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Hunting inthe EIectronic Jungle?

Hunting for MOS arrays in the
teeming electronic jungle may be
exciting — but is it profitable? To
take the danger out of the hunt,come
to AMI. Then you're dealing with the
company that has produced more
reliable MOS arrays and devices,
and more MOS transistors, than the
next several competitors combined.

We know more about designing
and manufacturing MOS memory
and logic circuits than anyone else

— that's why we're the world leader.
Our four plants in California, |daho,
Mexico and Korea produce thou-
sands of MOS LSI every day. Our
satisfied customers include many
leading manufacturers of comput-
ers, computer terminals, data com-
munication systems and dozens of
other products running the gamut
from electronic calculators to coin-
operated record players and vend-
ing machines to solid-state timers.

Circle 900 on reader service card

Don’'t gamble your company’s
tuture on unproven MOS LSI or on
suppliers without a proven record of
performance and on-time delivery.
Call us today — and we’ll show you
how our mastery of MOS can give
you the competitive edge.

American Micro-systems, Inc.
® 3800 Homestead Road,
A. Santa Clara, Calif. 95051

Ml Phone: (408) 246-0330

‘Masters of MOS’



If anyone else had built
this microwave swee

it would cost

-----

per,

atleast $1000 more.

That’s with just one octave of RF
coverage! As you add RF modules, you save
even more. This is how you do it:

You buy the 8620B mainframe for
just $975. It gives you all the functions you
normally need—highly linear sweeps
(wide and narrow), stable CW and versatile
modulation. Tken, with a single-band RF
plug-in, you ger a complete sweeper for
as little as $2475.

The same mainframe will also accept
a drawer which, in turn, holds two RF
modules and a heterodyne unit. This gives
you multiband operation up to 12.4 GHz.
And these RF modules cost much less
than anyone else’s. For example, the 3.2-
6.5 GHz module goes for $1650; the

8-12.4 GHz unit is just $1950.

So you're really saving a bundle,
while still enjoying the performance and
reliability you expect of an HP product.

How can it do so much fcr so little?
It’s really very simple. We design and
manufacture our own high-frequency
microcircuits in volume. So we can
cut production costs to the bone. And
pass the savings on to you.

So when we talk about low-cost
sweepers, we're still talking about high
quality. Why not call your HP field
engineer and see for yourself. Or write to
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT @ PACKARD

EWEEP OSCILLATORS

Circie 1 on reader s2rvice card



The Incredible
Dodecameter...

Adds twelve programmable mea-
surement functions to your system.
You start with the basic dc unit and
add options to fit your systems needs.
You can use the new HP 3450A Multi-
Function Meter for dc, ac and ohms
measurements — ratio, limit tests,
and ratio limit tests. The 3450A has
autoranging on all functions —and all
functions are fully programmabie.
This broad capability is contained in
a 32" high rack mount — ideal for
systems.

The basic dc unit is integrating
and fully guarded for excellent noise
immunity. You can make 15 readings
per second with a sensitivity of 1 uV.
Add the AC Voltage and AC Ratio
Option to your basic dc unit and you
can make true RMS ac measure-

ments from 45 Hz to 1 MHz —with-
out the errors due to harmonic dis-
tortion.

Add the Ohms and Ohms Ratio
Option for ohms measurements with
1 mQ sensitivity. The four-wire ohms
input provides sense and signal leads
to reduce errors due to lead resis-
tance.

Put in the Limit Test Option and
you can preset two four-digit limits.
Your system then can make simple
comparisons without using a com-
puter or digital comparator. Use the
Digital Output Option with the Limit
Test Option for nine columns of in-
formation including HI, GO, LO limit
test decisions.

The Rear Input Terminal Option
provides a set of guarded rear input
terminals and a FRONT/REAR INPUT
selector switch on the front panel.

+ 97379y

BAS0A WULT)-FURCTION MECTER
T e

If your requirements change, any
of the options are field-installable
(except rear input terminals). Call
your nearest HP field engineer to
learn how easily '‘the incredible
dodecameter’’ adapts to your mea-
surement system. For full specifica-
tions, write to Hewlett-Packard, Palo
Alto, California 94304. Europe: 1217
Meyrin-Geneva, Switzerland.

Prices: Basic 3450A, $3300; AC
Option 001, $1250; Ohms Option 002,
$425; Limit Test Option 003, $375;
Digital Output Option 004, $225;
Remote Control Option 005, $260;
Rear Input Terminal Option 006, $70.

099/4A

HEWLETT W PACKARD

DIGITAL VOLTMETERS
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Publisher’s letter

T he IEEE show gets off and run-
ning next week at the New York
Coliseum, and the New York Hil-
ton, which is, happily for the staff
here, right across the street. But
the fact is we've already gone far
afield to gather the inputs for our
two-part 1IEEE report (see p. 88).

For the first part, about the IEEE
in changing times, came reporting,
from as far away from New York
as the West Coast, about the dis-
sidents and militants who are
pushing the IEEE to get involved
in the engineer’s economic and so-
cial concerns, not just his profes-
sional interests. From Washington
came interview comments from
this year’s president, James H.
Mulligan Jr., who points out that
the institute is very much aware of
the engineer’s plight and is already
responding to the winds of change.

For the second part, about the
IEEE show itself, the staff gathered
information from all over the coun-
try to give you background on the
more unusual technical sessions, to
detail why there are fewer exhibi-
tors this year, to relate how the
IEEE has worked to make the show
more “relevant” and attractive to
both the engineer and the exhibi-
tor, and to preview some of this
year’s new products.

And although the show is a
stone’s throw away, we’re still a
long way from being done with
our coverage. Next week, our vet-
eran news and technical editors
will be fanning out to cover the
show like a glove, sniffing out the
trends, spotting the hot news items,
seeking out the top-level people

who shape and shake the industry.

Indeed, as has happened for years
past, many of these top-level
people will be seeking us out, since
they look to Electronics as a valu-
able source of up-to-the-minute re-
ports, a clearinghouse for the latest
industry news. That's when we
really open up a window on the in-
sider’s view of industry happen-
ings. But we gain no benefit from
the insider’s information unless
you do, too. You can be sure that
anything of significance we spot at
the show will be passed on to you
as fast as possible in our news or
technical pages.

t's not every day you run into the

world’s biggest monolithic bi-
polar ROM. And it’s not every day
you get the chance to read about
one. This issue we’re printing the
first technical run-down (see p. 64)
of how Signetics put together the
biggest bipolar-ROM-on-a-chip that
yvou can buy, a 4,096-bit beauty
that promises, among other things,
a big step forward in the micro-
programing of complex digital sys-
tems. Representing the technical
and marketing side of the develop-
ment, Signetics’ team of authors—
Sam Sirkin, Orville Baker. Bill
Davidow, and Dave Allison—
worked hard on bringing out the
ROM and worked hard, too, with us
in bringing the details to Electron-
ics’ readers.
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URGENTLY NEEDED: RELIABI[ITY
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rom spracue: RELIABLE CAPACITORS

Sprague Electric has long been aware
of the crucial importance of reliability
. .. particularly in medical electronics,
where failure can be fatal. The capaci-
tors shown on this page are designed
for utmost reliability ... not merely
to meet existing standards, but to be
as failure-free as the present state of
the art will permit.

HYREL® Capacitors

\.

Manufactured under climate- and dust-
controlled conditions in factory space
used solely for high reliability produc-
tion. 100% tested for optimum quality
control. Exceed military and industrial
standards for shock, vibration, moisture
resistance, life. Reliability documented by
extensive test data. Applications now in-
clude cardiac pacers and coronary care
units, One 4-year user report$ no failures.
Available in following types:
Type 3500 HYREL® ST Solid Tantalum
6 to 75 WVDC, 0047 to 330 uF
Type 351D Non-Polar HYREL® ST Solid Tantalum
6 to 50 WVDC, .0023 to 160 uF
Type 309D HYREL® GT Sintered-Anode Tantalum
6 to 150 WvDC, 1.7 to 1200 uF
Type 330D HYREL® GT Sintered-Anode Tantalum
4 to 100 WVDC, 1.7 to 1200 uF
Type 195P HYREL® Q Subminiature Paper
200 to 600 WVDC, .001 to 1.0 uF
Type 168P HYREL® PQ Subminiature Paper
50 WvDC, .001 to 1.0 uF

Type 118P Subminiature DIFILM®
Metallized Capacitors

=

Unmatched for reliability at 125C by
any other metallized paper capacitor.
Higher insulation resistance than that of
any other metallized paper design.
Unique dielectric combines metallized
paper and polyester film impregnated
with special high temperature mineral
wax. Hermetically sealed.

200 to 1000 WVDC, .001 to 12.0 uF

Heart Defibrillator Capacitors

True energy-storage capacitors expressly
developed for heart defibrillators. Charged
in milliseconds and discharged in a frac-
tion of a millisecond.

Three case sizes available.
Each rated 16 uF, 7500 WVDC.

For technical literature on any of these copacitors, or engineering assistance
without obligation, write or call Mr. John Moynihan, Sprague Electric Company,
35 Marshall Street, North Adams, Mass. 01247, Telephone (413) 664-4411

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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Type 260P METFILM® 'K’
Film Capacitors

Sy
Exceptional versatility and superior elec-
trical characteristics in small physical
size. Mectallized polycarbonate-film di-
clectric provides high insulation resist-
ance. high capacitance stability, low di-
clectric absorption, low dissipation factor.
Hermetically sealed.

200 to 600 WVDC, .01 to 10.0 uF

COMPULYTIC® Aluminum
Electrolytic Capacitors

Power supply filter capacitors with low
leakage currents, low ESR, long shelf
life. Feature the most reliable seal yet
developed for aluminum electrolytics.
Type 32D0-—Cylindrical with tapped terminal inserts or
solder lug terminals

2.5 to 450 WVDC, 35 to 200,000 uF
Type 34D—Tubular with axial leads

2.5 to 450 WVDC, 1 to 13,000 uF

4SC-0119

THE MARK OF RELIABILITY

Sprague and (2)" are registered trademarks of the Spraque Electnc Co
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A Smart Way to Beat Your
Power Supply Size Problem
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Y4" thin, 294" narrow, 234 short

yet this converter produces 1000 volts
DC, regulated, from a battery input of
28 VDC! It weights less than 15 ounces.
This is only one of our wide variety of
many small light weight converters, in-
verters and power supplies — there are
over 3000 models listed in onr newest
catalog, including size, weight and prices.
If you have a size problem, why not send
for an Abbott catalog?

MIL SPEC ENVIRONMENT — All of the power
modules listed in our new catalog have
been designed to meet the severe environ-
mental conditions required by modern
acrospace systems, including NMIL-E-
5272C and MIL-E-3400K. They are her-
metically scaled and encapsulated in heavy
steel containers, New all silicon units will
operate at 100°C.

RELIABLE — Ilighest quality components
are used in Abbott power modules to yield
the high MTBF (mean time between fail-
ure) as calenlated in the MIL-HDBK-217
handbook. Typical power modules have
over 100,000 hours MTBF — proving that
the quality was built in from the beginning.
WIDE RANGE OF OUTPUTS — Any voltage
from 5 volts DC to 3,650 VDC is avail-
able by selecting the correet model you
need from our catalog with any of a vari-
ety of inputs including:

60 o te DC, Regulated
400 to DC, Regulated

28 VDC to DC, Regulated
28 VDC to 4002q, 15 or 3¢
24 VDC to 602, 16

Please see pages 930 to 949 of your 1970-71 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott modules.

Send for our new 68 page FREE catalog.

abbot NIELEIEICIE

LABORATORIES,

5200 W. Jefferson Blvd./Los Angeles 90016
Cable ABTLABS

(213) 936-8185

6 Circle 6 on reader service card

INCORPORATED

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

Readers comment

Tempest over testers

To the Editor: Michael A. Robin-
ton’s article on MOS/LSI testers
[Feb. 1, p. 62] renders an extreme
disservice to the realistic character
of the entire engineering com-
munity. If Mr. Robinton would
pause and reflect that the test
equipment manufacturers exist in
a competitive business environment
ruled largely by the laws of supply
and demand, the prices dictated by
these laws, and the costs that estab-
lish a lower bound to prices in both
the short and long term, most of
his machinations would fall into
perspective.

We are releasing our study of the
automated test equipment market,
which reveals considerable indeci-
sion among equipment users and
builders on several fundamental
aspects of highly expensive MOS
testing. For example, these ques-
tions require precise, definitive
answers:
= What minimum tests are really
required to validate a given MOS
subsystem or system—parametric,
functional and/or dynamic?

» How should these tests be im-
plemented—sampling, random, one-
shot, repetitive, environmental, ex-
haustive, ete.?

= Would an equal effort in in-
creased process control at the wafer
and chip level be more practical
and profitable?

The confluence of these questions
has reached a zenith and finds itself
centered on the heretofore inade-
quately defined requirements of
dynamic MOS testing. Successful
filling of this need in the market-
place is not a simple, deterministic
linear function of technology and
economics.

The required equipment is state
of the art. The R&D expenditures
necessary to participate in this
market are high in terms of dollars
and skill. The basic technology of
devices being tested still is evolv-
ing. Unit prices of testers can be
between $200,000 and $1 million.
Investment in in-process inven-
tories is high; the typical tester
manufacturer can command such
sizable financing only on the basis

Electronics | March 15, 1971



of unusually firm planning. Market
size and equipment configurations
demand a clearer, more insistent
definition for and by all MOS manu-
facturers.

Mr. Robinton is correct when
pointing out the exaggerated capa-
bility claims of the suppliers and
their marginal equipment adapta-
tions, However, these are normal
strategies employed when neither
the entreprencurial buyer or seller
is properly prepared to assume the
risks necessary to achieve an order
or two of magnitude change in
capability.

Our study confirms the existence
and definition of an attractive
market, but it will not be met or
satisfied simply by establishing a
few specification objectives by an
individual.

E. Paul Moschella
Research director

Theta Technology Corp.
Wethersfield, Conn.

To the Editor: We fully agree with
Mr. Robinton’s article as far as it
went, However, it appears that
either he did not fully survey the
systems available on the market or
he specifically chose to review only
those test systems which justify his
own in-house development,

We manufacture and sell test
systems for MOS/LSI that will meet
all of the requirements outlined by
Mr. Robinton. Price of a 40-pin sys-
tem, with full 5-megahertz test
capability, functional speeds up to
5 MHz, and dc parametric capabil-
ity is approximately $250,000—Iess
than two-thirds the amount which
Mr. Robinton is reported to have
spent on his “in-house” system,
This particular system, our model
4630, can be expanded up to 80
pins for less than $2,000 per pin
additional.

We must agree with Mr., Robin-
ton that the cost of systems that
fully test MOS/LSI is substantial.
However, a careful review of the
actual cost of testing, based on a
typical five-ycar useful life for a
well-designed test system, will
show that operating labor and
maintenance costs will exceed the
original system’s price by an order

Electronics | March 15, 1971

Quality and reliability are key design
parameters built into Adlake's com-
plete line of DRY REED RELAYS.
Advanced electrical, mechanical and
packaging features qualify these stand-
ard, intermediate, and miniature size
devices for an extremely wide range
of commercial, industrial, and military
switching applications, such as con-
trol panels, machine process control
instrumentation, and telephone and
communications apparatus, to men-
tion just a few.

ELECTRICAL DETAILS:

Contact Arrangements:
Up to 4-A or 2-B
Contact Current Ratings:
Switch 0.5 A; carry 3 A
(Miniature & Intermediate)
Switch 1.5 A; carry 6 A (Standard)

Contact Resistance:
Initial—50 milliohms, max.;
end-of-life—2 ohms max.
(Standard)
Initial—200 milliohms max.;
end-of-life—2 ohms max.
(Intermediate & Miniature)
Contact Life:
Rated Loads—20 x 108 operations
Dry Circuit—500 x 106 operations
Contact Voltage Ratings:
100 vDC or 150 VAC
(Miniature or Intermediate)
150 VDC or 250 VAC (Standard)
Insulation Resistance:
102 ohms (min.)
Operating Speed:
1to02.5ms
(Miniature & Intermediate)
2.5 to 4.5 ms (Standard)
(Varies with sensitivity and
number of poles; including
contact bounce and coil time)

Miniature Dry
Reed Relays Series
ARAM & ARBM
{typical)
& nlh

r -1.200 TYP [« 400+
['Q % e
_L [——11
e T
fe—1.0007vP —] F | 025 sauare, Tvp

3FORMA | o — 4} —

- 1000" -

1.200" MAX. ——

PACKAGING DETAILS:

Environmental Protection:
Hermetically sealed contacts. Rhodium
plating on contacts for higher loads
and longer life characteristics.
Shelding:
Magnetic shielding layer
Shock:
200G max. 11 = 1 ms
(Miniature & Intermediate)
100G max. 11 = 1 ms (Standard)
Vibration:
30 G max. 0-1700 cps
(Miniature & Intermediate)
0-600 cps (Standard)

Temperature Range:
—55 to 105°C

Choose from 123 cataloged items, Dry Reed
Relays with special features are available on
special order with surprisingly short

delivery times.

KMERCURY WETTED
CONTACT RELAYS

Low, stable contact resistance and
"“1-billion-operation” life qualify Sensi-
tive Mercury Wetted Contact Relays for
a wide array of switching applications,
such as digital and analog computers,
telecommunications system, multiplex,
industrial control equipment, power
control devices. New Series MWK and
AWK Sensitive Relays offer contact
form K (SPDT, center off)—ideal for

\ multiple channe! switching.

\

MERCURY
DISPLACEMENT
RELAYS

Time delay and load relays meet the
toughest, most demanding switching
applications. Non-adjustable time delay
relays offer contact forms A and B with
delays up to 1 hour, current ratings to
15 amps. Load relays switch from 30 to
100 amps with contact forms A and B.

)

USE READER SERVICE NUMBER FOR COMPLETE INFORMATION

THE ADAMS & WESTLAKE compeany

ELKHART. INDIANA 46514 » 219 . 264 1141

A SUBSIOIRY 01 Q\ ALLIED rrooucrs coreorarion

» TWX 219.522 3102 « TELEX 25 8458 » CABLE ADLAKE

Circle 7 on reader service card

7



Some day these tests
may save your life...

because DCS VCD's and FM Demodulators
are on the job today!

Whether your applicaton is gatrering test ca=m from
advanced automctive safsty testinc systems o- from any
transducer nput . . . 3CM-5 Series Voltage CTontro led
Osdllatcrs will faithfully FM-2ncode your data for recorcing
and futu-e analysis. DCS F\M Demodtlatars will reduce th2
recorded data to original fcrmat for ccurate anaysis
&nd evalugfion

GOM-5 Series VCJ's festure h ghest incut sensitivi-
ties avezilable. Cur GFD-15 Demcdulators
interface wih your computer or stand

elone asthe “inestLnit ava lable.

Circle R2ader Service Number

for Fre= Apglication Data -

Data ControlSystems, Inc.
Cormmeice Crive
Darbury, Con 0€EE10

Tel: (2C3) 743-C24"

TWX: 71J-356-0378

7/

( ncs DATA-CONTROL SYSTEMS, INC

Circte 8 on reader service card

Readers comment

of magnitude. Since these costs are
relatively independent of the orig-
inal price of the system, the real
criterion is the product of the
throughput multiplied by the usage
factor (total number of devices
tested), not the original cost of the
system.

