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TAKES
THE
LEADER
TO PUT
IT ALL
TOGETHER

MSC Again
Advances the
State-of-the-Art
in Microwave
Power Transistors
with the AMPAC™

TACAN-RADAR-TELECOMMUNICATIONS

FEATURES:

o Input Impedance Matching—Ease of Broadbanding

e Output Impedance Matching—Higher Collector Efficiency/ Lower
Junction Temperature

e Hermetic Construction—Improved Reliability

Call or write us for further information on Microwave Semiconductor Corp.'s
AMPAC power transistors and other components—all available from stock and
priced to minimize your system cost. Also feel free to contact us for advance
information on any of our latest developments.

AMPAC €912-50 AMPAC 1214-30 AMPAC 1417-24 AMPAC 1720-10

AMPAC 2023-10

AMPAC 3135-5 AMPAC 3742-5

MICROWAVE SEMICONDUCTOR CORP.
100 School House Road, Somerset, N.J. * (201) 469-3311 ¢« TWX (710) 480-4730 « TELEX 833473

Circle 900 on reader service card

Frequency (fi-13) 0.9-1.2 GHz 1.1-1.4 GHz 1.4-1.7 GHz 1.7-2.0 GHz 2.0-2.3 GHz 3.1-3.5 GHz 3.7-4.2 GHz
——— — L S

Power Output (Po) 50-65W (pk) 30-35W (pk) 22-26W (cw) 10-11 (cw) 9-10W (cw) 5-6W (cw) | 5W (cw)
- —_— 4,1, —_—

Power Gain (Pe) 9 dB 9 dB 7d8B 7d8B ' 6dB 5-6 dB T 4-5d8
-

Efficiency (7} c) 60-75% 55-65% 50% | 45% l 40-45% 30-35% 28-30%

Voltage (Vcc) 35v 28V 28v 24v 24v 28V 24V

Impedance (ZiN/ZcL) 6/100 25/100 25/150 50/250 ‘ 50/25¢ 50/500 50/504
Thermal Resistance (dic) <1.5CIw <2.5CIW <3.0° C/w <5.0° C/W <5.0°C/w <6.0C/W f <6.0° Cw




Now. . . High Efficiency, Switching Regulated Power Supplies

The new Switching Regulated Series is the most recent addition to the expanding line of Hewlett-
Packard Modular Power Supplies. The MIGHTY MODS started with the 62000 Series — a com-
plete line of modular power supplies with coverage from 3 to 48 volts, up to 192 watts.

The new Switching Regulated Supplies, Series 62600, feature advanced transistor switching design
with up to 80% efficiency. You get more power in a smaller, cooler operating package . .. with 4 to
28 volts, up to 300 watts, 0.2% combined line and load regulation, 20mV rms/30mV p-p ripple and
noise. And, HP thinks ahead to give vou all the protection you need: overvoltage, overcurrent, over-
temperature, reverse voltage and protected remote sensing. What it all adds up to is: selection,
performance, reliability plus competitive pricing (with quantity and OEM discounts). Whether it's a
modular, laboratory, or digitally programmable power supply — be confident when you specify . ..
specify HP. 3

For detailed information, contact your local HP field engi- g

neer. Or write: Hewlett-Packard, Palo Alto, California 94304, ~ HEWLETT hp, PACKARD

In Europe, Post Office Box 85, Mevrin-Geneva, Switzerland. 21303
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Whats it worth

to get lab capability

in an instrumentation

recorder

with field portability?

If you think you've got to sacrifice
performance for portability, it'll be
worth your while to price Hewlett-
Packard’s 3960 instrumentation
recorder. At $4,270, it gives you field
portability along with performance
and features found only in the most
expensive laboratory machines.

Built on a precision milled alu-

2 Circle 2 on reader service card

minum casting, the 3960 weighs less
than 50 pounds.
Signal-to-noise ratio is better than

46db when operating in the FM mode

at 15/16 ips.

The 3960 Portable Instrumentation
Recorder from Hewlett-Packard.
The one that you can pack off into

pack it or rack it

HH

HEWLETT ﬂ PACKARD

HP sales, service and support in 172 cities in 65 countries,

the field, or rack in the lab. From
just $4,270. And worth it. For com-
plete details write Hewlett-Packard,
1501 Page Mill Road, Palo Alto,
California 94304. In Europe, Post
Ofhice Box 85, CH-1217 Meyrin 2,
Geneva, Switzerland. In Japan,
Yokogawa-Hewlett-Packard, 1-59-1,
Yoyogi, Shibuya-Ku, Tokyo, 151.

113-03
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Highlights

The cover: Getting the data through, 89

In data-communications networks today,
data flow between central computer and re-
mote terminals is organized and facilitated
by special-purpose processors. Cover by
graphic designer Ann Dalton symbolizes
how such communications processors sort
and concentrate disparate data into orderly
sequences for transmission over the com-
munications lines.

C-MOS sets a new logic standard, 71
Transistor-transistor logic has a rival in com-
plementary-MOS circuits, and semicon-
ductor manufacturers are jockeying for po-
sition in a market that is expected to total
$100 million in 1975.

An a-d converter that does It diffarently, 97

The charge-balancing analog-to-digital con-
verter does much the same job for much the
same price as the dual-slope converter. But
the fact that it requires fewer, less critical
components makes it the better option in
some applications.

The first National Computer Conference, 124
Replacing the spring and fall shows of past
years, the first annual computer show takes
place next month in New York. lts scope
has been greatly enlarged to attract the
computer user as well as the computer de-
signer. A preview of products to be exhib-
ited starts on page 129.

And In the next issue . . .

Special report on custom hybrid technology
. . . a 16-bit computer-on-a-board for less
than $1,000 . . . video refresh and two-way
television.
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ith society’s need for inform-

ation skyrocketing, it’s no won-
der that the growth rate of data-
communications gear is hefty. To
cut the cost of moving the growing
volume of data, more and more
users are turning to communications
processors. These processors, based
on small and medium computers,
handle the details of transmission,
even do some local processing to re-
duce the data flow, thus freeing the
central computer to do its thing—
data processing. We think you’ll
find the eight-page in-depth wrap-
up of the state of the art in commu-
nication processors (see p. 89) by
Communications Editor Lyman
Hardeman valuable and timely.

It’s especially timely when you
consider that in the past decade
those processors have zoomed from
virtually nothing to several hundred
millions of dollars in sales and, cur-
rently growing at about 30% a year,
may reach $1 billion by 1976. Even
in the highly volatile computer and
communications segments of elec-
tronics, that’s some activity.

|n early June, the first National

Computer Conference—which one
of its officials calls “a complete de-
partment store of computer equip-
ment”—will open its doors in New
York. You can just open our pages
now to get a preview of what engi-
neers and users alike can expect
from the show, which replaces the
AFIPS spring and fall meetings.

On page 124, you'll find an article
by our New York Bureau Manager,
Alfred Rosenblatt, describing what
the sponsors have done to tailor the
conference to the needs of today’s
engineers and users. Then, on page
129 starts a detailed run-down on
some of the most interesting of the
new products to be shown.

Pubhsher S Ietter

nd speaking of computers, you

will find the latest article in our
“Minicomputers in Action” series
on page 114. It’s about San Fran-
cisco’s attempt to figure out why,
when a single rain gage downtown
showed only light rainfall, torrents
of rain water would flood some local
sewage plants and send pollution
into San Francisco Bay.

In the quest for a solution, city
engineers set up a minicomputer-
controlled rain-sensing and sewage-
monitoring system. Ultimately, they
hope to upgrade the system to give
real-time control of the sewers’ stor-
age capabilities as a storm moves
across the city.

“Significantly,” says Computers
Editor Wally Riley, “San Fran-
cisco’s problems are typical of many
American cities. And because of the
sophistication of the system, delega-
tions from around the country have
come to observe it in action.”

very issue we pack a wide

variety of subjects into our Prob-
ing the News department. Take this
issue’s section as an example. From
what’s happening in the computer
market in Russia to the market for
C-MOS devices in the U.S. From an
electronics success story in Finland
to the down-to-earth uses for satel-
lite data. From medical electronics
to pay-TV in hotels and motels.

As its name implies, the section
brings you the stories behind the
news events, pointing out the trends
that add meaning and significance
to the spot news.
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- Waveforms
ou can trust

from 10Hz to 1OMHz.

K e e

A

Model 4300 oscillator with 0.025 db frequency response
and precision calibrated attenuator eliminates need
for constant monitoring and adjustment.

You can tune it and forget it. No meter is necessary, without discontinuities or peaks. The sine wave exhibits
because the output is virtually transient-free. Push less than 0.1 percent distortion and frequency stability
button controls provide rapid frequency tuning and  is .002 percent. Price for Model 4300 is $475. Model
output control. Unlike function generators which offer 4200 offers all but square wave for $395. For fast
sine and square waves, the Model 4300 is basicallya action, call (617) 491-3211, TWX 710 320 6583, or contact
Wien Bridge oscillator that generates true sine waves  your local representative listed below.

WWllcpoHN-HITE

CORPORATION
580 Massachusetts Avenue, Cambridge, Massachusetts 02139

SALES OFFICES: ALA., Huntsville (205) 534-9771; CAL., Santa Clara (408) 243-2891, Inglewood (213) 674-6850; COLO., Littleton (303) 795-0250; CONN., Glastonbury {203) 633-0777;
FLA, Orlando (305) 894-4401; HAWAIL, Honotulu (808) 941-1574. ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS., Lexington (617) 861-8620; MICH., Detroit
(313) 526-8800; MINN., Minneagolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-2581; N.)., Bordertown (639) 298-6700; N.M., Atbuguerque (505)
255-2440; N.Y., E. Sgracuse (315) 437-6666, Rochester {716) 328-2230, Wappingers Falls (914) 297-7777, Vestal (607) 785-9947, Elmont (516) 488-2100; OHIO, Cleveland (216)
261-5440, Dayton (513) 426-5551; PA,, Pittsburgh (412) 371-9449; TEX., Houston (713) 468-3877, Dallas (214) 356-3704; VA,Springtield (703) 321-8630; WASH., Seattle (206) 762-2310;
CARADA, Montreal, Quebec (514) 636-4411, Toronto, Ontario (41€) 444-9111, Stittsville, Ontario (613) 836-4411, Vancouver, British Columbia (604) 688-2619.
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Intronics
multiplies
your design

flexihility

with low-cost, high accuracy
MS530 IC multiplier/dividers

Intronics IC multiplier/
dividers provide the
packaging flexibility d\“&
you need when {/
space is at a A7
premuim. These P,»’\,
low-cost, fully self- '

contained, four-quadrant monolithic
devices are capable of

multiplication

Xy
10’
e s 102
) division ~
®%  squaring f_;,

and square
rooting vV10Z,
and feature high accuracy to
0.5% with excellent
stability and a wide
bandwidth of one
megahertz. Prices _‘ /
start as low as $20.+ ) ‘5
Applications include:
modulation and demodulation, phase
detection and measurement, ratio
measurement, power measurement,
~ function generation
and frequency
_ discrimination.
& Write for com-
plete applications
information in our
designer’s guide,
“Optimizing Analog
Multiplier Performance.”

When you're in a tight spot specify
Intronics M530 IC multiplier/dividers.

intr@nics

57 Chapel Street, Newton, Massachusetts 02158 U.S.A.
617-332-7350, TWX 710-335-6835

Israel 53459

Italy 719-518

Japan 279-07TT1

Netherlands 678380

United Kingdom Maidstone 54224

Overseas, call:
Belgium 35-97-91
Finland 11-123
france 270-2255
Germany 524181

6 Circle 6 on reader service card

Readers comment

Dispiay corrections

To the Editor: I have found two er-
rors in my article “Matching driver
circuitry to multidigit numeric dis-
plays” (April 26, p.95) that I think
merit a correction. Equation (4)
should read:

Cett = F(Lon - Ln)/(La+L.SG) + 1
In the chart, the off switching time
for thin-film electroluminescent de-
vices should be 1 millisecond rather
than 1 microsecond.

Alan Sobel
Zenith Radio Corp.
Chicago, Ill.

Warping on wrapping

To the Editor: My comments on the
automatic vs. semi-automatic wire-
wrapping machines as published
under “Wire Wrapping Takes A
New Twist” in the April 12 issue
(page 86) were distorted. This was
partly due to the semantics of the
term “automated.” My definition as
applied to wire-wrapping equip-
ment encompasses all semiauto-
matic and fully automatic equip-
ment and excludes hand wrapping.

The comment “Automatics can be
changed quickly to handle different
types of ICs” should have read
“Automated wiring systems. . . .”
Either automatic or semi-automatic
machines can be changed almost as
quickly in the program tapes, but
the automatics usually require more
extensive tooling and set up.

Semi-automatic systems still offer
the advantages of allowing less pre-
cise dimensional control of the pin
positions, use of twisted pairs and
triplets, use of miniature coaxial
cable, complex routing patterns, and
easy intermingling of different sizes
and colors of wires—all of which the
automatics cannot accomodate.

The new lower-cost, higher-speed
automatic machine should make it
more competitive with the semi-
automatic, reduce the per-wire cost
on longer runs, and make wire
wrapping even more competitive
with the alternate interconnection
methods than it is today.

Jack J. Staller
Techstal Associates
Norwood, Mass.

Li

quid
Rivets,
Bolits,
Nalls

'Staples,

One drop goes
along way in fas-
tening almost any-
thing to almost

' anything. 1

Metals, for in- g0 -

stance. And 4
plastics. And ce-
ramics. And
rubber.

Eastman 910°
adhesive bonds
fast, too. Almost
instantaneously. With only
contact pressure.

Tensile strength? Up to
5,000 psi at room temper-
ature.

New Eastman 910 MHT
and THT grades hold when
the heat is on. Even over
400°F.

For further data and
technical literature, write:
Eastman Chemical
Products, Inc., Kingsport,

Tennessee 37662. @
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Arizona: Hamilton/Avnes, Phoenix
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Kierulff, Needham
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Highlands 617) 969-7140
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(201) 546-
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(505) 26!

Kierulff, Albuquuque

(505) 247-1055
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(516) 273-1234

Hamilton/Avnet, Syracuse

(315) 437-2642

Westbury, L.I. (516) 333-5012

Arsow, Farmingdale (516) 694-6800
Summit, Buffalo (716) 884-3450

Compar, Albany

(518) 489-7408

North Carolina: Pioneer,
Greensboro (919) 273-4441

Compar, Winston-

Salem (919) 723-1002

Ohio: Arrow, Dayton

(513) 253-N176

Kierulff, Dayton

(513) 278-9411

Texas: Hamilton/Avnet, Dallas
(214) 638-2850

Houston (713) 526-4661
Kierulff, Garland {Dallas)

(214) 271,247

Utsh: Hamilton/Avnet,

Salf Lake City (801) 262-8451
Washlngton: Hamilton/Avnet
Seattle (206) 624-5930

Kierulff, Seattle

(206) 763-1550

Compar, Kirkland

(206} 822-4191

Canada: Prelco, Montreal

(514) 389-8051

Ottawa (613) 237-6150

Electro Sonic Ind. Sales,
Toronto (416) 924-9301
Hamilton/Avnet, Montreal
(514) 735-6393

Toronto (416) 677-7432

Ottawa (613} 725-3071

L. A. Varah, Vancouver, B.C.
(604) 736-6411
Representatives

Alabama: Twentieth Century
Marketing, Huntsville (205} 772-9237
Arizona: Q. T. Wiles & Assoc.,
Scottsdale (602) 947-5791
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Celte, Inc., San Diego
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THIS IS NO ORDINARY DISGUISED MAN,

IT'S THE SUPERMAN DIGIT.

