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What's ‘in’ at the IEEE show?
Cool tech sessions that combine
the practical and the futuristic.
Hot products — tubeless scopes,
dollar-a-digit LEDs, economy

VOL. 20 NO

g MARCH 16 1972

minicomputers. Science exhibits.
Special applications seminars.
It all adds up to ‘New Horizons
for Engineering.” And you can
preview it now. Turn to p.68.
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Introducing “touch & see’’swept impedance

measurement.

Now the “do-everything” RF test system

does even more.

Just add our new impedance probe
to the HP 8407A Network Analyzer, and
you can measure complex impedance of
circuits, coax systems, discrete components.
View impedance excursions over the wide
range from 0.1Q to 10KQ as you sweep
between 500 kHz and 110 MHz.

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

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

To learn more about how our
“do-everything” network analyzer can
help you in design and production test
applications, call your field engineer or
write Hewlett-Packard, Palo Alto,
California 94304; Europe: 1217 Meyrin-
Geneva, Switzerland.
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Turn ON to Beauty and Protection, too.
Airpax Type 203 Circuit Protectors

Why use a lighted on-off switch and
a circuit breaker on your consumer,
commercial, or industrial products?
That's expensive. Fuses cost less,
but then you're faced with a service
problem.

The Airpax 203 offers the benefits
of all these functions in one neat,
attractive, easy-to-install package.
llluminated rocker handles in a var-
iety of colors plus the usual Airpax
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positive electromagnetic circuit pro-
tection. And just a single rocker arm
for one, two, and three-pole models.
Quick, easy snap-in front panel
mounting, too. Or, if you prefer, you
can have optional flush rear mount-
ing.

Accurate current ratings from
0.020 to 20 amperes, with voltage
ratings to 50V DC and 250V AC
(50/60 or 400 Hz). All with choice of

inverse time delay or instant trip
characteristics. Series, shunt, and
relay trip internal circuits are avail-
able and can be combined in single,
two, and three-pole versions.
Interested? Write for Bulletin 2009.
Airpax Electronics, Cambridge Divi-
sion, Cambridge, Maryland 21613.

AIRPAR-

Protection comes in many colors
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The square vs.the bulbous.
The story of the shrinking film capacitor.

As you can see, ten Siemens
22uF £=5%/250V metallized stacked
foil polycarbonate capacitors fit in
the same space as six competitive
.22uF+10%/200V units.

The Siemens capacitors are
designed for automatic PC board
insertion. Their =5% tolerance is
standard. And they cost less.

Al of this is possible because
of Siemens unique stacked foil
construction.

We can show you equally
impressive advantages in our
other capacitor lines.

Join the growing number of
engineers who specify Siemens
capacitors. Call us for film and
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metallized film with dielectrics

of paper, lacquer, polyester,
polycarbonate, polypropylene, and
polystyrene; tantalum and aluminum
electrolytics. Contact Ken Liddane,
Siemens Corporation,

186 Wood Avenue, So., g
Iselin, N.J. 08830.

Call 201-494-1000. SIEMENS
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Think Twice:

How will you choose
your next portable scope
...on faith, or on fact?

Forget everything you ever knew
about portable scopes; today’s por-
tables are somethingelse entirely. In
the last year, both major scope man-
ufacturers have brought out com-
pletely new lines. So, choosing a new
portable on “blind faith” in your old
make is about as sensible as marry-
ing a girl you've never met, just be-
cause her second cousin was Miss
America in 1967.

The only rational way to choose a
new portable today is to make a
head-on comparison between our
scopes and our competitor’s. And
this means more than just a quick
look at price tags and specs. It means
a thorough investigation of total
acquisition cost. Be sure you check
these specific points:

Initial purchase price. Are you
getting the best price available?
HP’s Portables are priced as much
as $200 below the competition,
with special purchase agreements
available.

Ease of Use. Are the controls
simple and logical? Or are they a
jungle of tightly packed knobs. Ten
minutes a day, spent in needless
tinkering, can add up to hundreds of

dollars a year in wasted man-hours.

Fieldworthiness. Some scopes have
such high power requirements that
battery operation is impossible. HP
feels that a portable scope should
have “go-anywhere” capabilities, so
our Portables all use low-power-
requirement designs which permit
battery operation. Low power re-
quirements also mean lower heat,
which prolongs component life. As
a result, only HP’s Portables elimi-
nate the need for fans, or dust-
admitting vent holes.

Calibration and Service. Have you
considered how much your scope
will cost you after you've pur-
chased it? For example, HP Por-
tables are quickly calibrated —
requiring approximately half the
time required to calibrate our com-
petitor’s portable scope. This could
save you hundreds of dollars over
the life of your scope. And are you
going to have to deal with one manu-
facturer for scope service, and an-
other for your voltmeters, signal
sources, etc.? Or can you save time
and money by limiting your deal-
ings to one company? And don’t for-
get training aids; HP offers live
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demonstrations, video tapes and
literature to simplify conversion
problems.

Look into all these points, and we
think you'll find that you'll save a lot
of time, effort, and money — and
avoid a lot of frustration — by choos-
ing HP’s Portables. But don’t take
our word for it; make the compari-
sons yourself.

For a revealing package of infor-
mation on HP’s new Portables, send
for a free copy of our “No-Nonsense
Guide to Oscilloscope Selection.”
Or contact your local HP field engi-
neer for a demonstration. Check be-
fore you choose. Hewlett-Packard,
Palo Alto, California 94304. In
Europe: 1217 Meyrin-Gengva,
Switzerland.

Scopes Are Changing;
Think Twice.

os2/2
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When your machine
has more to say...
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When your machine has more to say,
IEE rear projection readouts let it speak
out with an eloquence that make other dis-
play systems seem taciturn.

For instance, just one IEE rear projection
readout will improve the vocabulary of your
machine with up to 64 new phrases ex-
pressed in any combination of alphanumer-
ics, in any language, accompanied by the
symbols of any discipline, all displayed in a
variety of colors and in the type styles that
go best with your panel decor.

No gas discharge tube, or LED or what
have you, can make that statement.

IEE units communicate — loud and clear!

Our big Series 80 rear projection readout
lets your machine shout in huge 33&-inch
characters. Or we can say things discretely

| ADVANCE ‘

ENGAGE
ALL
SYSTEMS

ot AT S, =

| COUNTDOWN |

IEE Readouts
provide the
vocabulary.

with our fit-anywhere Y2 x 3-inch Series
345 model.

All with single-plane viewing, variable
brilliance, and the capability to change vo-
cabularies right in the field. To assist, we
have a powerful new low-cost hybrid driver/
decoder for any of the readouts. Plus a host
of other driver/decoders...all, competi-
tively priced . . . purchased separately or cus-
tomer mounted.

Rear projection readouts give you an or-
der of display versatility a world apart from
other techniques, and IEE builds more of
them than anybody. Send today for our
Short-Form Catalog on units that are long
on talk. Industrial Electronic Engineers,
Inc., 7740 Lemona Ave., Van Nuys, Cali-
fornia 91405. Telephone: (213) 787-0311
e TWX 910-495-1707

Industrial Electronic Engineers, Inc.

INFORMATION RETRIEVAL NUMBER 5

6

Publisher
Peter Coley

Editors

Editorial Offices

50 Essex St.

Rochelle Park, N.J. 07662
(201) 843-0550

TWX: 710-990 5071

Cable: Haydenpubs Rochellepark

Editor: George Rostky

Managing Editors:
Ralph Dobriner
Michael Elphick

Associate Editors:
Jules H. Gilder
Richard Lee Goldberg
Morris Grossman
John F. Mason
Stanley Runyon
Edward A. Torrero
Richard L. Turmail

Contributing Editor:
Peter N. Budzilovich

Editorial Field Offices

East

Jim McDermott, Eastern Editor
P.0. Box 272

Easthampton, Mass. 01027
(413) 527-3632

West

David N. Kaye, Senior Western Editor
2930 West Imperial Highway
Inglewood, Calif 90303

(213) 757-0183

Les Brock, Western Editor

95 Main St.

Los Altos, Calif. 94022

(415) 941-3084

Washington

Don Byrne, Washington Editor
1111 S. Army Navy Drive
Arlington, Va. 22202

(202) 296-8982

Editorial Production
Dollie S. Viebig

Art

Art Director, William Kelly
Richard Luce
Anthony J. Fischetto

Production

Manager, Thomas V. Sedita
Helen De Polo
Maxine Correal
Anne Molfetas

Circulation

Manager, Nancy L. Merritt
Joan Licari

Information Retrieval
Peggy Long

ELEcTRQNIC DESIGN 6, March 16, 1972



(across the desk )

A strong labor group
urged for engineers

About your editorial: “Wanted
20 years’ experience. Older men
need not apply” (ED 23, Nov. 11,
1971, p. 41), I meant to write two
months ago, but lots of unpaid over-
time postponed my effort. The title
was a winner. The editorial led
very logically to the question:
“What do we do with our 20 years
of experience?” Then it fell on its
face with the advice of Chairman
Mao: “We've got to work harder.”
You don’t have to tell us to work
harder. We engineers are being
ground into the dust by our efforts
to stay employed.

After that advice, you continue
with the thought that we should
go after the tough, challenging
new technologies. Picture a 45-
year-old, unemployed semiconduc-
tor engineer applying for a job in
the tough challenging new tech-
nology of laser engineering. He'd
never even get a reply. Now pic-
ture the same engineer employed
and taking a course in laser engi-
neering. He applies for the same
job, and he still doesn’t get a reply.
Now picture him employed and go-
ing to his boss with a request to
enter the company effort in laser
engineering. His boss answers, pre-
dictably, that he’s needed where
he is. But when the semiconductor
assignment runs out, he’s laid off.

Your editorial leads readers to
think that they have significant
control over their careers. If we
have any control at all, it simply
amounts to this: we must stay con-
stantly alert for the end of the
contract. When the end approaches,
we send our 20 resumes. If we're
lucky, we get one answer, and it’s
from a company in Biloxi that ran
a blind ad. But at least we have
someone interested. The only way
we'll get more control over our jobs

is to form a strong professional
association. If we fail to do that,
we’ll just run in and out with the
tide.

Robert Bruce, MSEE
15 Johnstone Rd.
Great Neck, N. Y. 11021

Featured a/d converter
available off the shelf

We were delighted to read Jim
McDermott’s article “Power Needs
Cut Dramatically for Ocean-Floor
Monitor System” (ED 2, Jan. 20,
1972, p. 28). Delighted, that is,
until we discovered that while
credit had been given to the de-
signers of the unique ultra-low-
power-drain converter, there was
no indication in the article that it
is being manufactured by Analog
Devices, Inc., and is available as
the ADC-12QL, a standard product.

If any of your readers liked the
idea of an a/d converter that works
from a single +12 V battery, needs
less than 600 uW of quiescent bat-
tery drain, 15 mW at a conversion
rate of 200 Hz, and has 12-bit
resolution, they’ll love the idea that
they can buy it off-the-shelf.

D. H. Sheingold,
Technical Marketing Manager
Analog Devices, Inc.
Route 1, Industrial Park
P.O. Box 280
Norwood, Mass. 02062

Wrong price given

In the new product announce-
ment of Fairchild’s doppler radar
module, the DM (X)100 (ED 1,
January 6, 1972, p. 142), the price
was mistakenly given as $13. The
correct price is $130.

(continued on p. 10)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N. J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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giga-trim
capacitors
for
microcircuit
designers

Actual size

Plike - (R

7261 SL 7262 7263 7264 7265

Giga-Trim® (gigahertz-trimmers) are
tiny variable capacitors which
provide a beautifully straight forward
technique to fine tune RF hybrid
circuits and MIC’s into proper
behavior. They replace time
consuming cut-and-try adjustment
techniques and trimming by
interchange of fixed capacitors.
Applications include impedance
matching of GHz transistor circuits,
series or shunt “gap-trimming”’

of microstrips, external tweaking of
cavities, and fine tuning of

crystal oscillators.

oflansord>

MANUFACTURING CORPORATION

ROCKAWAY VALLEY ROAD
BOONTON, NEW JERSEY 07005

(201) 334-2676



Reliability is 756 little dents
and one big one.




The big squeeze.

The heelpiece and frame
are the backbone of our Class H

relay. The slightest squiggle or shimmy out of
either and the whole relay is out of whack.

756 tiny dents on the heelpiece, plus one big one
on the frame, make sure this’ll never happen.

They’re the result of planishing, a big squeeze.
Planishing is an extra step we go through in form-
ing the pieces to add strength and stability by re-
lieving surface strain. It also makes the parts extra
flat.

This takes the biggest press in the industry and
the biggest squeeze. Both exclusively ours.

A different kind of coil.

The heart of a relay is the coil. If ours looks
different, it’s because we build it around a glass-
filled nylon bobbin. It costs us more, but you know
how most plastic tends to chip and crack.

Also, moisture and humidity have no effect on
glass-filled nylon. No effect means no malfunctions
for you to worry about. No current leakage, either.

The coil is wound on the bobbin automatically.
No chance of human error here.

We didn’t forget the solder.

We use a solderless splice. That’s
because solderless splice connec-
tions are sure-fire protection
against the coil going open
under temperature changes,
stress, or electrolysis.

A solderless splice is more
expensive to produce, so it’s usu-
ally found only on the most reli-
able relays. AE is the only manu-
facturer to use this method on all
of its relays.

Finally, we wrap the whole assembly
with extra-tough, mylar-laminated ma-
terial. A cover is not really necessary here;
but why take chances?

Springs and other things.

We don’t take any chances with our contact
assembly, either. Even things like the pileup insu-
lators (those little black rectangles) get special
attention. We precision mold them. Other manu-
facturers just punch them out.

It makes a lot of difference. They’re stronger, for
one thing; and because they’re molded, there’s no
chance of the insulators absorbing even a droplet of
harmful moisture. Finally, they’ll withstand the high
temperatures that knock out punched insulators.

Then there are the
contact springs.
Ours are phosphor-
bronze. Others use
nickel-silver. Our lab
gave this stuff a thorough
check, but found nickel-silver
too prone to stress-corrosion. At-
mospheric conditions which cause
tarnish and ultimately stress corrosion
have almost no effect on phosphor-bronze.

Two are better than one.

Our next step was to make sure our contacts give
a completed circuit every time. So we bifurcate both
the make and break springs.

Each contact works independently to give you
a completed circuit every time.

Edge-tinned contact springs save you the job

of solder tinning them later. Also, edge-

tinning enables you to safely use the

same relay with sockets or mounted

directly to a printed circuit

board. A simple thing, but it

takes a big chunk out of the

inventory you have to stock.

Etc. Etc. Etc.

There’s a lot more to tell about
what makes our Class H relay reli-
. able. Now we’re waiting to hear from
you. GTE Automatic Electric, Industrial
Sales Division, Northlake, Illinois 60164.

AUTOMATIC ELECTRIC
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Extralytic’ Aluminum ‘Lytic Capacitors give you
extended temperature range without
sacrifice in life or leakage current.

Type 601D Tubular Case

Type 602D Cylindrical Case

—55C to +105C

Superior performance over entire temperature
range, unlike conventional 'lytics that do not
operate satisfactorily at low temperatures.
High volumetric efficiency, long shelf life, low
leakage current. Withstand high ripple current.
Write for Engineering Bulletin 3456A or;

CIRCLE 882 ON READER SERVICE CARD,

=—55C to +85C

Power supply filter capacitors specifically
designed for maximum efficiency. Offer the
power supply design engineer the lowest ESR
and the highest ripple current capability per
case size available today for long, trouble-free
life. Write for Engineering Bulletin 3457 or;

CIRCLE 883 ON READER SERVICE CARD,

MORE FROM SPRAGUE ... THE BROAD-LINE
PRODUCER OF ELECTRONIC PARTS

¢« 4 &
B B W

y
> > @ //

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

CIRCLE 884 ON READER SERVICE CARD.

TYPE 430P METFILM®‘E’ CAPACITORS.
High-Voltage metallized polyester-film
capacitors designed for voltage multi-
plier circuits used in electrostatic cop-
iers, TV power supplies, etc. Working

voltages from 4,000 to
15,000 V. Capacitance

25 et

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

CIRCLE 885 ON READER SERVICE CARD.

L % % e i ‘X £ v 5 i W

BLUE JACKET® RESISTORS. Vitreous-
enamel power wirewound. Unique all-
welded end-cap construction eliminates
moisture paths along leads, anchors
leads securely to resistor body. Expan-
sion coefficients of vit-
reous enamel, ceramic

is stable with time,
temperature, voltage.
Write for Engineering
Bulletin 2445.1 or;
CIRCLE 886 ON
READER SERVICE CARD.

SPRAGUE

THE MARK OF RELIABILITY

body, and end caps
are closely matched.
Write for Engineering
Bulletin 7410E or;
CIRCLE 887 ON
READER SERVICE CARD.

TECHNICAL LITERATURE SERVICE, SPRAGUE ELECTRIC CO., 347 MARSHALL ST., NORTH ADAMS, MASS. 01247
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ACROSS THE DESK

(continued from p. 7)
A view
of product development, as

seen through the pen of an engi-
neer at a test-equipment company.

AS MARKETING
REQUESTED IT

AS SALES
ORDERED IT

AS PRODUCTION
4 MANUFACTURED IT

~ ENGINEERING
DESIGNED IT

ZINS

WHAT THE

FIELD ENGINEERING
5. INSTALLED IT & CUSTOMER WANTED

One design idea
leads to another

While Horace Jones’ Idea for De-
sign (“Build a Dual-Voltage Regu-
lator for $11,” ED 26, Dec. 23,
1971, p. 70) does point out the ver-
satility of a dual op amp, I couldn’t
let this issue go by without point-
ing out that a Silicon General
SG3501 dual regulator IC will do
his job for $7.50 (single-piece
price). In addition to replacing 14
components with one, the SG3501
will provide more input voltage
capability, better line and load
regulation, and short-circuit pro-
tection.

I don’t mean to detract from
Mr. Jones’ idea, because I know it
is tough to keep up with all new

(continued on p. 14)
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We've got a new booklet covering coil cord design parameters.
It will help you determine important trade-offs between shielding,
tensile strength, environmental protection, elasticity, and cost.
We'll show you how Beldfoil® can eliminate noise problems that
can originate in the shield itself. The advantages of thermoplastic
and thermosetting jacket materials. And how to get the right
elasticity for your equipment application. Just contact Electronic
Sales Service Dept, Belden Corporation, Richmond, Indiana
47374. Phone (317) 966-6681.

for products that move

There’s more to coil cord design than / y : f
snapping back in place. Lots more. R P el
Like human, electronic, and 2 S
environmental requirements. Color ¥ P
matching. Reliability. And cost. Vim0 !
Belden has the experience. T 3 e
Hundreds of retractile cord designs - s
7 that are solving problems in b3 r 4
communications, power and control i
applications. Coil cords in a wide K-
variety of strain and stress relief !
configurations, special connectors, et il 7 g
custom wire assemblies . . . "\.(;"f'

Richmond, Indiana 47374
Phone (317) 966-6681

O | have an immediate coil cord
design problem; please contact me.

Electronic Sales Service Dept.
seidenComporation . BELDEN @

O Please send me the new

Retractile Cord Design Guide.

Name

Company

Title

Address
§ City

Application



-8. PDP-11. For OEM’s

A few months ago, we came out With prices as low as $2436. In We must have hit on the right
with new low cost versions of our  quantities of 50. combination. We’ve been mixing it
PDP-8 and PDP-11 families for We made sure they’d have the up with some of the toughest OEM'’s
the OEM. features, architecture and compat- around. And coming away with

ibility that make PDP-11 and PDP-8 their business.
the most popular, most imitated
minis ever.




who hate to spend m

We're after your business, too. Digital Equipment Corporation,
Because now we have theright 146 Main Street, Maynard, Mass.
computers. At the right prices. 01754. (617) 897-5111.

From the right company. European Headquarters: Geneva.
Come and get 'em.
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INDUSTRIAL GRADE

WIREWOUND TRIMMERS

¥
for

jegs
than

Interchangeable with other wirewounds, carbons, cermets & films.

Gold Plated
Contact Clutch allows
overtravel
_____ 7 without loss
Y rurerriiogy of continuity

or damage

m). to unit

Easy adjustment
without tools

Leads spaced
for standard 0.1”
hole pattern

Resistance wire
permanently
anchored for fine
trimming

All terminals
gold plated

OHMITRIM
TPS - 101
1000 £10%

@ OHAMITRIM
TPW -502

OHMITE 5000 0+10%

OHMITE

Slider Model TPS Thumbwheel Model TPW

This is no me-too rectilinear trimmer. Oh-
mite’s new design concept yields a quality
1-watt, 35-turn (or slider) resistance trim-
mer for less cost than non-wire-wound
element devices. Moisture, noise, stability,
T.C. and other problems associated with
carbons, cermets and films are eliminated.
Bonus: Fast and fine adjustment without
tools; choice of thumbwheel or slider actua-
tor. Available in quantities right now from
your local Ohmite Stocking Distributor and
Ohmite.

CHARACTERISTICS
Resistance Range ....1010 20K$2,
=+ 10%.

Power Rating ....... 1 watt @ 40°C
max. ambient.

Temp. co-efficient ... .0 == .010% per
degree C.

Dielectric Strength . . . 500 Volts rms.
Insulation Resistance . . 100 megohms.
AOERUDTTH 85% oorsrasela 0.1 t0 8.0 oz.-In.

For Bulletin 250, write or phone Ohmite
Manufacturing Company, a North American
Philips Company, 3643 Howard St., Skokie,
lllinois 60076. TEL: (312) 675-2600. TWX:
910-223-0805.

MARK OF QUALITY @
(o)

Immediate
Application
91

Circle No
for action required

End Resistance - ..... 2% maximum.
Size...TPW—1.3" Ig. x 0.3 w. x .495 h.
TPS—1.01 Ig. x 0.3 w. x.495 h.

*88¢ in 5000 pcs. 10 through 5000 ohms

OHMITE
AN
o %S

General
Reference
93

Probable
Application
92

ACROSS THE DESK

(continued from p. 10)

developments in this industry, but
I feel that your readers should be
aware of all the alternatives open
to them.
Robert A. Mammano

Vice President, Engineering
Silicon General, Inc.
7382 Bolsa Ave.
Westminster, Calif. 92683

New use found for water

In the Feb. 17 issue we described
a Hewlett-Packard 9100 calculator
that was retrieved from a local mud-
hole where it had been resting for
a number of months. After a single
transistor was replaced the calcu-
lator worked beautifully (See ED

4, ‘“Crabby calculator,” Feb. 17,
1972, p. 10).

Now in line with this trend to
instrument immersion, HP has de-
veloped an oscilloscope that oper-
ates underwater. It’s HP’s Model
1700E, which the company says can
be used on shipboard, in dusty en-
vironments or any place there is a
corrosive atmosphere—or, as the
photo shows, even underwater.
Actually, if dropped in water, the
scope would float since the amount
of water it displaces is greater than
the 35 pounds it weighs.

Yes. The mermaid is
employee. Interested ?

CIRCLE NO. 319

an HP

INFORMATION RETRIEVAL NUMBER 10 »



Leave my power supply system alone!
You can get your own in only 9 days from Acopian.

“l tried struggling through that old
power supply system catalog. It was
like a jigsaw puzzle, hunting for the
pieces | needed for my new power
system. There had to be a better way.
“Then | remembered the Acopian
hotline. | called it. | told them the
DC voltages and currents | wanted.
Discussed panel size. Meters.
Switches. And other accessories.
“They gave me a firm price. Right
on the phone. It was a lot less than
| expected. | had our buyer phone
in the P.O. And Acopian designed,

built, tested and shipped it in nine
days. Completely wired.

““So go order your own Acopian
power system . . . It's easy!"’

HOW TO ORDER
ACOPIAN POWER SYSTEMS

= Call Acopian collect

= Tell us the outputs and accesso-
ries you need

= Get a firm price

= Shipment of completely wired
system will be made in 9 days.

For immediate service, call the
Acopian hotline: (215) 258-5441.
For literature, write Acopian Corp.,
Easton, Pa. 18042. And remember,
Acopian also offers 82,000 different
DC power modules, -every one
shipped with this tag . . .

THIS POWER sypp,y WAs
SHIPPED wiT N

' 04y

Aeapian




TEKTRONIX 7904

featuring extended performance or general purpose use, from one
mainframe and a family of plug-ins.

Extended Performance — 20 kHz to 1 GHz

Plug in the 7A21N and install a simple vertical amplifier bypass to directly
access the CRT. The bandwidth — 1 GHz, and risetime — 350 ps. Less than
4V/div driving signal required — single ended or differential. Sorry — no
CRT READOUT — vertical amplifier bypassed.

General Purpose — DC to 500 MHz

Plug in the 7A19 — 500 MHz bandwidth at 10 mV/div, 7B92 — delaying sweep
rates to 500 ps/div, 7D14 — direct counting to 525 MHz. - As your applications
and measurement requirements change, choose from 24 plug-ins for: ® sam-
pling © TDR e spectrum analysis ® curve tracing e digital multimeter
etc., etc. TEKTRONIX 7904 . . . A product of technical excellence.

For further information or a demonstration call your nearby TEKTRONIX Field
Engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005.

INFORMATION RETRIEVAL NUMBER 12
16

7900 FAMILY

$2900
7904 Oscilloscope, without readout $2500

7904 Oscilloscope ............

7A19 Amplifier ............... $500
7A19 Amplifier, with variable delay $700

7D14 Digital Counter ......... $1400
7B92 Dual Time Base ........ $1400
7A21N Direct Access ......... $350

U.S. Sales Prices FOB Beaverton, Oregon

ELECTRONIC DESIGN 6, March 16, 1972



Get Flexibility, Economy
With Monolithic Six-Bit
Multiplying D /A Converter

In the MC1406L, Motorola is bringing
you the guts of an ideal six-bit digital-
to-analog converter — at a very gutty
price.

For a 100-up cost of $3.95, you get the
basic unit you need for your converter
application including a diffused resistor
ladder network and all the switching cir-
cuitry necessary for six bits. Add only
the regulating and amplifying compon-
ents you need to achieve your design
requirements. Why pay for performance
you can’t use?

For operation at room temperature,
provide a simple reference by using a
zener diode. Or choose the exact IC you
need for a regulated reference over the
0 to 75° range.

To provide a voltage mode output, pay
for only as much sophistication in an op

—
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amp as the speed, accuracy, and out-
put range your particular application
requires.

Hang any components on this D/A
that the performance of your system dic-
tates and you'll still pay less — much less
than for any comparably performing
hybrid or monolithic converter now
available.

The accuracy of this inexpensive unit
is 0.78% of full-scale current, typical
power dissipation is low at 95 mW, the
settling time is a fast 200 ns (typical),
and its six digital inputs are TTL and
DTL compatible.

Applications possibilities abound for
the MC1406L. Use it as a feedback ele-
ment in an A/D converter, as the digital
to analog decoder in a high speed data

For details, circle 211

modem, in digital transducers, and in
display applications like CRT character
generation, meters, and wave-form
analyzers.

This D/ A converter is also appropri-
ate for some digital-analog multiplying
applications since it will accept a varying
reference. The magnitude of its output
is directly proportional to the product
of the reference voltage and the digital
input.

MC1406L is packaged in the black
ceramic 14-lead dual-in-line TO-116.
Ample quantities are available now from
distributors and Motorola sales offices.
Use it anywhere you need an output cur-
rent that’s a linear product of an analog
input voltage and a six-bit digital word —
but use it!



~  INTEGRATED CIRCUIT NEWS |

A

McMOS Quietly Masters Voice Of Other Types

If you’ve heard but one voice in CMOS
land — listen carefully now — Motorola
McMOS outperforms RCA complemen-
tary MOS!

Motorola’s noise-immune MC14000
series McMOS logic family has been
expanded and given a new look . . .
including direct pin-for-pin replacement
for RCA CMOS and providing several
unique Motorola features that makes
McMOS more useful.

Several original designs have also
been added to increase the system design
utility of the line.

Vpp power supply upper limits are 18
V for the AL and 16 V for the CL types
compared to just 15 V for all RCA units.
A uniform output drive specification
assures maximum simplicity of the
design job. All devices in the mil-grade,
AL series are directly compatible with
low power TTL.