We agree that many of the com-
panies that claim to be offering
low-priced test systems are really
offering systems inadequate to fully
test MOS/LSI. However, a very few
companics, including ours, have
been able to fight their way through
the tangle of conflicting require-
ments voiced by the semiconductor
manufacturers and actually do offer
systems that will adequately test a
wide range of semiconductor
products at a price that is more
than competitive with in-house sys-
tems.

William F. Boggs

Systems sales manager

E-H Research Laboratories Inc.
Oakland, Calif.

“Good sense”

To the Editor: In the article on
retail point-of-sale terminals [Nov.
23, 1970, p. 52], Irving I. Solomon’s
remarks about the National Retail
Merchants Association’s work on
specifications for equipment and
tag identification had the clear ring
of good sense.

We have found from practical
experience that installing such a
data capture system is a difficult
task. Making the system give the
retailer the information he wants,
when he wants it, in a form he can
use, is difficult enough without
adding the complications of a
totally new merchandise marking
system and computer technology
that retail merchants may never
have heard of.

It’s easy to get so caught up in
the machinery that one forgets the
point: to furnish the retailer with
data he never had before. We think
this is where J.C. Penney and the
General Electric Co. went wrong
with the Tradar system.

Bernard Edelman

President

Information Machines Corp.
Santee, Calif.
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WE PUT
OUR MONEY
WHERE OUR
MOS IS.
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NTRODUGING

POINTS OF - Ceir DonARy
FAIRCHILD/CUSTOMER
 INTERFACE

LOGIC SIMUL ATION

COMPUTER COBTRORLED
Z(INTERACTION) =

T

FAIRSIM'™
(LOGIC
SINSLATION

PROGRAM)

MASK DESIGN

q (RETICLE
FAIRCHILD'S GENERATION
CAD DEDICATED
PARTITIONING 1BM 360/67
COMPUTER

CUSTOM PRODUCY NEEOS
o

FAIRGEN™
TEST
PROGRAM

SYSTEM DESIGN MOS/LS!
STANDARD PRODUCTY NEEDS DEDICATED WAFER

FABRICATION

MOS/LSI
MOS/LSH JEDICATED ASSEMBLY
APPLICATION FACILITIES
ENGINEERING

TESY GENERATION

MOS/LS! DESIGN KIT

MOS/LS1 FINAL
TESTFACILITIES

CUSTOMER

REQUIREMENT SENTRY 400 TESTERS

STANDARD &
CUSTOM PRODUCTS
TO CUSTOMER'S
SYSTEM
REQUIREMENTS



THE MIGHTY

We built a mighty MOS Machine
capable of delivering total MOS
systems. A complex of talent
and experience, design and
production capabilities, facilities
and equipment, hardware and
software. Fully operational now.

Our machine makes us the first
of the Big Guys with a massive
commitment to MOS. We've
invested $15 million to make it
mighty: new MOS-dedicated
watfer fabrication equipment for
both silicon gate and metal gate
devices, new mask shop, new
test equipment, CAD systems
using a 360/67 computer and
over $3,000,000 worth of soft-
ware (including our unigue
Micromosaic™ technique).
Some Machine.

The Mighty MOS Machine
Delivers the Goods.
In the last year we designed and
delivered over 100 custom LS|
arrays for terminals, desk calcu-
lators, minicomputers, modems,
digital voltmeters, process
controllers, scientific calculators,
and security systems. 1-chip to
23-chip systems. Up to 500
gates per chip.

That's a lot of MOS.

But there's even more to come.

Right now, our Mighty Machine
IS purring along at the rate of
over 15 new product designs a
month. It will crank out close to
200 new circuits in 1971.
Mighty MOS.

The Machine has been doing
custom work almost exclusively.
But now the Mighty MOS Capa-
bility also includes standards
with 2 dozen TTL-compatible
silicon gate devices scheduled
for 1971 shift registers,

ROMs, RAMs, display drivers,
keyboard encoders, standard
calculator sets.

For greater insight into our
MOS capability, contact us ¢/o
MOS Product Marketing. We'll
send you applications information
and/or a User Design Kit. Better
yet, ask to have one of our
Applications Engineering teams
call on you for on-the-spot
MOS systems assistance.

Either way, you can bring all
your MOS problems to one place
for a total solution: Fairchild's
Mighty MOS Machine.

Fairchild Semiconductor.

A division of Fairchild Camera
and Instrument Corporation,
Mountain View, California.
(415) 962-5011

TWX: 910-379-6435

[ s |
FAIRCHILD
S e e— |
SEMICONDUCTOR

Circle 11 on reader service card



IF we make them fail safe
you can forget about us.

Are you thinking about
your line drivers and line
receivers more than you
want to?

Do you worry about acci-
dental grounding or short-
ing; random data, errors you
can’t detect, oscillation?

Then you might want to
think about us.

We have a single ended
quad line driver that saves
you three wires every time
you use one. (It works beau-
tifully with pairs of our dual
fail-safe receivers.)

How many companies
make a single ended quad
line driver?

One. Us.

We have lots of them. And
so does Hamilton/Avnet.
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So if you're thinking ki

about your line drivers and line

receivers more than you want to,

think about us.
Just once.
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SINGLE Egsp
LA TRANSHIS/ 08/

SR LR I

Our |ine_drivers
& receivers.

Meet the whole family, Ours and
Theirs. All work off a single 5 volt
power supply. All are available

in Hermetic DIP, Flat Pak and
Silicone DIP. All are available in
bothmilitary (—55°Cto +125°C)
and commercial (0°C to +75°C)
temperature ranges.

Am2614
Single Ended Quad Line Driver
Am2615
Single Ended Dual Fail Safe Line
Receiver (with high common
mode voltage range ~15V)
Am9614
Dual Line Driver
Am9615
Dual Differential Line Receiver
Am7830/8830
Dual Line Driver

Circle Bingo card #303.

: e
-
‘“«*’/35"*'*"5'”‘“% The Am 2614: It takes all kinds. TTL, DTL & MOS. Mix or match.
Each Am2614 quad driver needs only one wire per channel, plus
one ground once for the whole system!

Advanced Micro Devices, Inc.a

Telephone 800-538-7904 toll free, and ask for Shet Schumaker. In California. call 408-732-2400. In Los Angeles. call Steve Zelencik at 213-360-2102.
In Chicago, call George Flynn at 312-825-1144. In the eastern United States. call Steve Marks at 212-343-2220.
901 Thompson Place, Sunnyvale, California 94086/ TWX 910-339-9280/TLX 3463C6
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FREE

Engineering
Handbook

on
Electromagnetic
Delay Lines

We’'ve reserved

acopy

for yourdesk...

Terms ... engineering
definitions . . . how to
specify delaylines . ..
characteristics of various
types . .. specifications
...they're all 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 Sr'es Office:

Seven Hundred
South Twenty First Street
Irvington, New Jersey 07111

14 Circle 14 on reader service card

People

he refrain is heard again and

again: clectronics companies
must move away from the comfort-
able warmth of military and aero-
space and out into the cruel, cold
reality of the commercial world.
Many are agonizing over the move,
others are having some success.
One of the successful ones is Elec-
tro-Data Inc. of Garland, Texas.
While it did 75% of its business
with the Government in 1967, Elec-
tro-Data expects to do 15% in 1972,
with its all-electronic watch leading
the way.

But George Thiess, president,
points to a significant fact: his com-
pany’s new commercial business
wouldn’t be possible without de-
velopments—C/MOS, light-emitting
diodes, hybrid ICs, and the like—
spawned in defense and aerospace
projects. As a result, Thiess feels
that the reductions in government-
sponsored work may have serious
long-range consequences for the
U.S. economy.

Thiess founded Electro-Data in
1967 after experience at TI and
Sperry Microwave and a stint as
president of Microwave Physics.
Early products were microwave
test instruments, including YIG-
tuned panoramic receivers that
Electro-Data still sells. But sales
were too dependent on Federal
spending. “About two years ago, I
came to the conclusion that our
sales were concentrated too much
in government areas. And I realized
that if I put some money into the
commercial field, our technological
base would permit us to develop
some unique products that would
give us an advantage over estab-
lished companies,” says Thiess.

His first venture into commercial
business was the futuristic Orbits
clock, which sold for $125 through
fashionable stores such as Neiman-
Marcus in Dallas. Electro-Data did
not attempt to market the clock it-
self, but left this to an established
company, an approach that Thiess
feels permits his firm to compete
effectively in new markets.

Next came what is considered
the first all-electronic watch—the
Pulsar—with C/MOS dividers and
LED display. The Hamilton Watch

Co. is selling the Pulsar for $1,500
as a prestige timepiece. Thiess ex-
pects half of his company’s sales
this year to be from the Pulsar.

In another foray into commercial
sales, Thiess acquired American
Time Co., which makes and leases
time and temperature signs for
banks. This provided Electro-Data
with another good way to gain
marketing experience, and Electro-
Data is making a technical contri-
bution by replacing the 500-Ib elec-
tromechanical controller with a
25-1b IC and Triac assembly.

Now Thiess’ engineers are read-
ing a miniature ground-fault de-
tector/circuit breaker that can be
added at low cost to any house
to prevent accidental electrocution.
Here again, the work is being done
with an experienced partner, in this
case an established electrical dis-
tributor.

In all this, Thiess feels that
unique products are vital; “diver-
sification as a ‘me-too’ is doomed
to failure.” But he worries a bit
about the future. He can’t help
wondering where the technology
he is exploiting will come from as
the Government sharply reduces
its spending for research.

Armed with a smattering of Greek

plus experience in communica-
tions networks that dates back 25
years, Harold R. Johnson, formerly
a brigadier general, has launched
a major campaign. Before the end
of the year, Johnson, new assistant
vice president for government com-
munications systems with Western
Union Telegraph Co., and his staff
plan to present seminars to officials
in 50 states. Their message: “Rho
data, not crematics.”

Johnson’s mission is to sell state
officials on the need for dedicated
data communications systems,
whichh Western Union feels it is
uniquely qualified to provide. This
he does by comparing what he
calls RhoData systems, or networks
that transfer data by moving elec-
trons, and RhoCrematic systems,
which move data by transporting
piles of paper. In the final analysis,
he says, “They’re going to learn
sooner or later they can do a better

Electronics | March 15, 1971



CENTRAL PROCESSOR UNIT

PROGRAM COUNTER

INSTRUCTION REGISTER
OPERATION | OPERAND

INSTRUCTION DECODER

ACCUMULATOR
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TIMING AND CONTI

MEMORY
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~ CONTROLLER

PERIPHERAL DEVog

CONTROLLER

PERIPHERAL DEVYICE

CONTROLLER

I G LT AL YOLIKETER

PERIPHERAL DEYICE

DISC MEMORY L li)

DIGITAL VOLTMETER

MAG TAPE TRANSPORT

The only fast new systems DVM
(400 samples per second, 60% overranging,
autoranging and remote programming with memory).

The new Fluke 8200A DVM will give you
years of topflight performance in either
systems use or on the bench. A fast four
digit instrument with an accuracy of
0.01%, the Fiuke 8200A is small and
lightweight.

We designed it to give you maximum
flexibility. All the options can be added
in the field so that it’s easy to satisfy
your changing requirements.

The Fluke 8200A gives you high accu-
racy, overranging, and high sampling

speed. Standard features include auto-
ranging (millivolts through voits and
ohms through megohms), 1 millisecond
sample and hold. half-rack width of

3%2" high, modular construction with
vertical plug-in boards. switched four
pole filter in volts and millivolts, dc
capability from 100 microvolts to 1100
volts, full guarding for 140 db common
mode rejection dc to 60 Hz. 2 miilisecond
response tim=, and overload proof design

The basic instrument goes for $995.
Many options are available: two ranges
of millivolts for 1 microvolt resolution,
six ranges ior measurements from 10
milliohms to 16 megohms, four ranges of
ac, true 4 wire ratio, isolated digital

or printer outout, and isolated remote
control with memory for direct computer
interface. A full bore Fluke 8200A with
all options goes for $2,395.

For the full story, see your Fluke sales
engineer or contact us directly.

® Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850
FI l I KE In Europe, address Fluke Nederland (N.V.) P.O. Bex 5053, Tilburg, Holland,
Phone: (04250) 70130. Telex: 884-50237/In the U.K, address Fluke International Corp.,
Garnett Close, Watford, WD2 4TT. Phone: Watford 27769. Telex: 934583.
See it at the 1971 IEEE, New York Coliseum, March 21-25.

Electronics | March 15, 1971 Circle 15 on reader service card 15



A NATIONAL EXCLUSIVE . ..

FULL-POWER
OPERATION TESTED
850A-1700V
SCRs

*Every NL-C501 SCR is tested at full current and volt-
age ratings under a reactive load to validate the critical
device parameters. No "cheater’’ circuits are used in
testing. Only National provides this positive assurance
of device performance.

NL-C501 PLUS FACTORS

® Voltage range up to 1700 V.

@& Double diffused construction to assure repeatable performance
@ Shorted emitter for minimum dv/dt of 100 V/y sec.

@ Disc construction for either reverse polarity or parallel assembly

@ Also available in factory assembled back-to-back heat sink

We welcome requests for detailed data
and application assistance. Contact . . .

NATIONAL ELECTRONICS, INC.

a varian subsidiary
Geneva, lil. 60134, phone 312-232-4300

16 Circle 16 on reader service card

People

job moving electrons than paper.”

Most governments, Johnson ex-
plains, spend much of their time
building large data bases. But in
most cases, punch-card-oriented in-
put and limited output have re-
stricted their usefulness. With the
advent of computers with strong
communications capabilities and of
low cost, high-quality networks
governments “are in a position
where they can begin to apply
some real cost saving.”

Johnson, the former command-
ing general for the Air Force’s
Pacific communications area, con-
cedes that the growth of the market
for state and local communications
will be “uneven and not rapid.”
But because of the size and enor-
mous growth of this area of govern-
ment, he says, Western Union must
begin the educational process
needed to develop this market.

Western Union has the edge in
building leased-line communica-
tions systems because “we’ve been
down this road before,” he says.
Autodin, the nation’s largest pri-
vate-line data system, for example,
is a Western Union service. So are
the General Services Administra-
tion’s advanced record system and
the Federal Reserve wire, Johnson
explains.

The 48-year-old Johnson says he
is a good candidate tolead Western
Union into this market because
“I have spent my life learning this
business and I know it pretty well.”
Most of the first big data-communi-
cation-system planning was done
by the military in Autodin and the
National Military Command Sys-
tem. Johnson played a strong role
in both, first as chief of the Air
Force Communications Director-
ate’s plans branch, then as associ-
ate director of the Directorate of
Defense Research and Engineer-
ing’s National Military Command
System office.

Finally, he says that his three-
year tour as assistant director of the
White House Office of Telecom-
munications Management from
1965 through 1968 offered unparal-
leled experience. “I don’t think
there’s anything in this country
comparable to working that job.”
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New third generation op amps.

Exotic, but never neurotic.

No more paying a premium for
sticky performance problems.
Signetics’ new third generation
linear offers optimum perform-
ance without the usual penalties.

New 537 precision op amp. At
last, a “super” op amp that’s finally
practical. Permits a full range of
input signals without blowing up.
Standard pinout like 748, 101, etc.
Drives 2K load as any op amp
should.

New 536 FET input op amp.
Very high input impedance — now
much easier to apply. Combines
high gain and large signal AC per-
formance with extremely low input
offset voltage and bias current. Can
be provided with 7.5mV offset
voltage.

New 533 micro power op amp.
The bonus: the 533 fits existing
designs (pinouts, voltage swings,
compensation). Operates from sup-
plies as low as +1V.

Delivery now from your
Signetics distributor or salesman.
Along with our 528 sense amp and
531 high slew rate op amp.

All true third generation linear
devices that let you periorm—and
expand — existing functions
without neurotic hang-ups. EI

Signetics

Signetics-Linear
811 E. Arques Avenue
Sunnyvale, Calif. 94086

Show me Signetics counts

in linear.

Rush me third generation
information package

on 533, 536, 537, 528 and 531.

Name

Title

Company

Address

City State

Zip Telephone

Electronics | March 15, 1¢71
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We give you more
of what you need;
quality
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~ Allen-Bradley

uality electronic

%%components Q

You know our resistars, billions hard and soft ferrites, chip contribution to the marriage of
produced with unexcelled capacitors, pots and trimmers, mass production and advanced
quality. This same tradition hybrids, optoelectronic devices, technology. Call your nearest A-B
extends to precision thick and even large scale integrated electronic specialist. Allen-

thin film networks, RFI fiiters, circuits’ Quality is Allen-Bradley’s Bradley, Milwaukee, Wis. 563204.

LS| devices produced by an Allen-Bradley affiliate, MOS Technology, Inc., Valley Forge, Pa Circle 19 on reader service card



Large jet aircraft equipped
with RCA 400 Hz triacs
are making aviation history

Panel lights Cabin heaters

Windshield heaters

Cabin air-flow controls

Today, in the jet age of aviation, strong demands are placed
on "super”’ new designs. Now, more than ever, systems de-
signers of aircraft controls recognize the need for these de-
signs which must feature reduced weight and increased reli-
ability. To achieve this, designers are relying on RCA 400
Hz triacs for aircraft control applications. You will find
RCA 400 Hz triacs in some of the newest and biggest air-
craft — operating windshield and instrument heaters, and
controlling panel lights, cabin air flow, lamp intensity, cab-
in heaters, and anding-gear systems.

Examine your circuit designs against the following ta-
ble, to see where the superior quality, reliability and high
performance of RCA 400 Hz triacs can help you. Then call
your local RCA Representative or your RCA Distributor
for further details. For technical data, write: RCA, Com-
mercial Engineering, Section 70C-15/UR7, Harrison, N.J.
07029. International: RCA, 2-4 rue du Lievre, 1227 Gene-
va, Switzerland, or P.O. Box 112, Hong Kong.

Thyristors

20 Circle 20 on reader service card

Instrument heater controls

Oven temperature controls

Automatic appliance controis

Landing gear indicators

...and other aircraft applications

Gate Trigger

Type Rating Voltage* Current
Number I (RMS) Package Vorom ler (max.) Modes
- (A v A
40769 0.5 3-lead
modified 200 10 all
_ — _TO-5 _ -
40771 0.5 3-lead 25 I, 1"
modified 200 40 1= 1
- TO0-5 -
40773 25 2-lead 25 i+, 1=
modified 200 40 1= 1+
_ _ TO5 - N
40775/ 6.0  press-fit/ 200 80 all
40777 _ stud** B
40779/ 10.0  press-fit/ 200 80 all
_ 40781 stud** - -
40783/ 15.0  press-fit/ 200 80 all
40785 ~stud**
TA 7646/ 25.0 press-fit/ 200 80 all
_TA 7648 stud** -
TA 7650/ 40.0  press-fit/ 200 30 all
_TA 7652 stud**

*All above devices are also available In 400-V versions.
**0On speclal request, these unlts are available In Isolated stud.
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Meetings

Calendar

International Convention & Exhibition,
IEEE; Coliseum and New York Hilton
Hotel, New York, March 22-25,

European Semiconductor Device
Research Conference, IEEE, DPG
(German physical society), NTG
(German communications society);
Munich, March 30-April 2.

Reliability Physics Symposium, IEEE;
Stardust Hotel, Las Vegas, March
31-April 2.