The Data-Lit 707 second
generation LED display has
all the qualities you would
like to see in a Superman
digit. Low cost, low power,
full solid segments with
minimum gaps, low cost,
availability, standard pins,
high reliability, low cost.

It's Cheap. Everyone wanted
us to say economical. But the
DL-707 is cheap compared to
what you've been used to for
LED displays and tube
displays. The total system
cost of power supplies,
drivers, digits and mounting
hardware is now less in the 2
to 8 digit range using LED’s
than any other display
technology.

ELD makes it all happen.
Encapsulated Light Diffusion
(ELD) was developed in our
Krypton lab. We’ve produced
a high quality diffusing light
channel in a single
encapsulating step. This
allows us to use 85% less
GaAsP material without
sacrificing brightness. The
only thing it cuts is cost.

Replaces everything else. The
Data-Lit 707 is designed in
the standard 14-pin dual
in-line package. It’s
pin-for-pin identical with the
MAN-1 and DL-10. The
Data-Lit 704 is pin-for-pin
identical to the MAN-4 and
DL-4. And while it isn’t
pin-for-pin identical with
tubes, the total system cost
will beat them
penny-for-penny.

the
bright

suys
litronix

This looks like a job for
Superman DL-707. If you're
anywhere in the thriving
metropolis of desk top
calculators, POS equipment,
digital panel meters, small
instrumentation and so on,
you have to see the Data-Lit
707 and get our volume
prices.

Here’s the first of our
Superman Data-Lit 700 Series:

DL-707 Common anode,
left decimal

DL-707R  Common anode,
right decimal

DL-701 Common anode,
polarity and overflow

DL-704  Common cathode,
right decimal

So step into a phone booth
and call one of our
distributors. The Data-Lit 700
Series is going at $3.25 in
100-999 quantities.

No surprises, the Bright Guys
did it again.

Litronix, Inc. ® 19000 Homestead Road ® Cupertino, California 95014 ® (408) 257-7910 TWX:910-338-0022

Minnesota: Comstrand, Inc
Minneapolis (612} 560-5300
Missouri: Coombs Assoc.
5t. Louis {314) 567-3399

Albuquerque (505} 265-7837

Electronics/May 24, 1973

New York: Win-Cor £lectsonics,
Manhasset {516) 627-9474

Tritech, Dewitt (315) 446-2881

Ohio: EMA, Inc., Centerville (Daylon)
New Mexico: £lectronic Marketing, (513) 433-2800

Aurora (Cleveland) (216) 562-6104

Pennsylvania: G. C. M., Ambler

(215} 646-7535

Texas: Semicanductor Sales,
Richardson (214) 231-6181
Houston (713) 461-4197

Washington: Compar,
Kirkland (206} 622-4191
Canada: Cantronics, Montreal
(514) 7330749

Downsview (416) 661-2494
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Cut package count ... Simplify board layout ... |

Reduce equipment size . . . with

MULTI-COMP
RESISTOR-CAPACITOR
NETWORKS
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NATOR NETWORKS

Sprague puts more passive component families into

dual in-line packages than any other manufacturer:

HYBRID CIRCUITS

TAPPED DELAY LINES

SPECIAL COMPONENT COMBINATIONS
THICK-FILM RESISTOR NETWORKS
THIN-FILM RESISTOR NETWORKS
ION-IMPLANTED RESISTOR NETWORKS

AST-2131R1

TANTALUM CAPACITORS
CERAMIC CAPACITORS
TANTALUM-CERAMIC NETWORKS
RESISTOR-CAPACITOR NETWORKS
PULSE TRANSFORMERS
TOROIDAL INDUCTORS

For more information on Sprague DIP components,
write or call Ed Geissler, Manager,

Specialty Components Marketing,

Sprague Electric Co., 509 Marshall St.,

North Adams, Mass. 01247. Tel. 413/664-4411.

SPRAGUE

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

8 Circle 8 onreader service card

40 years ago

From the pages of Electronics, May 1933

*“Auditory perspective” by which the
sounds of the instruments in a great
orchestra seemed to come from dif-
ferent sides of an empty stage,
exactly as if the orchestra itself were
seated on that stage, instead of
being in another city 150 miles
away, was the striking feature of the
Bell Laboratories transmission of
Dr. Stokowski’s Philadelphia or-
chestra to the audience of the Na-
tional Academy of Sciences, meet-
ing in Washington, April 27.

In addition, new extensions of the
frequency band were transmitted,
including tones from 40 cycles to
16,000 cycles per second, affording
new degrees of utter realism, in the
reproduction of wind instruments,
bells, snare-drums and other effects.

Dire plans are apparently underway
among the newspaper publishers for
the elimination of broadcasting-pro-
gram material from their reading
pages. Unfortunately the newspaper
men look upon radio as something
competitive, and they are unwilling
to give it further support.

Broadcasting needs advance
printed programs to which listeners
can refer. Mere oral announcements
of program features to come are
ineffective, except in the case of
single outstanding events.

But the radio industry has its own
defensive means all ready, in the
shape of facsimile reproduction.
The radio listener of the near future,
when turning off his receiver on go-
ing to bed, might merely switch it
over onto “facsimile”; the receiver
would then go on recording during
the night. And on coming down to
breakfast next morning, the listener
would find issued from his set his
morning tabloid newspaper.

Following a nationwide broadcast
over the Columbia network, April
17, the infra-red fog-eye developed
by Commander Paul H. Macneil of
Huntington, Long Island, N.Y., was
demonstrated on the Furness liner
“Queen of Bermuda” with the aid of
British destroyers. A sensitive
thermopile has its output amplified
so that it is sensitive to one fifty-
thousandth of a degree Centigrade.

Electronics/May 24, 1973



{ . I [ ) O
'/6 &4 O DL ;‘-7

E=3 COUNTER TIMER MODEL 6153

Or why systems people buy more S-1) counters

6 remote programming options

4 BCD outputs (low and high level)
Special codes, formats, logic levels
Universal counter/timer functions
50, 200, 512 MHz, 3 GHz

For details or a demo on series 6150 counters, call your
Scientific Devices sales and service office (listed below).
Or contact Concord Instruments Division, 10 Systron Drive,
Concord, CA 94518. Phone (415) 682-6161. In Europe:
Systron-Donner GmbH, Munich, W. Germany; Systron-
Donner Ltd., Leamington Spa, U.K.; Systron-Donner S.A.
Paris (Le Port Marly) France. Australia: Systron-Donner Pty.
Ltd., Melbourne.

SYSTRON @ DONNER

Albuquerque, (505) 268-6729; Baitimore, (301) 788-6611° Boston, {617) 894-5637; Burlington, NC (919) 228-6279; Chicago, (312) 297-5240; Cleveland, (216) 261-2000; Denver, (303)
573-9466; Dayton, (513) 298-9904, Dallas, (214) 231-8106; Detrcit, {313) 363-2282; F1. Lauderdale, (305) 721-4260; Hamden CT (203) 248-9361; Huntsville, AL (205) 536-1969; Houston,
(713) 623-4250; Indianapolis, (317) 783-2111, Kansas City, KS (913) 631-3818, Los Angeles, (213) 641-4800; Minneapolis, (612) 544-1616; New York City area (201) 871-3916;
Norfolk, (703) 499-8133; Orlando, (305) 424-7932; Philadelphia, (215) 825-8515, Phoenix, (602) 834-1682; Rochester, NY (716) 334-2445; San Antonio, (512) 694-6251; San
Diego, (714) 249-6642; San Francisco area (415) 964-4230; Seattle, (206) 454-0900; St. Louis, (314) 731-2332; Syracuse, (315) 457-7420, Washington, DC area (703) 451-6500.
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All Panel Meters
are not
created equal.

' We try to build an edge into

General Electric panel meters.

For instance, you won't see a GE panel
meter turn yellow, because we use a
special white paint that stays white.
You won't get eyestrain either. GE
panel meters come with extra-wide
scales, big numerals, tapered P

plates for quick, sure readings. We're fussy
about things like that.

Once you've installed them,

forget ‘'em.

GE’s famous reliability just doesn't happen,
we build it in! We designed-out a lot of extra
parts that might fail, just to give you extra instru-
ment reliability. To make sure, we added a 20%
overload capability to our voltmeters and ammeters.
Still not satisfied, we decided to measure instrument
quality from parts to finished product in order to
screen out anything marginal. Now, it's just too
tough for a lemon to squeeze through.

For a complete catalog of competitively priced
and readily available GE panel meters, see your
nearby authorized GE distributor. Or write to General
Electric Company, Section 592-43, One River Road,
Schenectady, N. Y. 12345, 592-43

Specify _
General Electric...
just for good measure.

Circle 10 on reader service card

pointers, and shadow-free cover ‘\_’)

GE panel meters come from a good family.

They look good individually
and they look good together.
Choose the rounded BIG
LOOK® design for unique
style and wide-eyed read-
~ability. Or choose the
h clean HORIZON
LINE® case for its
behind-panel mounting
flexibility (without the usual bezel), and its
snap-off mask available in six colors. GE
makes panel meters to suit you and to add
snap to your application.

You can count on
General Electric panel meters.

They’re built to help you do a better
job. At GE, we're not interested in prod-
uct equality. We want ours to be better
than the rest.
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THE CHEAPEST

MINIC%l\gPUTER

THE CHEAPEST
SOLUTION

Electronics/May 24, 1973



Before you buy a minicomputer, do
yourself a favor. Make a very fundamen-
tal decision. Do you want the cheapest
machine you can find or the cheapest
total solution to your problem?

We think it’s the latter.

Because the cheapest machine is just
that. It’s raw hardware at a rock bottom
price. And virtually every minicomputer
supplier offers a product like this.
Including us.

But your goal should be to get the
lowest cost total solution for your prob-
lems. And paying less now could cost
you more later if the machine you buy
has been designed for rock bottom price
alone. Be careful. You should look
beyond raw iron. You need a computer
package that saves you money at both
ends. One that’s been designed with the
total solution in mind. A powerful
blend of hardware, systems software,
and extensive peripherals.

You also should look for a supplier
that has built his business on fulfilling
this need.That’s us.

The worlds most powerful mini.

We've developed the most effective
minicomputer package you can buy: the
SPC-16. Six different models to choose
from and the most powerful instruction
set available anywhere.

The SPC-16 does more thingsin
less time with less memory.That’s why it
can actually save you money on your
total system.

And we’ve recently enhanced the
capability of our SPC-16 family with a
number of new products including:

Multi-user BASIC, and the real-time,
multi-programming capability of
our RTOS-16 operating
system. And our new
extended FORTRAN IV.

speed line printer, head per track disk
and a floppy disk.
High speed floating point processor,

8K memory board, heavy duty process
I/0O boards, A/D and D/A converters
and digital I/O boards.
And completely new asynchronous
communications multiplexer system.
Here’s another reason forchoosing us:

We've already had our tryouts.

Today all the big mini manufacturers
are announcing that they’re “in the sys-
tems business”’

We've been in it from the start.

And while everybody else was churn-
ing out iron, we were building systems
and piling up applications know-how.

We got involved with our customers’
problems.We listened and we learned.
Then we rolled up our sleeves and went
to work.

As a result our people don’t have tobe
retrained for this new approach because
it isn’t new at all. Not to us.

Over the years we’ve supplied sys-
tems to solve some very tough problems
in the automotive industry, in production
machine control, in electrical testing and
communications. And this experience
has built a fund of systems expertise no
mini manufacturer can match.

There’s a good chance we already
have a system that fits your needs. If not,
we have the know-how to design it for
you. Or with you.

In fact, we can probably utilize our
experience to solve your system problem
faster than others can deliver a bid.

Read all about it.

If you're determined to reduce systems
cost,we have a book for you. It’s titled
“The Value of Power’ It covers every-
thing you’ll need to know to make the

right decisions, for the right
: reasons, to end up with
the right system for your
~— specific needs. It’s free.
— Write for a copy.The address
is 1055 South East Street, Anaheim,
California 92804. Or phone (714) 778-4800.

(General Automation

Electronics/May 24, 1973

Circle 13 on reader service card 13



Tubes?
Forget them.

HERE'S 100
WATTS OF
SOLID-STATE
RF POWER!

A state-of-the-art amplifier. |

ENI's new Model 3100L all-solid-
state power amplifier provides
more than 100 watts of linear
power and up to 180 watts of [
pulse power from 250 kHz to

105 MHz. This state-of-the-art
class A unit supplies over 50 watts
at frequencies up to 120 MHz and
down to 120 kHz. All this capa-
bility is packaged in a case as
small as an oscilloscope, and it's
just as portable.

Extraordinary performance.
Featuring a flat 50 dB gain, the
Model 3100L is driven to full

power by any signal generator,
synthesizer or sweeper. AM,

FM, SSB, TV and pulse modulations
are faithfully reproduced by the
highly linear output circuitry.
Immune to damage due to load
mismatch or overdrive, the

3100L delivers constant forward
power to loads ranging from an {
open to a short circuit.

Solid-state reliability is here.
The price? $5,690.

Write for complete information: ENI, 3000
Winton Road South, Rochester, N. Y, 14623
Call (716)-473-6900 or TELEX 97-8283
Dept. E 524
ELECTRONIC
NAVIGATION
INDUSTRIES

ENI ... The world’s leader
in solid-state power amplifiers.
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RPI head prepares for
technological shifts

As Rensselaer Polytechnic Institute
nears its 150th year, its president,
Richard J. Grosh, is organizing a
five-year plan to maintain academic
excellence and prepare its graduates
for the technological shifts of the fu-
ture.

Grosh says the program must
consider the technical problems the
nation is going to face in the next 40
years, and “we know what these
problems are going to be: energy
generation and distribution, ecol-
ogy, information retrieval and dis-
tribution.” Within these broad cate-
gories, he sees the need for
continued growth in the areas of
computer diagnostics, pattern recog-
nition, materials and materials pro-
cessing, as well as circuit theory.

Grosh emphasizes engineering,.
Many students spend their first
three years studying chemistry,
physics, and mathematics and do
not really get involved in engineer-
ing until their senior year. “l think
we have to make the educational
process a little more amenable to
their interest,” he says, and there-
fore advocates more engineering
courses earlier in students’ academic
schedules and more laboratory
work.

Overall, he stresses that the pro-
fessional obsolescence faced today
by many engineers can only be
overcome by the understanding that
education is a lifelong experience.
Here the universities have an obli-
gation, too. “We tend to focus on
men and women between the ages
of 18 and 22 years of age, and 1
think there should be many more
opportunities for those later on in
life.”