Improved system level speed and
simpler system design is also possible

with the MC14000 AL and CL series,
thanks to a uniform propagation delay
specification for all gates. The complete
McMOS supply voltage range is now 3.0
V to 18 V or 16 V, compared to the
former spread of 4.5 to 18 V.

Check the benefits provided by these
outstanding McMOS logic family
features:

e Lowest quiescent power dissipation of
any logic form — 10 nW/per gate
e Excellent noise immunity — 45% of

Voo (typ)

e Low output impedance — 750 ohms

(typ)

e 25 ns basic gate delay

e High fanout — > 50

e Diode protection on all inputs

e Single supply operation — positive or
negative

e Virtual immunity to any power supply

variation from 3 to 18 V.

e Full power supply output voltage
swing
For details, circle 212

® Choice of operating temperature
ranges —
—55°Cto +125°C
—40°Cto +85°C
All McMOS types are available now
from your Motorola distributor. Let him
hear from you!

Motorola Pin-For-Pin Price
Device # Function Replaces (100-Up)
MC14001AL | Quad 2-Input CD4001AD $ 4.15
MC14001CL | NOR gate CD4001AE 118
MC14002AL | Dual 4-Input CD4002AD 4.30
MC14002CL | NOR gate CD4002AE 1.22
MC14011AL | Quad 2-Input CD4011AD 4.15
MC14011CL | NAND gate CD4011AE 1.18
MC14012AL | Dual 4-Input CD4012AD 4.30
MC14012CL | NAND gate CD4012AE 1.22
MC14013AL | Dual type D CD4013AD 5.95
MC14013CL Flip-Flop CD4013AE 2.40
MC14015AL | Dual 4-bit shift register | CD4015AD 12.65
MC14015CL | serial in/parallel out CD4015AE 5.60
MC14507AL | Quad Exclusive-OR CD4030AD 4.74
MC14507CL | gate CD4030AE 1.86
MC14021AL | 8-bit P/S shift register |CD4021AD 12.24
MC14021CL CD4021AE 5.20
MC14501AL | Triple Gate —_ 4.30
MC14501CL — 1.99
MC14508AL | Dual 4-bit latch — 24.70
MC14508CL — 13.75
MC14519AL | 4-bit AND/OR Select — 4.75
MC14519CL — 2.10
MC14027AL Dual J/K Flip-Flop CD4027AD 6.60
MC14027CL CD4027AE 3.18

Store Large Tables In New MOS ROMs

A 4096-bit static MOS ROM for large
table or small increment continuous
function storage heads a sizable list of
additions to Motorola’s standard high
threshold memory complement. Five
basic mask programmable ROMs have
been announced, with standard options
programmed for look-up table, code con-
version, and character generation. Max-
imum access times for the family range
from 500 ns (MCM1130L) to 800 ns
(MCM1140L.) All use the 24-pin dual
in-line ceramic package.

The MCMI1140L is the mask
programmable version of the 4096-bit
memory, offering a choice of either 512
words of 8 bits or 1024 4-bit words. It
offers two output buffer options for easy
interfacing with either TTL or MOS
external circuitry. A single mask change
at the gate oxide stage of manufacturing
provides the memory program, output
buffer configuration, and programmable

MIOON DUGTOR
(N)
i

chip selects. The MCM1141L is an 1140
pre-programmed as a 512x 8 sine
look-up table.

Medium-sized table and conversion
applications are the tour de force of the
2048-bit MCM1110L and its pre-pro-
grammed 256 by 8 Hollerith to ASCII
code converters, the MCM1111L and
MCM1112L. Bipolar systems require
the MCM 1112 version, while the MCM-

A 4096-bit capacity enhances the mask-
programmable versatility.

1111 is MOS compatible.

A choice of 256x10 or 512x5
organizations is available with the
MCM1150L, a mask programmable
2056-bit ROM which like the others

For details, circle 213

offers a choice of output logic levels. The
MCMI1151L is a 256 x 10 ASCII to
Selectric converter.

MCM1120L and MCM1130L are the
mask programmable 2240-bit memories
on which the familiar MCM1121-1122
and MCM1131-1132 USASCII charac-
ter generators are based. Both series are
organized with 64 characters of 35
(5x7) bits, but the MCM1130 types
are also available in a 32x 70 (5x 14)
organization. The TTL or MOS compat-
ibility choice is offered by both series,
as is a 28-pin package option.

Prices in 100-999 quantity range from
$14.60 to $20.00. The MCM1110L ser-
ies, MCM1120L series, and MCM1130L
series are all at the $14.60 level. The
MCMI1140L and MCMI1141L are
$20.00, and the MCM1150L and MCM-
1151L are $15.50. A one-time mask
charge applies to all mask programmable

types.

Published by Motorola Semiconductor Products Inc., P. 0. Box 20912 ¢ Phoenix, Arizona 85036

The circuitry shown external to Motorola products is for illustration purposes only, and Motorola
does not assume any responsibility for its use or warrant its performance or that it is free from

patent infringements.

The information and prices in this issue are believed to be accurate and correct at the time
of publication. However, they are subject to change without notice at any time by Motorola.
MHTL, MECL, McMOS, MINIODE, Thermopad, Designers, and EpiBase are trademarks of Motorola
Inc. Annular’ semiconductors are patented by Motorola Inc.
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In the eight chips
of the MCBH-
7601 Crosspoint
Switch, the fre-
quency character-
istics of lateral
PNP transistors
provide a good
match for those
of dielectrically :
isolated SCRs. TR

Swinging SCR's Successfully Serve Sace

Shrinking Solid State Silicon Switch

Some applications demand a combin-
ation of the best features of several
technologies. And that’s just what
Motorola achieved in the MCBH7601 —
a hybrid, two-wire, four-by-four cross-
point switch that successfully integrates
multiple SCRs and lateral PNPs on its

eight chips.

An inspired meld of dielectric isola-
tion with beam lead and silicon nitride
techniques has produced this wide-band
switch that can be employed for many
uses beyond that of voice grade com-
munications. Try it in your critical

For detalils, circle 214

digital switching applications, or as a
current switch.

Conceived as a solid-state replacement
for the reed relays normally used in voice
switching, the MCBH7601 can really
compress the space required by your
switching system. And provide a
quantum jump in reliability.

Each chip in the hybrid represents two
of the 16 crosspoints in the 4 x 4 matrix,
containing four PNP transistors, four
silicon controlled rectifiers, four diodes
and four diffused resistors. Although
two crosspoints exist on each device,
potential crosstalk is prevented through
the use of dielectric isolation and, in the
bargain, intercomponent capacitance
reduced and efficiency improved over
conventional transistor types.

For long system life, silicon nitride
hermetically seals the MCBH7601’s eight
chips making them impervious to mois-
ture and handling contamination. Beam
leads make possible an array of cross-
points with closely matched characteris-
tics and — a bonus — the chips can be
replaced after beam bonding.

Give your system technology’s
best. Let the MCBH7601 make your
connection.

Control Systems And Costs With Versatile, New MHTL Functions

More low-cost ways to control
numerical, supervisory and computer-
peripheral systems with noise-immune,
high-threshold logic are yours with 4 new
Motorola MHTL series.

The latest entries — a decade counter,
dual J-K flip-flop and 2 hex inverters —
combine high input threshold voltages
with slower response time, enabling them
to excel in both internal and external
electrical noise rejection, compared with
other logic families. MHTL also pro-
vides better noise immunity at the power
supply and ground leads, in addition to
the signal leads.

MC684, the decade counter, consists
of four J-K flip-flops plus additional gat-
ing to accomplish the counter function.
The flip-flops change state on the nega-
tive transition of the clock pulse. An
asynchronous master reset clears all
flip-flops, regardless of the state of the
clock. Each flip-flop is provided with
an individual set input which enables
it to be set regardless of the state of

the clock.
The MC688 dual J-K flip-flop is based

on the master-slave principle and is trig-
gered on the negative edge of the clock

For systems operating in high noise envi-
ronments, Motorola’'s High Threshold Logic
provides the highest noise immunity of
any bipolar family.

For details, circle 215

pulse. Each flip-flop is provided with a
separate direct set input and a separate
direct reset input. Each flip-flop may be
set or reset by applying a low level to
that particular input. The J and K inputs
are inhibited when the clock is low and
enabled when the clock is high.

The hex inverter MC689, featuring
open collector outputs, is designed to
drive low current lamps, interface with
discrete components, and interface high-
level logic to any logic level from 4.0 V
to 20 volts.

MC690 is the other MHTL hex
inverter and utilizes an active pull-up to
minimize output impedance. As with the
MC689, the input diode has been elim-
inated to allow the circuit to be expanded
to any number of additional inputs.

The high 15-volt power supply voltage
of MHTL allows easy interface with
discrete components.

lk-up pricing, in either the plastic
(P) or ceramic (L) TO-116 14-pin
package is:
MC684P — $3.25
MC684L — 4.20
MC688P — 1.70
MC688L — 2.25

MC689P — $0.90
MC689L — 1.15
MC690P — 0.90
MC690L — 1.15



SOLID STATE NEWS

The 60 zener
diodes in the
MINIODE series
use oxide-passi-
vated, RamRod
construction in a
new, half DO-7
size package.

S
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New MINIODE Zeners Deliver
Maxi-Performance/Reliability

If you're a designer using miniature
glass zeners, you can now get 400 mW
Surmetic 20 performance at low cost in
an improved, smaller, cavityless glass
package. The MZ70 MINIODE series
devices use the same, dependable, oxide-
passivated chips encapsulated in a new,
hermetic, axial-lead package half the
size of the DO-7.

You can obtain these mini-zeners in
the hard-to-get 2.4 to 6.8 voltage ratings
as well as in the higher 7.5 to 200 V
range. Prices range from 38¢ to 93¢,
1000-up. All 60 MINIODES are sup-
plied in both standard tolerances of 5%
and 10% corresponding to suffix A and
B, respectively, on the type number.
Thus, MZ70-2.4 A designates a 2.4 V
diode of +5% tolerance. With excellent
capability and maximum limits specified

on six electrical parameters, the MZ70
MINIODES meet MIL-S-19500 speci-
fications. And, because no solders are
used in their construction, they are able
to withstand high storage temperatures.
Laser Beams Now Scribe
Motorola MINIODE Chips

MZ70 MINIODE zener diode chips
are all scribed by laser.

Chips scribed by the laser method
have smooth, straight, perpendicular
edges. Cracked or crumbled edges are
virtually eliminated.

Laser scribing is performed at a rate
four times faster than by conventional
methods. Chip yield has also been sub-
stantially improved.

A free evaluation sample and a
Designers data sheet on the MZ70 MINI-
ODES will be sent at your request.
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300 Volt Powerhouse
Leads Case 199 Takeover
Of Metal-Device Sockets

Line-operated power supplies were
never easier — or more economical —
to design than now with the MJE2160
Thermopad silicon power transistor
doing all the high-voltage work!

Priced at just $1.35, 100-up, the device
provides Viposusy ©of 300 V and can
readily replace two comparable types
handling less than its 1.5 A maximum
IC rating.

Ready replacements for metal-device
sockets, you say? Glad you asked!

TheMJE2160 now leads the case 199
parade of more than 2 dozen individual
metal-device replacements from 3 to
10 A, 30 to 350 V!

Case 199 plastic power devices are
available in just about any size, power
rating and lead configuration for imme-
diate drop-in into TO-66 or TO-5
sockets, or PCB for flat or flag-mounting,
with or without heat sinks. And some use
complementary EpiBase and Darlington
technology . . . authored by Motorola —
echoed by others.

Besides providing more than 10 W
greater power-handling capability over
comparable plastic types, case 199:

e mounts easier . . . only 1 machine
screw, 2 washers and a locknut are
needed for all metal-to-metal mount-
ing arrangements

e offers more chip sizes . . . choose the
exact chip size you need to get the
job done, from 60 x 60 to 120 x 140
mils, each one matched to its package

e always lies flat . . . the hole-in-the-
middle means equal thermal/electri-
cal contact all-around — the only
device with a =1 mil flatness spec.

e provides the narrowest profile . . .
20% less body thickness than other
plastic packages means denser mount-
ing in hammer drivers where standup
mounting is required

e lets you standardize . . . same pack-
age style as the case 77 and case 90
types you're familiar with . . . same
chips . . . optimized price to fit your
needs.

Send for the MJE2160 data sheet and
a copy of our LEADFORMS brochure.
All about plastic power!

For details, circle 217



In the MOC1000
Optoelectronic
Coupler, die spac-
ing is carefully
controlled to pro-
vide a minimum
of 1500 volts of
dielectric isola-
tion for your crit-
ical, man-rated
applications.

Lightly Switch On With Optoelectronic Couplers

Lights On: switch on. Lights off:
switch off. Quickly. Simply. Reliably.

Consisting of a gallium-arsenide infra-
red LED optically coupled to a silicon
phototransistor, the new MOC1000
coupler offers an impressive array of
switching advantages: nearly perfect
input/output isolation 100 billion
ohms; 1,500 V minimum dielectric
isolation; 300 kHz typical frequency
response; 60% typical input-output cur-
rent transfer ratio and low 1.3 pF typical

coupling capacitance.

They don’t wear out. they use
minimum power and they're immune to
bouncing, shock and vibration. They're
light, compact and have closed construc-
tion. They're IC-compatible and cost as
little as $3.35, 100-999.

They can be used as replacements for
mechanical relays, in interface and coup-
ling systems, phase and feedback con-
trols, amplifiers and general-purpose
switching.
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For example, in bipolar logic-to-MOS
interfacing, coupling between logic forms
without regard to differences in logic
swings can easily be accomplished. In
computer/peripheral interconnections,
couplers can detect differential signals on
twisted pair lines and translate them to
single-ended outputs, providing complete
ground-loop isolation.

Complete specs and applications
information are available on the data
sheet. Write for it.

Take 9 Steps Closer To The Ideal Diode - In Nanoseconds!

In no time at all, reduced power losses,
increased switching speeds and savings
in space and weight are yours . . . with
9 new, fast-recovery rectifier series!

Complementing the most comprehen-
sive line of fast-recovery devices in the
industry — now totaling 73 — Motorola’s
newest introductions include 3 A plastic
types, 5 A “buttons,” 6, 12, 20, 30, 40
and 50 A metal stud series.

All feature Designers data sheets. The
industry’s most complete. including new
derating information.

All are rated from 50 to 600 V! — 1 A
diodes are available to 1,000 V!

All feature nimble, 100 ns typical
recovery times!

And with a 100 ns recovery, all Moto-
rola fast-recovery types are maximum-
efficient!

Because of agile switching which
results in less power loss at high fre-
quencies, these devices are ideally suited
for use in power supplies requiring high-

frequency inverters and in switching reg-
ulators permitting significant reduction
in the size, weight and cost of power con-
version and filter components.
Additional applications include use as
free-wheeling diodes in high-frequency

servo amplifiers and high-speed hammer
drivers.

Use them in computer, industrial and
military equipment.

Now’s the time to go with them —
faster!

e PLASTIC METAL
AXIAL LEAD AXIAL LEAD STUD MOUNTED
1A 1A 3A SA 3A 3A 6A 12A 20A 30A 40A 50A
Package | (DO-41) (DO-41) (Case 267-01) (Case lul!Z)#(Case 60)(Case 60) (DO-4) (DO-4) (DO-5) (DO-5) (DO-5) (DO-5)
50V 1IN4933 MR810 MR850 MR820 | MR830 MR840 1N3879 1N3889 1N3899 1N3909 MR860 MR870
100V | 1IN4934 MR811 MR851 MR821 | MR831 MR841 1N3880 1N3890 1N3900 1IN3910 MR861 MR871
200V | IN4935 MR812 MR852 MR822 | MR832 MR842 1N3881 1N3891 1N3901 1N3911 MR862 MR872
300V [ MR2271 MR813 - — — — 1IN3882 1N3892 1N3902 1N3912 — —
400V | 1N4936 MR814  MR854 MR824 | MR834 MR844 1N3883 1N3893 1N3903 1N3913 MR864 MR874
600V | 1N4937 MR816 MR856 MR826 | MR836 MR846 MR1366 MR1376 MR1386 MR1396 MR866 MR876
800V —  MR817 S - s i = o =1 il - .
1000V | —  MR818 — — — - - - —_ - - —
*100-up | $.40 $.30 $.85 $1.20 $.99 $.85 $1.50 $2.00 $2.80 $3.25 $390 $4.30
Price to to to to to to to to to to to to
Range $.79 $.94 $1.30 $3.10 $2.58 $2.31 $3.75 $525 $7.20 $8.45 $10.10 $11.20
f 250kHz  S50kHz  250kHz  250kHz | 250kHz 50kHz 250kHz 250kHz 250kHz 250kHz 250kHz 250kHz
ter (max)]| 0.2usec 1.0usec 0.2usec 0.2usec |0.2usec 10usec 0.2usec 0.2usec 0.2usec 0.2usec 0.2usec 0.2usec
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NEW PRODUCTS BRIEFS

DIGITAL/LINEAR BEAM LEAD ADDITIONS
— Fast, Off-The-Shelf Reliability

With the addition of the MCBC 5473 Dual J-K Flip-Flop and the MCBC-
1748 Uncompensated Operational Amplifier, Motorola offers a choice of seven-
teen digital and three linear beam lead devices, with more on the way.

These beam lead versions of popular ICs offer the designer the ultimate
in reliability. Their unique processing offers higher bond reliability. Nitride
passivation protects the chips from contamination, and in hybrid applications,

they provide the repairability needed for high system yields. T K Ca = : L R
Both devices are available in chip (MCBC designation) and packaged flat 3 e || B
pack (F) versions. 100-up prices are $5.40 (MCBC5473); $8.30 (MCB5473F): = L Tl | |Lw

$2.75 (MCBC1748); $4.25 (MCB1748F).
For details circle 220

35 AMP ISOLATED STUD SCR SERIES
— Offers Registered Specs For “Floating” Systems

Here are the very first 35 A isolated stud SCRs to be 2N-registered . . . the
new 2N6171-74 series providing electrical isolation for non-grounded, or “float-
ing” systems. It’s designed for use in power supplies, battery chargers, tempera-
ture, motor, light and welder controls in heavy-duty industrial/commercial sys-
tems. The units feature 350 A surge current protection; practical, 10 mA typical
trigger and hold currents; and 100 to 600 V blocking voltage ratings.

Economical as well as versatile, the studs also offer pressfit and “hot” stud
versions on the same data sheet . . . you have a broad package choice for your
mechanical requirements.

Prices on the 2N6171 series start at $4.15, 100-up.
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MOTOROLA NOW SECOND SOURCE
— For Popular Op Amps And Voltage Regulators

The MLM107G, MLM207G, and MLM307G offer functional, electrical,
and pin-for-pin compatibility with the similarly-numbered LM series of internally
compensated op amps. The series is supplied in the 8-pin TO-99 can and features
low input offset current (10 nA max.) and low offset voltage (2.0 mV max.).
Prices in 100-999 quantities are $15.00, $12.00, and $1.35 respectively.

Other new second-source devices are the MLM105G, MLM205G, and
MLM305G positive voltage regulators and the MLM109K series fixed 5.0 V
regulators. Output voltage of the MLM 105 series is adjustable from 4.5 to 40 V.
In the TO-99 package, these devices are $6.00 (105), $4.00 (205), and $2.00
(305) in 100 to 999 quantities.

For those applications where a fixed 5.0 V output is needed, the MLM 109K,
209K, and 309K are priced at $19.00, $7.95, and $2.50 in 100-up quantities. The
package is TO-3.

All of these units are available off-the-shelf.

For details, circle 222

2N3055 NOW PNP-MATCHED
— MJ2955 Complements Industry Favorite

The long-popular NPN 2N3055 now has an EpiBase PNP mate — the
M1J2955 — forming an ideal, low-cost partnership for your complementary ampli-
fier designs. Rated at 15 A, 60 V the MJ2955 offers 150 W power dissipation
capability and excellent, 1.1 V maximum saturation voltage at 4 A. Current
gain measures out at 20-70 at this Ic level. Good frequency response completes
the picture.

Prices for both are equal — $1.05 — an industry first!

For those needing a bit less power — up to 75 W and 4 A — you can design
in the new 2N6049/2N3054A complements utilizing the space-saving TO-66
package and offering dc safe operating area of 1.5 A/30 V. They're priced eco-
nomically to fit most pocketbooks . . . 82¢ each, 100-999. Gain on this pair is
spec’d at 0.5 and 3 A.

For a copy, circle 223
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New Master selection cannot be honored after July 1, 1972.
Guide Now Ready

The January/February/March edition of Motorola’s
Master Selection Guide has been published for your
reference. In its 117 pages you get all the information
you need to make the best selection of Motorola
semiconductors for your applications.

Within the Selection Guide's pages you'll find:
selection guides, of course — 56 of them. They range 2-24 copies @ $2.00 ea.
from diodes up through microcircuit components
through all 20 digital integrated circuit series through

LINEAR DATA BOOK

Single Copy @ $2.50 ea.

25-up copies @ $1.75 ea.

seven types of linear circuits. MECL SYSTEMS DESIGN HANDBOOK
You get much more helpful information also,
including a glossary of microelectronic terms, a listing 1-9 copies @ $2.00 ea. $

of devices for military applications and the titles and
numbers of current application notes.

In short, this Guide provides just what you need to Total
make the optimum choice. Send for your copy today.

10-up copies @ $1.25 ea.

. Fill in your name and address on the other side of this coupon. Tear along
For a copy, circle 224 perforated lines and enclose in envelope with proper remittance.
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Study Compares Performance/Cost
Of Minicomputer Designs

How would your minicomputer measure up against a
comparable design using MECL 10,000? Would performance
be improved? More ICs needed? How about board area?
Power? Cost?

If any of these questions arouse your itch to know, here’s
how to scratch it. Send for the New Technologies In Mini-
computer Design brochure. This new Motorola booklet answers
these and many other questions by studying separate TTL and
MECL10,000 implementations of a 16-bit word machine. For
ease of comparison, architecture is minimized; instruction
overlap, instruction lookahead and memory interleaving are
not used. The designs are conservative, using semiconductor
memory, 16 general purpose registers and ROM control.

We think the results of the study will give you valuable
insight into the advantages new technologies can provide in
minicomputers. But don’t take our word for it, write for a
copy and judge for yourself.

(Please use tape — do not staple)

ORDER COUPON

Be sure to fill out both sides of this coupon, tear along perforated edge,
and mail in envelope with check, money-order, or purchase-order (*) to:

Note: (*)P.0.'s for less than $20.00 cannot be accepted. Make checks or
money-orders payable to: Motorola Inc.

NAME
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NEW LITERATURE

Industry’s Most Comprehensive
High Speed Logic Design Book Here

The knowledge
gained from a decade
of designing high speed
logic and helping users
apply it is yours — in
the new MECL Sys-
tems Design Hand-
book!

In its 8 chapters,
the Handbook presents
nearly 200 illustrations
providing circuit and
waveform diagrams
and numerical data. Of
particular interest is
Chapter 8. It covers
high performance
applications and circuits and includes methods for
interfacing various logic families with MECL. It also
provides 53 circuit ideas — many being published for
the first time.

Other chapters are concerned with design rules,
PC board connections, system interconnections, power
distribution, thermal management and transmission
line theory for MECL II, III and the new, low-power
MECL 10,000 series.

Use the handy order form at the left to obtain your
copy of this comprehensive design guide. Its price is
$2.00 per copy.

New Linear IC
Data Book Stands Alone

The first Motorola Linear Integrated Circuits Data
Book is now available, and it’s a beaut. In its more
than 500 pages, you'll find data sheet specifications
for over 140 types plus 28 devices now available as
chips. And for maximum usefulness, you’re given a
master device index, an interchangeability guide, a
guide to applications and packaging information. For
quick access, all sections are edge-reference.

Motorola’s broad linear line includes operational
amplifiers, voltage regulators, high frequency circuits,
multipliers, modulators, detectors, radio-TV types,
linear-digital interface circuits, and a variety of special
purpose circuits. Use the coupon to order your copy.
Single copy price $2.50.



CUTLER-HAMMER
HAS THE RIGHT
ILLUMINATED SWITCH
FOR EVERY

Does your new product design call for an
illuminated switch? Or would it be a bet-
ter, more saleable product if it did?

Then Cutler-Hammer is ready to help
with the broadest selection of illuminated
switches you'll find anywhere.

We've got lighted toggles and rockers
and paddles and pushbuttons. Standard
sizes and miniatures. With lots of color
choices and decorative hardware.

They come in a broad array of configu-
rations—like double rockers and main-
tained or momentary action. With a range
of electrical ratings that’s sure to meet
your specs. Including replaceable and
non-replaceable lamps in several lamp
types and many operating voltages.

Your Cutler-Hammer Sales Engineer or
Stocking Distributor is ready to show you
these switches in operation and to supply
prototypes to match your designs. Con-
tact him today and get the full story.

CUTLER-HAMMER | **

SPECIALTY PRODUCTS DIVISION, Mitwaukee, Wis. 53201
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Replace it with a
solid-state relay built around
a Monsanto opto-isolator.

An all-semiconductor relay has

a lot of sex appeal. No contact
bounce, because there are no
contacts. No coil. No reed. No
transformer, either. Turn-on and
turn-off times of less than 50 usec
are easily achieved. It will take the
severest Mil-Spec mechanical
shock and vibration tests without
blinking. It will operate in ambient
temperatures from —55°C to
+100°C. Best of all, it gets a
component with a built-in failure
mechanism out of your system.

New Application Notes
It's easy and inexpensive to find The MCA-2 photo-Darlington
out how the Monsanto line of opto- does the switching.

Monsanto

INFORMATION RETRIEVAL NUMBER 892
16]

isolators (alias photo-coupled
pairs) can help you build an all-
solid-state relay into your system.

Send for our new application notes
AN501 and AN502. The first shows
you a DPDT 125 mA semiconductor
relay, the second how to build a
low cost ($7.06) solid state AC
relay that will switch a wide range
of voltage and current levels. Very
interesting reading. Use the bingo
card or call us at (408) 257-2140.
Monsanto Commercial Products
Co., Electronic Special Products,
10131 Bubb Road, Cupertino,
California 95014.
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WHY UNSE A MINFET
WHEN YOU CAN UNE A
MONFET?

2N5457
2N5433
MEM 660
2N4392

2N4979

FOR SWITCHING

APPLICATIONS: e Plated Wire Memory
e Core Memory
¢ Driver and Sense Amplifier Switches
e High Speed Multiplexers and Buffer Amplifiers
e Video Signal Switches
¢ Balanced Mixers

FEATURES: e Low Drive Voltage ... ... .. ... +4V
* High lpjon) e ~....70mA
* Roon Match *10%
¢ High ‘OFF’" Impedance 5x10° ohms

MEM 660 N-channel MOSFETS and its QUAD MEM 780 version are in stock and immediately available
from your authorized General Instrument distributor. For complete information call 516-733-3084 or write:

GENERAL
INSTRUMENT

GENERAL INSTRUMENT CORPORATION « 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK

INFORMATION RETRIEVAL NUMBER 893
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Harris' Family of Op Amps.
They're a ditierent breed.

By design.

Harris op amps have always been a little bit different ever since we introduced the industry’s
first internally compensated op amp back in 1966. Today, we still make our op amps a little
different. For example, our PNP's, or better put, our E—are vertical instead of lateral to give you
superior AC performance without
sacrificing DC characteristics. fetieonont s Lot : ]
Then take our designs. We employ =]
a single gain stage to provide better 5
behaved frequency response. Our bias
networks are a bit more complex for
uniform performance over a wide range of
supply voltages and temperature ranges,
and our output stages have better output
current capabilities. In testing we're
different too—more thorough. In fact, we o SSAN
were guaranteeing slew rates and rise
times long before other manufacturers % K o 20K ™ Towr
did. Consider just two examples: FREQUENCY:- e
Harris wide band general purpose op amps offer:
[ Close loop bandwidth up to 100 times greater at the same gain or 100 times greater gain
capability for the same bandwidth than the common 741 types.
[ Much lower closed loop phase shift, lower gain error, and lower distortion at all frequencies.

