signal conditioning, controls, and
buffering required for computer in-
terface with the data bus. The su-
pervisor has five major functional
elements: transmitter, receiver, tim-
ing and control logic, buffers, and
word and address counters. A volt-
age mode transformer handles the
interface with any given terminal.

The pulse-code modulation tech-
nique used is a baseband and bi-
phase L (also known as Manchester
2 code). It allows the system to ex-
tract the necessary timing signals
from the data itself in both the com-
mand and response lines. This way
IBM gets around using a separate
clock line as in synchronous sys-
tems, Manasek explains, or individ-
ual clock oscillators used in asynch-
ronous systems. Error control can be
handled by self-testing within the
computer and supervisor unit,
Manasek says.

IBM is designing the system for

North American Rockwell, prime
contractor for the space shuttle. and
for McDonnell Douglas, prime con-
tractor for the space station due to
start orbiting in the early 1980s.

~ Computers

Computers take DC-10
‘around the world’

McDonnell Douglas DC-10 trijets,
by means of a computer-controlled
test system, are undergoing some of
the most exhaustive ground testing
ordeals ever imposed on a commer-
cial aircraft. The system is taking a
DC-10 through accelerated fatigue
and structural testing equivalent to
six plane lives, about 120,000 hours
of simulated flight conditions. This
is roughly equivalent to 2,600 trips
around the world under the severest
conditions imaginable. The system
is similar to one that will be used for
the Anglo-French supersonic Con-
corde [Electronics, Electronics Inter-
national, March 1}.

The work is being performed in a
new 257,000-square-foot engineer-
ing development center in Long
Beach, Calif. The complex test is
under central control of a Systems
810B/RTX computer manufactured
by Systems Engineering Labora-
tories, Fort Lauderdale, Fla.

Also included in the computer
network installed at the Douglas
Aircraft division facility are an ad-
ditional 810B computer, five 810A
computers on mobile carts around
the test aircraft, 1 million words of
fixed head disk memory, and pe-
ripherals.

Sliced plane. For the tests, the
DC-10 is separated into nose. cen-
ter, and aft sections. The computer
controls 150 hydraulic jacks (the
Concorde system uses 100) that flex
and stress various parts of the air-
craft as in flight maneuvers such as
towing, turning, taxiing, takeoff,
climbing, cruising, descent, and
landing. It also simulates ground
time in all types of aerodynamic
conditions, such as gusts, updrafts,
and downdrafts, as well as smooth
air. An average test “flight” lasts
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Bell & Howell & Heads YouWin

“Wow! We've done it! A super headed recorder/reproducer
like nothing nobody’s ever seent”

This from one of our brighter back room boys as he charged
into our office.

“Take a look guys. 2MHz performance at 60 ips. Realize what
that means? Perfect recording with half the tape. And at about
$200 a reel, that's a cash register full of saved bucks.”

“Not bad.”

“"And it's so good we've given the record head a whompin’
5,000 hour warranty.”

“Well, | think we got something to work with. Anything else?”
"“Yeah, those are both industry firsts from Bell & Howell.”
“And?"

“Well, it has the usual 14 channeis. 15/16 to 240 ips and stuff
like that, in the conventional format.”

“Ummm, who uses the thing?”

“R&D types mostly. it's about as sophisticated as you can
get. They use it for aircraft tests. Cars. To pull down whole
libraries of data from field recorders. That sort of thing.”

“Sounds like a heckuva machine.”

“System.”

"Okay, system. So what do you call the super headed system?"
“The VR3700B."

“Wow. That really tells it like it is. Okay, we'll do an ad. But
first I'll flip you for coffee. Call it.”

“Heads."

“You win."

"Hey, not a bad headline for the...”

“Are you kidding? Beat it. Sheez, can you imagine.”

Read about it. Bell & Howell, CEC/instruments Division,
360 Sierra Madre Villa, Pasadena, California 91109.

CEC/INSTRUMENTS DIVISION

IF BELLe HOWELL

@ Copyright 1970 Bell & Howell
Circle 25 on reader service card
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about 3.5 minutes, and is approxi-
mately an hour of actual flight.

To begin a simulated test flight, a
computer operator initiates a pro-
gram on the 810B/RTX that in turn
requests a specific flight profile from
the disk system. Once the test is un-
der way, the central computer com-
municates flight parameters to the
load control computer, which in
turn communicates with a data ac-
quisition and servo control system
500 feet away in the remote control
station. There, the load control sys-
tem activates servo amplifiers that
drive the jacks stationed around the
DC-10.

Positioned around the three sec-
tions of the craft are five carts, each
containing an 810A and associated
data-acquisition equipment. The
810A machines are linked to the
810B by serial communications links
and monitor the testing while re-
porting status to the RTX system ev-
ery millisecond or upon demand.
Overrides built into the system
automatically stop the test when a
checked parameter is not within
predefined tolerances.

No people. The carts containing
the 810A computers are closed-loop
systems. Communication with each
cart is restricted to the 8l10B/RTX
system and there is no need for per-

sonnel on the test floor to interact
with the units. The mobile comput-
ers can simultaneously conduct
three nonrelated tests each. Reading
data at a rate of 20 kilohertz, the
five test stands can conduct 100.000
measurements each second.

McDonnell Douglas describes the
system as the most sophisticated
and most comprehensive ground
testing program ever devised for a
commercial jetliner. It also marks
the first time aircraft test engineers
have entrusted the computer with
such a magnitude of responsibility.
Douglas officials say that the system
saved several million dollars over
former testing systems in manhours
and equipment.

Space electronics

Shuttle control system
getting simpler approach

As NASA has made numerous
budget-induced reduction in plans
for the space shuttle [Electronics,
Dec. 6, p. 42], the vehicle’s elec-
tronic control system also has un-
dergone changes to reduce its com-
plexity, scope. and—of course—cost.
As it became apparent that most
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Congressmen and the Adminis-
tration were not as heavily com-
mitted to the shuttle as NASA would
like, the space agency backed off
from initial proposals for completely
new systems. In an attempt to make
the program appear more reason-
able, the agency decided to use as
much available and proven hard-
ware and techniques as possible.

Integrated. The shuttle will differ
from any vehicle yet developed in
that it will be both an air and space
craft and must have the capability
to perform in both environments.
Although aircraft and spacecraft
guidance and control systems are
well developed and proven, no ve-
hicle ever has had to combine the
two. NASA, initially hoping to de-
velop an integrated system to con-
trol the shuttle in both modes.
awarded contracts with this in mind.

An additional complication was
that—unlike Apollo’s single control
system and manual backup—NASA
wanted the shuttle to have highly
redundant systems. A quadruply re-
dundant system based on a data bus
was chosen because it would permit
two partial failures without system
failure.

Systems using four central pro-
cessing units, as well as four in-
put/output bus control units, were

......

il : <
Grounded. Test system for DC-10 uses 150
hydraulic jacks and battery of computers to
“fly” craft equivalent of 2,600 around-the-
world trips in Long Beach, Calif.
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in lon Implantation there
iS only one manufacturer
with proven performance:

i

40 Implanters already in the Field

processing thousands of wafers per
week after week after week

If the industry’s rapid swirg towards lon Implantation has got
you thinking about a facility of your own. why not give us a call?
We'll recommend a system from our wide line of research and or
production Implanters. that best suits your needs. We can usually
deliver in 60 days and. while you're waiting. we’'ll get you started
by Implanting your wafers at our own facility.

Accelerators. Inc. offers a complete line of fully auto-
matic, programmable production Implanters with un-
equaled throughput capability.

For information on our Implanters and’/or Implantation
Service, write or call: Accelerators. Inc.. © 212 Industrial
Blvd. / Austin, Texas / 78764 / 512-444-3639.

Accelerators, Inc.
The full-time lon Implantation Company

A-2
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wanted to know dbout

ys
hybrids

but were afraid to ask.

Now it can be told.

The inside story on Hughes hybrids.
From the people who are doing it all.

The Thin Film/Thick Film Hybrid
Integrated Circuits Book.

In it you'll find all kinds of Hughes
hybrid stories: the simple, the complex.
Everything from simple resistor networks to
LSI hybrid circuits.

Along with information how Hughes
designs, develops, builds, tests and
guarantees the total hybrid package.

And some revealing facts on Hughes
hybrids that are being used in very high

Circle 30 on reader service card

places: missile systems like STANDARD ARM,
PHOENIX, MAVERICK, and AGENA; aircraft
like E-2C, DC-10, S-3A, F-14 and F-15.

It's what you need to know about
hybrids.

And just so there's no mistake, it's
ilfustrated.

Write: Hughes Microelectronic
Products Division /500 Superior Avenve,
Newport Beach, |~~~ 777

CA 92663, Or call: |
(714) 5480671 | HUGHES

HUGHES AIRCRAFT COMPANY

MICROELECTRONIC
PRODUCTS DIVISION
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pliecd Physics Laboratory in Balti-
more. which is cooperating with In-
terior’s Geological Survey on the
project.

Interestingly.  says  MacDonald.
one of the advantages of the dop-
pler svstem is that it will accurately
fix reference points from  which
good maps can be made so that ex-
plorers can find those points to
make even better maps.,

People

David L. Sarnoff of RCA,
industry pioneer, dies at 80

Gen. David L. Sarnoff. one of the
gtants of the eclectronics industry.
died on Dec. 12 at his New York
townhouse. A radio pioncer whose
entrepreneurial  genius  built RCA,
Sarnofl’s rise was the classic story of
the immigrant who started at the
bottom-—he was a $5.50-a-week of-
fice bov—to become chairman of the
huge communications company.,

It's generally agreed that without
Sarnoft’s driving force the television
and radio industries would have ar-
rived much later. He was respon-
sible for RCA™s initial investment of
$50 million in television: before
that. he had molded the National

Broadcasting Co. into the model for
todav’s broadcast networks.

- WA
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Sarnoft was a minor officer in the
Radio Corp. of America. then
owned by General Electric and
Westinghouse, when, in 1915, he
wrole a memo to management that
is a landmark of the communi-
cations business. It read in part: *I
have in mind a plan that would
make radio a houschold utility in
the same sense as a piano or phono-
graph. The idea is to bring music
into the home by wircless.”

Years later. he took another giant
step when, answering objections to
RCA’s acquisition of Victor Talking
Machine on the grounds that the
phonograph and radio were natural
enemies, he said. “We'll combine
radio and the phonograph.”

But perhaps his crowning
achievement was persuading the
FCC in 1953 to change its mind and
base standards for color television
on the RCA compatible system after

the agency had first ruled in favor of

a CBS noncompatible system.

For the record
Competitor. The latest challenge to
Bell’s Picturephone comes from
Sweden. Called the LME (see picture
below), it is the progeny of LM
Ericsson. which says it offers better
resolution than the Picturephone:
650 lines at 25-hertz frame fre-
quency versus 525 at 30 Hz. Erics-

son will start making the LME “in

-

2

Flat flexible cable and circuit assemblies

(RS 288)

Direct view storage tubes and scan

converter tubes (RS 290)

Microwave products: TWTs, TWTAs

and solid state (RS 289)

. L
wesa - -

Multiplex systems for remote

communicctions/control (RS 292)

HLGHES AIRCRAFT COMPANV
INDUSTRIAL ELECTRONICS GROUP
BUILDING 100, MAIL STN, C-812
CULVER CITY, CALIFORNIA $0230
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HOW TO SAVE MONEY ON
THUMBWHEELS:

) Lower Prices...

. on Cherry
2 Thumbwheel
Switches

Those high-flying thumbwheel prices just came down.
Cherry’s new down-to-earth prices are an average reduction
of 24% . ..as much as 46% reduction on some models.

*Prices shown are

for 2000 piece quantity.
Lower prices

on larger quantity.

SEND FOR NEW LOW PRICES AND CATALOG
TWX 910.235-1572 . . . or PHONE (312) 689-7600 ext. 7703 . . . or WRITE:

CHERRY &

CHERRY ELECTRICAL PRODUCTS CORP.
3608 Sunset Avenue, Waukegan, lllinois 60085

Makers of patented Leverwhee!l/Thumbwheel Switches, Matrix
Selector Switches, Snap-Action Switches and Keyboards.
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- Better Discounts
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small quantities” in about 18
months. As for hookup to Bell’s
phone lines, Ericsson is offering a
converter.

The LME uses a vidicon camera
and optical scanning. However, the
company says that in the near fu-
ture a silicon target unit. with a
bandwidth of 6 or 7 MHz, will be of-
fered as an option.

Morton dies. Jack L. Morton, 58,
who was in charge of Bell Labs™ de-
velopment of the transistor, was
killed Dec. 11 in Neshanic Station,
N.J. At his death, Morton was vice
president of electronics technology
at the labs.

Morton, whose body was found in
his burning auto, was responsible
for many semiconductor develop-
ments. After the invention of the
transistor, he led the group that
made it economically and techni-
cally feasible for manufacture. He
suggested the first widely used
equivalent circuit for the transistor,
as well as methods for finding other
equivalent circuits.

Among major developments to
which he contributed were the 416
close-spaced triode and the trav-
eling-wave tube.

Destroyer. Hughes Aircraft Co.’s
Ground Systems group. Fullerton,
Calif., has picked off a big plum in
the subcontracts being awarded by
the Data Systems division of Litton
Industries Inc., Van Nuys, Calif., for
the Navy’s Spruance-class destroy-
ers.

The Hughes group has won a
$30.1 million contract to provide
digital displays for 30 of the de-
stroyers.

Precious process. Many package
makers have been reluctant to in-
vest in expensive equipment to
eliminate the gold-plating bottle-
neck of Lsi package fabrication. But
now they have an alternative: a
gold-plating solution from Engel-
hard Minerals and Chemicals Corp.
of Newark, N.J. With Engelhard’s
EHS acid-gold solution higher cur-
rents can be used. and time in the
tank is cut to four minutes from 10
or 15 minutes.
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We cured IC testers
of mnemonia.

Mnemonics has always plagued the IC
tester business. Chronically.

Now there's a computer controlled IC
tester you can talk to in pla n English. And
have it answer you right back in Englisn
just as p ain.

It's our Model 4400 Digital Module

Tester. The easiest IC tester to program
ever createc. | 'ets your operator operate,
instead of program. Just respond to the
questions asked by our 4400's computer.
Program format errors won't even be
accepted.

i

Within 30 minutes you're ready to test
And that means test any kind of IC: TTL,
DT, RTL, ECL or MOS in any configura-
tion: SSI, MSI, LSI or printed circuit cards.
We purposely configured the 4400 to meet
present needs, anc yet have plenty of rcom
for your future requirements.

And that’s only one benefit of the 4400.
Others relude its high throughput rate,
total test capability, expandability, and
ease of coperation

Since we introduced our 4400 about a
year ago, we've deen tested by a lor of

companies ourselves. And as a result,
wa've outsold our two biggest competitors
combined by 2to 1.

