$1.00 A McGraw-Hill Publication

Op amps save money in active-filter design 82
Marrying MOS and bipolar integrated circuits 92
Bigger Federal budget for electronics 117

Electronics

ek oty
memeny
aiish

February 3,1969

V0 calculaters
- Fnerioire

..‘;;S;n
%6 136

T

- l-l wreve
do ia M\-. vhotu
-

1 sl °,3..'.S,°.;"£9
[4-T3 904YY 956554 IV




Get UTC's NEW 1969 Catalog—the quick-and-easy
locator for transformers and filters.

UTC’s 1969 Catalog is the most compre-
hensive in our history. Over 1350 stan-
dard parts, including audio, power and
pulse transformers, inductors, electric
wave filters, high Q inductors, magnetic
amplifiers, saturable reactors, and simi-
lar iron-core inductance devices. Many
of these new products are listed for the
first time.

Eighty-eight clear pages make it easy
to locate and specify the part you need:
product lines categorized, product selec-
tion guide for each line, engineering
specifications and applications, new

drawings, new curves, expanded charts.

Also included are: audio and power
application circuitry, plus a lucid digest
of the new MIL Specs (MIL-T-27C, MIL-
F-18327C, MIL-T-21038B).

The “special’’ you need is probably a
“‘standard”’ in the NEW UTC Catalog. All
items are immediately available from
your local distributor. For your copy of
the catalog contact: United Transformer

Company, Division
TRW

of TRW INC., 150
Varick Street, New
York, N.Y. 10013. uniTED TRANSFORMER COMPANY
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100 picoseconds
for 55¢.
That’s a switch.

You bet it is. Lowest price ever for

a hot carrier diode. Fastest switching
time available. And more. 70-volt
breakdown. Low turn-on of 410 mV
at 1 milliamp. Operating and storage
temps of —65°C to 200°C. Applica-
tions are up to you. Too many
possibilities to list here.

Trick is design. The HP 2800 Hot
Carrier Diode eliminates earlier cat

whisker technique. Low-costassembily.

Molybdnum barrier for high temp
operation. The best pn junction

features with hot carrier performance.

Impressed? Then switch to a hot
carrier diode for 55¢, in quantities
of 1000-4999. Cali your

local HP field engineer or write
Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des
Acacias, Geneva.

1814.A

HEWLETT hhe PACKARD

SOLID STATE DEVICES

8

Circle 1 on reader service card



The Incredible
Dodecameter...

Adds twelve programmable mea-
surement functions to your system.
You start with the basic dc unit and
add options to fityour 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 programmable.
This broad capability is contained in
a 3%2" 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-

+ Q7379

':- S430A MULTI-FUNCTION METER
peseaerd

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 m(Q 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.

(- 1]
-

o Ee |-

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, $3150; AC
Option 001, $1250; Ohms Option 002,
$400; Limit Test Option 003, $350;
Digital Output Option 004, $175;
Remote Control Option 005, $225;
Rear Input Terminal Option 006, $50.

09974

HEWLETT hp, PACKARD
b

DIGITAL VOLTMETERS
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Readers Comment

Monolithic IC patents
To the Editor:

Texas Instruments and Fairchild
are often—and justly—credited with
being the first to demonstrate the
commercial feasibility of mono-
lithic integrated circuits. However,
transistors and IC’s with metal-
over-oxide leads were first invented
by Associated Electrical Industries
Ltd. as a by-product of research
on microwave silicon diodes in
1957-58. The first known semicon-
ductor monolithic IC patent was in
1958 and was assigned to AEIL
Counterpart U.S. patents were ap-
plied for in 1959.

The British inventions used an
oxide of the semiconductor as an
insulating support for mask-de-
posited metal strips, hermetic pro-
tection of the sides of a p-n junction
by a refractory insulator, and epit-
axial deposition to reduce spread-
ing resistance.

William J. Scott
Chartered engineer
Rugby
England

No newcomer

To the Editor:

The article “Ground-station mar-
ket flies high” [Nov. 25, 1968, p.
105] erroneously says that Cana-
da’s RCA Victor Ltd. has just en-
tered the field.

RCA Victor Ltd. does communi-
cations satellite earth-station work
world-wide through RCA Space
Systems, which has a total tech-
nical work force of 250. RCA Space
Systems, headquartered in Mon-
treal, built Canada’s first earth sta-
tion at Mill Village, Nova Scotia,
and is now completing the second
carth station at this site. The In-
dian earth station at Poona repre-
sents the third earth station that
RCA Space Systems will have com-
pleted.

RCA Space Systems is also one
of the major world suppliers for
specialty subsystems for earth sta-
tions: the intricate antenna feed
system and the communications
subsystem. RCA has sold feed sys-
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Now from Sprague!

e

All the advantges o tantalum
in one LOW COST capacitor!

EPOXY-DIPPED TANTALEX® CAPACITORS...

For industrial, commercial, and entertain-
ment electronic applications where tantalum
capacitors were previously too expensive!

—{&Type 196D Solid-electrolyte Tantalum
Capacitors have special epoxy-dip coating
which keeps costs down without sacrifice
in dependability. Positively seals capacitor
section while providing excellent electrical
insulation. Protects against mechanical dam-
age in handling.

—{ & Radial lead design for plug-in mounting
on printed wiring boards. The .250” lead
spacing will fit standard .125" grids.

— &High stability—very little capacitance
change, even at outer limits of operating
temperature range.

—|~Low dissipation factor of these capaci-
tors permits higher ripple currents.

~|&~Meet environmental test conditions of
Military Specification MIL-C-266558B.

-{ ~ Prime capacitance and voltage ratings.
Based on rating popularity of other types
of solid tantalum capacitors.

~| & Designed for continuous operation at
temperatures from —55 C to +85C.

For complete technical data, write for Engineer-
ing Bulletin 3545 to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01247 .

Now available for fast delivery from your Sprague Industrial Distributor

SPRAGUE COMPONENTS

TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES |

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

45C-4138R2
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Circle 5 on reader service card 5



Need a
“bench buddy’’?

Get a Variac® adjustable
autotransformer

Circle 6 on reader service card

Every lab bench should have a source of
continuously adjustable ac voltage. Like a
Variac, for example. To be specific, the
new cased W8MT3 Variac or its metered
counterpart, the WBMT3VM., Both put ac
line voltage control conveniently on your
bench and at your fingertips.

Variac autotransformers are clean; unlike
SCR's, they do not achieve low voltage by
destroying waveform purity. A Variac
simply lowers the amplitude of the sine
wave and never adversely affects power
factor. A Variac can be quite cool about it
too; it transforms power instead of dissi-
pating it as useless heat. And, because a
Variac is clean, pure, and cool it has the
strength of ten . . . it can withstand a
short-time overload of as much as 1000%
above rating.

So if you're looking for a "'‘bench buddy''*
get one that's clean, pure, cool and has the
strength of ten . . . a Variac. It's the best
friend you can have alongside you at a
fab bench.

Specifications:

Input: 120 V, 50 to 60 Hz

Output: 0 to 140 V, 10A

Price: W8BMT3 Variac, $38.00; W8BMT3VM
Variac with voltmeter, $68.50.

*Do your voltage-control problems go beyond
the bench? Write for complete information.
We've got hundreds of models for thousands
of applications.

IMMEDIATE DELIVERY!

GENERAL RADIO

W. Concord, Massachusetts 01781
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Readers Comment

tems to Hughes Aircraft, Page
Communications Inc., and STS SpA,
Italy, and has furnished subsys-
tems for stations in Argentina, Aus-
tralia, Brazil, Morocco, Panama,
the Philippines, Thailand, and the
United States.

J.A. Collins
RCA Victor Ltd.
Montreal

Phosphide, not arsenide

To the Editor:

International Newsletter [Jan. 6,
p. 250] says, “Matsushita Research
Institute reports it has developed
light-emitting gallium arsenide
diodes with an external efficiency
of 2%.” We are using gallium
phosphide, not gallium arsenide.

T. Nijo
Matsushita Research Institute

Tokyo

Laser displays, continued

To the Editor:

Electronics Newsletter [Nov. 25,
1968, p. 33] says the military has
become “disenchanted” with laser
television displays as a result of
nearly two years of experiments
with a feasibility system developed
by Texas Instruments. You say the
military believes that the tech-
nology is “still too crude.” You
conclude by quoting a civilian Air
Force engineer as saying that the
system introduced by General Tele-

(= = e e e e e — e

phone & Electronics Laboratories
in November “suffers from the
same general technical problems”
as the TI system.

If the military is disenchanted
with the present technical ap-
proach to laser television displays,
we are not aware of it.

Furthermore, the GT&E system
does not “suffer from the same gen-
eral technical problems.” Our sev-
eral years of work in the laser dis-
play field causes us to believe that
the system has a number of advan-
tages that will enable us to refine it
ceven further in the future.

In this connection, I want to
make two points. First, the GT&E
experimental system uses only 0.4
watt to produce a 31-by-48-inch
picture of 20 footlamberts. A 1-watt
laser, which is well within the state
of the art today, would result in
a brightness of 50 footlamberts
for the same size screen. This is a
far cry from the 30 watts of laser
power you say is required for a
usable system. Second, the electro-
mechanical dual-polarization scan-
ning system that GT&E has devel-
oped provides an cxceptionally
stable raster with no scanning de-
fects. It is a practical system that
synchronizes within seconds, re-
quires little power, and suffers little
loss of light, since it is based on
mirror reflection.

I believe, therefore, that laser tv
systems are practical within to-
day’s technology.

Vernon J. Fowler
GT&E Laboratories
Bayside, N.Y.
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|
PUTTING
CURRENT-
LIMITER
DIODES
TO WORK

Problem: How to provide a linear
voltage sweep?

Solution: Provide a constant charg-
ing current to a capacitor ... with
a Siliconix CL diode.

NG
10v
l cL2210

I ot
INPUT l |

ouwul\J—\I- b
-

The FET switch is initially closed
with C charged to 410v. At t, a
—10v opens the FET switch. C dis-
charges linearly, due to the constant
current characteristic of the CL
diode. At t, the switch is closed; C
is again charged. Sweep time is de-
termined by the values of C and the
CL diode. Flyback time depends on
C and the FET switch Ryy. FET
switches are available with Ryy as
low as 5 ohms!

b

For immediate applications assist-
ance call the number below; ask for
extension 19.

‘Siliconix
incorporated

7740 W. Evelyn Ave. ®» Sunnyvale, CA 94086
Phone (408) 245-1000 ® TWX: 9710-339-9216

*Applications Power: A wide prod-
uct line and an in-depth applica-
tions team to help you over new
design hurdles.
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Our catalog sheet
says...

Got an applicati FAN
pplication

requiring large vol- £°[ { L. ]
umes of air to be i‘[ T o o |
delivered quietly, '/ |\ :L‘i,“"—"““‘

continuously, and 3’ IR J[—j
reliably? Thet' 1%“»’”“‘%\'
“Feather Fan” is w w e 200 7;0»0

AIR VOIUME  CFM

your answer. It
delivers up to 270 cfm at free deliv-
ery, measures 7” in diameter and
only 274" thick, weighs only 1.5
pounds, draws only 22 watts, and air-
flow is reversible by mounting on
either face. Made of temperature re-
sistant polycarbonate and available
in 25 colors. Send today for descrip-
tive catalog sheet, write to Rotron,
Inc., Woodstock, New York, N.Y. 12498.

ROTRON],

INCORPORATED
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Who's Who in this issue

Watson

Versatility highlights Chuck Near’s
career at Hewlett-Packard. He’s
co-holder of the patent on the read-
only memory that cnhances the
performance of the desk calculator
discussed in the article beginning
on page 70. Chuck also engineercd
the computer-controlled facility
that monitors the machine’s pro-
duction line, and he had a hand
in the design of the company’s
3440A digital voltmeter. Chuck’s
been with H-P since 1961, when he
received his BS in clectrical engi-
neering from Michigan State; he
also holds a master’s degree from
Stanford University.

Robert Watson, co-author of the
article, is a group leader at H-P’s
Loveland, Colo., facility and has
over-all responsibility for the new
desk calculator and related prod-
ucts. Also an eight-year man with
the company, he holds both a bach-
elor’s and a master’s degree from
the University of Utah.

Communications networks have
long interested Motorola’s Brent
Welling, who wrote the active fil-
ters article beginning on page 82.
Brent heads his company’s linear
IC and communications depart-
ment, which among other things is
doing computer-aided design work
on active filters incorporating op
amps. In his spare time, Brent
works on his master’s thesis, deal-
ing with digital frequency synthe-
sizers, at Arizona State.

Near

Another pride of British lions car-
ries on with Llectronics’ special re-
port on IC technology in England.
J.P. Flemming of Standard Tele-
communication Laboratories, who
wrote the electron beam article be-
ginning on page 82, works with in-
strumentation and display systems
for the technique. Similarly, the
specialized nature of the Gunn-ef-
fect article beginning on page 94
by Stuart Heeks and George King,
also of STL, belies their broad-
gauge cfforts. They've been study-
ing the physics of the phenomenon
almost as long as it’s been known,
and are concentrating on practical
device applications.

John Shannon of Mullard dis-
cusses on page 96 his company’s
joint ion-implantation venture with
the U K. Atomic Energy Authority.
He came to Mullard from Brunel
University, where he did research
in semiconductor plasmas. Shan-
non’s cfforts dovetail with those of
his AEA colleagues: James Stephen,
a solid slate veteran, and Harry
Freeman, who specializes in ma-
chine design.

David Burt of Associated Semi-
conductor Manufacturers details
his investigative effort to add bi-
polar transistors to MOS chips on
page 97. And Charles Sandbank
and Gordon Robertson of STL out-
linc their work on domain-origi-
nated functional IC’s in the con-
cluding article that begins on page
100.
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in a

70,000 UF

"X 993 case

(This is a standard rating.
Even higher capacitance values
are possible on special order.)

POWERLYTIC" CAPACITORS ARE PACKED WITH CAPACITANCE!

Improved Capacitance Capability

Type 36D aluminum electrolytic capacitors now
have as much as 60% more capacitance in a
given case size than previously available.

Higher Operating Temperature

Improved Powerlytic capacitors may now be
operated at 85 C.

High Ripple Current Capability

Ideal capacitors for use in ‘“‘brute-force” filter-
ing and pulse discharge applications. Single
capacitors are capable of handling up to 20
or maore amps rms at 25 C, 120 Hz.

(&
Wy b
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xa®
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Superior Seal and Safety Vent

Beaded aluminum canis crimped onto a rubber
gasket recessed in a rigid molded cover, pro-
viding an expected operating life in excess of
ten years. Pressure-type safety vent employs
silicone rubber for reliable, predictable release
of excess pressure.

Choice of Insulating Tubes, Terminal Styles

In addition to the standard bare case, Type
36D capacitors are available with a clear plastic
tube or with a Kraftboard tube. Tapped ter-
minals in two different heights, as well as solder
lug terminals are available.

For complete technical data, write for Engineering Bulletin
3431B to Technical Literature Service, Sprague Electric Co.,
35 Marshall Street, North Adams, Mass. 01247

SPRAGUE COMPONENTS

TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
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If you took all the
low input current
monolithic

op amps

in the world.
youd have our

M101A.102
and 107

R1
30K 2
Vn——AW INPUT
Vour
3
=3}
150pF
Power Bandwidth: 250KH;
Small Signal Bandwidth: 3 SMH; DIFFERENTIAL-INPUT INSTRUMENTATION
Slew Rate: 10V/ s AMPLIFIER
FAST SUMMING AMPLIFIER
R4
75K
o
R2* Vur
68M
>R3 D1
=5 ¥ .2
2
Voutr
Vin
Vin
Vour

Vour = 4.6V for

Vir S Vins Vur

Vour = OV for

Vur Vive Viror Vin>Vr

*Adjust for zero integrator drift.

INTEGRATOR WITH BIAS CURRENT
COMPENSATION DOUBLE-ENDED LIMIT DETECTOR
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Three of our Op Amps have input bias currents
untouched by anything else on the market. In
fact, you can even use them to replace FET
amplifiers.

With the LM102 Voltage Follower. 10 V) usec
slew rate couples with a maximum input bias
current of 20nA. guaranteed over full mil temp
range. The LM101 A is extremely versatile:
tailor its compensation to the application or
even use it as a voltage comparator. Its partner,
the LM107. is fully compensated and easiest to
use. Both have input bias currents less than
100nA. offset currents less than 20nA. and off set
voltages less than 3mV guaranteed over full mil
temp range. All are immediately available
off-the-shelf. Prices 100 piece quantities:

full mil types: LM101A @ §30.00. 1.M102 @
$15.00. and LM107 @ 833.00; instrumentation
types: LM201A @ 812.00. LM202 @ 86.00.
LM207 @ $13.00: commercial types: LM301A
@ 83.15. LM302 @ 83.00

Get the low down. National Semiconductor
Corporation. 2975 San Ysidro Way. Santa
Clara. California 95051 (-108) 215-1320
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Elastic interconnection.