Although, according to Grosh,
some of the techniques of business
can be applied to a university—cost
centering, goal setting and pro-
gramed budgets, “our payoff is diffi-
cult to measure. In business there is
a P&L statement that can be looked
at to help determine if the actions of
the past year were reasonably cor-
rect. In education, there is no
chance to measure the quality of

RPI president. Richard J. Grosh sees educa-
tion as a lifelong experience.

your graduates or their success—if
that can be measured.”

Previously dean of Purdue Uni-
versity’'s Schools of Engineering,
Grosh acts as an adviser to such
organizations as Bell Telephone
Laboratories and the National Sci-
ence Foundation, and to other engi-
neering schools besides RPI. While
he appears to be a sharp, corporate
executive type, he is described by an
associate as also a *“perennial stu-
dent,” with a serious interest in
Greek history, Shakespeare, and
classical music. When he’s not rid-
ing his racing bike, skiing, or sailing
his boat, he drives his gray Corvette,
which can hardly contain his six
children and his wife.

Silicon General
profits from Beck

The route to the top of a semicon-
ductor company rarely starts at an
electronics distributor, but Fred
Beck feels that his journey along
that path has given him an advan-
tage over his counterparts who rose
through operations engineering at
the IC houses. As president of
linear-1C specialist Silicon General
Inc., Westminister, Calif., Beck
thinks his 13 years at major distribu-
tor, Hamilton Avnet, has given him
a better insight into customer needs.
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GREAT MOMENTS IN MOS
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ION Implantation
_ Revolutionizes MOS

Mostek's lon Implantation process is
relatively simple, yet its results have
literally increased MOS array
performance by a factor of 10

and at the same time has

yielded smaller size, lower
thresholds, and a significant
reduction in manufacturing

costs. Further, it has
made possible the co-
existence of digital and
linear MOS. circuitry

on the same chip.
Nevertheless,

= lon Implamtation is a
young technology
and its full ;potential
| is yetto berealized.
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AT MOSTEK we were quick

to realize the implications of
lon Implantation and we were
the first manufacturer to apply
it to volume production. The
results have been extremely
gratifying, both to us and to
our many customers who have
taken advantage of MOS
technology for their products.
Unknown just a few years ago,
MOS products are now at
work in one-chip calculators,
multi-function calculator
systems, micro clocks and
calendar circuitry, organ key-

boards and numerous indus-
trial and consumer products.
lon Implantation has made
MOQOS/LSI technology available
to virtually all industries no
matter how unique their
requirements may be. And
it's only natural that they turn
to a leader to solve their
MOS problems. Whether
off-the-shelf or customized
IC’s, lon Implantation and
MOSTEK know-how are both
bench marxs in Great
Moments In MOS.

REGIONAL SALES OFFICES:

Western: 11222 La Cienega Blvd., Inglewood,
Calif. 90304 (213) 649-2888; Eastern: 60 Turner
Street, Waltham, Mass. 02154 (617) 899-9107,;
Central: 8180 Brecksville Rd., Brecksville, Ohio
44141 (216) 526-6747, INTERNATIONAL: Europe:
MOSTEK GmbH, 7 Stuttgart 80, Breitwiesenstrasse
19, West Germany (Telex-7255792 MK D) Japan:
System Marketing Inc., 4 Fioor, Mimasu Bldg.,
3-14-4 Uchikanda, Chiyoda-ku, Toyko, Japan
(Telex-0222-5276 SMITOK) Far East: Imai
Marketing Assoc., Inc., 525 W. Remington Dr.
=108, Sunnyvale, Caiif. 94087 (Telex-35-7453)
Hong Kong: Astec Components Ltd., Golden
Crown Court, Flat 'C" 5th Floor, 70 Nathan d.,
Kowloom, Hong Kong (Telex-HX4899) Mid East:
Racom Electronic, 60 Pinkas St., Tel Aviv, Israel
(Tetex-33-808 RACEL) Canada: Cantronics trc.,
4252 Brailie Ace., Montreal, Quebec
(TWX-610-421-3324)

2

MOSTEK Corporation
1215 West Crosby Road
Carroliton, Texas 75006

TWX 910-860-5975

¢ Copyright 1973 by
MOSTEK Corporation



Your card reader
and interface
problems end here.

Hickok designs static card readers with the user in mind.
Starting with two rugged, reliable, economical models, we
tailor the reader you need for use in programming system
control and data collection.

You also receive the help you need. You select among a
variety of electronic packages to interface the reader to
your system. Packages like TTL-compatible scanners with
two operating modes, sequential scanning and addressable
by column number.

Reliability is built into Hickok readers with the multistrand
continuous brush design. This technique eliminates errors
caused by contaminants on the card and allows reading
even of cards punched out of tolerance.

This design also saves you money, because it's easier to
make. Even in single lots, the 264A Badge Reader is only
$175, and the 960A Card Reader, $495.

When you're comsidering static card readers, call Hickok.
We have the right unit at the right price for you.

Model 264A reads
first 22 columns of Model 960A
tab card and all reads all 80 columns

. X -
columns of plastic ‘g‘ < § of tab card — $495
bodge — $175 l w ‘

Model 80 Scanner to
interface to your system

H I c Ko K Instrumentation & Controls Division
The Hickok Electrical Instrument Co.

the value innovator (216) 541-8060

16 Circle 16 on reader service cerd
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And judging by the turnaround in
corporate profits, he may have a
point. For three years, Silicon Gen-
eral had steadily increasing losses,
touching $400,000 in 1971 on sales

| of $1.5 million. Then Beck took

charge. Today the company is fully
profitable and reported sales of $3
million in 1972.

Although the strong semicon-
ductor market accounts for part of
the turnaround, much of the result
stems from changes Beck has made.
As a distributor, he learned that
what makes the difference among
businesses offering the same prod-
ucts is service, and so he modified
Silicon’s strategy to serve its custom-
ers better, by down-playing engi-

{
?
!

Customer-oriented. Fred Beck solidified
corporate strong points to raise sales.

neering and emphasizing marketing
and distribution.

First, he stopped development of
new proprietary products, feeling
that second-sourcing popular parts
made better use of the limited re-
sources available. The firm also
started concentrating on the limited
military and industrial markets,
sidestepping consumer and com-
puter products for the time being.

Commitment to commitments. By
doing this, and by raising some new
capital, Beck says the firm offers fast
turnaround and assured delivery.
He explains the company won’t
make commitments it can’t keep,
and consequently “we turn down
more business than we accept.”

Beck, a trim 35-year-old, attended
the University of Redlands in Cali-
fornia. Although he had a 44-ft
sloop and expected to enter the
2,000 mile Transpac race from Cali-
fornia to Hawaii, business came
first. He sold the boat and now
won’t even go out on the water.
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Panels with

high reliability,
competitive cost
and ease of
repairability.

We built our reputation for quality
and low applied cost in the connector
field. And carried it over into back
panels—the very heart of
modern electronic systems. To
give you the kinds of connectors, e
manufacturing techniques and equipment = el
which ensure reliability, performance and " I | ‘ | l ‘ .
repairability—at a competitive cost. L1 ; J ‘ t ,l { k ” i U ’ t } ' “ \ v u

14 ] . i
High reliability. AT

We eliminate plated through-hole distortion and possible damage
caused by force fit insertion. This is done by selectively pre-depositing
bands of solder on posts and receptacles before inserting and
reflow-soldering them into panels. This process also greatly increases
the reliability and performance of our panels by eliminating wicking,
bridging, peaks, icicles and board delamination.

Fillets are more uniform and complete, with full solder top to
bottom. And posts are left clean and solder-free for automatic wiring.
AMP has also developed connector housings which snap on over the
contacts after contacts are flow soldered, so there’s better use of
printed circuit real estate. For information on our panels circle
Reader Service Number 150.

Ease of repair.

When snap-on connector housings are used, individual contacts can
be exposed for quick, easy removal and replacement, without the
need to desolder all contacts.

Competitive cost.

There are several important ways in which we keep the cost of our

panels competitive. First, by inserting contact posts with high-speed,
automated machines. Second, by soldering al/ contacts simultaneously
instead of individually. And third, by conducting rigorous electrical

and mechanical quality checks on every single panel we make,
eliminating the cost and burden of incoming inspection for our customers.
Additional economies can be achieved by using snap-on housings

which do not require time-consuming individual contact loading.
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Presoldered contact is Solder band is pulled into Contact is flow soldered

inserted into plated panel through-hole with just in place. producing uniform

through-hole. enough force to retain it fillet with full solder. top to

durimg reflow. bottom, and clean. solder-

free posts.

We can design with you or for you.

If you customarily design your own panels, we can assist in
optimizing your circuit patterns. Or, we can take your parameters and
complete the entire panel-making operation, sparing you considerable
investment. Using computer-driven plotters, we “pack™ the greatest
number of circuit paths into the smallest possible board space,
consistent with other design parameters.

We'll set you up to wire
or do your wiring for you.

Give us your parameters.
We'll give you assembled
connector or IC panels,
pre-wired or ready for your
automatic wiring. If you
choose the TERMI-POINT
clip system, you'll get highly-
reliable, spring-action
terminations that are easier
to test, maintain and service.
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Panel construction is AMP-engineered
and manufactured.

. One main reason we can control the quality and cost of our panels so well is the fact that we design,
engineer and manufacture literally everything that goes into them.

DIP headers are ideal for low-cost,
high-density packaging.

Our low-profile DIP headers
provide some of the industry’s
lowest-cost, highest-density pack-
aging for 14- and 16-lead 1C’s.

ICreceptacles have unique
anti-overstress design.
The unique. built-in anti-overstress

“% ., Sstoponour IC receptacles assures

Standard headers accept a full Y tight. constant contact. The
range of lead sizes—round. ; 1 receptacle will accommodate
rectangular or both, and are com- | { i '_ l any known IC configuration
patible with high-speed, automated Py AF . or package with round or

wiring methods. Low-profile
headers (.150-inch high) accept
rectangular leads up to .015 x
.03(-inch.

Oniet -
LS flat leads up to .022-inch
N 7]
N )\ diameter or .022 x

.

S g -
! ﬂ,‘ l{ / .040-inch dimensions.
Wiy Removable

gold-over-nickel-
plated contact
springs provide
excellent
performance.

Low-profile miniature spring \?
socket offers maximum P
retention and - ¢

conductivity.

Designed specifically for
electronic and wiring applications
that require low profile miniature
sockets, this product has an inner
spring member and a body with either a .022 x
.036-inch or .025* post configuration. The inner spring
member maintains consistent pressure against the lead,

providing excellent retention and conductivity. A “barbed” design allows
the socket 1o be self-retained in the panel and, at the same time. prevents socket “pullout”

Posted card connectors offer great versatility in

panel design. Our TERMI-TWIST Connectors are available in a variety of configurations,
depending on your requirements for post size, number of positions and center-line spacing. Board area
contactsare bifurcated for redundancy. Connectorscanall be wired by high-speed, automatic techniques.

Engineering backup...worldwide.

At AMP. nearly 900 application, service and sales engineers are prepared to assist you with every

phase of panel-making, connectors and programming systems. At your domestic manufacturing plant,
or wherever you use AMP products and machines throughout the world. You'll find AMP manufacturing
and service facilities in most major international markets. In the United States, district offices are
located in California, Georgia, Illinois, Massachusetts, Michigan, Minnesota, New Jersey. Ohio,
Pennsylvania, Texas, and the District of Columbia.

Write for Panel Packaging Folder

Find out how we're able to give you exactly the panel vou need. Write
on your company letterhead for our Panel Packaging Folder. It contains
full documentation of our various processes, with suggestions of how they

can work best for you. AMP Industrial Division, Harrisburg, Pa. 17105. A M P
AMP, TERMI-POINT. TERMI-TWIST are trademarks of AMP Incorporated.

INCORPORATED
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Siemens introduces

the lowest profile in
PC-board EMRS.

Common Siemens
low profile low profile




These new low profile relays
with only 0.4" height let you
put twice as many PC boards
in arack yet give you over
twice the current rating.

Siemens, one of the world’s leading
relay manufacturers, has come up with
another major relay innovation. This time
it's a complete family of general-purpose
Electro-Mechanical Relays with a lower
profile combined with higher current
rating than has been possible with any
available design.

The new Siemens family consists of
DPDT, 4PDT, and 6PDT models which
have uniformly the same 0.4 inch height
above the PC-board face and have contact
ratingsof 1 Aat 24VDC (0.3 Aat 115 VAC).

No longer need the relay be a limiting
design factor. You can use Siemens low
profiles on racks with 0.5” center-to-center
PC-board spacing instead of up to one
inch spacing. Thus you can pack up to
twice the circuitry in the same space.

It also means you can design to switch
twice the current you had been limited to
by earlier PC-board relay types. Or if you
don't need more current, you have a much
higher safety margin.

The new Siemens relays have
bifurcated contacts for high reliability, and
asealed base that keeps flux or solder from
contaminating the contacts.

Siemens has many additional high-
reliability, general-purpose relays. Write or
call us for more information on the new
low profile line or for relays for other
applications.

At left, the first complete family
of low-profile relays.

SIEMENS

Common

Siemens
low low
profile. profile.
DPDT
[+—67"—> fe50">]
1 4PDT
|<— 70" ——>1

< sors]

F— [« 50">]

Siemens low-profile relays are easily mounted in racks
with 0.5" center-to-center PC-board spacing.

Siemens Corporation, Special Com-
ponents Department, 186 Wood Avenue
South, Iselin, New Jersey 08830.

(201) 494-1000.
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WHY
CHOOSE RENTAL
ELEGTRONIGS WHEN
YOU RENT, LEASE, OR
RENTAL-PURGHASE?

Because REI is the recognized leader when it comes to supplying you
the most complete selection of electronic/scientific test equipment—to
rent, to lease, or to rental-purchase—at the most attractive costs.

Now, more than ever, you must expand along with the pace of eco-
nomic and technological development. To avoid the handicap of obso-
lete equipment, to help you maintain a flexible budget, to keep abreast
of the competition, to assure growth with increased production and
sales—Rental Electronics offers you the instruments you need, when
you need them, for as long as you need them.

REI offers you precisely the right instruments—everything from
amplifiers to oscilloscopes to synthesizers—with a plan custom-designed
to meet your specific requirements!

Our staff of sophisticated financial planners is ready to help you
choose the rental, lease, or rental-purchase package that best fits your
situation.

And your needed equipment is ready for almost instantaneous de-
livery, direct from one of nine strategically-located “Instant Inventory”
Centers across the U.S. and Canada.

Every Rental Electronics customer is our very special customer,
receiving the service he needs under a rental, lease, or rental-purchase
plan custom-tailored especially for him. The results are increased
PROFITS for you!

Ask for our full catalog today! Write or call:

GR

Rental Electronics, Inc.