USNC/URSI IEEE Spring Meeting,
Statler Hilton Hotel, Washington,
April 8-10.

National Telemetering Conference, IEEE;
Washington Hilton Hotel, April 12-15.

International Magnetics Conference
(Intermag), IEEE; Denver Hilton,
Denver, Colo., April 13-16.

Conference & Exposition on Electronics
in Medicine, Electronics, Medical

World News, Modern Hos-

pital, Postgraduate Medicine; Sher-
aton-Boston Hotel and the John B.
Hynes Civic Auditorium, April 13-15,

Offshore Technology Conference, IEEE,
Houston, April 18-21.

International Geoscience Electronics
Symposium, IEEE; Marriott Twin
Bridges Motor Hotel, Washington,
April 18-23.

Frequency Control Symposium, U.S.
Army Electronics Command; Shelburne
Hotel, Atlantic City, N.J., April 26-28.

Relay Conference, College of
Engineering, Oklahoma State
University Extension, National
Association of Relay Manufacturers;
Stillwater, Okla., April 27-28.

Southwestern IEEE Conference and
Exhibition, Houston, Texas, April 25-
May 2.

Symposium on Theory of Computing,
Association for Computing Machinery;
Shaker Heights, Ohio, May 3-5.

Electronic Components Conference,
IEEE; Statler-Hilton Hotel, Washington,
May 10-12.

Spring Joint Computer Conference,
IEEE; Convention Center, Atlantic City,
N.J., May 18-20.

Electric & Electronic Measurement &
Test Instrument Conference, |EEE;
Skyline Hotel, Ottawa, Ontario, Canada,
June 1-3.
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Would you believe they’ll do the job
for a fraction of SMA prices?

NAME
FIRM TITLE
ADDRESS

city STATE ZIP

E.F.JOHNSON COMPANY

Visit our tooth at IEEE: #2506 % 2508
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By 1979, newspapers
will be printed in your livingroom.

You won't have to roll up the carpet. Or even
cover up the furniture.

Because all it will take is a compact print-out
unit attached to an ordinary tv set.

When you're ready for the stock market
closings, ball game scores or movies listings, you'll
simply push a button.

Instant new- spaper. And you'll be able to get
any part of it, or all of it, any hour of the day or
mght

The fact is, the products of electronics
technology will be doing more for.our lives
tomorrow than electricity does for us today.

Automated highways will drive our cars.
Home computers will cook the food and wash the
clothes. Electronic health maintenance programs
will even help us avoid illness.

Who are the master minds masterminding
these changes?

Our readers. Engineers and technical
managers who must keep abreast of all fast-
changing developments. Industry-wide and
world-wide. Which is why they come to us.

Every two weeks, Electronics magazine
presents them with a complete, up-to-the-minute
picture of the state of the technology.

Last year alone, Electronics presented six
times as much information on consumer electronics
as anv other publication in the field. And twice
as much on communications.

If you expect to be part of the future, speak to
the men who are working on it today-.

Electronics, a McGraw-Hill market-directed
publication.

Our readers are changing the world.



FREQUENCY

50
kHz ¢ \ /200/

EXTERNAL TRIG

OuTPUT

| S AN il Mt el

Dear Sir:
You boys from E-H Research Laboratories talk big. Now, prave &. Here is my pur-
chase order. Please shipme ______ Model G710 50 MHz puisers for only $395

each. | understand the E-H Model G710 pulser from your new GENERATION 70™
line offers dual outputs with amplitude to 5V into 50 ohms, rise and fall times of 5ns,
duty factor greater than 50%, external triggering and waveform distottion less t1an
5% peak-to-peak. | want a 5-Day Free Trial and a One-Year Guarantee.

Name Title

Company

Address Teleptone

City State Zip

If you don’t want to cut up your magazine, just a purchase ordar to E-H or to an E-H
Representative will do.
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Surface waves
used in logic devices

Amorphous devices
switch uhf signals

GPO may enter
computer output
microfilm market

Computer controls
wafer fabrication
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Surface wave acoustic technology—usually reserved for delay line appli-
cations—has broken into the logic sector. Autonetics researchers have
made inverters, OR gates, and NAND gates with surface wave devices.
In the NAND gate, for example, a 120-megahertz signal is launched into
the quartz substrate from an interdigital transducer, with a second trans-
ducer supplied for logic inputs, also at 120 MHz, Centered between
them is an output transducer. With clock and so-called bit inputs out
of phase, the team observed 25-decibel cancellations below input levels;
in-phase inputs add and a signal appears at the output. The Autonetics
team made simple gates and series-connected logic assemblies, and
demonstrated signal-leveling techniques.

Not only should the acoustic logic show high resistance to nuclear
radiation, it also could challenge electronic logic speeds. Lithium nio-
bate, which has a high coupling constant, could be substituted for quartz
and increase bit rate from its present 2 MHz to perhaps 20 MHz. Auto-
netics also figures that better transducers and higher frequency sources
could boost speed beyond the expected 20 MHz.

Amorphous semiconductors, glass devices limited up to now to dc, have
successfully switched ultrahigh-frequency signals. Experimenters at
Texas A&M University, using a silicon-germanium-arsenic-tellurium
glass supplied by Texas Instruments, used 100-microsecond, 250-to-300-
volt pulses to change the glass from the on to the off state. The switch
was placed in series on strip transmission line, thus acting more like
an attenuator than a switch; still, the ratio of transmitted power between
the on and off states of the switch was about 10:1 at 300 megahertz.

The University team noted three other effects that are sure to interest
communications and radar engineers. First, switching action was more
or less independent of pulse length. Second, the higher the pulse repeti-
tion rate the sooner switching began to occur—indicating that the amor-
phous material might act as a modulator for an ultrahigh-repetition-rate
radar or as a fast pulse-coding modem without degrading pulse shape.
Third, switching was too rapid for the researchers to measure but took
far less than a microsecond.

Public Printer A. N. Spence’s proposal to put his Government Printing
Office into the computer-generated microfilm business using a new 48-
to-1 reduction ratio has both users and hardware makers in an uproar.
The new ratio would permit reproduction of 90% of all GPO documents
on single, 4-by-6-inch microfiches.

However, the proposal would require major changes in computer hard-
ware of the 21 manufacturers whose 37 models capable of producing
microfiches direct from taped data all use a 42:1 ratio.

In a step toward complete automation of semiconductor production,
Applied Materials Technology Inc. of Sunnyvale, Calif., has developed
a computer-controlled epitaxial-reactor system for wafer making. It uses
a Digital Equipment Corp. PDP-8 in a closed loop and will be marketed.
All the operator need do is insert a punched card in a slot.
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Reflective array
boasts 500%
bandwidth

Tester takes on
instrument package

Addenda

AWY

Electronics Newsletter

The computer controls both impurity flow rate and temperature. An
optional magnetic disk offers programed storage and voice response.

An antenna that seems to combine a little of the best of all current de-
signs—it corrects for coma, spherical, and chromatic aberrations, which
degrade the performance of other reflective antennas—has been devel-
oped at the University of Illinois, Urbana. Unlike phased arrays, the
new antenna has an extremely broad bandwidth—at least 500%. The
trick lies in the design of the reflector. It is corrugated at different depths
across its aperture to provide broadband phase-delay compensation.
Further, the beam can be scanned simply by moving the feed; the ultra-
high level of correction allows a tight beam almost without sidelobes.

The new design is going to attract interest for several reasons. First,
its broad bandwidth could allow use of very narrow radar pulses, which
would result in very high resolution. Second, the system could be steered
electrically by putting phase shifters in the corrugations to change their
electronic depth. Finally, amplifiers could be installed there, too, to
amplify the beam while it is being steered.

PRD Electronics of Syosset, N.Y., is readying what it calls a commercial
automatic system tester that may be exhibited for the first time in June
at the Armed Forces Communications and Electronics Association con-
ference in Washington. Reluctant to disclose details because the tester
is still in development, PRD asserts the new unit is not merely a com-
ponent or printed circuit board tester but will accommodate “an entire
instrumentation package.”

Sprague Electric Co. is about to sign a second-sourcing and excliange-
of-technology contract with a West Coast company that will move it
into the bipolar IC memory field. The giant components company al-
ready has a big stake in the MOS memory field through its affiliate,
Mostek Corp. of Carrollton, Texas. . . . American Micro-systems, a 1970
leader in MOS sales and one of the staunchest advocates of the stand-
ard, p-channel MOS process, is entering the realm of ion implantation.
The company has developed an 11,848-bit read-only memory on a chip
that measures less than 150 mils on a side. The biggest ROM yet an-
nounced is a demonstration vehicle. The first ion-implanted product will
be a 448-word-by-five-bit, 2-megahertz video display character genera-
tor. . . . Signetics has developed a process that might hasten the advent
of ECL MSI. Most complex ECL circuits require two layers of metal
interconnect that, with present processes, cause reliability problems.
Signetics employs anodized aluminum as an insulator between the two
conductor paths. This eliminates the oxide steps (if oxide was used as
in the older processes), so greatly reduces metal cracking, the most com-
mon failure mode for two layer devices. . . . Prime candidates for Con-
gressional defense budget cutters are cost increases on the Army’s XM-
803 main battle tank whose “austere version,” it is hoped, can be built
at a unit cost of “about $600,000 in fiscal 1970 dollars,” says Secretary
of Defense Laird, and the Navy F-14 fighter with a fiscal 1972 request
of $228 million for R&D and $806 million for 48 planes. Unlikely to be
hurt, however, are the electronics-laden E-2C and EA-6B aircraft.
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WESTON INSTRUMENTS
614 Frelinghuysen Ave.
Newark, New Jersey 07114



Next time,
make sure it’s

aWeston
“drop-proofed”

VOM.

Model 660 General-Purpose VOM. Thirty-five ranges: 250 MV
to 5000 VDC @ 20,000 ohms/volt; 2.5-5000 VAC; 2.5-250 VAC
“output”; 50 ua to 10 Amps DC; 0-20,000,000 Ohms; plus five DB
ranges. Basic accuracy: 2% DC, 3% AC.

Model 661 High-Accuracy VOM. Same as above, with mirror scale
and accuracy to 1% DC, 2% AC.

Model 662 VOM with Full Overload Protection. Incorporates ex-
ternally resettable overload relay and fuse to protect all circuits
except 10 Amp DC against 220 volt overloads.

Now you can have a VOM with all of the features of the most
advanced instruments — plus ‘‘drop-proofed’” protection.
Weston 660 series VOMs are warranted in writing to work
after accidentally being dropped five feet. Not only does the
new Weston VOM utilize the latest high-impact type plastics,
it's also the smailest precision multitester on the market.
Yet it costs no more than other instruments. All five models
feature a custom taut-band mechanism, self-storing handle,
polarity reversal switch, temperature compensation, flush-
mounted controls, externaily replaceable fuse and diode
meter protection. All models are supplied complete with
leads and batteries, and measure 7”7 x 5” x 2Va".

Model 663 High-Accuracy VOM with Full Overload Protection. As
above, but with mirror scale and accuracy to 1% DC, 2% AC.

Model 666 High Impedance VOM. A ‘‘drop-proofed” VOM with 10
megohm input impedance for semiconductor testing. Four push-
button selected modes and 37 ranges measure 100 MV to 1000
VDC, 100 MV to 1000 VAC, 1 pa to 30 ma DC, 1 ua to 30 ma AC,
“normal’” and ‘“low-power” resistance in seven steps to 1000
Megohms. Basic accuracy: 2% DCV, 3% ACV, 3% DC Current,
4% AC Current.

Drop this handy reply card

[] Enter my order for a new Weston drop-proofed VOM. P.O. #_____ in the mail today!
i
[] Model 660, $68.00 [] Model 661, $76.50 [] Model 666, $132.50 =<

[] Model 662, $101.50 [] Model 663, $110.00

[ Send complete information on the Weston 660 Series.

NAME TITLE
(Please print)

COMPANY

WESTON

WESTON INSTRUMENTS
614 Frelinghuysen Ave,, Newark, N.J. 07114

ADDRESS

CITY STATE ZIP




“Bigger and better...this
engineer’s bible...”

—Electronics Magazine

5th EDITION of a
world-famous reference

Now contains 509, MORE DATA
to include major information de-
veloped over the past 12 years. Pre-
pared by an outstanding group of
practicing engineers, professors,
and industry and government ex-
perts, under the direction of the
International Telephone and Tele-
graph Corporation staff.

OVER 350,000 COPIES SOLD IN PRIOR EDITIONS

Reference Data for Radio Engineers

CHAPTER CONTENTS The FIFTH EDITION of this widely used refer-
ence work has been completely revised and up-
dated. It provides in a single volume comprehen-
sive data on all basic phases of electronics, includ-
ing tables, formulas, standards, and circuit infor-

Frequency Data Transmission Lines

*International Telecommuni-  Waveguides and Resonators
cation Recommendations Scattering Matrices

Units, Constants, and

Conversion Factors Antennas ) mation— PLUS—all-new data on microminiature
Properties of Materials E'?)Crg°;“aa%i"oer:'°'wa"e electronics, space communications, navigation aids,
Components or Parts RadioFr)\lc?ise and Interference reliability and life testing, international telecom-
Fundamentals of Networks A erieren munication recommendations, switching net-
Filters, Image-Parameter Broadcasting and Recording works and traffic concepts, and quantum electron-

Design Rédaf Funda‘me.ntals ics. Includes over 1300 charts, nomographs, dia-
Filters, Modern-Network- Wire Transmission grams, tables, and illustrations. 45 data-packed

_Theory Design *Switching Networks and chapters. 1196 pages of invaluable information for
Filters, Simple Bandpzss Traffic Concepts practicing radio and electronics engineers.

Design Digital Computers
Attenuators *Navigation Aids
Bridges and Impedance N iaati FommmTTITTTTTT T > Tt a

Measurements :I;;acc;e Comm:nlcatlons : :
Magnetic-Core Transformers e 1 - i i I

and Reactors Nuclear Physics : 10 Day Free Examlnatlon :
Rectifiers and Filters *Quantum Electronics : HOWARD W, SAMS & CO., INC,, Dept. EL-031 :

f e . A Subsidiary of International Telephone & Telegraph Corporation
Magnetic Amplifiers Information Theory ! 4300 West 62nd Street, Indianapolis, Ind. 46268 I
Feedback Control Systems  propability and Statistics { H
Electron Tubes e X , i [ Send me REFERENCE DATA FOR RADIO ENGINEERS for |
. *Reliability and Life Testing 1 10-day examination, without cost or obligation. If | decide
Electron-Tube Circuits Miscellaneous Data ] to keep the volume, | will send $20.00 (plus postage) in
Semiconductors and ) . ! 10 days; otherwise, | will return the book within 10 days. 1

Transistors Fourier Waveform Analysis : 0O $20 payment enclosed. Send my copy postpaid with full :

Transistor Circuits Maxwell's Equations : 10-day refund privilege. (Include sales tax where applicable.) :
*Microminiature Electronics  Mathematical Equations e o S
Modulation Mathematical Tables | Name :
1
*New chapters on subjects not covered in 4th Edition 1 — — :
1 Company ]
1196 PAGES ¢ 1350 ILLUSTRATIONS : :
plus 41 page index i Address T N . o
1
- . - |
oY S e = —d
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TELEDYNE RELAYS AUSTRALIA Austronic Engineering Labs., 452 Victoria Street, Brunswick, 3056, 387-1477

REPRESENTATIVE
LIST

AUSTRIA Omni Ray AG, Mollargasse 54, Vienna VI

BELGIUM Uni-Office, Inter’l Centrum, S5E Verdieping, Kamer 522, Rogierplein, Brussels

ENGLAND Souriau Lectropon, Ltd., Shirley Avenue, Vale Rd., Windsor, Berks, Slough 27629, Telex 85184456
FRANCE Technique et Produits, Cite des Bruyeres, Rue Carle Vernet, 92 - Sevres, 626-02-35, 626-24-38, Telex 84225997
GERMANY Omni Ray GMBH, Nymphenburgerstr. 164, 8 Munich 19, Telex 841524385, Telephone # 0811-513-2059,
HISPANO ELECTRONICA, S.A., Comandante Zorita, 8-Madrid 20, Spain

HOLLAND, LUXEMBURG, Uni-Office, N.V., P.O. Box 1122, Rotterdam, Holland, 13 22 20 Telex 84421484

ISRAEL, STG International, Ltd., 52 Nachlat Benyamin St., P.O. Box 1276, Tel Aviv, 53459

ITALY Tekelec Airtronic, Viale Romagna 14, 20133 Milano, 73-85-674

NORWAY Nordisk Elektronik (NORGE) A/S, Elkemhuset, Middelthunsgate 27, Oslo 3

SO. AFRICA Impectron, P.O. Box 10262, Vogas House, 123 Pritchard St., Johannesburg

SWEDEN Nordisk Elektronik AB, Postfack, Stureplan 3, Stockholm 7, C8/24 83 40, Telex 85410547

SWITZERLAND Omni Ray AG, 8008 Zurich, Dufourstrasse 56, Telex 84553239

NEW
LOW-COST, SOLID STATE

AC RELAYS

To Turn on:

Al

MOTORS SOLENOIDS LIGHTS HEATERS ETC.
Choose from 70 new SPST Solid State Relays PART NUMBERING (Economy Line)
INPUT OUTPUT (LOAD) CURRENT RATING & PART NUMBERS
(CONTROL) ouUTPUT
SERIES 601 FEATURES: B OANCER ATinGY 1 AMP 3 AMP 5 AMP 7 AMP 10 AMP
. 140 VAC |  601-1001 601-1002 | 6011003 | 601-1004 | 601-1005 |
* Amazingly low cost | -1ovoc 280 VAC | 601.1006 | 601.1007 | 601:1008 | 601-1009 | 601-1010
e - 6-32 VDC 120 VAC | 601-1011 | 601-1012 | 601-1013 | 601-1014 | 601.1015 |
1-10 AMPS at 140 V RMS or 280 V RMS 15-45 VAC 280 vAC | 601-1016 | 601.1017 | 601-1018 [ 601-1019 | 601-1020
 Drive directly from TTL logic 20-75 VOC 140 vac | 601-1021 601-1022 601-1023 601-1024 601-1025
. . . . 60-140 VAC 280 VAC 601-1026 | 601-1027 | 601-1028 | 601-1029 | 601-1030 |
« Total isolation between control and load circuits ST 120 VAC | 601-1031 | 6011032 | 601.1033 | 601.1034 | 601-1035
. 280 VAC 601-1036 60 -1037 601-1038 601-1039 601-1040 _
(4-Terminal Network) NOTE: Add *'P"" to P/N for prit ted circust (pin) mounting only ' B
« All solid state (NO REEDS) ~ ECONOMY LINE PRICE/QUANTITY (Typical)
N X . . LOAD QUANTITY
» Zero voltage switching available to minimize RFI Amps @ 140 VAC 10 - 24 100 - 249 1000 - 7499
. . 1 $12.20 $8.75 $ 6.65
¢ Transient protected on input and output 3 13.50 9.70 7.35
. 5 15.30 10.60 8.10
» PC board or screw terminal mounted 7 16.60 1155 880 |
10 18.45 12.80 9.75 ]
PART NUMBERING (Zero Voltage Turn-On)
(ctm%u OUTPUT OUTPUT (LOAD) CURRENT RATING & PART NUMBERS )
R aeR G 1 AMP 3 AMP 5 AMP 7 AMP 10 AMP
T 140 VAC | 601-1101 601-1102 | 601-1103 | 601-1104 | 601-1105 |
280 VAC 601-1106 601-1107 | 601-1108 601-1109 | 601-1110
el Or 140 VAC 601-1111 601-1112 601-1113 | 601-1114 | 601-1115 |
280 VAC |  601-1116 601-1117 601-1118 601-1119 | 601-1120
AT a0l e 180 VAC | 601-1121 601-1122 | 601.1123 | 601-1124 | 601-1125
| 280vAC | 601-1126 | 601-1127 | 601-1128 | 601-1129 | 601.1130 |
ZERO VOLTAGE TURN-ON LINE PRICE/QUANTITY (Typical)
gOAD ) QUANTITY
Amps @ 140 VAC 1024 100 - 249 1000 - 2499
1 $21.60 $15.00 $11.40
3 22 95 15.94 12.11
5 24.30 16.88 12.83
7 2565 7.81 ) 13.55
10 27.45 19.06 i 14.50 B