Ten years ago Hughes started inventing
conductor systems that you could twist and
curve and tie in knots if you wanted to.

Not many people wanted to. They had to
see it work first.

Well, a series of Surveyors and a few
Phoenix Missiles proved that electrical intercon-
nection would never be the same again. Flexi-
bility eliminated too many wiring errors. It saved
too much space and weight and money.

The art of elasticity was underway at
Hughes.

Today flat conductor cable is known as
Contour™ Cable. And we have a whole division




devoted to it. Over 60 proprietary processes
have already been developed for various com-
mercial, military and space applications.

Today Hughes is the only place where you
can buy all three versions of flexible cable —
etched, collated and bulk assemblies.

We don’t place limits on imagination.

Regardless of the circuit problems, our
engineers seem to make a thing work.

The art has just started at Hughes.

Write Hughes Aircraft Company, G®
Connecting Devices, 500 Superior Avenue,
Newport Beach, California 92663. Phone (714)
548-0671. TWX (714) 642-1353. | iieure |
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The start of the art.LH

miins=

=

If it's happening in connectors,
it probably started at Hughe€



Most resistance decades, ah, fib a little.
Not ours. Our +0.01% is conservative
and usually means +0.005%.

DIAL-A-STAT: precision thumbwheet
dial-able true-decade resistance units.
The truth sayers, from 1 ohm to
11.11111 megohms. Two Series: for lab
use {DSI) and militarized (DSM).

All available in 3, 4, 5, 6 or 7 decades
with in-line numeric readout so that
only the resistance dialed shows up in
the readout. Low loss switches rated for
10° operations, make-before-break.

More truth: Two accuracies, +0.01% or
+0.025%, certified as traceable to NBS.
Stability: *0.0025% per year. Power:
3/4 watt per resistor; breakdown volt-
age 750 V, RMS. Over 45 models, avail-
able for the most part from stock.

Cost? Trifling for this much veracity:
$83 to $239 depending upon model,
number of decades and accuracy; f.o0.b.
Mt. Vernon, N.Y., domestic.

Seek truth. Buy a Dial-A-Stat.

General Resistance, Division of Chro-
netics. 500 Nuber Avenue, Mt. Vernon,
N.Y. (212) 292-1500. In Europe: 39
Rue Rothschild, Geneva, Switzerland
(022) 31 81 80.

GENERAL REGISTANCE
OIVISION OF CHRONETICS

Who's Who in electronics

Chapin

The full impact of Beckman Instru-
ment’s program to set up its Heli-
pot division in the cermet trimming
potentiometer business is only be-
ing felt today, cight years later.

Although the initial cermet im-
petus was for trimming potentiom-
eters, customers began to ask for
fixed resistors incorporating the
same stable materials. As a result,
Helipot engineers found them-
selves providing custom resistor
networks. Once the market poten-
tial became apparent, Helipot’s di-
vision manager, David McNeely, a
Beckman vice president, asked Les-
lie W. Chapin, 46, to set up a mi-
crocircuits operation.

On its own. That was two years
ago, and the growth has been swift.
The operation is now a separate
profit center within Ilelipot, with
Chapin as its manager.

Chapin says, “We expccted to
operate at a loss for a year, but
significant profits came after the
first ycar—cspecially after our
standard lines began to take hold.”
Those standard products, besides
passive ladder networks, include
hybrid thick-film voltage regulators,
power amplifiers, lamp and relay
drivers, and circuit protection de-
vices.

“We wanted to have 10% of the
hybrid and passive market within
our first five years,” Chapin as-
serts. “That market is between $90
million and $100 million a year
now.” With three years left on the
timetable, Chapin sces no reason
to alter the goal. He’s counting on
Helipot's cermet capability, plus
the circuit design expertise of some
key people he brought with him
from Beckman’s now-defunct Sys-
tems division.

“We're technology opportunists
in hybrid microcircuits,” he says.
“We take the best characteristics
of monolithic technology and use
them in multichip form to achieve
a certain function.

Special project. “In our standard
products,” he explains, “we look
for jobs with a lot of resistors,
some capacitors and pnp transis-
tors because this kind of circuitry
is difficult to do in monolithic
form.” A good example of techno-
logical opportunism is an analog-
to-digital converter undertaken as
a special task for a customer; even-
tually, that device will join the
standard line. It includes a metal
oxide semiconductor chip with
more than 200 components, two in-
tegrated circuit chips, a number of
discrete transistor chips, plus 32
precision resistors. “Here we've
married our resistor and analog de-
sign skills around the MOs chip,”
he adds.

An infant firm is betting its future
on ion implantation. The KEV Elec-
tronics Corp. is preparing to enter
a low-cost, small-profit, quantity
market for commercial varactor-
tuner diodes.

“Nearly half of Europe’s televi-
sion sets usc electronic (varactor)
tuning,” says William J. King, pres-
ident of the new Reading, Mass.,
firm, “and the idea is about to
catch on Stateside—we may have
arrived at just the right time.”

Price cut. “What this market
needs is a 13- to 20-cent varactor
with tight tracking tolerances for
usc in a-m, f-m, and tv tuners. If
it were available, the market could



SPECIAI DELIVERY!
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All the test equipment you need.
Fast service direct from Electro Rents
East or West Coast Facilities.

Keep projects moving. Electro Rents delivers everything you need,
certified in-calibration, NBS-traceabte, ready to plug in. No down-time.
All our equipment arrives functioning
up-to-spec. (In our Metrology

Labs expert technicians check out each
instrument before it's shipped.)
What’s more, while you’'re
renting, we take care of main-
tenance, repairs, replacements.
No project hold-ups, no

capital expense: good reasons
to rent from us. Need

more? Get our brochure.

Call, wire or write.

WEST COAST

(Main Office & Laboratories)
4131 Vanowen Place,

Burbank, Calif. 91504

Phone: (213) 843-3131

EAST COAST
(warehouse & Laboratories)

17 Park Place,

Paramus, New Jersey 07652

Phone: (201) 265-7500

Other locations: San Francisco,

San Diego, Albuquerque, Denver,
Phoenix, Dallas

Los Angeles: “Call TWX 910-498-2238"
San Francisco: ""Call TWX 910-338-0202"

-



Hemnemann’s gift
to the solid-state {
equipment designer:

All wrapped up in one neat little
package, here’s what you get:

o A device you can absolutely
count on to protect semiconductors
from transient and overvoltage
purncture.

e An overcurrent protector built
around Heinemann’s well-known
hydraulic-magnetic trip mechanism.

* The specd of semiconductor re-
sponse with the rcliability of elec-
tromechanical operation: transient
response in 500 nanoseconds;
equipment disconnect in as little as
10 milliscconds.

You get a lot of savings as part of
the JA/Q package, too. Savings in
design time. Screening. Testing.
Assembly. Calibration. Installation.

16 Circle 16 on reader service card

Thesc are the steps you’d have to
perform if you decided to build it
vourself. Instead of buying it
from us.

Obviously, 1t makes more sense
to buy it. We’ll sell you as many as
you want, with firing voltages from
hve to 50 VDC, and current ratings
to 10 amp. With substantial OEM
discounts.

And we’ll make you a present of
the savings.

For literaturc about the JA/Q
electronics protcctor, write for Bul-
letin 3370. Heinemann Electric
Company, 2600 Brunswick Pike,
Tl‘CIltOIl, N] 08602. 4161

<=>HEIiNEMANN

Who's Who in electronics

King

reach 20 million units a year. Quan-
tities now are nearly nothing, but
we hope to get the market going
in 1969,” he says.

What makes high-quality varac-
tors expensive?

For one, varactors made by dif-
fusion are difficult to match. To
get pairs or triplets that change
capacitance with applied voltage
to within 1% of each other, onc
must request computer matched
pairs and pay the appropriate
price. Even pairs matched to only
3% cost users up to $5.

King blames these differences on
variations in junction abruptness,
diffusion depth, and dopant homog-
eneity, which occur even on the
same wafer. “Properly applied, ion
implantation controls each of these
variations,” he says. “And we can
apply it properly.” He feels that
by year’s end KEV will be produc-
ing varactors with voltage capaci-
tance tracking within 1% of each
other and selling near his 20-cent
goal.

“We probably could have done
it three years ago,” he adds wist-
fully. At that time King and most
of KEV’s other employces worked
at the Ion Physics Corp., a subsid-
iary of High Voltage Enginecring,
King was a vice president and di-
rector of the Solid State division;
his new vice president, Thomas E.
Peterson, was then marketing man-
ager.

Out of the lab. Both men pushed
hard for commercial products, or
at least engineering development,
but Ion Physics was an R&D house
and its management was deter-
mined to keep it that way.
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Designed for Automated Insertion . . . TC 150 PPM/°C*
over entire resistance range of 10 ohms to 1 megohm!

The new Trimpot Model 3099 dual in-line cermet element
potentiometer has standard DIP construction with a TO-116
case. Today’s ever-accelerating computer industry requires
dual in-line components for socket or modern state-of-the-art
automated assembly. The Model 3099 utilizes this mounting
and is completely compatible with manual or automatic
insertion equipment.

Let us tell you the complete technical story on this newest
potentiometer innovation in the industry! For full details on
the Model 3099, please contact the factory, your local field
office or representative!

Model 3099 in standard 14 pin DIP socket.

* 100 PPM/°C available

Model 3099 is designed for use with DIP automatic insertion equipment.

BOURNS

BOURNS, INC,. TRIMPOT PRODUCTS DIVISION
1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507
714 684-1700 - TWX: 910 332-1252 . CABLE: BOURNSINC

TRIMPOT® AND PRECISION POTENTIOMETERS - MINIATURE RELAYS - RESISTORS - ELECTRONIC MODULES - TRANSFORMERS - INDUCTORS AND CERAMICS

Circle 17 on reader service card
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an hour than you can use in a month.

We can make any hybrid, in any quantity, using any
method: Thick film. Thin film. Thin film on silicon.
We can make them faster than anyone in the indus-
try. And deliver them quicker to anyone in the world.
We’ll take any functions you need and package them
any way you want. Qur list of hybrid components has

everything from a simple diode to a complex LSI array.

e B )
B4
:& Eﬂ:' e

L

For your less complex applications, we have a line
of off-the-shelf standard hybrids priced like discretes.
If this commitment makes sense in general, we’d

like to send you the whole story in detail. Our
brochure is called Fairchild Hybrid Microcircuits.
It can give you more ideas in an hour than

you could use in a year. Write for it. umm—
FAIRCHI

Fairchild Semiconductor/A Division of Fairchild Camera and Instrument Corporation//313 Fairchild Drive, Mountain View, Californis 94040 (415) 962-5011 TWX: 910-379-6435 SEMICONOUCTOR

Electronics | February 3, 1969
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MATCH YOUR CIRCUIT NEEDS EXACTLY
R /Oty WITH CLARE LONG-LIFE GLASS-ENCAPSULATED
in control RELAYS ... REED OR MERCURY-WETTED

You can meet advanced circuit requirements with long-life,
maintenance-free switching...and never compromise on
essential characteristics. Clare’s unequaled variety of prod-
ucts—mercury-wetted and reed-—provide the broad range
versatility you need. And you can choose your relays to fit
your cost considerations, too.

Design in multi-billion operation service life ... complete
input/output isolation . . . freedom from sequence disruption
and false operations due to electrical transients ... essential
standards of speed, sensitivity, and load. Select the contact
form you need—in the physical configuration that fits your
circuitry and packaging.

Choose from hundreds of models—superclean in construc-
tion...100% operation-tested for maximum reliability. In
design and in action, you can depend on Clare. .. without
question or compromise.

COMPROMISE

on sealed contact relays?

WHY?

Clare offers maximum choice!

20 Electronics | February 3, 1969



REED MERCURY-WETTED
CLAREED, MicroClareed, and the new Picoreed for Clare Mercury-Wetted Contact Relays for input an-
Relay industrial control, data logging and instrumentation, alog switching, output power conversion switching,
Types communication switching, ground control, and solid state input and output buffering. Low, con-
check-out systems. High speed : operate time as low stant contact resistance—no mechanical wear, ero-
as 0.5 ms. sion, or chatter.
t i . . e
aneral Pvl\‘;‘;?sg (:{::g::g s'lze; HGS—for fast switching, high sensitivity.
Switch ercury-yvetie ( Tl a2 Special models for low level, polar, and
High Voitage (standard size) al licati
Types MicroClareed (miniature) coaxial applications
. B HG —for heavier contact loads
Picoreed (subminiature)
Contact . o 1 & 2 Form C or D—up to 6 Form D for wired
Cor e A, B, and C with combinations up to 12 contacts B i
Contact
Load_ Low level to 15 va (ac or dc) Low level to 250 va
Capabil-
ities
Operate
1?. As low as 0.5 ms As low as 1.0 ms
ime
Sensitiv-
oy As low as 30 mw As low as 2 mw
For full specifications, circle -@u--' = For full specifications. circle
Reader Service Number 279 & Reader Service Number 280
Literature ... or ask Ciare for Clareed Bul- ~ ‘ ...or ask Clare for Bulletin 801
letin 951, MicroClareed Data : (wired assemblies), and Bulle-
Sheet 961, and Picoreed Data tin 802 (printed circuit board
Sheet 971—Write Group 2N9 — modeis)—Wirite Group 2N8

C. P. Clare & Co., Chicago, lllinois 60645

... and Worldwide

a GENERAL INSTRUMENT company -

C
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LARE SEALED CONTACT REED RELAYS
MERCURY-WETTED CONTACT RELAYS
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COAXIAL
ATTENUATORS
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¥ Series 210, 210A, and 530A
Attenuators employ the “lossy
line” principle. They are use-
ful in all applications requir-
ing isolation between RF com-
ponents and in the extension
of the ranges of power me-
ters. These attenuators can
also be used to produce a
known broadband mismatch
when terminated by a short,
and are useful in the calibra-
tion of directional-couplers,
antenna patterns, and in path
loss simulation.

SERIES
210 210A 530A
Freq. Range - 11 m

(GHz) 1-12.4 | 0.4-18 (0.4-12.4

Av. Pow. (W) 1-5 1-5 2-5

Peak Pow. (W)| 1-10 1-10 2-10
125t0 | 1.25t0 | 1.25to

Max. VSWR | '35 | 150 | 1.30

All three series are available
in standard nominal values
from 1 to 10 dB and 20 dB.
These rugged, high stability
pads have an extremely low
power and temperature co-
efficient. Full individualized
and guaranteed W calibration
data is supplied with each
attenuator.

Designers and
Manufacturers of Precision
Microwave Equipment

WEINSCHEL

Gaithersburg, Maryland

ENGINEERIﬁ
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Meetings

IEEE: More a classroom than a showcase

Every year the IEEE International
Convention tries to be all things
to all men but never quite succeeds.
This year is no exception, for while
the 52 sessions cover a broad spec-
trum, the meeting is still more of a
tutorial in state-of-the-art tech-
niques than a showcasc for new
technological developments.

When the five-day conference
opens March 24 in the New York
Hilton and the Coliseum, those in
attendance may have a hard time
deciding which of the five to seven
parallel sessions to attend. For ex-
ample, sessions during a single
morning include manufacturing
technology for microelectronics,
communications and computers,
the interdisciplinary nature of de-
sign, filters for nonspecialists, and
radiation damage and hardened de-
vice development.

Innovation. One new feature of
the conference will be a series of
sessions on microwave technology.
R.H. Jackson, manager of Tcxas
Instruments’ solid state phased
array radar program, dubbed
MERA, will discuss fabrication and
testing of large numbers of micro-
wave integrated circuits. Gene
Strull, manager of the Science and
Technology division of Westing-
house Electric, will then analyze
innovation in microwave integra-
tion.

The growth of information theory
in the 20 years since Claude E.
Shannon created the discipline will
be covered in papers presented by
Professors R. G. Gallagher of MIT
and A. J. Viterbi of UCLA. Viterbi
will assess the influence of infor-
mation theory on digital communi-
cations systems.

J.A. Copeland, supervisor of the
bulk-effects studies group at Bell
Labs, will present a paper on the
potential of semiconductors for
millimeter- or submillimeter-wave
generation. He will speak during
the session covering materials that
span infrared to microwave.

Thick and thin. The relative mer-
its of thick and thin films will
be compared in a session led by
RE. Thun, technical director of

the Industrial Components division
of Raytheon.

Other sessions will cover indus-
trial semiconductor devices, optical
and semiconductor memories, in-
strument-computer systems, the
use of LSI, medical electronics,
accoustic signal processing, and
computer-aided design.

For more information write J.M. Kinn, IEEE,
345 E. 47th Street, New York, N.Y. 10017.

Calendar

Tactical Missile Systems Meeting,
AlAA; Redstone Arsenal, Huntsville,
Ala., Feb. 10-12.