A pEps‘@ LEASING COMPANY

99 Hartwell Avenue, P. O. Box 223
Lexington, Massachusetts 02173 Tel. 617/862-6905

Gajthersburg, Maryland 301/948-0620 / Lexington, Massachusetts 617/861-0667 / Anaheim, Calitornia
714/879-0561 / Rosemant, lllinois 312/671-2464 / Fort Lauderdale, Flarida 305/771-3500 / Dallas, Texas
214/638-4180 / Oakland, New Jersey 201/337-3757 / Ontario, Canada 416/677-7513 / Palo Alto, Calitornia
415/328-4525
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Meetings

International Microwave Sym-
posium: 1EEE, U. of Colorado, Boul-
der, June 4-6.

National Computer Conference and
Exposition: AFIPS, New York Coli-
seum, June 4-8.

Consumer Electronics Show: EIA,
McCormick Place, Chicago, June
10-13.

Chicago Spring Conference on
Broadcast and TV Receivers: IEEE,
Marriott, Chicago, June 11-12.

Power Electronics Specialists Con-
ference: IEEE, California Institute of
Technology, Pasadena, June 11-13.

International Conference on Com-

munications: 1EEE, Washington
Plaza, Seattle, Wash., June 11-13.
Frequency Control Symposium:

ECOM, Howard Johnson’s Motor
Lodge, Atlantic City, N.J., June
12-14.

National Cable TV Association An-
nual Convention: NCTA, Convention
Center, Anaheim, Calif., June
17-20.

International Symposium on
Electromagnetic Compatibility:
IEEE, New York Hilton, New York,
June 20-22.

International Symposium on Fault-
Tolerant Computing: 1EEE, Palo
Alto, Calif., June 20-22.

Design Automation Workshop:
ACM, IEEE, Sheraton, Portland, Ore.,
June 25-27.

International Symposium on Infor-
mation Theory: IEEE, Ashkelon, Is-
rael, June 25-29.

International IEEE G/AP Symposium
and USNC/URSI Meeting: 1EEE, U. of
Colorado, Boulder, Aug. 21-24.

17th Annual Meeting and Equip-
ment Display: spiE, Town and
Country, San Diego, Calif., Aug.
27-29.
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Heres a dependable, quick-delivery source
for Zero Defect

High Voltage
Silicon Rectifiers

® MEETS STRINGENT ENVIRONMENTAL REQUIREMENTS.

® HIGH TRANSIENT VOLTAGE RATINGS.

¢ EXTREMELY LOW LEAKAGE.

®* WORKING VOLTAGE RANGE ...200V. THROUGH 50kV.
l_‘ If you're looking for on-time delivery of miniature and microminiature /
’ . High Voltage Silicon Rectifiers, look no further than ERIE. You simply can’t beat
: our zero defect rectifiers since these units were first designed for high reliability
night vision, lunar and aerospace applications. Their small size makes ERIE
rectifiers ideal for thick film substrates, miniature power supplies, airborne
displays, CRT displays, color TV, microwave ovens and other industrial and
commercial applications where small size, reliability and superior perfor
are critical. All ERIE High Voltage Silicon Rectifiers feature conservative
ratings, fast recovery time, fast turn-on time, wide operating temperatu
high transient voltage ratings. low reverse leakage and unsurpassed re

ERIE also offers double sealed, miniature Full Wave Bridge Rectifie

perfect for P.C. use, with ratings up to 1000 volts per leg. So think Ei
High Voltage Silicon Rectifiers. Write TODAY for our new 24-page
High Voltage Components and Devices. '




The world didn’t
need another

darned-good-and-expensive
rack and panel connector.
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So we came up
with a darned good one
that costs you
about 25% less.

If you still live in a “let’s-go-first-class-and-
hang-the-expense” kind of world, you may
not need us. But if you live in today’s
world, read on, rejoice and returnthe cou-
pon below. For several good reasons:

WE'VE GOT A DARNED GOOD
NEW CONNECTOR

It's UL recognized. The glass-filled
nylon insulator block is moisture
resistant. Contacts are recessed,
both in the male and female con-
tact housings. It provides positive
cable strain relief.

Our Tuning-Fork type contact has
two important things going for it:
low electrical resistance and little
change in contact pressure over the
specified contact life.

WE’VE GOT PROOF

Excellent contact align-
ment was maintained
through 500 insertion-
withdrawal cycles and no
‘‘scooping’’ action took
place. The forces show a
gradual increase over 500
cycles caused by plating
abrasion.

Take a look at these re-
sults computed from more
than 100 hours on our
Instron testing machine:

CONTACT INSERTION AND WITHDRAWAL
(Cadmium Plating)

it

First Cycle 100 Cycles 500 Cycles
Contact Insertion Withdrawal| Insertion Withdrawal |Insertion Withdrawal
No. (0z2.) (0z.) {oz.) {oz.) (oz.) (oz.)

1 6.9 53 8.1 6.4 9.2 6.5
2 7.2 4.5 7.8 6.0 8.9 6.6
3 71 5.1 8.0 54 9.2 6.0
4 6.5 4.7 7.8 54 8.6 53
5 7.4 54 7.9 5.9 8.9 6.5
Averages 7.0 5.0 7.9 5.8 9.0 6.2
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WE’VE GOT WHAT IT TAKES
Technical experience. True, we’re new
in multi-pin connectors. But we’re old
hat at making other types. We make

JCM miniature coaxial connectors, for

example — which are a lot more de-

manding and sophisticated from both
an engineering and production point
of view.

WE’RE AS GOOD
BUT LESS EXPENSIVE
Of course, we want you to check it
all out for yourself. So ask us about
a free sample along with all its
specifications.

Specs such as:
Voltage Rating (adjacent contacts) ....250 VRMS

Flashover Voltage ................... 1000 VDC
Current Rating (con’t max/ckt) ........... 3 amp
Contact Resistance (typical) ......... 0.0038 ohms
Insulation Resistance ............ 5000 megohms
Insertion Force*........... 6 0z. min./12 oz. max.
Withdrawal Force*......... 5 0z. min./10 oz. max.
Cycle Life ............ ... ... ...... 500 min.

*Per contact

E. F. JOHNSON COMPANY

WASECA, MINNESOTA 56093

|:| Please send literature, price and test data.

[ ] Yes, I'm interested in evaluating a test sample.
Call me at:

Name Phone
Title_

Firm

Address

City State Zip
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If you're really
serious about cost,
be serious about quality.

That could be money in your pocket.
Allen-Bradley's exclusive hot mold-
ing process offers physical consist-
ency that can reduce your installa-
tion costs. Bodies are a uniform size
with clean squared ends, free from
coatings which adversely affect auto-
matic handling equipment. Lead

Circle 28 on reader service card

lengths and diameters are precise.
Resistors with uniform physical char-
acteristics, accurately placed on tape
reels, eliminate insertion machine
jam-ups. And trouble free assembly
means less production down-time;
lower cost. That's A-B quality. Con-
sistent shipment after shipment. If you

Nz

think all resistors are the same, send
for our free booklet, "7 ways to tell the
difference in fixed resistors.” Allen-
Bradley Electronics Div.,, 1201 S. 2nd
St., Milwaukee, WI 53204. Export:
Bloomfield, NJ 07003. Canada: Allen-
Bradley Canada Ltd., Cambridge, Ont.
U. K.: Jarrow, Co. Durham NE32 3EN.

Allen-Bradley

Miwaukee, Wisconsin 53204

EC73-5 & Allen-Bradley 1973




Tiny tape head
ups disk density
by seven times

Tektronix starts
OEM design and
sales program

West Coast gets
fully automated
stock system

Gold bumps offer
beam-lead reliability,
flip-chip strength

MECL 10,000 moves
to peripherals
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VRC California, Los Angeles, has developed 0.4-mil flying tape heads
for disk drives. The prototype units permit disk densities of about 1,500
tracks per inch, over seven times that of present iBM 3330 disks with
their 4.3-mil heads. VRC California, a subsidiary of Vermont Research
Company, is also using slightly larger 1-mil heads, plus a special loca-
ting system earlier developed for amorphous laser memories, to pro-
duce disk drives the size of a small drawer-type OEM disk but with
3330-type storage. The 600 track-per-inch density permits a 60-me-
gabyte memory in one IBM System-3-type cartridge using a 3330 disk;
other small systems typically store 10 megabytes.

After a 25-year tradition of catalog sales, Tektronix Inc. has started up
an original-equipment-manufacturer design and sales program in its
Information Display Products division. Under the new policy, the divi-
sion will disclose new developments to systems manufacturers months
before they would normally be introduced and will also design special
versions for OEMs. Among the first developments being offered are a
video scan converter for computer-graphics and analog-instrumentation
systems, a hard-copy printer for computer-display terminals, and a 19-
in.-diagonal storage CRT for computer-terminal applications. The tube
can display more than 8,000 characters, compared with some 2,500 for
today’s most advanced unit.

What appears to be the first fully automated stock-transaction system
has gone on line at the Pacific Stock Exchange. Its Comex system
should particularly benefit the small investor who buys up to 199 shares.
An earlier version of the system, useful for odd lots (under 100 shares)
helped eliminate odd-lot charges at PSE since it reduces the cost of han-
dling the small orders for the brokers. The system uses displays and
keyboards from Quotron Systems, Inc., two IBM 370/145 computers,
and two DEC computers as communications processors. It ties together
the exchange’s San Francisco and Los Angeles branches.

A new process for preparing integrated circuits for automated pack-
aging is being developed by the Solid-State Electronics Center of Hon-
eywell Inc., Plymouth, Minn. Gold bumps, which offer the reliability of
beam leads and the ruggedness of conventional solder-bump flip-chip
techniques, are plated onto an evaporated, intermediate, multilayered
base of chrome, copper, and gold. The contact resistance between the
bump and the chip is typically 30 milliohms, while the pull strength is
as high as 20 to 50 grams. Because a plating process is used, gold costs
are kept to a minimum. The gold bumps can be bonded to tin-plated-
copper lead frames. The technique is compatible with most semicon-
ductor manufacturing processes.

Officials at Motorola’s Semiconductor Products division think they
have a bonus on their hands because of the apparent acceptance of the
MECL 10,000 emitter-coupled logic line by computer-peripheral-equip-
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italian firm enters
U.S. hi-fi market
with high-power IC

Chopper-stabilized
op amp is packaged
in standard DIP

Boston visitors try
domestic-satellite
communications

Addendum

30

Electronics newsletter

ment manufacturers. MECL 10,000 was intended for computer main-
frames. But the move to peripherals surprised them, because they ex-
pected peripherals makers to stay with slower TTL or Schottky TTL
devices. Doug Powell, manager of computer industry marketing at the
Phoeniz division, says a number of perhipherals manufacturers are
turning to ECL because of their need for greater speed, triggered by the
burgeoning growth in data communications.

SGs-Ates, Italian-based semiconductor company, has pushed inte-
grated-circuit technology into the high-fidelity realm with their devel-
opment of a 10-15-watt audio amplifier chip—two to three times more
powerful than previously available single chips—which will be available
by the end of the year. Pietro Fox, U.S. marketing manager of SGs-
Ates, estimates there are one million hi-fi amplifier sockets in the U.S.
that this product could fill. And unlike audio amplifier ICs now avail-
able, this chip will have the high power and low distortion—1% at 15
W—that is required for hi-fi service. Also, SGS-Ates, which has been
marketing complementary MOS in Europe on a limited basis, is plan-
ning to bring its C-MOS products to this country late this year. SGS-Ates
has a licensing agreement with RCA to build the 400 series COS/MOS
line.

Texas Instruments has built the first chopper-stabilized op amp to be
marketed in a standard 14-pin DIP. Previously, the low offset, low drift,
and high gain of chopper-stabilized devices were available only in
bulkier module packages. The two-chip op amp has a differential capa-
bility and fast slew rate (25 volts per micro-second) that in most cases
are found only in modules. Sample quantities of the SN62/72088 are
available at $70 for the device specified over 0° to 70°C and $120 for
the -25°-t0-85°C version.

People attending the International Communications Association’s an-
nual meeting in Boston early this month were among the first in the na-
tion to communicate via domestic satellite. The link was set up by RCA
Global Communications Inc., using Telesat Canada’s Anik II satellite.
By September of this year, public voice-grade circuits should be oper-
ating between New York City and Los Angeles or San Francisco at a
monthly charge of $1,400, roughly 40% less than terrestrial circuits. The
initial system is an interim arrangement, the forerunner of a more ex-
tensive domestic-satellite communications system that will serve all 50
states and Puerto Rico when RCA Global Communications completes it
in two years’ time.

A third-party leasing agreement has been reached between Memory
Technology Inc., Sudbury, Mass., and Alanthus Corp., White Plains,
N. Y. for $16 million worth of MTI’s add-on memories for the IBM 370
Models 155 and 165. The MTI semiconductor memories have up to
four megabytes on one port, twice IBM’s core-memory capacity in less
than half the space.
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100 WAYS TO GET MORE INDUSTRIAL

SWITCHING PERFORMANCE
FOR YOUR MONEY

Unitrode’s UPT Power Switching Transistor series offers
the optimum combinations of price and performance from
0.5A to 20A, and up to 400V in 3 package types. Choose
from 100 different transistor types for more efficient and
simplified circuit design in power supplies, switching regu-
lators, inverters, converters, solenoids, stepper motors
and other inductive load driving applications. They're avail-
able off-the-shelf from your local Unitrode distributor or

representative. For the one closest to you, diat (800)
645-9200 toll free, or in N.Y. State (516) 294-0990 collect.

For immediate action on any specific problem, call Sales
Engineering collect at (617) 926-0404, Unitrode Corporaticn,
Department 6 Y, 580 Pleasant Street, Watertown,
Massachusetts 02172.

For specific data sheets containing full characterization
of devices check the table/coupon below.

'---------l-------------‘
Unitrode Corporation Dept. 6 Y, 580 Pleasant St., Watertown, Mass. 02172

I Please send data sheets on specific {-Line Power Switching Transistor series checked below. I
100 Q : 100 aty
I c::rc: le Ve EAES(E:/E ton Lot prices a?ch c.?eer? fe Ve ::3::22 ton ot prices each
’ UPT611 -T05 $125t0 .
O 0540C uptodoov JTONL TOS gons aotes $L92 0 sapg D710 UPTG2) Tobe Z50ns  S0ns 772
: : UFT721 -1066 338 to
l UPT111 -TO5 0.83 to 0 upto 400V jor73] 030 250ns  80Ons g3 I
J 1ADC upto 150V UPTI21 -TO66 100ns  250ms 86 d
. OFTA -rgs 11'03 = | O upto150v UPTEZL -JOBG 5005 ssons 344 10
to 150V 105 130ns 30005 L 10ADC ' I
oe T UTa2l Toes RS TR 242 O upto 400V UPT931 103  500ns 1200ns (€210
UPT311 -T05 1.25to 3
l O upto 400V \pr3s) oge 200ns  800ms 573 O 1540C uptolsov URTIOZLTOR6 g5ong  350ns 38310 I
I O 3nC uwptodoov Jorozt 1986 2000 goons  230% | [ o 2040¢ uptolsov UPTIISLTO3 300ns 60oms 310 I
Name: _ Title: _ B
I Co.: Address: I
l City State: ] Zip: I
Telephone: ]
l------ ---------------.
‘ See EEM Section 4800 and EBG Semiconductors Section for more complete product listing.