All prices shown are F.0.B., Hawthorne, California, U.S.A.
TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250 ¢ Telephone (213) 679-2205
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CCD makes it
into memory

denser than MOS

GE’s 14-bit development
has 0.24-mil storage unit,
can be made on same chip
as conventional FETs

One of the fastest moving technolo-
gies in solid state is the charge-
coupled device. As introduced by
Bell Laboratories less than a year
ago, CCDs were thought of as bas-
ically shift registers for imaging
devices. Now they have become
candidates for large-scale random
access and read only memories as
well. In fact, the CCD mechanism,
in which charge is transported
across an insulator-semiconductor
interface, is under intensive devel-
opment at more than half a dozen
major labs. Among them are
Hughes, Fairchild, General Elec-
tric, RCA, Philips, and Bell itself.
A darkhorse in the race is GE—
fast to show the feasibility of dy-
namic shift registers [Electronics,
Nov. 9, 1970, p. 33]. But GE is in
it for more than just shift registers,
and now feels ready to demonstrate
CCD capability in large-scale mem-
ories as well. In this case it's a 14-
bit device whose basic storage ele-
ment is only 0.24 mil, the size of
the storage gate of, say, Intel’s
popular 1103. Better yet, the GE
element works into a basic cell size
of about 2 mil®> when refresh cir-
cuits plus busses are included, and
this compares with 30 to 40 mil?
for most dynamic MOS devices.
Jerome J. Tiemann, one of the
developers in the GE program,
points out that this translates to
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somewhat less than five-times im-
provement in bit density because
both X and Y lines are required;
but in any event it’s clear that con-
ventional MOS can’t hold a candle
to CCDs on the density front. More
important, Tiemenn says that only
GE’s CCDs use a refractory (molyb-
denum) MOS fabricating process
that’s compatible with GE’s other
MOS refractory devices. Thus, con-
ventional low-threshold voltage,
self-aligning field-effect transistors
can be simultaneously fabricated
on the same chip, a key feature for
refresh circuits and input and out-
put logic implementation.

Perhaps most significant of all,
because of the refractory MOS com-
patibility, LSI/MOS logic circuits
can be designed with imbedded
CCD subsystems doing the shift
register or random-access-memory
functions and conventional MOS do-
ing the rest. This approach com-
bines high-density memory with
other logic functions.

And while GE is still in the early
development stage, it is going to
continue an extensive R&D effort.

March 15, 1971

Displays

Color in plasma
opens new doors

Plasma display panels are getting
a new look—color. With such a cap-
ability, the panels may find appli-
cations in aircraft instrumentation,
data terminals, point-of-sale re-
corders, and so on. In fact, many
monochrome panels already are
being evaluated for these tasks.

At least two color plasma dis-
plays are in the works. One is in
breadboard form at the Electronic
Components division of the Bur-
roughs Corp., Plainfield, N.J.; it’s
based on Burroughs® Self-Scan dis-
play [Electronics, March 2, 1970,
p- 121]. The other is a refinement
of the Digivue panel [Electronics,
March 31, 1969, p. 133] developed
at Owens-Illinois Inc., Toledo,
Ohio, under a contract from the
Pentagon’s Advanced Research
Projects Agency.

The Burroughs display presents

Trinity. GE’s basic CCD element, called a surface charge transistor, has
third electrode (gate) between two MOS capacitors. Exclusive to CCD
construction, GE’s concept allows charge transfer to flow either way.

A
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Z l«—CHARGE
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a row of up to 18 alphanu-
meric characters in a 5-by-7 dot
matrix for each character. Each
dot, a cell containing a mixture of
neon and other gases, is divided
into two parts with a tiny connect-
ing hole. A three-phase scanning
signal in the rear creates an ionic
discharge, sweeping the seven-cell
columns from left to right. Some of
the ions in each discharging cell
lead through the small hole into the
front part of the cell, in a priming
action. The priming alone is in-
sufficient to initiate a discharge in
the front cell. But with an anode
signal at the front of the display
synchronized with the scanning
signal, it causes selected cells to
discharge and emit a bright orange-
red glow.

This visible light discharge also
emits a substantial amount of
ultraviolet light, which excites a
phosphor coating on the walls of
the front discharge cells, making

the phosphor glow. Radiation
wavelength is about 700 ang-
stroms.

Furthermore, this ultraviolet ra-

diation occurs at very low current
levels supplied to the scanning and
display signals—levels too low to
generate a noticeable light. Thus,
only the light from the phosphor
is visible; it can be any of sev-
eral colors depending on the phos-
phor used. As current increases,
visible light from the gas discharge
is added to that of the phosphor.
It becomes stronger and stronger
until at high current levels the dis-
charge light overwhelms the phos-
phor light. This way a continuously
variable color range is obtained.

Owens-Illinois is taking a dif-
ferent approach. Its Digivue panel
doesn’t scan; individual cells are
selected and a discharge is initi-
ated and maintained by the peri-
pheral circuits. The basic Digivue
panel, like the Self-Scan, emits a
reddish glow from the discharging
cells, because neon is its principal
gas. But by using a xenon-based
mixture instead of neon, most of
the discharge radiation is in the
ultraviolet region instead of the
visible spectrum.

With no holes in the inner sur-
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faces there is no place to put the
phosphor; the panel consists only
of two glass plates with a narrow
gas-filled space between them and
with transparent electrodes de-
posited on the inner surfaces. One
set of electrodes is horizontal and
the other vertical; their intersec-
tion defines a discharge point in the
otherwise unconfined space be-
tween the plates. Phosphor dots
on the inner surface of the front
plate, one per discharge point,
glow when bombarded with ultra-
violet radiation.

By using three kinds of phosphor
and arranging the dots in triads,
three colors can be obtained; by
combining these in various ways,
up to seven mixtures are possible.
But because one dot corresponds
to one cell, color display resolution
is somewhat degraded, though
Owens-Illinois is working on high-
resolution Digivue panels.

Microwave

Repeater series
to take on TWT

New microwave repeaters coming
out of Microwave Associates Inc.,
Burlington, Mass., give other solid
state repeaters a run for their
money and eventually, company
spokesmen feel, they will even
challenge traveling wave tubes.
The challenge is likely to be strong-
est in the 6- to 7-gigahertz and 12-
GHz carrier bands.

The first device to hit the market
is the MA2H, not the TWT killer its
successors may turn out to be, but
a trailblazer in lower-frequency
carrier applications. Eric A. Strom-
sted, sales manager for broadcast
and CATV equipment, claims that
the closest competitive solid state
equipment yields about 2 watts at
2 GHz, while 10 or even 20-W out-
puts are possible with the new
repeater.

The MA2H also deletes one of the

Dots. Burroughs plasma display uses
phosphor-coated holes.
Owens-lllinois display has

phosphor dots.
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usual two down-conversion stages
found in most such devices. “In-
stead of going all the way down to
the baseband signal [0 to 4.5 mega-
hertz] and using this to modulate
the output of our repeater, we
down-convert only once, to an
intermediate frequency of 70 MHz,”
he says.

Dividends are reduced noise and
distortion over multiple hop links,
he claims. By the same token, the
high power that can be achicved
now may make fewer repeaters
necessary in a given link.

To get high power, the company
first mixes the 70 MHz i-f with a
2-GHz pump signal to get an upper
sideband output. Lower sidebands
are filtered out and the 5-milliwatt
mixer signal passes to an amplifier
that boosts it to 200 mW. Another
stage raises this to 2 W—the indus-
try’s repeater standard.

Beyond the 2-W point, until now,
traveling wave tubes, with their
weight, power supply, and unrelia-
bility problems—had to be used.
Microwave Associates stays solid
state, however, splitting the signal
into two 1-W signals using a 90°
terminated hybrid made on strip-
line. Each output port feeds an
amplifier, each capable of about
5-W output so that when their
outputs are summed in another hy-
brid coupler, the total is 10 W.

The FCC clamps on the legal lid
above 10 W at these frequencies,
but in special cases gives waivers.
Airborne police communications is
one example. To get 20 W, Micro-
wave Associates adds hybrids and
amp modules to get a summed out-
put of 20 w—it’s that simple.

As Stromsted says, “The power
dissipation problems of hybrids on
alumina substrates are a lot less
troublesome than finding semicon-
ductors capable of 20 W continuous
output at 2 GHz.”

The MA2H is only the first of a
line of amplifiers and relay gear
based on the same principle. Com-
ing up is the PA-220, a 20-w, 2-GHz
amplifier. A prototype already has
seen action during the California
earthquake, when it maintained
communications between police
helicopters and the ground.
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Stromsted hopes most to cut in-
to TWT sales in the 5.9 to 7.125
GHz area with the upcoming MA7H.
“Reliability will be the largest
single selling point here. Because
the amplification load is divided
among several individual modules,
one or more could fail before repair
work is needed—a big plus when
relays are located in hard-to-reach
areas, and many are. Also, he adds,
“the power supply requirements of
an all-semiconductor system are
very small compared to the high-
wattage, high-voltage power sup-
plies needed for TWTs. And amp
modules should cost a lot less on a
unit basis than a TWT.”

Memories

MOS device accesses
in 120 nanoseconds

Though manufacturers of MOS and
bipolar memories are poaching in
each others’ domain in the labora-
tory, the line is still well defined in
the market: bipolar devices are fast
and MOS memories are dense. Thus,
if a system requires 1,024 bits on
one chip, MOS is the choice; if
100-nanosecond access time is
needed, then it has to be a bipolar
memory. Attempts are being made
to increase the density of bipolar
circuits but there is still no 1,024-
bit bipolar random access memory
available. And various new MOS
techniques—ion implantation, sili-
con gate, and n-channel, for ex-
ample—have been implemented to
increase the speed of MOS RAMs,
but the limit seems to be around
300 nanoseconds access time.
However, by employing a novel
circuit technique, engineers at
Advanced Memory Systems Inc.,
Sunnyvale, Calif., have developed
a 1,024-bit random access MOS
memory that has a typical access
time of 120 nanoseconds and a
cycle time of 200 nanoseconds. It
employs a standard p-channel
aluminum-gate MOS process whose
reliability has been proven.
“Most people thought you’d have
to go to n-channel or to some multi-
chip technique to get speed with

MOS,” says Jerold Larkin, market-
ing vice president, “but we’ve done
it with one chip and a standard
process.” He says that the problem
in using a multichip package is
cost and the problem with n-chan-
nel is reliability. “Surface inversion
problems with n-channel devices
may affect leakage currents in the
memory, and since dynamic MOS
RAMs relay on charge leakage (or
storage) for their operation, their
reliability is questionable.” There
are static n-channel memories, such
as those used by IBM, that don’t
rely on leakage, but they’re slower
and require more chip area.

The AMS memory brings confi-
dence to the system designer—he
can design around a high-speed
RAM and know it will work. “Some
designers feel that they are stick-
ing their necks out in using MOS
in the first place,” says Larkin,
“and so they certainly won’t go
to something like n-channel—it
doesn’t have the hours behind it.”

The key to the AMS memory is
the cell design. In other MOS dy-
namic RAMs the basic cell layout
is three transistors, and is a dy-
namic structure that has to be
recharged periodically. To do this,
data has to be read out of the cell,
amplified, and then read back in—
and this takes time. In the AMS
cell, four transistors are used and
the cell structure is quasi-stable—
under address conditions, it is dc
stable and acts as a static cell; data
doesn’t have to be read out and
read back in again in order to be
refreshed.

In the read mode, for example,
the CLOCK and CHIP SELECT lines
are held low while the bit location
is being addressed. This sets the
data. “In effect,” says Larkin, “the
three-transistor cell in the other
RAMs in analogous to a core
memory—you have to read before
you can write. Our four-transistor
cell is like a bipolar flip-flop—it
sets the data.”

Larkin also feels he’s ahead on
power dissipation and cost. Mem-
ory output is a differential pair that
is sensed by a differential ampli-
fier. And since this is a low-power
process, total power dissipation is
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about 200 milliwatts in a systems
application.

Cost at the 10,000-piece level
are about 1.8 cents per bit com-
pared to 1.3 cents for the much
slower (500-nanosecond access)
MOS RAMs now available,

Commercial electronics

IBM enters terminal
in credit checking race

Manufacturers of credit authoriza-
tion terminals are nervously making
room for IBM as the computer
giant prepares to market its 2730
Transaction Validation Terminal for
reading and transmitting magnetic
stripe codes.

Primarily aimed at banks with
card plans, such as UniCard,
Master Charge, and BankAmeri-
card, the first terminals will be de-
livered in the second quarter of
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1972. In a related move, IBM is
getting into the card coding market
by setting up a service center run
by its Information Records division,
Dayton, N.J. The Magnetic Credit
Card Service Center, starting in
the fourth quarter of this year, will
emboss and magnetically encode
cards from source material sub-
mitted by the customer, verify data,
mount the card on a carrier, and
address it for mailing.

As an IBM spokesman puts it,
“We're into bank credit systems
lock, stock, and barrel.” But the
field is crowded. For instance, be-
fore the American Bankers Associa-
tion endorsed a magnetic stripe en-
coding approach that puts the
stripe on the back of the card, it
had to poll 103 U.S. and foreign
manufacturers thought to be able to
build and market credit authoriza-
tion terminals.

Of the 52 companies responding,
44 indicated that they could pro-

Electrdnics
Index of
Activity

March 15, 1971

The year started dismally for
electronics companies. The January
index of activity fell 3.3% to 107.5
from December’s revised 111.2.
The decline was 14.1% from
January 1970.

The only component that didn't
skid was industrial-commercial. It
stayed even with the previous
month’s upward-revised 123.2,
However, consumer and defense
fell off considerably. Consumer's
drop for the month was 6.9%;
defense’s 4.4%. Compared to the
year-ago figures, consumer was up
0.1%, but defense was down 25.4%.

Indexes chart pace of production vol-
ume for total industry and each seg-
ment. The base period, equal to 100,
is the average of 1965 monthly output
for each of the three parts of the in-
dustry. index numbers are expressed
as a percentage of the base period.
Data is seasonally adjusted.

* Revised.

vide terminals meeting the general
considerations outlined by the
ABA. Based on recommendations
in the responses, the ABA decided
the magnetic stripe has the edge in
availability, cost, capacity, security,
and terminal availability.
Comments from some of the
larger competitors among the re-
sponders indicated that IBM’s move
may cause some spinout of the
smaller manufacturers or else their
acquisition by larger conglomerates
able to finance a five-year-plus
marketing cffort. The chief engi-
neer of a small firm admitted it’s
a new ball game with IBM’s entry.
IBM’s 2730 will sell for $515 to
banks. They, in turn, will install
the terminals for merchants par-
ticipating in their credit card plans.
To authorize a credit card pur-
chase with the 2730, a sales clerk
places the customer’s magnetic
stripe card in the terminal and
dials an IBM computer from a con-
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Tektronix presents ... a totally different
low-frequency oscilloscope

]
y—

unmatched low prices

laboratory pertormance

plug-ins
6-1/2-inch CRT’s

interchangeable display units

cabinet-to-rackmount conversion —

solid state stability

Y-T or X-Y operation

new improved storage

one to four trace displays

lighted knob skirts tor scale tactor readout

—

The low-priced 5103N Oscilloscope System offers cost-
saving innovations never before available in any oscillo-
scope. Today, this series consists of six vertical amplifiers,
three time bases and a three-plug-in mainframe compatible
with four interchangeable display modules. Bandwidth is
DC-to-2 MHz, depending upon the amplifier plug-ins.

Select a low-cost oscilloscope with a single-beam, dual-
beam, single-beam storage or a dual-beam storage dlsplay
module. When your applications change simply choose
another low-cost display module and save the cost of buy-
ing a complete oscilloscope.

The unique modular design of the 5103N Oscilloscope
System lets you convert between cabinet and 5 1/4-inch
rackmount configurations at your convenience. It's easy.
A few minutes of your time and a conversion kit (available
for a few dollars) is all that's needed. When your applica-
tion calls for a new configuration, convert! Save the cost
of a new oscilloscope.

Here is just one example of the low-cost performance and
unmatched versatility of the 5103N Oscilloscope System.
Pictured at the right is a 5103N/D10 cabinet oscilloscope
with a single-beam display module, two 5A20N 50-.V/div
DC-to-1 MHz high-gain differential amplmers and a 5B10N

100-ns/div time base. The complete cost is only $1045 in
cabinet or 5§ 1/4-inch rackmount (includes slide assem- TEKTRONIX@
blies). U.S. Sales Prices FOB Beaverton, Oregon. - commited to_ .

For complete information contact your field engineer or write Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005.

See these new osc:IIOSCOpes at I[EEE Booths 3520—3527
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Kahle —leaders
in Automatic
Production
Machinery for
the Electronics
Industry.

“Call Kahle” when a production process
and assembly problem requires ‘spe-
cialists' in the custom designing and
building of automatic machinery for the
electronics industry.

Over the last 40 years, “calling Kahle"”
has solved the high speed process and
assembly problems of hundreds of lead-
ing electronics firms. The wide range of
products for which automatic equipment
has been designed and built includes
electronic components and assemblies,
diodes, resistors, capacitors, famp com-
ponents and assemblies, encapsulated
glass assemblies, and evacuated assem-
blies — to name a few.

If you have a process and assembly
operation or are simply looking to re-
duce costs, give Kahle a call. We'll be
pleased to discuss the matter with you.
No obligation, of course. The number is
201-867-6500. Or, if you'd prefer, write
for free literature. Also inquire about
Kahle's complete line of Index Drives
and Chassis.

Automatic Diode Assembly and Seal Machine
(One of hundreds of Kahi® machines)

KKAHLE

Kahle Engineering
3320 Hudson Ave., Union City, N.J. 07087

Designers and Builders of Automatic
Production Machines and Machine Systems
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Cash call. IBM's credit authorization
terminal uses acoustic coupler
attached to telephone’s mouthpiece.

ventional telephone. After the pur-
chase amount is entered, the ter-
minal reads and transmits the data
by acoustic coupler attached to the
telephone mouthpicce. The com-
puter checks the account, records
the purchase, and replics to the
clerk by prerecorded words. Each
credit card plan will determine the
computer-generated voice response
and other procedures it wants.