HA-26520
= \!\ HA-2400
N

H;
N
N

60 ~
™~

N
N

741,107
MOST OTHERS

OPEN LOOP VOLTAGE GAIN - dB.

// I/ 'é! i

FULL POWER BANDWITH (20V. P output) [J Superior response at higher gains.
® ™ ™ [J Hundreds of times better DC performance
I l I I = | I o = (for example, the HA-2600/2620 has a 5nA bias
current, 300M( input resistance, and 100K
74, {1, HA 2600 HA2600 HA-2510 minimum open loop gain).
MOST OTHERS naze0 Ha2wo Jf RASE Haprig high slew rate series offer:
!- [J The only monolithic high slew rate amplifiers
] I -] [ [ | [ L | o |00 that are true operational amplifiers. They can be
0.1 10

100 operated inverting, non-inverting, or balanced

with fast settling times. In fact, they provide
improved performance in virtually any standard hookup. [JThe fastest settling time of any
monolithic op amp. (For example, the HA-2520 settles in 250 ns to 0.1%). (JHigher output
voltage swing at high frequencies. (If you have ever tried to put a 10V peak 1MHz sine wave
through a 741 type, you know what we mean.)

In summary, Harris makes a difference...our family of proprietary devices and popular
alternate source devices can offer you the best price/
performance op amp package for your system.

Full military temperature range (—55°C to +125°C):
HA-2101A HA-2600 HA-2620 HA-2500 HA-2520 HA-2909
HA-2101 HA-2602 HA-2622 HA-2502 HA-2522 HA-2700
HA-2107 HA-2510 HA-2400
HA-2107-3 HA-2512

Commercial/Industrial (0°C to + 70°C): H A R R I S
HA-2301A HA-2207 HA-2505 HA-2525 HA-2704 HA-2404

HA-2201A HA-2605 HA-2515 HA-2911 HA-2705 HA-2405

HA_2307,t\ll in standard 741 pin-compatible SE MI COND UCTOR

SLEW RATE - VOLTS PER MICROSECOND

configuration. (EXCGDT HA_2400/2404/ 2405 A DIVISION OF HARRIS-INTERTYPE CORPORATION
4-channel op amp.) For details see your Harris P.O. Box 883, Melbourne, Florida 32901
distributor, representative, or contact us direct. (805) 727-5430

DISTRIBUTORS: Schweber Electronics: Westbury, New York (516) 334-7474; Rockville, Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 / Harvey/R & D Electronics:
Lexington, Massachusetts (617) 861-9200 / Semiconductor Specialists, Inc.: Chicago (312) 279-1000; Detroit (313) 255-0300; Minneapolis (612) 884-8132; Kansas City (816) 452-3900;

St. Louis (314) 428-6100; Dallas (214) 358-5211; Indianapolis (317) 243-8271; Pittsburgh (412) 781-8120; Dayton (513) 278-9455 / R.V. Weatherford Co.: Albuquerque (505) 265-5671;
Anaheim (714) 547-0891; Austin (512) Enterprise 1443; Dallas (214) 231-6051; Denver (303) 427-3736; Glendale (213) 849-3451; Houston (713) Enterprise 1443; Palo Alto (415) 321-5373;
Phoenix (602) 272-7144; Pomona (714) 623-1261; San Diego (714) 278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley, Massachusetts (617) 237-5430;

Wayne, Pennsylvania (215) 687-6680; Palos Heights, lilinois (312) 597-7510; Melbourne, Florida (305) 727-5430; Palo Alto, California (415) 321-2280; Melville, New York (516) 249-4500;
Syracuse, New York (315) 463-3373; Washington, D.C. (202) 337-4914; Dallas, Texas (214) 231-9031; Scottsdale, Arizona (602) 946-3556; Long Beach, California (213) 426-7687.

INFORMATION RETRIEVAL NUMBER 894
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Model 5100

FREQUENCY SYNTHESIZER

« Full Programmability 5:
- 0.001 Hz to 2 MHz Range
- No Switching Transients
- 0.001 Hz Resolution
- Direct Digital Technique

NO MIXING OR PHASE LOCKING
- High Spectral Purity —:: wirvonic
- High Stabhility :>x 15"/ crmona.
- Precision Attenuator

0 TO 85db IN 1db STEPS PLUS CONTINUOUS CONTROL
(PROGRAMMABLE ATTENUATION OPTIONAL)

- High Output Voltage

10 VOLTS P-P, 50-OHM SOURCE IMPEDANCE

ROCKLAND SYSTEMS CORPORATION

131 Erie Street E.,Blauvelt, N. Y. 10913 e (914) 359-1818

ROCKLMAND

INFORMATION RETRIEVAL NUMBER 13
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COMPUTER
o™ AuToMATION

:

Actually the NAKED MINI is the ALPHA with its clothes off.
We designed both with the same specifications for the same
high performance. In fact, both are backed by the same one
year unconditional warranty. The only difference is that the
NAKED MINI is a computer that's really a component.

At first blush, you may think that the NAKED MINI is
stripped. But it's not. It is just designed so that you can inte-
grate a powerful mini-computer into your product and
increase your profit margin.

How?

Because you don’t get skinned by the NAKED MINI'S
prices. In OEM quantities you get the NAKED MINI 8 for only

The difference

and Alpha”is only

i I e e )

$1450, and the NAKED MINI 16 for $1995. And that includes
4K words of memory.

If you already have power and controls in your system, you
may not need a control console, power supply and fancy
enclosure with your computer. You may simply want to bury
the computer in your product as another component. Yet
you do want a complete and powerful general purpose com-
puter that will add performance and reliability to your product.

That is exactly what you get from the NAKED MINI. Full
computer power at drastically reduced prices. Fully parallel
byte and word processing, direct memory |/O channels.
hardware multiply/divide, vectored priority interrupts, 4 K




between the NAKED MINI"

skindeep.

plug-in memory expandable to 32 K words. All this plus the
industry’s most powerful and straightforward instruction
set, 156 basic instructions with many multi-function
instructions.

What this means is simplified programming for producing
shorter programs that take less core
and run faster. And this saves you
money in many ways. The NAKED
MINI'S full broadside I/0 and priority
interrupt structure make it the easiest
of all mini-computers to interface

with your equipment—and this saves you money also.

We offer a complete line of standard software and options
including power fail restart, real time clock, parity, memory
protect, buffered 1/0O cards, communication controllers, and
multiplexers as well as all types of peripherals.

The bare fact is, you'll be impressed by all of THE NAKED
MINI'S vital statistics. To get better acquainted call or write
the NAKED MINI Company today.

COMIPUTER AUTOMATION, INC.

895 West 16th Street - Newport Beach, California
92660 « Phone (714) 642-9630 « TWX 910-596-1377

INFORMATION RETRIEVAL NUMBER 14



ferramic’

instead of
guessing a lot

B /nverter-Rated components end guesswork in your
inverter designs. They're tested under actual inverter
conditions to give you guaranteed, relevant electrical
parameters, not just routine magnetic material data.

Inverter-Rated Ferramic components not only make
your design and selection more precise—they work.
Developed, tested and specified for inverter applications.
So the reliability you design in—stays in.

For applications with unipolar or bipolar switching of
direct currents, Inverter-Rated Ferramic components
deliver. No trial and error selection. No rejects due to
cores that only meet a material spec.

Indiana general

Ver'l
rated

A A

components

M

Ferrites for inverters are the latest in our growing
family of application-rated components. And they’re
available now in Pot Cores, U Cores, Cross Cores,
E Cores and Toroids.

We'd like to send you samples of our new Ferramic
components that work in inverter applications. And
specs that make sense. Or to consult with you about
your design problems. Just contact Indiana General,
Electronic Products, Keasbey, N. J. 08832. Or call (201)
826-5100.

National distribution through seven Permag locations.

Ic2)

a division of Electronic Memories & Magnetics Corp.

INFORMATION RETRIEVAL NUMBER 15
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AlSillla

BRAND

SUBSTRATES

Many advanced ceramic substrate mate-
rials for thick film, thin film and micro-
wave applications are available to suit
your exacting requirements. Many sizes
are stocked for immediate delivery.
Custom prototypes can be quickly
manufactured. High volume production
fulfills your needs. New Bulletin 712
on request or phone 803/682-3215.
CIRCLE NO. 201

SNAP-STRATES

Originated by American Lava, these
monolithic parts can be snapped into
individual substrates after circuit work
is completed. Tooled Snap-Strates per-
mit odd shapes, holes, slots, etc. Laser
Snap-Strates permit very small or
thin parts of great accuracy.

Phone 803/682-3215.

CIRCLE NO. 202

O COMPONENTS FOR HYBRIDS

CUSTOM
METALLIZING

Tailored for maximum bond strength
on wide choice of our own ceramic
compositions inchuding Black Alumina,
White Alumina and Beryllia. All pop-
ular metallizations are offered applied
by both precision generation and photo-
etching. Phone 615/265-3411.
CIRCLE NO. 203

¢

BERYLLIA
SUBSTRATES

Heat dissipation your major problem?
Investigate beryllia substrates. We are
in volume production on BeO substrates
and heat sinks and can meet “fast
turn-around” requirements. Stock items
for immediate shipment let you make
quick and economical tests.

Phone 615/265-3411.

CIRCLE NO. 204

CAPACITOR
CHIPS

Single or multilayer, custom made or
stock. Diced chips from 1 pf to .05
mfd. Sizes .020” square and up. Multi-
Cap® capacitors in all EIA preferred
sizes, .080” x .050” and up. Available
in T'C compositions from P120 to N5600
and in all high dielectric constant mate-
rials. Bulletins 689 and 694 on request.
Phone 803/682-3215.

CIRCLE NO. 205

APPROX. ACTUAL SIZE

MULTILAYER
COMPOSITE SUBSTRATES

Monolithic multilayered structures with
buried conductors permit a customized
top layer for complex, custom designed,
high reliability thick or thin film cir-
cuits. The conductive patterns are sep-
arated and insulated by planes of high
alumina ceramic . . . NO glass. Also
used for high quality hybrid packages
and bases for complex Multi-Chip cir-
cuits. Phone 615/265-3411.

CIRCLE NO. 206

70th
YEAR

0F
CERAMIC
LEADERSHIP
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PERFECTION
IN
CONFIGURATION

Nothing man
has made
approaches the
‘ | sheer perfection
L ; of shape and
TO-5 Relay contour found in
nature’s egg. In the industrial
world, the TO-5 Transistor Case
Relay comes close . . . Perfect?
About as close as you can come!
It was eight years ago when
Teledyne Relays developed the
miniature TO-5. .. And since then,
with continued breakthroughs
in the state-of-the-art, the broad
family of TO-5 Relays remain
the most advanced and reliable
general purpose relays
available.

3155 West El Segundo
Boulevard, Hawthorne,
California 90250 ¢ Telephone
(213) 679-2205

“/n\~

TELEDYNE

RELAYS
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FCC's proposed EMI rules
stir anxiety in industry

New rules on rf emission pro-
posed by the Federal Communica-
tions Commission have raised fears
in the electronics industry of in-
creased costs and delays in the
manufacture of equipment.

The EIA, EIA-Japan, IEEE and
manufacturers such as AT&T, Syl-
vania and Collins have filed ob-
jections to the FCC regulations,
covered in Docket 19356. The FCC
is studying all of the comments,
and expects to decide by the end
of the year on a final version of
the new rule.

Herman Garlan, chief of the
FCC’s Radio Emergency Devices
Branch, says the changes are need-
ed to control spurious emissions
by electronic equipment and subse-
quent interference with communi-
cations. The proposed rules affect
two parts of the FCC’s statutes.
These are Part 15 covering inci-
dental and restricted radiation
devices, such as walkie-talkies,
wireless microphones and radio-
controlled garage door openers—
and Part 18, which covers indus-
trial, scientific and medical equip-
ment, such as rf welders and heat-
ers and diathermy machines. The
new rules, Garlan says, would limit
the manufacture, shipment and
sale of devices that emit unwanted
electromagnetic interference.

Manufacturers are objecting to
the following:

m Elimination of a self-certifica-
tion procedure by users and, in its
place, a rule requiring FCC certifi-
cation before the equipment is
marketed.

m- On-site certification require-
ments.

® Lack of maximum time delay
provision which would allow manu-
facturers to assume that the device
had been accepted if the FCC did
not reply within 14 days.

® FCC inspection of sales and
marketing records.

ELECcTRONIC DESIGN 6, March 16, 1972

® A rule allowing public disclos-
ure of all technical information
about a product once the FCC has
approved it. Manufacturers say this
could give competitors an unfair
advantage in cases where the mar-
keting of a product did not im-
mediately follow with its certifica-
tion by the federal agency.

In the past the FCC has provided
for a self-certification procedure
for most equipment operated with-
out individual license under Parts
15 and 18. Self-certification merely
required the user to perform cer-
tain engineering tests on the de-
vice and to attach a label to it
certifying that it had been tested
and had been found to comply with
FCC regulations.

This system, Garlan asserts, has
not proved satisfactory from the
standpoint of controlling electro-
magenetic interference (EMI). The
FCC proposes that equipment be
certified by it prior to marketing.

Florida paper to set up
electronic newsroom

Video typewriters for newsmen
will soon be available, thereby com-
pleting the development of the so-
called “all-eletcronic newsroom.”
And the first such setup has al-
ready been sold to a daily in Flori-
da.

While typewriters will cost
around $5000 each, the entire sys-
tem, which can include as many as
32 typewriters, will cost from
$200,000 to $600,000, depending on
size, says its developer, the Harris-
Intertype Corp. in Cleveland.

The rest of the system, which is
already operational, consists of a
disc storage, an electronic editing
terminal and a computerized photo-
typesetter that turns out photo-
graphic galley proofs.

The Gannett Co., publisher of 53

dailies, has bought Harris-Inter-
type’s first complete system for its
50,000-circulation daily Today in
Cocoa, Fla. Costing $250,000, it
will be installed by the end of this
year.

Other potential customers, says
Harris-Intertype’s president, Rich-
ard B. Tullis, include 300 to 400 of
the nation’s 1750 daily newspapers,
with circulations ranging from
40,000 to 250,000.

These initial candidates alone,
Tullis says, represent a market
that may hit $100-million over the
next five to 10 years.

The Harris 1500 Editorial Input
Terminal, about the size of a stand-
ard electric typewriter, is equipped
with a typewriter keyboard and a
5-by-10-inch CRT display. No pa-
per is required, and there is no
carriage return or noise. Striking
over an incorrect letter or word
erases it. Paragraphs can be moved
to a new sequence. And words can
be inserted, deleted and changed.
The finished copy goes to a disc
storage, and from there to an elec-
tronic editing terminal.

RCA kicks off sale
of electronics to China

The first large sale of American
electronic equipment to the People’s
Republic of China—a satellite com-
munications earth station—has
been made by RCA Global Com-
munications, Inc.

Under a $2.9-million contract with
China National Machinery Import
and Export Corporation, RCA has
installed the station near the
Shanghai Airport in cooperation
with the Chinese Telecommunica-
tions Administration.

During President Nixon’s visit
to China the station relayed pic-
tures of the Presidential party and
its activities to the United States.
In addition to television, the facili-
ty can handle telephone, leased-
channel, telegram and facsimile
traffic, according to Howard R.
Hawkins, president of RCA Glob-
com.

The earth station is transmitting
to and receiving from the new In-
telsat IV satellite, which is in a
geostationary orbit 22300 miles
above the Pacific. The normal op-
erating path is between Shanghai
and an earth station in Jamesburg,
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Calif., one of eight such stations
in the U.S. and its territories.

Under the agreement signed by
the Chinese, the Shanghai earth
station—which consists of two
transportable vans and a 33-foot
parabolic antenna—was flown in
from Thailand in four sections. A
power generator station and test
equipment were also delivered with
the station.

Installed in 30 days by RCA and
Chinese technical personnel, the
station is currently in commercial
operation, handling TV and other
communications services between
China and the United States.

In addition to the earth station,
the contract calls for RCA to sup-
ply a microwave link and 20 Video-
voice units. The microwave link
will tie the ground station in with
a downtown Shanghai studio.

Sales of electronic equipment to
China will probably be limited to
direct contacts between large U.S.
corporations and the Chinese Gov-
ernment for some time to come,
comments Melville Morris, vice
president of International Media
and Exhibits, promoters of elec-
tronics exhibitions for medium and
small U.S. manufacturers in the
Eastern European countries.

No wholesale rush to do elec-
tronics business with the Chinese is
as yet evident, says Eric Fine,
chief of the Electronic Equipment
Branch, Office of Export Control
of the Dept. of Commerce. Only a
few requests for export licenses
are pending, he notes, despite the
fact that anything that can be sold
to the Soviet Union can now be
sold to China.

Special site now checks
accuracy of ship sonar

Checking the accuracy of sonar
has always been a tedious, time-con-
suming and not terribly accurate
chore. Bearing and range accura-
cies have been checked with some
success on known targets in the
open sea, but this has not been pos-
sible for the receiving sensitivity
and source-level. Now, an electronic
setup has been devised to check all
four factors in port, under con-
trolled conditions, in about two
days.

The solution appears obvious

24

But it was not tried before be-
cause skeptics felt that nearby ob-
jects in a port would cause specious
returns. A group at the Naval
Electronics Laboratory Center in
San Diego has disproved this no-
tion. The group built a facility,
called the Sensory Accuracy Check
Site, at Long Beach, Calif. Other
facilities are planned for a num-
ber of ports that the Navy uses
throughout the world.

“We are already working on a
site for Charleston, South Caro-
lina,” says Allen G. Menke, opera-
tions manager of the facility at
San Diego.

The electronics equipment in
each site costs approximately
$200,000, much of it off-the-shelf.
A minicomputer with a variety of
peripherals, television equipment,
frequency generators, counters,
digital voltmeters, oscilloscopes and
some interfacing electronics make
up the bulk of the electronics pack-
age.

All data are processed in a con-
trol room at the site with a Varian
620-1 minicomputer, which prints
out the sonar’s performance record
in real time.

Cruise vessels getting
computerized radar

A computerized, anticollision ra-
dar plotting system, already suc-
cessfully operating on cargo ships,
has been installed on its first cruise
ship.

Built by Iotron Corp. of Bed-
ford, Mass., the system, called Digi-
plot, helped guide the new Nor-
wegian cruise ship M/S Island
Venture on her maiden voyage
from New York to the Carribean
and back last month.

Using a Lockheed MAC-16 cen-
tral processing unit, Digiplot ana-
lyzes data from three radars. It
monitors continuously 200 targets,
and it displays, tracks and plots the
40 most threatening within a 17-
mile radius.

Although the cruise market looks
good, James Coolbaugh, Iotron vice-
president, says that the cargo mar-
ket is bigger. There are more than
4000 tankers and freighters in the
world, with 300 more joining the
fleet every year.

Laser communications
to be tested by NASA

NASA has asked the aerospace
industry to submit proposals for a
space-ground laser communications
system that could pave the way for
an earth communication system
that would use low-orbiting satel-
lites to relay line-of-sight links.

The plan is to develop a visible
laser communication experiment to
fly on the ATS-G (Applications
Technology Satellite) in mid-1975.
More than two dozen companies
have been invited to submit their
ideas.

Proposals are due at the Mar-
shall Space Center in Huntsville,
Ala., by March 24, and work is ex-
pected to begin in July. The winner
will design, build and test the laser
experiment and operate a mobile
ground station over two years.

The laser system will consist of
one laser source aboard the 22,000-
mile-high satellite and another at a
ground station, with each aimed at
the other. ]

The satellite will carry a helium-
neon laser with a wavelength of
0.6238-u. The ground station will
be equipped with a doubled neo-
dynicm YAG laser with a wave-
length of 0.53 w.

The satellite’s laser will illumi-
nate a 1000 foot-diameter circle on
earth, although information will be
collected from only six feet within
this circle. The output power of the
satellite laser will be 5 mW.

The ground-station laser will
have 1 W of output power.

NASA has several objectives. It
wants to:

m Determine the effects of the
earth’s atmosphere on laser propa-
gation.

m Prove the feasibility of wide-
angle acquisition, precision point-
ing and tracking between optical
terminals.

m Establish an optical communi-
cation link with a capacity of 30
million bits of information a sec-
ond, which would ultimately result
in a communication network that
used low earth-orbiting relay satel-
lites.

The experiment is being sponsor-
ed by NASA’s Office of Aeronau-
tics and Space Technology. The
ATS-G satellite and all of its experi-
ments are under the direcetion of
the NASA Office of Applications.

ELECTRONIC DESIGN 6, March 16, 1972



IMPROVED TRIAC REMABILITY
WITH GE POWER-GLAS!"
PASSIVATION

Press-Pac Isolated Stud

General Electric 6, 10, 15 and 25 amp triacs now incorporate POWER-GLAS™ pas-
sivation. .. a proprietary glass formulation and deposition process that creates an intimate
void- free bond between the silicon chip and the matched glass.

For the user this means significant reductions in “off-state” current (typically less than
100kA) and new reliability standards for stability under conditions of AC blocking life.
Additionally all General Electric triacs are transient voltage immune.

POWER-GLAS™ passivation available now in the SC240, SC245, SC250 and SC260
series, 6, 10, 15 and 25 amps respectively up to 500 volts, and in three package cnfigura-
tions . . . press fit, stud, and isolated stud.

Interested . . . contact any authorized General Electric Electronic Component Sales
Office, authorized General Electric Distributor, or write for a copy of “Improved Triac Reli-
ability thru POWER-GLAS™

GENERAL @3 ELECTRIC

Semiconductor Products Department
Electronics Park, Syracuse, New York
13201
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AT THE SOLID-STATE CIRCUITS CONFERENCE

N-channel technology invading
semiconductor memory field

The use of n-channel technology
to obtain an increase in speed in
semiconductor memories has been
talked about for some time, but
the realization of the technique has
always been put off till next year.
From the papers presented at the
1972 IEEE International Solid-
State Circuits Conference, held in
Philadelphia, it appears that ‘“next
yvear” has finally arrived.

In a paper on “A 4096-Bit Dy-
namic MOS RAM,” Joel Karp, a
member of the MOS Engineering
Dept. of Intel Corp., Santa Clara,
Calif., deséribed a semiconductor
memory that uses n-channel silicon-
gate technology to achieve smaller
cell size and lower threshold volt-
ages and power consumption.

At the same session Michael Mc-
Coy, manager of advanced product
development for Electronic Ar-
rays, Inc., Mountain View, Calif.,
described a 1024-bit, n-channel,
silicon-gate RAM that uses a novel
gated capacitor to provide self-re-
freshing of stored data.

The 4-k memory is constructed
on a 137 x 167-mil chip and, ac-
cording to design engineers at the
conference, will become another in-
dustry standard, like the 1-k bit
1103.

According to Karp, the new
memory was designed for easy use.
Unlike the 1103, however—which
uses three clocks whose signals
must overlap in a precise manner—
the new RAM requires only a
single 12-V clock, from which all
other timing signals are internally
derived. In addition all other in-

The following editors contrib-
uted to this report: Jules H.
Gilder, Michael Elphick and Jim
MeDermott.
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A novel configuration of the three-
transistor cell in Intel’'s 4-k memory
needs only 2-1/2 interconnect lines.

puts to the memory are TTL-com-
patible, a feature that is missing
in the 1103.

The memory cell of the 4-k ar-
ray is composed of three minimum-
geometry transistors and occupies
less than 2 square mils of area.
One reason for the small cell size
is its novel configuration, which
results in a cell that requires only
2-1/2 interconnect lines—row se-
lect, column select and a ground
line that is shared by two adja-
cent columns of cells.

In operation, a row selection line
activates a row of cells for both
reading and writing. The row volt-
age is a tristate signal gated onto
the row select line by the row de-
coder. Reading of the cell is ac-
complished during the intermediate
level of this signal, and writing or
refreshing the cell is done during
the high level of the signal. To
conserve power, the high level is
terminated as soon as proper in-
formation is gated to the cell.

The column-select line allows
transfer of information into or out
of the cell. This line is connected
to the column amplifier, which is
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A gated capacitor is used in the

self-refreshing cell of Electronic Ar-
ray's new 1l-k memory.

used to sense the information in
the cell or write new information
into the cell.

Data are stored as charge on the
parasitic capacitance associated
with each cell. Since the informa-
tion is stored dynamically in the
cell, it must be refreshed periodi-
cally by cycling through each of
the 64 row addresses.

The Intel device is targeted for
introduction sometime between
September and November, with a
price per bit about 1/3 that of the
1103, says a company spokesman.
However, target dates and initial
estimated prices are not always
met, he cautioned.

As for the future, Karp predict-
ed he would be back in two years
with a 16-k chip. Engineers at the
conference tended to believe him.

The 1-k bit memory described
by McCoy integrates refresh cir-
cuitry into the basic cell, eliminat-
ing the need to cycle through ad-
dresses to achieve refresh. The
memory is fabricated on a 116 X
128-mil chip, and, like the new 4-k
Intel memory, it uses n-channel,
silicon-gate technology. But unlike
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the 4-k memory and the 1103,
which both have access times of
about 300 ns, the Electronic Ar-
rays EA 1500 memory has an ac-
cess time of less than 75 ns.

This, says McCoy, along with the
price advantages of MOS, should
give us a big advantage in com-
peting with bipolar memories.

The self-refreshing cell in the
EA 1500 memory eliminates the
need for excess control logic and
is one reason why the new memory
has such a low access time.

The self-refreshing of data is ac-
complished by making use of the
two parasitic capacitances Cp and
C, (see figure). Capacitor Cg is
the source of the refresh current.
In the read mode, all the cells in
the memory that contain a logic
ONE have charged capacitor C; to
a voltage that is very close to V.
When the read line returns to
ground and the write line goes to
a ONE level, transistor T, is turn-
ed on and charge is transferred
from node E to node A.

The EA 1500, unlike Intel’s 4-k
chip, is now available and its price
ranges from $37.50 for a single
unit to $15 a unit in lots of 1,000.

McCoy reported that Electronic
Arrays planned to introduce by the
third quarter of this year a self-
refreshed 2-k memory, and, by next
year, a 4-k self-refreshed chip.

Random-access memories are not
the only ones using n-channel tech-
nology. Three other papers, all pre-
sented by representatives of Japa-
nese companies described n-channel
technology in electrically repro-
gramable ROMs.

Two approaches were taken in
the design of these nonvolatile
ROMs. In the first, the electrically
reprogrammable memory was con-
structed with an avalanche injec-
tion mechanism. To program, elec-
trons are injected by avalanche
breakdown of the drain p'n junc-
tion. This causes a floating gate to
become negatively charged. To
erase, holes are injected by ava-
lanche breakdown of the n'p junc-
tion near the source. This dis-
charges the floating gate.

The second method used to de-
sign the reprogrammable ROMs is
characterized by a shift in the ini-
tial gate threshold voltage. The de-
vice is programmed by applying a
positive pulse that is above a cer-
tain critical voltage. This changes
the threshold voltage. To erase, a

negative voltage is applied to the
gate to return it to the initial
threshold voltage.

An electrically reprogrammable
256-bit ROM is available from the
Nippon Electric Co., Ltd., Kawa-
saki, Japan for about 3 to 5 cents a
bit. Sony is also working on these
ROMs for in-house use and plans
to incorporate them in automatic
dialing telephones to replace the
magnetic cards that are presently
used, in desk calculators to provide
a nonvolatile memory to store cal-
culations and in television receiv-
ers that will have a digital clock to
allow the consumer to program all
of his TV viewing for a week.
Once programmed, the TV will

automatically turn on, tune in the
desired program and then shut off
when the program is completed.

Nippon’s electrically reprogrammable 256-bit ROM was assembled into a pro-
totype of a microprogrammed memory for small computers.

Charge-coupled devices await
mass application by industry

What are the prospects for off-
the-shelf charge-coupled devices?
For the long range, they’ll probably
be in ample supply, a panel at the
Solid-State Circuits Conference in-
dicated. But for the immediate fu-
ture, they’ll be scarce, the panel-
ists went on.

Manufacturers simply aren’t in-
terested in making them unless
they can get large orders, the panel
—*“The Impact of Charge-Control
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Technology”’—reported.

Only one company—Amperex—
is offering a charge-coupled device
at present: the M31, a 32-stage
bucket brigade.