U NITRO D Equality takes the worry out of paying less.



NEW

SOLID STATE

GENERAL ELECTRIC

All the technology that went inte <120 V line operation

making General Electric a leader in oZero vo"age switching, 5V max.

couplers and power semiconduc- *T2L operation — 30 fo 100° C
tors is in our first solid state relay. p

Twomodels, 5 Amp. GSR10AUSang  * Operates from 6.3 to 140 V RMS
10 Amp. GSR10AU10, feature + 1500 V RMS Photon Isolation

AVAILABLE NOW FROM YOUR AUTHORIZED GE DISTRIBUTOR

GENERAL @3 ELECTRIC
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Signiticant developments in technology and business

Optical-fiber communications
spurred by new waveguide
and low transmission losses

Bell Labs and Corning
Glass take the lead in
innovating light pipes

for communication systems

Fiber-optic waveguides for commu-
nication systems look more practical
now that Bell Laboratories has de-
veloped single-material fibers with
losses as low as 5 decibels per ki-
lometer and Corning Glass has re-
ported more conventional core-
cladding fibers with losses of 2 dB
per kilometer. In mid-1971, the best
fibers had losses of about 20 dB
[Electronics, July 5, 1971, p. 46] and
even today 20 dB loss is considered
very good [Electronics, April 26,
p. 53]

While much work remains to be
done, scientists at Bell Labs now
consider glass fibers as practical re-
placements, or more likely, addi-
tions to copper wire, particularly in
cities where conduit space below
ground and the communication ca-
pacity is becoming limited. Hair-
thin glass fibers packed together to
form a cable a quarter of an inch in
diameter could carry as many com-
munication signals as thousands of
ordinary telephone cables, accord-
ing to Bell Labs.

Modulation. A working system
could use semiconductor lasers,
modulated at rates between a few
megahertz and a few gigahertz, to
generate the light signals. Ava-
lanche photodiodes could be used as
detectors at the receiving end. Re-
search thus far has shown that op-
tical fibers can carry signals modu-
lated at rates up to 6 MHz— equal to
about 3,000 telephone calls.

Electronics/May 24, 1973

The Corning research was re-
ported last month in a paper at the
American Ceramic Society meeting
in Cincinatti, Ohio, by Peter C.
Schultz, senior ceramicist. Schultz
ran his experiments at wavelengths
of 1,050 nanometers with a glass
fiber 1.2 km long. The fiber, made of
two high silica glasses, had a core
with an index of refraction some-
what higher than the cladding. Al-
though this is an experimental fiber,
scientists at the Corning, N. Y., firm
believe that its relatively simple
configuration will ease production.

Three in one. Three Bell Labs sci-
entists—Stewart E. Miller, Enrique
A.J. Marcatili, and Peter Kaiser—
devised a glass-
fiber structure with
three elements, all
made of the same
low-loss glass.
Fibers made with
differing glass ma-
terials, according to
Bell Labs, contain
undesired impuri-
ties that interfere
with the passage of
light and cause
transmission losses
in the fiber.

The Bell Labs’
design consists of a
tube, a solid inner
rod, and a support-
ing plate for the
rod. The technique
of centering the
light involves wave,
rather than geo-
metric, optics. Mar-
catili says that the
changing height
between the rod
and the supporting

plate is equivalent to a change in
refractive index. The tube serves as
a protection for the fiber assem-
bly.

The preformed waveguide con-
sists of a tube, | centimeter in
diameter, with the interior plate
supporting a rod a few millimeters
in diameter. As this is heated and
pulled, ail the elements retain their
scale and the external dimension is
reduced to only a few mils in diam-
eter.

Stronger than steel. The tensile
strength of newly drawn fibers
varies from several thousand to sev-
eral million pounds per square inch,
depending on the specific fiber and

New fiber. Bell Labs' Peter Kaiser helped with design.
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the conditions under which it is
used. This is considerably greater
than copper and even better than
steel.

Thus there should be little diffi-
culty in drawing such fiber cables
through conduits. The strength of
optical fibers will, however, degrade
with time, but this is not considered
to be a problem since the fibers will

Communications

be in bundles and will also gain
strength from a sheathing.

Needed: laser reliability. While
the work in low-loss glass fibers has
proceeded at a rapid rate, long-
range optical systems require long-
life semiconductor/lasers, and these
light sources have not had the relia-
bility required for communication
systems. O

Stabilized laser communicator
operates from moving vehicle

Laser beams offer hope for secure
communications, but the major
problem has been keeping the two
ends of the circuit aligned. A new
development from American Laser
Systems, Santa Barbara, Calif., may
change that, and both military and
police organizations are interested
[Electronics, May 10, p. 26]. The sys-
tem permits 15- to 20-mile two-way
communications between moving

34

land vehicles, ships, or helicopters.

The laser communicator com-
bines infrared-laser transceivers
with stabilized optics, which are
modifications of binoculars made by
Stabilized Optics Corp., Cupertino,
Calif. The binoculars, which permit
the use of highpower, 20 X magnifi-
cation on moving ships and vehicles,
are already in use by police and
naval forces. Conventional binocu-
lars are limited to 10X or less in
these situations.

The stabilized communications
system uses a simple but patented
physical principle that cancels the
effects of magnification of move-
ment with opposite-phase reflected
light. A small gyroscope is also in-
cluded, but serves only to overcome
the friction of bearings at very low
vibration frequencies.

Avalanche detector used. In the
communicator, the optical path to
one eyepiece in the binocular is re-
placed by a sensitive silicon ava-
lanche detector. The stabilized sys-
tem permits the sensitive but
sharply focused detector to give a
100X system gain over conven-
tional laser systems. The transmitter
in the system is a small semicon-
ductor laser diode with a peak out-
put of 2 watts and an average out-
put of 1 milliwatt.

The range of the unit is 16 to 20
miles, but, of course, is dependent
on the visibility of the receiver. The

Land, sea or air. New laser communicator
can be used on trucks, ships or planes.

communicator does not have to be
aimed accurately—the bridge of a
ship or a whole automobile is ade-
quate. The American Laser Systems
unit operates from flashlight-size
cells, giving 5 to 7 hours of oper-
ation. Power drain is about a third
that of a flashlight bulb.

Computer transmission. Accord-
ing to Duncan Campbell, president
of American Laser Systems, the re-
ceiver and transmitter are basically
digital in nature. The U.S. Navy has
shown interest in data communi-
cations between ships using the
technique, and Campbell also sees a
future in the individual transmitter
and receiver modules in the context
of computer transmission between
fixed points. O

Auto electronics

Solid-state sensor
monitors car fumes

A new type of diffused semicon-
ductor pressure sensor for automo-
tive emission control has been de-
veloped by Bell and Howell. The
device is expected to meet the long-
term environmental requirements of
cars while also surviving the tests of
the legendary sharp pencils of De-
troit’s automotive economists.

The reliability required of semi-
conductors used in automobiles is
actually higher than in the- aero-
space industry. For instance, con-
ventional wire and tape strain gages
for aerospace are not good for
monitoring pressures in emission
control, whether by fuel injection,
exhaust gas recirculation or ignition
control. According to Robert L.
Cheney, project engineer at Bell and
Howell’s electronics and instru-
ments group, Pasadena, Calif., the
basic problem is that an aerospace
transducer may be subjected to sev-
eral temperature cycles and hun-
dreds of pressure cycles, but a trans-
ducer in a car traveling 50,000 miles
will be subjected to hundreds of
temperature cycles and thousands of
pressure cycles.

The Bell and Howell device is not
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the first strain gage to use the
piezoresistivity of a semiconductor,
but earlier ones used a whole piece
of silicon as a sensor, with separate
support. The new diffused device
uses a silicon slice as support and
pressure diaphragm as well, with
only small areas actually serving as
sensors. This eliminates the mount-
ing interface problem between the
sensor and support, a vital consider-
ation in view of the tiny displace-
ments involved.

Unlike conventional gages, also,
the technique seems well adapted to
low-cost automated assembly and
checkout, for manufacturers can use
the proven photochemical methods
used in making integrated circuits
and transistors.

Tolerance. One area in which
semiconductor gages are basically
inferior to conventional ones is tem-
perature tolerance. However, this
temperature dependence is virtually
eliminated in the Bell and Howell
device, since it combines two or
more sensors in a bridge configura-
tion. As the sensors are simply small
areas in a silicon slide, they cost no
more than a single sensor. The usual
automatic-adjustment techniques of
laser-trimmed thick-film resistors
and temperature-sensitive resistance
elements permit this unit to respond
to a change of less than 0.002% of
full scale per degree fahrenheit. This
is five times better than typical aero-
space standards.

An unusual feature of the gage is
the bond between the silicon dia-
phragm-sensor and the glass tube
that supports it. The bond was de-
veloped by P.R. Mallory Co., In-
dianapolis, Ind., and it produces a
stable, pressure-tight joint. The sta-
bility of the semiconductor devices
also eliminates the need for periodic
calibration, which is prohibited in
automotive uses.

Tests of transducers over a mil-
lion cycles from -65° to 250°F while
being pressure-cycled from full vac-
uum to ambient pressure indicate
stability of better than 0.5% of full
scale. Conventional transducers
subjected to the same cycling have
shown an order of magnitude
greater change, says Cheney. Robert
W. Meyers, product manager at Bell
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Anti-skid unit is digital

At the first public showing of its SKID-TROL anti-wheel-lock braking sys-
tems for heavy trucks, Rockwell International Corp. said it hopes to capture
at least 30% of the $100 million market [Electronics, May 10, p. 70.] The
electronics for SKID-TROL's digital computer comes from Rockwell’'s Mi-

croelectronics Division, Anaheim, Calif. The firm's Rockwell Standard divi-

| sion is handling the system integration.

The computer is the heart of the only fully digital system for the function
that will be required by new Federal safety regulations. It uses an MOS LSI
calculator-type chip programed for this special function. Other manufac-
turers of anti-skid systems are expected to adopt the digital approach in the

future.

and Howell, feels that the new de-
vice can beat both performance and
price requirements of the auto in-
dustry and expects to see such sen-
sors will be picked for use on 1975
model year cars, at least those sold
in California. O

VW uses ICs in
seat-belt system

With about a quarter of its produc-
tion going to the United States,
Volkswagenwerk AG is moving
ahead of other German car makers
in complying with U.S. motor ve-
hicle safety legislation. The com-
pany is now installing the first prod-
uction versions of a seat belt
interlock system in VW passenger
models destined for U.S. exports
later this year.

The electronics firm that helped
with the system is Intermetall
GmbH, the German member of the
ITT Semiconductor Group and de-
veloper of the integrated circuit
around which the equipment is
built. Intermetall calls its IC the first
made in Europe for interlock units.
Designated the SAJ 280, the device
will be marketed in the U.S.
through the ITT group’s American
facilities.

With its new equipment, Volks-
wagen is complying with U.S. regu-
lation MVSS 208, the motor vehicle
safety standard that requires seat-
belt interlock systems on all 1974
passenger models [Electronics,
March 1, p.70]. Such systems pre-
vent the driver from starting his ve-
hicle unless he and his front-seat
companions have fastened their lap
and shoulder straps.

Signs and alarms. Like any seat-
belt interlock system, VW’s equip-
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ment lights a “fasten seat belts” sign
and sounds an acoustical warning
when a set of conditions is not satis-
fied. Monitoring the proper se-
quence of events from seat occu-
pancy and belt fastening to
handbrake loosening and engine
turn-on are electronic circuits. Using
inputs from sensors at the seats, in
the seat belts, the oil pressure sys-
tem, and at the handbrakes, the cir-
cuits regulate an interlock solenoid
so that the engine can be started
only when the sequence is correctly
followed. The solenoid blocks the
starter when, for example, the belts
are fastened before the seat is occu-
pied.

In addition to performing the
basic functions spelled out in the
U.S. regulation, the German system
has a few refinements. One is a time
delay that allows an engine restart
before three minutes have elapsed,
regardless of whether seat belts are
fastened or not. This feature will be
welcomed by a driver who, for ex-
ample, turns off the engine and gets
out of his car to open a garage door.
The time delay lets the driver put
his vehicle into the garage without
the need for him to fasten his belts.

Another feature is a 10-second
delay that prevents the starter from
becoming blocked when a passen-
ger, whose seat belts are already fas-
tened, temporarily lifts himself from
his seat in trying to find a comfort-
able position. Without this delay,
the driver would have to go through
the whole sequence of getting into
the car, fastening his belt and
loosening the brakes every time he
pulls himself slightly off the seat.

While other German electronics
and car-accessory makers have cho-
sen simple discrete solutions for the
interlock circuitry, the Inter-
metall/Volkswagen designers have
opted for an IC approach. “Al-
though more difficult to realize, it
makes for a more reliable and rela-
tively inexpensive system when pro-
duced in volume,” says Alfred P.
Prillmann, sales manager for profes-
sional products at Intermetall.

“The price of the system,” Prill-
mann says, “‘is about the same as
that of a discrete-transistor version.”
Now that it has delivered a limited
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number of ICs for the car maker’s
first production versions of the sys-
tem, Intermetall will start mass pro-
ducing them at its Freiburg plant
next month.

Picked bipolar. The 280 circuit
packs onto a 3.5-millimeter-square
chip roughly 100 transistors in addi-
tion to a number of diodes and re-
sistors. The company has picked
bipolar instead of MOS technology
to insure circuit operation even
when, as a result of cold weather,
the supply drops to 6 volts, half of
the normal 12-v supply. A bipolar
design also makes it easier to get up
to the current levels needed for driv-
ing the output stages and for relay
operation, Prillmann says. The
trend in U. S. seatbelt interlock sys-
tems is to use C-MOS, which operates
from as low as 3 v and is more toler-
ant of power-supply variations than
bipolar.

The Intermetall circuit, which
comes in a 14-pin dual in-line plas-
tic package, handles up to 25 mil-
liamperes. Its current consumption
under engine-off conditions is less
than 5 mA, and leakage current is
less than | microampere. a

Commercial electronics

Highway call box
moves to corner

The highway aid box is a familiar
sight along major thoroughfares
across the country, but these hard-
wired telephone devices are not
vandal-resistant and are prone to
destruction in severe weather condi-
tions. Now, hard-wired systems are
being replaced by radio call boxes,
which overcome these problems,
and many have been set up on in-
terstate highways.

The first installation, on a 43-mile
stretch on Florida Interstate 75, was
put up by the ADT Corp., New York.
It was followed by a string of boxes
from Motorola along 20 miles of
roadway between Fort Lauderdale
and Miami, Florida [Electronics,
March 1, p. 32]. Further, ADT is cur-
rently installing 248 help boxes

Radio call. Opening radio box energizes
magneto that powers signal to a console.

along the 60 miles of Massachusetts
1-495 and in various locations along
interstate highways ‘in southern II-
linois. Moreover, the company,
moving its system onto the street-
corner, is set to install 40 radio
boxes in the small industrial-resi-
dential town of Weehawken, N.J., at
a cost of $400,000. Motorola’s in-
stallation of 90 boxes cost $328,000.