Find out why. We've put together a
spac-kby-spec comparison of the 4400 and
the other guys. Send for it, and detailed
procuct literature, today. Or call Sam
Duran, our Marketing Manager collec:. He
likes to make housecalls. -
DATATRON, INC.

1562 Reynolds Ava.
Santa Ana, Calif. 92705
(714) 540-9330
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9 compelling
reasons _
why Electronics IS
your passport to

the world
of electronics
marketing

Electronics is the best-read magazine in
its field in Europe.

Electronics contains more marketing in-
formation that pertains to Europe than any
other magazine in its field.

Electronics has the highest pass-along
readership of any magazine in its field.

More of the world's leading electronics-
equipment manufacturers advertise in
Electronics than in any other magazine in
its field.

Advertisers may elect to reach only the
Electronics audience of 16,000 outside
of the U.S. and Canada through the Inter-
national Advertising Section, which is
availablein all issues. You may, of course,
also use thefull run, which reaches 86,000
Electronics subscribers world-wide.

For more reasons why Electronics is the best
place to reach your local markets, ask your
Electronics representative. He can provide you
with a personal copy of our new Electronics Inter-
national Profile Study and a copy of the only
European Product Preference Poll available.

Electronics

THE INTERNATIONAL MAGAZINE '*'A
OF ELECTRONICS TECHNOLOGY Kl
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B “20MH:

Now we're alone with the world’'s first 20 megahertz function
generator, which starting at 0.0001 Hz, makes it twice the frequency
range of other wide-range function gererators. The model 7230 thus opens up
new signal generator applicaticns in the testing of MOS devices and IC's where
frequencies are well over 1C MHz and will be going higher. it also will find application in puisg
generation with its 30V P-P outputs and 10 nanosecond rise/fall times (equivalent slew rate of 240G
V/microsecond). Another new field fcr the 7220 wil! be intermediate frequency applications in FM receivers J
and telemetry. For only $795 you get a precision source of sine, square, triangle, ramp, pulse and sync wave-
forms, plus these other features: VCF input contrcl; several choices of DC offset; sync input for
locking the generator to an external clock, and &0 db of step attenuation. And if 11 MHz is
still all you need, you should check out EXACT's other ihree fine instruments in this series:
the Model 7030, which has the same operating features of the 7230 above but saves you p
$200; the Model 7050, same as the 7C30 but with the additional capability to trigger ' vl
and gate (with variable start/stop leve!s or the triggered and gated waveforms) for ¢ .
$745; and the Model 7060, which a1 $845 adds a second generator (again at 11
MHz) for ramp, pulse and sweep, 1000 seccnds to 100 nanoseconds. Call on us - T - :
to rise above the crowd with your next function generator R ! ;

>

- . -
, - - O e S -
- e

EXACT B &
electronics, inc. - P, s

Box 160
Hillsboro, Oregon 97123

(503) 648-6661
TWX 910-460-8811

a subsidiary of
Vectcr

Management

Corp.



Look how we
widened a
credibility gap.
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We've done it again — four more times, in fact. We've ture picosecond switching times and SR108 has V

left our competition blinking in wonder.

Study the four winners azove carefully. They have
performance characteristics our competition finds hard
to believe.

For example, we call U310 “SuperFET" because
of its high gfs and gfs/c. Our CR Series Current Regu-
lators have = zero temperat_.re coefficient. Our U290
switch has the lowest ON resistance in the industry and
the lowest price. Our HC 100/101 Schottky Diodes fea-

<0.5 V at 150 mA.

The point is: we immodestly feel that anybody who
can produce these four devices at competitive prices
must be leading the field in advanced technology. Best
of all, they are only a few samples of our latest talents.

So whether your application calls for something
special, or off the shelf, just let us know.

You can believe you’'ll get the best.

Siliconix incorporated

2201 Laurelwood Road e Santa Clara « Calif. 95054
Phone (408) 246-8000 Ext. 201 « TWX: 910-338-0227

Siliconix distributors. Hamilton/AVNET, Semiconductor Specialists. Cramer Electronics, Liberty Electronics, Elmar Electronics, Western Radio. Norelcom. Siliconix
sales offices. Bethpage, NY (516) 796-1580 / Norwood. MA (617) 769-3780 / St. Louis. MO (314) 291-3616 / Minneapolis, MN (612) 920-4483 / Long Beach,
CA (213) 420-1307 / Santa Clara. CA (408) 246-8000 / Sun Diego. CA ZE 7-1301 / Denver. CO (303) 744-0404 / Phoenix, AZ (602) 947- 3183. Overseas sales
offices. Siliconix Limited, Saunders Way. Sketty. Swansea, Great Britain / Siliconix GmbH, 7024 Bernhausen, Postfach 1340, W. Germany / Siliconix S.A.R.L.,
94-Saint-Maur, France, Tel. 283 57-90.
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Study suggests
microwaves disable
AF personnel

Senate angry
with FAA deal
over Aerosat

NASA tries again
to sellits
technology

Addenda

Washington Newsletter

December 20, 1971

Air Force jobs around microwave radiation sources produced the most
disability discharges due to eye pathology and blood diseases in 1970,
the Bureau of Radiological Health has found. When asked about the
unpublished epidemiological study, project head Dr. Loren Mills said
there appeared to be more eye problems among workers repairing naviga-
tional, communication and directional radars, or exposed to the com-
mercial microwave ovens used for cooking. But Mills cautions that no
firm conclusions can be drawn before three or four additional years of
disability records have been compared with the current study.

In its attempt to get into the aeronautical services satellite business, the
Federal Aviation Administration is running into heavy Senate opposition.
The upper chamber is annoyed by the agency’s rather arbitrary handling
of the proposed agreement with the European Space Research Organiza-
tion. Until the matter is resolved, Commerce Committee Chairman
Warren G. Magnuson (D., Wash.) has asked the Appropriations Com-
mittees not to fund the satellite project, and also has asked the White
House not to sign the agreement. The FAA will be called before the
Commerce Committee early next year to answer for its actions.

The FAA is certain to have a difficult time, if powerful Sen. Howard
W. Cannon (D., Nev.), who will chair the hearings, is any measure.
Cannon doesn’t buy the FAA’s argument that the agreement won’t bind
the U.5. to full operation. He also questions putting the agency into
business when “you have commercial facilities available such as €Comsat.”
That company reportedly stirred up the Hill.

The National Aeronautics and Space Administration is having another
go at recovering its lost momentum by launching an Office of Applica-
tions. 1t will explore a wide range of earth-oriented programs, from
navigational satellites to waste disposal technology, for clients from other
Government agencies and industry.

The sales shop could run into some trouble, however, because it will
have no research capability of its own and will have to negotiate its work
with other NASA groups. According to its head, Charles M. Mathews,
the office is considering taking over the Office of Technology Utilization,
itself created to transfer applications of space technology:to earthly
problems. Among the projects Mathews has on tap is a study for a
navigational satellite program to establish the precise position of all
ships on a global basis, with requested FY 1973 funding of $1 million.

Watch for the Senate’s quick approval in January of the creation of a
second deputy defense secretary post, an action stymied in committee by
Sen. Stuart Symington (D., Mo.) the day before David Packard quit. . . .
With two Pentagon deputy slots to be filled—most likely from within be-
cause of the short time before the election—Defense Secretary Melvin
Laird is considering these candidates: DDR&E chief John S. Foster, Jr.,
Air Force Secretary Robert Seamans, top SALT negotiator and former
Air Force Secretary Harold Brown, and, on the administrative side,
Pentagon comptroller Robert Moot.
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The Pentagon loses
Packard ...

. . . will the nation
lose sight of
his goals as well?
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Washington Commentary

When David Packard resigned as Deputy Secretary of Defense on
December 13, he received lavish and deserved praise from nearly every
quarter for his 35 months on the job. Secretary Melvin Laird called his
effort “the best thing that has happened to the Department of Defense
since it was established.” Though that broad judgment must stand the
test of time, Laird’s estimate that Packard’s combination of “honesty,
realism and straight talk” was a major factor in his success is unques-
tioned. But it was that combination, rare in the Capitol, that occasionally
got Packard into trouble. His initial opposition to a federally guaranteed
loan to Lockheed Aircraft Corp. is the best example.

That lost battle was but one of many frustrations for a man who is
neither professional politician nor bureaucrat and unaccustomed to
losing. Officially, Packard’s reasons for resigning were “strictly personal,”
ostensibly tied to his sacrifice of an estimated $1 million a year in income.
But sources close to the man stress his increasing concern with the politi-
cal constraints that hampered his taking a harder line with the services
and contractors who dragged their feet. He was, for example, furious
with the Navy and Grumman Aerospace when cost overruns on the F-14
fleet defense fighter came to light only because of a totally unrelated
event—the crash of the first plane because a hydraulic system failed.
“He would have loved to have canceled the F-14, but he couldn’t,” says
one source. “There was nothing in the pipeline.”

The ultimate frustration for David Packard was that DOD too often
found itself with no available options when a major program encountered
technical or economic problems. He moved to counter that with a series
of directives that reflected his own success as an engineer and a manager.
In addition to demanding better definition of weapon systems needs,
better planning and better procurement, he instituted a program for
competitive prototyping that would permit evaluation of hardware, rather
than paper proposals [Electronics, Aug. 30, p. 65]. But just as that pro-
gram was about to take off, Congress shot it down by cutting out funds
for 10 of the 12 programs on the grounds that all but two of the Air Force
efforts were merely sour wine in new bottles [Electronics, Nov. 22, p. 46].

Subsequent events suggest that Packard, too, like Congress, believed
his prototyping plan was being exploited by the military as a means of
funding old concepts previously rejected. And he remains disturbed by
“the growing anti-defense attitude in this country” and the program over-
runs and mismanagement that contribute to it. One of his last public
statements laid the issue out: “I want to emphasize that better manage-
ment . . . is a responsibility above the parochial interests of the military
services and above the selfish interests of industry.”

Unfortunately, the mere expression of an ideal rarely makes history,
and many of Packard’s advocates are afraid his fresh ideas and their effec-
tive implementation—prototyping included—will die on his departure.
Bureaucrats in Government and in industry, in uniform or not, may feel a
thorn has been removed from their side; taxpayers who wonder if the best
national defense is necessarily also the most expensive believe they have
lost a champion. For some electronics manufacturers, Packard’s inclina-
tion to take useful technologies where he found them—overseas, if neces-
sary—was upsetting. Others were pleased with his programs to consolidate
similar military requirements such as communications into single systems
like the Tri-Tac switch. Some of these efforts will surely now fade.

—Ray Connolly
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Our new DIP gives
you just what you need

and no more.

First we put four fixed resistors and a trimmer in
one module. We called it our TRN (Trimming Re-
sistive Network) package. Great.

Now you can gt the same module, with the same
dimensions for automatic insertion and the same
excellent characteristics, in a DIP trimmer. And
just a trimmer.

Not just a 3a-irch ccmmercial trimmer turned on
its side, but one that has been developed from the
ground up to meet all dimensions in accordance
with EIA Microelectronic Outline DIP Family with
0.300-inch-row spacing.

Resistance range of our new DIP is from 10 ohms
to 1 megohm. The resistance tolerance is +10%.

And like the TRN, the DIP offers excellent TC of
100 ppm standard with 50 ppm availab'e. The op-
erating temperature range of this DIP is —55°C to
-+125°C. Power rating is 3 -watt at 40°C.

So if you want the whole works—trimmer and
from 1 to 4 fixed resistors—in one package, get
our TRN. But if you want a trimmer and no more,
then our new DIP will give you just what you need.
Both are now available through Amphenol’'s dis-
tributor retwork.

For more information write Amphenol Controls
Division, Bunker Ramo Corporation, 120 South Main
Street, Janesville, Wisconsin 53545,

] AMPHENOL
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Get nosy...




Take a close look at the
broad line of AMP “M"
Series Connectors. You'll
see how everything is de-
signed and made better to
give you better performance
and higher reliability, at the
lowest installed cost . . . this
iswhatwe call Economation.

@The right pin and socket
contacts for the job. Formed
contacts with special socket
spring design to make
stronger and more uniform
electrical contact-—an AMP
mated connector exhibits
less resistance per contact
than equal length of wire.
Formed pins and sockets
available in contact sizes 20,
18 and 16 accommodating
wire ranges #14 to #30
AWG. Solid, screw-ma-
chined contacts available
for military or aerospace re-
quirements down to #32
AWG wire.

@ AMP contacts are de-
signed to be manually or
automatically crimped on
wire, or for soldering or
welding techniques. Special
contacts are designed for
back-bay wiring, with either
AMP TERMI-POINT* point-
to-point wiring or wrap type

methods.

Single crimp coaxial con-
tacts. AMP COAXICONx
Sub-miniature Coaxial Con-
tacts cover a range from
RG174U to RG196U includ-
ing some twisted pairs.
These contacts are termi-
nated with one quick crimp-
ing action . . . inner conduc-
tor, outer braid and cable
support, all simultaneously.
VSWR and noise levels are
kept at minimum. The fin-
ished termination is inspect-
able via a see-thru port.
Coaxicon subminiature con-
tacts fitall “M” Series blocks
to allow complete freedom
of mixing with standard
contacts.

@The right contact plating

—the right thickness. With
AMP, you can select from
various glatings engineered
to do a specific job best.
Available in gold, silver, tin
and special alloys. Proper
thickness during AMP man-
ufacture is assured by ex-
clusive X-ray emission
analysis techniques.

@Largest selection of con-

nector blocks. AMP offers
more variety of contact con-
figurations and a choice of
quality molded plastics —
“M” Series blocks are made
from phenolics for all around
service, or diallyl phthalates
for stability under extreme
conditions. They also meet
Mil Spec requirements.
Available in 6 to 160 posi-
tions for standard or coaxial
contacts. Mix or match for
your particular circuit needs.

* Trademark of AMP Incorporated

I%%{] e =
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@Pick from the broadest se-
lection of hardware, Choose
froma complete line of guide
pins, sockets, strain-relief
clamps. And two piece
shields, with either lock-
spring, quick-release or
jackscrews, and cable
clamps up to 1%4” diameter.
Internal and external pin
hoods are available for pin
protection. Jackscrews of all
types . . . fixed, turnable,
short-short to long-long.

Everything about our “M”
Series Connector design
permits mating with almost
any similar connector avail-
able today. So you can use
them to retrofit, modify or in-
terface ... at a cost savings.

@High-speed crimping or
point-to-point wiring ma-
chines. AMP offers the most
complete line of automatic
application machines for
use in your plant that give
you capacities of 1,000 to
12,000 terminations per
hour. Human error is cut to
the absolute minimum. And
operator skills are quickly
and easily learned — we
even train your production
personnel.