The economic problem was out-
lined by Dean Collins of Texas In-
struments, Dallas. While it is true
that, with the right masks, bucket-
brigade devices can be fabricated
on standard MOS production lines,
manufacturers are not interested

in producing these devices unless
they can offset the cost of the
masks with, say, a $100,000 order,
Collins reported.

Another panelist, G. F. Amelio
of Fairchild Semiconductor, Palo
Alto, Calif., noted that over the
last three years the efficiency of
charge-coupled devices had in-
creased from 999 to 99.99%.

Other advances mentioned by
Amelio include increases in the fre-
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(Solid-State, continued)

quency at which they operate, the
number of elements strung to-
gether and the density on chips.

Typical areas of application for
charge-coupled devices discussed by
the panel included memories, vari-
able audio and video delay lines,
imaging and filters.

Collins maintained that memo-
ries were a tough area for invas-
sion by charge-coupled devices be-
cause there are so many competing
technologies. But William Engeler
of General Electric, Schenectady,
N.Y., disagreed. Engeler pointed
out that with charge-coupled, ran-
dom-access memories, manufactur-
ers don’t have to dig down and
make contact with the silicon—a
process that eats up a lot of chip
real estate. Charge-coupled devices
also offer first-in, first-out regis-
ters and can easily perform bit
sorting, Engeler noted.

In the technical sessions on
charge-coupled devices, several de-

Charged-coupled-devices were assem-
bled by IBM to test their feasibility
in memory applications.

vices and their applications were
described. Michael Tompsett of Bell
Telephone Laboratories, Murray
Hill, N.J., told of an n-channel,
linear three-phase device that is
used as an analog delay line for
video signals. F.L.J. Sangster of

Philips Research Laboratories,
Eindhoven, The Netherlands, de-
scribed a bucket-brigade device
that uses a new tetrode structure
to improve signal-to-noise ratio
and high-frequency response.

At a session on memories, Nor-
bert G. Vogl of IBM’s Components
Div., Essex Junction, Vt. presented
a paper on an experimental charge-
coupled-device buffer memory.

The basic building block of the
buffer memory is a silicon chip
that contains two 480-bit shift
registers. Six of these chips in in-
dividual cans, together with sup-
port circuit modules, were mount-
ed on a card to provide a total
memory capacity of 5,760 bits.
The card was designed for an
existing small machine and was
used as a direct replacement for an
existing card.

The whole purpose of this exer-
cise, Vogl said, was to prove what
people have been saying for years
—that charge-coupled devices can
be used in computer memories.

Bipolar logic forges ahead:
More speed, less dissipation

The IC logic race between MOS
and bipolar technologies aroused
new levels of excitement at this
year’s Solid-State Circuits Confer-
ence. While n-channel MOS threat-
ened to close the speed gap (see
“N-Channel Technology Invading
Semiconductor Memory Field,” p.
26 in this issue) a bipolar circuit
described at the conference was
way out front into the subnanosec-
ond region. Other papers described
bipolar logic circuits with speed-
power products of less than a pico-
joule, thus proving that fast
circuits don’t have to be power-
hungry.

In addition to mentioning the
speed and dissipation improve-
ments, most of the bipolar logic
papers reflected a trend toward
simpler cell structures that occupy
less real estate and require fewer
processing steps. This may help bi-
polar circuits combat the tradi-
tional MOS advantages of low cost
and high circuit density.

The front runner in subnanosec-
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BASE VOLTAGE SUPPLY

Hitachi’'s modified ECL circuit has a differential base-voltage circuit that sup-
plies current-source transistors. A self-aligned etching technique produces
high-speed switching transistors with small base areas. The special base-drive
circuit insures reliable operation and relatively low power dissipation.

ond logic was described in a paper
co-authored by Kenji Taniguchi
and four other engineers from Hi-
tachi’s Central Research Labora-
tory in Tokyo. The modified ECL
circuit has yielded cascaded-gate

propagation delays of 400 ps and
typical raw-circuit gate delays as
low as 300 us, the authors said. The
power-speed product was 16 pJ.
While much lower than for other
subnanosecond circuits, this power-
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NEW

OP AMP

The new LM118 may well be the ultimate
true differential operational amplifier.

It not only has the fastest slew rate ever
offered (a minimum of 50 volts per micro-
second at A =+1), but guarantees it for
every smgle device. In writing.

As if that weren’t enough, the highly
versatile LM118 is pin for pin compatible
with general purpose op amps, has a
1MHz full power bandwidth,a unity gain
crossover frequency of 15MHz, is inter-
nally compensated,can be offset nulled to
zerowith a single potentiometer, doesn’t
sacrifice dc performance for speed,
comes in a TO-5 package and will soon be
second sourced. (Once again giving
testimony to the now-famous National

CHAMP.

Linear Circuit Motto: “In order to be
followed you have to lead.”)

Naturally, the entire LM118 series is
available for immediate delivery at the
following (100 up) prices: LM318H, $9.95;
LM218H, $19.95; LM118H, $29.95.

For more information, contact your
nearest National distributor. Or write,
phone, TWX or cable us direct.

National Semiconductor Corporation,
2900 Semiconductor Drive, Santa Clara,
California 95051. Phone (408) 732-5000.
TWX: (910) 339-9240. Cable: NATSEMICON.
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(Solid-State, continued)

speed product is higher than those
for some of the slower circuits de-
scribed at the conference.

The Japanese engineers achieved
the high speed by using a self-
aligned etching technique to reduce
significantly the base area of the
transistors. (A similar technique
has been developed independently
by engineers at Hewlett-Packard).
The Hitachi team also employed a
differential type of base-voltage
supply circuit for the current-
source transistors in the ECL cell.
This approach avoids the problems
of temperature drift and supply-
voltage dependence that occur with
ECL circuits that have resistor
current sources. The Hitachi cir-
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DISSIPATION PER GATE (uW)

A new bipolar circuit called ‘‘merged-
transistor logic,” developed by IBM
in West Germany, allows power-de-
lay products as low as 0.35 pJ for
propagation delays above 100 ns.

cuit allows the transistors to be
operated at low supply voltages,
thus offering lowered dissipation
and increased yield.

To demonstrate the feasibility of
the new circuit in practical logic
arrays, the Hitachi engineers built
a nine-bit parity checker circuit.
The MSI circuit contained 29 of
the new ECL gates. The total in-
put-output delay (five cascaded
gates) was reported typically as 2
ns. The output rise and fall time
was less than 0.5 ns, and the total
power dissipation 1.2 W.

Lowering the dissipation

Two other papers described cir-
cuits with low power-speed prod-
ucts. An IBM circuit was reported
to have achieved a tangential slope
of around 0.35 pJ, while a Philips
circuit yielded a slope of 1 pJ.
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The IBM circuit was developed
at the company’s laboratories in
Boeblingen, West Germany, and
was described in a paper by Horst
H. Berger and Siegfried K. Wied-
man. Using a technique called
merged-transistor logic (MTL), the
IBM engineers produced compact
circuits that should be reproduci-
ble at low cost. A half adder oc-
cupies a chip area of only 11
square mils, while a shift register
occupies only 6.3 square mils per

bit. The technique uses fewer
process steps than the usual
buried-collector circuits. Power-

speed product is externally adjus-
table and ranges from 0.35 pJ (for
delays over 100 ns) to 0.7 pJ (for
a 16-ns delay).

In the MTL approach, minority
carriers are injected directly into
switching transistors that are op-
erated in the inverted mode. The
name MTL stems from the fact
that complementary transistors are
merged into a single structure.
This approach avoids the usual de-
vice-isolation problem and reduces
the process complexity to that of
single planar transistors. Further
chip-area savings result from the
complete elimination of diffused
resistors.

The second paper emphasizing
low power-delay product was by
Kees Hart and Aram Slob of Phil-
ips Research Laboratories in The
Netherlands. They described a
technique called integrated injec-
tion logie, in which multi-collector
transistors are fed by carrier in-
jection. The technique allows sim-
ple direct coupling and avoids the
need for load resistors. Carrier in-
jection also eliminates a large num-
ber of interconnections for power-
supply rails, and thus maximizes
chip utilization by the active de-
vices.

The Philips paper described one
version of the circuit that requires
no power-supply connections at all
—carrier injection is achieved by
irradiating the chip with light.
This technique may not prove very
practical, however; to achieve con-
stant and uniform operating speed,
the light source must provide con-
stant and uniform chip illumina-
tion.

A second version of the circuit
includes a central p zone in the
structure to provide carrier injec-
tion from an electrical source. This

version requires one power-supply
rail on the chip. The speed vs pow-
er tradeoff can be externally ad-
justed by controlling carrier injec-
tion. The delay-versus-dissipation
curve yields a power-speed product
of 1 pJ over the straight-line por-
tion.

But you can’t buy it

Though conference papers de-
scribed some impressive bipolar-
IC laboratory developments, it’s
still impossible to buy production
quantities of fast low-dissipation
logic circuits. The fastest ICs on
the market are still the rather
power-hungry MECL III series
from Motorola. These have data
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DISSIPATION PER GATE

An “‘integrated injection logic’' cir-
cuit, developed by Philips in The
Netherlands, has a constant power-
delay product of 1 pJ in its normal
operating range.

propagation delays of around 1 ns.
Michael Callahan of Motorola Semi-
conductor Products, Phoenix, Ariz.,
pointed out in a panel discussion,
it is unlikely that manufacturers
will invest in production capacity
for subnanosecond logic until they
see a larger potential demand and
until a consensus on packaging re-
quirements emerges. Potential man-
ufacturers and users are now lock-
ed in a classic chicken-and-egg
standoff, where nobody will make
the first move. There are no large
orders, and there is no quantity pro-
duction. Callahan did predict, how-
ever, that one or two sample sub-
nanosecond arrays would be in pi-
lot production before the end of the
yvear. This will allow engineers to
experiment with high-speed logic
to see whether they really want it
in volume.

The major stumbling block for
subnanosecond logic appears to be
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Fluke problem solvers

The New .005% 8300A DVM:
Bare Bones, $1195; 5 Ranges
DC, $1295; 5 Ranges DC &

5 Ranges of Ohms, $1445

DIGITAL VOLTMETER

Remember the original great Fluke 8300A... the first
reasonably priced 5% digit high accuracy DVM ever
offered.

Now, after two years’ high production and plenty of
time on the learning curve, we've come up with a
whole new family of 8300A’s with lower prices over-
all and package deal prices on the most popular
configurations.

There’s the basic 0.005% unit with three ranges of dc
(10, 100, & 1000 volts). It's the 8300A-00. It sells for
a miserly $1195. If you need millivolt dc ranges (0.1
& 1.0 v) added, we’'ll give you the 8300A-10 for just
$1295. For a few dollars more we'll give you the
8300A-20 with five ranges of dc volts and five ranges
of ohms for $1445.

So here’s your chance to get famous Fluke quality at
new low prices. And because we use single mainframe

construction throughout, you can add all the other
options to make a full bench multimeter or systems
box in the field an option at a time, anytime.

And remember, only Fluke can use the patented re-
circulating remainder A-to-D conversion technique
with up to five times fewer parts than comparable
DVM'’s for greater reliability and the best MTBF in
the industry.

So, if you're looking for a very fine 5 digit DVM with
0.005% accuracy, plenty of low cost options, includ-
ing ac voltage, external reference (ratio), fully iso-
lated outputs, remote programming and complete sys-
tems compatibility including timing signals and ready
indicator at package deal prices, take advantage of
Fluke's great new DVM deal right away. For details,
call your nearest Fluke sales engineer today or con-
tact us directly.

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

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

the choice of a suitable low-cost
package. Though participants in
the panel discussion were able to
define the problems, they could not
agree on a common solution.

Hitachi’s Taniguchi favored
packages similar in appearance to
existing MSI packages, but with
smaller dimensions so they could
be mounted on PC boards with
suitably fine grid spacing. This ap-
proach seemed to offer potentially
lower cost than other methods that
were suggested, but it offered no
solution to the cooling problem for
complex systems.

David Dewitt of IBM, East
Fishkill, N.Y., pointed out that his
company had a large investment in
automated assembly and test sys-
tems for ceramic-substrate hybrid
modules, and therefore was not
likely to accept a completely incom-
patible packaging scheme for sub-

nanosecond logic arrays.

Richard Robrock of Bell Tele-
phone Laboratories, Holmdel, N.J.,
favored beam-leaded circuits
mounted on multilayer ceramic
substrates, with finned heat sinks
for convection cooling where neces-
sary. He admitted that this ap-
proach was probably more expen-
sive than the simple scheme pro-
posed by Taniguchi. He pointed
out, however, that though telephone
companies were starting to manu-
facture large numbers of data
terminals that require high-speed
logic circuits, the actual propor-
tion of subnanosecond logic would
be a fairly small part of the total
system. Therefore, Robrock said,
it would not make sense to sacrifice
reliability for the tiny cost savings
yielded by less satisfactory pack-
aging schemes.

Several panelists and audience
members pointed out during the
discussion that there are important
applications right now that require

moderately high quantities of sub-
nanosecond arrays. Some particular
areas mentioned included telephone
systems (for data and Picture-
phone transmission), radar-signal
processing, large switching com-
puters, satellite communications
and optical-charactor recognition
equipment. Therefore, the speakers
reasoned, some standard packages

for subnanosecond logic should
soon evolve.
Those companies that require

special packages will probably roll
their own, as they have in the past.
One company that couldn’t wait for
commercial subnanosecond logic is
Hewlett-Packard. Merrill Brooksby
of HP, a panel member, said that
his company processed about 24
wafers of logic each year for use
in high-performance test equip-
ment. As one wit suggested during
the panel discussion, perhaps the
only way you can get really fast
logic today is to buy a $2,000
counter and tear out the parts.

New communication possibilities
flowing from IC optoelectronics

The application of solid-state in-
tegrated-circuit technology to the
design of optical and optoelectronic
components and devices is creating
a new generation of optoelectronic
elements—some with new capabil-
ities, others with their perform-
ances substantially improved over
those of existing devices.

Chief among the new elements
reported at the Solid-State Circuits
Conference are integrated optical
circuits that have a potential for
manipulating laser light as though
it were a current in an electronic
circuit. E. G. H. Lean, manager of
the acoustical physics group at the
IBM research center in Yorktown
Heights, N.Y., sees widespread ap-
plication of these circuits in high-
capacity communication systems, as
well as in computers.

The usefulness of the optical
I1C’s, which has been demonstrated
in the laboratory, results from the
ability of thin, optical films to
guide optical radiation, much like
optical fibers do, says Lean, who
was the author of a Session II pa-
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A—INTERD IGITAL TRANSDUCER

A laser beam can be coupled into
and out of an optical thin-film cir-
cuit through grating couplers.

per, “Integrated Optical Circuity.”

The guided optical waves, Lean
explained at the conference, are
trapped inside a thin film that has
a higher index of refraction than
either the substrate, air or other
medium on its outer surface. Most
of the optical energy coupled into
the thin-film layer is confined
within the film, and consequently
its intensity can be 30 or 40 times
as great as the original beam.

For single-mode operation, the
optical film thickness is about one
wavelength of the optical radia-
tion piped into it. The phase veloci-
ty of the guided waves is control-
lable by varying the thickness of
the film or the propagation mode.

Interest in integrated optics has
been high recently because effi-
cient methods of coupling the laser
beam into a thin-film optical guide
have been devised, including a
prism-film coupler, tapered-film
coupler and a grating coupler. A
portion of the incident beam is di-
verted by the grating on the thin-
film surface to enter the optical
guided wave area.

One application of the grating
coupler is as an acousto-optic
switch (see figure). In this device
the optical wave is deflected by
acoustic surface waves.

The acoustic source is the inter-
digital transducer. The acoustic
surface waves are radiated through
the glass film to an alpha quartz
crystal, which acts as a sink.

(continued on p. 3%)
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Sperry displays are avail-
able in 3 digit, 2 digit, and
114 (7 segment character
and a 1 with + and —) digit
models in both 14" and 145"
sizes.

Compare portable displays

If you think that LED’s or phosphor/fluores-
cent displays are the only one’s you can logi-
cally use in your portable equipment, you
better take a close comparison look at Sperry.
The facts speak for themselves:

COMPARE READABILITY . .. a must require-
ment. Sperry displayst can be read in direct
sunlight. Try the others.

COMPARE SIZE . . . it's the housing to char-
acter size ratio that counts. Which display do
you want in your portable equipment?

A
Sy,

Sperry 14" Sperry 14" LED 14" tube 14"

ssmw 100mw B00mw

COMPARE POWER . . . a very important factor. 14 inch LED's
normally require over 500mW. 14" phosphor /fluorescent de-
vices normally require over 100mW. Because Sperry displays
are so bright to begin with, they can go all the way down to
85mW without affecting readability. What about voltage? A
simple, inexpensive DC/DC converter takes the battery voltage
up to the 170 volts required to operate Sperry displays.

COMPARE RELIABILITY . . . sim-
plicity is the key. Sperry displays
have no wirebonds or filaments.
They are so ruggedly built and re-
liable that they are used aboard
the Boeing 747. Need we say
more.

Add these Sperry advantages to continuous unbroken figures
and a low cost of $2.30* per digit for either the 14" and 14"
device and you can end the comparison and specify Sperry —
the right displays for your portable equipment or any gear. Get
the whole story on Sperry displays by requesting complete
technical information using this publication’s reader service
card or phone or write: Sperry Information Displays Division,
Post Office Box 3579, Scottsdale, Arizona 85257, Telephone
(602) 947-8371

SIFEINRY

INFORMATION DISPLAYS

It's a whole new ball game in display devices!

=\
VSPERRY RAND

tPatent Pending *Based on 5,000 digit quantity.




(Solid-State, continued)

Using the technology involved in
microwave integrated circuits,
some laboratories have fabricated
such integrated optics elements as
waveguides, filters, directional cou-
plers, and beam splitters.

It is also possible, Lean said, to
apply thin-film laser sources, as
well as detectors and other ele-
ments, to the same substrate to
produce a complete functional op-
tical IC system on one chip.

Optoelectronics helps the blind

Another new development in op-
toelectronic ICs is a 3-by-8-ele-
ment MOS image-sensing array
for an optical-to-tactile converter
—a portable device that gives a
blind reader touch images of the
printed characters being scanned.
The MOS array was developed at
Stanford University to reduce the
battery drain of a lamp that illumi-
nates the character being scanned
and of the circuitry itself.

The new array has several ad-
vantages over its bipolar counter-
part, said James D. Plummer, re-
search associate at Stanford and
co-author of a Session II paper,
“A Low-Light-Level Self-Scanned
MOS Image Sensor.” The MOS ar-
ray is substantially more sensitive.
Blackbody radiation levels below 1-
wW/cm? at room temperature have
been reliably detected, Plummer
said. Photodiode currents at these

radiation levels are 10 to 20 pA.

The MOS array is self-scanning,
whereas the bipolar array requires
external scan circuitry, Plummer
points out. This reduces both de-
vice size and circuit power drain.

A new array-scanning technique
eliminates switching transients,
one of the principal contributors
to “fixed pattern noise,” which
Plummer described as the peak-to-
peak variation in array-element
outputs under uniform light.

The photodetector elements in
the array are operated in the
charge-storage mode, Plummer
said, in which each element inte-
grates the light falling on it over a
single frame time.

The array, as he describes it, is
fabricated on a 1.8-by-2.5-mm chip,
the cell size being 150 by 200 pm.
The scanning shift registers on the
chip are two-phase dynamic cir-
cuits that take less than 0.1 mW
per stage.

The row switching transients
are removed by a new scanning
technique in which the row scan-
ning timing is modified. Photo-
diode information is temporarily
stored in a parasitic column capaci-
tance. The charge on the first row
of diodes is then transferred to the
column capacitance.

The switches in Row 1 are then
turned off, removing the transient
switching charge from the column
capacitance before the bit switches
are energized.

The bit-switching transients are
removed by strobing the output of

a charge integrator.

A new gallium-arsenide-phos-
phide optical IC isolator for digital
circuit applications was reported
by Richard H. Maitz, R & D sec-
tion manager for the Hewlett-
Packard Co., Palo Alto, Calif. The
new TTL-compatible device has a
response of 5 MHz, compared with
40 kHz for a typical gallium-arse-

- nide isolator, Haitz pointed out. In

addition the new unit has an iso-
lation of 6.5 kV, compared with 1.5
kV for gallium arsenide units.

Optically coupled isolators with
gallium-arsenide emitters and con-
ventional phototransistors have a
low gain-bandwidth product, Haitz
explains, because of the long pene-
tration depth of the infrared radi-
ation into silicon—namely 45 and
70 um for 90% absorption of the
radiation of gallium arsenide.

The deep photon penetration pre-
vents separation of the large photo-
detector capacitance from the feed-
back, or collector-to-base capaci-
tance, of the gain transistor.

The feedback capacitance was re-
duced from 20 pf to less than 1 by
separating the photodiode from the
gain transistor with monolithic
epitaxial isolation techniques. The
detector was processed to provide
an 8-um detection depth, which
drops the efficiency to less than
339% when the detection is used
with the gallium-arsenide emitter.

For better response, a gallium-
arsenide phosphide emitter radiat-
ing at 0.7 um was used as the emit-
ter for the new combination.

IC manufacturers have yet to tap
a vast consumer-goods market

New markets for solid-state
circuitry, such as automotive elec-
tronics, await penetration and de-
velopment. And established mar-
kets, such as radios, TVs and hi-
fis, remain to be converted from
discrete-component circuitry to in-
tegrated circuitry.

In outlining the potential for IC
expansion in consumer electronics,
speakers at the Solid-State Circuits
Conference noted that excessive
circuit costs were still the major
barrier. In general, the speakers

34

agreed that IC costs could be
lowered by better circuit design
with smaller chips, as well as by
the production of standardized cir-
cuit building blocks.

The outlook for electronics in the
automotive industry was appraised
by Giovanna Villa, director of the
Electronics Div. of Fiat in Turin,
Italy. He predicted that by 1980,
about 109% of the value of the av-
erage car would consist of elec-
tronics systems.

Villa believes that solid-state

electronics will make possible the
introduction of new and complex
electronic systems on automobiles
in the coming years.

System approach for autos

System integration will be a ma-
jor consideration in future auto-
motive electronics design, Villa
said. A principle job of the input
interface circuitry will be to match
the incoming signal to the system
using it. For example, he explain-
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(Solid-State, continued)

ed, a wheel-speed pickup can sup-
ply signals to several systems, such
as a tachometer an antiskid sys-
tem or a speed control.

While analog devices and cir-
cuits are used today, because they
cost less than their digital equiva-
lents, Villa said that digital de-
vices will be ultimate ones for in-
tegrated systems. He also predicted
the expanded use of LSI and MSI.
Single-ended MOS circuits are a
favorite, he said because of their
relative immunity to voltage sup-
ply variations.

Villa strongly believes in the
building-block approach to automo-
tive electronic systems. He pointed
to a circuit—a combination timer
and trigger circuit—that could
have broad general application (see
figure).

The IC building-blocks were also
favored by Roland W. Russell, a
linear consumer circuit designer
for Motorola Semiconductor Prod-
ucts, Phoenix, Ariz. A new genera-
tion of ICs must be designed, Rus-
sell pointed out, because the cir-
cuits available today are generally
not suitable for use with the 12-V
battery supply used in cars or are
too sensitive to the transients in
the automobile battery line. Also,
today’s typical ICs are generally
overdesigned and too expensive for
the automotive field, he noted.

In car systems, Russell said,
ground is the essential reference.

The trigger monostable circuit (above) is a needed building.block for auto-
motive electronics, says Giovanni Villa of Fiat.

Consequently the operational amp-
lifiers or comparators used as
building blocks require an input
common-mode voltage that includes
ground level.

An automotive electronics build-
ing block recently developed by
Motorola—a precision monolithic
time-delay generator—was describ-
ed by William F. Davis. The 14-
pin, dual in-line device was de-
signed for control of fuel injection
in the engine. The basic function
of the new circuit, Davis explain-
ed, is to sense a reference spot on
the distributor shaft and to pro-
duce a time delay with an accuracy
of 19 over a —40 C to 125 C tem-
perature range.

TV IC rejects intercoupling

Graham G. Baskerville, senior
designer with the Plessey Co., Ltd.,
Swindon, Wilts, England, reported
on the conversion of a complete TV
i-f system from three chips to one.

A major problem, he said, was con-
trol of the spurious feedback caus-
ed by common coupling of ampli-
fier elements to the substrate.

To isolate the video i-f ampli-
fier, the amplifier input connec-
tions and resistors were screened
by a buried diffusion connected to
the decoupled agec line. This tech-
nique reduced capacitive coupling
with the substrate by 30 dB.

Interference in the video chan-
nel from harmonics of the sound
i-f was reduced, Baskerville said,
by deposition between the sound
and video sections of a large sub-
strate conductor across the entire
chip. The conductor provided a
shunt path of 10 Q from substate
to ground.

Independent bonds connecting the
sound and video supply pads to the
main supply voltage pin reduced
the common impedance by one-half
at 40 MHz, thereby further reduc-
ing interaction between the ampli-
fiers. mm

Signals to let deaf ‘hear’ TV tested

A National Bureau of Standards
development—the encoding of time
signals on TV transmissions—may
revolutionize the way deaf people
watch television.

The signal system was designed
originally to give a precision time
readout to TV viewers whose re-
ceivers were equipped with decod-
ing circuits (see “What Time Is It?
Your TV Set May Tell,” ED 19,
Sept. 16, 1971, p. 24). But the same
system, transmitting at 60 charac-
ters per second, can send up to 600
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words a minute, according to Rich-
ard Davis, electronics engineer in
the National Bureau of Standards
Time and Frequency Div.

In a recent test, subtitles for the
ABC-TV production “Mod Squad”
were transmitted in the Washing-
ton, D.C., area to a hundred deaf
students at Gallaudet College. Mil-
lions of other TV viewers in the
area were unaware of the special
transmission because their sets did
not have decoding circuits.

The signals are encoded in a

22-bit format, with each line con-
taining two ASCII (American
Standard Code for Information In-
terchange) characters. The decoder
converts the incoming data from
serial to parallel, and the parallel
data are fed to a character genera-
tor and applied to the video chan-
nel of the receiver.

The national bureau estimates
that the time-decoding module
would cost less than $20 factory-
installed in TVs. Subtitle modules
would be in the $50 range. mm
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Far-IR sensor detects objects
by noting 0.5-C variations

The Army has added to its new
line of far-infrared surveillance de-
vices a sensor for detecting person-
nel and vehicles and small enough
to be carried by hand. The services
are shifting to the far-infrared re-
gion of the spectrum because it
permits the use of more versatile,
passive systems than those in the
near-infrared.

John F. Mason
Associate Editor

The Army’s far-infrared Thermoviewer reveals the heat of tree trunks and a

Weighing six pounds, the new
Thermoviewer is handled like a
pair of binoculars. It is powered by
a 6-V, rechargeable battery that is
mounted on the operator’s belt. The
battery weighs five pounds and is
capable of 12 hours of operation.

Like its larger counterparts—
and unlike near-IR systems—the
Thermoviewer operates in total
darkness or in daylight. It presents
images of people or objects that are
shielded by foliage and camouflage,
light fog or haze.

man concealed behind the foliage at right.

38

The Army’s far-infrared devices,
operating in the 3-to-15-micron
range, see in the dark because they
respond solely to heat emitted by
the target. Unlike near-infrared
devices, in the 0.8-to-1.2-micron
range, they do not depend on aux-
iliary illumination. The near-infra-
red Sniperscope, for example, re-
quires an infrared light source to
bathe a target with invisible light
before the target can be viewed.
The Thermoviewer detects heat
differences as slight as 0.5 C.

The far-infrared device is able to
see through fog, haze and foliage
because it detects wavelengths that
are long enough to flow past parti-
cles in the air and through holes
between leaves—enough in many
cases to reveal an outline of a man
or vehicle concealed behind brush.

Basic principle not new

The principle on which the
Thermoviewer was designed has
been known for some time, says
Donald J. Looft, deputy director
of the Army’s Night Vision Labo-
ratory in Alexandria, Va., where
the device was developed. “But
earlier thermal sensors,” he ex-
plains, “were large, extremely com-
plex and sometimes required as
much as 20 minutes to create a
visible image. Also, for good sensi-
tivity, the devices had to be cooled
to an extremely low temperature.”