The ADT box, unlike Motorola’s,
uses no voice communications or
batteries. Instead, the user activates
a magneto when opening the door
of the box, which in turn provides
power to send a radio signal to a
computer-type console.

When the signal reaches the con-
sole, the type of assistance requested
and the location of the box flashes
on a digital counter and is per-
manently recorded on paper tape.
An operator returns a signal that the
message has been received. The
console can handle as many as 9,999
remote call boxes. In the event that
a pole holding the help box is
knocked over, a tilt alarm is acti-
vated on the console.

Components for the system are
manufactured by Solid State Tech-
nology Inc., Wilmington, Mass. [

) :Comput_ersi

Systems house in
microcomputer race

The ever-growing commercial mi-
crocomputer derby has a new and
seemingly unlikely entry: Teledyne
Systems Co., historically best known
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With TEKTRONIX you make your
measurements quicker and with
greater accuracy. The light-weight
465 and 475 portables combine
ease-of-operation with laboratory
precision to reduce your repair
time at your customer’s location.

Some of the functions that make
the 465 and 475 value leaders
are: push-button trigger view,
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The 465 with a bandwidth of 100
MHz at 5 mV/div and 5 ns/div
qualify it for most of today’s mea-
surement needs.
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tachable battery pack you carry
the weight of the batteries only
when needed.

nAaA785
O0SCILLOSCOPE

VOLTS/Div

Circle 37 on reader service card

Also available are rackmount ver-
sions of both the 465 and 475.

465 Oscilloscope .......... $1725
(Includes delayed sweep and probes)

475 Oscilloscope .......... $2500
(Includes delayed sweep and probes)

DC Operation (Option 7) . Add $75
1106 Battery Pack ......... $250
Rackmount ............. Add $75

Let us help you make your mea-
surements. To see one of these
scopes, call your local Tektronix
field engineer, he’ll be glad to
demo one for you. lf you prefer,
for additional information write
Tektronix, Inc., P.O. Box 500, Bea-
verton, Oregon 97005. In Europe,
write Tektronix Ltd.,, P.O. Box 36,
St. Peter Port, Guernsey, C.l., U.K.

TEKTRONIC
- committed o
technical excellence

“the value leaders’

U.S. Sales Prices FOB Beaverton, Oregon

For a demonstration circle 36 on reader service card

ity B rosinion  Ceumms  sounct

Aw 8
TIME/DIv
49 DELAY TIME
i

4D Wistory




Electronics review

for its military equipment. Taking
advantage of the availability of chip
sets from several semiconductor
makers [ Electronics, March 1, p. 63],
Teledyne has come up with a family
of microcomputers that are 2.5 in. in
diameter, 0.10 in. high, and cost
$1,000 in small lots.

The Northridge, California firm
developed the microcomputers for a
Government program and is now
attempting to develop commercial
customers. The company has several
varieties in its line, from a basic, all-
in-one package unit with about four

to five times the capability of the In-
tel MCS-4 microprocessor set, up to
one that requires two packages and
has close to the capability of a mini-
computer, according to Earl Kanter,
vice president of advanced systems.
Typical add times for this level are
10 microseconds for 16 bits. The
price is about $1,000 per package
independent of the specific circuitry,
although memory is less expensive
than logic.

P-MOS now, n-MOS later. The
basic technology in the computers is
p-MOs. It makes use of available

Electronics Index of Activity

FMAM)
1972

Segment of Industry

B Consumer electronics
B Ocfense electronics
[ Total industry

J ASONDUJ

March '73

Industrial-commercial electronics

FMAMIJ JASOND
1973

Feb. '73* March '72

133.4
118.2
139.8
127.4

130.9
121.6
138.3
128.3

101.8
102.3
1221
108.1

The Electronics index fell in March, but it still remained a healthy 17.9%
above March 1972’s level. Defense Electronics dragged the total index
down, falling 2.8%, but it, too, was still 15.5% above March 1972. Con-
sumer electronics climbed 1.9%. The other gainer, industrial-commer-
cial-electronics, climbed 1.1%, 14.5% higher than it was a year ago.

Indexes chart pace of production volume tor total industry and each segment. The base period,
equal 10 100, is the average of 1965 monthly output tor each of the three parts of the industry
Index numbers are expressed as a percentage of the base period. Data is seasonally adjusted

*Revised
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Handful. Teledyne Systems’ microcomputer
is 2.5 in. in diameter and sells for $1,000.

components from Intel, National
and Rockwell, but with architecture
and other components different
from standard sets. Kanter expects
to use n-channel sets when they be-
come available. Teledyne buys the
parts in wafer form, then separates,
tests, and applies them with hybrid
techniques.

Kanter says that the most popular
package is the 2.5-in. round one, but
other, rectangular units are avail-
able. The sealed unit requires no
maintenance, calibration or service,
and can easily be replaced in the
field. The compactness of the micro-
computer, its ease of replacement
and projected high reliability (mean
time between failure is 25 years)
make it especially attractive for the
automotive, process control, chem-
ical, and petroleum industries. It re-
quires about 7 watts.

In addition to the unique pack-
aging, Teledyne is also offering a
comprehensive set of software, and
in fact, Kanter feels that this is the
unit’s major advantage over the ca-
pabilities of the stock chip sets. []

Production

Ribbon wire virtues
don’t move users

Bonding with round wire has been a
headache for IC and hybrid manu-
facturers, but a switch from round
wire to flat ribbon wire could pro-
vide a cure. Alvin H. Sher and Her-
bert K. Kessler of the National Bu-
reau of Standards have recently
completed studies showing that an
ultrasonic bonding tool can operate
over a much broader time-ampli-
tude range yet still provide a given
pull-strength value when the wire
used is ribbon-shaped.

Potential users also believe it is
the way to go, but not right now.
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Leo W. Czarnecki, manager for
equipment engineering at Fairchild
Camera & Instrument, Mountain
View, Calif, says Fairchild tried rib-
bon bonding and found its strength
to be its most outstanding character-
istic. He says it takes current surge
better and its assembly is easier.
Czarnecki believes the greatest de-
mand for ribbon bonding will be in
power devices. But for now, Fair-
child is staying with round wire for
€conomic reasons.

Frank Stevens, general manager
of Sigmund Cohn Manufacturing
Co. Inc.,, Mount Vernon, N.Y.,
which supplies bonding wire to the
industry, says that ribbon wire is
Just “a few days after birth,” and
few are using the technique in vol-
ume.

In one series of tests, Sher and
Kessler learned that tool displace-
ment amplitude can be varied over
wide margins and could still meet a
10-gram pull-test. But the margin of
adjustment is much tighter for
bonding round wire,

A second advantage for ribbon
wire is that bonds can be stacked.
This gives the device maker greater
flexibility in point-to-point wiring
and should be particularly attractive
to hybrid users.

But this technique has been
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around for more than two years and
so the puzzling question is: why
have so few users adopted it? One
answer may be that IC device
makers are in a boom period, and
are only just now beginning to re-
cover from 1970 and 1971 and are
too busy to innovate.

Does ribbon wire cost more? Cost
depends on the tolerance require-
ments of the user. If tolerances are
relaxed, as Stevens feels they should
be, then the price for ribbon wire
would probably rise no more than
10%. However, if the user sticks with
+3% tolerance on the cross-section
dimensions, as is often the case with
round wire, then the price might
jump as much as 25%. But either
way, going to ribbon wire shouldn’t
impact the IC fabrication cost much,
since the value of the wire is no
more than 3% of the material costs
in the IC. 0

C@onents

Military holds out
against plastic packs

Intermittent or open bonds continue
to plague plastic-packaged semicon-
ductors tested by the U.S. Army for
military applications, despite ac-
knowledged gains in bond reliability
and device moisture-resistance.
This, coupled with the Army’s view
that “vendors are not interested in
supplying plastic devices to ‘hi-rel’
specifications,” have led the military
to hold fast to its restrictions against
general usage of plastic discrete and
microcircuit semiconductors, the
1973 Electronic Components Con-
ference was told in Washington.

The steadily increasing preference
of semiconductor makers for plastic
packages could pose a future pro-
curement problem for military users
seeking hermetically sealed glass,
metal, or ceramic packages, says Ed-
ward B. Hakim of the Army Elec-
tronics Command’s Electronics
Technology and Devices Labora-
tory, Ft. Monmouth, N.J. Citing
Electronic Industries Association es-
timates that plastic packages ac-

counted for about 70% of U.S. tran-
sistor production and approximately
55% of monolithic-integrated-circuit
output in 1972, Hakim told the sym-
posium that growth rates for plastic
packages in these two market cate-
gories approximate 2% and 4% a
year. Compared to hermetic pack-
ages, prices for plastic devices con-
tinue to decline. In 1972, transistors
averaged 59 cents for hermetics
compared to 13 cents for plastics,
while hermetic ICs cost $1.56 com-
pared to 63 cents for plastics.

Volume. Following the sym-
posium session on interconnection,
where he outlined Army data on
tests of interconnection reliability of
plastic devices in a paper authored
jointly with ECOM’s Bernard Reich,
Hakim identified the potential prob-
lem for military semiconductor
users this way: vendors “can sell a
million plastic devices a month to
the computer industry. We may not
buy more than a million a year.”
Moreover, the industrial customer’s
test requirements are much less
rigid than the military’s, making the
market more appealing to semicon-
ductor makers.

Vendor disinterest in supplying
plastic packages to ‘hi-rel’ specifica-
tions, he said, stems primarily from
lot testing costs relative to the cost
of the devices themselves. “Plastic
device vendors would rather rely on
short-term indicators than be con-
fronted with the rigors of the nor-
mal ‘hi-rel’ specifications,” Hakim
explained to the ECC meeting. The
three-day May meeting was spon-
sored jointly by the EIA and the
IEEE.

The Army semiconductor special-
ist was not prepared to write off mil-
itary use of plastic devices indefi-
nitely, however, noting that
surveillance of device developments
and performance should continue
because their future use—*“possibly
within this decade”—may be justi-
fied.

Defects down. Bonding defects,
for example, are about 0.15% based
on 1972 experience, he noted,
“down significantly from the period
when the bond problems first began
getting visibility.” Hakim forecast
that this figure could drop to 0.01%
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by 1975 with present technology.
However, if beam-lead devices or
devices employing bump technology
are generally applied, the rate of
improvement could be significantly
increased.

Fort Monmouth, he said, is con-
sidering the use of “a liquid-to-lig-
uid, -60°-to-+150°C thermal shock
screen to cope with the bonding
problem,” but added “there is a
great reluctance on the part of ven-
dors™ to accept it on the ground that
such a test “is potentially destructive
and capable of creating latent de-
fects.” Preliminary results at ECOM
show the test is not destructive.

Noncontrolled field reliability
performance of plastic and hermetic
transistors by ECOM indicates dra-
matic improvements and suggests
their performance should approach
those of hermetics by 1974-75. 3

Space electronics

FCC okays Marsat,
but questions remain

When the Communications Satellite
Corp. announced that it planned to
use the interim Navy navigation sat-
ellite as a civilian maritime satellite
as well [Electronics, March 15, p.
36}, it brought a storm of protest
from the international record (mes-
sage) carriers and potential equip-
ment builders. They complained to
the Federal Communications Com-
mission that the deal was too quick,
could give Comsat dominance in in-
ternational maritime-satellite com-
munications, and effectively freeze
them out of the system.

Now, after much discussion, the
FCC decided this month that Com-
sat could proceed “at its own risk”
to contract with Hughes Aircraft Co.
for three Anik-like satellites to start
the $70 million program. But it left
some touchy issues undecided—how
to achieve workable joint ownership
among competing companies and
how those parties would choose a
system manager. To find out who'’s
really interested, the FCC ordered
U.S. common carriers now provid-
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ing maritime service and known as
wanting to join—AT&T, ITT, RCA, TRT
Communications Inc., and Western
Union International—to sign up
with the commission by June.

Comsat comeback. Naturally pre-
ferring to keep its lead, Comsat ar-
gues that the commission’s decision
to let the participating companies
select the system manager could
breed disruptive discontinuity.

By piggybacking a commercial
maritime satellite system on the
Navy’s two-ocean interim satellite

ipating carriers could engineer a lu-
crative combination. Satellite costs,
including spare parts and develop-
ment, would equal $39 million,
launch costs would come to $26.5
million, and system development
and filing fees would take up the
rest, the company says.

Moreover, participating in such a
system would give companies entrée
into a bigger market beyond—a
projected global ship-shore-satellite
navigation and communications sys-
tem that maritime interests are seek-

requirement, Comsat and the partic-

ing [Electronics, Feb. 1, p. 50].

News briefs

Wescon gains ERA as co-sponsor

The Western Electronic Show and Convention (Wescon), to be held Sept.
11-14 in San Francisco's Brooks Hall, will have a new co-sponsor with
IEEE—the Electronic Representatives Association. WEMA withdrew as a co-
sponsor earlier [Electronics, March 15, p. 25], but ERA’s presence *‘guar-
antees some management and marketing flavor to the Wescon board,"”
says a Wescon spokesman. All the exhibits will be contained in Brooks Hall
this year, which means the show will be limited to about 500 booths. One
new feature planned for the show this year is a two-day manufacturing
seminar to be held at the San Francisco Hilton.

Bendix in $1 million deal with Argentina

Bendix International, New York, has received a $1 million contract from the
Argentine Ministry of Agriculture and Cattle to supply an airborne remote-
sensing and ground data-processing system for conducting surveys of the
country's agricultural lands. Data will be gathered and stored on high-den-
sity magnetic tape and will be processed by a general-purpose computer
provided by the Argentinian government.

Color sets have built-in cable converter
RCA Corp. says it is the first color-TV manufacturer to build into its sets the
capability of receiving 24 cable channels in addition to conventional vhf and
uhf signals. The new feature is going into RCA's top-of-the-line XL-100
solid-state units and will eliminate the need for a separate converter or se-
lector device to obtain cable TV reception

Analog Devices starts C-MOS line

Believing that **C-MOS is on the upswing and ready to replace TTL in many
applications,” Analog Devices' microcircuits operation in Santa Clara,
Calif., announced its entry into the C-MOS field with three new products
(see p. 71). These include a differential four-channel multiplexer, a single
eight-channel analog multiplexer, and an uncommitted quad analog switch.
All are compatible with TTL, DTL, and C-MOS logic. The new devices are
aimed at applications in analog-to-digital and d-a converters, digital ampli-
fiers, frequency multipliers, and digital filters. Analog Devices says part of
the move was in anticipation of growth in the minicomputer and IC markets.

E-Systems wins airborne command post job

The Air Force Electronics Systems Division, Hanscom Field, Mass., has
awarded a $20.5 million fixed-price-incentive contract to E-Systems Inc.,
Greenwville, Texas, to equip two 747-200B Advanced Airborne Command
Post (AACP) aircraft with electronics.
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Our 500-Element
Linear Image Sensor:

World’s First Production CCD.