The unique semi-automatic
AMP Stripper/ Crimper*
simultaneously strips and
terminates unstripped leads
or wire harnesses at speeds
up to 1,200 pins or sockets
per hour.

Our fully-automated AMP-O-
MATOR* Machine does
everything . . . cuts wire to
exact length, strips, termi-
nates one or both ends. And
with the same or two differ-
ent contacts. Maximum ca-
pacity . . . 12,000 termina-
tions per hour.

The AMP line is thoroughly tested. Tests cover all areas
of electrical and mechanical performance and adverse en-
vironments — contact resistance, millivolt drop, shock,
vibration, heat stability and corrosion resistance. Data
covering these and other criteria is available.

Get nosy. Get all the information you need and learn how
our “M” Series line pays off in reliability and improved

productivity through AMP Economation.

Write: Indus-

trial Division, AMP Incorporated, Harrisburg, Pa. 17105.

AMP

INCORPORATED
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A-B breakthrough
will change your thinking
about photo resistors.

Allen-Bradley's unique electroding
process gives new material and sur-
face topography improvements.
And superior photodetector re-
sponse and speed. It means a whoie
new generation of miniaturized cad-
mium sulfide and cadmium sulfo-
selenide photodetectors for hybrid
applications. Custom styles to fit

s

EC71-27 ¢ Allen-Bradley 1971

F—

your needs. Chips. Bars. Arrays. And
leaded devices for circu:t board ap-
plications. Temperature limit 85°C.
Response as fastas 10 milliseconds
at 10 footcandles. Three spectral
sensitivities. Standards available as
PHOTOCHIPS, multi-cell PHOTO-
CHIP ARRAYS or single-channel
PHOTOBAR detectors,and PHOTO-

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY

CHIPS in TO-18 metal or TO-88 plas-
tic packages. All with traditional A-B
guality and service. Large-area cus-
tom devices are our specialty. Re-
guest Publication 5910. Write: Allen-
Bradley Electronics Division, 1201
South Second Street, Milwaukee,
Wi 53204. Export. Eloomfield, N.J
07003. Canada: Galt, Ontario.

AB
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Though oxide isolation technologies are being used widely by bipolar IC designers
to increase density, they originally were intended for MOS devices, says author
Franco Morandi. The Planox technique is going back to its MOS roots: when com-
bined with self-aligning silicon gate technology, Planox through an extra process-
ing step yields significant density—and hence cost—advantages over comparable
bipolar circuits.

Communications engineers need high-quality remote data acquisition systems, but
what they don't need are data errors and circuitry that drains battery power sup-
plies. The right team for the job, says author Alex Young, is pulse code modulation
and complementary MOS: the former gives reliable data handling while the latter
combines high immunity to the noise often encountered in field environments with
very low power dissipation.

There’s no doubt that the new large-optical-cavity structures developed for injec-
tion laser diodes have scored impressive gains in efficiency and power capacity.
However, says author Ron Carroll, they do require high-quality current pulses to
realize these benefits, and he tells how to obtain and handle them for optimal laser
operation.

Infected with inflation, monetary woes, and rapacious competition in essential
world markets, the health of Europe’s economy is ailing, according to Electronics’
staff report. These diseases have taken their toll in the electronics community, and
while electronics continue to do better than the European economy as a whole, the
days of 25%-or-better annual gains may be over. For 1972, Electronics’ survey
predicts only a 10% gain for European equipment markets, with computers and
color Tv racing ahead, and components and semiconductors falling behind.

How U.S. electronics markets shape up for 1972 . . . radar takes to theroad . . .
new self-aligned gate technique for MOS transistors.

Electronics/December 20, 1971
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Planox process smoothes path
to greater MOS density

By leveling the oxide surface of MOS chips, an Italian process improves
their mechanical reliability; automatic partial self-alignment boosts

performance also, and full self-alignment is possible with polysilicon

by Franco Morandi, Societa Generale Semiconduttori SpA SGS, Mitan, Italy

[ Contrary to popular belief, the new oxide isolation
methods that increase the packing density of bipolar in-
tegrated circuits are not the sole province of bipolar
technology. In fact, the original Planox process was in-
vented for discrete and 1€ MOS devices, and only later
adapted to bipolar circuits. Moreover, when it’s com-
bined with the low-voltage, self-aligning silicon gate
process, Planox offers the MOS circuit user a clear ad-
vantage in density and with it a significant cost gain
over comparable bipolar components.

It is important to point out that the Planox process is
not a sudden, dramatic advance in IC technology, but
part of a continuing effort by semiconductor manufac-
turers to improve their devices. Specifically, the aim
here was to reduce the threshold of each MOS transistor
so that circuit speed could be increased and logic levels
boosted to bipolar levels.

For openers

Where the method differs from the planar technique
of 1C fabrication is in its way of creating openings in the
oxide layer covering the surface of the semiconductor
material.

In the conventional planar process, a film of silicon
oxide is grown or deposited over the whole surface of a
silicon wafer. This oxide is then etched away, with hy-
drogen fluoride, from selected areas that are defined by
photoresist maskings.

In the Planox process, however, first, a layer of silicon
nitride is deposited on the wafer, and etched to the de-
sired circuit configuration. Next the wafer is put into a
furnace in an oxidizing environment. Since the nitride
layer prevents any thermal oxidation of the silicon un-
derneath it, oxidation occurs only on the etched, unpro-
tected areas. Finally, the silicon nitride is removed com-
pletely with phosphoric acid, which has practically no
effect on either the silicon beneath the nitride or the sili-
con oxide.

Figure | contrasts the configurations of the openings
in the oxide obtained by the two different methods. Fig-
ure 2 portrays the sequence of operations constituting
the MOs Planox process. Not shown are the usual, final
operations of aluminum evaporations, metal mask, and
alloy. S

One point should be made clear concerning this fab-
rication process. During the formation of the oxide on
the field region, the silicon nitride is slightly lifted at the
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1. The difference. In the conventional MOS process (a), a layer of
silicon dioxide is first grown over the surface of the wafer and then
removed from selected gate areas by photoresist maskings and
etching. In the Planox process (b), a layer of silicon nitride is first de-
posited on the wafer, then etched away according to the desired cir-
cuit pattern. The remaining SisN4 layer acts as a mask for further
gate diffusions. Thus the Planox process offers partial self-alignment.

edges of the protected region. The effect is visible in the
greatly enlarged photograph in Fig. 3(a), and is shown
schematically in Fig. 3(b), where it can be seen that the
oxidation spreads under the rigid silicon nitride. Hap-
pily. it produces a controlled narrowing of the first mask
vis-a-vis the dimensions of the working plate, and can
be used to obtain very narrow p+ regions or load tran-
sistors.

A degree of self-alignment is an important benefit.
Since the gate regions are defined by the superposition
of the first and second mask patterns, the source and
drain diffusions are self-aligned with respect to the gate
dielectric. But perfect self-alignment of the gate struc-
ture, such as can be achieved with the silicon gate tech-
nique, is not obtainable, because the metal electrode is
not used as a mask but is produced subsequently by
evaporation and etching of aluminum film. This means
that the mask tolerances used with conventional pro-
cessing must be maintained.

However, even with metal gates the Planox method
greatly reduces parasitic capacitances between the gate
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FIRST DEPOSIT OF SizN4

FIRST MASKING

GRCWTH OF SiO, ON THE FIELD
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GROWTH OF SiO, ON THE SOURCE
AND DRAIN AREAS

REMOVAL OF Si3Ns; FROM THE GATE REGION GROWTH |
OF THE GATE OXIDE; SECOND DE?QSIT OF Si;N4 (THIRD
MASKING FOR THZ CONTACTS)

2. The process. In the Planox process, the substrate is tirst covered
with silicon nitride, and then the areas selected for the active region
are etched away with phosphoric acid. The process ends with the
usual operations of aluminum evaporaticn and metal mask and alloy
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3. Overlap. During the formation of the oxide on the field, the silicon
nitride is slightly lifted at the edges of the protected region as shown
in the magnified photograph and in the schematic. These rounded
edges prevent the process from being completely self-aligning.

and either drain or source. This is because there is no
overlap of the thin oxide beyond the contour of the
source and drain regions. If it is supposed that an oxide
growth of 0.7-micron thickness exists on the source and
drain regions, it is casy to show that the parasitic capaci-
tances are reduced by about a factor of three.

Plain benefits

For the production of integrated circuits, the most ob-
vious advantage of the Planox process is the reduction
in the differences between levels on the final wafer sur-
face. Figure 4(a) shows that the planarity of the surface
is almost perfect, and the aluminum strips are unbroken
and regular. making the contacts more reliable. Fur-
thermore, the shape of the step from oxide to silicon, as
Figs. 4(d) and (e) show. ensures perfect continuity of the
metalization, even in those arcas of contact where it is
not possible to avoid different levels in the oxide. Be-
cause the metal continuity is assured. the minimum
width of the strips can be reduced to 0.3 mil. This repre-
sents a considerable reduction in chip area that’s espe-
cially valuable for large-scale integration devices.

The Planox technique also dodges a disadvantage of
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4. Flat out. The most obvious advantage of the Planox process is the reduction of the difference in water surface levels. The smooth surface
can be seen after the first metal mask step (a). After the gate region is formed (b), ground contacts and crossovers (bottom strip) are put on

the p + region. In (c) is shown the surface of the load after the metal mask, while (d) and (e) show ground contacts left and right of the step.

How MOS circuits matured

Of recent years, there have been MOs innovations. In gen-
eral, the changes have aimed at reducing the
threshold voltage and size of each MOS transistor, in-
creasing circuit speed, and providing better compatibility
with bipolar ICs.

The figure represents a sectioned MOS device, in which
the marked areas have been modified over the years to
achieve higher performance:
® Silicon substrates with an orientation of 1-0-0, instead
of the more common 1-1-1, reduce surface charge Q..
and lower the threshold voltage.
® The ion implantation technique, by lowering substrate
resistivity in the gate regions, permits more precise con-
trol of threshold voltage.
® The gate dielectric structure has been modified for
protection against accidental contamination; many man-
ufacturers use a double layer of silicon oxide/silicon ni-
tride in place of the simple silicon oxide film.
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® Aluminum gate electrodes can be replaced by poly-
crystalline silicon that's made conductive by suitable
doping; this silicon gate process allows faster self-align-
ment and closer spacing of devices.

These changes have reduced threshold voltages to the
1.5- to 2-volt level necessary for TTL compatibility. In ad-
dition, logic-voltage swings have been increased, making
logic-sensing easier. And using the silicon gate tech-
niques provides still lower threshold voltages and greater
flexibility in interconnecting different circuit elements.

STANDARD p-CHANNEL PROCESS
IMPROVEMENT TO BOOST

STRUCTURE PERFORMANCE

1. SUBSTRATE n <111> |S REPLACED BY n <100> FOR

LOW VOLTAGE PROCESS.

2. GATE ION IMPLANTATION: THE RESISTIVITY
REGION IS INCREASED LOCALLY BY PARTIAL
COMPENSATION OF THE SUBSTRATE
DOPING.
3. GATE MNOS STRUCTURE: SiO, FILM IS
DIELECTRIC REPLACED BY THE DOUBLE LAYER
Si0,/SigN,.
4. GATE THE METAL; GENERALLY ALUMINUM,
ELECTROBE IS REPLACED BY POLYCRYSTALLINE

SILICON SUITABLY DOPED.
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CONVENTIONAL

e R

PLANOX

5. Better protection. The Planox device provides better diode pro-
tection because the overlap of the oxide onto the p + region—where
a strong potential difference could form with respect to the field
plate— is minimized. In the conventional process, the grounded field
plate creates an accumulation of charge on the p region, so that the
breakdown voltage only slightly exceeds the supply voltage.

Electronics/December 20, 1971

conventional fabrication methods, which make it diffi-
cult to obtain values of layer resistivity in the diffusion
areas of less than 100 ohms. Such values are routinely
obtained with the Planox process, and lead to lower
voltage loss and high logic level swings.

The reason is that the growth of the field oxide con-
ventionally occurs after deposition on the source and
drain areas, sq that the more fully doped surface layers
of the silicon become oxidized and, in the case of boron,
the doping element in the oxide is adversely redistrib-
uted. It is this redistribution that causes the high, final
values for sheet resistivity.

With the Planox techniques, on the other hand, the
oxide on the field is grown before the diffusion of source
and drain materials, and the doped regions are sub-

6. Big RAM. Using the silicon gate process together with the Planox
technique yields a 1.024-bit random access memory with lower
threshold voltages than possible with conventional processing.
Shown here are the details of a single cell magnified 1,000 times.

Y \

sequently oxidized more weakly. Consequently, the fi-
nal sheet resistivity is less, and can easily be as low as 80
ohms.

Finally, the process also protects the oxide better. The
inputs and outputs of MOS circuits are generally pro-
tected by low breakdown voltage devices, which prevent
static accumulation or accidental voltage spikes from
damaging the gate oxide. One of the most widely used
devices is a diode with a control gate to reduce its
breakdown voltage.

Figure 5 shows protection diodes produced conven-
tionally and with the Planox process. In the former, the
field plate, which is generally connected to ground. is
used to create accumulation of charge on the surface in
the p region, so that the breakdown voltage of the struc-
ture is only slightly greater than the standard supply
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MATERIAL

n-type, 111, p =68 1t0 7.6 £ x cm

JUNCTION DEPTH X; 1.65 + 0.154u
PROCESS OXIDE THICKNESS — FIELD REGION Xof = 1.7+ 0u
OXIDE THICKNESS — p REGION Xop = 08+ 0.1p
GATE STRUCTURE Xo + Xn = 1000 A
THRESHOLD VOLTAGE Vi =18t 25V at 10 uA
FIELD INVERSION VOLTAGE Vie 30V at 10 uA
p-REGION RESISTIVITY P 80 /O
BREAKDOWN VOLTAGE Vg =40+ 5V at 10 uA
ELECTRICAL GATE RUPTURE VOLTAGE Vgirup) = 116 + 10V

CAPACITANCE :
METAL OVER THICK OXIDE
METAL OVER GATE
METAL OVER p-REGION

CONDUCTANCE CONSTANT

voltages. With the Planox process, not only is the area
covered by thin oxide reduced, but also the overlap of
the oxide onto the p+ region (that is, the area in which
a strong potential difference could form with respect to
the field plate) is minimized. It now extends only for a
width equal to the lateral diffusion of the doping ele-
ment. Thus, although the same breakdown mechanism
exists, the structure 1s less subject to damage.

Process pairing

The Planox method can, of course, be used in con-
junction with other methods. To obtain lower threshold
voltages, it can be coupled with silicon-nitride MNOS
structures. Moreover, devices that combine the advan-
tages of Planox’s mechanical reliability with the high
voltage swing and good protection against contamina-
tion offered by the SizNy process, can be produced in a
plastic-DIP assembly at a considerable cost advantage.