For added security, the keyboard
and card reader communicate with
the computer center by different
code so that the card number can-
not be faked from a keyboard, and
the keyboard and the keyboard in-
put cannot be faked by a push-
button telephone. Though the ter-
minal is designed for IBM com-
puters, the company will work out
interfaces with other machines.

Communications

Competition for Comsat
in domestic satellites

If the Communication Satellite
Corp.’s plan is to secure an effect-
ive monopoly in domestic satellite
communications as the Bell System
holds on the ground, it will have to
overcome some stiff competition

before the Federal Communication
Commission. And that competition
will have the White House Office
of Telecommunications Policy be-
hind it: OTP has come down strong-
ly for free enterprise in space com-
munications.

Nevertheless, as predicted, Com-
sat filed early in March for a sec-
ond synchronous system to service
network television broadcasters
[Electronics, Jan. 4, p. 33]. It pro-
poses a package virtually identical
to the first it plans to use with
American Telephone & Telegraph
Co. [Electronics, Nov. 9, 1970, p.
112]. If approved, the two systems,
each with three satellites, will oc-
cupy all of the six orbital positions
capable of serving Alaska and
Hawaii as well as the continental
United States. When the FCC’s rec-
ommendation of 5° longitudinal
separation between satellites is ap-
plied, at least seven other orbital
slots for continental U.S. service
can be identified.

But some  communications
heavyweights also have applica-
tions pending before the FCC.
These include RCA, Western Un-
ion, General Telephone & Elec-
tronics (which wants to use a
Hughes Aircraft satellite equiva-
lent to its Intelsat 4), plus a fast-
moving new combine called MCI-
Lockheed Satellite Corp., jointly
owned by Microwave Communica-
tions of America Inc. and Lock-
heed Missiles & Space Co., builder
of more than 300 military satellites
[Electronics, Feb. 1, p. 17]. Also
in the competition is Fairchild-
Hiller Corp.

Unlike GT&E, AT&T, and West-
ern Union, Comsat’s second system
and that of MCI-Lockheed do not
plan to use satellite circuits to
link far-flung voice and data nets.
Instead, they propose to supply
long-haul, leased-line communica-
tions for business, industry, and
broadcasters—a market that has
grown at an annual rate of 22.4%
since 19635. Observers are waiting
for the comments that each of the
companies will file on the others’
applications by the end of April
These could answer numerous sec-
ondary questions raised by the
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Bell & Howell &
The Light Fantastic

It tips the scale at around seventy pounds. So you can take it anywhere. That's the light part.

Now the fantastic. It's a high performance, seven speed, seven channel recorder/reproducer that
comes in for a bit over $tk a channel.

it's the CPR-4000. Designed by the boys in the back to placate the sales engineers. “Give us a
mag tape system with practically everything, for practically nothirg,” they begged. And the boys in
the back did pretty well.

From the top, the seven speeds are eiectrically selectable (15/16 through 60 ips). It takes 2" tape
on 8" reels.

The heads have an edge track voice channel and don't require a touch worth of alignment or
adjustment after first installation. In fact, those heads are so darn good, we'll guarantee you 1,000
hours of head life.

Dual capstans keep the tape away from any motion disturbances, give minimum flutter, constant tape
tension and a uniform head to tape contact. it doesn’t have any soienoid actuated pinch rollers like
you normally find around. So that cuts down power consumption and gives you more precise tape
guidance and better short wavelength recording.

But probably the best feature is an automatic load, automatic feed optior. Not only is that faster,
it cuts out the mess ups and wipe outs.

And of course, the CPR-4000 has
the latest in IC circuitry, is all
modular, has solid state plug-in
record/reproduce amplifiers,
comes direct or FM and is just the
nice new ticket for over a hundred
lab, mobile or remote facility
applications.

The light fantastic. You can get
one now. (The specs don't take
that iong, though.) Just write

Bell & Howell, instruments Division,
360 Sierra Madre Villa,

Pasadena, California 91109.

INSTRUMENTS DIVISION

I’ BeLLe HOWELL

© Copyright 1971 Bell & Howell ~ A



SCIENCE. "SCOPE

The successful launch of the Intelsat IV spacecraft will greatly expand the capa-
city and flexibility of the present Intelsat global system. Built by Hughes under
the direction of Comsat for the International Telecommunications Satellite Consor-
tium, the satellite has a communications capacity more than seven times as large
as the presently operational Intelsat III satellites and more than 35 times as
great as Early Bird, world's first commercial satellite, launched six years ago.

Two steerable dish antennas on the satellite are unique features which can focus
power into '"'spotlight'" beams to provide heavy traffic areas on both sides of the
Atlantic with stronger signals and more channels. Intelsat IV has a capacity of
approximately 9,000 telephone circuits, or 12 simultaneous color television pro-
grams, or tens of thousands of teletype circuits, or any combination of these.

The Law Enforcement Assistance Administration, Department of Justice, has contrac-
ted with Hughes for a 13-month research study of police problems in handling crowds
and demonstrations. Systems engineers are reviewing the causes and results of past
disturbances to gain a better understanding of patterns and responses. Purpose is
to recommend tactics, equipment, and training for future command-and-control sys-
tems adapted to the specific requirements of civilian police departments.

A new type of IMPATT diode marks the entry of Hughes into the microwave semicon-
ductor business. The diodes cover X-band, Ku-band, and KA-band. A unique packag-
ing concept makes applications in commercial products and phased-array radars
economically feasible for the first time.

U.S. Air Force B-52 crews will be able to fly "blind" night or day with the FLIR
(Forward-Looking Infrared) system Hughes is developing under contract with Boeing's
Wichita, Kans. division. FLIR produces a TV-like image on a cockpit display from
thermal radiation of ground objects. It is one of the sensors that will be in-
stalled in the B-52 G and H series under the EVS (Electro-Optical Visual Sensors)
program. Hughes' contract could lead to production of more than 300 FLIR systems.

Airborne radar transmitter design engineers are needed now at Hughes. Must have

specific fire-control-system, doppler, pulse-compression, microwave, and power-

supply experience. Also: solid state microwave engineers with experience ranging
from UHF to millimeter frequencies, and in the design and use of related circuits.
Both positions require accredited degree, 3 years of specific experience, and U.S.
citizenship. Write: Mr. Robert A. Martin, Hughes Aerospace Engineering Divisiomns,
11940 W. Jefferson Blvd., Culver City,CA 90230. An equal opportunity M/F employer.

The mission of the three Orbiting Solar Observatory satellites Hughes will build
for NASA's Goddard Space Flight Center is to gain a better understanding of how
energy is transported from the sun's photosphere into its corona. Key task is to
learn the secrets of the chromosphere, where the unexplained solar flares erupt.
It is an irregular layer of gases extending outward from 3,000 to 10,000 miles and
varying in temperature from less than 10,000°C to more than 100,000°C. The new
satellites will require a spatial resolution capability nearly 20 times greater
than that of earlier 0SOs.

Creating a new world with electronics

q
[}
}
|
|

HUGHES AIRCRAFT COMPANY
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many filings. Among them: would
the National Broadcasting Co. buy
circuits on Comsat’s second system
if these were available through a
satellite owned by parent company
RCA?

Comsat president Joseph Charyk
concedes, however, that the sys-
tem’s feasibility depends on ob-
taining a significant share of the
$70 million a vear in traffic. AT&T
now carries for the three broad-
casting networks. He says the satel-
lite system would permit Comsat
to carry video traffic at about half
the rate paid by the networks.

The Comsat system would use
spin-stabilized satellites similar to
the Intelsat 4 series manufactured
by Hughes. It would differ in that
it would use a cross-polarization
technique that would provide room
for 24 40-megahertz channels in
the 500-MIIz bandwidth. Intelsat
4 provides only 12 channels in the
same bandwidth using 4-to-6-giga-
hertz bands. The space portion of
the Comsat system would cost
$142.5 million. The firm would pay
an additional $106 million for the
initial ground network of 132 carth
stations.

Mecanwhile, MCI-Lockheed s
betting that it can sweeten its ap-
plication with a heavy dose of ad-
vanced military technology. By far
the largest system proposed to
date, the MCI-Lockheed network
would use two 4S-transponder
spacecraft; each transponder would
have a transmission bandwidth of
36 MHz,

Besides large capacity, the sys-
tem would use Lockheed’s three-
axis momentum wheel stabilization
used in many of the 300 military
satellites built by Lockheed. This
feature will permit erection of a
giant 106-foot-long solar array that
generates 4.4 kilowatts or six times
as much as can be generated by the
Comsat system’s spinning arrays.
Each spaceccraft will fill up both
the 4- and 6-GHz and 12- and 13-
GHz bands.

William  McGowan, Micom’s
chairman, is convinced that the
satellite’s size will permit it to offer
communications services at lower
cost than any other system, since
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launch and operational costs will be
spread over many more channels.
Because of its enormous power
supply and use of the uncongested
12- to 13-GHz band, he says, MCI-
Lockheed will be able to offer roof-
top service.

Integrated electronics

Standard chip offers
custom options

A semiconductor maker may have
found the way to compromise be-
tween the electronic calculator
manufacturers who insist on cus-
tom MOS/LSI circuits and the semi-
conductor houses that are pressing
for standardized designs. Each may
have its own way if a concept of
programable standards developed
by National Semiconductor Inc. of
Santa Clara, Calif., catches on.

The concept is based on a set of
chips customized to a user’s needs
—a read-only memory is programed
to a particular bit pattern, and the
interface parameters are designed
so that a given chip can function
in almost any system. The key-
board interface chip is one ex-
ample.

Says Floyd Kvamme, director of
marketing at National, “The key-
board interface chip is intended to
interface almost any tvpe of key-
board to almost any type of sys-
tem. This includes computer ter-
minals as wecll as calculators.” The
chip, in a 24-pin dual in-line pack-
age, is designed to work with up
to 32 keys and cight static switches.
The static switches mayv remain in
onc state or another and can be
used for any system function. The
ROM on the chip contains 64 words
of 9 bits each so that both upper
case and lower case characters can
be accommodated.

If more than 32 are needed, one
can be designated the shift key.
Up to four interface chips can be
connected to handle 128 (upper
and lower case) characters.

Besides Deing able to program
the contents of the ROM, the user
programs the sampling rate and
the make-and-break bounce delay.

Hughes is more than
just electronic
components and
equipment.

It’s devices too.

&
.

5
u
3
i
LIes
f

il

Bipolar and hybrid circuits (RS 284)
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HUGHES AIRCRAFT COMPANY
INDUSTRIAL ELECTRONICS GROUP
BUILDING 100, MAIL SYN. C:S12
CULVER CITY. CALIFORNIA 90230
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So you won't have to pay later..

The design looks perfect . .. but
then, somewhere something
goes wrong. A defective part,
an improper assembly, or
maybe it was the installation

in the field. It's impossible

to avoid all imperfections.

As experts in the field of
reconstituted mica capacitors,
our experience shows that the
greatest single cause for
capacitor failure is a short in
the dielectric material.
Consequently, we precisely
inspect and grade all of our
dielectric material before
production. Because of our
meticulous quality control,
Custom Mica Capacitors are
absolutely the finest quality
capacitors of their kind avail-
able on the market today.

We pay now so you won't have
to pay later.

Another major reason why
you should join our client list
of Who's Who in high voltage
electronics. Write for our
Facility Folder and Product
Sheets, or call today for our
rapid reaction quote to your
specific requirements.

CEM, epoxy moided

‘ :USTOM

The QC Fanatics
CUSTOM ELECTRONICS, Inc.

Browne St., Oneonta, N. Y. 13820
PH: 607-432-3880 TWX 510-241-8292
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“This way,” says Kvamme, “any
type of keyboard can be employed.”
For example, one-piece molded key-
boards, although they may be the
most economical, are seldom used
in calculators because contact
bounce may permit the keys to reg-
ister twice. But this bounce delay
is programable—it can be set to be
long enough so that the impact reg-
isters only after the contacts have
stopped bouncing.

Another programable feature is
the charging delay at the input. If
the keyboard is remote from the
interface chip, for example, the
time delay between key closure and
system recognition can be adjusted
to compensate for the distance.
Other chip outputs include “char-
acter ready,” “chip busy,” and an
alarm (if more than three keys of
the keyboard are depressed at the
same time).

Because of the versatility of the
chip, Kvamme spcculates that it
may find applications outside the
calculator and terminal worlds. In
alarm systems, for example, one
chip could monitor 32 stations,
since the chip input is just a con-
tact closure, and its nine-bit out-
put code could provide location in-
formation,

Computers

Stripped minis
quicken price skirmish

The price leaders in the minicom-
puter business traditionally have
been Digital Equipment Corp. and
Data General Corp. and while those
firms maintain that they’re still
the price-performance top dogs,
David H. Methvin, president of
Computer Automation Inc. in New-
port Beach, Calif., belicves his firm
has jumped right into the thick of
it with the leaders.

Computer Automation will have
available for November delivery
versions of its model 208 and 216
machines that it’s calling naked
minis. They will include the proc-
essor, core memory (4,096 words
by eight bits for the naked 208,
4,096 words by 16 bits for the

naked 216), and all the software
Computer Automation offers with
the fully packaged units. Not in-
cluded will be power supply, con-
sole, and chassis. The eight-bit ma-
chine sells for only $1,700 in quan-
tities of 200. The naked model 216
will carry a $2,400 price tag. In
contrast, the fully packaged model
208 sells for $5,190 now in single
quantities, and one fully packaged
model 216 costs $7,990.

The move may be in response to
DEC’s rumored pending introduc-
tion of a new modular processor
series. Little is known about the
development other than that the
modules would not be those now
in the PDP-11 and PDP-8 computers.
However, there is speculation that
processor word length could be a
customer option. And the fact
that DEC insiders don’t appear
impressed with Computer Auto-
mation’s $1,700 price may reflect
their own pricing attitudes toward
the new line.

Computer Automation also will
have chassis-mounted versions of
both machines. Such a 216 will be
priced at $5,600 for one; the similar
version of the model 208 hasn’t
been priced yet.

Other manufacturers offer the
guts of their machines in stripped-
down form. Some include power
supply, chassis, and console, but
the big difference, Methvin main-
tains, is that his units include the
complete core memory that comes
with the fully packaged system,
with machine language, and a one-
year warranty. The three circuit
boards in the naked 208 and 216
are connected to a back plane.

Others are skeptical of Computer
Automation’s move. Alan Z. Kluch-
man, marketing director at Data
General, points out that his firm’s
Nova 1200, a 16-bit machine with
four accumulators, power supply,
chassis, and console, sells for $1,-
440 in quantities of 200. With 4,096
words of memory, the OEM dis-
count price would be about $2,500.
But Methvin says that in a recent
competition for an OEM order from
a company with a requirement for
500 to 1,000 minicomputers a year
over five years, Computer Automa-
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Never before
so much

Function Generator
for495!

F34 FUNCTION GENERATOR

FREQUENCY MODE WAVEFORM

TRIGGER LEVEL VARIABLE PULSE
x 1M CONT

x 100K TRIG

x 10K GATE
x 1K BURST
x 100 CONT SWP
x 10 TRIG SWP

OFFSET SWEEP TIME AMPLITUDE (into 50a)
PULL ON OUTPUT LEVEL
10xs

1008
ms

N
FREG ANALOG 8YNC TN QUTPUT ouTPUT
ouT ' ouT s0n LismiT
0-3v " 2Vpp

The new 34 proves that a
® Function Generator doesn’t have
K € tobeexpensive to be great!

See SERIESS0 ~ INTERSTATE Read the panel! The Output Limit indicator Light — unique! It
ELECTRONICS

and the new guarantees you an unclipped waveform. The Sweep Width control —
SERIES 30 at = CORPORATION

: foolproof and calibrated. Frequency analog output, variable width
IEEE 71 Betaary 01 AT M. pulse and manual trigger — they’re all there and more. See for yourself!

Booth 3212 MI UMWBI“S% For details on IEC’s complete Function Generator line,
‘7*1:):72.2811, v contact John Norburg today.
7:4-776-0280 p
Telex Nos. The new SERIES 30 includes 3 other models
65544z, 655419

costing even less, starting at just $295!
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DATAPLEXERS

TOTAL ELECTRONIC
SYSTEMS CAPABILITY.
SPECIALISTS IN
TIME/FREQUENCY,
RADAR AND

DATA SYSTEMS
OFFERING RAPID
GROWTH.

SIERRA

RESEARCH CORPORATION
P.O. BOX 222, BUFFALO, N.Y. 14225
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tion’s quantity price bidding on
one of the naked minis was less
than Data General’s.

Another source says “Methvin’s
price better be his single unit price.
If that $1,700 represents his dis-
counted position, he’s as good as
out of business.” Methvin replies
that he knows of no company that
can market a fully parallel com-
puter with 4,096 words of core
memory for $1,700 in unit quan-
tities, discount from that price, and
make a profit. He realizes he’ll have
to sell far more machines at $1,-
700 than at $7,990 to get the same
dollar volume, but he notes “the
OEM market is going to thousand-
quantity orders regularly now.
They’re coming thick and fast.
Were convinced we’ll have more
dollar volume with the naked minis
or we wouldn’t do it.”

IBM banks on bipolar
with MOS density

Bipolar techniques that attain
greater packing density at no sac-
rifice in speed are probably part
of the reason IBM didn’t use MOS
in the semiconductor main memory
of its System 370 model 135 an-
nounced last week. The techniques
were developed in IBMs West
German laboratories [Electronics,
March 1, p. 103].

Although the West German cir-
cuits aren’t used in the 135, IBM
knows that by sticking with stand-
ard Dbipolars—even though per-
formance levels of the 135 could
be met with MOS—it retains the
option of boosting memory speed
at any time with the denser bi-
polars while incurring no penalty
in size. This couldn’t be done with
MOS.

If the West German development
is any indication, IBM probably will
stay with bipolar main memories,
at lcast for some time, while using
MOS now and then in low-grade
peripheral equipment—as, for cx-
ample, in its model 129 keypunch.

Another model 135 feature is an
integrated communications adapter,
expected since the introduction of
an integrated file adapter in the

System 370 model 145 last fall
[Electronics, Oct. 12, 1970, p. 125].
The adapter controls up to eight
low- and medium-speed communi-
cations lines, through a combina-
tion of logic circuits and micro-
code. The integrated file adapter is
also available in the 135. IBM had
been putting in stand-alone boxes
connected by cable to the central
processor.

The model 135 is a replacement
for System 360 models 25 and 30.
It’s considerably faster than either
of the older machines and has
ncarly four times as much memory
—up to 240,000 cight-bit bytes. Like
the model 145, the new machine
has a reloadable control storage
that is physically part of the main
semiconductor memory but is not
accessible to the user: control in-
formation is loaded from a small
disk cartridge through a special
fixture in the operator’s console.

Either one or two input/output
devices are available on the model
135; they are fast enough to accept
the speediest peripheral devices
now available, such as the 3330
disk storage unit announced last
summer,

Defense electronics

Contractor profits:
too large or too small?

How much profit is enough for de-
fense contractors? That question is
unlikely to be answered to any-
onc’s satisfaction even though it
has been studied and restudied by
countless private and public agen-
cies, including the General Ac-
comnting Office, economic watch-
dog for the Congress. A draft of
the latest GAO analysis, leaked to
the press and set for release at the
end of March, suggests the agency
is unable to define precisely what
is “profit” when it comes to de-
fense contracts.