Transducer Conference (G-1ECI),
National Bureau of Standards; Twin
Bridges Marriott Hotel, Washington,
D.C., Feb. 10-11.

Symposium on Meteorological
Observations and Instrumentation,
American Meteorological Society;
Washington Hilton Hotel, Feb. 10-14.

Winter Convention on Aerospace and
Electronics Systems (Wincon), IEEE;
Biitmore Hotel, Los Angeles,

Feb. 11-13.

First National Conference on Electronics
in Medicine, Electronics, Medical World

News, and Modern Hospital Magazines;

Statler-Hilton Hotel, New York,

Feb. 14-15.

VTOL Systems Conference, AIAA,
American Helicopter Society; Georgia
Institute of Technology, Atlanta,
Feb. 17-19.

International Solid State Circuits
Conference, IEEE; University of
Pennsylvania and the Sheraton Hotel,
Philadelphia, Feb. 19-21.

West Coast Reliability Symposium,
Century Plaza Hotel, Beverly Hills,
Calif., Feb. 21.

Technological Influences on
Communications Conference, IEEE;
Washington Hilton Hotel, Washington,
D.C., Feb. 24-25.

Electric Propulsion Conference, AIAA;
Williamsburg, Va., March 3-5.

Particle Accelerator Conference, IEEE;
Shoreham Hotel, Washington,
March 5-7.

(Continued on p. 24)
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whatever directios Packaging—Advanced manufacturing capability covers virtually

f.n.'.. > . : = = 5z
cvery type and every configuration of resistive and/or capacitive

networks—single or dual in-line, as well as flat-packs, with or

without hernetic sealing.

‘ I e n B ra d Iey Characteristics— Exclusive and patented formulations enable A-B

to provide resistance values from 1 ohm to 5.0 megohm. Ratings to
' lc k fl | m n etwo rks 20 watts/in? at 85°C. Capacitance values from 10 pfd to 0.5 mfd
with voltage ratings to 50 volts. Applications include precision
tuned circuits.

Performance—Standard resistance tolerance *10%,. For critical
circuitry, tolerances to *0.1%, can be furnished—with resistances
and TC’s matched. Temperature coefficient less than 250 ppm in
all cases. Special units to 100 ppm or less. Load life stability of 1%,
in 10,000 hours can be achieved.

y Reliability — Allen-Bradley has precisc control over all
: ’_ . raw materials and manufactures all basic components—
P Ve glasses, organic materials, and substrates. Special
S 5 machines—designed and built by A-B—assure uniform
product quality—at a competitive price.
Timing — Allen-Bradley has unique in-plant
ceramic facilities. Prototype networks—with
or without holes—can bec prepared to meet
your specific needs. Quickly. Economically.

For more details, write Henry G. Rosenkranz,
Allen-Bradley Co., 1315 S. First St., Milwaukee,
Wis. 53204. In Canada: Allen-Bradley
Canada Ltd. Export Office: 630
Third Ave., New York, N. Y,
U.S.A. 10017.
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FOR CIRCUIT BOARD
PRODUCTION DRILLING

= Sustained torque and speed...
up to 100,080 RPM.

® Feeds...up to 15 feet/minute
without use of bushings.

m Hole location . . . spindie com-
patibfe with drilling systems to
provide hole-to-hole location
within plus-or-minus 0.0005”.

u Run-out . . . within 0.00027.

Air bearing supported
spindle for absolute in-
tegrity in spindle rota-
tion. Total freedom from
vibration...harmonic and
sonic. High frequency
electric motor drive with
balanced design, solid
state frequency convertor
for constant speed and
torque. Individual air
operated, self-feeding
units supplied as optional
equipment. Also avail-
able with air turbine
drive. Write for Catalog
AB68

THE METAL REMOVAL COMPANY

1859 West Columbia Avenue

« _Chicago, lllinois 60626

Piants located in CHICAGO / LOS ANGELES / SAN JUAN
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Meetings

(Continued from p. 22)

International Convention & Exhibition,
IEEE; Coliseum and Hilton Hotel,
New York, March 24-27.

Second International Laser Safety
Conference, Medical Center of the
University of Cincinnati; Stouffer's
Cincinnati Inn, March 24-25.

Semiconductor Device Research
Conference, IEEE; Munich, Germany,
March 24-27.

Conference on Lasers & Optoelec-
tronics, IEEE; Southampton, England,
March 25-27.

Symposium on Engineering Aspects
of Magnetohydrodynamics;
Massachusetts Institute of Technology,
Cambridge, Mass., March 26-28.

The Changing Interface: An IC
Systems Seminar,
Electronics/Management Center;
Park Sheraton Hotel, New York,
March 28.

Vibrations Conference, Association of
Mechanical Engineers; Philadelphia,
March 30-April 2.

Quality Control Conference,
University of Rochester;
Rochester, N.Y., April 1.

Numerical Control Society; Stouffer's
Motor Inn and Convention Center,
Cincinnati, April 1-3.

Mathematical Aspects of Electrical
Network Analysis, American
Mathematical Society; Providence,
R.1., April 2-3.

International Symposium on Computer
Processing in Communications.
Polytechnic Institute of Brooklyn;
Waldorf-Astoria Hotel, New York,

April 8-10.

Computer Aided Design Conference,
IEEE; University of Southampton,
England, April 15-18.

Joint Railroad Conference, IEEE;
Queen Elizabeth Hotel, Montreal,
April 15-16.

International Magnetics Conference
(Intermag), IEEE; RA! Building,
Amsterdam, Holland, April 15-18.

International Geoscience Electronics
Meeting, |IEEE; Twin Bridges Marriott
Hotel, Washington, April 16-18.

Conference on Switching Techniques

for Telecommunications Networks,
IEEE; London, April 21-25.

(Continued on p. 26)
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The advanced capabilits
developed from years of man
facturing Allen-Bradley Metal-€3§
resistors—are now applied to a B
line of resistor networks. This technolag
enables the production of complex resistive
" networks on a single substrate.

Allen- -Bradley’s exclusive simultaneous deposition
‘Toethod. is. used to obtain the best resistance tolerance
ard temperature coefficient matching. The reliability of
interconnections on the common resistance plane is incom-
sparable. Uniformity and quality are inherent in A-B networks.
" To/1llustrate, 2 PPM temperature tracking is normal.

A-B Metal-Grid networks offer a wide range’of values—with N\/ \/ ‘ /T-
>
<
)
!

Andividual resistances as low as 25 ohms and as‘high as 2.0
v megohms. Both the inductance and capacitance are low, per-
mitting efficient operation at high frequencies.

A-B engineers will be pleased to cooperate in developing ne
works for your specific need. For additional details, please write
Henry G. Rosenkranz, Allen-Bradley ‘Co., 1315 S. First Street, Mt
waukee, Wisconsin 53204. In Canada: Allen-Bradley Canada Ltd.
Export Office: 630 Third Avenue, New York, N. Y., U.S.A. 10017.

BRIEF SPECIFICATIONS
Resistor Networks Ladder Networks
Tolerances: +1.0% to +0.01% Full Scale Accuracy: 10 bits or less,

i o better than + 4 least significant bit. More
TppmnceiMalching : to.0.005% than 10 bits, better than + 1 least

Temperature Range: —65°C to significant bit.
+175°C Frequency Response: Less than
Temp. Coef.: to +5 ppm/°C 100 nanosecond rise time or settling ti
Load Life (Full load for 1000 hr Temp. Coef.: Less than 10 ppm/°C }
@ 125°C): 0.2% maximum change Temperature Range: —65°C to +175 QUALITY ELECTRONIC COMPONENTS
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Model MCD 1 shown actual size

This new photodiode coupled pair
offers the designer 5 ns rise and fall
times together with over 3,000 volts
isolation between input and output.
The IR emitter and companion de-
tector are optically coupled through
clear epoxy—as seen here. The unit
is then encased in opaque epoxy for

maximum dark resistance. It's ideal
for high speed isolated switching and
high voltage isolation

For additional information and
applications write or call Monsanto
Electronic Special Products, 10131
Bubb Road, Cupertino, Ca. 95014
(408) 257-2140.

Monsanto
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Meetings

(Continued from p. 24)

Conference and Exhibit, Temperature
Measurements Society; Hawthorne,
Calif., April 21-22,

Spring Meeting, United States
National Committee, International
Scientific Radio Union,

IEEE; Shoreham Hotel, Washington,
April 21-25.

Southwestern Conference & Exhibition,
IEEE; Convention & Exhibition Center,
San Antonio, April 23-25,

Electrical & Electronic Measurement
and Test Instrument Conference,
Instrumentation & Measurement
Symposium, IEEE; Skyline Hotel,
Ottawa, Canada, May 5-7.

Short courses

Electrical engineering refresher, Univer-
sity of Wisconsin, Madison; April 24-26;
$50 fee.

Modern applications of semiconductors,
University of California at Los Angeles;
May 5-16; $375 fee.

Semiconductor circuits, University of
Michigan, Ann Arbor; June 2-6; $225
fee.

Call for papers

Computer Science and Technology
Conference, University of Manchester
Institute of Science and Technology,
London; June 30-July 3. Feb. 24

is deadline for submission of
synopses to Conference Secretariat,
Institution of Electrical Engineers,
Savoy Place, London W.C. 2.

ACM National Conference & Exposition,
San Francisco, Aug. 26-28. March 3 is
deadline for submission of papers to
Dr. Ward Sangren, program committee
chairman, ACM 69, P.O. Box 2867,

San Francisco 94126.

Aviation & Space Conference,

Statler Hilton Hotel, New York,

June 30-July 2. March 3 is deadline for
submission of papers to Leo DeMarinis,
Grumman Aircraft Engineering Corp.,
Plant #5, Bethpage, N.Y. 11714.

Intemational Electronic Circuit Packag-
ing Symposium, Wescon; San Francisco,
Aug. 20-21. March 1 is deadline for
submission of abstracts to H.J. Scag-
nelli, chairman, IECPS Papers Selection
Committee, Wescon, 3600 Wilshire
Blvd., Los Angeles 90005.
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Cimron leapfrogs the DVM industry
—and there’s a reason!

A number of reasons, to be exact! The all-IC Model
6753 is the next generation in digital multimeters—
the lowest-priced autoranging instrument that will
read DC from 100 nanovolts to 1099.9 volts and DC
ratios. A fast-tracker, too—ideal for systems work. The
closed loop tracking logic continually samples output
at the rate of 14 readings a second, with accuracies of
*0.001%0 full scale +0.005% of reading. Like to
learn about automatic desensitization? repetitive
mode? out-of-range indication? Just ask how they can

help you. Important to you is the basic design, featur-
ing optional IC plug-ins to extend capability which
you can install yourself without technical service!
Options include a 4-range AC converter with 10
microvolt sensitivity, a 5-range ohms converter, re-
mote programmability, five print-out options. You
can’t beat the base price of $2990! Cimron’s cus-
tomer concern continues to provide what you really
need at the lowest possible price. Write Cimron,
Dept. C-122, 1152 Morena, San Diego, Calif. 92110.

(i)

CIMRON DIVISION

LEAR SIEGLER, INC.
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ADVANCE REGISTRATION

FIRST NATIONAL CONFERENCE ON ELECTRONICS IN MEDICINE
February 14-15 Statler-Hilton, New York, N.Y.

Registration Fee: $125

—_——
Name
Address
City State Zip
Hospital or Company Position

Please register the above for the ELECTRONICS IN

MepicINe Conference
___ Checkenclosed Send invoice

___ Mail an additional registration form with descriptive
brochure.

NOTE: Attendance will be limited and applications will be
handled on a first-come, first-served basis.

Make hotel reservations directly with the Statler-Hilton
before February 1. Identify yourself as an attendee of this
conference. A number of rooms are being held.

Mail registrations and make checks payable to:
FIRST NATIONAL CONFERENCE ON
ELECTRONICS IN MEDICINE

330 West 42nd Street, New York, N.Y.

Here's your chance to learn how electronics can help you care for
your patients and manage your practice. Tell the nation’s leading
electronics firms what you really need for diagnosis, therapy, and
monitoring. See the latest equipment demonstrated and critiqued.

FIRST NATIONAL CONFERENCE ON i =k QU
ELECTRONICS IN MEDICINE +Computrs o the mecia tean

» What are computers doing in medicine?

February 14-15 R
. g in the doctor’s office
STATLER-HILTON, NEW YORK|, N. Y , OHowt%communicate with the computer

o Small computers—new para-medical aids

Presehted by McGraw-Hill Publications:
ELECTRONICS / MEDICAL WORLO NEWS / MODERN HOSPITAL




Engineers:

ADVANCE REGISTRATION

FIRST NATIONAL CONFERENCE ON ELECTRONICS IN MEDICINE
February 14-15 Statler-Hilton, New York, N.Y.

Registration Fee: $125

Name

Address

City State Zip
Company Position

Please register the above for the ELECTRONICS IN
MeoiciNe Conference

___ Checkenclosed Send invoice

Mail an additional registration form with descriptive
brochure.

NOTE: Attendance will be limited and applications will be
handled on a first-come, first-served basis.

Make hotel reservations directly with the Statler-Hilton
before February 1. Identify yourself as an attendee of this
conference. A number of rooms are being held.

Mail registrations and make checks payable to:
FIRST NATIONAL CONFERENCE ON
ELECTRONICS IN MEDICINE

330 West 42nd Street, New York, N.Y.

Make the most of this opportunity to help close the communications
gap between medicine and electronics. Join the world's leading
physicians and medical specialists in bilateral discussions. Help
match their real needs to the dynamic capabilities of electronics.




Put a MICRO SWITCH
field man on your team
and you’ve got a whole army
of experts on your side.

Special switching problems?
MICRO SWITCH puts the largest
field organization in the industry at
your convenience. Our field engi-
neers are especially trained to work
on any aspect of your application
requirements; from proper switch
selection, including reliability and
quality/cost factors, to proper switch
installation and operation for maxi-
mum service.

When a field man tackles your
problem, he’s not working on it

alone. He is backed by a whole army
of experts at the factory with many
specialized talents.

For example, should you require a
switch design to meet highly sophis-
ticated specifications, he can tap the
know-how of our experienced de-
sign engineering department. At the
same time, he can dip into the world’s
largest selection of switches to find
the device that’s exactly suited to
your needs.

Similarly, our extensive R&D
facilities, advanced development

MICRO SWITCH

FREEPORT,ILLINOIS 61032

A DIVISION OF HONEYWELL

laboratories, and other engineering
departments are continually devel-
oping new data and concepts to pro-
vide the most up-to-date sources of
reference to serve you better.

Whatever your switching prob-
lem, large or small, call in the man
who’s experienced in problem solv-
ing . . .your MICRO SWITCH field
man. You can reach him easily
through a Branch Office or Author-
ized Distributor (Yellow Pages,
“Switches, Electric”).

NMONEYWELL INTERNATIONAL ¢ Salos and sarvice offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.
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Editorial comment

Federal budget has something for everyone...

Not great but good is the conclusion of one Wash-
ington analyst after study of the 1970 budget (sec
page 117 for Electronics’ comprehensive analysis).
Expert observers labeled it an “honest” budget,
one that cannot be criticized—as could some in the
past—for tricky accounting methods. For another
thing, the budget is not based on the assumption
that spending for the war in Vietnam will end on
day “X.” Nevertheless, the Defense Department
plans to taper off on spending for tactical inven-
tories and concentrate on such strategic items as
new ships, aircraft, and missiles. In the short run,
this may cut electronics and communications
spending by about $200 million. But there is still
plenty of electronics in the Pentagon budget, which
accounts for about half of Federal spending.

The civilian sector fared well in plans for elec-
tronics hardware and research spending. Most
agencies withstood the Budget Bureau’s critiqucs.
The Post Office is up for an additional $16 million

... but NASA is not rewarded

The drama and perfection of Apollo 8's moon-
girdling adventure seemed to inspire little, if any,
extra consideration by the Budget Bureau when it
came to revicwing NASA’s proposals for fiscal 1970.
When the burcau’s editing was finished, projects
representing nearly $1 billion were scattered on
the cutting-room floor. Among them were programs
involving a number of exploratory satellites. Also
reduced were funds for post-Apollo lunar explora-
tion and acronautics studies. Following the bu-
reau’s cuts, the Office of Science and Technology
restored some of the money, thereby re-injecting
important funds for post-Apollo applications, nu-
clear boosters, and earth resources satellites.

NASA had hoped to get a flying start on a Na-
tional Space Station and to gear up for longer
manned visits to the moon. But it got less than it
sought in both cases. With the Russians calling
the linked Soyuz 4 and 5 spacecraft “the world’s
first experimental space station,” the new Congress
may reconsider the cuts. As it stands today, how-
ever, NASA couldn’t even begin ordering hardware
for the space station until 1972 and could get it

Electronics | February 3, 1969

for research and engineering; some of this will be
spent by LTV Electrosystems Inc. to build an auto-
matic mail “factory.” The Agriculture Department
will spend $2.8 million to equip an airplane with
remote sensing devices such as infrared cameras
to measure, for example, the moisture in soil.