The cooling was done, he says,
by surrounding the detector ele-
ments with liquid nitrogen, con-
tained in a vacuum bottle built
around the detector assembly. The
thermal detectors of the Thermo-
viewer also require cooling, but
this is done by a thermoelectric
cooling system.

The system’s 56 small detector
elements, made of lead selenide, are
mounted on a thin sandwich of dis-
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There's more to
ESP rectifiers than you might think.

Customers have already perceived at least two additional
features that provide more reasons to go ESP — low leakage,
especially at high temperatures and operation over the full

military range of —65°C to +175°C.

Now Unitrode has added three more reasons. The voltage
range has been increased to 15CV. The three UES series are
now available as 1N5802 through 1N5816. And you can get

them in high efficiency assemblies as center tap rectifiers,

bridges, and higher current modules.

. Of course, you already know about the 15nsec typical
recovery time in any circuit — forward voltage drop as low as
0.8V at 20A — continuous ratings of 2.5A to 20A — very low
diode losses and low cost — and off-the-
shelf delivery from local Unitrode
distributors. These features alone added
up to the best in Efficiency, Speed and Power.

And now there are five additional
features that make very good sense.
Maybe there's even a sixth one.

Unitrode Corporation, 580 Pleasant Street,
Watertown, Mass. 02172 (617) 926-0404.

|

= UNITRODE

Call your local franchised Kierulff or Schweber distributor
for your ESP Rectifier “free sample card”




ntroducing
Souped-up

1-2 GHz
20 Watts

12.4-18 GHz
20 Watts

4-8 GHz 8-12.4 GHz
20 Watts 20 Watts

ranty. The same kind of traveling-wave tubes
designed from the Hughes tubes used in Surveyor,
Mariner, Early Bird, Pioneer, ATS, Syncom, Intel-
Sat, TACSAT, Lunar Orbiter and Apollo. (Which
is over a million operating hours in space.)

Souped-up Hughes TWTAs.

The first grand prix TWTAs made.

We'll send you a free brochure about
them if you'll write us at Electron Dynamics
Division, 3100 West Lomita Boulevard, Torrance,

They're our new high performance models.

Series 1277H.

_20-watts minimum power, complete band
coverage from 1-18 GHz.

And we didn’t sacrifice reliability for the
sake of power.

Every one of the 1277H series is built to
the same standards as our 10-watt, 1-18 GHz
1177H series of TWTAs.

They have the same solid state design,

compact lightweight size, self-contained con- California 90509. E-"H"'-.—j—é_l—'i_E“gﬁ:
struction and durability. Or call: (213) :L ST AV J:
534-2121. LN

The same full one-year no hour limit war-

Hughes Industrial Electronic Products




similar metals. When an electric¢
current is passed through these
metals, the junction cools to 195 K.

“This detector-cooler module was
the key to making the hand-held
viewer,” Looft says. “Except for
increasing the sensitivity of the
detector materials, there was no
single breakthrough that enabled
us to build the Thermoviewer;
there were a number of factors.

“We increased the sensitivity of
the detector by learning how to
process the lead selenide material
better; how to lay it down without
getting cross-talk between the de-
tectors and yet still maintain sen-
sitivity ; how to avoid surface de-
fects which increase noise and re-
duce signal, and how to avoid hav-
ing the material migrate from one
state to another. Then, instead of
using a single detector, we used an
array of 56.”

Other factors that made the
small device possible, Looft says,
“were simply good engineering,
good packaging and miniaturizing
the mechanical and optical parts.”

Besides the Thermoviewer’s ob-
vious military applications, it is
also being tested by the Bureau of
Mines for detecting loose rocks be-
hind apparently solid mine walls
and in supporting pillars. The air
around loose rocks is often 2 de-
grees different from rocks not sur-
rounded by air.

The Federal Aviation Adminis-
tration is interested in testing the
device to enable pilots to see run-

(NFRARED - OPTICS

DISPLAY \

OSCILLATING DETECTOR
MIRROR COOLER

L Rt FLECTRONICS
The Army’s Thermoviewer is compos-
ed of an infrared optical system, in-
frared detector, a ray assembly with
a cooling device, electronics, a scan-
ning mechanism and a CRT display.

ways concealed by fog.

Thermal sensors may also help
highway engineers and engineer-
ing geologists define wet zones of
potential mud slides in excava-
tions during highway construction.
And it may help doctors locate po-
tentially malignant tissue beneath
the skin, or may detect thermal
pollution in lakes and streams and
determine the level of liquid in oil
and water tanks.

The Phillips Broadcast Equip-
ment Co. of Mahwah, N.J., is build-
ing 20 models for the Army and
civilian agencies to test. In volume
production, the thermal viewers
could be build for $8000 to $10,000
each, Looft says. mm

Coming: Atom pacemaker

A nuclear-powered pacemaker
has moved one step nearer to reali-
ty with the completion of the first
batch of electronic circuitry mod-
ules that will go into the device.
Raytheon’s Co.’s Industrial Compo-
nents Operation at Quincy, Mass.,
built the modules, which consist
of transistors, diodes, resistors and
capacitors “chosen for reliability to
meet the stringent testing and pack-
aging requirements of Mil Stand-
ard 883, normally used for aero-
space work.”

The modules now go to Arco Nu-
clear of Apollo, Pa., a subsidiary
of Atlantic Richfield, which is
building the experimental pace-
makers for the Atomic Energy

< INFORMATION RETRIEVAL NUMBER 25

Commission.

Because conventional pacemakers
with mercury power sources fail
in less than two years and have
to be removed surgically and re-
placed, the AEC decided to develop
a pacemaker that would last at
least 10 years. Already tested in
animals, the nuclear-powered device
is to be implanted in humans early
next year.

A pacemaker using a battery
that can be recharged by induction
of rf energy from outside the body
will be tested in humans before
May. Developed by the Weizmann
Institute of Science in Israel, this
device is being built by Electro-
Catheter Corp., Rahway, N.J. mm

Hughes is
more than
electronic
equipment
and systems.

It's
components, too.

b

Microwave diodes (RS 282)

T
Bipolar and hybrid circuits (RS 284)
and MOS integrated circuits (RS 283)

Flat flexible cable and circuit assemblies
(RS 288)

Direct view and scan converter storage
tubes (RS 290)

For complete information, write Bldg. 100,
Mail Station C-512, Culver City, CA 90230.
Or request by Reader Service (RS) numbers.
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ZUTOR-TO- EMITTER VOLTAGE (Vog)—V

the safe
operating area

required for
TRUE
reliability!

2N3055

SINGLE-DIFFUSED
15-AMPERE NPN

POWER
TRANSISTORS

Hermetically sealed, passivated
surface devices designed for in-
dustrial and military switching
and amplifier applications. Ex-
tremely low saturation resistance,
uniformly high gain across col-
lector current spectrum, low leak-
age currents. You can plug it in
anywhere Brand ‘R’ is specified
without secondary breakdown
problems.

For complete technical data,
write today for Engineering
Bulletin 31,631 to Pirgo Elec-
tronics Inc., Pembroke Road,
Concord, N.H. 03301

PIRGO

ELECTRONICS INC.

A Sprague Electric Co. Subsidiary
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technology
abroad

A solid-backed thermopile for a
satellite-borne, earth-horizon sens-
ing system is to be developed
under a $78,000 contract awarded
to the British Aircraft Corpora-
tion and Space Systems Group by
ESRO, the European Space Re-
search Organization. The contract
follows the successful completion
of a previous 15-month contract
to develop basic thermopile manu-
facturing technology.

CIRCLE NO. 570

Satisfactory transmission in the
large, information-carrying 3 to
3.3 mm band may yet be possible,
tests at the Radio Research Sta-
tion in Slough, Berkshire, Eng-
land, indicate. So far the band has
remained unexploited because of
severe attenuation of signals in
rainstorms. Improved perform-
ance was obtained by providing
several alternate radio links be-
tween two transmission points
and by automatically switching
from one to the other. Under the
evaluation study, a network of
microwave links was set up to
transmit in the 11, 22 and 37-
GHz bands. A number of fast-
response rain meters monitored
the rainfall along the transmis-
sion routes. A 3-to-10-cm radar
measured the scattering proper-
ties of the rain. An on-line com-
puter controlled the experiment.

CIRCLE NO. 571

A nationwide mobile telephone
service is being completed in
Sweden. When finished, it will be
possible for a motorist to be con-
nected to any subscriber in the
country—at a fixed land point or
in another vehicle. By dialing one
of four special exchanges—the
first has just been opened in Ore-
bro—a subscriber can be put
through to motorists. Subscribers
to the new system will fit either

16 or 21-channel radio systems in
their car. The scheme has been
drawn up by the National Swed-
ish Telecommunications Adminis-
tration Government Buildings,
Stockholm, Sweden.

CIRCLE NO. 572

A new type of data-transmission
link, operating in the as-yet unex-
ploited 20-GHz microwave band,
is being developed by the British
Post Office, in collaboration with
industry. The data link will be
comprised of small transmitter-
receiver units mounted on poles
no higher than conventional road-
way lighting and spaced 5 to 10
km apart. The compact, solid-state
transmitter-receiver links will have
a 500 Mbit/s data rate. The data
will be transmitted by advanced
pulse-code-modulation techniques.
The Post Office also is to develop
an 11-GHz, 11 Mbit system suitable
for 30-km hops.

CIRCLE NO. 573

A photodiode and integrated-cir-
cuit combination for regulating
camera exposure time has been de-
veloped by Philips Research Labo-
ratories at Eindhoven, The
Netherlands. The integrated cir-
cuit measures the short-circuit
current in the photodiode. This
current is virtually independent
of fluctuations in supply voltage
and temperature: A novel feature
of the circuitry is a memory ele-
ment that retains the setting just
prior to exposure. This is particu-
larly useful in a through-the-lens
reflex camera. During the moment
of exposure—when the shutter
exposes the film and simultane-
ously obscures the viewing lens
and light meter—the iris is auto-
matically held at the correct set-
ting. The current drawn from a
4-t0-6-V supply is 10 mA. The cir-
cuit is sensitive down to 0.01 lux.

CIRCLE NO. 574
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Select-Compare Data Register
Total Quiescent Power Dissipation 25 uW @ 5 V (Voo)
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McMOS* is Motorola’s growing complementary
MOS family. It's designed to provide a combination of
benefits other digital technologies can't. McMOS is
expanding in a manner designed to create a system-
optimized family of functions, combining the most
popular and useful second-sourced units with original
devices to fill the gaps. McMOS can simplify your
designs, and reduce system costs.

McMOS has the lowest quiescent power dissipa-
tion of any logic form — only 10 nW per gate, and
the best available noise immunity — 459% of Vpp.
That’s mighty good when you consider the 3 to 18 V
power supply range (3-18 V for the AL series and
3-16 V for the CL series).

No wonder this Select-Compare Data Register for
industrial control systems or computers has a total
quiescent power dissipation of just 25 uW at 5 Vpp
and operates virtually regulation free over a 3 to 18 V
range.

It's also worth noting that McMOS is available in
an unusually wide —40° to +85°C commercial tem-
perature range, and the standard —55° to +125°C
mil temperature range. A McMOS system requires
only a single-phase clock and a single positive or
negative power supply. It's logic level compatible
with TTL, too.

Reduced system costs? Save on power (no cool-
ing requirements) and save on voltage regulation.
MSI practicality with McMOS means save on package
count. As more and more designers start using it,
even the purchase price will be a saver.

Find out more about McMOS by writing to Moto-
rola Semiconductor Products Inc., P.O. Box 20912,
Phoenix, AZ 85036, or circle the reader service
number. Buy McMOS from the nearest Motorola
Semiconductor Sales Office or distributor.

*“TRADEMARK OF MOTOROLA INC.

MOTOROLA MOS

Directions in digital designs



TRW capacitor
technology...always
on the grow.

You're looking at the smallest wound capacitor on
the market — the TRW X440 metallized polycarbon-
ate film capacitor. The X440 is typical of TRW’s
leadership in the development of high technology
electronic components.

X440 capacitors are ideal for high density packag-
ing requirements. Their electrical characteristics
are excellent, with voltage ratings to 50 volts, in
capacitances from .001 mfd to .01 mfd. Tolerances
are to £1%. Dimensions and lead placement are
equally precise,and don't vary a millimeter from one
production run to another.

It took a constantly growing technology to produce
the X440. And it takes a high degree of manufactur-
ing expertise to turn them out by the thousands.
And consistent quality control to insure reliability.
All of these things are part and parcel of TRW's
capability. TRW—where technology is always on
the grow.

For samples of the X440 capacitor and applications
assistance, write TRW Electronic Components, Ca-
pacitor Division,Box 1000, Ogallala, Nebraska 69153.
Phone (308)284-3611. TWX 910-620-0321. X440'’s are
available offthe shelfatall TRW stocking distributors.

TRW

CAPACITORS
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Washington Bureau
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Dulles Airport testing British landing system

The latest improvement in all-weather landing systems has been in-
stalled at Dulles International Airport near Washington, D.C. The new
system—for what the Federal Aviation Administration calls Category 3A
landings—will enable pilots to descend to 100 feet in bad weather to
make a landing decision. The new equipment also decreases the require-
ment for forward visibility along the runway from 1200 feet to 700 feet.
Called Stan 37/38, the system was built by Standard Telephone and Cables
Ltd. of England. It is on two-year loan for evaluation, with an option to
buy. All components are solid state and have triple redundancy. The local-
izer, which provides horizontal guidance, uses a 24-element antenna
array with a 165-foot reflector, assuring excellent course structure, the
FAA says. The glide slope is created by highly directional antennas in a
null-reference configuration. Centerline illumination has been upgraded
to 2000 candlepower, and a third transmissometer has been added to
the mid-runway position. The FAA plans to install an identical system
at its test center in Atlantic City, N.J.

FCC gears up for continued AT&T investigation

Dean Burch, chairman of the Federal Communications Commission, has
told a Senate Government Operations subcommittee that his agency will
scrounge up some $1.2-million to kick off the second phase of its investiga-
tion of AT&T. Burch said that about 20 new positions would be added
to the commission staff. Among other things, the FCC plans to look at
the profits and prices of the Western Electric Co.

Congressional committee checking OTP role

Congressional investigators are looking into the makeup and role of
the Office of Telecommunications Policy. The House Post Office and
Civil Service Committee, headed by Rep. Thadeous Dulski (D-N.Y.), has
assigned staff investigators to a two-month study of the new White
House office. Hearings may be scheduled if there is sufficient evidence
to support the fears of some Congressmen that the OTP is moving into
the realm of the Federal Communications Commission.

Last month FCC Commissioner Nicholas Johnson decried the influence
of the OTP on his agency’s decision on cable television. The decision
allowed CATYV operators to “import” a limited number of broadcast
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signals from out of town in competition with local broadcasters. The
FCC originally wanted more liberal importation of signals, but the OTP
successfully opposed this., Also of concern to the House investigators is
the size of the new federal office—69 employees with an average salary
of $20,000 a year.

Two-continent aeronautical satellite plan held up

An ambitious, two-ocean aeronautical communications and surveillance
satellite program, under study by the Federal Aviation Administration
and NASA since 1966, has been sent back to the drawing board by the
Office of Telecommunications Policy. After three months of study the
OTP called the plan unworkable and told the FAA to start renegotiations
with the European countries involved.

Basically the plan would have let the FAA own and operate half of the
system, with the European Space Research Organization owning and
operating the other half. The OTP, however, wants the FAA to lease
the system from private industry—something the Europeans do not want.
The federal office also feels that the entire system must be leased—that is,
that the European half, as well as the U.S. half, must be furnished by
private industry. U.S. airlines have continually opposed the FAA plan
as being too much too soon.

Supreme Court to rule on software patents

The United States Supreme Court has decided to rule on whether
computer software is patentable. Lawyers for the Justice Dept. and the
U.S. Patent Office asked for review of a case that involves programming
devised by Bell Telephone Laboratories to help make dial telephones.
Computer manufacturers have long held that programming is nonpatent-
able and that to issue patents constitutes restraint of trade.

Capital Capsules: Defense Secretary Melvin Laird, in his “posture” statement to
Congress, reveals that the Defense Dept. telecommunications operation
involves about $5.6-billion in capital investment and $2.6-billion in annual
appropriations. . . . The FAA is expected to issue in the next month or so
an industry RFP for something new in the way of bomb and weapon
detectors. It will ask for brand new ideas, not just improvements on mag-
netometers, X-rays, sniffers and dogs. . . . The long-haired, bicycle riding
FCC Commissioner, Nicholas Johnson, is not expecting his term to be
renewed when it runs out next year and is making noises like he wants
to be a U.S. Senate candidate from his home state of Iowa. Throughout
his term Johnson has been an outspoken foe of the Establishment. . . .
Rohr Industries has received a $5-million contract from the Dept. of
Transportation to build a 60-passenger tracked air cushion vehicle. The
vehicle would operate on an air cushion over a concrete guideway at
speeds up to 150 mph. It would be powered by a linear-induction motor.
Delivery is scheduled for early next year, with tests to be conducted at
the Dept. of Transportation facility near Pueblo, Colo. . . . Control Data
Corp. is now in process of installing a computerized electronic voting
system in the House of Representatives. The $950,000 system will store
voting records, as well as statistical data, to help Congressmen make
decisions on complex measures. The system has been under study for
five years.
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It is to carry
a suitcase,
a tool kit ...

See how easy

... and a scope!

Now there’s a 3-pound scope that can be carried in
your tool kit, suitcase, briefcase, glove compartment
. almost anywhere.

I's the 211, our first laboratory-quality miniscope.
Size is only 3 x 5% x 9 inches. Bandwidth is 500 kHz.
A lot of scope in a small package.

The 211 is easy to use. You spend your time solving
measurement problems, not studying scope opera-
tion. Deflection factors from 1 mV/div and sweep
rates from 5 us/div are read out from controls easily
related directly to the CRT. One rotary control does
all the triggering.

Ever wanted to float a scope? Here’s one that floats
to 500 volts RMS when operated from its internal
batteries.

How many times have you misplaced a probe or
power cord? There’s no chance of that with the 211.
The probe and cord are attached and stored in a
convenient, recessed area of the case. When you
arrive on the job, both are right there, where you
can find them.

And the 211 is built to take rugged trips. The double
insulated high-impact plastic case takes tool kit
knocks and bangs. Knobs are recessed for added
protection. It's packaged in a real survival Kit.

Need battery operation? The 211 operates from in-
ternal rechargeable batteries for up to 5 hours, and
from AC.

Price? It's lower than many other 500-kHz scopes.
Only $545, FOB Beaverton, Oregon.

For a demo, just contact your local TEKTRONIX Field
Engineer. He probably has a 211 in his briefcase.
Ask him for complete information or write Tektronix,
Inc., P.O. Box 500, Beaverton, Oregon 97005.

—
N

w
TEKTRONIDCG
- committed to

technical excellence
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Readout modules in character heights from .125” to 17

Complete readout assemblies (1-10 packages in bezel for instant mounting)

Readouts?

Talk to the specialists at Dialight first.
You won’t have to talk to anyone else.

For one thing, Dialight offers you a wider range of sizes than or a complete assembly of packages ready to mount. And the
anyone else—character heights from .125” to 1”, Only Dialight cost per digit may well be less than you'd pay for the decoder/
can give you LED, incandescent or neon light sources. Important, driver alone. Finally, you get Dialight’s expertise in visual indi-
too, Dialight gives you complete design flexibility —you can buy cators. That doesn’t cost you anything. Neither does the readout
a digital module or that module packaged with a decoder/driver data we'll send you upon request. Write for it today!

/ / /
/ [ —
L] /i / b
7 [ )8 & ¥/ @ado
DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY - 60 STEWART AVENUE, BROOKLYN, N.Y. 11237 - (212) 497-7600
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Instruments
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Rugged, all solid-state, Kurz-Kasch logic probes are designed for fast,
accurate testing of logic levels in all types of integrated circuit sys-
tems. A simple readout system indicates “true”’, ““zero”, or “pulse”
readings precisely through color-coded visual electronic readouts in
the probe tip. Absence of logic levels is indicated by all readouts

remaining OFF.

Applications Logic levels can be accurately tested in virtually any
(DTL, TTL, RTL) IC system including desk calculators, business ma-
chines, N/C devices, computers or telephone systems. Power is derived
from the unit under test allowing use in the field or in the lab.

Specifications

Readout Light Red=Logic ‘1"
Readout Light White=Logic “0”
No Readout Light=“infinity”

High input impedance prevents
loading of circuit under test.
Size %" dia., 6” long, 26%”
leads with pin terminals

A pulse detection feature is available on most models of logic probe.
A third readout is provided to display high speed pulse trains or a
single cycle pulse of less than 50 nanoseconds on the standard Model
LP-520. Overload protection to +50, —20 volts DC is also available.

Standard Probes Logic probes are presently available in five standard
models. MODEL LP-500 for use in testing 4.75-5.0 V DC logic systems.
MODEL LP-510 for testing 4.75-5.0 V DC systems . . . includes overload
protection to +50, —20 V DC. MODEL LP-520. .. for 4.75-5.0 V DC
logic systems . . . includes overload protection and pulse detection
features. MODEL LP-530 for testing of 12-15 V DC logic systems. ..
includes overload protection to +50, —20 V DC. MODEL LP-540.. .
for 12-15 V DC systems. .. includes overload protection and pulse
detection features.

Add these options: G-S-M: Gating Feature (-G)— 3 Channel input for
timing. Pulse indicator displays only when probe tip and gate /gates
are in coincidence. Memory & Stretch (-M)— Push-pull switch for se-
lecting stretch or latch mode. Stretch mode detects high speed pulse
and displays blue “P” lamp for 200 mS. Latch mode captures high
speed pulse /trains and latches blue “P" on until reset. 5 Nano-second
capability (-S)— Allows detection of pulses up to 10 x faster than
standard probes. Each option $10.00.

Special Probes As a routine service, Kurz-Kasch will custom design
logic probes to user specifications. Custom designs can include: both
positive and negative logic levels from 50 to 30 volts . . . special pulse
detection characteristics . . . floating or grounded cases. .. custom
power supply requirements . . . power lead reversal protection . .. and
your choice of logic crossover parameters.

Kurz-Kasch logic probes provide all the information you need to
quickly and accurately evaluate all logic systems . . . and they are the
most economical logic testing instruments available. Standard Models
range in price from $39.95 to $69.95. Write today for complete details
on all standard and special logic probes.

*Patent #3,525,939 applies, others pending.

Kurz-Kasch,Inc.

Electronics Division
1421 S. Broadway
Dayton, Ohio 45401
Telephone(513)223-8161
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CTS has the answér

You name it—we have the exact
cermet resistor network size
and characteristics you need.
Here’s the choice you get right
now: our 750 line includes: .100”
centers with 4, 6 & 8 pins; .125”
centers with 2, 4, 6 & 8 pins;

and .150” centers with 4 through
13 pins. And we’re working on
new designs right now!

50

All compact, extremely stable and
highly reliable.

Recently we packed even more
circuitry into our 760 series, giving
you a choice of four popular
space-saver packages: 8,14, 16
and 18 flat lead styles. Packed
with up to 17 resistors per module
with flat leads standard (round
leads on request).

ELECcTRONIC DESIGN 6, March 16, 1972



cermet resistor networks.
So ask us!

Our broad line provides an infinite
number of circuit combinations, m
all with excellent TC, load and

temperature characteristics
supported by millions of hours ACTUAL SIZE

of reliability testing. Ask your CTS
@ C r S CORPORATION cunart, indiana

sales engineer for data. Or write
CTS of Berne, Inc., Berne, Indiana
A world leader in cermet and variable resistor technology.

46711. Phone (219) 589-3111.

INFORMATION RETRIEVAL NUMBER 33
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FLOW SOLOLR PROELLEM Z

YOU NEED THE

PC BOARI‘)N?_IQI.IIWNECTOR
“BELLOWFORM” CONTACTS

g8 8% % B S& T
B8 N8 _ B8 B2 S8 _88_48_88_ 5" _88_88_Aas

g8 38 8%

TN
B4 _RS_as

T

|
L}

CROSS-SECTION SHOWS
CONTINENTAL'S
“BELLOWFORM" FULL SURFACE
CONTACT ON
PRINTED CIRCUIT BOARD.
PAT. NO. 2,875,425

SECTION THROUGH
CONTACT TERMINATION
DEVELOPED
ESPECIALLY FOR FLOW
SOLDER APPLICATIONS.
(ENLARGED APPROX. 40X)

&2

@ 88 B8 S8 3% 85 A8 SR 58 A 58 U 00 B2 B
3 'l
a8_a8

ACTUAL SIZE

Series 6156 printed circuit connectors are available with 36, 44, 56, 64, or 72 contact sizes on .156"x
200" centers, and for V46" board. Write for free data sheet and assistance with your special requirements.

See EEM and VSMF Directories for Distributor or Sales Representative Nearest You

CONTINENTAL CONNECTORS

Continental Connector Corporation / Woodside, New York 11377 / 212-899-4422
INFORMATION RETRIEVAL NUMBER 34
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We designed
these instruments
for people
who count.

Here are three of Monsanto's counter/timers
which span a wide spectrum of measurement
needs. At top is Model 113A with a frequency
range from DC to 80 MHz, 8 operating modes
and Monsanto LED display. Price: $895 with 5
digits; with 7 digits, $995.

Model 110B (center) is a DC-150 MHz
workhorse. Its companion, Model 120A, with 512
MHz capability, is a racehorse. Both are thor-
oughbreds with such features as TTL compatible

BCD output and programmability. Model 120A,

in addition, gives you time-base autoranging, -

“Burst Mode” for radar and telemetry ‘applica-
tions, plus a Monsanto solid state display.

Price of the 150 MHz Model 110B with
8 digits, $1435; of the 512 MHz 120A, $1795.
And these —all—Monsanto instruments carry a
2-year guarantee. Ask for data. United Systems
Corp., a subsidiary of Monsanto Co., 918 Woodley
Road, Dayton, Ohio 45403.

All Monsanto instruments are available for rental or lease through Rental Electronics, Inc.

Monsanto PROGRAMMABLE COUNTER-TIMER

n—-""‘!
EsT—DISPL

s RESET

@\‘9

Monsanto
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Before you start designing your
next minicomputer, phototypeset-
ter, automatic test equipment,
numerical control or other system,
give us a ring. If a genius answers,
hang on.

We’ve got a shopful of the bright-
est heads in the peripheral equip-
ment business. Who, at a moment’s
notice, will tackle your design prob-
lems. They’ll show you how to save
time, money and effort by design-
ing a piece of our equipment into
your next job.

It could be a digital magnetic
tape cassette system that will cut

down errors to less than 1 in
100,000,000 bits (computer veri-
fied). And you’ve got the broadest
modular line in the industry to pick
from.

Or it could be one of the many
compact perforator/reader com-
binations with 75 cps punching and
300 cps reading capability for the
price of some perforators alone.

Or select from a wide range of
tape readers or reader/spooler
combinations that have made us
number one in this field.

Whatever you need, we've got
what it takes to make it work. That's

A1)/

WXL,
EX-CELL-O CORPORATION

INFORMATION RETRIEVAL NUMBER 36

how we’ve built our reputation as a
peripheral innovator over the past
decade. Our price/performance
has helped, too.

Justgive us aring (714) 557-6860.
Remex, 1733 Alton St., Santa Ana,
California 92705. In Europe and the
U.K., contact S.p.A.. Microtecnica,
Torino, ltaly.

EMEX

- |
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the
new
o 460° 730"

e Completely portable . . . no separate battery pack
or power supply needed Self-contalned battery or
line oper?tlon

¢ Non-blinking 3%-digit df@play of 26 most used

ranges . . . 5 each AC/DC voltages and AC/DC

currents . . . 6 resistances . . . with “plus” and

“minus” and overrange . . . analog meter readout

. . analog to digital converter uses the dual slope
technique.

e A compact, lightweight, multi-use Digital VOM for
lab, in-field or general testing . . . . . .. only $395.00
: (less batteries)

NOW IN STOCK AT YOUR LOCAL ELECTRONICS DISTRIBUTOR « WRITE FOR BULLETIN T-811

SIMPSON ELECTRIC COMPANY
41 GENERAL OFFICES AND EXPORT:
(AN TaCMtNTs THAT STAY ACCURATE™ 5200 West Kinzie Street, Chicago, lllinois 60644 e (312) 379-1121 e CABLE: SIMELCO

IN CANADA: Bach-Simpson, Ltd., London, Ontario
IN INDIA: Ruttonsha-Simpson Private, Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay
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Coils with high “Q” values have always been
available from CAMBION. You've probably
come to expect them as a matter of course.