Table 1 gives the basic parameters of the Planox
MNOS process. Again, owing to the high dielectric con-
stant of silicon nitride. the threshold voltage is reduced
to values around 2 volts (at 10 microamperes), which
makes it possible to achieve complete compatibility be-

Learning the process

The last half of 1971 has seen new processes for
building both bipolar and Mos circuits that may prove
to be as important as the silicon gate technique. Be-
cause new processes often herald new devices, Elec-
tronics will, in the next several months, publish a num-
ber of articles on the most significant of these
innovations.

This issue has covered the Planox process. In the
next issue a new approach to self-aligned gates in
mos—a self-aligned, thick-oxide (sATo) technique in-
troduced by Texas Instruments—will be explored.
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tween MOs and TTL circuits. Furthermore, higher ca-
pacitance per unit area can be obtained with the double
layer of silicon oxide/silicon nitride than with an equal
thickness of oxide alone.

The Planox technique can also be coupled to the sili-
con gate process. Used to obtain the first mask configu-
ration in the first growth of thermal oxide. it makes it
possible to obtain steps of reduced height and of
oblique shape with the thickness of SiO.. In this way,
breaks are avoided in the polycrystalline silicon layer to
be deposited, and the thickness of the thermal oxide can
be increased to provide a planar surface.

With a greater thickness, there is, of course, a corre-
sponding increase in the threshold voltage on the Vi
field. Therefore polycrystalline can be freely used as an
additional interconnection layer.

Figure 6 is a microphotograph of one cell of a 1,024-
bit dynamic shift-register produced by the Planox sili-
con gate process. With this construction, an area reduc-
tion of about 30% and an increase in maximum oper-
ating speed of about 50% are obtainable compared to
conventional devices. The thickness of SiO. on the field
is now only 1.6 micrometers, yet full oxide protection is
obtained.

At present it’s difficult to choose between the advan-
tages and limitations of the various MOS process tech-
niques. Eventually, perhaps, just one p-channel process
will win out, or perhaps each will survive to optimize a
particular class of circuitry. But regardless of which pro-
cess is used, implementing it with the Planox method
should increase performance. O
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PCM plus C/MOS spells reliable,
low-dissipation data acquisition

Remote data systems require low error rates and a minimum of drain

on battery supplies; two established techniques team up to
meet all the requirements for acquisition stations

by Alex Young, RCA Soiid State division, Somerville, N.J.

[J The data explosion has brought with it a tremendous
demand for acquisition stations capable of providing in-
formation to a central location for recording and pro-
cessing. A particular challenge to designers is remote
stations for geologic, oceanographic, and space appli-
cations, where high data reliability must be combined
with low-dissipation circuitry to conserve power sup-
plies.

Pulse code modulation and complementary MOS
make an excellent combination for these applications.
PCM has inherently high noise tolerance during trans-
mission and interfaces easily with digital data-process-
ing gear. C/MOS, for its part, is already highly regarded
for its low operational and standby power requirements,
as well as for its excellent immunity to noise even in se-
vere environments [see *“C/MOS and the designer.”
p- 50].

One such digital data acquisition system uses both of
these techniques to accept one digital and eight analog
inputs from data sensors. The data then is assembled
into a sequence of digitally coded eight-bit words. Serial
output can feed a computer directly, or can modulate
an rf carrier for telemetry to a distant data sink.

Developing the basics

The order in which data channels are sampled is ba-
sic to a data acquisition system. This ordering into a
predetermined format includes synchronization words
necessary to decipher the data. A word is the smallest
number of bits handled as a single entity. Word length
(the number of bits per word) determines the maximum
accuracy of data measurements. Words are sub-
sequently grouped into frames. The frame is an integral
number of words and includes a synchronization word.
In Fig. |, a typical format has N words grouped into
one frame.

Sampling rate of data words is based on the bit rate
to be transmitted, word length, and the frame length:

) bitrate
word length X frame length

Thus, for a bit rate of 8 kilobits per second, a word
length of eight bits, and a frame of 10 words, the sampl-
ing rate is 100 times per second.

The format in Fig. | requires that sampling rates are
the same for each input. However, many applications
require a range of sampling rates for efficient operation.
Two fundamental techniques—supercommutation and

Sampling rate =
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1. Format. In the basic format of acquisition systems, a frame con-
sists of an integral number of words and a synchronization control
word. A word is the smallest number of bits handled as an entity.
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{c) SHORTHAND REPRESENTATION OF FIGURE 3b

2. Multiple sampling rates. Supercommutation and subcommuta-
tion are techniques used to accomplish sampling rate variation for
efficient utilization of a system's channel capacity.
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subcommutation—accomplish this needed sampling rate
variation (Fig. 2).

In supercommutation, as in (Fig. 2(a), data channels
in a given frame are sampled repeatedly to obtain
sampling rates that are integral multiples of the funda-
mental rate. For the format parameters shown, channel
D1 is sampled at twice the fundamental rate. In effect,
the process means dividing the frame-length term of
equation | by the number of repetitions of a given
channel. Proper supercommutation requires that the
word slots be evenly spaced in a frame.

Subcommutation, as in (Fig. 2(b), is the alternate

Although complementary symmetry metal oxide semi-
conductor circuits (¢/Mos) have found extensive use
in military systems, many circuit designers have had
little exposure to these devices. Nonetheless, they
should find wide appeal in practical circuit appli-
cations based on two key features: '

m The extremely low power dissipation of the devices
permits economical battery operation of complex sys-
tems, a point that's sure to make engineers designing
aerospace, oceanographic, and other battery-pow-
ered systems look up.

® The high inherent noise immunity of c/M0S devices
often reduces requirements for complex filtering cir-
cuits. This immunity is primarily due to the false-trigger
margins between the two logic levels and the trigger-
ing threshold that separates these levels. (These and
other features of ¢/MOs, standard Mos, and transistor-
transistor logic circuits are compared in the table.)

A breadboard of the data acquisition system has
been constructed using C/MOS circuits; its total dissi-
pation is 200 milliwatts, less than 10% of a similar sys-
tem using TTL circuits. Only one-quarter of this 200 mw
is used to power the ¢/M0s logic (150 mw is con-
sumed by the two analog comparator circuits).

The trial system was operated at a typical clock
speed of 100 kilohertz in making the comparison
above. ¢/M0s power dissipation depends on operating
speed, so the C/MOs power advantage over TTL would
be expected to degrade as switching speeds increase.
Most data acquisition applications, however, require
clock speeds of less than 100 kHz.

In a standby mode, where bias is applied to C/M0S
circuits but switching does not occur, power dissipa-
tion is virtually zero. For TTL circuits, power is dissi-
pated even when switching does not occur.

The high noise immunity of ¢/MOS ICs is attributable
to their relatively low output impedances (approxi-
mately 600 ohms), moderate-speed operation, and
trigger levels very near 50% of supply voltage level.
C/MOS circuits are guaranteed not to trigger falsely
when noise reaches levels as high as 30% of supply
voltage for a logic 0 or as low as 70% of supply volt-
age for a logic 1. Unlike TTL, C/MOS logic can switch to
within 10 millivolts of the 1 and 0 levels with fanouts as
high as 50 gates.

As C/MOS circuit popularity increases, more circuit
functions will become available. Presently, RCA, Moto-
rola, Harris, Ragen, and Solid-State Scientific, have
announced commercially available product lines. This
list will certainly get longer.
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WORD
SLOT 1 2 3 4 5 6 7 8 9 10

SYNC| A1 | A2 | A3 | A4 | A5 | AG | A7 | AB | DI

BR =8x 10x 200 = 16 kb/s FOR EIGHT-BIT WORDS

{a) FORMAT CONFIGURATION 1

WORD
SLOT 1 2 3 4 5 6 7 8
At | SUB | A3 | ada | A1 | B1 | AS
SYNC| (200) FS“@NN":E (100) | (50) | (200) | (100) | (100)
A2a Adb
(25) {50)
fzzﬁb) SAMPLING RATES
IN PARENTHESES
A2t
(25)

BR =8 x 100 x 8 = 6.4 kb/s FOR EIGHT-BIT WORDS
{(b) FORMAT CONFIGURATION 2

3. Efficient formats. Supercommutation and subcommutation allow
bit rate reduction from 16 to 6.4 kb/s in this example.

sampling of data channels from frame to frame to ob-
tain sampling rates that are a fraction of the fundamen-
tal rate.

The entire data cycle (the smallest number of words
that repeat periodically) is called a subframe and in-
cludes the main frame and subsequent frames. Subcom-
mutation can be applied to more than one main frame
word but the number of subcommutations must have
an integral relationship to all other subcommutation
lengths. For example, lengths of two, four, and 16
frames are acceptable, but two, eight, and 10 are not be-
cause 10 is not an integral multiple of eight. The inte-
gral relationships in subcommutation assure synchro-
nization of subcommutated channels for
decommutation.

A practical example

Manipulation of the bit rate, frame length, and sub-
frame length parameters is required to obtain an opti-
mum format from sampling rate requirements. Assume
the need to design a format with input requirements of
one channel at 200 samples per second (analog); three
channels at 100 samples/s (two analog, one digital): two
channels at 50 samples/s (analog): and three channels
at 25 samples/s (analog).

One solution is to sample all channels at 200 sam-
ples/s. This meets the requirement of the most active
channel at the cost of oversampling the others. The re-
sulting format has a bit rate of 16 kb/s for an eight-bit
word length, as in Fig. 3(a). This format is inefficient
and results in having to record and process redundant
data.

An alternate format, as in Fig. 3(b), consists of eight
100 sample-per-second main frame words: it uses super-
commutation and subcommutation to generate alter-
nate sampling rates. Supercommutation of two word-
slots (2 and 6) produces a 200 sample/s channel. Sub-
commutation of one word-slot (5) twice and another (3)
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4. Block diagram. Data acquisition systems can be easily implemented using C/MOS logic. The basic system functions include analog and
digital multiplexers, a system synchronizer-programer, an analog-to-digital converter, assembler, and output serializer.

four times produces two 50 and four 25-samples/s chan-
nels. The bit rate required by this format is 6.4 kb/s,
roughly one-third of that required previously, and is
achieved with only a small increase in hardware.

This example requires implementation of the primary
functions of a data acquisition systemt and can be used
as the basis for a system design. This design can be
readily extended to more complex format structures.

The system’s basic functional blocks include analtog
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and digital multiplexers, an analog-to-digital converter
and digital detector, a synchronizer-programer. and a
data assembler and output serializer (Fig. 4).

The synchronizer-programer provides basic timing by
reducing the bit rate clock timing into words. frames.
and subframes; bit rate frequency is divided by cight in
the bits-per-word counter. Outputs are decoded from a
50% duty cycle so that no two outputs are in a logical 1
state at the same time. Similarly, the word-per-frame
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5. A-d encoding sequence‘. The ﬂip-ﬂop outputs (Bi—BS) resuit
from the a-d coding for an analog input of 1.410 volts. Parallel out-

puts are loaded into serializer after control pulse S9 arrives.

BUSY

BUSY
ADCL

CLOCK
¢ |

and frames-per-subframe counters generate the re-
quired format matrix column and row dimensions. The
eight-word-per-frame requirement is satisfied by using
a divide-by-eight counter; the low-frames-per-subframe
length is provided by counting down from the frame
counter.

Combining analog inputs

The analog multiplexer samples the analog inputs for
transmission to the a-d converter. This process is called
“successive approximation.” If the input voltage is 0 to
5 volts, a reference voltage (Vg) is given as 5 V in the
a-d converter. For an eight-bit system, the input voltage
is compared to the reference voltage divided success-
ively by 2, 4, 8, 16, 32, etc. up to 256 (the eighth power
of 2). Thus, for a 5-v reference the lowest discrete level
of quantization is equal to 19.6 millivolts, so, for an
eight-bit system, a zero voltage would mean all Os; with
a 19.6-mv input, the a-d converter would generate a 1
and seven Os, etc. At 5V, all Is are generated.

The timing sequence for encoding an analog input of
1.410 v is shown in Fig. 5. Operation is initiated by the
programer when a word-slot is assigned to an analog in-
put. At time S1 the a-d holding register is setto a 1 and
seven Os (half scale). A reference voltage (Vg) of 2.5
volts is applied to the comparator, (Al in Fig. 4).

The comparator output is 0 if Vk = AMUX (the sam-
pled input voltage from the analog multiplexer); there-
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6. Remote control. Options such as the slaved programer shown extend the versatility of the basic data acquisition system. Here, the slaved
programer accepts the necessary control signals on request. The acquired data is then telemetered out on the DATA/ADDRESS line.
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7. Interface signals. in this slaved system, the control logic services requests on a first-in, first-out basis and ignores any requests initiated
while it is in the BUSY state. After accepting a request, the acquired data is transmitted on the ADDRESS/DATA line (see Fig. 6).

fore the 0 inputs to the register flip-flop elements (BI,
B2, etc) are 0. At time S2 the first flip-flop is clocked to 0
and the second flip-flop is set to the | state. The result-
ing reference voltage (1.25 v} is less than AMUX, and the
comparator output goes to the 1 state. At time S3 the
second flip-flop is clocked to 1. and the third flip-fiop is
set to the | state. This procedure continues until all the
bits have been considered.

Standard circuits can be used in the analog section of
the a-d converter. €/MOS$ devices can drive ladder net-
works directly with typical output impedances of 2
kilohms. The a-d network yields accuracy within 1.5%
to 2% with eight-bit resolution at rates of approximately
10 kb/s so that the encoder can handle the data require-
ments of most operational applications. What's more,
converter speed or accuracy can be increased by the use
of gates or buffers to reduce impedance at the flip-flop
outputs.

A-d converters are subject to numerous error sources,
many of which go unnoticed. Temperature variation is
one of the major causes: changes in temperature as
small as 10" can cause an output variation equivalent to
a quantizing level. Other sources of error must be con-
sidered in a practical design. and include such para-
meters as sampling rate variations, aperture time, inter-
polation errors, source impedance and multiplexer
leakage. Data is available (outputs BI through B8 in
Fig. 4) for parallel serial conversion for entry into the
output bit stream.

Clocking the data out

The serializer gathers data from the a-d converter, the
frame sync word generator, and the subframe sync word
generator: the assembled data is loaded into a parallel-
in-to-serial-out shift register and is clocked out at the bit
rate. Data goes into the register and is clocked out at the
bit rate. Data goes into the register asynchronously: it’s
controlled by the bit rate clock. A flip-flop is added to
the end of the register to serialize symmetry.

Where fixed-format pCM data systems aren’t ideat for
many industrial control and data management systems,
slaved-data acquisition sub systems may do better. In
such setups. data and control are provided on request,
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substantially reducing redundant data and transmission
rates, and providing control capability at remote loca-
tions. The PCM telemetry system can be adapted to this
operation: in fact. logic implementation of remote
slaved-data acquisition systems with ¢/MOS devices is
desirable because power consumption of the system is
reduced significantly as the switching activity in the cir-
cuits decreases.