The FCC’s research budget is up to $2.7 million.
Most of that is earmarked for research in broad-
cast communications, frequency assignment and
management, and land-mobile radio. R&D funding
at the Environmental Science Services Administra-
tion is up a bit to $25.7 million. The money will
be used to study weather forecasting, flood pre-
diction, mapping, communications, and sensors for
satellites.

If any agency’s budget can be called austere, it’s
NASA’s. The agency’s original request for $4.7 bil-
lion was finally slashed to $3.87 billion. Even in
the face of the cuts, however, no particular group
at NASA seems to have been unfairly treated.

into orbit by 1975 only under ideal circumstances.
It had been hoped that a “rudimentary” station
could be placed in orbit during 1971.

NASA is looking hopefully to the new Adminis-
tration, of course, but the agency will have to
contend with sharp scrutiny. For example, the
grand tour (unmanned) to Jupiter, Pluto, Uranus,
and Neptune will cost at least $1 billion, and plan-
ning will have to begin now. But critics will ask
NASA to clearly define the rewards from such a
trip. Not to be overlooked is the fact that Robert
Scwnans, former deputy administrator of NASA,
will now, as Secretary of the Air Force, be scrutin-
izing any duplication between NASA and Air Force
projects.

On the bright side, V/STOL is scheduled for an
increase of $2.5 milliwn, huinan factors systems for
another $3.9 million, and nuclear rockets an addi-
tional $4.5 million. The Langley Research Center
will get money to build an aircraft noise abate-
ment laboratory, and the Electronics Research Cen-
ter is slated w get $8 million for a new computer
research and information facility. ®

31



Rogan control knobs. ..
tastefully complementary to your product

Modern in style .. . classical in appcarance—  Write today for new general color catalog or
that’s important in a knob. Attractive in see us in Sweets or Thomas register.

color ... versatile in performance—that’s

important in a knob, too. These and many QD q i )

more features are found in the number one

name in knobs—ROGAN-—Rogan Control BROTHERS, INC.

Knobs—knobs that add that “extra touch of 8019 N. Monticello Ave. Skokie, Illinois 60076

taste” to your product. Phone: (312) 6751233

Circle 32 on reader service card




Pentagon buying
to be reviewed...

. .. Packard may
be in hot seat...

... military edgy
over criticism

Competition grows
in time-sharing
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Pressure to hold down allegedly excessive war profits is going to become
intense even before the new Administration fully settles in. Pentagon
critics, both in and out of Congress, are gearing up for a prolonged
examination of procurement policies.

Critics can be expected to make good use of an unreleased Govern-
ment report [Electronics, Nov. 25 p. 66] that says the Pentagon has
been paying full, if not excessive, prices for heavily electronic systems
that don’t meet performance specifications. Reviewing 13 major weapons
systems costing $40 billion, the study says that only four, with a total
cost of $5 billion, met or exceeded specifications.

The report also looks into what it calls peculiar earnings of North
American Rockwell and General Dynamics. It says their profits exceed
the aerospace industry average—even though North American had four
programs whose failure rates were four times those specified. General
Dynamics built the unsuccessful F-111.

The confirmation of David Packard as Deputy Secretary of Defense
[Electronics, Jan. 20, p. 45] will mean that all future electronics procure-
ment—and not only equipment from Hewlett-Packard—will come under
closer Congressional scrutiny. Democrats, especially, will take a sharp
look at what they consider high costs and profits from the sales of elec-
tronic gear to the Government. They will probably say that Packard,
as an electronics expert, should be the one to correct such situations.

And the Pentagon appears worried that the long-time critic of its pro-
curement policies, Vice Admiral Hyman G. Rickover, may finally find
an audience in the Nixon Administration.

Evidence that the brass is getting edgy came shortly after the admiral’s
latest blast over what he considers excessive industry profits; the Penta-
gon apparently leaked a story about the admiral’'s own management
problems. The story, obviously a counterattack, was of how Rickover’s
pet project—the NR-1, a nuclear research submarine—was $70 million
over its original estimated cost of $30 million.

Rickover’s criticism came in recently released testimony from secret
hearings held by Congress’ Joint Economic Committee last November.

Two more of the Big Nine are joining General Electric, IBM, and a bushel
of smaller companies in providing time-sharing computer services.

Last week Honeywell established an Information Services division
in Minneapolis to offer batch-processing services and software as well as
time sharing. Honeywell tipped its hand two weeks ago when it intro-
duced a time-sharing system comprising one DDP-418 and two DDP-516
computers, peripheral gear, and a pile of software. All of the equipment
had been previously announced.

Meanwhile, the Control Data Corp., which has been in the service
bureau business for some time, is expected to announce this week the
completion of the last major link in a nationwide computer network.
This link is the company’s new 6600 computer, just installed in its New
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Honeywell gets pact
for DC-10 computer

LSI, CAD expert
to head Fairchild's
instrumentation unit

Lowell plans
to leave Autonetics

RCA may scrap
home facsimile plan

Addenda

Electronics Newsletter

York data center, It’s the seventh of these giants to be so installed; the
network ties all seven together, along with several smaller Control Data
computers and a large number of remote terminals. Several private
concerns, all with large computer installations of their own, are also
connected into the network.

Honeywell has won the contract for the digital air data computer for
the DC-10 airbus, according to reliable sources. This marks the first
switch by a commercial aircraft manufacturer from an electromechanical
analog machine, with its potentially unreliable moving parts, to an all
solid state digital unit.

A systems expert in large-scale integration and computer-aided design
has been named to head the Instrumentation division of Fairchild. He is
Robert J. Schreiner, who was manager of the custom arrays department
at Fairchild’s nearby Semiconductor division, and who reportedly had
been one of the severest critics of the Instrumentation division’s progress
on LSI test equipment. Semiconductor test equipment accounts for about
two-thirds of the division’s sales of $16 million to $18 million.

Arthur Lowell, the man who pushed Autonetics into the commercial
microelectronics world through its MOS technology, will leave the North
American Rockwell division within the next six months, probably to
form his own company. Lowell, director of Microelectronic Applications
and Advanced Products, has recently been beating the drums for Auto-
netics’ MOS and silicon-on-sapphire (SOS) capabilities in large-scale
integrated arrays.

Lowell believes the job he came to Autonetics almost four years ago
to do—putting the firm in the microelectronics business—is nearly com-
pleted. A 40,000-square-foot production facility for MOS and SOS arrays
is about to go on stream and “should be humming by the middle of next
month,” Lowell says. He would like to start a company to translate
advanced developments in the military communications and computer
fields into commercial products.

RCA is reportedly ready to scrap its experimental home facsimile news
system, Homefax, partly because it expects stiff competition from pay tv
operators when cable tv and over-the-air subscription tv operators start
originating programs in June. Homefax would have broadcast information
over the air to a printer in the subscriber’s home or office. It would have
used a“hitchhiking” technique, blending the facsimile and regular tv
signals without affecting the tv reception.

Monsanto, a major supplier of gallium arsenide, will soon jump into the
Gunn oscillator business. In addition to its materials research, it has been
heavily involved in microwave device development, some of it under
Government sponsorship, and is now ready to offer a commercial line. . . .
The Army is sponsoring a symposium on amorphous semiconductor
technology [Electronics, Nov. 25, 1968, p. 49] from May 14 to 16 at
New York’s Holiday Inn.
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These variable resistors and trimmers from
PEC are the tough guys. Tough electrically.
Tough mechanically. Actually exceed mil
specs. Designed to take it. Tested to prove it.

Insensitive to thermal shock and vibra- -
tion. PEC potentiometers are hot-molded by g |
an exclusive process incorporating resistive ( 4
element, insulator, and collector in a
rugged integral unit.

Heavy terminals, insulated support-
ing base and a bridging contactbrush
of honed carbon resist mechanical
damage, thus assuring circuit
integrity.

PEC’s new metal ceramic trim-
mers are made from a specially devel-
oped material guaranteeing excellent
temperature coefficient characteristics and
resetability. These multi-turn trimmers offer
infinite resolution and are tough enough to
stand extended cycling without degradation.

If you're meeting tough specs with prod-
ucts destined for a tough life...call on
PEC for tough guys to help.

From the passive Innovators

at PEC Ltd.

AN AFFILIATE OF JATRCO Speer Electronic Components

DREEISION ELECTRDRIE CONPINENTS 11D, camscurr of it rssrs sns e et

Bradford, Pa. 16701 (814) 362-5536; 19 Hafis Road, Toronto, Ontario (416) 241-4491



ELIMINATE DOWN-TIME ON
OTARY & THUMBWHEEL SWITCHES

and also get accurate, precise control

UNLIMITED CDI switches offer fast sure settings and quick read-out for computer,

APPLICATIONS automated and control equipment, and for test and program-
ming applications, etc.

QUICK Unique 5-second wafer replacement obsoletes other switches. Simply lift

SERVICEABILITY out old wafer, slip in new wafer. No unsoldering . . . no dis-

assembling . . . no wire removing.
EXTREME Regardless of size or shape needed CDI is well prepared to meet your
VERSATILITY every switch requirement.
THUMBWHEEL PUSHBUTTON ROTARY
SWITCHES SWITCHES

Digital and Binary. Meet MiL-S-22710. For
critical reliability applications. Available with
internal lighting MIL-L-25467A. Switch
modules with panel and switching elements
separately sealed for
complete protection
are available. Bezel
types have no visible
screws when rear
mounted.

Mid. under Tabet U. S. Patents 2,841,660, 2,971,066, 3,015,000, 2,956,131, 2,988,607

SWITCHES

Completely impervious to
dust and liquids with sealed
front panels on Series PSB
binary and decimal rotary
push button switches. Ten
Positions. tdeal for limited
space requiring only 1" panel
space per module. Simply
press button to operate

For critical reliability applications. Meet
MIL-S-22710. Removable wafers permit
quick changing of programs, configura-
tions, circuits. CDI patented switches with
dust covers available in sizes 2” x 27,
3” x 3" and 4” x 4" with lengths to accom-
modate up to 36 wafers. Operation may be
manual, motor or solenoid.

CHICAGO DYNAMIC INDUSTRIES, INC.

PRECISION PRODUCTS DIVISION 1725 Diversey Blvd., Chicago, lllinois 60614. Phone 312, 935-4600
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elipot
ouilding blocks
Stack up

to more
convenience

and economy.

Helipot's wide and expanding selection of standard
hybrid cermet microcircuits—locally stocked throughout
the country—give you reliable, inexpensive, off-the-shelf
solutions to your complex design problems. In addition,
Helipot building blocks help eliminate expensive design
time and reduce purchasing, stocking, and production

to their minimums. Whatever your need, you'l! be
interested in the new 48-page Helipot Microcircuits
Catalog. For your copy, simply send a
request on your company letterhead.

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION

2500 HARBOR BOULEVARD
FULLERTON, CALIFORNIA » 92634

INTERNATIONAL SUBSIDIARIES: AMSTERDAM, CAPE TOWN: GENEVA, GLENROTHES. SCOTLAND,
LONDON, MEXICO CITY. MUNICH, PARIS, STOCKHOLM; TOKYO, VIENNA
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MEASURE AMPLIFIER CROSSTALK
TO ONE NANOVOLT

Where amplifiers are in close proximity
in low level data processing systems,
the minimum detectable signal is fre-
quently limited by the crosstalk or mutual
interference generated. By using a Lock-
In Amplifier to measure crosstalk: (1) The
source of feed-through can often be iden-
tified since very low-level crosstalk can
be measured over a wide frequency range.
(2) Further extraneous signal coupling
errors are eliminated because no instru-
mentation other than the Lock-In Ampli-
fier is necessary. (3) Crosstalk levels as
small as one nanovolt can be detected.
(4) The phase of the crosstalk can be
identified.

Input
Termuinal Output

Input
Terminal

Rsource

A

[ 2] olw

En DC output proportignal to
Erer Eour interference level

IT° o O+

ito

LOCK—IN AMPLIFIER
USED FOR AMPLIFIER CROSSTALK MEASUREMENT

IMPROVE BRIDGE SENSITIVITY
TO ONE NANOVOLT (FS)

A Lock-In Amplifier improves bridge sen-
sitivity without over-driving the bridge
circuit. Excite the bridge with the Lock-
In Amplifier's internal oscillator and con-
nect the external null detector termina-
tion to the signal input to get: (1) Meas-
urements over frequencies of 1.5 Hz to
150 kHz. (2) Optimum noise figures using
available preamplifiers with input im-
pedances of several ohms to 100 meg-
ohms. (3) One nanovolt full-scale sensi-
tivity for improved null accuracy and
extremely low power dissipation in
critical circuits. (4) A dc signal propor-
tional to the off-null condition for use
in modifying bridge parameters or as
a recorder input. (5) Detection of in-
phase (resistive) and quadrature (reac-
tive) bridge components which can be
nulled independently (and simultaneous-
ly, if desired).

ISOLATION

— |

Control function shown
n shaded area

MONITOR OP AMP
SUMMING JUNCTION VOLTAGES
TO 10 NANOVOLTS

The open-loop gain of op amps can be
measured by monitoring the summing
point voltage while operating the am-
plifier in its normal closed-loop con-
figuration. The advantages of using a
Lock-in Amplifier to make these meas-
urements are: (1) Its self-contained os-
cillator serves as a signal source for the
op amp over a wide frequency range.
(2) Distortion and offset at the summing
junction are minimized by the Lock-In
Amplifier's high input impedance and
low noise. (3) Summing junction voltages
as low as 10 nanovolts can be meas-
ured and recorded to permit measure-
ment of extremely high open-loop gains.
(4) Phase shift can be measured.

4y

Eper i

LOCK- IN AMPLIFIER
USED AS BRIDGE OSCILLATOR/NULL DETECTOR

OP AMP OPEN-LOOP GAIN MEASUREMENTS
WITH LOCK - IN AMPLIFIER.




U.S. Reports

February 3, 1969

Silicon avalanche diodes amplify
at subharmonics of X-band frequency

Cornell research group predicts 70% efficiency from devices operated
in avalanche resonance pumped mode; high output power is expected

No matter what performance you
want from an amplifier, the onc
thing you try to avoid is oscillation.
But at Cornell University, a team
of researchers say that they have
come up with a device whose am-
plification modes depend on it
oscillating.

Using silicon avalanche diodes
that oscillate at what the Cornell
group calls the avalanche reson-
ance pumped frequency—usually in
X band—they have measured pulse
amplification at subharmonics of
the X-band frequency. This mode is
the same as the anomalous mode
reported by RCA [Llectronics, Jan.
20, p. 184] except that it uses the
subharmonic modes for oscillators,
whereas Cornell is concerned with
amplifiers.

Intrigued with the idea that
high-power, high-efficiency ampli-
fication for phased-array radar
could be obtained with this mode
of operation, Rome Air Develop-
ment Center supported Cornell’s
work. The Air Force could now en-
vision phased-array radars with
100 kilowatts of average power
using only 1,000 elements, with
little wasted power.

Cornell Professor Bernd Hoflin-
ger claims that using a diode
pumped at 10.4 gigahertz they have
achieved a small signal gain of 19
db and a high power gain of 12 db
for 6.5 watts output at an efficiency
of 25% at 1.3 Ghz; at 3.2 Ghz the
efficiency dropped to 15% for
about 4 watts out. And he claims
this is just the beginning.

Bright future. The Cornell re-
scarchers ran a computer program
to predict what could be expected
of this high-efficiency avalanche
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Promising contender. When used in a subharmonic mode, this silicon avalanche
diode can amplify microwave input signals with efficiencies up to 70%.

resonance pumped amplification
mode. The results showed that a
silicon avalanche diode when oper-
ated at an avalanche resonance
pumped frequency of 10 Ghz
would amplify signals at 5 Ghz—
the first subharmonic—with an effi-
ciency of 70%. And, regardless of
the subharmonic used, a power-
times-impedance product of 600
watt-ohims could be realized with
an efficiency of 50%.

According to Hofflinger, a con-
tinuous-wave output power of 100
watts could be achieved using a
diamond heat sink, and 10 watts
with a copper heat sink for an
efficiency of 50% at subharmonics
of 10 Ghz. He also claims that the
gain-bandwidth products should
be on the order of the amplifier’s
center frequency, and feels 5 watts
of c-w output power at 5 Ghz is

possible by the end of this year.
Even the most ambitious predic-
tions for transistor power ampli-
fiers don’t come close to that.
Test circuit. The measurements
were made on diodes placed at the
end of a tunable coaxial cavity. The
transit time frequency was moni-
tored by a sliding probe, a high-
pass filter, and a wavemeter. The
output of a c-w signal generator
was coupled to the microwave cav-
ity through one arm of a three-port
circulator; the amplified output was
obtained through the other circula-
tor port and measured with a wave-
meter and sampling oscilloscope.
The diode is biased on 60 times
every second for 400 nanoseconds.
When the diode in a properly
tuned cavity is in active break-
down, it oscillates at the transit-
time frequency, which depends on
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Projected view. Researchers at Cornell predict that the continuous-wave output
power of silicon avalanche diodes, operated in a subharmonic mode, should
exceed 100 watts at an efficiency of 50%. The output power for these silicon
diodes as a function of frequency is shown in color, and the power-impedance
product of germanium and silicon is plotted for the first subharmonic mode.
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the diode fabrication. It is then
that a reflection gain is noted at
subharmonics of the frequency. The
amplifier gain depends on the dif-
ference in impedance between the
circuit and the diode.