What you may not have known, is that they are
available, off-the-shelf, in substantial quantities,
with identical performance characteristics to the
prototype units you may have purchased for
design development. Making quality coils avail-
able in quantity is the CAMBION Double “Q”
approach.

You can be choosy, too. Large families with over-
lapping inductance ranges or EIA nominal
values can satisfy your individual circuit needs.
Shielded or unshielded units for chassis or
printed circuit mounting. Variable inductances,

At Cambion,coils

have a Do

Standardize on

‘A CAMBION® Double “QQ” Product Line

fixed chokes, L-C filters, balun transformers,
toroids, micro-miniature types as small as .075”
X .170” (1/10th the size of a TO-5 transistor). All
come with fully guaranteed ratings.

We've got a catalog full of 'em. It's yours for the
asking. And if, by chance, you can’t find just the
right one, we’ll custom design one for you and
guarantee to deliver additional identical units
in quantity. That's just one more way CAMBION
shows that the quality stands up as the quantity
goes on. Cambridge Thermionic Corporation,
445 Concord Avenue, Cambridge, Massachu-

setts 02138. Phone: 617-491-5400. In Los Angeles:

8703 La Tijera Boulevard. Phone: 213-776-0472.

CamBion

The Guaranteed Electronic Components
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If you need
more”accuracy

and resolution
than a
2Y>-digit
V-O-M, but
don’t want to
pay the price
of 3V2-digits...

Buy Triplett's
ew 6028

new

Its exclusive 2% digit readout
lets you read to the nearest “0"
or 5" one decimal place be-
yond the capability of 272 digit
instruments. And at accuracies
of = 0.35% of reading = 2
digit on DC voltage (= 0.50%
of reading = "2 digit, DC cur-
rent), AC voltage == 0.50% (cur-
rent 1.0%) of reading = 2
digit, and resistance to = 0.5%
of reading = "2 digit. It also

offers (among its 27 ranges) a 10

ELECTRONIC DESIGN 6, March 16, 1972

Model
6028

$275

1. 2% DIGITS— Provides high accuracy with resolution to 500

Microvolts.

2. 10 OHMS TO 10 MEGOHMS — 7 Ohms ranges with zero adjust

to null lead resistance.

3. LOW CIRCUIT LOADING — Greater measurement accuracy with
10 megohm input resistance for all AC and DC voltage ranges.

Ohm range and a front-panel
zero adjust to zero out the test-
lead resistance. Add to those
advantages 100% overrange
capability, positive out-of-range
and reverse polarity indication,
and the familiar single range-
switch feature of Triplett's
famous analog V-O-M'S . . . so
that no retraining is necessary to
switch to digital accuracy and
readability . . . and you have just

a few of the many reasons for

INFORMATION RETRIEVAL NUMBER 39

buying Triplett's new Model
6028 Digital V-O-M.

Designed for R&D, production,
quality control, maintenance
and classroom use, the Model
6028 is priced at $275. See it at
your local Triplett distributor or,
for more information or for a
free demonstration of all of its
great features, call him or your
Triplett representative. Triplett
Corporation, Bluffton, Ohio
45817.

mTRIPLETT

The World's most complete line of V-O-M's
choose the one that's just right for you
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yorensen solutions to
ine voltage problems.

Whether you have brownout, line noise, or other AC problems, Sorensen has the solutions. .. ACR

regulators and FR conditioners. Both help end costly equipment downtime, or even catastrophic
failure. L] The ACR Series is an amazing combination of price, power, performance, packaging, and

ruggedness. Eight models cover

: 2 ACR Series
the field. With 0.5to 15 kVA,
., Output Input Voltage Regulation
remote sensing and program-
: ok Voltage (Vac) Voltage | Freq
ming, and full load efficiency to Model | (SettableRange) | VA | Vacl | (Hz) | Line load | Price*
95%. [] FR’s are something else. | Acrsoo 500 +0.1% +01% | $ 380
Fast! R ol | ACR1000 1000 +0.1% +0.1% $ 450
ast! Kesponse and impulse ACR2000 2000 +01% +01% | $ 575
e i . ACR3000 110 3000 95 | 47-53 | £01% +0.1% | $ 700
settling time: 50 microseconds or ACR5000 to 5000 to or | £0.15% +0.15% | $ 850
less. 100 decibels of common ACR7500 120 7500 130 57-63 | £0.15% +0.15% | $1025
R AT T ACR10000 10000 +0.15% +0.15% | $1450
mode rejection. Harmonic dis- ACR15000 15000 +0.15% | +£015% | $1775
tortion of 0.2%. Regulation to FR Sories
005% PeOk Omp“fUde II'ISTObIlIfy Output Input
Of |ess ThGn OO] % 25 crest Voltage Voltage (Vac) Freq Combined
. r Model (Vac) VA (Switch Selectable) (Hz) Regulation | Price®
factor. With FR, you get just what
 YOU RN FRS16A**| 115 500 | 95-115/105-125/115-135 | 59-61 | =+005% | $ 925
you want — pure AC power. [] FRIOT6A | 115 1000 | 95-115/105-125/115-135 | 57-63 | =0.05% | $1500
. FRIOISA | 115 1000 | 95-115/105-125/115-135 | 47.53 | =£0.05% | $1500
Sorensen offers more. Solid FRI026A | 230 (1150pt) | 1000 | 190-230/210-250/230-270 | 57-63 | =+0.05% | $1650
state circuitry, conservative FR1025A | 230 (1150pt.) 1000 | 190-230/210-250/230-270 | 47-53 | =+0.05% | $1650
: FR2516A | 115 2500 | 95-115/105-125/115.135 | 57-63 | =£0.05% | $3425
thermal design, compact packag- | rosisa | 115 2500 | 95-115/105.125/115-135 | 47-53 | =+0.05% | $3425
; FR2526A | 230 (1150pt) | 2500 | 190-230/210-250/230-270 | 57-63 | =£005% | $3650
nd. See the table below. For FR2525A | 230 (1150pt) | 2500 | 190-230/210-250/230-270 | 47-53 | =0.05% | $3650
more complete data, write FRSOT6A | 115 5000 | 95-115/105-125/115-135 | 57-63 | =+0.05% | $6800
S P &t FRSO15A | 115 5000 | 95-115/105-125/115-135 | 47.53 | =0.05% | $6800
RSN SRS, **No CM Rejection *USA List

Raytheon Company, 676 Island
Pond Road, Manchester, N.H. ar ensen
03103. Telephone (603) 668-1600. POWER SUPPLIES
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World’s

longest
monolithic
shift register

Now Intel introduces a dual 1024-bit shift register on one MOS chip,
with a single 1024-bit alternative for those who can’t use all the
capacity.

Both shift registers are fully specified under worst case operating
conditions from 0° to 70°C and over power supply variations of =5%.
Speed is guaranteed to 1 MHz with a 100 pF load. Power dissipation
averages only 120 #W per bit at top speed.

Low clock capacitance of 7 pF eliminates need for clock drivers.
And to eliminate other external circuitry, write/recirculate controls
and chip-select logic have been incorporated on the chip.

Runsonone
+5v supply

This N-channel MOS shift register accepts standard TTL inputs,
generates standard TTL outputs, runs on a TTL clock, and operates
on one TTL power supply, +5v =5%. You don’t need level shifters,
clock drivers, pull-up resistors, or any other interfacing circuitry.

The key to this unprecedented compatibility is Intel’s N-channel
silicon-gate process, a process that combines the interfacing ease of
bipolar with the economy of MOS. This shift register is the first of a
family of 5-volt N-channel devices that Intel will introduce in 1972.

Price in 100-piece quantities is $24.00 for the dual 1024-bit Type 2401
and $11.00 for the single 1024-bit Type 2405.

For immediate delivery phone your local Intel distributor: Cramer
Electronics, Hamilton Electro Sales, Industrial Components, or
Electronic Marketing. In Europe contact Intel at Avenue Louise 216,

B 1050 Bruxelles, Belgium. Phone 492003. In Japan contact Intel
Japan, Han-ei 2nd Bldg., No. 1-1, Shinjuku, Shinjuku-ku, Tokyo 160.
Phone 03-354-8251.

Intel produces memory systems as well as memory devices at

3065 Bowers Avenue, Santa Clara, Calif. 95051. Phone (408) 246-7501.

intgl

glivers.
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Frequency-Response ¥

Clock

s

Recordings Up to 3 T|mes Faster

GR’s new 1523 sweep oscillator/
recorder can give you accurate
frequency-response plots in 1/2 to 1/3
the time you’ve been accustomed to.
And it gives you 1 Hz-to-500 kHz
wide-range capability for only $3800.
You can sweep the full range, or
selected portions of it, at output levels
continuously adjustable from 500 uV
to 5 V behind 600 £2.

Speed

The 1523 features a ‘““Constant-Q”
mode that sweeps slowly at low frequen-
cies and increases the sweep speed auto-
matically as frequency increases.

Many devices require slow sweep speed
at low frequencies; Constant-Q lets you
take advantage of the fact that, as the
exciting frequency increases, the sweep
speed can be increased without sacri-
ficing measurement accuracy.

Only GR offers Constant-Q to increase
sweep speed automatically for accurate
answers in minimum time. Anexample
of time savings is a three-decade
analysis starting at a rate of 100
seconds/decade. Measurement time is
300 seconds with constant sweep speed
but only 115 seconds with the
Constant-Q mode. .

Stability

The 1523 output frequency is stable
within 0.05% stability (short term)
over the entire measurement range
through use of the frequency-synthe-
sizer technique. With this method of
signal generation, stability is always a
constant percentage of output frequency,
a considerable improvement over the

older beat-frequency-oscillator technique.
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Recorder Reliability

A stepper motor drives the chart (no
gears or clutches to fail or jam) and
the disposable cartridge pens deliver
easy-to-read, skip-free traces at all
writing speeds.

And for $400 more . . . Our 1523-P1
Preamplifier plug-in converts the
instrument to a 1 Hz-to-500 kHz
high-performance level recorder with
100-uV sensitivity and chart speeds
from 20 hours/inch to 0.5 second/inch.
The -P1 plug-in module includes a
continuously adjustable 0-to-70 dB
attenuator for maximum resolution.
Write or Call Today

Do it now! Request complete
specifications on GR’s 1523 sweep
oscillator/recorder from your nearest
GR office or from GR at 300 Baker
Avenue, Concord, Mass. 01742; in
Europe write Postfach 124, CH 8034,
Zurich, Switzerland.

Prices net, FOB Concord, Mass.

General Radio

NEW YORK (N.Y.) 212 964-2722 (N.J.) 201 791-8990 « BOSTON 617 646-0550
CHICAGO 312 992-0800 + WASHINGTON, D.C. 301 881-5333
LOS ANGELES 714 540-9830
TORONTO 416 252-3395 « ZURICH (01) 55 24 20
GRASON-STADLER 617 369-3787 » TIME/DATA 415 327-8322
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We took everything
they could throw at us

and came back for more.

We’ve written enough of the “book’’ on shielding
to know there’'s no substitute for experience
when solving tough EMI problems. That's why
it took us practically twenty years to build our
comprehensive line of shielding products...one
solution at a time. : : -

Perfection Mica offers bulk shielding materials
for high or low density fields that are stress an-
nealed for ease in punching, forming, spinning
or drawing. These same quality materials are
used in our line of portable or cabinet style mag-

netic tape preservers that prevent the degrada-
tion of vital taped information. '

On the specialty side, there’'s our multi-cellular
magnetic shield that permits sensitive instru-
ments to operate in extreme magnetic field en-
vironments, or unique inter-8 weave cable for
applications where either radiation or magnetic
interference is a problem. We can furnish rooms
that have lower spectrum magnetic shielding
capability. ~

The tougher the shielding problem, the better we -
like it. Throw it at Perfection Mica.

PERFECTION MICA COMPANY / Magnetic Shield Divisior

- 740 Thomas Drive © Bensenille, litinois 60106 «: (312) 766-7800 «: TWX (910) 341-7277




The Heavy-Duty DMM

This versatility is standard; you get it all in
the $435 price. If you add options and acces-
sories, then the 3300A goes to 30 kilovolts
AC/DC. It has a clamp-on current probe good
to 100 amperes, DC as well as AC. With an
Adapter, the Multimeter becomes a counter
up to 20 MHz.

If you want a sweet multimeter, take a look
at the Hickok 3301. It has the same measure-
ment capabilities as the portable 3300A in a
line-operated bench-top configuration. And it
has a sweet price— $385. Options for the 3301
include a BCD output or an internal recharge-
able battery.

You’'ll like the other features standard with
both Hickok models: automatic polarity and
decimal point position, out-of-range indication,
1500 volts off ground operation, outstanding
overload protection, easy operation with color-
coded front panels, and continuous automatic
zeroing.

"Look for yourself. Call Hickok for a demon-
stration or complete specifications.

Take a look at the digital multimeter you can
really knock around —and still get 0.1% accu-
racy for a year. The Hickok 3300A in its tough
Cycalac case and with its shock-mounted cir-
cuits has enough built-in versatility to take the
place of a stack of instruments.

The 3300A measures:

e DC/AC voltage from 100 microvolts to
1.5 kilovolts;

e DC/AC current from 100 nanoamperes to
2 amperes;

e resistance from 100 milliohms to 200

HICKOK

To add to your value, the rugged 3300A is
truly portable at no extra cost. It operates
continuously for 24 hours off its internal re- the value innovator

chargeable battery—no other DMM can hold

a candle to that performance. You can make |nstrumentation and Controls Division
measurements while recharging the battery. 10514 Dupont Avenue ® Cleveland, Ohio 44108
And the battery’s good for 1000 recharges. (216) 541-8060

3301 circle No. 208
% ELECTRONIC DESIGN 6, March 16, 1972



CAPACITANCE
IN MICROFARADS
AT 120 Hz

ESR IN OHMS
AT 120 Hz

DC LEAKAGE CURRENT
IN MICROAMPS

6 8 10 12 14
TIME IN THOUSANDS OF HOURS

Our new TCG capacitor
has curves

you cant resist.

The curves tell at a glance the typical
life story of one of our new TCG aluminum
electrolytic capacitors. But there’s more to a
TCG than life curves. There are 45 case sizes,
with safety vent protection where required;
capacitances from 2 to 22,000 mfd; voltages
from 3 to 450 VDC; and a —40 to 4-85°C
temperature range.

Add to these a high C/V in a small
package. Plus outstanding electrical and phys-
ical characteristics. And you’ve got our new
TCG. Find out more by writing for Bulletin
4-307. Eighteen pages of data . . . and some
curves that will open your eyes. Popular
ratings available from authorized Mallory
distributors.

MALLORY CAPACITOR COMPANY

a division of P. R. MALLORY & CO. INC.
Box 372, Indianapolis, Indiana 46208; Telephone: 317-836-53563

Electrical and electronic components ¢ sequence timers e metallurgical products e batteries
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one is about 4

OMB and
SMC types.-

Our story is big and it's important to anyone
miniature connectors.

Call them SMB, SMC, type MIL C 225575 or just plain RF type,
whatever you call them, we have them,in full range of sizes and interfaces for both
semi-rigid and braided cable.

What's more, you'll find them fully compatible with all competitive
types: Conhex’ Subminax-27 “and others. Youll also find them available
from in-depth inventories in Boston, North Haven, New York,

Philadelphia, Washington, Orlando, Chicago, Dallas, Los Angeles
and San Francisco.

And, don't forget our special edge. We give you the choice of
conventionawl“c“g;imp type or proprietary Emlock%ompression type connectors.

rensuLe | et This EmlocK cable grip of ours is all

metal and offers the advantages of compression
back ends with assembly time equal to crimp. As a

=0

________ s o oo (S

clincher, its impossible to pull the cable out of an

Emlock*connector. Disengagement will be caused

WEDGE

only by failure of the braid, not pull-out of the compression.

Interesting? Let us tell you more Write: Miniature y/
helps

Connectors, Phelps Dodge Communications Company; dndpe
60 Dodge Avenue, North Haven, Connecticut 06473.  Lommunications&BCompany

*Trademark of others
INFORMATION RETRIEVAL NUMBER 46
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The second edition of
our microprogramming

handbook is more
revealing than the first

The original edition made many microprogramming concepts
public for the first time. Now we have an expanded 450-page
version with information on the Micro 1600, the mini that makes
microprogramming irresistible. Our new paperback covers
microprogramming from the most elementary stages all the
way up to descriptions of complex computer architecture and
special purpose applications.

Everything you need to know is there. Tutorial
primer. Glossary of computer technology. Appli-
cation information. Computer users’ reference
material. Complete details on hardware, software,
and firmware for the Micro 800 and Micro 1600. Even
if you already have the first edition, you'll
value the second. Send for a copy today.
It's free.

Microprogramming

™

Microdata™

Microdata Corporation |
644 E. Young Street ;
Santa Ana, Calif. 9270
(714) 540-6730

™ Trademark Microdata Corporation

Microdata
Gentlemen:

free copy of

the 450-page
Microdata Micropro-
gramming Handbook.

5
)

NAME

Send me a.

TITLE

COMPANY

ADDRESS

CITY

STATE ZIP

PHONE
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announcing

an FM-AM
generaior
with direet

digital
readout

m

DAL

MODULATION

RN
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But that’s not all.

LogiMetrics Model 950 represents a significant
improvement over present FM generators in
both ease of operation and performance.

The Model 950 — a solid state/IC design —
provides directly calibrated frequency modula-
tion with a full 1-volt output leveled to within
+0.5 db. It has exceptional stability and relia-
bility, low incidental FM and AM, and good
spectral purity.

The 950 is ideal for aligning, calibrating, and
testing narrow-band fixed and mobile FM re-
ceivers and transceivers. It is also perfect for
alignment and measurement of limiters, ratio
detectors/discriminators, signal-to-noise ratios,
and for many other critical FM-AM applications.
The 950 has a clean, uncluttered front panel
with controls functionally grouped to simplify
equipment operation. FM deviation can be ac-
curately set with a calibrated meter, and once
set, it remains constant with frequency.

[réy - ” B e
i o 3
: w -
- L g e
3 " e -
5 .
o

LogiMetrics i cou simeron

sEopubie

Frequency accuracy to £0.00129% is provided
by a patented built-in electronic frequency
counter with a 3-digit ““Nixie’’" display and X100
expander switch that enables increased reso-
lution of a 5-digit display.

All internal circuit modules are individually
shielded to virtually eliminate RFI, thereby en-
abling the 950 to be used at all signal levels
without any interaction.

Without a doubt, the Model 950 is the easiest-
to-use FM-AM generator available today. And
in its frequency range (10 to 80 MHz), its
performance is unmatched. For a fact-proving
demo in the U.S.A. call collect: George Arzt,
(516) 484-2222. Elsewhere: Telex 96-1371.

Y/

Fer more information, call or write
for catalog data describing Logi-
Metrics Model 950. Or use the reader
service card number.

The 950 FM-AM Signal Generator by LoglMetl'lCS ING.

100 Forest Drive, Greenvale, New York 11548

Phone: (516) 484-2222

See Logimetrics at Booth 2645 at IEEE
INFORMATION RETRIEVAL NUMBER 48



editorial |

When was the last time
you created something?

We live in an age of specialization. Job func-
tions are defined, categorized, compartmental-
ized and automated. Which is great when ma-
chines are the workers. But is it the best way
to get creativity from an engineer? American
corporations that appear to operate on this
theory might ponder the case of the fledgling
Israeli electronics industry.

Like many small nations, Israel has limited
natural resources. Unlike most countries of
comparable size, she is determined to create
a sophisticated electronics industry—fast and
practically from scratch. She has one big thing
going for her: brainpower. Can she make it? Not with conventional,
specialized engineering techniques.

Israeli electronics companies know that if their industry is to take a
great leap forward, they must encourage engineers to create. And creativi-
ty recognizes few boundaries.

In most respects, the Israeli engineer is like his American counterpart
(see “Profile of the Israeli Engineer,” ED 4, Feb. 17, 1972, p. 67). He is
well-educated, tends to favor the pragmatic approach, keeps up with the
latest technology and is proud of his profession and achievements. But he
has something else, too. He appears to possess qualities of resourceful-
ness, a spirit of independent inquiry, a healthy skepticism and an in-
formality to adapt to changing situations.

These qualities are often stifled in American designers. As a result,
their capabilities aren’t used to the fullest, and they never reach their
full potential. They lack the flexibility to tackle design projects in allied
engineering areas. Even their authority on specialized design projects
is sometimes not clearly defined.

In Israel, where the designer may be called upon to work above his
educational and skill levels, specialization is an engineering luxury. The
engineer is assigned a project and left alone to come up with the answer.
He adapts. He innovates.

And isn’t that what engineering is all about? Innovation?

Or is it in this land of plenty?

RALPH DOBRINER
Managing Editor
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IEEE "72:
A leaner show,
but a lively one

Today’s engineer, more than ever,
needs to learn about developments out-
side of his particular sphere of interest.
This proposition is reflected in the theme
of the 1972 IEEE International Conven-
tion and Exposition in New York City—
“New Horizons for Engineering.”

Despite optimism implied in the show’s
theme, all is not well with the annual af-
fair, to be held March 20-23 at the Coli-
seum and New York Hilton. Only 30,000
visitors are expected to view the 250 ex-
hibitors’ booths. This compares with
48,000 vigitors and 589 exhibits in 1970.

In an effort to boost the sagging at-
tendance, this year’s show has a new Sci-
ence/Technology Center, which occupies
the entire fourth floor of the Coliseum.
It has exhibits of research and develop-
ment projects by such companies as United
Aircraft, General Telephone and Electron-
ics, General Electric, Ford Motor Co.,

Grumman Aerospace and Magnavox.

A total of 55 regular technical ses-
sions are being offered at the Hilton.
These cover such subjects as trends in
logic design, miniaturized filters, micro-
programming and minicomputers, and 3D
displays. In addition 24 special applica-
tions sessions at the Coliseum are zeroing
in on everyday problems. The subjects be-
ing covered include industrial applica-
tions of lasers, the economics of auto-
matic testing, and problems in testing
digital modules.

This year the IEEE exhibits are domi-
nated by instrument manufacturers. Par-
ticularly evident is a continuing trend to
automated test equipment and the grow-
ing use of LED readouts in instruments.
Major semiconductor manufacturers have
dropped out of the show, as have prac-
tically all of the major computer hard-
ware concerns.
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Design trends in key engineering Engineers suggest changes to
areas as reflected in the reverse attendance drop
technical papers % :

Components Complete guide to technical papers
: : by engineering subject

Microelectronics

Computers Outstanding new products

Electro-Optics Instrumentation

Medical Electronics Modules & Subassemblies

Microwaves ICs & Semiconductors

Packaging & Materials

Civionics
Components




IEEE 72 The technical sessions

Components: Tiny filters
and ferrites dominate

What’s significant in components? Miniaturiz-
ed filters. And ferrite components for the micro-
wave region, IEEE is devoting a session to
each.

Interest in miniaturized filters for frequency-
selective networks runs high at this time be-
cause voice and data communications are among
the fastest growing areas in electronics. And
since microcircuits are being used in communi-
cations so extensively, filters must also be com-
patible in size.

Intended for the engineer who designs filters
and the engineer who uses them, Session 2B
brings both up to date on the status of three
filter types that can be successfully produced
in high volume. Two of the miniaturized filters
are of the noninductive type—the active RC

and the digital—while a third, a crystal filter
is inductive.

Miniaturized active RC filters are discussed
by G. S. Moschytz and C. F. Kurth, both of
Bell Telephone Laboratories in North Andover,
Mass., although at present Moschytz is on leave
of absence from Bell to the Swiss Federal Insti-
tute of Technology in Zurich. Crystal filters are
described by D. F. Sheahan of the GTE Len-
kurt Electric Co., San Carlos, Calif., and minia-
turized digital filters by S. A. White of North
American Rockwell Microelectronics Co., Ana-
heim, Calif.

“The speakers are not going to tell you exact-
ly how they build their filters,” says the session
chairman, S. K. Mitra, professor of electrical
engineering at the University of California.

Digital filter from North American Rockwell Microelec-
tronics consists of five serial/parallel multipliers and two
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shift-register/adders mounted on a PC board. The scope
simulates the filter output (session 2B.3)
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Kurth and Moschytz give some design details
of their active RC filter and also explain how
to use it in a system. Monolithic filters, Mos-
chytz says, are still not a reality and won’t be
in the near future. The alternative for small
filters with stability has been to combine thin-
film passive components, such as tantalum re-
sistors and capacitors, in monolithic silicon in-
tegrated op amps in a hybrid integrated circuit
form that has the necessary temperature sta-
bility. That stability, Moschytz says, “is much
higher than that of the passive inductor-capaci-
tor LC network.”

Enumerating the advantages of active filters,
Kurth says ‘“that whether they are built with
thin or thick film, they are smaller than passive
filters and, in large-volume production, cost less.
Another advantage, Kurth points out, is that
active filters offer gain—*“it’s like a gift"—
whereas passive filters do not.

Active filters should find ready application,
Kurth says, in data transmission below 30 kHz
—because of the size and cost advantages they
provide—and in voice communication systems
using frequencies of 3.4 kHz or below.

Miniaturized crystal filters for telephone sys-
tems have been sold and shipped out for the
last six months from GTE Lenkurt Electric Co.’s
plant in San Carlos, Calif.,, Sheahan reports.
The filters are used in telephone multiplex sys-
tems, which are the backbone of long-distance
networks. They operate in the 60-kHz-to-108-
kHz region.

GTE’s design differs from that of Bell Labo-
ratories in that Bell uses a monolithic approach,
while GTE’s technique is polylithic. “We use
more than one piece of quartz,” Sheahan says.
“By using four pieces of quartz, we realize the
same frequency response characteristics that Bell
does with one piece of quartz.”

The polylithic form has an advantage of flexi-
bility over the monolithic form, because it al-
lows other elements, such as single resonators,
to provide finite frequency attenuation poles. A
further advantage is the fact that smaller pieces
of quartz can be used, and the technology for
cutting and lapping such pieces has been well
developed.

Still another advantage, Sheahan says, is
cost: “The crystal filter is cheaper than either
the active RC or the digital. And the crystal re-
quires no power, whereas both the active RC
and the digital filters do.”

Miniaturized digital filters are now being of-
fered for on-line hardware by North American
Rockwell Microelectronics. The company is not
offering complete laboratory systems, White ex-
plains, ‘“but little chips that you can hook up
to your system.”

“The user supplies the power supply and the

ELEcTRONIC DESIGN 6, March 16, 1972

Acoustic surface wave filters are mounted in a metal
holder. Transducers are interdigital patterns of aluminum
deposited on lithium niobate (Session 5D.2)

box,” White continues.

“He has to know what he wants it to do, and
I provide him with design information for tak-
ing his transfer function and making a filter
out of it with these chips.”

The multiplier costs $50. “With fairly large
orders the price can come down to about $10,”
White says.

The devices are used in voice and data com-
munications, in digital-control systems and in
servos. “We've even made little special com-
puters out of them,” White says. “Because they
can do a wide variety of arithmetic functions.
They can be used for many applications.”

The advantages of a digital filter, White says,
include stability and the ability to time-share,
change the coefficient of the filter and even the
configuration. The filter is small and uses little
power.

Mitra says the main obstacle to more wide-
spread use of digital filters is a lack of training.
“People must be trained to think digitally,” he
says. “Digital filters are more accurate than
analog filters, and they give the operator more
control.”

New devices for microwave radar

“Advanced Ferrite Components for Reliable
Microwave Systems” are described in three
papers at Session 6B. Intended strictly for the
design or systems engineer working in the
microwave region, particularly radar, the ses-
sion considers the present status of microwave
ferrite devices.