Slaved programer adds flexibility

A slaved programer must include a channel address
register. as well as data request recognition and output
transfer-control logic. The format is defined by an exter-
nal programing source and is not constrained by the
programer format in the acquisition system except for
maximum channel capacity: format words-per-frame
and frames-per-subframe counters are unnecessary.

The interface can range from a single wire to several
parallel buses. A typical slaved programer (Fig. 6) uses
a single ADDRESS/DATA line and five supporting control
lines: CLOCK. DATA. REQUEST. REQUEST ACCEPTED.
BUSY. and DATA READY.

A request is initiated by applying a logic 1 to the data
request line (Fig. 7). The control logic services requests
on a first-in first-out basis and ignores and requests ini-
tiated while it is in the BUSY state. When a request is
initiated at a valid time, a REQUESTED ACCEPTED pulse
is generated, the BUSY line is set to 1. and the input to
the channel address register is enabled for loading by
the requesting device. When the channel address infor-
mation is received, the data is acquired, the DATA
READY line is set to | and the output data register is en-
abled for clocking onto the ADDRESS/DATA line by the
requesting device. The interface control logic is sub-
sequently reset and the system is ready to acquire a new
data word.

Options such as the slaved programer add much ver-
satility to the basic data acquisition system: those avail-
able to communications systems designer are as numer-
ous as the applications for such designs. Commonly
used options include extended accuracy. sample-and-
hold. selectable input levels. high data-input imped-
ance, and remote digital data processing. O
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Designer’s casebook

Divide-and-sample loop cuts
phase-locked VCO slippage

by Charles Deming

Hughes Research Laboratories, Malibu, Calif.

A reference sine wave can be sampled to obtain the
control voltage for a voltage-controlled oscillator (VCO)
so that lock-in takes only about a dozen cycles. A steady
intercycle voltage can be obtained for the VCO without
the usual integrating circuit and its attendant delay—a
common cause of initial instability.

The reference frequency, 60 hertz in this case, ap-
pears across capacitor Cy. A sampling switch then trans-
fers Cy's voltage at a given time to capacitor C.. Sam-
pling time must be short compared to the reference
cycle time, and C» must be small compared to Cy. The
sampled voltage controls the vCO.

Oscillator frequency is initially set to equal the refer-
ence frequency times the counter dividing factor. For

this circuit, the vco is set at 60 Hz (reference) times 100
(counter dividing factor) or 6 kilohertz. The counter,
whose output is approximately 60 Hz. fires a blocking
oscillator once per cycle to operate the sampling switch.
The 6-ktiz output frequency is now locked to the 60-Hz
reference.

Except for its input and output connections, the
sampling switch should be isolated from the circuit. The
switch makes use of a tertiary winding on the blocking
oscillator. In its off condition, the switch is open in both
directions because a positive collector voltage is applied
to the cutoft transistor. If Cy is more negative than Ca,
diodes Dy and Dy are back-biased: if Cy is more positive
than Ca, the back-biased diodes are D2 and Ds.

During an on pulse, transistor base current is sup-
plied by the tertiary winding and limited by resistor Ry.
Transistor collector current is limited by resistor R» and
flows through all diodes to close the switch. Although
the transfer current between C; and Cs is also limited, it
can be made quite large because of its low duty cycle.
The transfer of voltage, therefore, can be made
quickly—within only a few microseconds for the 60-Hz
oscillator.

Sine-wave reference. Phase-locked voltage-controlled oscillator employs 60-hertz reference to stabilize 6-kilohertz output. Reference sine
wave is supplied across C,. Switch then samples C,'s voltage and transfers it to C, for driving VCO. Blocking oscillator triggers sampling

switch so that sampling phase difference prevents output frequency

drift. Output frequency is reference frequency times counter factor.

P
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Digital phase shifter
maintains quadrature

by Kurt Leuenberger
Stanford Electronics Laboratories, Stanford, Calitf

54

SAMPLING SWITCH

When analog multipliers are used for phase detection, it
is often necessary to maintain a 90° phase difference be-
tween the reference signal and the carrier of the modu-
lated signal for optimum dynamic range and linearity.
The carrier frequency. which is usually a known quan-
tity that changes only by very small amounts, can be
corrected for phase drift (from the desired 90° differ-
ence) with a digital phase-locked loop.
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The digital phase shifter shown adjusts the reference
phase for a zero dc output level so that a quadrature
phase relationship can be maintained with the carrier of
the incoming signal at frequency f,. The unshifted refer-
ence signal must be available at the nth harmonic of ...

Two operational amplifiers. A; and Ao, perform as
level detectors, sensing any excess de level at the phase
detector output. Detector Ay supplies a logic 1 if' its non-
inverting input is more positive than Vy: Az gives a logic
I when its inverting input becomes more negative than
-Vi.

When A, goes high, one-shot FF; (which consists of
four NAND gates) is triggered by a positive output tran-
sition of gate G, corresponding to a positive transition
of the reference signal. The one-shot then generates a
pulse whose length, Ty, must be shorter than a half pe-
riod of the reference signal.

This pulse enables gate Gy, and advances the counter.
Thercefore. the counter output signal at f, is shifted 1o a
leading position by 1/nth of a period.

For negative reference-signal transitions, one-shot

FF2 is triggered by gate Ga. if' Az is high. The one-shot's
output is a pulse of length T» that enables Gy and re-
sults in a suppressed positive transition at the counter
input.

Phase shift now goes to a lagging position at the
counter output by 1/nth of a period. Both r'r; and Fr.
trigger one-shot kg, which inhibits the shift process at
gates G, and G2 for a time Ty, long enough for the en-
tire loop to recover.

The circuit illustrated can be operated at a frequency
(fu) of 1 megahertz, with a dividing ratio (n) of 10 and
inhibit timing (Ty) of 0.1 second. The error voltage to
which the loop responds can be decreased by increasing
the dividing ratio.

It is also possible to use the digital phase shifter as an
open-loop circuit for phase or frequency modulation to
tens of kilohertz. Modulation is accomplished by reduce-
ing T3 and by keeping either Ay or A; high to generate
a continuous count addition or subtraction.

Output waveforms are shown for several points in the
circuit.
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counter output by 1/nth of a period. When A, is high, negative refer-
ence transition causes counter output to lag by 1/nth of a period
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Instrument amplifier
offers high gain

by Richard S. Burwen

Analog Devices Inc., Norwood, Mass.

Intended for use as an input stage for dc laboratory in-
struments, an amplifier circuit provides a dc gain of | to
1,000, while maintaining a gain-bandwidth product of
approximately 200 kilohertz. Amplifier gain is switch-
selectable in decade steps.

Series input resistor Ry protects the amplifier against
overvoltages of up to £20 volts whenever the power sup-
plies are turned off. Resistor R» determines the circuit
input impedance (10 megohms in this case) and is used
to zero amplifier input bias current by means of the
temperature-compensating (due to diode characteris-

tic) reference voltage developed across diode Dj.

Amplifier offset voltage is zeroed with potentiometer
Ri. A pair of selected resistors (R; and Rj;) reduces the
voltage span of Ry to about 400 microvolts, referred to
the amplifier input. Selection of R; and R; is necessary
to permit offset adjustment with Rj since the amplifier
has a rated offset voltage of “0.5 millivolt. If a coarser
adjustment can be tolerated, a single 10-kilohm pot can
replace Rs. Ry, and Rs.

A feedback network, consisting of resistors Rg
through Ri., allows amplifier gain to be switched in
decade steps. This network also provides a constant
source impedance for the amplifier’s inverting input.
Because of resistor arrangement, circuit output is zeroed
(with no input applied) for all gain ranges if it is zeroed
for the highest one.

The circuit can attain overranging of +[50%.

Designer's casebook 1s 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.

Instrument aid. Reference voltage for instrument input amplifier is developed with diode D,, compensating for amplifier input bias current
through 100-kilohm pot and resistor R,. Offset zeroing is accomplished with potentiometer Ry and resistors R, and R;. Feedback resistor net-
work permits gain selection from 1 to 1,000. Impedance at amplifier inverting input remains constant, no matter where switch is set.

+18V

SELECTED RESISTORS
1 k2 NOMINAL (1%)

Ry
) > AN Hs 7
4990 2 (1%) ANALOG ¢
DEVICES " 6 auIRU
L ADS(ML/
= 5 | |
2.4 |
680 pF
-18V
100 kS2 Rs
B Ra
xy 498092 (1%) 50 kS2
0, ——— AN \N——+18V i
— ¢ 49.9 k2 (1%) s
1N4149 2:&7
(0.02%)

56

X 1000

4530 2(1%) | Ry,

500 k§2
(0.02%)
Ry
A'A
4990 £2(1%) Ryz
55.55 £2
(0.02%)
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For service application in production
testing, quality control, medical
research and computer servicing,
Philips’ new PM 3210 easily gives
you the best all around price/
performance ratio of any scope

in its field: dual trace 25 MHz at 1 mV
sensitivity per channel ... dual delay
lines ... input impedance 1M §2/15pf
... X-Y displays with only 2° phase
shift from0to 5MHz ... 16

Best

price/
performance
ratio

25 MHZ/1 mV . combinations
15 pf input capacitance of vertical display modes
No dc drift*

PHILIPS
ELECTRONIC

INSTRUMENTS

750 S FULTON AVE, MT VERNON. NY 10550
A DIVISICN OF PEPI, INC
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easy

Easy to use

“No correction needed for dc drift,
self-correcting ... push button mode
selection ... automatic triggering, 10
H, to 25 MHz

Easy to read

10kV acceleration and 8 X 10 cm
screen produce clear, unambiguous
displays

Easy to service
Plug-in circuit boards throughout

Easy to buy

Call Dick Rude, Sales Manager, Test
& Measuring Instruments today
(914-664-4500). He's holding a
demonstrator for you.
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New Gardner-Denver @W-@Mp

Terminal Locator with .001 accuracy.

Electronic production schedules up to one million wires
per year can be wired with this new 14YN Wire-Wrap
Terminal Locating Machine recently announced by
Gardner-Denver Company. Positioning rate is adjustable
from 120 to 360 inches per minute, and position resolu-
tion is .00! on both axes. Wrap area is 36” on the “X"
axis and 24” on the *'Y"” axis.

Machine can be used with twisted wire pairs, as well
as a wide range of wire gauges. Standard equipment in-
cludes the Terminal Locator, a lighted wire bin with 32

58 Circle 58 on reader service card

GARDNER-DENVERS

tubes, and a Gardner-Denver solid state tape reader and
numerical control. Write for further information, or ask
your Gardner-Denver Wire-Wrap Specialist about speci-
fications and assistance in your wiring requirements.

A

Gardner-Denver Company, Quincy, lllinois 62301

*Wire-Wrap is a registered Trademark of Gardnet-Denver Company
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Different ways of driving

a pulsed injection laser

Uncooled injection lasers need careful control of current
pulse height, width, and rise time; here are six drive circuits
that will cope with the requ1rements of most applications

by Ron Carroll, Texas instruments incorporated. Dalias. Texas

[J The large-optical-cavity structure that has recently
been developed for injection laser diodes not only has a
higher efficiency and power capability, but also makes
bigger demands on the circuit that drives it. In fact, all

uncooled pulsed laser diodes require current pulses of

high quality. ! In this they are unlike devices cooled be-
low 150" K. which can tolerate fairly sloppy current
pulses.

Rise time is the key parameter. Times as long as 500
ns will not reduce the peak power output of a cooled
laser diode. At higher temperatures, on the other hand.
80 ns is about the limit—an effect that is even more pro-
nounced in diffused diodes than in heterostructure and
LOC lasers.®

Next in importance is the accurate control of pulse
width. For a particular device structure the optimum
pulse width is determined partly by quenching and
partly by a not-too-well-understood catastrophic failure
mechanism. Essentially. quenching is the complete loss
of optical output caused by the rise in temperature dur-
ing the pulse. while the catastrophic failure mechanism
dictates that, for a given emitting junction width and
thickness. the pulse “width and its height must be in-
versely related .34

Six ways of doing it

The many ways of producing high-power pulses can
be boiled down to six basic approaches: conventional
tube circuits, conventional transistor circuits, avalanche
transistor circuits, SCR discharge-type circuits, hybrid
avalanche-power transistor circuits, and mechanical
methods.

i, E; ,y"'.‘-,"“

M ST

While each of these circuits has its own areas of appli-
cation (see table below and circuit descriptions on pp.
60-61). the first two are particularly valuable if an am-
plitude-modulation capability is desired. The amplitude
of their output pulses can be modulated merely by
varying the amplitudes of their input pulses. With the
other circuits, modulation of the dc¢ bias on the final
driving stage is required.

Since the output impedance of the dc bias supply
must be very low to supply the high currents demanded
by a laser diode (or diodes), modulation requires appre-
ciably more power—and circuit complexity—than first
considerations would seem to indicate.

Let there be light

For illumination applications, such as low-light-level
television (L*TV), and systems for undetectable night-
viewing, a circuit should be chosen to maximize the
laser’s average power output. These pulsed active view-
ing systems have an important advantage over cw illu-
mination systems in that they lend themselves to range
gating. which effectively suppresses backscatter from
the regions between system and target.