Sandwich making. In making
their diodes, the Cornell group ob-
tained an nt antimony-doped sili-
con substrate upon which an n
phosphorus-doped silicon epitax-
ial layer was grown. A boron
doped p* layer is then diffused
into the n epitaxial layer. This
three-layer mesa structure formed
the n*tnp+ diode. Molybdenum is
sputtered on the p* material and
a thin layer of gold is added to it.
This gold layer is then thermally
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compression-bonded to the gold
layer on the nickel flashed copper
stud.

Hofflinger says that Cornell has
its own diffusion capability and
will soon fabricate the complete
diode structure starting from a
commercial epitaxial layer of sili-
con.

Most of the remaining problems,
says Hofllinger, center on such
things as tolerances of the diffusion
epitaxial thickness, and the depth
and abruptness of the junction.
Also, he adds, to minimize the
diffusion of the n+ impurities of
the substrate material back into the
n epitaxial layer, the p* diffusion
step must be kept short.

Advanced technology

Color from‘the 1-VI's

Many engineers working on flat-
screen color displays figure that
the first practical models will be
made of light-emitting diode arrays.
But the diodes now available,
mostly III-V compounds, emit the
wrong wavelengths: a few emit a
deep red, but most operate in
the nonvisible. Although the flat-
screen color display may still be
years away, work by two former
Ion Physics Corp. researchers may
bring it closer. Edward F. Pollard
and Jerome L. Hartke, now of the
KEV Electronics Corp. of Reading,
Mass., have found a way to create
p-n junctions in the II-VI com-
pounds.

Diodes made of II-VI compounds
could cover the visible spectrum
with their emissions. Cadmium sul-
fide would emit yellow and green;
zinc teluride would generate green
and blue, and zinc selenide blue
and purple. Together with a red-
emitting III-V compound, an array
of such diodes could produce most
any color. However, until Pollard
and Hartke’s work the IL-VI's re-
sisted all attempts at p-n junction
formation, whether by diffusion,
melt, epitaxy, or ion implantation.
The two scientists don’t claim to
have made light emitters. But they
have made the II-VI's act electri-
cally like diodes—showing high re-
sistance in one direction and low
resistance in the other, or showing
low leakage (only about one micro-
ampere at 10 to 15 volts reverse
bias).

Why they succeeded where
others failed isn’t clear, even to
Pollard and Hartke, but they specu-
late that perhaps it was extra care.
Before implantation, each sample
was heat treated to establish its
resistivity. In one case, samples
were immersed in molten zinc at
1,000°C for 24 hours. “With
known resistivities,” says Pollard,
“later measurements were more
trustworthy.

“Afterward, we coated each sam-
ple with quartz, then bombarded
it through this ‘overcoat.” We used
arsenic and phosphorus ions to
create p-type areas in CdS and
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ZnSe—both normally n-type ma-
terials. Fluorine-ion bombardment
gave us n-type conversion of p-type
ZnTe,” he says. (For more on KEV
and its ion-implantation work, see
page 14.)

Reverse twist. Normally after
bombardment, the samples again
would have been heat treated. But
Pollard and Hartke bombarded the
sample at high temperatures of
several hundred degrces C in the
first place and “not only sped up
the implantation process,” says
Pollard, “but also made later heat-
ing unnecessary. This later heat
treatment may have destroyed
junctions created by earlier re-
searchers.”

After implantation the quartz
layer was removed, having pro-
tected the surface against sublima-
tion during bombardment and hav-
ing sealed it against contamination.
Formerly, surface contamination
had made measurements of hoped-
for diode characteristics ambig-
uous.

Work on the compounds has
been temporarily stalled. The ex-
periments were performed at Ion
Physics, a subsidiary of the High
Voltage Engineering Corp., Bur-
lington, Mass. And because Pollard
and Hartke have left Ion Physics,
the work probably won’t be con-
tinued there. The resecarchers now
are trying to use ion implantation
to make tuner varactors for radio
and television sets. As a result,
advanced research will have to wait
while Pollard and Hartke work on
the other cnd of the television
receiver.

Computers

Simulating MOS

When a circuit designer tries to
simulate an integrated circuit on
a computer as part of a computer-
aided design project, he often finds
it pretty tough going. His task re-
quires him to merge the talents of
several widely divergent dis-
ciplines. Programing, of course,
is the main requirement of a simu-
lation, but the programer re-
quires the knowledge of both a
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circuit engineer and a semiconduc-
tor engineer.

This is particularly true with
metal oxide semiconductor circuits.
The circuit designer’s familiarity
with resistance, capacitance, and
inductance isn’t enough; he must
concern himself with such semi-
conductor topics as carrier mobil-
ity, diffusion depths, and doping
concentration.

New program. RCA’s advanced
circuit technology department,
however, has an unusual person,
Albert Feller, whose background
spans all these areas. And he de-
veloped a computer program, now
in daily use at RCA, that simulates
MOS circuits. Feller says it’s the
only one that does, even though
many diverse circuit simulation
programs have been devised. The

Electronics Index of Activity
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program works with both p-chan-
nel circuits and complementary cir-
cuits, or those containing p- and
n-channel devices.

To use the program, the designer
loads the computer with circuit
parameters, such as threshold
levels, input and output signal
data, and component values. The
device’s operation is described in
a set of nonlinear differential equa-
tions, which the computer solves in
the conventional way by convert-
ing them to a larger set of linear
differential equations—each valid
over a small part of the total range
of the variables involved. These
linear equations are processed with
standard routines for numerical
integration, matrix inversion, and
the like. Feller borrowed these
routines from existing programs

February 3, 1969
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1966 1967 1968
Segment of Dec. Nov. Dec.
Industry 1968 1968* 1967
Consumer electronics . .. ... .. ... .. 98.4 105.7 102.9
Defense electronics .. .. .. ... .. .. 171.1 167.1 152.9
Industrial-commercial electronics . . . 128.9 127.4 121.2
TOTAL INDUSTRY . ... .. ... ... . .. 146.3 145.0 135.1

Electronics production in December rose only 1.3 index points from the
November level, but a whopping 11.2 points from a year earlier. The

largest gains were registered in the

defense area—4 points in the month

and 18.2 in the year. Output in the industrial-commercial sector climbed
1.5 points from November and 7.7 points from December 1968. The
consumer sector showed the only decline. Production in this area slipped
7.3 points from the month before and 4.5 from a year before.

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

period. Data is seasonally adjusted.
* Revised
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written for other purposes.

The output describes the per-
formance of the proposed MOS cir-
cuit—be it a simple logic block, a
flip-flop, or even a relatively com-
plex adder. Feller has even made
the simulation work with a 24-bit
dynamic shift register, although it
took a long time to run because of
the circuit’s complexity.

Shortcuts. Nothing in the pro-
gram limits the complexity of cir-
cuits it can analyze. Limits are
established only by the size of the
computer’s memory and by the
amount of time and monev the
designer has to spend on computer
simulation. With enough memory
and time the program could simu-
late an entire MOS computer.

Shortcuts have been taken to
minimize running time. For ex-
ample, leaving out decoupling cir-
cuits reduces the time drastically,
but has very little effect on the
circuit’s operation.,

Feller, who’s been with RCA since
1951, will describe the program at
the International Solid State Cir-
cuits Conference in Philadelphia
later this month.

Medical electronics

Prescribing Xerox

The marriage of xerography and
radiography isn’t new; it’s been
used to detect flaws in metal, for
example. Now the Xerox Corp. is
applying xeroradiography to detect
breast cancer in women. And al-
though company executives are
still cautious about the results, Dr.
John Wolfe, head of radiology at
Detroit’s Hutzel Hospital—where
the technique is being evaliated
—insists that there is no reason
“why xeroradiography can’t soon
replace couventional [photograph-
ic] mammography in the diagnosis
of breast disease.” \Wolfe points out
that xerographic mammograms are
easicr to read because diseased
areas stand out more distinctly
than they do on standard photo-
graphic X-ray plates.

The jury-rigged system bheing
used at Hutzel Hospital consists of
a standard X-ray machine and a
15-year-old Xerox recorder. Images
are made as they are in any xero-
radiographic recorder: a selenium-

coated plate receives a positive
electrostatic charge and then is
placed under the breast being
X-rayed. Radiation passes through
the breast and hits the plate, neu-
tralizing some of the charge; the
charge pattern on the plate is the
X-ray image. A negatively charged
powder is then sprayed on the
plate, and by pressure or electro-
static-transfer techniques the now-
visible image is transferred to a
sheet of paper or plastic.

Better view. Besides providing
better contrast, Wolfe points out,
“xeroradiography detects small
structures like tumor calcifications
and magnifics them more than con-
ventional film. I don’t know why
this happens, but it may have
something to do with the particle
size of the developing powder or
with the fact that the electric field
representing the structure may be
larger than the object. Whatever
the reason though, some structures
not visible on X-ray film because
of the size or their location in the
breast can be scen on the Xerox
mammograms.”

Wolfe notes that although statis-

Distinct image. Xerographic mammogram, left, clearly shows presence of a breast tumor, identified by the arrow; whereas
a conventional X-ray of the same breast, at right, is not as distinct.
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ALPAC.
onll

the, high current
bridge rectifier
that stacks up —

Performance
Packaging
Reliability
Price

This power bridge rectifier is designed to
out perform anything on the market. Years
of reliable performance, in on-the-line
operation, has proven the ALPAC concept.
ALPAC is a Semtech design.

ALPAC utilizes a functional aluminum
case to guarantee maximum thermal
conductivity and light weight — replacing
out-moded stud rectifiers and all the
miscellaneous hardware associated with it.

ALPAC is easy to use. The devices are
fitted with three way, universa! terminals
(insulated from the case) to minimize
production costs.

Internally, ALPAC utilizes the Semtech
high performance rectifiers — welded
together for mechanical strength.

Average Output Current . . . 25 amps
Peak Inverse Voltage . . . 50 to 600 Volts
Thermal Resistance (Max.) . .. 1.5°C/watt

If you want quality “designed in” you'll buy
ALPAC. . . another good idea from Semtech.

For immediate delivery see your representative:

San Francisco—941 E, Charleston, Suite 10, Palo
Alto, California 94303 / (415) 328-8025
Chicago—140 N. La Grange Road, La Grange,

1llinois 60525 / (312) 352-3227 / TWX: 910-683-1896
Dallas—402 Irving Bank Tower, Irving, Texas 75060
(214) 253-7644

New York—116-55 Queens Blvd,, Forest Hills,

New York 11375/(212) 263-3115/TWX: 710-582-2959
European Sales—Bourns A, G. Alpenstrasse 1,

Zug, Switzerland / (042) 4 82 72/73

SEMTECH

CORPORATION

652 Mitchell Road, Newbury Park, California 91320
(805) 498-2111, (213) 628-5392 / TWX: 910-336-1264

® ALPAC is a registered trade-mark of the Semtech Corporation.
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tically there has been only a slight
improvement in the diagnosis of
breast cancer—about 3%—along
with a 6% increase in the detection
of benign diseases, the technique’s
greatest value may be that those
not trained in the reading of X-ray
photographs can easily spot breast
diseases.

Xerox, although not yet officially
committed to building a commer-
cial version of the system, has al-
ready completed preliminary de-
signs for one.

Companies

To trim the giant

Pick an IBM area of activity—any
of the below—and detach it from
the rest; it’s the game of antitrust.
And it’s the same game the Jus-
tice Department challenged IBM to
play last month when it charged
in Federal Court that the corpora-
tion was too big and should be
trimmed down to a size where
small companies might have a
chance to get a bigger piece of the
lucrative data processing industry
action.

The suit surprised few in either
industry or Government, and per-
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haps least of all IBM. And in ret-
rospect, industry sources say IBM
really knew what it was doing
when it hired Nicholas deB. Katz-
enbach to be its general counsel,
who before he was Under Secretary
of State was Attorney General in
the Johnson Administration,

What was surprising, perhaps,
was that the Government, in its
brief, did not spell out its ideas on
how the corporate structure should
be modified to promote more com-
petition in the industry. The peti-
tion simply seeks to have IBM di-
vest properties and reorganize its
operations in whatever way the
court considers necessary. How-
ever, a top-level Justice official says
that the specifics will evolve as the
case proceeds.

If the suit fits. The Government’s
suit is the third of its kind to be
filed within the last two months
against the giant computer com-
pany. Both Control Data Corp. and
Data Processing Financial & Gen-
eral Corp. have gone to the courts
with private antitrust suits, asking
for triple damages because of the
company’s alleged monopolistic
practices. The Government’s su't
will probably aid these litigants by
compiling data that will be usable
in their cases. Harvey Goodman,
president of Data Processing indi-
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cated that while his firm would be
“watching with interest” the Gov-
ernment’s activities, the firm would
be in no way bound by any kind
of out of court settlement between
IBM and Justice. In fact, Goodman
says that Data Processing’s areas
of interest and the Government’s
are not identical and that he will
proceed regardless of what the
Government does.

Last minute. The timing of the
Government’s antitrust suit was be-
lieved to be politically motivated,
coming as it did on the last full
day of business before the Repub-
licans took over. But a Justice De-
partment spokesman noted that
outgoing Administrations often file
a suit in their waning hours. What
effect the suit will have on the
Nixon Administration is as yet un-
known.

Richard W. McLaren, the new
chief of the antitrust division, says
that the Republicans have always
had a good antitrust record and
that he expects them to have even
a better one at the close of his
tenurc. However, industry spokes-
men are of the opinion that the
Nixon Administration will certainly
be friendlier to industry than the
Democrats were and that this could
have an effect on the case.

The suit itself was filed under

Cut out. Threatened by Justice Department suit, IBM may have to divest itself of one or more of these operations.
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Take all the virtues of conventional Gaus-
sian or Bessel filters . . . add monolithic
construction . . . and you have the new
Damon line of Monolithic Gaussian Crystal
Filters. They're smaller, more reliable, and
less costly than previous designs. And
they're the ideal filters for minimum delay
distortion in FM, non-overshooting pulse
response in radar systems, and reduced
ringing in swept-frequency applications.

The Damon Model 6354MA, for example,
is a four-pole design housed in a cold-
welded TO-8 enclosure. Specifications:
Center frequency (f.): 10.7 MHz. 3-db band-
width: 2.5 KHz, 40-db bandwidth: 17.5 KHz
max. Source impedance: 500 ohms resis-
tive. Load resistance: 2 kilohms resistive.
Insertion loss: 9-db max. Impulse response:
Gaussian shape, ringing >35-db down.
Package: TO-8 (.580” dia. x .260” high).

Whatever your signal shaping needs . . .
from a Gaussian curve to a sharp rejection
notch . .. relv on the form-factor specialists
at Damon. Write: Electronics Div., Damon
Engineering, Inc.,115 Fourth Ave., Needham,
Mass. 02194, or call (617) 449-0800.
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High
Voltage
Rectifiers

dlE T

New!
From Varo.

Silicon Rectifiers At Selenium Prices!

At last, economical high voltage silicon
rectifiers. Ideal for use in all high voltage,
low current applications.

* 5,000-40.000 Voits

* 5. 10. 25 milliamp ratings

* Standard and Fast Recovery

¢ In ¥4” square package.

These are the high voltage rectifiers that
make completely solid state television
circuits possible. Equally well suited for
use in other cathode ray tube applica-
tions, electrostatic power supplies and
voltage multipliers,

Only $1.32

10.000V, SmA rating. Quantity of 1,000.
Complete details, applications, and price
list available.

VARO

SEMICONDUCTOR DIVISION
2203 WALNUT STREET, GARLAND, TEXAS 75040
(214) 272-3561

46 Circle 46 on reader service card

U.S. Reports

section 2 of the Sherman Act—the
antimonopoly statute. In it the Jus-
tice Department is not charging
that IBM got in its monopolistic
position through unlawful means,
but rather that the company has
maintained that position by using
business techniques that are un-
lawful because of the position it
has achieved.

Specifically the complaint alleges
that beginning about eight years
ago IBM attempted, successfully,
to monopolize the digital computer
business and that IBM’s marketing
policy has prevented the develop-
ment or growth of competition in
the following ways:

* Pricing hardware, software,
and related support services in a
lump sum—something competitors
are unable to do.