The GAO study presents two
sidely disparate sets of data based
on analyses of (1) a survey of de-
fense contractors and (2) figures
covering 146 specific contracts val-
ued at $4.3 billion and completed
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The 5600 magnetic tape recorder:
more performance per dollar than any
other recorder available!

ITSAMOVIR!

Our 5600 magnetic tape recorder is.a
75-pound, lab-quality portable. Which
means it goes where you go. Easily.

But the 5600 does more than just
go where you want it to. It gives you
more value per dollar than any other
magnetic tape recorder. Because it
does everything you'd expect it to.
And more.

The 5600 is the most versatile port-
able in its price category. It gives you
a choice of FM, direct and digital
electronics. Recording bandwidths
available DC to 40kHz FM, 50Hz to
300kHz direct, and 600 BPI serial
digital. It converts between tape
widths of ¥4+~ %2” and 1” on all

Honeyw

standard reels up to 10%2” diameter.
It offers seven electrically switched
speeds. And can be powered from
virtually any commercial source as
well as two different battery voltages:
12 volts and 28 volts.

The 5600 also has features previ-
ously found only in Jaboratory-size
systems. Like full 14-channel, 16-
track recording capability. And low-

.mass, high-performance phase lock

capstan servo drive which provides
a faster response than other drive
systems. It also features a complete
line of accessory devices, including

differential input wideband ampli-
fiers. The 5600 is available in either
horizontal or vertical rack mount con-
figurations.

If you need a lab-quality recorder
that flies, rides or even walks along
with you, you need the 5600. For ad-
ditional information, simply complete
and mail the coupon, call your local
Honeywell office or contact C. S. Cor-
bin, 303-771-4700, X692, Honeywell,
Test Instruments Division, P. O. Box
5227, Denver, Colorado 80217.

ell

Yes! Please have someone contact me with I
more information on the Honeywell 5600

magnetic tape recorder. I
The Automation Company g e S
O FIRM._ _POSITION I I
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anew conceptin

PG Board Relays

Plugs directly into
your PC module
without SOCKETS
or SOLDERING

D

MAGNETIC kox:tavesine RELAYS

The only relay designed to make
full use of printed circuit technology.
Unlike others adapted with terminal
pins or sockets for solder mounting,
Printact plugs directly into your mod-
ule. Precious metal plated PC pads
mate with shorting bar contacts on the
pivoting armature, which is the single
moving part: Held by a permanent
magnet, it eliminates return springs,
pigtails, electrical and mechanical
connections—assuring reliability for
millions of cycles.

Inherent Custom Features include:
Low Thermal EMF, Low Contact
Bounce, Impedance Matching, 45-60
db Isolation, Bifurcated Contacts, and
Encapsulated Coil—all at low cost!

Send for Test Sample and PC Board
Preparation Aids to simplify design
and production of your module.

For action write or call 212—EX 2-4800.

[xecalone

PRINTACT RELAY DIVISION
P.O. Box 1430E
LONG ISLAND CITY, N.Y. 11101
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by 30 companies. Profits are far
lower in the first case than they
are in the second, whether they are
computed as a percentage of sales,
total capital investment (TCI), or
cquity capital investment (ECI).
The percentage breakdown:

Pretax Industry 146 specific
profits survey awards
Sales  3.9-5.4% 6.5%
TCI 10.2-14.7% 28.3%
ECI 19.8-28.4% 56.1%

“It's a perfectly politic little
study,” gibed one Washington-
based industry official after read-
ing the report. “It has something
for everybody but doesn’t reach
any definite conclusions.” Other
sources dispute that, noting that
GAO does make the point that its
defense contractor survey spanning
four years shows that defense con-
tract profits are below those of
commercial business of the same
companies. Return on commercial
business ranged from 7.9% to
11.6% on sales; 11.1% to 17.4%
on total capital investment and
17.2% to 28.6% on equity. Indus-
try reaction to that comparison is
positive, but it questions most of
the GAO’s other conclusions.

Electronic Industries Associa-
tion President V. J. Adduci has
cited three fundamental criticisms
made by EIA members. Adduci
charged that: )

s The 146 contracts “are clearly
nonrepresentative” of normal re-
turn on capital for defense busi-
ness and that the GAO therefore
failed to obey Congress’ directive
to look at prime and subcontractor
profits “on a selective, representa-
tive basis.” Adduci urges that
types of contracts, rather than spe-
cific awards, should be looked at.
® Return on investment data has
been overemphasized and over-
looks contractors’ use of “a sig-
nificantly greater proportion” of
its skilled personnel on defense

contracts than on commercial
business.
® GAO statements that awards

based on contractor costs give “no
incentive to invest in more modern
equipment” and “encourage ineffi-

ciency” are in the EIA’s view “un-
supported and contrary to good
management.”

EIA’s rebuttal, however, does not
specifically treat the GAO assertion
that contractors frequency realize
additional profits because “the
Government generally pays for
R&D costs for defense work while
a contractor may invest a substan-
tial amount in a commercial prod-
uct that does not sell,” and because
contractors realize “substantial
henefits” in commercial applica-
tion of defense-sponsored technol-
ogy whose overhead costs are often
abserbed by Federal contracts.

For the record

Moving up. 1BM has announced the
availability of Cobol and Fortran
IV compilers, faster disk storage
units, and larger main storage ca-
pacity for its System 3 model 10.
Also now available is a fast line
printer, which could not be used
before on this minicomputer.

With these new software pack-
ages and hardware options—and
the presence of the smaller System
3 model 6 and System 7 announced
last fall-the original System 3 is
looking less and less mini and
more and more maxi, tending to
confirm a report that the System 3
and its new models may become,
in effect, the low end of the 370
line. The announcements are in
contrast with how it looked when
it was first announced [Electronics,
Aug. 18, 1969, p. 48]. It wasn't
long, however, before IBM added
data communication capability.
Conversion facilities, permitting
the little computer to be used on-
line with the 360 and 370, have
long been rumored.

Dumping aftermath. The U.S.
Tariff Commission’s decision that
Japanese television receivers being
dumped on the U.S. market have
harmed domestic producers now
puts the ball in the Customs Bu-
recau’s court. The bureau will have
to determine exact dumping mar-
gins retroactive to the Treasury
Department’s withholding of ap-
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Magnecraft Creates Better Reed Relays.

Magnecraft relays are not created equal because they are created to be better. Created
better than its competitors, created better than the most demanding requirements, created
better because reliability is important. We are then in the best position to help solve your
switching and control needs, not just sell you a relay.

We have demonstrated our Engineering leadership in reed relays, over the past decade,
in many ways. Our break-through in high voltage switching, utilizing a reed relay. The
Class 102UHV is capable of switching 20,000 volts at 1 milliamp. Our |. C. compatible reed
relays operate directly from TTL or DTL circuits without the use of Buffers, Op Amps, or
anything else, as they require only 40 to 60 milliwatts of power at 2.5 VDC or 5.0 VDC. We
have also brought you the latest advancements in mercury-wetted reed relays, offering
bounce free switching and virtually a limitless lifetime of operations. Magnecraft reed
relays are created better because of features such as, hermetically sealed contacts,
molded nylon coil bobbins, and contact leads that are soldered stress free to terminal pins.
The next time your circuit calls for a reed relay, turn’to Magnecraft with confidence.

Your first step is simple. Send today for Stock Catalog #272, listing over 550 different
relays stocked by Magnecraft and its nationwide network of distributors.

Magnecraf’t ELECTRIC COMPANY

5575 NORTH LYNCH AVENUE « CHICAGO. ILLINOIS 60630 «» 312 » 282-5500 » TWX-910-221-5221
See You At IEEE, Booth #2146
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Communications
Men Think ¥ 59_,

The Canadian Broadcasting Corporation uses aperiodic
loop antenna above .... and that’s big and small.

Big ...
Smali ...

Big ...

at Britannia Heights, near the nation’'s Capital at
Ottawa, Canadians listen to the world.

CBC listens on the aperiodic loop antenna which
is only 50 meters in diameter in Rosette array.

Its omni-directional, point-to-point, broad band,
long and short range receive capability is big
enough to replace vast rhombic or log-periodic
antenna farms.

That’'s why, whenever communications men think big and
small, Hermes Electronics Ltd. supplies the aperiodic loop
antenna to government agencies and military forces around
the world.

Roof mountable, fast set up, small spaces, big jobs, or just
below ground level it snows a lot at Canada’s Britannia

Heights.

ASK US

Suite 315
2020 F Street N.W.

Hermes Electronics Limited  WastneTon

Telephone 202 296-2978
TWX 710-882-1106
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praisment begun last September,
and impose antidumping duties
against the Japanese sets—mostly
small-screen models—on an entry-
by-entry basis.

Duties undoubtedly will be col-
lected, but the complicated pro-
cedures for calculating less-than-
fair-value prices may make any
attempt at determining margins for
assessing these duties only sporadi-
cally successful. Nevertheless, the
major impact of the U.S. action
against Japanese television imports
probably has becn felt already.

The Japanese claim that dump-
ing margins have been eliminated
since Jan, 1, 1970. If the Customs
Bureau confirms this claim, little
duty collection will be needed,

Cheaper. Concurring with the rec-
ommendations made by the Gen-
eral Accounting Office, NASA has
agreed to open up competition in
commercial instruments by mak-
ing sure specs do not limit it to one
high-priced vendor.

Leader. ‘Wracked for months
by divided opinions within the
White House, the Nixon Adminis-
tration has finally decided to put
a man with experience in both
technology and management at the
helm of NASA. Its choice, James C.
Fletcher, is president of the Uni-
versity of Utah and founded what
became the Space General division
of Aerojet-General Corp.

Tightening. Fairchild Camera &
Instrument has consolidated its
Semiconductor division’s four units
into two operating groups—domes-
tic and international, Wilfred 7J.
Corrigan, domestic vice president
and general manager, will head
MOS and memory work. He re-
places Leo E. Dwork, named vice
president for technology planning,
George M, Scalise will head Euro-
pan and Far Eastern operations.
Richard A, Henderson Jr., market-
ing development vice president on
the corporate staff, will replace
Andrew A. Procassini as division
marketing vice president. Procas-
sini will direct reliability and qual-
ity assurance,
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“We packed eveny moré
citCuitry into CTS
cerinet résistor networks.

cNew 8 and 18-lead styles added to M & 16-lead
“Series 760 “Dual In-Line “Packages.

CTS now offers you a choice
of four popular space-saver
packages. Packed with up to
17 resistors per moduie, round
or flatieads, (no extra cost for
flat leads) they provide an
infinite number of circuit
combinations. All are designed
to simplify automatic insert.on
along with IC’s and other DIP
products for reduced costs.
Easy to hand-mount, too.
Available without inorganic

cover coat, so you can trim for Series 750 edge-mount

: ; ; cermet resistor packages
circuit balance in your own available with up to 7
plant. 5 Ibs. pull strength on all resistors per module in
leads: .100” lead spacing; 9 package configuratiors.

YOUR CTS ANSWER
rated up to 2 watts on 18 MAN will be glad to
lead style. work with you to pack

maximum circuitry
CTS of Berne, Inc., Berne, c TS CORPORA 7/0/‘/ Lrto_ your,tcr?mpact
Indiana 46711. (219) 589-3111. Elkbart. Indiana e ad line o

expanded line of dual
in-line packages.
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The Magn

HP’s got a great new idea in counters: buy In addition, they let you perform tasks no

one that just fits your specific application— with- counters could handle before.

out paying for extras you’ll never use. Yet make For instance, you can now do IC logic

N your choice from a family of six counters with timing testing simply and economically with 15

a wide range of unique features, at prices so low picosecond resolution. HP’s unique time interval

you'll wonder how we did 1t. averaging mode makes it possible! (Request
You'll get all the things you expec: from HP Application Note 129 for the story.) Price

our 5326 and 5327 family of counters: totalizing, is just $1195 for a 50 MHz unit and $1795 for

frequency, ratio, period and time intervat: the 550 MHz model with this powerful time

measurements, in a range cf 50 MHz or 550 MHz. interval capability.

43268 FREQUENCY COUNTER
G T e,

5185924



ificent Six.

For just $355 more you can get a counter Suppose you just want the basics? Our
with a DVM built in. So you can do things like frill-free models will supply them with trouble-
measure rise times more rapidly, simply and free, simple operation. They’ll cost you $950 for
accurately than with a scope. And you can check 50 MHz, $1495 for 550 MHz.
external dc voltages with it, too. Add a $60 HP Your HP field engineer has the 5326/27
11096A Probe if you need rf voltage measurements. data sheet that tells the complete story about

Want programming capability? Our options these precise new counters. Or write to Hewlett-
will permit remote control of all front panel Packard, Palo Alto, California 94304; Europe:
functions, including trigger levels and attenuators. 1217 Meyrin-Geneva, Switzerland.

02102

Computer interface is easy
and costs less than ever.

9
4

HEWLETT ﬁ PACKARD

Counters that promise a lot and deliveritall.
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ENGINEERS @ DOCTORS @ HOSPITAL ADMINISTRATORS

Learn -
new applications
jor electronics
in medicine

Hl See exhihits and demonstrations
M Participate in workshops

3rd National Conference & Exposition on Electronics in Medicine
April 13-14-15, 1971, Sheraton-Boston, Boston, Massachusetts

[J What's available in patient-monitoring equipment
and what's needed?
[J What can computers do in medical record keeping
and data analyses that they couldn’t do before?
[J How safe is medical electronics equipment —from
the standpoints of both patient and operator?

[J How stringent are major test equipment require-
ments of the clinical laboratory?

] What are the most effective techniques now in use
in multiphasic screening?

[J What are the key problems in hospital electronic
equipment buving and maintenance ?

1 How will the Cooper Committee report affect new
device control legislation?

These questions will be fully explored at a series of
unique workshop sessions during the three-day 3rd
National Conference on Electronics in Medicine to
be held in Boston next April.

The 1971 meeting will include SO per cent more
topics and speakers than the previous conference.
Morning sessions will feature speakers who have
been selected for their expertise as well as for the
articulate manner in which they convey their knowl-
edge to a professional gathering such as this.

The enthusiasm of the ‘70 conferces for the after-
noon panel/workshops has won arepeat performance
—this time with topical discussions and specialists
who will lead the workshops. They'll attuck problems
from all sides. then invite attendees to become active
participants in the sessions. Conferees will have a
chancetojoinatleasttwoofthesix workshop sessions.

An important adjunct to the technical program will
be an exposition of new hardware (and software) in
the medical electronics field.

SPEAKERS:

Dr. John Knowles. General Director

The Massachusetts General Hospital
Boston. Mass.: Feature address

Dr. Donald M. MacArthur, tormer

Deputy Director (Research & Technology)
Department of Detense

Topic: Hospital of the future

Dr. H. Fernandez-Moran

The University of Chicago

Topic: Information storage

Dr. Charles Edwards. Commissioner

Food and Drug Administration

Topic: FDA's role in medical device legislation

William Goodrich. General Counsel. FDA

Topic: Evaluating present and proposed regulatory
practices

Professor Oliver Schroeder. Director

[.aw-Medicine Center

Casce Western Reserve University

Topic: Medicolegal aspects of electronics in medicine

John T. Kimbell, Exec. Vice President
Baxter Laboratories
Topic: How industry views device legislation

Dr. Arthur C. Beall. Jr.

Baylor University. Coltege of Medicine

Topic: Device legislation: Another look

Dr. Cesar A. Caceres

Professor and Chairman

Department of Clinical Enginecring

The George Washington University Medical Center
Topic: Cardiac screening
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Dr. Octo Barnett

Director. Laboratory of Computer Science
The Massachusetts General Hospital
Topic: Hospital automation

Dr. John B. Henry. Protessor and Director.,
Dept. of Pathology

State University of New York

Upstate Medical Center

Topic: Multiphasic screening

Dr. Julius Korein

Dept. of Neurology

New York University Medical Center
Topic: The computer and the medical record
Dr. Max Harry Weil

Associate Professor ot Medicine
Presbyterian Hospital. Los Angeles
Topic: Patiecnt monitoring

Dr. Joel Nobel. Director of Rescarch
Emergency Care Rescarch Institute
Philadelphia

‘Topic: Evaluating equipment

Dr. Dwight E. Harken

Chief. Thoracic Surgery

Peter Bent Brigham Hospital

Topic: Periontogenic diseases

Dr. William A. Spencer. Director
Texas Institute for Rehabilitation and Rescarch
Topic: Electronic prosthetic devices
Dr. Allen Wolfe

Barnes Engineering Company
Stamford. Conn.

Topic: Thermography

Dr. Aida S, Khalafulla

Scnior Principal Research Scientist
Honeywell

Topic: Plethysmography

Mr. Roger S, Powell

National Heart & Lung Institute. N1H
Topic: Electrical energy systems for
artificial hearts

EXHIBITS:

Exhibits will provide an important opportunity for
attendees to see first hand (and in some cases even

operate) the latest equipment and instrumentation
designed specifically for medical applications.
Among those companies which plan to display
their most advanced cquipment are American Tele-
phone and Telegraph Co., Bio-Optronics. Biotronics.
DeVilbiss, Eastman Kodak. Elcor, Goodman Broth-
ers, Graphic Controls, Honeywell, Inc.. Humetrics,
Hytec Electronics. Intec. Isotopes (Teledyne), Medi-
quip Corp.. Meditran, Motorola, Mousseau Scientific
Instruments. Raytheon, Sloan Technology Corp., T &
T Technology, Technicon, Vertel, Westinghouse
and Whittaker Corp. The Department of Health,
Education and Welfare (Office of Equipment and
Consultation) will also present an exhibit.

WORK SESSIONS:

Patient monitoring : Leader. Dr. Howard Hochberg:
Roche Medical Electronics: A discussion of routine
and critical problems in patient monitoring. including
available instrumentation and equipment needed to
provide improved monitoring.

Compuiers in medicine: Leader. Dr. William E.
Chapman. Palo Alto Medical Research Foundation.
What the computer can and can’t do in medical record-
Keeping. data analysis. and medical history taking.
Satety clinic: Leader. Allan F. Pacela, chief research
scientist. Beckman Instruments. A forum at which
doctors and engincers will be able to exchange views
on what is available and what is needed to improye
the safety of medical electronic equipment from the
standpoint of both patients and operators.

L aboratory automation: LLeader. Dr. Hugo C. Pribor.
Director. Institute of Laboratory Medicine. Perth
Amboy. A discussion of the major test equipment re-
quirements ot the chinical laboratory. with a critical
evaluation of present and tuture needs.

Vultiphasic screening: Leader. Dr. Allen Pryor.
Latter Day Saints Hospital. What are the most efhi-
cient techniques now in use and how can they be
improved? This session will probe the question.
Imipact of electronics instrumentation in hospitals:
Leader, John Foster, Associate Director, Tufts-New
England Medical Center. Key problems center on
selecting and organizing electronics equipment in the
hospital to get maximum immediate benefit.

Presented by McGraw-Hill Publications
Electronics ® Medical World News @ Modern Hospital ® Postgraduate Medicine

REGISTER NOW —SAVE $35!
Advance registration fee: S165
Registration at conterence: S200
(includes all sessions. exhibits.
luncheons. reception and a digest

of technical papers when published).
Mail this registration form along with
vour check payable to:

Donald Christiansen

Conference Chairman

Electromies in Medicine P-320

330 West 42nd St

New York. New York 10036

A block of rooms is being held at

the Sheraton-Boston Hotel for
registrants. Make vour reservations directly
with the hotel. identitying vourself

as a Conference attendee.