New CCD101. High sensitivity, wide dynamic range,
self-scanning device. Available now for prototyping
at $1200.

The CCD101 Linear Image Sensor uses charge-
coupled technology and a buried-channel structure to
create a rugged, monolithie, self-scanned, 500-element
sensor designed for high sensitivity conversion of
images to analog signals. For slow-scan TV, facsimile,
and other high-resolution linear imaging applications.

The impact of CCD on imaging is analogous to that of
the transistor on vacuum tubes. It has been called by
one high level government scientist “the most important
breakthrough in semiconduectors since the development
of MOS?”

CCD101 Linear Image Sensor
The array is a 500-element
photo-sensing chip, 60 x 635 mils.
It includes, in addition, charge
transfer gates, two 250-element
CCD analog shift registers, a
2-element output register, and a
preamplifier. The device allows
sequential reading of the 500
imaging elements with a typical
dynamic range of 1000:1 at

1 MHz. Sensitivity is typically
15 x 10 6 footcandle-seconds.
Operating voltages are under
20V. On-chip preamplifier allows
a low-impedance interface. The
24-lead dual in-line ceramic
package—114"long x 4" wide

x %" high—has a sealed anti-
reflectance glass window and
non-reflective interior.

44

Normal incandescent room lighting. (No filtration.
Peak incident illumination arourd 30 foctcandles.)

1/100 normal room lighting.

99.999% Transfer Efficiency
Key to CCD101 high sensitivity imaging is the
buried channel structure which reduces charge-
transfer loss, thus permitting greater image element
density. The result is demonstrated above.

The 4 photos illustrate the device’s capacity for
generating a clear video picture of a single frame at
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CCD Imaging Advantages

CCD technology provides the first high-performance
method for solid state imaging. The CCD101 is the

first CCD product, and thus the first to clearly demon-
strate its high performance advantages, high reliability
and dimensional accuracy, with lower noise video,
low-voltage operation and self-scanning that eliminates
much external control circuitry. All made possible by
our CCD buried N-channel technology.

CCD advantages over other types of imaging devices

are manifest:

" As Compared To
Vacuum Tube
Imaging Devices

As Compared To

Non-CCD Solid State Imaging

Systems or Devices

* Small size

* Long Life

* Lower power

» Lower operating voltages
(none greater than 20V)

« Solid state ruggedness

¢ Inherent metric accuracy

* Low clock interference
¢ No pattern noise
* Low, uniform
dark current
 Better detectivity
* On-chip preamp
* Lower power

* Low impedance interface
* Greater dynamic range

For more information.

Call our Hot Line number — (415) 962-3333 — for a
complete information package: data sheets, application
notes, and a technical paper on the physics and
applications of charge-coupled devices.

* /1000 normal room Iig-hiing.

widely varying levels of illumination. The photos
show the face of a CRT displaying the output of a
CCD101 sensor clocked at 1 MHz scanning a black-
and-white photo on a rotating drum. Increasingly
dense filters were inserted between the sensor and
the scanned photo. The intensity dropped, but tke
image remained usable.

SEMICONDUCTOR COMPONENTS GROUP, Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. (415) 962-5011. TWX : 910-379-6435.
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DATA GENERAL INTRODUCES
THE LOADED NOVA.

The loaded Nova is the new Nova 840 and
the most comprehensive set of software/hard-
ware capabilities ever available with a Data
General computer.

It comes with a built-in Memory Manage-
ment and Protection Unit that lets you expand
main memory to 128K 16-bit words. Base price
with 16K of memory is $16,530.

Nova 840 runs a comprehensive Real-time
Disc Operating System (RDOS) for dual pro-
gramming operations.

46

A new BATCH executive lets you pick your
170 devices, load your jobs, and walk away.

It has our new Fortran 5, Extended ALGOL,
Extended Timesharing BASIC, and a whole
library of proven Data General software; proven
software that we can deliver now.

And our Remote Job Entry software can let
the 840 double as a high-powered terminal to a
big computer someplace else.

With the right kind of configuration(like the
one shown), all that software is available free.
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ON YOUR DOORSTEP
IN UNDER 90 DAYS.

The Nova 840 in the picture has a central
processor with 32 to 64K of main memory, a
high-speed Floating Point Processor, hardware
Multiply/Divide unit, fast-access disc storage,
and 9-track mag tape.

The picture doesn’t show lots of the other
things you can get with Nova 840: line printers,
card readers, Novadisplay terminals, fixed-head
Novadiscs, moving-head discs, Nova Cassette
tape, communications interfaces.

Nor could we show you the applications

E!actronics/May 24, 1973

and service experience we've developed in the
course of building, installing, and supporting over
6,000 Nova computer systems all over the world.

if you're looking for more throughput than
you could ever get with a minicomputer, for
better access to system resources, at a lower
price, call Data General.

Call with an order: we'll put a loaded Nova
on your doorstzp in less than 90 days.

¢» DATA GENERAL

Southboro, Massachusetts 01772
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OUTPUT
28 VDC
100 WATTS

(L] MAX.
22,0004F

22V - 28 VDC

INPUT DTS 1020

6.8K

2N3703

;1 .BK

2N 3706

F2J5OIJF

2N1671B

2N3706

ALL RESISTORS b - 120 Q2 .0033yF
Y% WATT

* MOUNTED ON DELCO
HEAT SINK 7281352

SWITCHING REGULATOR

hfe
@1 MHz hFE
Veesus)| (Vee=10V. [(Vce=5V. |Vcgsar
@ 500mA|1.=200 mA)| I=10A) |65.0A | I

8ov 12 200 1.8V |10A

8ov 12 500 1.5V |10A

*100 percent tested at 2.5A, 40V.
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The Kokomoans now

give you Darlington

Switching Power.

Use a Darlington in place of an ordinary
transistor, and you’ll realize an additional mag-
nitude of gain plus increased switching power.
Use a Delco silicon power Darlington (DTS-1010
or DTS-1020) and you’ll also realize a gain in
dependability.

Delco’s Darlingtons are triple diffused mesa
units housed in copper TO204M A cases and built
for ruggedness. The design gives them high ener-
gy capability—the ability to handle surges of
current and voltage simultaneously. They are
ideal for switching inductive loads in circuits
subject to transients or fault conditions.

Design a switching regulator eircuit around
a Deleco Darlington or use it in any 60-100 volt

Now available from these distributors
in production quantities.

ALA., BIRMINGHAM e Forbes Distributing MASS
Co., Inc. (205)-251-4104

ARIZ., PHOENIX e Sterling Electronics (602)-
258-4531

CAL., LOS ANGELES e Kierulff Electronics,
Inc. (213)-685-5511 e Radio Products Sales,

Inc. (617)-969-8900

(313)-477-1650

NEWTON e The Greene-Shaw Co.
MICH., FARMINGTON e Harvey-Michigan

MINN., MINNEAPOLIS » Stark Electronics

application to reduce circuit size, weight, and
cost. In addition, the Darlington space saving
feature allows you more design flexibility. Unlike
an ordinary transistor, it’s only energy-limited,
not beta-limited. You can exploit its full energy
capability in your circuit.

Call your nearest Delco distributor. He
has them in stock and he’s got the data on
high energy switching for small spaces.

For details on the switching regulator circuit,
ask for Application Note 49.

E-@E Delco Electronics

DIVISION OF GENERAL MOTORS CORPORATION.
KOKOMO, INDIANA

TEXAS, DALLAS e Adleta Electronics Co.
(214)-741-3151

TEXAS, FORT WORTH e Adleta Electronics
Co. (817)-336-7446

TEXAS, GARLAND e Kierulff Electronics,

Inc. (213)-748-1271

CAL., PALO ALTO e Kierulff Electronics, Inc.
(415)-968-6292

CAL., SAN DIEGO e Radio Products Sales,
Inc. (714)-292.5611

CAL., SAN DIEGO e Kierulff Electronics, Inc.
(714)-278-2112

CAL., SUNNYVALE e Cramer/San Francisco
(408)-739-3011

COLO., DENVER e Cramer/Denver (303)-
758-2100

CONN.,, NORWALK e Harvey/Connecticut
(203)-853-1515

FLA., MIAMI SPRINGS & Powell/Guif Elec-
tronics (305)-885-8761

FLA., ORLANDO e Powell/Gulf Electronics
(305)-859-1450

ILL., ROSEMONT (Chicago) ¢ Kierulff Elec-
tronics (312)-678-8560

ILL., SKOKIE (Chicago) e
(312)-282-5400

IND., INDIANAPOLIS ¢ Graham Electronics
Supply, Inc. (317)-634-8202

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

MASS.,, NEEDHAM HEIGHTS e Kierulff
Electronics, Inc. (617)-449-3600

Bell Industries
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Supply Co. (612)-332-1325

MO., NO. KANSAS CITY ¢ LCOMP-Kansas
City, Inc. (816)-221-2400

MO., ST. LOUIS « LCOMP-St. Louis, Inc.
(314)-647-5505

N.J., CLIFTON e Eastern Radio Corporation
(201)-365-2600, (212)-244-8930
N.Y., BINGHAMTON e
(6071.748-8211

N.Y., EAST SYRACUSE ¢ Cramer/Syracuse
(315)-437-6671

N.Y., ROCHESTER e«
(716)-275-0300

N.Y., WOODBURY e Harvey/New York
(516)-921-8700, (212)-582-2590

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

OHIO, CLEVELAND e Pattison Supply (216)-
441-3000

OHIO, DAYTON e Kierulff Electronics (513)-
278-9411

PENN., PHILADELPHIA e Almo Electronics
(215)-676-6000
PENN., PITTSBURGH e RPC Electronics
(412)-782-3770

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

Harvey/Federal

Cramer/Rochester

Inc. (214)-271-2471

TEXAS, HOUSTON e Harrison Equipment
Co., Inc. (713)-224-9131

UTAH, SALT LAKE CITY e Cramer/Utah
(801).487-3681

VA., RICHMOND e Meridian Electronics,
Inc., a Sterling Electronics Company (703)-
353-6648

WASH., SEATTLE e Kierulff Electronics, Inc.
{206)-763-1550

CANADA, ONT., SCARBOROUGH e Lake
Engineering Co., Ltd. (416)-751-5980

ALL OVERSEAS INQUIRIES:
General Motors Overseas Operations
Power and Industrial Products Dept.
767 Fifth Avenue, New York, N.Y.
10022. Phone: (212)-486-3723.

Kokomoans’ Regional
Headquarters.

Union, New Jersey 07083,
Box 1018, Chestnut Station,
(201) 687-3770.

El Segundo, Calif. 90245,
354 Coral Circle, (213)
640-0443.

Kokomo, Ind. 46901, 700 E.
Firmin, (317) 459-2175
(Home Office).

MARK OF EXCELLENCE
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} The Sorensen Modulars.
A powerful line-up.

Sorensen Modulars give you maximum choice.
Plus dependability and efficiency. No matter what
your power requirement, count on Sorensen.
From the advanced switching-transistor STM series
to the miniature encapsulated MM, there’s a
Sorensen modular to meet your system specifica-
tions and your most rigid performance demands.

Single Output

STM Series — 40 models. Switching-transistor
modulars that provide twicethe ...
efficiency of series-pass ,;..};-’:;fg}y%f
competitorsinhalfthe [« 0
space — and eliminate
need for external
cooling. STMs feature
built-in overvoltage pro-
tection; computer-optimized
filtering; 0.05% voltage regulation; output
voltages range from 3.0 (min.) to 56 (max.) Vdc.

PTM Series — 12 models. All solid-state
series-pass modulars that achieve state-of-the-art
power density; deliver more power per cubic
inch than comparable competitive units, at lower

cost per watt. Features include
built-in overvoltage protection; /Illﬂn\“\

highest quality components;
adjustable automatic current
limiting; 0.05% + 5mV volt-
age regulation; low ripple
and noise; six voltage levels
to 100 watts.

o]

Dual Output

PTM DUALS Series — 9 models. Dual output
versions of PTM series, with the same advanced
design and construction. Compadt, solid-state
series-pass modulars with built-in overvoltage
protection; feature
tracking accuracy
e * 100.2%;voltage

® regulation —.02%;
———— “ transient response
® —50usec. Series
includes +5, —12 volt
model for CMOS applications.

ﬁ'\i*-;«
P

Miniature
MM Series — MMS (single) MMD (dual)
MMT (triple) — 15 models, 4 package sizes.
Designed for maximum reliability
in microminiature electronic
applications. All MM encap-
sulated modulars feature
built-in overvoltage protec-
tion; excellent voltage regu-
lation; single outputs from
51028 Vdc; dual outputs of =12 or =15 Vdc.
Other dependable Sorensen power supplies
QSA Series — 29 models. Modular, wide
range, convection-cooled
power supplies feature excel-
lent operating specifications
plus a wide range of acces-
sories. Models provide outputs
from 3-330 volts and up to 300
watts. Top choice for multi-output systems.
Lab/Systems Power Supplies
SRL Series — 14 models. Low voltage, regu-
lated, solid-state DC power supplies. Rack-mount
style featuring excellent stability, fast response
time over the full load range, built-in overvoltage
protection. Power ranges from 0-60 Vdc and
100 Amps.
DCR Series — 37 models. High performance,
all-solid-state power supplies featuring the
lowest cost per watt on the market. 10 voltage
ranges from 20 Vdc to 30,000 Vdc; 7 power
levels from 400 to 20,000 watts. Ideal combina-
tion of economy, reliability and performance.

SORENSEN CATALOG/73 H [ [ N
provides fully detailed specifica- s “ "s

tions for all models of Sorensen ‘
modular and lab/systems power e

supplies. Write for your copy.

Sorensen Company, a unit of the
Raytheon Company, 676 Island
Pond Road, Manchester, N.H.

03103. Tel. (603) 668-4500.
Or TWX710-220-1339.

Sorenséi}

POWER SUPPLIES

See us at Booth #2010 at the 1973 National Computer Conference.
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From those wonderful folks
who gave you clean waveforms...

..come some of the
dirtiest waveforms ever.

Because the new Model 132 generates precise calibrated outputs
of digital or analog noise. And because it's really two generators in
one, the 132 also puts out super-clean sine, square and triangle
waveforms over the frequency range of 0.2 Hz to 2 MHz. You can
even mix the clean signals with noise and get calibrated
signal-to-noise ratios. Cleans and dirties from Wavetek for only $795.

WAVETEK:

P.O. Box 651, San Diego, Californio 92112
Telephone(714)279-2200, TWX 910-335-2007

Circle 52 on reader service card
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International
components standards
come nearer. . .

. . . but await
decision in June;
domestic reaction

Phone tariffs may
thwart GSA plan for
own phone centers

Electronics/May 24, 1973

Washington newsletter

American component manufacturers believe they have won a signifi-
cant victory in the development of a voluntary international components
certification system under the International Electrotechnical Commis-
sion. This is the message just delivered by Leon Podolsky, chief ne-
gotiator for the U.S. IEC committee, to the Electronic Industries Associ-
ation, following a round of meetings in Geneva last month. EIA, as well
as a number of U.S. officials, have long regarded the proposed multi-
partite standards pact as a nontariff barrier to trade, since the pact ini-
tially involved only European manufacturers [Electronics, March 30,
1970, p. 69].