» Marketing “loss leader” com-
puters at less than the expected
rate of return whenever competi-
tion threatened.

* Unlawfully dominating the ed-
ucational computer market—impor-
tant for growth because of its im-
pact on ultimate purchasing deci-
sions.

If the courts go along with the
Justice Department, IBM will be
forced to stop lump-sum pricing of
its computer and computer ser-
vices; to stop offering special al-
lowances, buy-backs of computer
time, or research grants in the sale
or lease of any of its general pur-
pose digital machines, and to stop
announcing the development of
new computer software or hard-
ware until all the equipment has
proceeded through the usual test-
ing processes.

Although it will be months and
perhaps years before the effects of
the suits will be measurable, anti-
trust experts are making the follow-
ing predictions.

* IBM will be forced to relin-
quish some of its properties and
stop some of its business practices.

¥ Jts time-sharing and software
operations are the most vulnerable
to court enforced divestment.

* The suit will never go to trial,
but will be ended in a consent de-
cree—an agreement between the
Government and the company
specifying certain changes nceded
to comply with the law.

= 1BM will nevertheless continue
to grow and dominate the computer
business.

» The private antitrust suits now
pending will be settled out of court
and for a nominal amount.

Industry reaction, both here and
abroad, has been mixed. In Eng-
land, for example, where IBM’s
share of the computer market is
about 30%, the industry opinion is
that whatever the outcome of the
suit, the consequences on the Brit-
ish computer market will be neg-
ligible. In France, where IBM holds
about 65% of the market, the reac-
tion is that, if anything, breaking
up IBM would work to the detri-
ment of the present market, In fact
the fear among French industry of-
ficials is that a lot of little IBM’s
might be more aggressive and more
supple in their management once
the fear of antitrust action has been
removed. The only companies that
would benefit, were 1BM knocked
down to size, would be other U.S.
firms, like Honeywell, that are try-
ing to make inroads in the French
market.

In the U.S., where estimates of
IBM’s share of the market run as
high as 80%, skeptics doubt that
the courts or the Government will
make any real changes in the com-
pany’s market position. Says one
source, “I don’t think anything will
happen; IBM will get slapped on
the wrist, and perhaps sign a con-
sent decree.” But Max Palevsky,
president of Scientific Data Sys-
tems, says, “It looks like the Gov-
ernment is asking IBM to stop do-
ing things the industry has been
asking them to stop for some time
now—not to pre-sell computers, and
not to grant very large discounts
to special customers—and it’s about
time!”

Avionics

Go it alone

For search and rescue operations
far offshore a Coast Guard heli-
copter pilot needs a navigator to
tell him where he is, but to put a
navigator aboard to monitor navi-
gation equipment would consume
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Ash Amperex
jor the most reliable’

~ 74N TTLs
in the business.

- AMPEREX
DESCRIPTION ULTRA RELIABLE
IDENTICAL TYPE

FaHTa1

SN 7401N FaH231
Quadruple 2-i Nor Gate
Triple 3-input Nand Gate  rawer |
Dual 4-input Nand Gate
Single 8-input Nand Gate

SN 7440N Dual 4-input Nand Buffer FJH141
. SN 7450N Dual And-Or-Not Gate Expandable FJH151
SN745IN | Duat And-Or-Not Gate FJH161
Single And-Or-Not Gate Expandable FJH171
Single And-Or-Not Gate FJH181
Dual 4-input Expander
i FLIP-FLOPS
Single J-K Flip-Flop
Single J-K M/S Flip-Flop FJJ111
Dual J-K /S Fip-Fiop
Dual D Latch Flip-Flop FJJ131
Dual J-K M/S Flip-Flop with P and C FJJ191
HIGHER OROER FUNCTIONS
BCD-Decimal Decoder/Driver
SN 7475N Quadruple Bistable Latch FJJ181
§ SN 7490N Decade Counter FJJ141
SN 7492N Divide-by-'[welve Counter FJJ251

4-Bit Binary Counter FJJ211
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COST
AUTOMATION
takes

many

forms

Our MP Repeat Cycle Timers inex-
pensively control up to 12 SPDT, 10
amp 120 VAC circuits from a com-
mon time base. Catalog 15 explains
this and 560 other forms of low-cost
automation. Send for it.

Eagle Signal Division
E.W. Bliss Company
Davenport, lowa. 52803

A GULF + WESTERN COMPANY

Service-In-Depth...
Local Engineering, Stock, Repair
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precious weight and space. Conse-
quently, a helicopter has to be es-
corted by an airplane whose navi-
gator gives the pilot his position
fixes, making search and rescue a
complicated operation.

Last month, however, the Coast
Guard began operating three heli-
conters equipped with a program-
able navigational computer that
monitors such inputs as Loran, Ta-
can, or other data and displays di-
rection information for the pilot.
It will take a pilot from takeoff
to 300 miles offshore, lead him
through an intricate search pattern
and return him to base. All the pi-
lot must do is steer the craft [Elec-
tronics, Sept. 5, 1966, p. 105].

En route data. During the flight,
the pilot punches a control con-
sole, and a display tells him vari-
ous information: latitude and longi-
tude, wind characteristics, range
and bearing to destination, esti-
mated time and distance en route,
and ground speed and track angle.
Also he can follow his flight path
by watching a lighted “bug” (rep-
resenting the copter) under a map
display, which is essentially an
x-y plotter run by the computer.

Heart of the system is a multi-
ple-sensor digital converter that
rapidly solves trigonometric equa-
tions based on a spherical approxi-
mation of the earth’s shape. By us-
ing input from the craft’s avionics
system sensors the computer com-
pares the actual position against
the mathematical model. Among
the inputs the computer can use
are Loran A, C, and D, doppler
radar, gyroscope magnetic heading,
visual omnirange, and Tacan equip-
ment. This means that a helicopter
pilot can fly overland, too, without
depending on landmarks for his
position.

Conversion of the sensors’ ana-
log signals to digital information
for computer use is handled by a
Maddam unit (multiplexed analog
to digital, digital to analog multi-
plexed). This unit processes all in-
put and output signals through one
hard-wired converter that is time-
shared among the various sensors.
Four standard search and rescue
patterns are also hard-wired into
the computer memory.

The long wait. Work on the com-

puter began in 1962 when the Fed-
eral Aviation Administration and
the Coast Guard agreed to jointly
investigate development of a hy-
perbolic coordinate converter that
would use time differences to au-
tomatically compute geographic
positions expressed in longitude
and latitude. The Coast Guard con-
tinued breadboard work and let a
production contract to the Instru-
ment division of Lear Siegler for
30 of the AN/AYN-1 units, as it is
now christened. The system that
evolved weighs 70 pounds, 30 over
target.

The Coast Guard, accustomed to
buying in on the end of Pentagon
equipment contracts, had to wait
for the AN/AYN-1. Lear Siegler
used it for ITT’s AN/ARN-92 Loran
C/D navigation system on the Air
Force’s B-52’s and B-58’s. The
Coast Guard didn’t mind the delay,
however, since it helped lower the
price to an attractive $40,000 each.
Because the versatile computer can
also be used on a variety of air-
planes, the Coast Guard is consid-
ering buving some for its C-130’s.

The Coast Guard is thinking
about other uses for it, also. Since
not all of the computer memory is
used, the Service believes that a
unified avionics and control com-
puter could be developed for the
helicopter. This would lead to sin-
gle-stick piloting, now a two-
handed job.

19 clues

Ever since the in-flight recorder
was introduced in the mid-1950’s
it has been an invaluable tool for
determining the cause of aircraft
accidents and has, subsequently,
played an important role in pre-
venting other accidents. Now the
Federal Aviation Administration
feels it is time to move on to more
sophisticated recorders. The FAA
has proposed that in the interests
of air safety 14 additional variables
be added to the five that are cur-
rently recorded in aircraft.

In general, the new recorded data
would provide information on an
airplane’s altitude, response to
aerodynamic forces, flight control
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Can you spare less than
one gram to solve your

MIL-STD-704 surge
protection problems?

| ' /
r i\,ll \/fﬁv
/

Unitrode’s tiny 6 watt zener
absorbs input energy transients
up to 1000 watts for 1 microsecond.

= 350 watt surge capacity is 600% more than conventional
10 watt . . . 35% more than a 50 watt.

. . 1/10th of a conventional
1/20th of a conventional 50 watt.

s Weighs less than 1 gram .

10 watt . . .
= Available in 10 watt rating, stud mounted.
= 6.8 to 100 volit range » low leakage current.

s Electrical characteristics remain stable throughout
life, exceeding the environmental requirements of

MIL-S-19500. .@ .
=

better get yourself a
complete set of specs.

580 Pleasant St., Watertown, Mass. 02172 (617) 926-0404

UNITROD

And so will Because it is So. ..
this one . . . built like this

This one won't
do it

But this
one will,

This one won't
do it, either . .

JL on the inside.

Hard glass fused

. [ to silicon surface

\"‘ —

?
!.

n
.
uah Size

i |
Actusl Sue £

10 WATT
UNITRODE

Actual Sue

10 WATT
CONVENTIONAL

6 WATT

50 WATT CONVENTIONAL  UNITRODE
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Terminal pins
metallurgically
bonded directly
to silicon

Check off the reply
card number now
or call
Dave Green COLLECT
at (617) 926-0404

SEE US AT THE IEEE SHOW
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LOW

COST
AUTOMATION
takes
many

forms

EAGLE control relays last longer!

There are over 8000 models in our
catalog RGC-1, ready to prove their
superiority in ydur application. See

them all. Send for your copy.

Eagle| Signal Division

E.W. Bliss Company
Davenpornt, lowa 52803
A GULF +|WESTERN COMPANY

‘Service-In-Depth...
Local Engineering and Stock
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U.S. Reports

Present information

Proposed additions

Time Angle of attack
Heading Pitch attitude
Altitude Pitch rate
Vertical acceleration Roll attitude
Air speed Roll rate
Yaw attitude
Yaw rate

Pitch trim position

Control column or pitch control
surface position

Control wheel or lateral control

More
in-flight
data

position

devices

surface position
Rudder pedal or yaw control surface

Thrust being developed by each engine
Positions of appropriate high-lift

Ambient air temperature

surface positions, and engine per-
formance. Also, the FAA has pro-
posed that the new recorders con-
tain an underwater locator that
would go into operation when the
recorder is submerged. Ironically,
the FAA does not require locator
beacons for crashed aircraft [Elec-
tronics, Jan. 20, p. 62].

Summer target. Although the
new recorder is still a proposal,
there is little doubt that the FAA
will approve it. As it now stands,
comments on the proposal can be
made to the agency between now
and April 18, and after that it will
consider the comments and act on
the proposal. According to an FAA
official, the proposal could become
a rule as early as next summer.

If the regulation is approved,
the recorders would be required on
aircraft built three years from now,
and existing aircraft would have to
be retrofitted within five. The
FAA’s timetable is based on the
assumption that the equipment
needed can be designed, approved,
and produced within two years.
There would be basically two types
of equipment: completely new
equipment for new aircraft and a
“package” of new equipment that
could be attached to existing flight
recorders.

Priceless. The FAA has neither a
prototype nor a breadboard of the
new recorder, but says an official:
“We have given this a lot of

thought and talked with all the
major manufacturers of recorders.
Advances in recent years in sen-
sors, recording techniques and
read-out have convinced us that
all the elements needed for the new
recorder are available. The major
job to be done is putting all this
together in one package and we're
sure that manufacturers can do
this.”

Even though there is no doubt
that a rule requiring a better re-
corder would be a boon to recorder
manufacturers and their electronics
suppliers, the FAA will not even
hazard a guess as to the demand
for or the cost of the recorder.

Government

No money basically

Two days before the release of the
fiscal 1970 Federal budget, the Na-
tional Science Foundation issued a
report entitled Technology in Ret-
rospect and Critical Events in Sci-
ence. The budget and the report,
when weighed against one another,
yield an important message: the
United States is undermining in-
vention and discovery in the future
by holding back on funds for “non-
mission,” or basic, research.
Taken alone, the report, prepared
for the foundation by NIT Research
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: H an error rate of 1 x 108, we’ve yet to drop a
Ground station capacity omgte bit with HDDR.
in a portable recorder! The new 3500 is ideal for field use. Rigid

construction permits operation in such rugge ‘ <

Our new MTR-3500 should start a environmental conditions as 10g—11ms 145,
revolution in the hinterlands. It not only sine shock, 10g rms random vibration, and
records 2.4 billion bits of digital data 259 acceleration. It’'s compact (8.6” x 9.5” x \
but does so with virtually no errors. Using 20”), and weighs only 54 Ibs. Best of all, the
a unique new design technique called new MTR-3500 with HDDR is available now.

For more complete information write Leach
Corporation, Controls Division, Department E,

“ I.EAGH 717 North Coney Ave., Azusa, k
" Calif. 91702. (213) 334-8211. L ¢

High Density Digital Recording (
patent pending), the 3500 pac
per track inch on 2400 feet of
14-track tape. And aithough we

&
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New plug-in Cycl-Flex 2 & 3 digit to-
tally solid state I/C counters. 100%o
accurate. Up to 1200 counts per min-
ute. Available in higher count rates.
Easy-to-set thumb wheels.

Get Catalog 15, describing these
and 560 other forms of low-cost auto-
mation.

Eagle Signal Division
E.W.Bliss Company
Davenport, lowa 52803

A GULF + WESTERN COMPANY

Service-in-Depth...
Local Engineering, Stock, Repair
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U.S. Reports

Institute, takes five important re-
cent discoveries and traces their
origins. The five discoveries are
magnetic ferrites, the video tape
recorder, the electron miscroscope,
the technique of matrix isolation,
and the oral contraceptive pill. As
its major conclusion the report
states, “Nonmission research pro-
vided the origins from which sci-
ence and technology could advance
towards innovations which lay
ahead.” It further predicts: “Inno-
vations for the next generations de-
pend on today’s nonmission re-
search.”

Key events. Each of the five dis-
coveries is carefully charted back
to its origin as a nonmission proj-
ect—ranging from the pill’s origin
in the 1920’s to the genesis of the
electron microscope in the 1860’s.
An inverted pyramid is used to il-
lustrate each discovery—beginning
with a broad base of discoveries
which narrow down to the specific
discovery in the present era. One
particularly pertinent graph in the
report illustrates how industry de-
pends on university and Govern-
ment labs for discoveries. The
chart describes the distribution of
the key events in the five discov-
eries as follows:

2
- O
e = >
- @ = -
o= a2 17}
29 8 3
s © s © ©
Dd Z =
Nonmission .. 76% 14 10
Mission-oriented
research . . .31% 15 54
Development and
application . ... .. 7% 10 83

In the fiscal 1970 budget request,
funds for basic research in various
agencies are either held to the same
general levels as in the last few
years or are lower than they were
in the fiscal 1969 budget. Federal
basic research funds have becn
held to about the same level for
the last five years (after a marked
period of growth) and the future
looks even bleaker.

Ivan Bennett, acting head of the
President’s Office of Science and
Technology, warned the research
and development community dur-
ing the last week of the Johnson
Administration that it will get less
funding in the future.

“If you want to apply an infla-
tion factor, we’re spending 16% to
20% less than we did in 1966,” he
said.

The squeeze. While it is all but
impossible to pull out a basic re-
search budget across all agency
lines—since many requests combine
basic and applied research as well
as development—it is easy to see
graphic examples of how basic re-
search is being hit.

» Last year Congress knocked
out a National Institutes of Health
request for 600 research training
grants. In fiscal 1970, only a dozen
grants are being requested.

» Grants to be offered by the
National Science Foundation are
shifting away from nonmission to
applied and “socially relevant”
areas.

» Nonmission research in every
category but one has been reduced
for the AEC.

The situation looks even bleaker
when one realizes that basic re-
search was heavily hit by Con-
gressional cutting last year, and
there’s evidence lo suggest that
the same thing will happen again,

Rep. Emilio Q. Daddario (D,
Conn.) suggests the research and
development is whipping boy of
cach Congressional economy move.
In short, the National Science
Foundation report, when coupled
with the budget message for re-
search, portends badly for technol-
ogy and discovery.

For the record

Unicon ordered. The Precision
Instrument Co. of Palo Alto. Calif,,
has announced the first order for
its Unicon laser mass-memory sys-
tem, which will have a computer
on-line storage capacity of a trillion
bits [Electronics, March 18, 1968,
p. 50]. The Pan American Petro-
leum Corp. of Tulsa will receive
the system in 1970 for use with an
IBM 360 model 65 or 75; these com-
puters, however, can’t handle the
system’s retrieval rate of two mega-
bits per second. The price of the
Unicon hasn’t been announced, but
the company says a “typical” sys-
tem will cost between $500,000 and
$1 million.
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mpenter steel

1S
NOW

CARPENTER
@ECH TECHNOLOGY corrPORATION

Carpenter Technology Corporation is a new organization
established to provide the expanded technological
capabilities necessary to meet growing industries’ needs
for specialized materials. Our Steel Division will continue

to provide the full line of Carpenter specialty steels including
stainless steels, tool steels, high temperature alloys,
electronic alloys and other special-purpose alloys.