This approach, called gated viewing, allows the view-
ing range to be varied by varying the time between the
transmission of the pulse and the switching on of the re-
ceiver,

For L3Tv, as with any illumination application, max-
imum average power is the principal consideration. But
pulse purity (rise. fall, and flatness) are more important
than in general illumination applications because good
picture quality requires that uniform illumination be

u MAXIMUM MAXIMUM MAXIMUM

OUTPUT PULSE PEAK PULSE

CIRCUIT TYPE RISETIME REPETITION RATE CURRENT WIDTH MEANS OF PULSE WIDTH CONTROL

(ns) (kHz) (A) {ns)

Tube 10-20 500 200 250 Varying input pulse length

Mechanical 0.5 ~0.2 20 300 Varying physical length of charged coaxial
transmission line

SCR 100200 10 200 5,000 Varying capacitance of discharge capacitor
or lumped delay line

Avalanche transistor 5-10 100 40 300 Varying capacitance of discharge capacitor

Conventional transistor 200 1,000 100 -5,000 Varying input pulse length

Hybrid avalanche

power transistor 15-40 100 50 1,500 Varying capacitance of avalanche transistor

Electronics/December 20, 1971
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1. Conventional tube pulser circuits can
provide jood rise times and high voltages,
but theis high saturation resistances make
them a poor rnpedance match to the laser
diodes As the circuit diagram shows, how
ever, the use of high-quality transformers al-
lows a fair job of impedance matching

But when transformers are employed ob
taining flat-top pulses longer than a few hun
dred nar oseconds 1s at best difhicult At bugh
power levels it 1s expensive as well Also
the ciliergant undershoot problems can cat-
astrophically exceed the reverse breakdown
ratings of laser diodes

3. Conventional transistor circuits at
these cuirent levels (10 to 100 A) are not as
clean as night be expected It s important to
bear in rind that at 60 A a good, fast high
power swiiching transistor may have an hy .
of lees than 5 This will probably result in
more stager ot amplification than 1s desir
able Each stage tends to degrade the rise
and fall times, and generally widens the en-
tire pulse because ot stored-charge effects

Although the circut does not produce a
discharge-type pulte some perturbation in
the flatness of the top of the pulse 1€ to be
axpected as the width is increased beyond
1.5 micraseconds, betause the power sup
ply bias will begin to drop

60

CURRENT (A)

100 200 300
PULSE WiDTH (ns)

+VavaLancre+2 V

CURRENT (A)

100 200
PULSE WIDTH (ns)

2. Avalanche transistor circuits (shown above) differ from SCR circurts m tw o important
‘espects First, it G 1s 0 02 microtarad or less. the avalanche transistor will turn ot by ituslf
once it has partially discharged the capacitor Therefore, R can be as tow as 150 shims with
nut causing any latching problems This aliows high-frequency oneration without any need
for special charge up circuitry The second difference is less favotable The device will 1oler-
ate only a small vanation in bias Increasing the bias does Increase the current, but care
must be taken s V., gaene approaches Ve Good performance and reliability can be ofi-
tained by applying a voltage of V., .,..... plus 2 volts The additiorat 2 V ensures avalanche
operation at fugh frequencies (Increased transistor temperature).
The device 15 normally operated in the negative resistance region of secondary trhal

down If driven too far into secondary breakdown, the device will faill So it's a goad 10ba to
protect it by lirniting the value of C.

o
o

CURRENT (A)

25

1 2
PULSE WIDTH (us}
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4. SCR discharge-type circuits (shicwn at
nght) presently offer msore puwer per rulse 200

han ary other circuit “onsd2red tere The

basic ¢ rcut fa) s bted to law sepetition

tates bevause R musi be High enough to

preven” latching of the SCR—in other words, 100
Y R must »e less then |y where |, 1¢ the - :

holagme current of the SCF The fiequancy ‘

kit can be extendec to beyond 1) kkz by 0

0 0.5 1.0 1.

addehg 4 Learge-up circur ) which by al-

#1g the capacitor ® €harge up througn
J. mekes it unnecessary to use B oa. all 1o
oresenfl latching. But the bower burdan im-
nosed on C.'s identical to that on O,

A these power levds to go much above
10 kH: 1s very difficut beczuse each SCR
mugt r-man unbiasew for a tinite lergth of
e ater “urning off Re-agplying the as
tG0 soun will cause »oth SCRs to atzh up, gg%‘éggﬁ%
rvilng disaster to fl=m e laser aid the TIMES
powdr supnly Thus 8 namimum qQuizscent
tine noast be obmerwd Letwden he apph

CURRENT (A)

5

PULSE WIDTH (us)

1/120 us ~ 8 kHz

PULSE SEQUENCE TIME
calian of the luser fupg ke V, and the

appmcanon ut the chasging pulse V

5. Hybird avalanche-power ransistor cir-
cuits (shown at left) are essantiglly conven
fional transistor circuits with “ewer t-ansis-
:I tors and a capacitively curtiollsd pulse
A widtn  Overdiiving the base > the Duioul
transistors with a short, high«<current pulse
| will produce a 15- to 40-ns nise time and a
10~ to 50-A pulse Becaiss? of the stored
charge in the output devices the pulse wulth
is stretched C must be selactad fur the de
sirod width at the desired drive power. since
reducing the output as wit tard o stroteh
100 200 the pulse width furthes
PULSE WIDTH (ns) If the larger part of the power burden for
each pulse s shifted to the output pewer
tranwistor  the problem of excessive dsana
tion in the avalanche device 12 glieviaied Al
though not a flat pulse 1t dors Yot fave an
R T FOR PULSES ~ 1.5 s pronounced a spike @a N 1ie avalarche o
! SCR circuits. When all fac:ard ard conmd
wred, the hybrid circuit seerr's 1o offor thw
best match tor the etectrical requirements of
drniving laser diodes, thougi it's surpassed
by SCR circuits in peak pulsz power

+VAVALA"‘CHE +2V FOR PULSES * 500 ns
&

CURRENT (A}
&

- ———

+VAVI\LA€JCHE 2V

+VavaLancHe+2 V

6. Mechznical pulsing ciscuits ‘sFown at
right) offe excellent rse ter es bu - generally
hawe & lintted pawer Zapaality Inopscration
the ¢ rewst discharges a charged trarms
s Ine through the mercury wetiad
pontaits, & matciun g resistsr, and the laser
dicde. Fa® iong puises He length cf traris-
mmaitn loe requitte! bicomes npractical
Tha #awtor maintanyg the fideity of fhe
pulse: shape, but creatly ‘educes tte ci-- 100 200

cut 5 current-drive capab ittes  The reley PULSE WIDTH (ns)
and t e charge-up circusiy restrict the max
imamrep2titon rate o a lkew huncred ertz

N
o

TRANSMISSION LINE

CURRENT (A)
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The latest word on laser diodes

The recent advances in injection lasers have been
many and rapid. Perhaps the most significant is the de-
velopment of (AlGa)As-GaAs heterojunction diodes,
which can be operated efficiently at room temperature.

The four basic types of injection laser diodes are best
described in the order in which they were developed.
They are the homojunction laser, made either epitaxially
or by diffusion; the single heterojunction “‘close-confine-
ment’" laser, which has been commercially available
since early 1969; the double heterojunction laser; and
the new *‘large optical cavity'' (LOC) laser.

To a certain degree, the heterojunction devices com-
plement each other because they are not all capable of
sustained operation at high levels of peak power.

The key feature distinguishing the heterojunction la-
sers from the previous homojunction types is the greater
confinement of the optical radiation to the junction re-
gion. To a large extent, the width of the confining region
determines the threshold current density—the narrower
the region, the lower the threshold. However, the strongly
confined radiation also leads to the problem of cata-
strophic failure. This phenomenon is known to be related

CLEAVED SURFACES el
(REAR ONE IS MIRRORED) — >

DIFFUSED "MODE

N-GaAs STOPPERS” THAT

/ = SUBSTRATE PREVENT LATERAL
/" “ "LASING"” EMISSION
LASING
LIGHT

DIFFUSED HOMOJUNCTION LASER

CLEAVED SURFACES
(REAR ONE IS MIRRORED) — )

ETAL CONTAC
JL
P'-GaAlAs
N -GaAlAs
ey
N GaAs IFFUSI

LASER SUBSTRATE SURFACES
LIGHT

DOUBLE HETEROJUNCTION LASER

maintained on many sequential scan lines.

The best circuits to use in these high-average-power
applications are the SCR, conventional transistor, and
hybrid avalanche-power transistor configurations. All
three circuits can produce large, wide pulses at high
repetition rates. And average power is directly propor-
tional to the product of pulse height, pulse width and
repetition frequency.

In range-finder applications, a high repetition rate is
not as important as maximization of the total power in
each transmitted pulse. On this basis, the SCR circuit is
the obvious choice. However, it is usually desirable to
minimize the rise time, size, weight, and cost of the cir-

62

to the optical flux density, which is on the order of mega-
watts/cm?2. Therefore, the diode designer has to consider
the intended application of the laser. In the great majority
of cases, laser diodes are most useful when pulsed oper-
ation is required.

In the single heterojunction laser, the radiation is con-
fined to a region about 2 microns wide. Devices such as
these have room-temperature, threshold current den-
sities of 8,000 to 10,000 a/cm?, with differential effi-
ciencies of 40 to 50%.

The double heterojunction laser allows the confine-
ment of the radiation to a narrower region (as thin as
about 0.2 micrometer) with resulting threshold current
densities as low as 1,000 to 2,000 A/cm=. But this laser is
extremely susceptible to catastrophic damage.

The Loc laser controls the thickness of the radiation-
confinement region in a rather different fashion: it uses a
thin p-type layer for carrier recombination and a wider n-
type layer for light propagation. Since the passive n-type
material absorbs the propagating light only very weakly,
the radiation can be distributed over a wider region with-
out degradation of the differential quantum efficiency.

CLEAVED SURFACES

(REAR ONE IS MIRRORED) A

METAL CONTACT _Ij_
E P*'-GaAlAs
OPTICALLY
OIFFUSIN
N-GaAs
LASER SUBSTRATE SURFACES
LIGHT
SINGLE HETEROJUNCTION LASER
CLEAVED SURFACES ——
{REAR ONE IS MIRRORED) — )
AL CONTACT J—L
RECOM:
BINATION P Safihs
LAYER — | Z
— ~ OPTICALLY
~ DIFFUSING
(e \ SURFACES
LASING K2 SUBSTRATE LIGHT PROPAGATION
LIGHT LAYER

LOC LASER

cuit, as well. For these reasons, the avalanche transistor
circuit is often better than the SCR approach.

In laboratory applications, where the ecmphasis
frequently is on minimizing the rise time, the mechani-
cal circuit has no peer. But though it is at least an order
of magnitude faster than any of the other approaches,
its extremely low repetition rate makes it an unlikely
candidate for use in the field. 0O
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PUERTO RICO NOW.

MANUFACTURERS OF
AUDIO/ VISUAL COMMUNICATION
DEVICES CAN INCREASE
RETURN ON SALES
BY 1407.

L,
K
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K&K
This substantial profit potential is disclosed in 2 newly released analysis by ™ \ \ \\ R

N\
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AY
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Ny
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\

the Fantus Company, an acknowledged independent .
&, authority on plant locations:

B A plant in Puerto Rico with annual sales of $8
million, for example, could realize the following
advantages over mainland operations:

ot A saving in yearly operational costs ranging
B 16m $206,340 to $252,380.
An equivalent of 29% to 36% increase in operating profits.
g An improvement in net profits/net sales of 140% to 152% with full
® exemption from state, federal and local taxes.

=2 A complete executive summary of this study is available to
interested manufacturers by simply mailing a request to:
Commonwealth of Puerto Rico
Economie Development Administration tDept. F-2)

665 Fifth Avenue. New York, N.Y. 10019

PUERTO RIKO U.5.A.

© 1971 Commonwealth of Puerto Rico
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Probing the news

ARPA registers a big net gain

The defense agency’s computer network, now going

operational, is opening the door to a new national utility

by James Brinton, Boston bureau manager

A nationwide computer utility may
be on the way. now that the Ad-
vanced Research Projects Agency’s
experiment in computer resource
sharing, the Arpanet, is nearly oper-
ational.

Today the network links about 20
Government and university com-
puter centers across the country.
Each center or node contains com-
munications miniprocessors called
interface message processors IMPs or
terminal IMPs (TIPs), which have ac-
cess to 50-kilobit lines leased from
the Bell System. Only about ten
nodes have computers (called hosts)
that do more than “log into” the
net. but Lawrence G. Roberts,
ARPA’s information processing di-
rector, figures active members will
quickly increase in the next six
months, and that the number of
nodes should rise to about 25 by
mid-1972.

Already ARPA is taking steps to
put the existing operations on a
businesslike footing. Roberts says
that ARPA can’t continue its role as

manager. He makes it clear that
when the Arpanet is a fully going
concern, some agency—public or
private—will have to take over.

How to run it. Network prime
contractor Bolt Beranek and New-
man, Cambridge, Mass.. which de-
veloped the IMP and TIPp, also is con-
tinually recording and analyzing
node status data, traffic flow infor-
mation, outages, service problems,
and other network parameters.
Frank Heart, vice president of
BB&N’s Computer System division,
asserts, “The net should be run like
a power company—someone has to
spot problems, service new custom-
ers, shoot trouble, and send out
bills.”” Heart implies that BB&N
probably would go after the position
of network manager if the net went
independent.

ARPA began the project in 1969
with the dual goal of (1) aiding its
dispersed electronic data processing
contractors by communications and
resource-sharing processing via Ar-
panet and (2) locating pitfalls that

Terminal IMP. The TIP allows users without a large computer to enter the Arpanet with ter-

Ry, RPN T~
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minal equipment alone. The TIP can accommodate up to 64 terminals.

might trip up the future military
computer nets [Electronics, Sept. 30,
1968, p. 131]. In addition, ARPA has
shown that networking of large
computers can succeed even within
the confines of the available com-
munications services.

But while the first to benefit are
ARPA’s EDP research contractors, the
unclassified program seems to have
anticipated many of the problems
that await civilian nets too.

What next? ARPA’s Roberts sees
three broad trends growing out of
the net’s success: first, growth
toward distributed, network-con-
nected computer services instead of
the large isolated centers now com-
mon; second, a trend toward net-
work-unified data bases, which oth-
erwise would have to be duplicated
in multi-site applications; and third,
a sharing of software nationally.

Heart expects not only sharing,
but “through a sort of natural selec-
tion, an improvement in effec-
tiveness of task-oriented software.”

To hardware makers, however,
Arpanet is no bonanza. If anything,
more nets like ARPA’s could cause
contractions in the large mainframe
and memory markets. Conversely,
though, terminal makers could pros-
per if the TIP is allowed wide use:
the ability of users to hook into the
network without their own main-
frame to access the net’s resources
could create a new market for
graphics consoles, teletypewriters,
and other terminals.

The net now is expanding beyond
its original research contractor base,
and includes “customers” like the
Air Force and the National Bureau
of Standards.

According to Heart and Roberts,
there’s a long waiting list that in-
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cludes private companies. Roberts
breaks the list down into categories:
about two or three who would pay
to become net members, about 20 or
so who would come in if the Gov-
ernment ponied up the money, and
several times that number who have
“evinced interest.”

But before Arpanet grows into a
computer utility, there are still a few
problems that must be solved.

One probably due for solution al-
most overnight is that of network
control program software and so-
called host-to-host protocols. “We
have one of almost every common
computer type in the net.” says
Heart, “and these software prob-
lems. once solved for a given unit,
can be applied to other computers
of the same type with little modi-
fication.” Since so many network
users have or are nearing solutions
to these problems, the passing along
of solutions will bring active mem-
bers into the net at a faster rate.

A knotty one. A potentially knotty
problem is allocation of resources.
The average data processing man-
ager is willing to allocate about 10%
of his center’s time to the network,
according to Leonard Kleinrock,
professor of computer science at
UCLA and head of the network’s
measurement center.

For example, an observer notes
that “UCLA would like nothing bet-
ter than to increase utilization of its
360/91 through the net, but com-
puter operations managers at other
nodes may feel that incoming traffic
is disruptive, less important than
their own needs, or that UCLA’S use
of the net should be shunted to slack
hours. But slack hours at one place
are probably inconvenient hours at
another. This is a human relations
policy problem, and it must be
solved before resource sharing
really becomes meaningful.”