Electronics | March 15, 1971

Advance Registration Form EL-2-71
3rd National Conterence & Exposition

on Electronics in Medicine

April 13-14-15.1971

[] Please pre-register me for meetings, work sessions,
and exhibits. Mv check for $165 is enclosed.

(] 1 cannot attend the tull conference but plan to visit
the exhibits. Fee: none for qualified registrants.
Please pre-register me for

first day [
second dav []

third day [C
all three davs [
Name Title
Company or Hospital
Address
City State Zip
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Want to see them
doitagain?

{ g "‘/ 4
Phe! 2.,
_/.«'// V. /
LY T

Analog switch/drivers so fast, you'd think they would
cost a fortune.

They might have six months frequency. And there’s no load  switching applications because
ago. If you could getthem atall.  on the signal source in the OFF of 70 dB OFF isolation at 1 MHz.
But now you can choose from condition. These Siliconix All devices are off-the-shelf,
a complete line of both JFET devices are especially suited specified to MIL-883, Class B,
and MOS analog switch/drivers  for high speed RF-IF or video Notice 2; or industrial grade

that switch three times faster
than previous designs (=200
ns). And they'll run as low as $3
to $4 per switch function (100
quantity).

The secret of the Siliconix
high speed switch: Schottky
diodes. Their advantage: To
prevent saturation of the
output-drive transistors. Result:
Extremely fast switching.

What's more, the R, is
independent of signal

over —20 to +85°C range.

See how the new Siliconix
switching circuits can improve
your system and better your
application while saving you
money. For more information on
the JFET and MOS analog
switch/drivers, call your
Siliconix representative and ask
for specs and prices on the
JFET DG150 and 160 series, or
the MOS DG171, 175 and 176.

You'll be glad you did.

Siliconix incorporated

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

New York: Sy Levine (516) 796-4680 New England: Al La Croix (617) 769-3780 St. Louis: Jim Spicer (314) 291-3616 Minneapolis: Ed Koelfgen (612)
920-4483 Southern California; Dave Ferran (213) 420-1307 Northern California: Chuck Brush (408) 246-8000 In Europe: Siliconix Limited, Saunders

'V:Vay, Sketty, Swansea, Great Britain, Siliconix GmbH, 7024 Bernhausen, Postfach 1340, W. Germany. Siliconix 8, Ave d'Arromanches, 94-Saint-Maur,
rance.
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Laird will ask
Congress for

second deputy...

. . . and will shift

research and weapons
management groups

Slack DOD firms
risk loss of IR&D
costs under law

Industry sees good
and bad in cutback
of patent awards

HEectronles | March 15, 1971

Washington Newsletter

March 15, 1971

Defense Secretary Melvin Laird will soon ask Congress to create a post
for a second deputy secretary to complement David Packard. The pro-
posal is a compromise with the recommendation of the Blue Ribbon
Defense Panel which last year advised having three deputy secretaries
with responsibilities for operations, resource management, and evalua-
tion [Electronics, Aug. 17, 1970, p. 109]. Laird says he prefers two
deputies so as to limit the expansion of the bureaucracy.

The Defense Secretary says he wants the new deputy to have “a full
delegation of authority,” but does not want the specific responsibilities
of each deputy spelled out. Instead, he envisions “an agreement between
the secretary and the two deputies on their respective areas of respon-
sibility” based on the secretary’s wishes and the expertise of the indi-
viduals involved. Further, he wishes to name two additional assistant
secretaries, and not the five extra recommended by the panel. This would
raise the number of the assistants from seven to nine.

Rather than break up John Foster’s Directorate of Defense Research and
Engineering, as recommended by the Blue Ribbon Panel, and divide the
job among three new assistant secretaries—for research and technology,
engineering development, and test and evaluation—Laird will name three
new deputies with these functions within DDR&E. And, rather than
make the Advanced Research Projects Agency a separate entity, it will
remain in DDR&E “for the time being,” he says. The Defense Com-
munications Planning Group, which got high marks for handling South-
east Asian sensor programs on a crash basis, will not be phased out, but
will be renamed the Defense Special Projects Group and “expand its role
to encompass a wide range of new projects,” mostly classified electronics.
Another change that will impact electronics is the relocation closer to
the Pentagon of the Defense Weapons System Management Center,
from Wright-Patterson Air Force Base to Fort Belvoir, Va., on July 1.

Through failure to comply with a new Federal regulation, some defense
electronics contractors, who in their last fiscal year received $2 million or
more in reimbursements for independent research and development plus
bid and proposal costs, may lose some or all of those funds this year.
“They’re either ignorant or just plain careless,” says one Government
official of contractors who haven’t begun negotiating the advance agree-
ments for IR&D and B&P costs under Section 203 of Public Law 91-441.
The law requires advance agreements for reimbursement of such costs

" incurred after Dec. 31, 1970. Contractors who fail to negotiate an agree-

ment could get no reimbursement at worst, and 75% at best.

Electronics companies with patents pending have both positive and
negative reactions to the forced 50% cutback in U.S. patent awards that
began the second week in March. Though Patent Office officials say they
will give publication priority to those who request it, some companies
with patents pending won’t make that request since a delay in disclosure
will extend the 17-year lifetime of a patent. But the same delay will
upset other companies anxious to get patents recognized and publicized.




Postal service
takes closer look
at electronic mail

Jobless engineers
get little hope
from Nixon

Army adopts
laser guidance for
tactical missiles

Washington Newsletter

Issuance of a patent, as well as trademark recognition, is simultaneous
with its publication in the Official Gazette.

Charges by the Government Printing Office, plus the cost of storing
patents on magnetic computer tape preparatory to the automation of
patent search procedures, have put pressure on the Patent Office budget.
The office has therefore reduced awards to 900 a week while it pushes
for a $3-million supplemental appropriation.

Encouraged by findings that electronic mail systems could take more
than a third of the load off present creaking methods and also provide
faster service, the U.S. Postal Service is turning to industry to study the
technical feasibility and cost of such a system. Postal officials say they
are now evaluating proposals by a number of firms and plan to award
a contract for the conceptual design of such a system within five weeks.
They cite postal regulations in declining to name the bidders for the
contract.

The three most important questions to be answered by the study are:
what electronic mail’s security, quality and speed of delivery will be,
what new services the system will provide for the patron, and what its
operation will cost over the long term.

Incorporated in the electronic system would probably be optical char-
acter recognition, facsimile input or keyboard-to-tape input, electronic
circuit and message switching, and transmission by cable, microwave or
satellite circuits. Output devices would probably be high-speed printers
or microfilm units. The winning contractor will also be asked to build a
computer model to simulate its operation.

A grim picture is emerging from White House proposals to accelerate
work and retraining programs that would affect jobless engineers. Early
in March Administration science adviser Edward David hosted a Wash-
ington conference where most officials present merely summarized on-go-
ing Federal programs (see p. 103). And the Nixon manpower training
programs that would spend $2 billion by substituting $4 for every $3
now spent is viewed by industry sources as just about enough to cover
costs on inflation.

Moreover, the fact that the Nixon plan is part of his controversial
revenue-sharing plan to turn back money to states, counties, and cities,
makes it unlikely that Congress will act quickly. If passed, however,
the legislation would give local governments 85% of the funds for use
in programs tailored to local unemployment conditions. It also contains
a “trigger” that could make an extra 10% available for areas with sub-
stantial, persistent joblessness.

The Army Missile Command is ordering at least four live firings at
White Sands Missile Range of laser guidance and control systems aboard
tactical missiles. The decision follows this winter’s successful tests of a
Texas Instruments system on board obsolete Little John missiles, which
were launched about 10 miles from plywood targets and guided by nose
fins on the laser seeker Kkits.

The Army also plans to buy and test a second laser-aided rocket sys-
tem, which Martin Marietta Corp.’s Orlando, Fla., division will design.
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Think of it as a six pack...

AN

one trimmey, five resistors,
in one package. That’s TRN.

Our new Trimming Resistive Network will cut
resistor insertion and preparation cost by at least
a 6:1 ratio. In addition it satisfies engineering re-
quirements better than anything on the market.
For instance, the TRN provides cermet TCR per-
formance values of 50 or 100 ppm/°C. The one-
paste, one-step deposition method that we use
allows for uniform, predictable TCR drift within
the range of = 2 ppm/°C of each other for each
resistor in the circuit. In addition, the unit features
a ratio accuracy with respect to the variable re-

Circle 55 on reader service card

sistor available as low as = 1%

All componentry is housed in a single shell,
which means that ambient temperature for each

resistor in the circuit is the same for ali others.
Plus, you get versatility of applications, reliable
long life and dimensions that are perfect ior auto-
matic insertion machines.

Like to know more? Write Eill Dunn. He's at
Amphenol Controls Division, 120 S. Mair Street,
Janesville, Wisconsin 53545.

@ AMPHENOL




High energy silicon for the 70’s.
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Delco announces two new
1000-volt transistors

Our new DTS-721 and DTS-723 1000-volt silicon
transistors permit you to design solid state circuits for
industrial applications with capabilities previously re-
served for tubes. Now you can think small.

These two new silicon devices were developed
specially for instrumentation and power supply builders,
as well as for computer and military applications. They
can operate from DC inputs of 1200 volts to 1500 volts.
With 1% regulation at full load.

In a switching regulator, they can operate direct-
ly from a 220-volt line or from rectified 440-volt single
or polyphase sources.

Both devices are NPN triple diffused, packaged
in Delco’s solid copper TO-3 cases. They are mounted to
withstand mechanical and thermal shock because of

or high power regulators
in small packages.

application tests from production lots by prospective
users with stringent reliability requirements.

And their energy handling capability is verified
by Delco Pulse Energy Testing.

These new high voltage silicon transistors make it
possible for you to take advantage of reduced size,
weight and component costs in designing circuits—and
get far greater reliability.

The circuits shown are explained in detail in our
application notes nos. 45 and 46.

Call the Kokomoans or your Delco Distributor
for more information.

Delco Electronics

special bonding of the emitter and base contacts.
The DTS-721 and DTS-723 have been proven by

Available from these Delco distributors:

ALA., BIRMINGHAM .« Forbes Distribu-
ing Co Inc. (205)-251-4104

ARIZ., PHOENIX
(602)-263—1 112 .
(602)-258-4531

CAL., LOS ANGELES « Kierultt Elec-
tronics, Inc. (213)-685-5511 « Radio Products
Sales, Inc. (213)-748-127i

CAL., PALO ALTO « Kicrulff Electronics,
Inc. (415)-968-6292

CAL., SAN DIEGO « Milo of California,
Inc. (714)-232-8951

COLO., COLORADO SPRINGS » Walker
Electronics (303)-636-1661

COLO., DENVER . Cramer/Denver
(303)-758-2100 « Denver Walker Electronics
(305)-935-2406

FLA., MIAMI « Mountain Electronics
Subsidiary of Avnet, Inc. (305)-634-4556
FLA., WEST PALM BEACH - Mountain
Electronics, Subsidiary of Avnet, Inc.
(305)-833-5701

ILL.,, ROSEMONT (Chicago) s
Kierulft' (312)-678-8560

ILL., SKOKIE (Chicago) « Merquip Elec-
tronics (312)-282-5400

IND., INDIANAPOLIS « Graham Elec-
tronics Supply, Inc. (317)-634-8486

MD., BALTIMORE « Radio Electric Service
Co. (301)-823-0070

MASS., NEWTON « The Greene-Shaw Co.,
Inc. (617)-969-8900
MICH., ROMULUS .
(313)-729-5500

Cramer/Arizona
Sterling Flectronics

F-1-R/

Harvey/Detroit
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DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA

MINN., MINNEAPOLIS « Stark Electron-
ics Supply Co. (612)-332-1325

MO., KANSAS CITY « Waiters Radio Sup-
ply, Inc. (816)-531-7015

MO., NO. KANSAS CITY « ECI Semi-
conductors, Inc. (816)-221-2400

MO., ST. LOUIS « Electronic Components
for Industry Co. (314)-647-5505

N.J., CLIFTON » Eastern Radio Corpora-
tion (201)-471-6600

N.M.. ALBUQUERQUE + Cramer/New
Mexico (505)-265-5767 » Sterling Electronics
(505)-247-2486

N.Y., BINGHAMTON + Harvey/Federal
(607)-748-8211

N.Y., NEW YORK « Harvey/New York
(212)-582-2590

N.Y., WOODBURY + Harvey/New York
(516):921-8700

OHIO, CINCINNATI « United Radio, Inc.
(513)-761-4030

OHIO, CLEVELAND +« Pattison Supply
(216)-441-3000

OHIO, DAYTON .
(513)-278-9411

OKLA., OKLAHOMA CITY « Radio, Inc.
(405)-235-1551

OKLA., TULSA « Radio, Inc.(918)-587-9123
PENN., PHILADELPHIA + Almo Elec-
tronics (215)-676-6000

PENN., PITTSBURGH « RPC Electronics
(412)-782-3770

S.C., COLUMBIA « Dixie Radio Supply
Co., Inc. (803)-253-5333

F-J-R/Kierulff

TEXAS, DALLAS + Adleta Electronics

Company (214)-742-8257

TEXAS, FORT WORTH + Adleta Elec-

tronics Co. (817)-336-7446

TEXAS, HOUSTON » Harrison Equipment

Co., Inc. (713)-224-9131

UTAH, SALT LAKE CITY « Cramer/Utah

(801)-487-3681

VA RICHMOND « Meridian Electronics,
a Sterling Electronics Company

(70'4) 353-6648

WASH., SEATTLE . Kierulff Electronics,

Inc. (206)-763-1550

WASH., TACOMA « C & G Electronics Co.

(206)-272-3181

CANADA, ONT., SCARBOROUGH -«

Lake Engineering Co., Ltd. (416)-751-5980

ALL OVERSEAS INQUIRIES:

General Motors Overseas Operations

Power and Industrial Products Dept.,

767 Fifth Avenue, New York, N.Y.

10022. Phone: (212)-486-3723.

Regional Headquarters. Union, New Jersey*
07083, Box 1018 Chestnut Station, (201)-
687-3770 m El Segundo, Calif. 90245, 354
Coral Circle, (213)-772-5181
® Chicago, lllinois* 60656,
5151 N. Harlem Avenue,
(312)-775-5411 s Kokomo,
Ind. 46901, 700 E. Firmin,
(317)-459-2175 Home Office
m Office includes field lab and
resident engineer for applica-
tion assistance.

MARK OF EXCELLENCE
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First time
on any
screen.

Introducing the only
100dB display with
10GHz scan width.

AlL’s State-of-the-Art 707 Spectrum Analyzer gives you
10 MHz to 12.4 GHz coverage in just two bands with
150 dB dynamic range (a full 100 dB on screen) and
-115 dBm sensitivity.

Error-free analysis is improved because spurious re-
sponses—in-band and out-of-
band—are down typically 80
dB for -20 dBm inputs. A 5:1
filter shape factor significantly
improves display resolution.

Simplicity of operation is
apparent: minimum number
of operator controls, an au-
tomatic phase-lock system,
and a highly accurate digital frequency readout.

100% solid-state design does away with expensive BWO
replacements and practically eliminates analyzer main-
tenance problems. Also the 707 has 100 times the built-in
protection against accidentali mixer burn-out.

Here is a true state-of-the-art contribution. Delivering
more function and precision in an instrument whose ease
of use saves you money on
every measurement.

Priced at $10,900, it is far
and away today’s best value
In spectrum analyzers. For
convincing proof, write for more Information. Or call
516-595-6471 to schedule a demonstration.

AI L a division of
CUTLER-HAMMER

FARMINGDALE, LONG ISLAND, NEW YORK 11738

100 dB range Is displayed on big 7” screen,

Frequency readout Is accurate to = 0.2%.

See the 707 and other AIL Instruments in action at the IEEE Show. Booth 3812,
Circle 59 on reader service card



heres

two unbeatable
ICs

from Plessey

550 MHz = 2 ECL High Speed Divider SP 602
for instrumentation.

The SP.602 is one of a series of devices produced by Plessey
Microelectronics. The device toggles at very high frequencies with
low power consumption — 550 MHz with 60 mW dissipation.
It operates with 400 to 800 mV input levels (single drive) and
provides a 500 mV output swing. The SP 600 series has a
temperature range of —55°C to +125°C and is available in 8 lead
TOS5 or 10 lead flat pack encapsulations.

Logarithmic wideband amplifier SL 521
for radar.

The SL 521 provides a typical voitage gain of 12db, cut off frequency
of 170 MHz with maximum rectified output of 1.0 mA. This wideband
amplifier is primarily intended for use in successive detection
logarithmic IF strips operating at centre frequencies between
10 and 100 MHz.

A full range of linear and wideband ICs is also available for SSB and
other major communications applications.

i ese
Ask for fult speci(icauons of th
s
table 1Cs 3T
unb:: h 2381 8 234

@PLESSEYmicr‘oelectr‘onics

Plessey Electronics Corporation
170 Finn Court, Farmingdale, LI, NY 11735. Tel: 516-694-7377. Telex: 961457.

60 Circle 60 on reader service card
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Only a True RMS DVM can accurately
aEs measure non-sinusoidal waveforms,
and only the Singer Model 3573 is true
from 10 Hz to 11 MHz, It’s true from an
astonishing 1 mV full scale (and that
means 100 nanovolt resolution) to
1000 volts full scale. It's also true to an
Your present accuracy of +0.05% of reading,+0.05%
And were average But With of full scale at mid band.
measuring respondmg DVM Singer’s 3573 And coupled to this great AC capability
signals WOU'd ive ou ou get accurac you can also make DC measurements
g y y g y with an accuracy of =0.01% of reading

like this... errors like this... like this! and =0.01% of full scale. using the
Model 3600.

0 o We have prepared a paper explaining
1 O A) 0.05 /0 the significance of True RMS, Average,
and Peak Responses which we will
send to you upon request.
% :
3 0 0.05 A) The Singer Company
Electronic Products Divislon
a?o %Lossw§ys P$rkkt)1r1ive9
0 0 00 ury,. ew Yor 797
4% 0.05% Telephone: (516) 8219400
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The perfect part to fit
your buffer memory needs

...fully stocked on distributors’ shelves!

MOSTEK’S 64x4-bit

Don’t buy more bits than you need for
those small buffer memory applications.
MOSTEK's MK 4002 P 256-bit static RAM
is organized as 64,4-bit words. Perfect for
such requirements as data acquisition;
key-to-tape and tape-to-printer buffers;
in short, any application where you need
temporary storage of data.

Don’t get the idea that the 4002 is any
slouch in performance, though. Access time
is less than one microsecond . . . even up to
+75°C. Memory operation is static so no
refresh clocks are required. And power
dissipation is low, typically less than 200mW.

Pius, MOSTEK's exclusive low-threshold
jon-implantation process gives you full
TTL/DTL compatibility . . . no need for
external components or interface circuitry.
We even put pull-up resistors on the chip for
driving from TTL gates. . . and all four out-

Circle 62 on reader service card

MOS static RAM

puts have a TTL fan-out of 1. If your system
requirements grow, additional packages
are easily wire-OR'd thanks to the four
chip-select inputs.