We don’t care whether you call us Carpenter Technology,
Carpenter, or CarTech, as long as you call us when you
need a specialty steel with improved reliability in fabrication
and service. Qur phone numbers have not changed.
Carpenter Technology Corporation, Reading, Pa. 19603.
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We made TTL half as big. And
half as big is twice as good.

We had an idea you weren’t getting all you could from T°L. If it were
smaller we knew it would be better. And we figured we could make
it smaller.

So we added a few circuit improvements, reduced our active chip
area over 50%, and turned the problem over to our production line.
The result is Ray III. With no increase in power and far less
parasitic capacitance, it’s the fastest T°L available. Flip flops toggle
up to 100 MHz . Gate propagation delay is only 5%, nsec maximum.
Improved transfer characteristics and input clamp diodes guarantee

more noise immunity than before. And it’s in production now.
All because we had an idea how to squeeze the fat out of a
T°L chip .. .and delivered!

Samples available from distributors:
RG 3220/3222 Quad 2-Input NAND Gate. RF 3200/3202 AND-Input JK Flip Flop. RF 3210/ 3212 OR-Input JK Flip Flop.
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A
VSPERRY RAND

PACT reduces
losses 30% for

C band microstrip
ferrite phase
shifters

One of the latest successes scored by Sperry’s PACT (Progress
in Advanced Component Technology) program is a marked im-
provement in loss performance of C band microstrip ferrite
phase shifters. Non-reciprocal, latching devices in external loop
configuration show an improvement in loss characteristics from
3 db to 2 db for 360° shift.

C BAND, NON-RECIPROCAL FERRITE
PHASE SHIFTER IN TEST FIXTURE

PACT engineers attacked the problem of improving ferrite
planar phase shifter performance by concentrating on two
troublesome areas: substrate materials selection and optimum
configuration of the microstrip circuitry.

The search for materials was aimed at optimizing and con-
trolling the material characteristics, thus minimizing loss and
maximizing phase shift. It led eventually to the selection of
aluminum-doped YIG as the most promising material. Circuitry
investigations were directed toward maximizing the rf coupling
to the ferrite substrate. Meanderlines have been one of the most
promising approaches.

SIPERRY

MICROWAVE ELECTRONICS DIVISION

CLEARWATER, FLORIDA
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MICROWAVE IC
PROGRESS
REPORT *6
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C BAND RECIPROCAL FERRITE PHASE SHIFTER
IN TEST FIXTURE

To optimize circuitry configurations, PACT personnel used
calculations based on established filter theory for meanderline
designs. Complexity of these calculations led to the establish-
ment of a special computer program. The computer not only
optimized configurations — it also generated large economies
in design time and expense. As a resuit of the computer opera-
tions PACT people were able to increase line-to-line coupling of
their devices and effect a considerable loss reduction.
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TYPICAL PERFORMANCE OF PACT-DEVELOPED
PHASE SHIFTERS

The results of this program have been applied to both recip-
rocal and non-reciprocal devices. They are also expected to
speed Sperry's progress toward commercially available micro-
wave integrated circuits.

To get more information about PACT progress in phase
shifters and other areas of microwave IC technology for your
application, contact your Cain & Co. representative or write
Sperry Microwave Electronics Division, Sperry Rand Corpora-
tion, Clearwater, Fla.

For faster microwave progress,
make a PACT with people
who know microwaves.
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U.S. wants bidding
on punch-card rentals

Army in market
for big copters

Approval nears
for domestic satellite

Project Themis
to add 50 programs

Electronics | February 3, 1969

Washington Newsletter

February 3, 1969

As if IBM doesn’t have enough troubles with the Justice Department,
the General Services Administration is trying to open its leasing of IBM-
made punch-card machinery to bids on a multiagency basis. Up to now,
the only competition between IBM and independent leasing firms
occurred when individual Government agencies contracted for the
equipment.

The GSA is now inviting about 50 leasing firms, all with IBM card
punchers, to submit bids for equipment used by all agencies. The annual
rental comes to about $37 million. This bidding hasn’t been done before,
say GSA officials, because up to now only IBM could provide the large
quantities needed by the Government. There is still a possibility that the
contract will be split between several suppliers if substantial savings can
be made.

A GSA official expressed regrets that IBM is the only maker of the
equipment, but added: “Different leasing companies figure profits differ-
ently—so we may be able to make a savings even though it’s all the
same equipment.” Bids will be open Feb. 10, but there is a chance the
deadline will be extended.

Watch for two new large-helicopter programs to take off during fiscal
1970. One is a new aerial crane that would carry only basic electronics.
But the other, a Utility Tactical Transport Aircraft System to replace
the venerable and overworked Bell Iroquois, could provide additional
platforms for Teledyne’s Integrated Helicopter Avionics System.

The Iroquois replacement is just at the contract definition stage, but
production timing may be fast, because the Army wants to cut Iroquois
production money by three-quarters in the new budget.

There’s a good chance that 1969 will be the year for approval of the pilot
domestic communications satellite for the United States. Three major
clues point in this direction: Federal Communications Commission chair-
man Rosel Hyde publicly stated that a decision of some sort must be
made this year, and he noted that a decision should have been made last
year; the FCC has just announced it is proposing to authorize satellite
broadcasting in the 470-806 megahertz band, a proposal that is already
opposed by the National Association of Broadcasters on grounds that it
is “precipitate and premature;” and the final report of the President’s
Task Force on Communication Policy will recomimend that the satellite
system be launched by Comsat.

Comsat has been waiting since early 1967 for a go-ahead. [Electronics,
Oct. 2, 1967, p. 52] The project has been shelved since then for several
reasons, among them opposition from the Ford Foundation and the NAB,
plus a decision to wait until the President’s Task Force completed its

work.

Pentagon-sponsored academic research is in line for a big boost under
the 1970 budget. During the next two years, the Pentagon wants to add
50 projects to Project Themis, the program that scatters R&D seed money
across smaller college campuses—most of them engineering schools—
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Air Force trying
for F-106X again

Minority job gap
in L.A. aerospace
studied by EEOC

Addendum

Washington Newsletter

in an effort to improve the quality of research in this country.

This will bring the total number of Themis programs to 150. The
Pentagon had hoped to have 200 programs in operation by 1971, but
budget cuts for fiscal 1969 slowed the project. The 1970 budget has $33
million allocated for Themis, an increase of $5 million over the 1969
appropriation.

In addition, the Pentagon wants $96 million, compared with $89 mil-
lion for the current year, for academic research in the physical sciences.
It also wants $50 million, compared with $45 million, for research in
nuclear weapons effects, which probably includes a number of radiation
hardening projects.

The Air Force and Congress appear to be on a collision course again
over what plane should be the interceptor for the Airborne Warning and
Control System (AWACS), and it appears the legislators will get their
way. The Air Force wants to develop an advanced F-106 because that,
say the generals, would be quicker and cheaper. But Congress thinks
the 12-year-old plane is too old; last year it rejected a $28 million request
and strongly suggested a new plane. Insisting that the F-106X is still
the better choice, however, the Air Force now wants $18.5 million for
the X version in the new budget.

Chances are Congress won’t buy the F-106X this time around either,
which means that time is running out for the old fighter. If the X is shot
down by Congress, the Aerospace Defense Command would need a
new plane. One expensive possibility is Lockheed’s F-12.

Even if the choice of an interceptor should be delayed still further,
AWACS itself shouldn’t be thrown off schedule because of problems
that already exist in the land and airborne radar portions of the program.

The U.S. Equal Employment Opportunity Commission will hold hearings
in Los Angeles next month on minority employment practices of the aero-
space industry. The Commission wants to find out why the aerospace
industry hires a smaller percentage of Negroes and Mexican-Americans
than other industries in the area.

In addition to hearing from companies with few employees from these
minority groups, the Commission will hear “success stories” of a few
firms which “provide equal employment opportunities on a wide scale.”
Research by the Commission reveals that more than half the L.A. aero-
space firms have no black executives and more than one-third have no
Mexican-American executives, while only about 2% of engineers and
white-collar workers are members of these minority groups.

The FCC might call formal hearings, as requested by the Justice Depart-
ment, to work out details of who may provide foreign attachments to
the telephone network. Meanwhile, the FCC’s common carrier bureau
is going ahead with plans for informal industry-government conferences
on AT&T’s new tariffs regarding foreign attachments and interconnec-
tions. . . . The Army is quietly working on a helicopter avionics and
control system called Tags (Tactical Aircraft Guidance System), that
would allow one-stick operation of choppers. Involved in development
are AC Electronics, Boeing’s Vertol division, Lockheed, MIT, and a
Canadian company.

Electronics | February 3, 1969



New precision de power supplies
with 0.1% + 1ImV aceuracy $345°

on METER

IPEIISEJ] POWER SUPPLY MODEL QHS 40-.5

IPOWER SUPPLIES ®AYINEGN COMPANY NORWALK, CONN

CUR. LIMIT

0.©

The QHS Series is composed of three instruments, each
having: « direct voltage programming to 6 digits = 11,V
resolution * 0.1% + 1mV calibration accuracy = con-
stant voltage regulation of 1ppm + 30,V for 20% line
voltage fluctuations * constant voltage regulation
of S5ppm + 50,V for 100% load changes
100uV p-p ripple (10Hz—500kHz) « 10ppm
+ 100,V stability for 8 hours * reset-
ability of 30ppm or 200,V optional
overvoltage protection « 250 hour fac-
tory pre-aging.

The QHS 20-1 (0-20 Vdc @ 1A), QHS 40-.5 (0-40 Vdc @
.5A) and QHS 100-.2 (0-100Vdc @ .2A) are available for
immediate delivery in a 3%2” x8%a” x 123%” modular
package suitable for rack mounting.

For more information contact your local Sorensen
representative or; Raytheon Company, Soren-
sen Operation, Richards Avenue, Nor-

walk, Connecticut 06856.

Tel: 203-838-6571;
TWX: 710-468-2940; @
TELEX: 96-5953
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Discrete
Semiconductors.

As of November 30, you

had 67866 standard types
to choose from

S wm— S—

Doy N M ey

*World-wide figure courtesy D.A.T.A. Inc.
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It’s high time somebody
made your choice easier and safer

Somebody has.

Let’s face it: there are just too
many types of semiconductor de-
vices to choose from today...and
that can make your choice both
difficult and hazardous.

Many “standards’ no longer are.
Many are in limited production
and, consequently, are high-priced
—you may settle on a $3.00 device
when a 30¢ one would do. Many
are not readily available —under-
standable, with 67,866 types in-
volved, but small consolation when
you have to accept slow delivery.
Many have been made obsolete by
newer, low-cost devices with better
performance characteristics.

To give you a lot more assurance
in your device choices, we’ve come
up with a bold, new concept. We
call it our Preferred Semiconduc-
tor line, and it will pay off for you
in simplified selection, faster deliv-
ery, lower costs, less inventory and
reduced testing.

By preferred we mean customer
preferred. After months of com-
puterized demand analysis, we’ve
zeroed in on 285 highly popular
types that meet the vast majority
of semiconductor requirements.
These are the workhorses.

* All are in wide use today, known
and proven.

¢ All are in volume production, and
that spells low prices.

« All are readily available from
TI distributors and factory
stocks, so you can count on
prompt delivery.

* All are recommended for either
present or new designs.

These advantages make it worth
your while to consider TI Prefer-
red Semiconductors first for your
new designs or system redesigns.
You may still decide that you need
a tailor-made device, or a more ob-
scure standard. If so, we already
make over 1500 other standard

types and some 13,000 specials
which may meet your needs. If
not, we’ll make more. But the place
to start is TI’s Preferred line.

We’ve made it easy for you with
a new Preferred Semiconductor
and Components catalog. It con-
tains detailed specs on all 285
types —small signal and power
transistors, both germanium and
silicon; diodes, thyristors, rectifi-
ers, regulators, light sensors and
resistors. All are indexed by both
type number and application.
There’s a numerical listing to our
full line of 1800-plus standards and
an extensive cross-reference guide
to products of other manufac-
turers. Application ideas are in-
cluded, too. This could prove to be
the most helpful semiconductor
catalog you’ve ever used.

You can get a copy simply by ask-
ing. Ask your TI sales engineer.
Ask your TI distributor. Or write
us on your company letterhead or
on the back of your business card:
Texas Instruments, PO Box 5012,
MS 308, Dallas, Texas 75222.
Do it today; after all, ®
isn’t it high time you be- %?\
gan bucking the trend?

TEXAS INSTRUMENTS
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S fast, effective ways
to stop EMI:

62

It you
want to shield...

Communications

cables use

Switches/ S
push buttons S5 use

(also keep out
moisture)

Electronic equipment
(and vent it, too)

USE

Access
doors

Metex “Zip-Ex”’® zip-on metallic sheath.
Provides 100% reliable electromagnetic
shielding. Knitted mesh sheath zips on any
shape before or after installation.

Metex Flex-Shield shielded rubber boots.
Metal mesh, molded in flexible rubber,
gives maximum reliability against RFI-EMI.

Metex Shield-Cell honeycomb panels.

It's designed to meet specific attenuation
requirements over specified frequency
ranges. Many standard sizes and
materials are available.

Metex Pola-Stick

Wire imbedded in silicone.
Pressure-sensitive adhesive keeps it
securely in place during and

after installation.

Shield-Vu™ Metex

Your choice of monel, low carbon steel
or etched metal laminated in plexiglass.
Any color, size, or shape.

(201) 287-0800 for design engineering service
(for your rush rush requirements)

For technical assistance on your M
particutar requirements—write:

970 New Durham Road
: | i Edison, New Jersey 08817
(201) 287-0800 * TWX 710-998-0578

CORPORATION

West Coast: Cal-Metex Corp.. 509 Hindry Ave., Inglewood. Calif. 90301 ¢ (213)674-0650 « TWX 910-328-6100
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D.C. MICROAMPERES

THE PANEL INSTRUMENT WITH BUILT-IN FLEXIBILITY

TWO NEW SIZES!
5%" and 1%" (Miniature)

New Triplett G-Series Panel Instruments offer a modern design
that features a greater degree of flexibility and interchangeability.
Two types of mounting are available—conventional flush
type or behind-the-panel with a bezel for modern picture window

appearance. E The insert shield on the front of the meter

can be custom painted or printed to meet customer’s requirements.
3 Triplett’s famous self-shielded Bar-Ring magnet, with
one-piece die-cast frame, in all DC and DC suspension type
instruments.

In five popular sizes: 5%" DC and AC; 4%" DC and AC; 3%"

DC and AC; 2%” DC and AC; 1%” (conventional flush

mounting only) DC and AC rectifier type.

Circle 63 on reader service card

NOW IN FIVE POPULAR SIZES:

1%" (Miniature); 21/2”, 31/2”,
4%, & 5. —
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For high speed harnessing

HERE IS THE WORK SPEEDING - MONEY SAVING -

GUDEBROD SYSTEM “C”

GUDEBROD FLAT TAPE BOBBINS—This special packaging
of Gudebrod Flat Braided Lacing Tape is highly popular in
the harness shop. Whether used in all hand tying or with the
Cable-Lacer (for which it was designed) the bobbin makes con-
veniently available, high quality Gudebrod Tape in most of its
many types—all engineered to lie flal, tie tight.

GUDEBROD CABLE-LACER®—This unique harnessing hand
tool has proved a production speeder and harness improver.
Makes up to 30 knots per minute. While making firmer harnesses
with tighter, more uniform knots, it eliminates wear and tear on
operator’s hands because special brake takes strain of knot
setting. Holds bobbin of Gudebrod Tape in handle.

LONGER WIRE HOLDING PINS —They make wire thread-
ing much easier, quicker (no repeated wire redressing between
pins). In harness tying they preserve the layout while using the
Gudebrod Cable-Lacer. Special case hardened pins, nail better,
stay straight, no nailheads.

GUDEBROD SWIVEL-TILT HARNESS BOARD MOUNT
—Two dimensional balanced mobility puts every section of the
cabling within easy, natural reach of the operator. Work done
in this unstrained manner goes faster, is better, all day through.

There it is, the Gudebrod System “C” solving the cable making
problems in a speedy, economical, profit improving way. Ask

‘ about System ‘“C” (If you use intermittent tying, ask about
Gudebrod System “S™).
Tl e TR -
SRS
Gudebrod’s ———— S
Special, Longer [ &

{ Case Hardened Pins P

) ®T.M.—UNION SPECIAL
\ MACHINE CO.