It focuses on latching ferrite devices and fer-
rite limiters—both relatively new and the mate-
rials that are used to make microwave ferrite
components. Latching devices require a signal
pulse of energy to change the operating func-
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tion. Nonlatching devices, on the other hand,
require continuous energy to maintain the device
in a given state. Latching ferrite phase shifters
and circulators are important because they are
providing a new measure of system flexibility
and adaptability in radar systems.

These advances are described by J. Pippin of
Electromagnetic Sciences, Inc., Atlanta.

The evolution of ferrite limiters, which are
replacing the gas TR tube for alternately
switching a radar transmitter and receiver to
a common antenna, is outlined by R. A. Kal-
vaitis and H. S. Maddix, designers with Varian
Associates, Inc., Beverly, Mass. Several devices
developed by the two engineers have already been
sold, one of which is used in the Hughes Air-
craft airborne radar designed for the Awacs
airborne warning and control system.

The Varian system is a perpendicularly
pumped subsidiary resonance limiter that con-
gists of a series of polycrystalline YIG rods
mounted on the side wall of a waveguide and
magnetically biased but not magnetically sepa-
rated.

The rod design, the developers believe, pro-
vides a structure in which critical physical
parameters can be readily varied to obtain opti-
mum coupling btween the rf field and the fer-
rite. With improved coupling, the length of the
device can be minimized for a given degree of
limiting. Thus a complete ferrite-diode limiter,
able to withstand 10 kW of peak power and
operating over a 10% bandwidth at X-band, is
only three inches long. An 80-kW, X-band de-
vice has been constructed with a total insertion
length of 5-1/2 inches. Previous devices of this
kind were approximately 12 inches long.

Ferrite diode limiters, using the ferrite rod
approach, have also been developed for Ku and S
bands by scaling down the rod diameters.

The advantages, Maddix says, are a limiter
with longer life—the 2000 hours of previous
limiters has been increased to 10,000 hours—
and shorter recovery time—reduced from 1 pus
to 0.1 us.

The session ends with a paper by R. G. West

B BT TR kel
Miniaturized crystal filter, produced by GTE Lenkurt,
is used in telephone networks. It has a passband of 3.25
kHz in the 8-MHz range (Session 2B.2).

and A. C. Blankenship of Trans Tech Inc.,
Gaithersburg, Md., describing how the materials
in ferrite devices can be tailored for specific ap-
plications. The paper deals mainly with the
electrical properties that are of interest to the
engineer. “We tell how, within a given system,
you can tune up a ferrite device for a certain
bandwidth, a certain power-handling capacity
and insertion loss,” West says.

Tradeoffs between major tailoring methods
are also described. If temperature stability is of
the utmost importance, for example, a penalty
must be paid in higher insertion loss. Also, the
processing costs of applying the various methods
depend on the degree of control sought.

“Given reasonable time and support,” West
says, “the material scientist can generally alter
or tailor commercial materials so that a much
superior microwave device can be realized. Much
of the success depends on a close and coordi-
nated joint effort between the material scientist
and the device designer.” mm

Microelectronics: Circuitry
at a significant power saving

Microelectronics sessions at this year’s IEEE
meeting are focusing on a significant trend: the
design and development of micropower circuits,
which use orders of magnitude less power than
other circuits that perform the same functions.
The trend is widespread, says Dr. P. H. Hudson,
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electronic engineer at the Army Electroniecs Com-
mand, Fort Monmouth, N.J.,, and chairman of
Session 1G on micropower integrated circuits.
As proof, he points to the variety of applica-
tions being presented in the session papers. One
is an unusual application of CMOS in the linear
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circuits of a micropower phase-locked loop. An-
other is the use of triple-diffused, vertical pnp
transistors in complementary micropower cir-
cuits for high-performance operational ampli-
fiers. A third is the use of micropower logic as
the building block in an associative memory proc-
essor, while yet another is an implanted mono-
lithic micropower receiver for turning power to
implanted biomedical telemetry systems on and
off.

G. W. Steudel, a designer of micropower cir-
cuits at RCA, Somerville, N.J., and author of a
paper on the CMOS phase-locked loop circuitry,
agrees that the trend to micropower design is
here. The higher-powered, emitter-coupled logic
circuits are less in favor today, he says, and de-
vice manufacturers are now featuring low-power
versions of TTL logic.

There are several reasons for the swing to
micropower. Many applications naturally require
the lowest power drain, including portable in-
strumentation, communication and biomedical
equipment and computers for aircraft.

Even with more conventional earthbound com-
puters, the trend is to reduce power sharply and
to lower the cost of the power supply. Also, for
high current drains, the supply lines to the various
circuits must be decoupled in the power supply—
an expensive and bulky proposition because of the
large filter elements needed.

With the substantially reduced currents of
micropower circuits, the power supply is much
smaller and less expensive. In addition decoupling
problems are almost negligible.

A phase-locked loop design

A microwave phase-locked loop circuit design-
ed by Steudel uses RCA’s CMOS in linear opera-
tion, instead of the digital operation for which
the CMOS was orginally created. Steudel con-
trasts the 10 to 15 mA required by off-the-shelf
phase-locked ICs, when they are used as a de-
modulator, with the 100 uA at 6 V of the CMOS
circuit—a power reduction of 160 times, he says.

More and more systems are being designed
with phase-locked loops for low-frequency syn-
chronization, Steudel points out, and it is here
that the CMOS micropower version has advan-
tages.

The loop’s voltage-controlled oscillator, unlike
that of conventional phase-locked IC counter-
parts, is a square-wave oscillator with a 50%
duty cycle over its range of 100 Hz to 1000 kHz.
As a result, it is admirably suited for a digital
phase comparator, such as for comparing a sine-
wave input against the square wave of the volt-
age-controlled oscillator.

A prime advantage of the RCA digital phase
converter is that it locks only on the fundamental,
whereas the conventional phase-locked ICs can

ELEcTRONIC DESIGN 6, March 16, 1972

lock onto harmonics. In this respect, the CMOS
phase reference with respect to the input signal
is always zero degrees. If this phase relationship
is disturbed by strong noise, Steudel says, the
circuit locks again on the input signal when the
noise vanishes.

This characteristic makes it ideally suited for
applications like the digital communications
pocket pager. In this case the CMOS phase loop
locks onto the incoming clock signal and syn-
chronizes an internal pager clock with it.

The CMOS phase-locked circuit has the lowest
dissipation of any phase-locked circuit today, yet
it provides the highest possible demodulation
gain, Steudel says.

Op amp has high performance

Micropower operational amplifiers for battery-
operated systems have been available. But with
conventional IC fabrication techniques, the low
power drain is obtained at the cost of undesirable
low slew rate and narrow bandwidths. Conse-
quently this approach is unsatisfactory for many
instrumentation systems.

W. R. Harden, design engineer at the Westing-
house Defense and Electronic Systems Center,
Baltimore, describes a Westinghouse process that
has produced a micropower operational amplifier
with fast slew rates and high bandwidths.

In this process the use of added diffusion steps
creates high-frequency npn and pnp transistors
on the same monolithic block. In contrast to
conventional diffusion methods, these transistors
have a high frequency response and a high beta
at microampere levels.

Harden points out that the typical F, at col-
lector currents of 100 A is 180 MHz for the npn
transistors and 120 MHz for the pnps.

An operational amplifier with externally adjust-
able parameters was the first application of the
Westinghouse technique, says Harden. Positive
slew rates of plus or minus 5 V/us have been
measured at a power dissipation of 1 mW. The
bandwidth is commensurately wide. Slew rates of
these orders at low power are possible, Harden
says, only because the base transit time of the
vertical diffusion pnps far exceeds that of con-
ventional lateral-diffusion pnp transistors.

Micropower computer uses CMOS

To minimize the power requirements of a gen-
eral-purpose associative processor memory for
avionics applications, RCA, under a contract
from the Naval Research Laboratory, Washing-
ton, has developed a basic CMOS building block
for the memory. Described in a paper, “A Micro-
power Associative Processor Building Block”—
authored jointly by H. W. Kaiser, engineering
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leader of RCA’s signal processing group at Cam-
den, N.J., and T. L. Collins, electronic engineer
at the Naval Research Laboratory—the basic
block is a four-bit array.

It contains, says Kaiser, 63 standard cells and
a total of 608 MOS transistors. The array—115
by 161 mils—is mounted in a 40-lead DIP pack-
age. Operating from a single 10-V supply and a
single-phase, 10-V clock, the four-bit array has
static power dissipation that is less than 500 uW.

The associative logic and memory machine,
now being developed at the Naval Research
Laboratory, may use up to 2000 of these CMOS
building blocks, says Collins. And in the final
version, he adds, it may be possible to reduce the
power dissipation further by a factor of 10.

A way to extend battery life

The use of battery-operated, implanted telem-
etry systems for experimental biomedical instru-
mentation is growing rapidly, says session chair-
man Hudson. But operating life is severely limit-
ed by the total battery energy. One answer to the
problem is described by Hudson in a paper, “A
Monolithic Micropower Command Receiver.” It
is a novel micropower receiver that can be im-
planted along with a telemetry package. The re-
ceiver, upon external radio command, disconnects
the telemetry battery when the system is not in
use.

The command receiver, says Hudson, consists
of an rf amplifier, an AM detector and an audio
amplifier. It has a sensitivity of better than 100
nV at 500 kHz, and total power dissipation is less
than 15 uW. Operating from a 1.35-V mercury
cell, the receiver is fabricated on a single silicon
chip. The only off-the-chip components are a
small antenna and the battery.

For low power drain, Hudson points out, it was
necessary that both the operating frequency and
voltage gain of the receiver be low. The operating
frequency of 500 kHz was chosen as a compro-
mise between minimum power requirements and

The micropower implanted receiver, top, turns power to
an implanted telemetry receiver on or off on command.
A basic two-stage amplifier is shown below (Session
1G.4).

a small, efficient antenna.

With an rf voltage gain of 10, the receiver
sensitivity was 100 uV at a signal-to-noise ratio
of - 12:dB.

A two-stage amplifier, or “gain cell,” was used
as the basic building block of the receiver, Hud-
son explains. By selecting appropriate load re-
sistor and coupling capacitors, it functions as
a 500-kHz amplifier, an AM detector and the
audio amplifier.

Special features were designed into the gain
cell, Hudson notes. The cell employs a diode bias-
ing technique that avoids the need for high-value
resistors. It uses low-value monolithic capacitors
because of the high circuit impedance levels. Its
midband gain is relatively insensitive to resistor
variation. Essentially no power is wasted in the
biasing networks. And two stages of amplification
are obtained with the use of only three isolation
wellg, mm

Computers: Large-scale ICs
rising in use, falling in cost

The expanding role of large-scale integrated
circuits in computer memories and other func-
tional computer elements is reflected in the
papers at the computer sessions of the IEEE
convention.

J. C. Logue, a fellow at IBM, Poughkeepsie,
N.Y., and chairman of Session 5F—“Trends in
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Computer Hardware”—says that IC devices with
new capabilities are appearing, along with re-
duced costs. As an example, he points to a new
microprocessor on one chip—a MOS device that
has all the processing capability of a small gen-
eral computer of the 1960s.

Dr. Robert Noyce, president of Intel Corp.,
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Santa Clara, Calif, the company that developed
the microprocessor, describes the potential of the
device. He says it is a complete central-process-
ing unit, requiring only an added memory to be-
come a full-fledged microcomputer that can do
the job of a minicomputer.

The principal limitation of the microprocessor
is its slow speed, since it is a MOS device, Noyce
says. But this is not a serious drawback, he
argues, because minicomputers are typically too
fast for 90% of their applications.

Noyce sees the microprocessor being used in a
range of mass applications where a slow proc-
essor is adequate. These include data terminals,
mechanical equipment controllers, medical appli-
cations and navigational computers for light air-
craft. The processor is particularly adaptable for
converting analog control and computation sys-
tems to their digital counterpart.

Two versions of the microprocessor have been
developed, Noyce says. The first, which has been
available for a short time, has 900 gates and
processes four-bit words. Special RAMs and a
programmable control ROM have been develop-
ed to provide a complete microcomputer.

The second version, an eight-bit microproc-
essor now in the sampling stage, has 1200 gates
on the chip. With the addition of TTL interfac-
ing circuits, this processor can tie in with any
of the standard semiconductor memories.

Sharp price cuts foreseen

For the four-bit processor, the price is now
$100 for one, and for the eight-bit processor,
$200. Quantity prices are 25% of these. How-
ever, Noyce points out that the potential for
cost reduction of these devices is so great that
he sees microprocessor ICs selling for a dollar
or two before 1980.

A direct comparison between the microcom-
puter and existing computers is hard to make,
Noyce says, because the microprocessor uses
microprogramming for its complete operation.
To execute the same amount of data manipula-
tion that a single instruction produces in a mini-
computer may take two or three microprogram-
med steps, he explains.

One microinstruction takes about 10 ms, and
consequently it may take from 10 to 50 times as
long to do the same job as it would with a fast
minicomputer.

In comparing the new microprocessors with
competing technology, Noyce feels that the bi-
polar equivalent of this system is lagging by
only two years. But he makes an important
point: Both the MOS and bipolar devices can
be expected to double in capability every year to
the end of this decade.

It has been over a year since the first large-
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capacity, dynamic MOS storage arrays were
introduced, notes J. R. Brown Jr., semiconductor
memory product manager for Burroughs Elec-
tronic Memory Systems, Piscataway, N.J., and
chairman of Session 5A, “Main Memory Tech-
nologies Through the 708.” While MOS memo-
ries are now firmly established, he points out,
high-capacity bipolar devices for large memory
systems are now appearing in sample quantities.

However, he feels that bipolar memories will
never be as cheap as MOS. Bipolar will always
cost more in this game of “catch up,” he says,
but will deliver a higher performance with a
lower capacity.

While the rapid growth of semiconductor
memories has placed core memories in the back-
ground, cores will not be outmoded by their semi-
conductor counterparts, says Arthur L. Fried-
man, R&D manager of the Electronic Memories
and Magnetics Corp., Hawthorne, Calif. The
author of a paper, “Core Memories in the 70s,”
he says LSI will help core memories to become
faster.

Advanced techniques in the sharing of cir-
cuitry and the multiplexing of functions will be
provided by the use of LSI with cores, he insists.
And this, he says, coupled with lower costs and
other benefits of the LSI technology will provide
the lowest over-all cost for the electronics por-
tion of the core memory in large systems.

As an example, Friedman points to his com-
pany’s Micromemory 6000, an advanced sharing
concept in large card memories. The cost of the
electronics portion of the memory is reduced 40
per cent in comparison with a system without
sharing.

MOS memory revolution predicted

On the other hand, Dr. G. E. Moore, executive
vice president of the Intel Corp. and the author
of “MOS Storage—a Revolution in Main Memo-
ry,” is convinced that even though present dy-
namic MOS storage elements have made signifi-
cant inroads as main memory devices, the next
MOS generation will displace other technologies.

Second-generation MOS main-memory storage
circuits—the standard 1024-bit array—are now
being developed, Moore notes. But they will, in
general, be tailored for particular applications,
he says. Some designs will emphasize speed,
others low power, still others ease of use and
some lowest cost per bit.

For speed, n-channel circuits of 1024 bits, op-
erating at less than 100-ns access time, have been
fabricated, Moore points out. These devices can
be produced at MOS-bit costs, he says, but they
give performance at speeds heretofore attainable
only with bipolar circuits.

Requirements for low power are emerging in
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many application areas. For high operating
speed with negligible standby power, Moore
points to the use of CMOS. However, the rela-
tively high cost may inhibit its use in main-
frames.

Easy-to-use, newer-generation circuits will find
their way into small memories and distributed
mainframe storage, Moore believes. He sees the
development of static 1024-bit, n-channel cir-
cuits that look like TTL building blocks. They
will use 5 V only, he says, and all input and out-
put levels will be compatible with TTL.

A higher functional density and more bits per
chip will be a feature of the second-generation
devices designed for lowest bit cost. A 4096-bit
chip with less than 2 square mils per chip—more
than three times as dense as present MOS—has
already been fabricated by Intel. With this ap-
proach, Moore predicts that costs of 0.1 cent per
bit by 1975 can be conservatively predicted.

Bipolar future uncertain

Henry Bloom, maanger of digital circuit de-
sign at the Intersil Corp., Cupertino, Calif., and

the author of a paper on “Bipolar Memory—the
Technology for the Future,” sees MOS circuits
being more widely used than bipolars in main
memories for some time to come.

MOS manufacturers are concentrating on two
processes, he says—metal gate and silicon gate—
whereas bipolar memory manufacturers are di-
luting the impact of their product with a wide
diversity of fabrication. For example, he notes
that the bipolar field is using diffused resistors,
epitaxial resistors and film resistors, as well as
diffused bases and epitaxial bases for dielectri-
cally isolated structures. As a result, he feels that
it’s not possible to predict at this time which
process will dominate by, say, 1975.

However, he points out that two standard cell
sizes will be attempted in both bipolar and MOS
structures. One will be less than 2 mil* per bit,
with an access time of less than 300 or 400 ns.
The other will be a larger cell, of 7-to-10-mil?
area, with an access time in the region of 50 ns
per chip.

Bloom predicts that by 1975 both bipolar and
MOS technologies will have developed these cell
sizes. But which will cost less is not certain. ==

Electro-Optics: Memories
and displays with a future

Imaging and nonimaging displays, optical
memories and solid-state imaging devices are
highlighted in five IEEE sessions on optoelec-
tronic components, devices and systems.

A look at the problems and possibilities of
three-dimensional displays of the future is taken
in Session 3A. One system is a true three-dimen-
sional display in which the excitation of fluores-
cence, either in a solid material or a volume of
gas, is achieved by crossing two high-power laser
beams. The beams are oriented at right angles
to each other, and wherever they cross, a spot is
produced.

The solid fluorescent material has very limited
resolution, and use of a fluorescent gas is seen as
the preferred medium. However, such a gas has
not yet been developed, although its composition
has been proved theoretically feasible.

A three-dimension holograph information dis-
play that is generated by a computer is also dis-
cussed in Session 3A. Much work on this type of
display has been done, and its use in air traffic
control is considered a major application. But
previous approaches have been limited by the
need to compute complicated holographic diffrac-
tion patterns, requiring substantial computing
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time and thus limiting display changes.

The new approach to holographic data display
projects line drawings of two or three-dimension-
al objects. It constructs the holograms by de-
flecting a moving pair of collimated, mutually
coherent light beams to selected spots on the
source and reference planes. There they are con-
verted, by optical elements, to expanding spherical
waves. By deflection of the object beam in an X
and Y dimension and the reference beam in a Z
direction, holograms of arbitrarily located points
are constructed.

For this system, the display computer generates
only the deflection control signals corresponding
to the data points. With this system, holograms
of complex objects can be generated in less than
one second with a minicomputer.

Electro-optics stores a trillion bits

Electro-optical memories can be built with
large-capacity storage systems, approaching the
terrabit level. In Session 3C two optoelectronic
mass memory systems, each with a different ap-
proach, are described. One is a disc memory that
uses the reversible changes in the optical proper-
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The geometry of Philips’ gated silicon vidicon tube, at
left, shows the gate elements imbedded under the silicon
dioxide insulating barrier (Session 5H.3).

ties of amorphous semiconductors under excita-
tion from laser light; the other is a holographic
memory that uses lasers and a thermoplastic/
photoconductor hologram storage medium.

The optical disc memory, says J. A. Aseltine,
president of Ovonic Memories, Inc., has glass or
metal discs coated with a thin layer of an amor-
phous semiconductor. The semiconductor is a
thin-film layer a few microns thick.

When a laser beam is focused to an intense
2-um spot, the optical transmission characteristic
of the amorphous layer changes. This change is
detected by passing a low-level light spot direct-
ly through the film on the glass discs, or by
reflection from the metal disc.

With this system, Aseltine says, the number of
tracks that can be recorded and played back is 10

times that of magnetic-disc machines. Character-
istics of 4000 bits per inch and 2000 tracks per
inch are realistic, he says.

The limitation of the present system is its slow
access time, Aseltine points out. This is because
the development model has -electro-mechanical
readout elements. But faster access, he says, is
possible through the use of electro-optical laser-
beam deflection systems, although this is still sev-
eral years away.

Imaging tube controlled electronically

Solid-state imaging devices have great poten-
tial for future mass markets—Picturephones
and other consumer applications. The present
costs for available devices are high, and the per-
formance of developmental designs is still on a
laboratory basis. But the potential looks good,
says Dr. Edward H. Stupp, senior program lead-
er at Philips Laboratories, Briarcliff Manor, N.Y.

A problem with present silicon-diode array
camera tubes is that their sensitivity cannot be
varied electronically. Stupp reports that scientists
at the Philips laboratory have developed a new
tube that incorporates an auxiliary gate structure
(see figure) with which the tube can be gated on
or off. The development is discussed in Session
5H.

The preliminary design, Stupp says, demon-
strates that gating on and off takes less than
100 ws. During the time it is on, it can receive
information with maximum sensitivity, and when
it is off, insensitive to unwanted signals.

“This, for example,” Stupp says, “allows us to
detect laser pulses that arrive during certain
periods of time, and to reject other information
arriving before or after.”

In the development model, signal-handling
capabilities and dynamic range are not good, he
notes. ‘“However, with what we've learned on
this design, improvements are certain.” ==

Medical Electronics: Devices
for tomorrow’s hospital ward

One of the most ingenious electronic switches
to be developed in recent times can be operated
by a fully paralyzed person with the motion of
his eyes. The device incorporates two switches,
each with a small infrared source and sensor,
mounted on a pair of eyeglass frames. The sen-
sors detect the difference in reflectivity between
the iris and the white of the eye when the eye is
rotated upwards and outwards. This difference
generates a pulse, which can used to activate any
other device.
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The switch, and other medical electronic equip-
ment, is being considered in Session 2G and in
a special four-day seminar, “Engineering in the
Hospital,” that the IEEE is conducting at the
Americana in conjunction with the annual show.
For the electronics engineer interested in enter-
ing the medical instrumental field, the seminar
may be just what the doctor ordered. It covers
such topics as these:

» Engineers in the hospital.

= Computers in the hospital.
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Severely paralyzed patients can be partially rehabilitated
through the use of electronic control systems for ex-

® The problem of manufacturing instruments
for hospitals.

The unusual eye switch is discussed in Session
2G, “The Challenge of Applying Aerospace Inno-
vations to Health Care.” Developed originally by
NASA for the Apollo program but never used,
the switch was intended for use by an astronaut
in the event he suddenly became paralyzed. Now
it is being incorporated in various control
systems for handicapped people. Once the switch-
es are set for a particular individual, they are
not operated by blinking or other normal eye
movements.

Another paper in Session 2G discusses ‘““The
Oximeter—An Instrument to Detect the Onset
of Shock in Leukemia Patients.” And there are
papers on a breath-operated switch and portable
visual instrumentation.

Hospital problems outlined

To attend the special seminar, visitors must
pay a $45 fee, which includes two lunches and
admission to the Coliseum show.

The seminar’s first session is on “The Engineer
in the Hospital.” Of particular interest is a paper
by Dr. Seymour Ben Zvi and Wallace Gottlieb,
both of the Downstate Medical Center, Brooklyn,
New York City. In discussing how the scientific
and medical instrumentation department at
Downstate works, they point out that all equip-
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ternally powered limbs. These complex devices are dis-
cussed at Session 2G.

ment is given an initial checkout as soon as it
enters the hospital, because from statistics gath-
ered on checked equipment, they have found that
about 40% of the equipment is defective on
arrival.

Dr. Ben Zvi and Gottlieb also discuss preven-
tive maintenance, in which equipment is checked
periodically, even if there is nothing wrong
with it.

The seminar session on ‘“Computers in the
Hospital” covers present and future uses. Jerry
Courtier, product manager at Digital Equipment
Corp., Maynard Mass., describes some of the
small, dedicated computer systems available—
for cardiac catherization, medical history-tak-
ing, patient-monitoring and the like. Present
systems monitor a patient on-line and recognize
limits for patient parameters. If the limits are
exceeded, an alarm sounds. This is an open loop
gystem. The ideal system of the future, Courtier
says, will be a closed loop, in which the com-
puter senses an out-of-limit condition and then
administers a therapeutic agent to correct the
problem.

The seminar session on ‘“Manufacturing for
the Hospital Environment” examines problems
that are peculiar to medical instrumentation.
Among them, says Dr. Herbert Goldberg, engi-
neering manager for American Optical in Bed-
ford, Mass., is the fact that the medical pro-
fession requires equipment that must be reliable
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over long periods of time—up to 10 years, in
some cases.

“It is impossible to test equipment for such
long periods,” he continues, “and we thus must
take chances. Lawyers don’t like to hear this,
but it’s a fact of life.”

The large number of deaths by electrocution
caused by faulty medical equipment in hospitals
has emphasized the necessity for developing iso-
lated input devices.

The design of such a device, an isolated input
electrocardiograph amplifier, is discussed in de-
tail in a special session on ‘“Recent Developments
in Medical Instrumentation.”

In his paper, “An isolated Input EKG Ampli-
fier,” William Jordan, product safety officer for
Electrodyne Corp., Sharon, Mass., points out that
while the problem of amplifying the low voltage
differential EKG signal may appear to be easily
overcome, the design problem becomes more dif-
ficult when the safety requirements of the medi-
cal profession must be met.

The most stringent of these requirements is the
elimination of shock hazard from medical equip-
ment, says Jordan. A leakage current of even a
few microamperes in an electrode connected di-
rectly to the heart, is enough to electrocute a
patient, he continues. There are several ways of
isolating the patient from this danger, explains
Jordan. One way is to use a signal chopper and

The sight switch, developed originally for the U.S. space
program, is being incorporated in control systems for
fully paralyzed patients. (Session 2G.3).

and an isolation transformer at the input. Another
is to use optical isolation. He compares the
methods used by three different manufacturers.

Other design innovations to be presented at
this special session include a paper on memory
refreshed waveform displays, another on the de-
sign of an automatic densitometer and also a
paper on long-term electronic monitoring of
respiration. ==

Microwaves: Aids for cars,
aviation and data-sending

The microwave invasion of the civilian market
—with instrument aids for aviation, auto safety
and high-speed data communications—is under
scrutiny in two of the technical applications ses-
sions being held in the Coliseum.

Session 6CK considers ‘“Microwave Technology
in Transportation Systems.” Session 7CJ is dis-
cussing ‘“‘Applications of Microwave Technology
to Today’s Communication Systems.”

Air traffic control, aircraft instrument landing
systems and clear-air turbulence detection are
among the applications spotlighted in Session
6CK. P. W. Hannan, J. H. Gutman and R. J.
Giannini of the Hazeltine Corp., Green Lawn,
N.Y., describe a new stationary beacon antenna
for interrogating aircraft. It is 8 feet high, 40
feet in diameter and contains 224 columns of
dipoles. Incorporated into an air-traffic-control
system, the antenna provides many benefits over
presently used beacon or radar systems, the
authors report in their paper, “A Cylindrical
Electronic-Scan Antenna for Air Traffic Control.”

The benefits, they say, include fewer aircraft
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“missed” because of weak signals, fewer false
targets because of spurious reflections and great-
er traffic-handling capability, the latter attribut-
able in part to the electronic scan capability of
the antenna.

Turbulence detector a critical need -

The hunt for an instrument to detect clear-
air turbulence has been particularly arduous,
because the turbulence occurs without warning
at high altitudes and has jolted several jetliners
severely in the last couple years. The Federal
Aviation Administration has been pressing for
development of a detection device, and three
engineers at the Dept. of Transportation Center
in Cambridge, Mass., describe a solution in a
paper on “A Millimeter-Wave Sensor and Detec-
tor for Clear-Air Turbulence.”

The authors—G. G. Haroules, W. E. Brown
and G. W. Wagner—report that their method
will give a pilot enough time to avoid, or at least
to minimize, the damaging effects of the turbu-
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lence. They note that a temperature gradient is
associated with the severe critical vertical wind
shear that accompanies the turbulence. A physi-
cal property of oxygen makes it possible to detect
these temperature gradients.

At high altitudes, oxygen emits electromag-
netic radiation, and the intensity of the emitted
flux is temperature-dependent. By measurement
of the emitted signal, it is thus possible to de-
termine the temperature of the atmosphere and
hence the presence of clear-air turbulence.