Got the message? MOSTEK makes it
easy for you to use MOS. Call today for
information and fast delivery of all the MOS
components you need to Gordon Hoffman
at our home office (214) 242-1494, or contact
your nearest Sprague Electric Company
office or representative.

MOSTEK

CORPORATION

An affiliate of Sprague Electric Company
1400 Upfield Drive
Carroliton, Texas 75006
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Technical articles

Big bipolar ROM expedites microprograming: page 64

Microprograming with semiconductor read-only memories could go a long
way toward reducing the cost of controlling a computer’s main memory—
if only a ROM fast enough and dense enough were available. Now such

a device is possible, say the four authors from Signetics Corp. Their
answer is a 4,096-bit ROM that achieves its speed and remarkable density
through the latest processing advances.

Choose the right test system for large pc boards: page 68

You've got two choices: the comparison tester, in which a test board
is proven out against a known good unit, and the programed method,
where a computer controls a series of tests. To decide which one is
best you have to know your tradeoffs.

MOSFET:s fit into CATY picture: page 72

CATYV applications require broadband amplifiers that can achieve reliable,
distortionless performance at low cost. A logical choice, says author

Don Lee, is to use MOSFETs in a distributed-amplifier configuration,
where they offer longer life and lower power consumption than vacuum
tubes and less distortion than bipolar transistors.

ICs in girborne indicators show the way to simpler navigation: page 80

With the number of light aircraft in the U.S. growing, there’s a clear
need for better navigation hardware. One approach to the converter-
indicator for the standard international navigation system relies
heavily on digital ICs; the result is a light-emitting diode readout
system that’s small, light, reliable, and inexpensive.

IEEE show opens under storm of controversy: page 88 (cover)

Hard times are forging a new militance among electrical engineers—and
the fundamental character of the IEEE may change, too. The institute

is under pressure to shift its stance from a strictly professional and
educational organization. The militants want it to get involved in the
bread-and-butter issues relevant to engineers—job security and pension
rights—and assume a lobbying role in legislation affecting EEs.

Meanwhile, the show itself will reflect the changing times. An expanded
technical program will spotlight practical applications; technical sessions
will number 83, up from 69 last year. Yet the number of exhibitors will
be down and fewer new products will make their debut. See page 93.

And in the next issue. ..

Electronics firms cash in on cashless society . . . can defense-oriented
engineers make it in a commercial environment? . . . connecting mini-
computers in networks . . . interactive CAD program simulates logic.. . .
a low-power analog-to-digital converter.
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Microprograming made easy—
with a 4,096-bit bipolar ROM

Complex digital systems need complex, expensive control systems; but the
latest bipolar processing techniques have produced a fast ROM that'’s
large enough for the job and can save about $100 per device used

by Sam Sirkin, Orville Baker, William Davidow, and David Allison, signetics Corp., Sunnyvale, Calit.

[] Microprograming costs can be substantially cut by
using semiconductor read-only memories—and the
denser the ROM, the greater the savings. Analysis of
digital systems indicates that by using microprogram-
ing for complex control functions, a designer could
save over 300 gates with each 4,096-bit ROM. This re-
sults in a reduction of system size by 100 cubic inches
and a reduction of system cost by around $80 to $120
per 4,096-bit device used.

However, up until now this density has only been
achieved with MOS devices, which are not fast
enough for microprograming. But by combining the
latest bipolar processing advances, it has proved pos-
sible to build a 4,096-bit ROM that serves the purpose.

As Table 1 shows, it has four times the capacity
of other bipolar ROMs, dissipates about a quarter of
their power—actually about 125 microwatts per bit
—and is fractionally faster. Compared to current
MOS ROMs, it is about equal in capacity, dissipates
twice as much power per bit, and is 10 times faster.

Microprograming is a technique for designing digi-
tal systems devised by the British scientist, M. V.
Wilkes. His aim was “a systematic alternative to
the usual somewhat ad hoc procedure used for de-
signing the control system for a digital computer.”

Figure 1 compares the cost of control by micropro-
graming and random logic methods, and shows that
a certain base cost is associated with microprogramed
control. But the advantage of such control, as Fig. 1
also shows, is that its cost increases very slowly with
the number of sequencing cycles—or system complex-
ity—because each cycle requires the addition, not
of an entire new logic circuit, but of only one more
word of memory. Because of this it has been chosen
for many models of the IBM 360 and 370 series and
is employed by other manufacturers of large computer
systems, as well as minicomputer and terminal manu-
facturers.

Microprograming with nonsemiconductor tech-
niques, however, requires expensive external sensing
and decoding circuitry. Therefore, it is important to
note that such circuitry is built into a semiconductor
ROM like the SMS 8228 and is capable of cutting micro-
programing costs.

The new ROM is organized into 1,024 four-bit words,
with a configuration that permits pin-for-pin replace-
ment of currently available 1,024-bit ROMs. The 1,024-

64

RANDOM LOGIC

CONTROL\

COST —=

\ MICROPROGRAMED
CONTROL

NUMBER OF SEQUENCING CYCLES —»

1. Cost effective. Since only one additional word of
memory is required for each additional sequencing cycle,
costs of microprogramed control stay low even as
complexity goes up. Crossover points for microprogram
advantage over random logic control is about 150
control cycles, or 100 ICs per control device.

TABLE 1
Comparison of available bipolar and mos rROMs
with SMS 4,096-bit device.
SMS 4,096-bit  1,024-bit  2,048-bit  4,096-bit
bipolar bipolar MOS MOS
Maximum
access 80ns 90ns 750ns 1,500ns
time
Typical
access 50ns 60ns 550ns 1,200ns*
time
Typical power
dissipation 125w 500w 82uw 70uw
per bit
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L

by-4 organization was also chosen because many
machines use less than 1,024 words of ROM and
therefore, by using readily available multiplexers, the
memory can be expanded in the word direction at
the expense of adding only a minor delay. Moreover,
active outputs for floating low impedances are em-
ployed, since the chip cannot be disabled.

The system implications of using bipolar ROM in
microprogramed control can be seen from the follow-
ing example. Suppose a device has an 8,192-bit con-
trol memory and the basic microcontrol with memory
occupies one pc card. Adding two 4,096-bit ROMs
would double the amount of control storage, in effect
doubling the control complexity. Thus if the control
portion of a small minicomputer contained about 50
ICs, two of which were ROMs, only a 4% increase
in the number of circuits would double the complexity
of the control portion of the system. The basic in-
struction set of such a device might contain all the
simple arithmetic, logic, branch, and input-output
instructions. And by adding still another 8,192 bits,
such instructions as variable length adds, search
and move instructions, and floating point arithmetic
could be easily made available.

A 4,096-bit ROM also opens the way to, say, a
$5,000 minicomputer with floating-point arithmetic,
and to highly sophisticated remote terminals. It
should be pointed out that this same type of control
could be implemented with MOS/LSI circuitry, but it
would only be practicable if it were to be built in
very high volume. In lower volume, microprograming
using ROMs is more economical.

The cost advantage of microprograming with a
4,096-bit ROM can be seen by comparing it with con-
ventional methods. Table 2 shows the direct cost of
putting a conventional 16-pin dual in-line package into
a system. (Actual numbers from large-scale system
manufacturers, including all manufacturing overheads,
control panels and cabinetry, frequently exceeds $2.00
per IC.) Assuming three gates per IC, the cost per
gate indicated by Table 2 averages 35¢. It is inter-
esting to note that even reducing the cost of the
ICs to zero does not produce a lower cost than 25¢
per gate.

Table 3 shows the cost of placing a 4,096-bit ROM

TABLE 2
Direct system cost of 16-pin DIP

IC .30
Incoming inspection .05
PC board (88-pin, 60-IC capacity) .25
Component insertion and fabrication .03
Board checkout .05
Connector .05
Capacitors .03
Wiring .07
Power supply ($1/watt) .10
Cabinetry/card guides/fans, etc. .10

$1.05
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in a microprogramed system. The point here is that
while the manufacturing cost of supporting a ROM in a
system is about $1.70 per circuit as opposed to 75¢
for a single IC, the ROM can replace numerous ICs.

Figure 2 indicates the dollars saved for each 4,096-
bit ROM employed. The plot, which uses the data in
Tables 2 and 3, shows that if eight bits of ROM can
replace one gate, then a 4,096-bit ROM, which will
then replace 512 gates, will save about $160 per ROM.
The lines labeled optimistic, pessimistic, and realistic
summarize discussion with system designers con-
cerning their estimates of how many bits replace a
gate. From a practical point of view the breakeven
points (where gates and ROM control cost are equal)
are about 36, 68, and 124 bits in order of decreasing
cost per bit, or well above designers’ estimates.

And while cost savings are important, micropro-
gramed control with a ROM provides the user with
some other advantages—namely, as shown in Table
4, savings in volume and power, which are of interest
to terminal and military systems designers.

These advantages were gained by combining a num-
ber of the latest improvements in bipolar processing
techniques. Included are the use of Schottky barrier
diodes without the usual gold-diffused impurities,
very thin epitaxial layer (3 microns), (100) crystal
orientation, high-frequency npn transistors with fr in
excess of 800 MHz, lateral and vertical pnp transistors,
and 3-inch wafers for fabrication.

The use of low-barrier Schottky diodes across the
transistor base-collector junction can reduce the effec-
tive storage time of the transistor to less than 1 ns.
If used on the multiple emitter input transistors of
T2L structures, the inverse hgg (static forward-current
transfer ratio) is reduced to an insignificant level. And
the usual disadvantage of the Schottky arrangement—
a somewhat larger area requirement, which normally
could amount to approximately 10% to 20% of the
transistor area in high-power transistors—is obviated
because the memory portion of the array, which takes
up the largest area of the die, operates at low power
and low current. The required area for such low-
power Schottky-clamped devices are only 5% to 10%
greater than for a transistor alone.

With Schottky barrier diodes, the use of gold dif-

TABLE 3
Cost of ROM in microprogramed system
1¢/bit 0.5¢/bit 0.25¢/bit

4,096-bit ROM 40.00 20.00 10.00
Incoming inspection .50 50 .50
PC card 25 .25 .25
Component insertion and
fabrication .03 .03 .03
Board checkout .15 .15 15
Connector .05 .05 .05
Wiring 12 12 12
Power supply ($1/watt) .50 .50 .50
Cabinetry/card guides/
fans, etc. .10 .10 .10

$41.70 $21.70 $11.70
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2. Saving bit by bit. From discussions with digital
system designers, data has been generated to detail
the magnitude of cost saving per 4,096 bits of ROM
employed. Estimated savings range from an optimistic
$160 to a pessimistic $50 per ROM.

fusion for storage time control is no longer required.
Gold reduces the current gain of transistors and in-
creases the resistivity of diffused and epitaxial layers
in an uncontrolled manner. This can have very ad-
verse cffects on complex product yields. In addition,
because Schottky diodes permit better resistivity con-
trol, a higher collector resistivity can be used, thereby
significantly reducing collector-base and isolation ca-
pacitances.

The very thin, 3-micron, epitaxial layer conserves
real estate and reduces isolation capacitance and
saturation resistance. Normally in integrated circuits
considerably thicker layers would be used because of
problems of back diffusion from the buried layer.
But the silane epitaxial process in a low-temperature,
vertical reactor minimizes this problem.

Using a starting material of (100) crystal orienta-
tion has two major advantages. First, it eliminates any
epitaxial pattern shift (getting a false image when
trying to align the isolation mask to the buried layer
pattern through the epitaxial layer). Second, it en-
hances the boron diffusion, thereby making it easier
to diffuse base and isolation with minimum back
diffusion of the buried layer.

Multiple-emitter transistors were chosen for their
high inherent speed. To achieve high bit density, npn
emitter followers were used rather than pnp types,
though the former present higher capacitances to the
driving and sense circuitry. With these elements the
basic cell size is 1.35 square mils, only slightly larger
than a comparable MOS cell.

Presenting approximately 20 picofarads of capaci-
tance to the sense and driver circuitry, emitter follow-
ers with 300-ohm impedances could be used for driv-
ing. Also used was switchable common mode logic
sense circuitry, in which four bits, one for each output,
are sensed at the same time (see Fig. 3). The sense
circuits operatec with small voltage swings on the
word and bit lines; this maintains tracking within a
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Bits per gate function

8 12 16
optimistic realistic pessimistic
DIPs saved 170 114 85
PC cards saved
(60 DIPs/board) 3 2 15
Power saved (watts) 128 85 64
Volume saved (cu. in.) 150 100 75
Cost savings
per 4.096.bit ROM $168 $119 $83
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3. Makes sense. In laying out the SMS 4,096-bit ROM,
sensing circuitry was used to sense four bits—one

for each output—at the same time. This keeps voltage
swings small and minimizes capacitance effects.

low temperature range, thus minimizing the effect
of the capacitance on these lines.

The use of lateral and vertical pnp transistors and
Schottky barrier diodes makes a convenient interface
with peripheral circuitry. Since pnps have their great-
est advantage as input structures, they yield input
currents in both the high and low state of under
15 microamperes over the full military temperature
range. This 0 input current level, nearly two orders
of magnitude lower than typical T?L circuits, is
important when driving a number of arrays bussed

together. O

Bibliography
M.V. Wilkes, “The Best Way to Design an Automatic Calculating Ma-

tigisne,” Manchester University Computer Inaugural Conference, p. 16,
1.

S.G. Tucker, “Microprogram Control for System 360, IBM Systems
Journal, Vol. 6, No. 4, p. 222, 1967.

M.V. Wilkes, “The Growth of Interest in Microprograming”, Computing
Surveys, Vol. 1, No. 3, p. 139, Sept. 1969.

R.F. Rosin, ““Contemporary Concepts of Microprograming and Emula-
tion,”" Computing Surveys, Vol. 1, No. 4, p. 167, Dec. 1969.

Samir S. Husson, ‘Microprograming Principles and Practices,” Pren-
tice Hall, 1970.

“Design of Microprogramable Systems,” Signetics Memory Systems
Application Note SMS 0052AN,

Electronics | March 15, 1971



Q. Who makes the only Inertial
Measurement Unit designed for
ARINC 571 requirements that’s

flying today?

A.Kearfott,of course.

And it’s no more than you’d ex-
pect from Kearfott—a pioneer
in developing inertial naviga-
tion systems for military and
aerospace programs.

The Kearfott KT-70 IMU
(SKI-2071) is now flying as part
of the ARINC 571 system in
the Lockheed L-1011 test-bed
program.

And it’'s now in production
—as one of a family of units
we’re producing at the rate of
over 70 per month.

The Kearfott IMU is the
major system element of the
Collins INS-60 inertial naviga-
tion system now being certified
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for the L-1011. It brings to the
commercial and general
aviation fields a proved com-
bination of high accuracy,
dependable operation and low
cost of acquisition and owner-
ship.

Ease of maintenance is
built into the modular Kearfott
IMU. The inertial cluster can be
removed in little more than 10
minutes. Access to and re-
placement of sensors—gyros
and accelerometers—is simple
and economical. And the elec-
tronic boards can be exposed
and separated by unplugging
from a common motherboard.

So when you’re evaluating
inertial navigation equipment,
ask yourself the only important
question:

Which IMU meets ARINC
571 requirements/ is presently
being certified/ and is in pro-
duction now?

There’s only one answer.
The Kearfott KT-70 IMU. For
full details write to Singer-
General Precision, Inc., Kear-
fott Division, 1150 McBride
Ave., Little Falls, New Jersey
07424,

SINGER

KEARFOTT DIVISION
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Proving out large pc boards:
which system is best for you?

There are two: the simple one compares a test board against a good unit,
the more complex approach uses a computer-controlled test sequence;
the right choice depends on the tradeoffs in your own situation

by William R. Johnson Jr., Honeywell information Systems, Framingham, Mass.

[] Plenty of attention is given to testing integrated
circuits before they’re put on printed circuit boards.
But testing the boards themselves should not be
neglected: they must be checked out for such work-
manship defects as solder bridges, unsoldered leads,
and shorted or open etches.

To assure subassembly reliability, the engineer can
choose between two test systems: comparison testers,
where the test board is compared with a good board,
and programed systems, in which a test sequence is
stored in computer memory along with the correspond-
ing outputs that should be expected from a good
board. Both methods have tradeoffs; the choice de-
pends on the number and variety of boards to be
tested, desired diagnostic and repair capability, and
time available to develop test programs.

Comparison testing is simple—all that's required
is to connect the two boards (one known to be good
and the one to be tested) to a random sequence
generator and watch the outputs. No programing
is necessary and hardware costs are low. However,
an inventory of good pc boards is required; this
could represent a substantial investment if many
different boards are to be tested. The test procedure
could also be time-consuming for complex networks.
And then there’s a basic limitation: outputs that
don’t agree do not offer much help in locating and
repairing the fault.

Programed testers, of course, require a program-
ing effort that’s proportional to the complexity of the
test sequence of inputs and the expected correspond-
ing outputs. However, since the designer controls the
test sequence, he can arrange the order of test so
that if one proves negative, a particular fault can
be isolated, and thus diagnosed. This greatly simplifies
repair. And with the prearranged test sequence, test-
ing time is considerably lower than in comparison
testers, so that if a large number of identical boards is
to be tested, the programing investment is justified.
Conversely, if only a few boards of several types
are to be tested, it probably would not pay to write
individual test programs for each type.

In comparison testing, only one input signal is
altered between consecutive tests; changing two in-
puts simultaneously at random could result in indeter-
minate states of storage elements. For example, in
the flip-flop and control circuitry shown in Fig. 1, the

flipflop is set or reset by applying a logic 0 to the
appropriate line. Suppose inputs 1 and 3 are at logic 1
and inputs 2 and 4 are at logic 0. If input 2 is changed
to logic 1, the flip-flop will be set. However, if inputs
2 and 4 are changed simultaneously, the output state
of the flip-flop is indeterminate: it could assume the
set or reset state.

When inputs are changed in a nearly random
fashion, all input combinations usually occur, on the
average, in 2"At seconds, where At is the time between
input changes and n is the maximum number of
interdependent inputs (those inputs that affect a
monitorable output). The number of interdependent
inputs is not necessarily equal to the total number
of inputs because separate logic networks may be
on the same board, and these could be tested simul-
taneously in the comparison method. In practice,
the test time must be longer than 2"At to assure
that all possible test conditions have been taken into
account. Some equipment makers recommend the
test time be 10 times longer, but three or four times
usually is adequate.

Thus, if n is 60 and At is 0.4 microsecond (2.5 mega-
hertz), then the tester should test the board for (3)
290 (0.4 ps) or 40,000 years. Obviously, n must be re-
duced. For example, in the circuit of Fig. 2a, a 5-
minute test time is required for the 20 interdependent
inputs. If the number of inputs were decreased to
10, by bringing points a and b out as test points,
the test time would be only 1.2 milliseconds.

As another example, consider gate A of Fig. 2b.
Four input combinations can be applied to the two
interdependent inputs of this gate (1 and 2). If all
three gates are considered as one unit, four inter-
dependent inputs and 16 input combinations are pos-
sible. But if test points are inserted at the output
gate’s two inputs, then the output gate could be
tested by applying four input patterns. The same
is true of the other two gates. Thus, all three gates
can be tested simultaneously; the number of inter-
dependent inputs has been reduced from four to
two, and the number of tests from 16 to four.
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