Although it is drawing the praise
of net members, even the IMP could
be improved, according to Heart.
“There are no problems that could
make the net unworkable,” he says,
“but there are parts we would like to
improve. So far. we're thinking up
potential problems and solving
them faster than network growth or
usage can trigger them.”

Making problems. With the IMP
as originally programed, it was pos-
sible to get what Heart calls conges-
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IMP perfects Arpanet

More than any other piece of hardware, the interface message processor
(IMP) makes Arpanet workable and cost-effective. The iMpPs distribute the
load of control among themselves, and allow use of inexpensive Bell Sys-
tem data transmission services.

The first IMP cost about $100,000 and, like its successors, was built
around a Honeywell H-516, 16-bit computer with 12,000 words of 0.96-mi-
crosecond core, 16 multiplexed input/output channels, and 16-level prior-
ity interrupt. Later versions of the iMP are using the less expensive H-316
computer on a more or less experimental basis.

Once several IMPs had been built, it was possible to project a monthly
lease price of about $1.700, plus communications line charges. These too
were relatively low, because the minicomputer-based imp interfaced well
with AT&T's type 303 lines. Over these 50-kilobit lines it was possible to send
‘a megabit of data over a 1,400-mile link for only about 23 cents—the only
cheaper method of data transmission available in 1963 was mailing tape.

The MP divides outgoing messages into 1,000-bit packets suitable for
transmission, passes messages from one P to another so that data
reaches its destination in minimum time—checking for error as it does so—
and assembles messages for its host.

The routing algorithm for one IMP is one of the secrets of the Arpanet's
success. Through this software. any message is sent along the fastest avail-
able route. For example, if several MPs pass along a message, each checks
a “look-up table'" in memory—updated twice a second with notices from
other IMPs—to estimate transmission delay for each of its output circuits.
This allows the IMPs to transfer messages in only about a tenth of a second.

For those without a computer, there is the terminal iMP, or TIP, which al-
lows a user to hitcn up as many as 64 peripheral devices to the net. Since
there's a second minicomputer in the TIP to act as a "‘host’ computer, the
TIP is about $1,600 a month more than the IMP, but in exchange it offers the

ability to get on line with few, if any, software problems.

tion—a momentary inability to
handle ultra-heavy, multi-user
requests. So far, this kind of over-
load has only been simulated in
BB&N’s laboratories and never en-
countered in practice.

Another problem can occur when
hests momentarily overload 1Mp-to-
IMP links. Again this has never hap-
pened in practice. but software
changes are being made to prevent
both problems.

Others note some lesser problems.
UCLA’s Kleinrock says it’s possible
to “flood™ an IMP as the communi-
cations processor tries to service one
incoming packet before finishing
with its predecessor. Also. he adds,
reassembly of messages with many
1,000-bit packets can sometimes be
troublesome. Message assembly
space within an IMP is at a premium,
according to Kleinrock, and while
there’s enough for efficient store-
and-forward movement of message
packets between IMPS, Klienrock
would also like to see a special
preamble to any overly long mes-
sage, warning the IMP at the destina-
tion node that space should be re-
served in memory.

Kleinrock doesn’t worry much
about either problem, seeing easy
software solutions to both. In fact,
nobody on the net is unhappy with
its communications aspects. BB&N
isn’t worried either, and notes that
from its network control center, it
can broadcast software changes to
all IMPs at once. Thus the net’s very
ability to communicate allows paper
solutions quickly to become real
ones.

Utility. The net’s rapid communi-
cations capability has other uses,
says Richard Watson, manager of
the ARPA network’s information
center at the Stanford Research In-
stitute. This center would act as an
active directory of net resources, he
says. Using data supplied by other
net members, it would take queries
and either reply with the node loca-
tions of the resource the user needs,
or switch him automatically to the
node with the program, power, or
data he requires. At its slowest, the
latter could take about as long as a
local phone call.

And if that’s not acting like a
computer utility, it's coming very
close indeed. O
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Air Force Navsat takes to the road

The DDR&E will have an alternative to the Navy's Timation 3 for its
proposed defense Navsat if tests of the Air Force's system prove out

by Lawrence Curran, Los Angeles bureau manager

How fast the Air Force navigational
satellite system—program 621B—
will get off the ground will be de-
cided after tests that begin next
month at White Sands Missile
Range, N.M. If the feasibility tests
prove out, the Directorate of De-
fense Research and Engineering
could adopt the 621B system as its
Defense Navigation Satellite Sys-
tem, in preference to either the
Navy’s Timation satellite or a mix-
ture of the two concepts.

No matter which system flies as
the DNss, the impact on the elec-
tronics industry will be more com-
pelling in terms of dollars than tech-
nology. There will be big money in
user equipment since nearly all mili-
tary aircraft would need new receiv-
ers. Also, transmitters and comput-
ers constitute a potentially rich
plum. The satellite portion will be
only a minor part of the system.

Presently, Grumman Aecrospace
Corp., Bethpage, N.Y., is prime con-
tractor for the 621B tests. Hazeltine
Corp., Little Neck, N.Y., is a sub-
contractor to Grumman for the
transmitters and receivers to be
used, and Magnavox Co.’s Research
Laboratories, Torrance, Calif.,, is
also providing a receiver.

How accurate? The Air Force ex-
pects 621B to deliver accuracies of
tens of feet. These are roughly com-
parable with the projected accu-
racies of the Navy’s Timation 3,
which, however, will be strictly a re-
search and development technology
satellite and not the “ultimate” sys-
tem the Navy might fly.

Such precision is required not
only for aircraft but also for ground-
based receivers, because a pilot
needs to be able to pinpoint both his
own and the target location accu-
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rately, especially in close air support
strikes, where his fire could endan-
ger friendly forces near by.

Maj. Richard Jessen, project engi-
neer in the 621B program office at
the Air Force Space and Missile Or-
ganization (Samso), says that in an
orbital system, three or four 621B
satellites would form constellations.
All of these would be tied into a glo-
bal grid system to yield precise,
three-dimensional position and ve-
locity information.

Computer needed. Because of the
accuracy of the system, a computer
will be required at the receiver. Jes-
sen says the system could be used by
ships, aircraft or foot soldiers, and
could conceivably replace Loran
and other navigation aids, such as
Tacan and conventional instrument

landing systems, in 10 years.

It’s Jessen’s contention that
621B’s continuous L-band trans-
mission provides the required spec-
trum spread of 30 to 40 megahertz
needed to preclude jamming. The
Navy has held out for a two-fre-
quency system using both uhf (400
MHz) and continuous L-band. One
Defense official says that “down at
uhf you’re lucky to find a couple of
useful megahertz.” But he’s quick to
admit that no one has yet found a
solution other than the Navy’s to
the problem of L-band inaccuracies
stemming from ionospheric propa-
gation.

Jessen says the Air Force is by no
means at loggerheads with the Navy
over this. “We may find out from
the Timation tests that uhf is better

Inverted satellites. To test the Air Force 621B Navsat without flying it, four transmitters will
be arranged on ground as in orbit. The MCS will check system accuracy.

an
.}Q;%-. MOBILE

¥ CALIBRATION
STATION (MCS)
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NEW! First comprehensive guide Go ahead,
to every aspect of TTL devices dream

and their practical applications

your impossible dream....

DESIGNING WITH TTL
INTEGRATED CIRCUITS

Prepared by the IC Applications Staff
of Texas Instruments Incorporated

Edited by Robert L. Morris and John R. Miller

Stopped by the need for a permanent magnet better than any
that now exists? Maybe Hitachi Metals can help. At our
magnetic and electronic materials research center and other
laboratories, our experts are hard at work making magnets do
more things than anyone thought possible. Developing new
magnetic materials such as rare-earth cobalt, and finding new
uses for magnets. No one knows what they'll come up with
next. But it just might be the answer to your impossible dream.

Devotion to improvement, added to integrated production
backed by years of experience, is behind the quality of Hitachi
magnets. Quality that means cast magnets designed and fin-
ished to close tolerances. Featuring high coercive force; big

This thoroughly comprehensive and practical volume—
the first to explore the entire famity of TTL integrated
circuits—is a complete source book on the newest, most
versatile, reliable, and economical innovation in systems
technology. It covers not only design philosophy, eco-
nomics, basic descriptions, and electrical performance
of TTL devices; but many practical applications of the
circuits in digital systems. ]
It will save you time and work by providing many com-
pleted designs easily converted to your particular needs 1
..reduce costs by suggesting the most cost-effective

integrated circuits to use in your system... help your de- energy product; magnetic field umfgrmilty and stability. And
cision making by reviewing all modern logic types and cast in any shape —no matter how intricate.
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The IC
trouble-
shooters
ma;ch
on.

Here comes the latest member of
HP’s Troubleshooters searching out
faulty IC's. The HP 10529A Logic

Comparator slips

over the in-

circuit IC

you're testing

and in 5 seconds or less

tells you whether it is functioning
properly.

A clever comparison scheme uses
the circuit’s power and input stimulus
to do all this. Even dynamic errors
as brief as 200 ns are stretched and
displayed. Complete with accessories
for only $295.

We're thinking ahead. The compar-

e | ator carrying case
§

e

also holds our other
@ two Troubleshooters.
The HP 10525A Logic
Probe lights up for pulses as
narrow as 25 ns and indicates
pulse polarity, pulse trains and
logic states. $95.
The HP 10528A Logic Clip

clamps over IC packages to show

the state of all 16
(or 14) pins instantly.
$125.

You can buy all three
as the S010A for $495,
saving you time, aggrava-
tion and $20.

- The IC Troubleshooters
= march on, Wait

until you see
what we're work-

ing on now !

Call your HP field
engineer to get your
hands on them right
away. Or if you want to know more,
write Hewlett-Packard, Palo Alto,
California 94304; Europe: 1217 Mey-
rin-Geneva, Switzerland.

02116

HEWLETT @ PACKARD
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than L-band. and we could go to
uhf, t00.”

The White Sands tests. to be con-
ducted over three and a half months
with the support of the 6585th Test
Group at Holloman Air Force Base,
N.M., are called the user equipment
test and demonstration program.
These are intended to come as close
as possible to putting the whole sys-
tem together—short of actually
launching a satellite. The overall
system concept. the instrument
landing system. and multipath er-
rors will all be checked.

Jessen emphasizes the importance
of the White Sands tests. “If the sys-

tem works, that’s to be expected: if

it doesn’t, we’ll have a lot of ex-
plaining to do.” He adds, though,
that the Air Force will probably
have a chance to regroup if they
don’t succeed the first time.

A grounded constellation. In the
overall system tests. the Air Force
will invert the satellite constellation

it expects to use in an orbital sys-
tem. Instead of putting four trans-
mitting satellites into orbit. the
transmitters will be placed on the
ground in the same arrangement as
the proposed orbital system. and
send 1.575-MHz signals to an Air
Force NC-135A aircraft flying at
various altitudes, speeds and direc-
tions over the ground-based *“con-
stellation.”” There will be a mobile
calibration station on the ground
with the same kind of receiver and
recorder as in the aircraft (sce dia-
gram).

The raw receiver outputs will be
taped and computer-processed on
the ground after the flights. To get a
solution from this aircraft data, it’s
also necessary for the mobile cali-
bration station to provide time-bias
information (the difference between
the times the different transmitters
sent out the signals).

The processed tape information
will give the aircraft’s position and
velocity, and this data will be com-
pared to that obtained from ground
tracking of the aircraft to determine

It's been more than a year since the Directorate of Defense Research and
Engineering got its first proposal for a Defense Navigation Satellite System,
and—because of the complexity of the system—it may be another year or
more before a tri-service Navsat system is approved, says a member of the
eight-man executive steering group that tracks the effort for bpR&E. Even af-
ter a demonstration DNSS has been orbited, it's unlikely to become oper-
ational for about five years.

Detfense officials insist there will be a *‘joint service effort under DNSS,"
based on the Air Force 621B and the Navy's Timation concept. Neither
source has “‘more than a couple of million dollars™ for its program this year,
says DDR&E's George Solton, who holds the development concept paper
draft for bNss. (The Navy's Transit, of course, has long been operational.)
Other money, says Solton, is being spent for studies of satellite system re-
quirements, interfaces with other systems, and concepts for ground-based
transceivers.

Though 621B and Timation "‘appear to be highly competitive.” says one
Defense official, the two services are thinking in more cooperative terms in
view of the budget limitations being imposed on all projects. "'It's getting
them in the pocketbook where it counts, and they are looking for help."

Experience with existing satellites is certain to answer some of the tech-
nological questions, as will the Area Coordination Paper now in the hands
of DDR&E. The paper, which is intended to concentrate available knowledge
of Navsat technology, was completed about three months ago, and is being
modified with comments from participants and other sources. The final ver-
sion should be available to DOD's top officials next month, sources say.

Attempts to predict the impact of bNss on such ground-based systems as
Loran and Omega would be premature, since no firm recommendation has
been made within DOD on a single Navsat, says Solton. Assuming a decision
favoring bNss is made “'in a year or two'' he adds, it is possible that systems
like Loran and Omega may later be ‘‘reduced, phased out, or replaced,”
But that won't be for five years or more, according to sources on all sides.

Ray Connolly, Washington Bureau Manager
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the accuracy of the 621B-type infor-
mation.

Maj. Ernest Miller, Jr., Samso’s
project officer for the White Sands
tests, explains that the ILS portion of
the exercise will have the “satellite™
transmitter aloft in a balloon at alti-
tudes from 1.000 to 5.000 feet. The
NC-135A will fly iLs glide-slope ap-
proaches to a runway while receiv-
ing position and velocity informa-
tion from the balloon-borne
transmissions.

ILS for Cat 3. After these flights.
the data will be reduced, and again
compared with ground-tracking in-
formation obtained during the same
approaches. to see if the 621B sys-
tem can provide accurate enough
signals all the way to a “hands off™
touchdown in category 3 landing

conditions (when ceiling and run-
way visual range are very limited).

Miller says the ground user multi-
path tests are intended to get multi-
path reflections from different kinds
of ground surfaces. To obtain these,
the transmitters will be either bal-
loon-borne or located on moun-
tains—arrangements that will give
high elevation angles. An omnidi-
rectional antenna on the ground will
show any multipath conditions by
means of digital data reduction. The
tests are expected to show that any
signals delayed by more than 100
nanoseconds will be rejected. This is
particularly important in ILS.

It will be proved. All three phases
of the tests, says Miller, will show
“what we’ve been saying for three
years—that the technology is here

and it works. We've stressed all
along that 621B uses state-of-the-art
techniques, and the White Sands
tests will confirm what we've been
saying about the accuracy of posi-
tion and velocity information.”