Temperature gradients are located by use of
simultaneous, multi-frequency radiometric meas-
urements—at 52 and 58 GHz. The use of two
frequencies provides a ranging capability, mak-
ing it possible to determine the distance of the
gradient from the aircraft. The sensor is present-
ly being used in aircraft tests at altitudes of up
to 40,000 feet.

Microwaves for motoring safety

In other transportation areas, a paper by J. B.
Hopkins and F. R. Holmstrom, also of the Dept. of
Transportation, discusses “Cost-Effective Micro-
wave Systems for Railroad and Automobile Safe-
ty Applications.” Two applications are given for
low-power, Gunn-diode oscillator systems.

The first offers protection for motorists at rail-
road-highway grade crossings. A 10-GHz, 100-
mW Gunn-diode transmitter is placed about 1000
meters from the crossing. The transmifter is
pulse-modulated at a repetition rate of 1 kHz and
a duty factor of 1%. An approaching train
changes the modulation of the transmitted signal,
and this change is detected by a receiver at the
grade crossing. The receiver then activates a
warning device.

The second application is an inflatable-airbag
automobile safety system. Most present systems
under test detect a crash by the rate of vehicle
deceleration. Since airbags require a deployment
time of 25 ms, there is insufficient time to deploy
them in high-speed crashes, the authors contend.
What’s needed, they say, is a system that can
detect impending collisions a moment before im-

pact. Microwave radar was picked as a solution.

The microwave system uses a bistatic, 10-
GHz, cw homodyne doppler radar and achieves
the required position discrimination by overlap
of the transmitted and received antenna pat-
terns. The doppler shift at 10 GHz is 30 Hz/mph.
Field tests showed that this approach may prove
viable in terms of cost, reliability and effective-
ness, the authors report.

A novel communications advance

An advance in communications—a novel 1-W
ew Gunn oscillator for use in X-band systems—is
described by A. L. Reynolds of ITT, Nutley, N.J.
In his paper, ‘“‘High-Power CW Gunn Oscillator
for Communication Applications,” Reynolds ex-
plains that while the highest X-band power levels
presently available are limited to 500 mW, it is
possible to combine two or more Gunn diodes in
parallel in a single resonant structure to obtain
higher levels.

Reynolds goes on to caution, however, that
while the idea is conceptually simple, its imple-
mentation is subject to a variety of instabilities,
generally referred to as ‘“moding” problems. He
says that a simple dual diode design has over-
come these problems and that an oscillator output
as high as 1.2 W, with efficiencies between 1.3
and 3.2%, has been achieved.

In another paper, the investigation of atmos-
pheric wideband digital transmission systems is
described by W. H. Schwarz, R. W. Kordos and
R. W. Judkins. They tell in “An 18-GHz Trans-
mitter and Receiver for Experimental High-
Speed Digital Transmission” of a transmitter
that uses a 10-GHz, 200-mW Impatt diode oscilla-
tor to generate a four-phase signal. It is external-
ly modulated by two path-length switches at a
141-MHz rate.

The four-phase receiver uses an unbalanced
Schottky-barrier diode down converter and four
differential phase detectors. One transmitter-re-
ceiver pair has already been installed outdoors’
in pole-mounted cannisters and is operating over
a 2.7-mile link. ==

Civionics: Ways to revive
the nation’s drooping cities

Can electronics help save the nation’s decay-
ing cities? Electronics and society are examined
as a package in two IEEE sessions.

In Session 4H the role of telecommunications
in upgrading the quality of city life is discussed
—more from a futuristic systems approach than
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a technical one. Session 6E considers automation,
engineering aids to education and the social re-
sponsibilities of engineers.

Session 4H, ‘“Telecommunications—an aid to
solving urban problems,” follows relatively closely
a report prepared by the Committee of Telecom-
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munications of the National Academy of Engi-
neering. Completed in June, 1971, the report is
entitled, “Communications Technology for Urban
Improvement.”

Electronics can improve radically the city’s edu-
cation, medicine, nursing homes, traffic control
and law enforcement, says the session’s organ-
izer, Alan Siegel of the Dept. of Housing and
Urban Development in Washington, D.C. He re-
fers to such equipment as cable television and
wideband transmitter and receivers, with tele-
printer and facsimile displays in homes and
offices.

Greater use of phone urged

“A Systems Approach to City Communica-
tions” is described by Richard P. Gifford, vice
president and general manager of the Communi-
cation Systems Business Div. of General Electric,
Lynchburg, Va. He suggests making greater use
of the home telephone to handle facsimile at high
speeds and even interpersonal video.

“Ultimately this network [the telephone sys-
tem] can handle all interpersonal mail via either
teleprinter or facsimile,” he says.

A second network would permit central facili-
ties to transmit to the home and businesses.
“With home terminals,” Gifford says, “the system
could be the substitute for newspapers, maga-
zines and books and third-class mail.” It could
even provide for group entertainment, including
participation games, he continues.

Coaxial cable systems could be used at first—
such as those now used for CATV but with more
bandwidth. “With time,” says Gifford, “we may
see hundreds of channels on elliptical waveguides,
if we can figure out the human engineering
aspect of the selection process—that is, how to
cope with an almost infinite choice.” Feedback
capability from the home would let customers
place orders for goods without leaving the house.

Gifford also suggests two-way broadband com-
munication between public service centers—
schools, hospitals, libraries, police stations, air-
ports, railroad and bus terminals, city halls and
nursing homes.

A fourth network would consist of “sensing
nerves,” all running to a central terminal. These
sensors would monitor such conditions as weath-
er, pollution, traffic, fire warning and vehicle
location.

One answer to the increasing difficulties and
cost in obtaining medical care is “Telemedicine
for Improved Medical Care,” according to Roger
G. Mark, assistant professor of electrical engi-
neering at the Massachusetts Institute of Tech-
nology.

Establishing a system that permits a physician
to provide medical care at a distance is not pri-
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An automatic system for moving passengers and baggage
at airports has been proposed in a paper by General
Railway Signal Co. (Session 7E.3)

marily a technological problem, Mark says. “In
general,” he explains, ‘“modern bio-instrumenta-
tion, computer technology, communications tech-
nology and transportation systems are more than
adequate. The problem really is how best to tie
them all together.” Some of the practical prob-
lems that will have to be worked out, Mark points
out, are optimum bandwidth compression
schemes, how to store patient histories in com-
puters, system configuration and operating
policies.

The evils of engineering

Session 6E, “The Technological Effects on So-
ciety—an Open Forum,” is organized by a Uni-
versity of Oklahoma professor, L. W. Zelby, and
there are papers by five other professors. In a
discussion of automation, Edward L. Katzenbach
of the New York Institute of Technology, Nova
University, Fort Lauderdale, Fla., focuses on the
misuse of the computer and its ability to
“dehumanize” and invade privacy. He suggests
that youth should be prepared for the world of
tomorrow with ‘“courses in computers and sys-
tems thinking.”

An activist approach to engineering is recom-
mended by Stephen H. Unger of the Dept. of
Electrical Engineering and Computer Science at
Columbia University, New York City—and his
suggestions are likely to be controversial. In his
paper, ‘“‘Personal Responsibility of Engineers for
Their Work,” Unger suggests engineers evaluate
the social impact of what they design and re-
fuse to do the work if it conflicts with their
consciences. He says:

“For example, if an engineer believes that
American intervention in Indochina is wrong,
then he cannot escape the conclusion that design-
ing an air-to-ground missile for the American
Air Force is also wrong. That he might have
difficulty in deciding whether it is also wrong to
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develop a radar navigation technique, possibly
useful to the Air Force as well as to commercial
airlines, does not justify evading the issue in
the unambiguous case. In the real world, hard
cases, though not rare, are also not in the ma-
jority. After establishing procedures for identi-
fying and copying with the obvious cases, one
can begin reducing the ambiguous class.”

Unger concedes that an engineer may be fired
for refusing to do his assigned work. He offers
these alternatives: The engineer can appeal to
higher authority within the company. If this

fails, he might try carrying his case outside the
company.

“This might be done openly,” Unger counsels,
“by publicly calling attention to the situation, or
surreptitiously by leaking the information to a
Congressional committee or perhaps to a Ralph
Nader group. Where the open route is chosen, the
announcement might well be accompanied by a
resignation, since severance from the company
is likely in any event.”

Comments anyone? An open forum concludes
Session 6E. =m

Communications: A high-level
look at the future of CATV

The electronics industry has been flooded with
predictions of a new multibillion-dollar utility in
the United States—cable television. Will the fore-
casts come true? “CATV—What’s Happening” a
panel discussion in Session 2A gives the views
of high-ranking experts.

For example, Paul Klein, president of the Com-
puter Television Corp., New York City, says that
the future of home entertainment lies not in
video cartridges and cassettes, as some people
think, but in a dial-access TV system in which
the user has access to prerecorded video tapes
stored in a remote library. These tapes could be
of movies, Broadway shows, museum tours and
educational courses, he says.

The technology for such a system is already
available, Klein continues, and several hard-wire
versions of this type of system have been installed
experimentally in motels. By next year, Klein
predicts, computer television will begin appearing
in CATV systems.

Other panelists include Dr. Peter C. Goldmark,
president of Goldmark Communications Corp.,
Norwalk, Conn.; Dr. Joseph V. Charyk, president
of Comsat Corp., Washington, D.C.; Hubert
Schlafly, president of TelePrompTer Corp., New
York City, and Dean Burch, chairman of the Fed-
eral Communications Commission.

The panel looks with favor on new FCC rules
allowing CATYV operators to carry a limited num-
ber of out-of-town broadcast signals in competi-
tion with local broadcasters. The regulations offer
extensive program protection to local broadcast-
ers in the top 50 markets. They also specify that
cable operators in the largest 100 TV markets
must provide, for each broadcast signal carried,
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an equivalent channel that can be used for non-
broadcast purposes.

“After all of these years of pulling itself up by
its own bootstraps, the cable-television industry
finally is getting some encouragement from the
Federal Communications Commission,” says
Schlafly.

In a talk entitled “CATV—Subscriber, Supply
and Demand,” Schlafly reports on two-way, inter-
active home terminals. In particular he discusses
a subscriber response system that TelePrompTer
will be testing this summer in El Segundo, Calif.
The system, manufactured by Hughes Aircraft
Co., Culver City, Calif., is a two-way, computer-
controlled, data-transmission system that uses the
home TV receiver with a subscriber console and
interface electronics as a home terminal. This
system is capable of providing such services as
these: channel polling, opinion polling, remote
reading of utility meters and emergency alarms.

The interaction between domestic satellite sys-
tems and CATV is discussed by Charyk in
“CATV Network Via Satellite.” He envisions a
cable TV network in which signals are received
by satellites and relayed economically to 5000
cities across the nation.

An FCC decision on domestic satellite systems
is pending. At present eight companies have indi-
cated that they want to launch communications
satellites and many more have requested permis-
sion to build earth-receiving stations. Comsat
wants to launch the satellites and own the asso-
ciated ground stations, which it will lease to those
that want to use them. CATYV operators, such as
TelePrompTer, want to build their receiving
stations. =mw
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Specifically, Elco’s brand
new, Series 8219 two-piece
miniature connector. A state-
of-the-art, high contact density
connector for your printed
circuit and input/output

rack and panel applications.
Sophisticated. Highly reliable

The new Varicon™ low
withdrawal force contact

(1-6 ounces per contact pair)
that makes it easy to assemble
the connector into your board.
And provides MIL-SPEC
reliability as well
(MIL-C-55302 Type)

Variations are provided for
single-sided and double-sided
p.c. cards, and for parallel

or perpendicular p.c.

card mounting

Contacts on
.050"” staggered
spacing to help
you cope with
the packaging
squeeze imposed
by MSI and LSI
circuitry

b‘%

pre

Coming soon!

Matable
connectors with
crimp-type
contacts for a
variety of wire
sizes for your

e

total system
requirements.

-

ey

A CONNECTOR 3=

Color-coded,
rugged metal
guides to help
you properly
orient mating
connectors

Series 8219 connectors

are available right off

the shelf in six discrete,
most popular sizes: 18,

30, 36,42, 54 and 72
contacts. Also immediately
available: the Series 8129
two-piece connector on
.100” centers in four sizes—
6,9, 12 and 15 contacts.
And the Series 8300
subminiature connector
with the Bi/Con™ contact,
miniature version of the high
reliability Varicon contact

High dielectric
strength, glass-filled
diallyl phthalate
insulators, ideal for
critical electronic
applications under
the most severe
environmental
conditions

——

If these, or any others of

our thousands of standard
connectors don’t fit your
circuit, we can tool up for

your special in a wink.

Another service in keeping
with CONNECTRONICS, Elco’s
Total Connector Capability

" For full details on Elco’s

two-piece connectors, contact:

Elco, Willow Grove Division,
Willow Grove, Pa. 19090
(215) 659-7000

Elco, Pacific Division,
2200 Park Place,

El Segundo, Calif. 90245
(213) 675-3311

™

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world.
In Europe, Elco Belge, 77 Blancefloerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far East, Elco International, TBR Building, 2-10-2 Nagata-cho,

Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711/5.

Copyright © 1971 Elco Corp. All rights reserved.
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The P&B R-10 Series offers de-
signers a whole family of AC and
DC industrial relays that combine
extraordinary versatility in appli-
cation, the reliability of telephone-
type relays, and small size (less
than a cubicinch). Theyarewidely
used in copiers, computer periph-
erals, business machines and pre-
cision instruments.

So versatile is this series that
each model is literally designed
by you, to meet your special
needs. You use a single family of

relays, with common mechanical
dimensions and common mount-
ing techniques, to cover the whole
range of switching loads you may
desire, from dry circuit to 10
amps, 28 V DC, 120 V AC. There
are several terminal styles for
solder or pc board mounting.
Special octal plug mounting is
available, and sockets multiply
design options even more.
R-10’s can now be ordered with
Form A, B and D contacts as well
as Form C, with arrangements up

to 8 Form C. Underwriters’ Lab-
oratories, Component Recogni-
tion, File 42810. DC relays have a
continuous power dissipation of
2.2 watts maximum. Standard
sensitivity is 125 milliwatts per
pole. Mechanical life is up to 100
million operations, electrical life
ranges from 100,000 to 100 million
operations. Special light emitting
diode (LED) indicator, a conven-
ient check when trouble shooting
a circuit is available as an option
on R-10relays.

Take just four easy steps to “design” the R-10 relay
that fits your requirements perfectly.

Tapped holes
for mounting

Decide on the type of il /
stud mounting

Solder i
terminals. Stud
or plug-in ﬁ
mounting

terminal mounting you want: directly to
surface
5 2 s 8
2 Select desired rating and contact form:
Rating 10 ampt 5 amp 5 amp 2 amp Low Level Dry Circuit
(Bifurcated) (Bifurcated) (Cross Bar)
Poles Forms Poles Forms | Poles Forms |Poles Forms Poles Forms Poles Forms
Contact form 2 A,B,.C.D 2 A,B,C,D 2 A,B,C,D 2 A,B,C,D 2 A,B,C,D 2 A,B,C,D
4 A,B,.C.D 4 A,B,C,D 4 A,B,C,D 4 A,B,C,D 4 A,B,C,D 4 A,B,C,D
6 AB 6 A.B,C 6 A,B,C 6 A,B,C,D 6 A,B,C,.D 6 A,B,C,D
8 A,B,C 8 A,B,C 8 A,B,C 8 AB,C 8 A,B,C
Contact data .125 DIA. 100 DIA. .100 DIA. .078 DIA. .062 DIA. .017 DIA. i
. ) /P
& & | 4
Resistive
load* @ Typ. 7.5 Amps |Typ. 5 Amps Typ. 5 Amps Typ. 2.0 Amps |Typ. 0.1 Amp Typ. 500 mA
28 VDC Max. 10 Amps Max. 7.5 Amps | Max. 7.5 Amps | Max. 3.0 Amps |Max. 2.0 Amps | Max. 250 mA
or 115 VAC Min. .200 Amps |Min. .200 Amps | Min. .050 Amps | Min. 0.01 Amps| Min. 0.001 Amp | Min. Dry Circuit

*Total load not to exceed 30 amperes per relay. tUse ungrounded frame for loads over 5 amperes.

Choose the proper 4 Pick the socket that fits.

coil resistance:

e Standard and sensitive DC
voltage coils available from
3.0 to 115 volts @ 25°C.

e AC voltage coils from 12 to
115V @ 25°C.

® DC sensitivity as high as 20
milliwatts per pole.

e Bifilar coils to protect relay
drive transistors available to
48 V nominal.

Thal

Printed Circuit
R-10 Relay Socket Right Angle Socket

Retains floating terminals  Allows relay to mount flat on
of either solder or P/C P/C board, reduces height relay to mount flat on a
pin configurations. from 1.720” to .860” max. chassis.

Versatile R-10 industrial relays, with their almost limitless design
options and application capabilities, are available nationwide from
leading electronic parts distributors. Or call your P&B representative.
For a free 214 page relay catalog, write Potter & Brumfield Division
AMF Incorporated, Princeton, Indiana 47670. Telephone 812 385-5251.

¢ Bracket Mount
Socket

Allows solder terminal

AMF

Potter & Brumfield

PaB makes more of more kinds of relays
than anybody in the business.

Anybody.
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What'’s wrong with the IEEE show?

Engineers suggest changes
to reverse attendance drop

Richard L. Turmail, Management Editor

A record 64,000 engineers attended the annual
IEEE International Convention and Exposition
at the Coliseum in New York City in 1968. This
yvear, the show’s sponsors expect only about
30,000. Why is attendance at the industry’s larg-
est showcase falling?

A random sampling of typical showgoers
turns up a variety of complaints, including these:

= There aren’t enough new products to justify
a visit to the show.

= Fewer components are being shown. Instead,
exhibitors are relying on blinking lights and
other gadgetry to pull in the curious.

® There are few company engineers in the
booth to explain the products. Too many com-
panies rely on hostesses or salesmen to do the
job, and they’re obviously unqualified technically.

® Technical sessions are frequently boring and
poorly organized.

Spotlight on the technical

In brief, an ELECTRONIC DESIGN random sam-
pling shows, engineers look at the IEEE show
as a solid technical production, a chance to keep
abreast of trends that will help them on the job.
To the extent that the show fulfills these goals,
it’s a hit with engineers. But to the extent that
it digresses into a commercial carnival—and
some engineers fear this has been the recent
direction—it’s a flop.

Could the decline in attendance be reversed?
Possibly. If the shortcomings were remedied and
the IEEE show management took steps to intro-
duce new attractions—such as this year’s Sci-
ence/Technology Center on the fourth floor of
the Coliseum—more engineers might attend,
engineers suggest.

From eight engineers who were interviewed,
the following emerges as a composite profile of
the technical-minded IEEE showgoer: He is an
engineer with over 11 years experience in the
electronics industry. He attends the show every
two years and spends about eight hours visiting
20 booths (those in his field of interest mainly).
He also attends about one technical session per
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show. Half of those interviewed were IEEE
members, two were former IEEE members and
two were never members.

Here are their comments on the show:

Peter H. Lajoie, an engineering manager at
Trump/Ross Controls, Inc., Billerica, Mass., has
gone to the show every two years for the past 10
yvears. “They’re showing fewer and fewer compo-
nents each year I go,” he says. ‘I know it’s easier
to display instruments, because they blink and
move, but I need components to build systems.”

Kenneth Wong, senior engineer at Loral Corp.,
Electronics System Div., in the Bronx, New York
City, who also has averaged a visit every other
year for 10 years, agrees with Lajoie. “There
just aren’t enough new products each year to
warrant an annual visit,” he says.

Jerry Pessah, a design engineer at New York
Telephone in the Bronx, who visited the show
two years ago, comments: ‘“The show doesn’t
seem to be well organized—it seemed more like
a fair than an exposition.”

Jack Heaviside, R&D engineer at North At-
lantic Industries, Inc., Plainview, N.Y., has visit-
ed the show faithfully every year for the past 10
years. He says: “The show is a good place to see
new products and the competition, but the spon-
sors should come up with a better way to classi-
fy the exhibits in the guide book to help reduce
the time I waste. I can find a company I’'m aware
of in the visitor’s guide, but if I want to see all
the people who make counters, for example,
there’s no way to find out who the new ones are
unless I take the time to tour the entire exposi-
tion.”

Jimmy Loy, a chief engineer at the Bogen Div.
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of Lear Siegler, Inc., Paramus, N.J., has attended
every show for the past 10 years. “When the
vendors stopped giving engineers free passes to
the show,” he says, “our company limited the
number of engineers who could go. Often, too,
you can get better product news from the sales
reps that visit the company during the year.”

Rick Spofford, an engineering manager at Ana-
log Devices, Inc., Norwood, Mass., who has gone
to the show every other year for the past 10
years, noted: ‘I want to see semiconductors, test
equipment and passive components. Since there
are fewer displays of those products each year,
nothing has motivated me to go to the show on
a regular basis.”

Dick Tuhro, a project engineer from Computer
Identics Corp. in Westwood, Mass., questions
whether it’s necessary to go to the show. “I must
have something specific in mind to cover the show
properly,” he says. “When I attended the show
four years ago, I found everything I needed to
see in the electronic trade magazines before I
went. Why go to the show?”’ -

Morris Robison, an engineer at Tecstar, Worth-
ington, Ohio, who has visited the show for the
last 16 years, adds still another thought: “It’s
difficult for some engineers to see this show,” he
says, “especially if they have to travel a long

" ROBISON—He wants
booth attendants who
are technically qualified

to discuss products.

distance to attend. Often they get a bad taste of
the whole trip because of heavier and heavier
expenses each year, and because of other grow-
ing travel problems that aren’t really related to
the show itself.”

Changes in the show noted

How has the show changed over the years?

“The show grew from a few booths to over
700 and back down again to 300 or 400,” Robi-
son says, “At 700-plus booths, the show was too
big to cover properly.”

And some visitors didn’t always come to see
just the exhibits. “At one time,” Robison notes,
“the show was identified as an employment agency
—it became a quasi-social employee-stealing af-
fair, but that’s tailed off the past few years.”

ELECTRONIC DESIGN 6, March 16, 1972

Some attendees say that there aren't enough new prod-
ucts to warrant an annual visit to the show.
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Wong says: “I’ve changed more than the show.
When I first attended the show, it helped me
greatly because I was inexperienced. I saw new
products I hadn’t seen before. But the higher I
get in job position, the less useful the show is to
me. I think it’s geared more to the young
engineer.”

Loy comments: ‘“Recently engineers have come
to town and skipped the show altogether. Rather
than spend time looking at a lot of booths that
are outside their interests, they go only to the
hospitality suites to learn about specific product
introductions and applications.”

As for show improvements, some of the engi-

neers believe that the show’s mission of spread-
ing information would stand a better chance for
success if the exhibitors manned their booths
properly, if the papers and themes at the techni-
cal sessions were reassessed and if the exhibitors
would organize the handling of their product
literature better.

According to Robison, the quality of booth
personnel is poor.

“Three of five attendants are not qualified to
discuss the details of the product,” he says. “And
if only one qualified engineer has been assigned
to a booth, he may well be off duty at just the
time you visit his booth for information.”

Lajoie says that salesmen are often assigned
to the booth. “They’ve been primed with technical
information for the show,” he observes. “Many
are helpful, but an engineer would be more
helpful.”

Four of the engineers interviewed have never
attended a technical session at the IEEE show.
Two report they've never had the time to attend,
and one said he never actually knew that the
sessions were being held. Two others say that too
many of the sessions are over their heads or
unrelated to their work.

Spofford says that he has found that the papers
are not always related to one another, nor to the
theme of the session in which they are presented.

Wong says that often the sessions are unin-
teresting and a waste of his time.

Robison notes: “I think that sometimes the
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One complaint is that some speakers fail to relate their
paper to the theme of the session.

guy giving the paper is trying too hard to impress
a potential employer with his technical knowledge
when he should be trying to communicate with
his audience.”

Robison also asserts that exhibitors sometimes
fail to have the proper product literature at their
booths. “Sometimes they promise to mail the in-
formation to me, but by the time I get it, if I
get it at all, it’s too old to use,” he says. :

Lajoie adds: “I think it would be a good idea
if the IEEE polled its membership on needed
show improvements.”

Suppose the IEEE show management intro-

duced improvements? Would they stimulate at-
tendance?

Half of the eight engineers in the sampling
said at first that they didn’t think they’d be
going to the show this year. And then they were
told that the show. would have a Science/Tech-
nology Center this year with innovative features.
The engineers’ reaction was positive to a man:
“Fantastic! Sounds very interesting. Great idea!”
With comments like these most said that now
they would probably attend the show. mm
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Discover the value of power...

and how it saves you money on your mini.

Discover the all-new SPC-16 family of
minicomputers. The first minis to save you
substantial money in system implementa-
tion. They’re from General Automation...
the fast-growing, pace-setting mini maker.

In overall performance, SPC-16’s run
circles around those other two brands of
minis you’ve heard so much about. With
features like the industry’s most powerful
addressing scheme, including base relative
addressing. Exclusive pre- and post-index-
ing. And eight (16 optional) true general
purpose registers that can save you up to
4K (about $2500 worth) of core. Another
plus is a unique one word Load All Regis-
ters/Store All Registers capability. And
much more.

Including the right price, the best quan-
tity discounts in the industry and the easiest
OEM buying policy of all.

SPC-16’s are available as I/0 and mem-
ory-integrated models for dedicated in-
house applications. Or as unbundled ver-
sions for OEM users or large system appli-
cations requiring up to 65K of memory. Six
models in all, in three speeds.

No other minis come close to SPC-16’s
in giving you so much performance for
your money. Give

us a benchmark, M
we’ll prove it. Mean- _

time, send today \

for a detailed bro-
chure.

GENERAL AUTOMATION, INC. 1055 So. East Street, Anaheim, Ca. 92805 (714) 778-4800 TWX 910-591-1695
‘Discover The Value Of Power’
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NOBODY
ASRKRED

Are you going to put up with that??

There has always been a tendency for the test
industry to design products, give them the “bally-
hoo” treatment, then find someone to sell them
to. We intend to reverse this trend by finding out
what your needs are before we start designing.
Instead of talking about our own function gener-
ators and pulsers, we're going to sit back and
listen to you. We'll be at IEEE and other industry
conventions, and we’ll listen. You can phone in
your gripes, and we’ll listen. You know what you
want, and we’ll listen to what you have to say.
The essential thing is to set us straight about
what's really important to you.

The questionnaire on the facing page was
designed to let you be frank, specific, and criti-
cal. By taking time to help us build a dialog
that’s going somewhere for a change, you will
be benefitting not only yourself and IEC, but the
entire industry. We’'ll stand by our promise to get
back to you with a report on the results of this
communication, and what we plan to do about it.

Now it’s your move — if you want what’s coming
to you.

TAKE A COFFEE BREAK
AND FILL US IN.

It will take you 1 cup of coffee to
fill out the ““sound-off”’ sheet on the
following page, and for doing so
IEC will send you this FREE
COFFEE MUG.* Or see IEC

at IEEE, Booth 2633, and have
your say. (We’ll let you have

the coffee mug, either way.)

*Quantities are limited! Forms

will be acknowledged in the order
they are received, and must be submitted \
by May 15, 1972. Offer limited to U.S.A. Ve ——
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You bet I've got something to say...

. about Function Generators
() Who needs a function generator? My RC oscillator does everything that | need to do.

() I'm content with the function generators available today. Models that | like best are

( ) Wide Frequency range is ( ) extremely critical ( ) important ( ) not significant for my needs.
The narrowest frequency range that | would consider for my requirements is Hz to MHz.

() Output Voltage is ( ) extremely critical ( ) important ( ) not significant for my needs. The nar-
rowest voltage range | would consider for my requirements is mv to vintoa____ohm load.

The Function Generator waveforms that are important to me (order of importance) are:
() Square wave () Triangular wave ( ) Sine wave

( ) Pulses ( ) Ramps (=)

I’'m not sold on function generators. What bugs me most is

. about Pulse Generators

Pulse repetition frequency range is ( ) extremely critical ( ) important ( ) not significant for my
needs. The narrowest PR<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>