UDEBROD | e
: - o gudegni&d Swivel—T{ltharness
- o o b : oar ountis available
f Z% % . f e 2 - _’.{' e~ in several sizes
e o

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107
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This high quality device selling for $6.10 has these standard specifications:
Zener Voltage {(V;): 9.4 Volts 2%
Maximum Dynamic Impedance (Zz): 15 Ohms
Maximum Voltage Change Over Temperature Range
(AV, over —55°C to +185°C): 115 mV
Average Temperature Coefficient: .005% /°C
It will be sent to you free attached to card on which all critical parameters of your
device have been recorded for you.

Operation Action Form |

In what project will this device be used? _ :
If this is a production project what quantity of Zener Reference |
Elements do you anticipate using? I
|

Name: S __Position: :
|

Company: M/S: |
I

Street: - :
|

City: State:. Zip: :
]

Phone: ___Ext |

— _I|

3540 W. OSBORN RD. / PHOENIX, ARIZONA 85019
PHONE 602-272-7671 / TWX 910-951.1381

COMPONENTS., INC.

SEMCOR DIVISION

Electronics | February 3, 1969 Circle 65 on reader service card 65



I_'ﬁ T ." -

66

Dissecting the critical moment

There are many applications far too fast
for conventional data acquisition systems.
Studying impact and shock tests where
masses of data come in a single burst;
characterizing transient response of servo
systems; or analyzing complex signals in
vibrations and acoustics.

For these high-speed measurement appli-
cations, Hewlett-Packard gives you sam-
pling rates up to 100 kHz and aperture
times down to 50 nanoseconds. Plus the

HEWLETT

ability to record, process and display the
data...and perform closed-loop control.
HP has all the system modules you need.
Fully-specified analog front ends— digital
computers — peripherals for printout, stor-
age, display, interface and control.

Ask your HP field engineer for our brochure,
“Computer Systems for Data Acquisition
and Control.” Or write Hewlett-Packard,
Palo Alto, California 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

i

il

 PACKARD

DATA ACQUISITION SYSTEMS
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"THE FLINT SKINS” ARE NOW AVAILABLE
IN 0.10, 0.25, 0.50 AND 1.0% TOLERANCES

They have a molded silicone body that's denser and
thicker than any conformal coating. It's totally im-
pervious to moisture and has outstanding dielectric.
Silicones are a natural for precision molding, too,
making a perfect shape for machine handling in any
avtomated operation.

In fact, they have all the good characteristics of the
“Flint” family plus the impact resistance of cross linked
poly. But Clarostat's modern mass production
techniques make them so miserly in price, maybe we
should call them “The Skin Flints"?2

Ask for the new Flint Skins as Clarostat series SC
1, 3, 5, 10 watts surpassing mil-specs RW 70U, 74U, 78U, 79U.

CLAROSIAT &2
Dover, N.H. 03820



hybrid

microcircuits
from the

“lotal capability”

SOUrce

There's a reason why Burroughs is a preferred source for hybrid microcircuits. It's TOTAL CAPABILITY.
TOTAL CAPABILITY is the unigue ingredient that keeps Burroughs ahead in hybrid circuit
leadership and enables you to reduce system size with increased reliability.

Burroughs now offers the entire circuit package* and its components — all designed
and fabricated under the eyes of experts in one complete in-house operation, providing
economy, high reliability, quality control and prompt delivery.

= Hermetic Packaging m MS!| Capability m Computer Tést Facility m Fully Documented to
MIL-Q-9858A and MIL-1-45208

Buy your hybrid microcircuits NOW from Burroughs, and discover what

Burroughs Total Capability can do for you.

Call or write Burroughs Corporation, Electronic Components Division,
P.O. Box 1226, Dept. H1, Plainfield, New Jersey 07061.

Tel. (201) 757-5000, or contact your nearest Burroughs
representative or sales engineer.

*Circuits are available in various
configurations with resistors,
capacitors, and discrete IC
and MSI chips, mounted.

Burroughs @

Circle 88 on reader service card



Read-only memory adds
to calculator’s repertoire
page 70

Op amps save time, money
in active filters
page 82

British IC technology
page 92

Solid state microwave
leaving the lab
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Technical Articles

SRR Desk caleulators, as well as computers, can
Electronics be made more versatile, yet smaller and
P faster, with read-only memories. Until re-
cently, however, there wasn’t any design
that was really practical for a desk calcula-
tor. Chuck Near, an engineer at Hewlett-
Packard, worked on the problem and
eventually invented a linear inductive
array. Such an eight-layer assembly—one
level of which appears on the cover—holds all the operating
information in the company’s new 9100A calculator. The
machine also has a small ferrite-core memory that makes it
faster than units with delay-line memories for complex calcu-
lations, such as trigonometric and logarithmic functions.

Opcrational amplifiers built with high-performance inte-
grated circuits offer the engincer working with active filters a
thoroughly practical way to solve his design problems. He
can quickly fabricate almost any transfer function with a
simple series or shunt resistance-capacitance network. In
addition, such devices provide substantial blocks of gain and
good circuit stability at very low cost—about 9 cents for each
active element.

The second of two installments of Electronics’ special report
on integrated-circuit technology in Great Britain leads off
with a look at electron-heam techniques to test devices as
complex as LSI without mechanical contact. The second article
discusses practical hybrid circuit modules for Gunn-effect
devices; the third goes into IC’s,"operating on a moving-domain
principle, that might eventually prove a solid state replace-
ment for vidicon tubes. Ion-implantation techniques that can
produce MOS transistors operating at uhf are the subject of
the fourth article, while the last details a method for fabricat-
ing MOS and bipolar transistors on the same chip.

Coming

A progress report, along with an analysis of obstacles still
to be overcome, charts bulk-effect devices and avalanche
diodes as they move from the development stage into practi-
cal systems applications.
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Computers

Read-only memory adds
to calculator’s repertoire

Subroutines for new desk-top unit are stored in a linear inductive array
that increases the number and complexity of functions the machine
performs; speed is provided by a separate ferrite-core memory

By Charles W. Near and Robert E. Watson

Hewlett-Packard Co., Loveland, Colo.

Strong demands are made on electronic desk-top
calculators by scientists and engineers. They need
more than just an adder; they want a machine that
can perform all the functions of a conventional
log-log slide rule. It should also be able to evalu-
ate complex combinations of functions with 10- or
12-place accuracy at high speed, and should be
easy lo operate.

With such a calculator, an engineer can tackle
just about any problem except one requiring large
amounts of data storage and manipulation—a prob-
lem best handled by a large computer. He can get
iterative solutions as a function of one or more
variables—such as frequency or time—in a reason-
able time. And with a stored program capability
he can solve these equations as simply as he can
perform any function on the keyboard.

The design of such a calculator requires suffi-
cient memory for both data storage and a sequence
of arithmetic operations, along with fixed routines
for the operations available from the keyboard.

The requirements in this case can be met best
by a calculator that has two memories: a ferrite-
core array for data and a read-only storage for rou-
tines. The latter memory has been implemented in
a new design—a linear inductive array—that is phys-
ically small and inexpensive enough to be practical
in this application.

The calculator that incorporates this array is the
Hewlett-Packard 9100A, a machine with a keyboard
from which 63 operations can be executed or stored
for later execution. It uses three memories; be-
sides a ferrite-core memory and the linear induc-
tive array, it contains a read-only braid memory of
conventional design to store the microinstructions
that control the two other memories. The 9100A is
built with discrete components and it displays its
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answers on a small cathode-ray screen in either
fixed-or floating-point notation; a printer and an
x-y plotter are available for hard-copy output. Ex-
tensive computer-controlled testing of the calcula-
tor and its major subassemblies assures its reli-
ability.

The random-access core memory can store or
recall data in a submicrosecond cycle time for any
computation at any time, and can thus execute iter-
ative routines in seconds rather than minutes. This
is oune of its major advantages over the delay-line
memories used in many other electronic calcula-
tors. Although a delay-line calculator can read a
particular datum in a few milliseconds, and may
generate the sine of a number in a few seconds, it
can easily take minutes to evaluate complex equa-
tions involving many trigonometric functions.

The functions a calculator performs, of course,
must be wired into it in some form. The difference
between calculator and computer in this respect is
that the functions are individually available through
the calculator’s keyboard as well as through the
stored program. In computers, the value of using
a read-only memory, rather than a collection of
logic gates, to store routines has been amply dem-
onstrated, and the same applies to a calculator.

The linear inductive array holds the key to the
complexity of functions and the large number of
fixed subroutines the 9100A can perform. This
32,768-bit memory—512 words of 64 bits each—
contains all the internal programing for the basic
operating subroutines, plus such stored constants
as e and « for use in some of the mathematical
functions, as well as character encoders and pat-
tern generators for driving the crt display.

This read-only memory is compatible in speed
with the core memory. Its data is randomly accessi-
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Inductive array. Pattern of rectangular loops stores
data for all the caiculator's operations. To read
this data, one pulse source and one switch route a
current pulse through a reference line and a data
line. All the rectangular loops in the reference

line are oriented to the right. Where the data

loop is also oriented to the right, the two voltages
induced in the adjacent sense conductor

cancel each other and the output is a binary O;
where the data loop is to the left, the voltages

add to produce a 1.

ble and is held after addressing in a 64-bit register.
Power dissipation is less than 10 watts—about the
same as an integrated-circuit array’s and much less
than that of a resistor matrix.

In the linear inductive array, the geometry of
one set of conductors relative to another set deter-
mines the stored data. The use of magnetic cou-
pling makes both ends of the word lines available
for address selection, thus greatly simplifying the
selection circuits. Specifically, the 512-word induc-
tive array requires only 48 selection circuits—32
current sources at one end of the lines and 16
switches at the other. Turning on one of the sources
makes current available to 16 word lines, but turn-
ing on one of the switches connects only one of
these 16 to ground.

This approach wouldn’t work with resistive or
diode arrays because the 16 lines would all have
paths to the sense amplifiers regardless of what

Electronics | February 3, 1969
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Read-only assembly. The multilayer memory board
is the blank panel in the center. Drive circuits
and sense amplifiers surround it.
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Memory tester. The read-only memory on top of the
tester is compared with a perfect memory
mounted inside the machine.
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Margin profile. Failing sense amplifiers are listed
over a range of sense-amplifier bias voltages. The
open space in the middle indicates the width of
the operating ‘‘window''—9.22 volts for the even-
numbered amplifiers (left) and 9.66 volts for the
odd-numbered ones.

switch was selected at the far end. Of course, the
15 unselected lines could be grounded at the input
end, but in that case the source would have to
supply 16 times as much current as was really
necessary. Either of these techniques would thus
require a 512-output decoder to select 512 lines.
The approach would work with a capacitive array,
in which a voltage signal is coupled to the sense
lines; but when the input was switched to a differ-
ent address a spurious pulse would appear at the
output and would have to be blocked—an addi-
tional complication that doesn’t arise with induc-
tive coupling.

Also, the linear inductive design lends itself
nicely to batch fabrication through printed-circuit
techniques, so that its cost is low. And finally, its
multilayer organization permits a high density of
bits—more than 1,000 per square inch.

Double or nothing

The memory is made of eight double-sided
printed-circuit layers. Six of these contain a total of
eight etched data planes and four sense patterns in
an arrangement that puts a sense plane adjacent to
every data plane. The two outside layers carry two
more sense planes. Each sense plane contains 64
sense loops, and each data plane contains 64 word
lines and eight reference lines.

The linear inductive array’s operating principle
is that of an air-coupled transformer. Each com-
bination of one word line and one reference line
makes up a primary circuit; the sense loops form
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the secondaries, as shown on page 71, top left, and
on the cover.

The geometry of the word lines stores ‘the fixed
binary data in the form of 64 bit segments per
word. Each reference line also has 64 bit segments,
which induce reference signals in the sense loops.
When the orientation of the bit segment is such
that the induced signal adds to the reference sig-
nal, a logical 1 is generated. With the opposite bit
orientation, the outputs cancel for a logical 0. Typi-
cal 1-to-0 current ratios are greater than 10:1.

The connection of eight word lines to each refer-
ence line on the data planes means the signal re-
ceived by the sense amplifiers for a 1 is nearly
twice what it would be if it were generated by
the word lines alone. The arrangement also elimi-
nates what would otherwise be an output of oppo-
site polarity for a 0, but it requires an area only
Y larger than the word lines would take up alone.
If the reference lines were left out and the jogs in
the word lines were twice as large, the coupling
would be doubled but the signal amplitude would
suffer because the board would have to be larger
and the sense lines longer, causing more inductance
and attenuation.

The only components required on the multilayer
board are single diodes per word line to isolate
the line from sneak parallel paths.

Construction job

Using a photoresist process, the data planes and
sense planes are etched from a thin copper-clad
laminate. At this point, all layers are electrically
tested for short and open circuits and visually
inspected for other flaws. The eight printed-circuit
layers and seven interleaved insulating layers are
then precisely aligned in a multilayer fixture and
bonded in a hydraulic press. The laminated multi-
layer board is drilled in an automatic machine, and
the holes are plated through to establish intercon-
nections between layers or diode pads. Finally, the
outer surfaces are etched and the board is trimmed
to size.

A computer checks the finished multilayer mem-
ory board for operating margins, and prints a mar-
gin profile record that indicates flaws within the
board or processing changes that may reduce oper-
ating margins. Acceptable boards are loaded with
64 eight-diode packages, and drive and sense am-
plifier circuit boards are solder-connected to form
the completed read-only memory assembly, shown
at top right on page 71.

The method used to enter data in the memory
is a major factor in the array’s versatility. The
artwork must contain a right-oriented segment for
a logical O or a left-oriented segment for a logical
1 for each of the 32,768 bits in the array. Although
all calculators produced are supposedly identical
—so that the data theoretically has to be defined
only once—engineering changes and the discovery
of errors require new artwork to be prepared from
time to time. Generating this artwork by conven-
tional taping methods would be an extremely
lengthy and costly process. But the use of a com-
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Program card. An operator loads a magnetic card
containing a previously written program into the
calculator’'s card reader.

puter program to convert the desired data into
precise digital plots gives both fast turnaround
time and error-free results.

This program and a high-precision plotter lay
out the complete pattern for one data surface in
about one and a half hours—far faster than any
manual process. And with the human element re-

WRITE CIRCUITRY

moved from the data translation, the plots require
only visual inspection and needn’t be cross-checked
on a bit-by-bit basis.

Computerized testing

All the 9100A calculator subassemblies, especi-
ally the read-only memories, are well suited to
computer-controlled production testing. The proc-
ess is complicated; complete checkouts require the
following:

= Testing of output signals from many similar
circuits.

v Testing of many output signals from a single
circuit.

= Repetition of families of measurements over a
range of power-supply variations to pinpoint the
range of operation.

Also, the testing of the two read-only memories
—inductive array and braid—is complicated by
their addressing methods. In the array, for exam-
ple, a single bad bit can be identified by an error
in a single bit position at a specific address,
whereas many errors in a single bit position indi-
cate a bad sense amplifier and many errors in a
single word may indicate an open-circuited diode
or word line. A bad sense amplifier, for example,
may show a 1 bit as a 0 but indicate 0’s correctly,
or vice versa, so that it doesn’t show an error in
every word. Many errors in a given 32-word group
would indicate a bad selection switch, and in every
32nd word, a bad current source.

The computer must therefore store errors in as
many as three dimensions—the 16 switches, the

READ CIRCUITRY

QUTPUTS, / —1 |
6 LINES f— HEAD DRIVE |4 LINES RECORD ——
Bhe ————— ] MULTIPLEX :}—’ AMPLIFIERS > pre-amps [—>] LATCHES =
MEMORY
INPUTS
6 LINE - T2 e
L<—S STROBE
J
STROBE ﬁ
CONTROL CLOCK
Newory = =
MEMORY ——] MULTIPLEX |e
END CODE |
DETECTOR
A
4 TRACK
CONTROL HEAD
CIRCUITS CARD IN SW
I I W )
ENTER?I?RECORD
Card reader. A program in the calculator's core memory can be transferred to the
magnetic card through the write circuits. When reading, data on the card is transferred
to the core memory along paths parallel to those from the keyboard. The card records data
on four tracks—three bits and a strobe; each code is recorded in two groups of three bits.
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Calculator repertoire

Trigonometric

sin arcsin

cos arccos

tan arctan
Hyperbolic

sinh arcsinh

cosh arccosh

tanh arctanh

Common logarithm
Natural logarithm
Exponential
Conversions (for vector and complex-number
manipulations)
Rectangular to polar

Polar to rectangular
True to absolute value

Miscellaneous
Enter =
Enter integer part of a number

32 current sources, and the 64 bits—to determine
just what is wrong in an array that fails. Even so,
it doesn’t completely analyze all errors; it only
narrows their source to a few possibilities so that
a technician can finish the job.

The linear inductive array is tested at a maximum
rate of 32,768 bit comparisons every millisecond.
Many such 1-msec passes are made for each mem-
ory, varying a parameter such as sense-amplifier
bias with each pass. The testing is against a hard-
ware reference—that is, with a tester interface con-
taining a known perfect assembly to which the
array under test is supp