The 621B concept has been advo-
cated for years by both the Air
Force and Aecrospace Corp., El Se-
gundo, Calif., and probably would
have flown earlier had it not re-
ceived a lower funding priority.
“Now it’s a matter of integrating the
hardware and distributing the
money according to priorities,” says
Jessen. *“Aircraft programs have
been getting a lot of the money
lately.” According to a Defense offi-
cial, funding for all Navsat efforts
within the services is a bit less than
$10 million this fiscal year. O

Avionics

(_3AS causes con_flict

Congress, industry want airborne collision avoidance systems
now; the FAA favors improved, ground-based CAS later

William F. Arnold, Washington bureau

Because of its lack of confidence in
a purely airborne collision avoid-
ance system, the Federal Aviation
Administration is about to clash
with Congress and the aviation in-

dustry for a second time in recent
months. The agency soon will be
called before the Senate aviation
subcommittee to justify its seeming
unwillingness to spell out a national

standard for airborne CAS.

This summons results from the re-
cent introduction of a bill by Sen.
Frank E. Moss (D., Utah), who
charges the FAA with “a remarkable
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Final 60 seconds to intercept. In the collision avoidance system favored by the ATA, closing speed is calculated by a doppler shift.
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Colorado...
unlikely locale
for AN
elecTronics
firm?
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Walsenburg is located south
(about 15 minutes by air) of
Colorado’s major scientific
complex. It’s just far enough
removed to give you a sub-
stantial reduction in land
costs. And put an invigorating,
fresh air outdoor life at

your front door.

During the past decade
more than 100 firms, operat-
ing wholly or partially in
electronics, came to Colorado.
They had their reasons for
choosing this location. One
they cite is labor. People who
live here have a high level of
education and productivity;
professionals who don’t live
here are usually more than
happy to make the move.

Send for our free 83-page
Executive Portfolio. It describes
127 Colorado communities—
including Walsenburg—that
have prime industrial sites to
suit your business.

Write William C. Hacker,
Colorado Division of
Commerce and Development,
1232 State Capitol Annex,
Denver, Colorado 80203.

GOLORADOD

where there’'s room to live and hreathe

Walsenburg, (

Probing the news

ability to avoid positive action™ on
the mid-air collision problem. The
bill would require the installation,
by 1975, of CAS units on aircraft
weighing more than 12,500 pounds
and of pilot warning indicators on
lighter aircraft.

The FAA, however. contends that
airborne CAS units, which it sces as a
backup to an improved ground-
based air traffic control system. need
more testing and evaluation before
they can be used in commercial air-
craft. The airplane industry charges,
however, that such a ground-based
network is some years away, air-
borne CAS would make parts of the
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Airborne collision avoidance systems are based on the tau (time before in-
tercept) concept developed by John S. Morrell of Bendix Radio in 1956.
The concept states that CAS units could evaluate the likelihood of a mid-air
collision by exchanging data on the altitudes of, and the distance and clos-
ing speed between, aircraft carrying them.

If each aircraft randomly asked every other aircraft for its altitude, dis-
tance and speed data, chaos could result. So the time frequency concept
anchors all cAs communication to 3-second long, 2,000 slot “‘epochs," and
assigns each aircraft one 1.5-millisecond slot in which to transmit its data.
Sharing the same time base, each CAs computer can calculate another air-
craft's speed by the Doppler shift in the transmitted signal frequency. The
precise timing required is achieved by ground-based atomic clocks and a
means of resetting simple airborne crystal oscillators developed by
McDonnell Douglas engineers in 1961.

McDonnell Douglas began working on CAs when two of its fighters col-
lided in 1960. Today, it claims to have flight-tested EROS (eliminate range
zero system) units on over 16,000 pre-delivery flights on its F-4 Phantom
jets. United Airlines is flying EROS units on two 727s, and Piedmont Airlines
is equipping its 737 fleet with EROS units.

The EROS CAS consists of two antennas, a maneuver indicator to tell the
pilot what action to take, and the collision avoidance unit. The last houses a
transmitter, exciter, discriminator, receiver, crystal oscillator and low-volt-
age power supply packaged around the digital logic core. An 8-pound *'mi-
cro-cAs’ version for light planes sorts out possible threats by range and al-
titude only, dropping the Doppler and allied processing for range rate or
speed determination. Like its big brother, the unit can resync its timing from
a ground station or from an airline plane.

A similar time frequency system called Image (for intruder monitoring and
guidance equipment) has been built by Bendix.

RCA's Secant system is different. it's advertised as a family of units, be-
ginning with an $800 emitter for light planes that simply tells all aircraft "'I'm
here,” a $1,000 pilot warning indicator (Pwi) that monitors range and not al-
titude, a $3,000—5,000 intermediate system for executive aircraft, and a
fullblown airline version.

Heart of the fuller RCA system is a transponder technique that aliows each
plane to interrogate its environment for the presence of other planes. Each
query is uniquely encoded so that each aircraft can tell which of the many
replies indicates a potential collision. A random noise generator ensures
randomness by determining on which of two frequencies the query will be
sent and answered.

RCA says that since the system knows the order in which it interrogates, it
can convert replies received in the proper sequence into positive signals
and filter out interference or signals from nonthreatening aircraft. RCA has
conducted some testing on the unit, and the Naval Air Development Center
is also testing a version.

Honeywell also is developing a cooperative system, similar to RCA's, and
derived from its development of pwis for army helicopters. The Honeywell
system, also a nonsynchronous device, uses a radio frequency transponder
rather like beacon radar to derive position and altitude data. Whereas with a
time frequency unit only one plane transmits at a time, the Honeywell sys-
tem uses short transmissions of a few billionths of a second so that all
planes can ‘‘talk'’ almost at once but none at the same time.
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network unnecessary, and in the
meantime lives are being needlessly
lost.

This year mid-air collisions
caused hundreds of deaths, and the
National Transportation Safety
Boards estimates that, at present
levels, there will be a total of 335
collisions and 792 deaths resulting
from them in the decade from 1968
to 1978. The airlines also are con-
cerned with protecting their huge
investments in jetliners and insuring
themselves against increased legal
liability: damage claims approach-
ing $70 million arose from the
wreckage of one recent collision.

Big dollars. At stake in the CAS
controversy is a potential market in
airborne CAS equipment for elec-
tronics manufacturers estimated at
several hundred million dollars. A
CAS unit for each of the 3,000 com-
mercial airliners is now figured to
cost $50,000, and some jetliners
would need double systems. About
80,000 planes in the general avia-
tion fleet would need either a so-
called *“‘mini-CAS™ costing between
$1,500 and $2,500 or a pilot warning
indicator costing between $400 and
$800.

Leading the way, two corporate
giants—McDonnell Douglas, St.
Louis, Mo., and RCA, Moorestown,
N.J.—are battling each other to have
their airborne CAS system chosen by
the FAA. McDonnell Douglas’ EROS
2 CAS is a time-frequency-based sys-
tem. It uses ground signal bursts be-
tween aircraft that tell individual
CAS units the distance and speed of
other aircraft.

RCA’s Secant CAS (for separation
and control of aircraft by nonsyn-
chronous techniques) does not rely
on ground synchronizing signals but
uses airborne interrogators and
transponders to determine range,
range rate, altitude and bearing
data. Both systems are cooperative
in that they only warn against colli-
sions with similarly equipped air-
craft.

What ATA wants. The time fre-
quency concept is being strongly
promoted by the Air Transport As-
sociation, the airlines trade group,
which is just as strongly against the
RCA system, partially because it says
the system needs too much testing.
Some airlines, however, might wel-
come some delay because the high
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CORNERSTONE

Regardless of your specialty, you can build your own calculating
system using the Wang 600 as the cornerstone.

When you start with the basic 600, you have a calculator with the
best price/performance ratio in its class. It has sixteen special keys
whose functions you determine. And you don’t have to give up any
functions: you always have trig keys, stat keys, and push-button
programming with full decisions and five-level subroutines.

55 storage registers or 312 program steps are standard, but you can
build your 600 all the way up to 247 registers or 1848 program steps.
Because you can swap registers and steps, you can find the exact
combination to solve your problems.

Now you can build on this foundation with an almost endless
variety and combination of peripheral modules. You can select alpha-
numeric printers and plotters, on-line interfaces and off-line paper
tape readers, and many more. And you can add on whenever you're
ready, right in your office.

Custom-building your own calculating system is easy and in-
expensive — when you start with the correct cornerstone. Call Mr.
Courtney, collect, at 617-851-7211, for our complete list of building
supplies.

w a NG _ABORATORIES, INC. Dept.E-12
836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876
TEL. {617) 851-7311, TWX 710 343.6769, TELEX 94.7421

Circle 71 on reader service card 71



Now.you cas.

hifToJapsrn
[ $400....
bl Talhe o

15 000beyers
inhein

wélue W«d

The vehicle? Nikkei Electronics —
the Japanese version of Electronics
Magazine published in Japanese for
consumption in Japan only.

Jount Vestine

Nikkei Electronics will be published
bi-weekly by NIKKEI/McGRAW-
HILL INC. — a joint venture of NI-
HON KEIZAI SHINBUN and
McGRAW-HILL INC. Nikkei Elec-
tronics will be published entirely
in the Japanese language including
advertisements. For your conven-
ience in placing advertising in
Nikkei Electronics, the sales staff
of Electronics Magazine has been
designated as your liaison.

Editorial

The editorial staff of Nikkei Elec-
tronics consists of ten full-time
editors plus contributions from
Electronics editors, the McGraw-
Hill World News staff and the news
services of NIHON KEIZA] SHIM-
BUN-—the world's largest publisher
of financial newspapers.

Every two weeks, these editors will
produce a news and technology
Japanese language magazine for
electronics engineers in Japan.
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Coradation

* Nikkei Electronics will begin pub-
lication with a paid Japan circu-
lation of 15,000 in April and with
a guaranteed paid Japan circula-
tion of 20,000 within the first year
of publication.

* Nikkei Electronics circulation is
restricted to: engineers and man-
agement in companies manufac-
turing electronics products; users
of electronics products; and
managers of governmental and
independent R&D; educational
and electronics studies associa-
tions.

® The subscriber universe for
Nikkei Electronics is 120,000 elec-
tronics engineers plus 18,000 new
engineers graduating annually.

* Nikkei Electronics is the only
Japanese Electronics magazine
going ABC. All others are not
audited.

Bdoertinint in
Nibde:Elecrosnics

* If you sell, or want to sell your
products in Japan, you can talk
to 20,000 buying influences in
their native tongue for just $400
a page.

* If you are already advertising in
any of the unaudited lesser media
in Japan, here is your opportunity
to consolidate your schedule in
the one strong medium, make a
dominant impression and save
advertising dollars.

If you are interested in advertising
in Nikkei Electronics contact your
local Electronics salesman or any of
the Electronics sales offices in the
U.S. and Western Europe.

Nibdees
Elearorics

A Nikkei /McGraw-Hill Publication.
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cost of CAS units are a heavy consid-
eration in a depressed air travel
market and such a delay could
create a more competitive situation
that would drive down CAS costs.

McDonnell Douglas itself argues
that its tested EROS CAS should be
adopted because “it is here—now,”
Anatole Browde, vice president of
the company's CNI programs told
the Senate aviation subcommittee
carly in December. “We strongly
urge that all responsible parties . . .
adopt time frequency collision
avoidance.”

The later arrival in the field, RCA,
“is concerned over the pressures to
seek an early solution by hastily
adopting the time frequency system
as a basis for a national standard,”
Joseph F. McCaddon, division vice
president, cautioned the Senate sub-
committee. In calling for more test-
ing to determine which is the better
system, he proposed that a “compe-
tent, objective evaluation group” be
formed.

The only evaluation group up to
now has been the ATA-led technical
working group that has endorsed
time frequency CAS concept. In 1969
it contracted with Martin Marietta,
Baltimore, Md.. to test systems by
McDonnell Douglas, Bendix, and a
Sierra Research-Wilcox Electric
team at the FAA’s Atlantic City ex-
perimental center. This followed
carlier FAA contracts to Bendix,
Sperry Rand, and Collins for testing
of theoretical and hardware con-
cepts. Collins reported that time fre-
quency was the most promising in
1965, the same year that McDonnell
Douglas displayed flight-tested CAS
units.

CAS from the ground. What is the
FAA’s attitude toward the competing
systems and pressure from aircraft
owners for CAS? Gustave E. Lund-
quist, associate administrator for en-
gineering and development at the
FAA says, “we think we can do the
job more effectively from the
ground.” The former Air Force offi-
cer says that “the FAA favors any
form of collision avoidance system
which is compatible and comple-
mentary with the basic air traffic
control system,” He adds that the
present air traffic control system,
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when upgraded, will provide sepa-
ration service and collision
avoidance by itself.

Meanwhile, the FAaA says it will
continue testing the time frequency
systems, and will watch the Navy’s
tests of RCA’s Secant system and the
Army’s trials with Honeywell’s sys-
tem. The agency plans to go out for
studies on the integration of air-
borne CAS into the ATCS, PWI devel-
opment and, importantly for the
time frequency system, develop-
ment of a ground synchronization
station.

This approach finds favor with
the light plane owners, who prefer a
free ground-based CAS because it’s
unfair to charge an occasional flyer
with an expensive “mini-Cas.” The
airlines, on the other hand, pointing
out that many mid-air collisions are
between light planes and airliners,
argue that light planes must be
equipped with some form of CAS to
make the jetliners’ systems work.

One world not heard from in all
the fuss is the Defense Department,
which is less than enthusiastic about
standardizing the airborne collision
avoidance systems for its 3,000
planes flying in civil air space. In-
dustry speculation is that the mili-
tary, having spent billions for its
own programs, doesn’t want to buy
civilian CAS units, but that if the
civil market buys CAS, congressional
pressure will force the military to go
along. After all, the reasoning goes,
it wouldn’t look good if a civilian
CAs-equipped plane collided with a
military craft that wasn’t so
equipped.

Among the companies that have
developed or experimented with
CAS are: McDonnell Douglas, RCA,
Collins Radio, Bendix, Honeywell,
Raytheon, Sierra Laboratories, Wil-
cox Electric,c Texas Instruments,
Sanders Associates, IBM, Hazeltine
Corp., and ITT Gilfillan. Some can
be expected to be vigorous competi-
tors when airborne CAS becomes
marketable.

There seems little doubt, how-
ever, that some system will even-
tually be adopted. No matter which
one it is, airborne CAS market
should provide a bonanza for elec-
tronics avionics manufacturers,
since none of the prime developers
will have a monopoly on the mar-
ket. O
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One drop bonds almost anything to almost anything for

almost forever. We call it Eastman 910® Adhesive.

It works with metals. With plastics. With rubber. With

glass. With bonds that are often stronger than the

materials being bonded.

It works without heat. Without solvents. Without pressure.

Without catalysts. And without a lot of waiting.

Philco-Ford uses Eastman 910 to bond aluminum to

aluminum. Cessna uses it to bond rubbe