Podolsky’s report spelled out progress in getting “a generally satis-
factory compromise” by most of the 13 member nations on two key U.S.
points. The first is a provision that an “inspectorate in the country in
which the product is released is responsible for the supervision of all
testing and inspection necessary,” thereby covering multinational man-
ufacturing operations. The second provides for use of other than IEC
specifications when there are none covering a given product.

Following the Geneva round, which Podolsky dubbed *‘unexpectedly
difficult” because some national delegates altered earlier positions, the
1EC Council will vote at Munich in June on whether to accept the draft
statutes for the new certification system. Odds on acceptance are put
by Podolsky at “about 5 to 1.” Participating nations are Australia, Bel-
gium, Brazil, Canada, France, Germany, Israel, Italy, Japan, the Neth-
erlands, the UK, U.S.A., and USSR.

Domestically, the EIA says it is exploring a means of developing a na-
tional supervising inspectorate through existing Government or indus-
try inspection organizations, “or some brand-new organization.” It is
also determining how much U.S. participation will cost manufacturers—
and how much more a components user will be willing to pay for certi-
fied parts. A preliminary EIA estimate of a 3% increase in component
costs has been criticized by some members as too high. In any event.
the earliest the new system could be operational is late 1974.

Bad news may be in store for those suppliers of interconnection and
switching equipment who have been eyeing the General Services Ad-
ministration’s plans to install and operate telephone centers for Federal
use. Following its cancellation of the publicized Middle River, Md.,
project to install its own Centrex-type system, GSA is re-evaluating
projects at Erie, Pa., Winston-Salem, N.C., and Denver, Colo., as well
as others as yet only on the drawing boards, to see whether the total
telephone tariffs permit economical operation of its own equipment.
“We may have to make modifications in the program.” says one source,
indicating that some cutbacks may be in order.

GsA dropped the small, 200-line Maryland project after the Chesa-
peake and Potomac Telephone Co. produced a new tariff which the
agency thought was too high to allow it to run its own equipment. Ob-
servers view that tariff as a way of stifling GSA’s idea and discouraging
large users from buying non-Bell equipment. Winston-Salem is
planned to use 600-800 lines, while Denver has about 3,000.
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Washington commentary

Trade reform and the impact of Watergate

“When Nixon’s trade bill makes it through this
Congress . . . perhaps I should say if Nixon’s
trade bill makes it through this Congress, you
won't be calling it ‘the Trade Reform Act of
1973’ anymore. You will be calling it ‘the Mills
bill>”

Thus, with a deft bow to Rep. Wilbur Mills—
the Arkansas Democrat invariably described in
the press as “the powerful Chairman of the
House Ways and Means Committee” —one Ad-
ministration trade specialist summarized the
view of many in the capital following the open-
ing round of congressional hearings on the
President’s proposal. The fact that even some
Nixon Administration loyalists seem uncertain
about the bill’s fate is one of the less heralded
consequences of the Watergate affair.

Apart from all its other national and inter-
national implications, Watergate is expected to
severely handicap the President’s request for
new and extraordinary powers to deal with the
nation’s mounting balance of payments and
trade problems. “The Administration’s bill
would give unprecedented powers to the Presi-
dent” to deal with trade problems, explains one
congressional economic specialist, “and there
are a lot of members up here having second
thoughts about that, considering the way the
White House has been handling itself lately.”
The electronics and aerospace industries, anx-
ious to see the legislation passed, would do well
to listen closely to the views of Chairman Mills,
whose committee will shape the bill.

Another crisis

While the President is confronted by a per-
sonal crisis of substantial proportions, the na-
tion’s trade problems present a national crisis
of far greater significance for the long term.
This was made plain by the mid-May disclo-
sure by the Department of Commerce that the
$10.2 billion balance of payments deficit in the
first three months of 1973 was only $100 mil-
lion less than that recorded during all 12
months of 1972. The red ink for the quarter was
more than three times the $3.22 billion deficit
shown in the first quarter of 1972.

What is intriguing to anyone taking a closer
look at the new Government figures is that this
massive increase in the payments deficit came
despite a significant improvement in the U.S.
trade balance for the same period. Commerce
blames it largely on a $5.9 billion flow of liquid
private capital out of the country in the quar-
ter, reflecting a lack of confidence in the dollar
by those seeking to capitalize on the relative
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stability of European currencies. All of this
presents two significant complications for in-
dustries such as electronics and aerospace that
have heavy multinational interests.

The first and most obvious of these is that ac-
tion to turn the payments balance around can-
not wait on the passage of new trade legislation
later this year. If all the mounting signs of eco-
nomic crisis are not dealt with swiftly and com-
prehensively, then the combination of pay-
ments deficits, inflation, and international
monetary controls could easily snowball, taking
a shaky securities market down with it. The
Mills committee, among many others in Wash-
ington, is cognizant of this, of course.

The second complication is that congres-
sional and other Government fiscal leaders are
also suspicious that a disproportionate share of
the liquid capital outflow out of the country is
the responsibility of the multinational corpora-
tions, protest as some of them might to the con-
trary. Thus are the multinational technologists
likely to find in the Congress a diminishing
sympathy and a more intense questioning of
the motives behind their pleas to eliminate sus-
pension of Items 806.30 and 807.00 of the U. S.
Tariff Schedules from the Nixon trade package
[Electronics, April 26, p. 29].

Shifting power

Mills at one point questioned the wisdom of
giving the President power to grant relief to in-
dustries threatened by imports by imposing
temporary tariff surcharges or quotas. But such
suspicions do not carry over to the White
House request for power to suspend Items
806.30 and 807.00 under which products assem-
bled abroad using U.S. components enter the
country duty-free except for the value added,
despite the strong opposition of such groups as
the Electronic Industries Association and the
Acrospace Industries Association of America.
As alaa president Karl G. Harr, Jr, put it
strongly in early testimony before the Mills
committee, “If the manufacturing is not done
in this manner, it either will not be done at all
or the components will be produced locally in-
stead of in the United States. This would mean
a real loss in American jobs—those of an esti-
mated 37,000 workers” for AIAA’s membership.
Despite their persuasive ring, such arguments
do not seem to have much influenced Mr. Mills
or many of his colleagues, who are being sub-
jected to just as intensive lobbying by orga-
nized labor and its opposite view.

—Ray Connolly
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Teledyne
makes any JFET
you need.

You can book onit.

Every one of our JFETS
costs money. And our
new price list will lay it

right on the line in black
and white. Every Tele-
dyne JFET has a price.

Locate a JFET at a glance
with this one page locator
guide. It lists all signifi-
cant parameters by family
type for N-channel, P-
channel and dual N-
channel JFETS from
Teledyne.

Pick-a-FET locator and
selector guide. This easy
to use guide will help you

select the FET you need
from 19 JFET families.
You can start with just a
key parameter, an appli-
cation or type number
and be led to the best
JFET for the job.

—\

For your free copy of our FET literature pack, call your

Teledyne distributor, or complete the coupon below.
r---------------

Yes, I'm booking on you, send me your package of JFET infor-
mation. | want to be saved from the mass of confusion in selecting, I

specifying and buying JFETS. I
Name Title B I
‘Company o - B I
Address - T I
City - State Zip I

L-----_---------J

the challenger

How to use, where to use,
when to use and what to
use, or everything you
ever wanted to know
about JFETS is in our
applications and specifi-
cations handbook. One
hundred pages of JFET
specs and sixty pages of
applications information
—yours absolutely free.

Never cross a JFET
unless you use our new
cross reference and sub-
stitution guide. This
handy little guide lists
1,232 popular JFET
numbers and crosses
them with the favorite
Teledyne numbers.

And our transistor guide
lists lots, lots more.

‘YT TELEDYNE SEMICONDUCTOR

1300 Terra Bella Avenue Mountain View, California 94040

(415)968-9241

TWX: 910-379-6494 Telex: 34-8416

Circle 55 on reader service card



Electronics international

Significant developments in technology and business

Calculator has drive and display

on a single substrate

Circuits of a new low-power calcu-
lator developed at Sharp Corp. are
on the same glass panel as the lig-
uid-crystal display, making it a cal-
culator on a single substrate.

Even the key-switch inter-
digitated contacts—which are
shorted by conductive rubber but-
tons embedded in an insulating rub-
ber mat when the key is depressed—
are on the opposite side of the same
substrate. The only part of the cal-
culator not on the same substrate is
the direct-current voltage-stepup
converter, which is mounted on a
small substrate of its own—piggy-
backed onto the main substrate.

In one. Liquid-crystal displays are
made by Sharp itself and feature
dynamic drive. The optimum ob-
lique viewing angle for best display
contrast is assured by the use of a
snap-up hood coupled to the on-off
switch. Light to be reflected by the
display enters from both the open
front and from a plastic window
toward rear of hood. The black-
matte hood makes all but the se-
lected segments appear black.

Both the display segments and
the two-layer printed wiring for the
electronic circuits are fabricated on
the lower surface of the substrate,
while the key-switch contacts are
fabricated on the upper surface.
Connections between the printed
circuits and the switch contacts are
made around the edge of the sub-
strate to simplify fabrication.

The low power drain of both the
liquid-crystal display and the C-MOS
circuits enables the calculator to run
for about 100 hours on a single pen-
lite-size dry cell. What’s more, the
unit is complete in itself. “With this
combination of long battery life and
low-cost replacement, it didn’t seem
worthwhile to build an ac adapter,”
says Atsushi Asada, general man-
ager, business machine division.

Although the new calculator rep-
resents a far greater developmental
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effort than other recent units intro-
duced by the company, a significant
portion of it is not new at all. The
C-MOS LSI calculator chip and clock
generator and register MSI chip are
the same units used in an earlier cal-
culator that featured a light-emitt-
ing-diode display [Electronics, Aug.
14, p. 8E]. It is the lower power
drain of the liquid-crystal display
compared with LED display that
gives the almost two orders of mag-
nitude reduction in battery cost and
the doubling of battery life even
though only one rather than four
cells are required.

Two new ICs, both manufactured
by Sharp, are required for the new
calculator, though. Dynamic drive
of the liquid-crystal display uses two
identical packages of C-MOs seg-
ment drivers. The 28-lead max-
imum for the packages used rather
than the size of the chips dictated
the decision to use two chips.

For the backplate driver, a bipo-
lar IC is used. This simplifies fabri-
cation processing because it is much
easier to build bipolar circuits that
operate at the 28 v applied to the
backplate than it would be to fabri-
cate C-MOS ICs for this voltage.

Total power drain is only about
12 milliwatts during standard oper-
ating conditions. The dc-to-dc con-
verter, which has an efficiency in the
range of 60-70%, ups the power

West Germany

drain from the battery to the nomi-
nal value of 20 mw.

Display. The liquid-crystal dis-
play, which makes possible the low-
power and single-substrate features
of the calculator, differs a bit from
other dynamic-scattering displays.
The front-panel glass carrying the
transparent segments is the sub-
strate on which the calculator cir-
cuits are fabricated. A smaller glass
plate carries the mirrored back-
plates. The transparent segment
electrodes are indium oxide, while
the mirrored backplates are alumi-
num. Sharp went to indium oxide
for its longer life and its ease of fab-
rication to the required precision,
compared with the usual tin oxide.

Two coatings cover both the front
and rear electrodes. The coating
nearest the eclectrodes insulates
them from the liquid-crystal mate-
rial, preventing direct current from
flowing between the electrodes and
also electrolytic breakdown of the
liquid crystal at the electrodes.

Overlying the insulation layer is
an activation layer, which has a sur-
face roughness similar to the size of
the liquid-crystal molecules, that
causes the molecules to line up per-
pendicularly to the panel when the
display is undriven. The layer also
acts to speed up the random ori-
entation of the molecules when the
display is driven. O

Solar cells charge the batteries
in table-top cigarette lighters

If two West German companies are
right, solar cells may turn up on cof-
fee tables. Rowenta-Werke GmbH
and Braun AG, majority-owned by
Gillette Co, Boston, Mass., are put-
ting the space-age products into

prototype table-model cigarette
lighters and are looking into the
possibilities of solar-cell-powered
pocket lighters.

Because patents are still pending,
neither company is willing to give
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all technical details on their new
lighters. Rowenta volunteers
enough information, though, to give
a rough idea on how its units work.
Called the Solartronic, its lighter
uses four 2-centimeter-square cells
mounted on top of the case. There,
the cell’s bluish color imparts some-
thing of a decorative effect.

Capacity. Rowenta says that it
manages with only an 8-cm? cell
area “thanks to special circuit-de-
sign measures”. The photocurrent
charges a small nickel-cadmium
battery with a capacity in excess of
100,000 milliwatt-seconds. The bat-
tery supplies the energy for a high-
voltage ignition system which ig-
nites the gas.

A full battery lasts for at least
1,500 ignitions. That means the So-
lartronic can be used to light up an
average of 50 cigarettes a day for a
full month without the battery hav-
ing to be recharged by exposing the
solar cells to a light source. Since a
lighter on a living-room table is ex-
posed to some form of light every
now and then, the Solartronic stays
charged much longer than that.
Lighter operation then depends
only on the amount of gas inside.

Wildred Grosch, marketing man-
ager at Rowenta, is convinced that
solar-cell-powered lighters are here
to stay and that more companies

Light-powered lighter. Solar cell on top of
Rowenta unit keeps battery charged.
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will follow suit in making them.
Braun, which does not yet share Ro-
wenta’s optimisim, is still cautious
on the prospects of solar-cell lighters
and wants to see if demand justifies
full-scale entry into the market.
Whatever their prospects, solar-
cell lighters will be initially a pres-
tige product. Grosch points out that,
when they hit the market in Sep-
tember, the least expensive of the
company’s new lighters will retail
for “between 500 and 600 marks,
probably closer to 600.” At the cur-
rent exchange rate, the price tag
comes to between $175 and $210.
Braun, which does not yet have any
marketing plans, is tight-lipped on
price but says they will be high.
Both companies believe, however,
that prices will come down even-
tually. They are pinning their hopes
on electronic firms being able to
supply less-expensive cells. O

Sweden

Paging system
would cover nation

Sweden, the fourth largest nation in
Europe, is about the size of Califor-
nia, and it’s half covered with for-
ests. But no matter where any of the
8 million Swedes happens to be, he
will never be out of touch if he’s car-
rying a new pocket pager.

The Swedish telecommunications
authority has been given half a
green light for a nationwide per-
sonal paging system, which engi-
neers here say is unique in the
world. The system has been under
development and field test for al-
most four years.

The half green light means that
all that’s left is to work out a deal
with the Swedish Broadcasting
Corp. to share their fm bands. Engi-
neers at the telecommunications au-
thority are optimistic that the
broadcasting company will be will-
ing to work out a deal—and this will
mean that commercial launching of
the system could be in 1975.

The system involves providing
each pocket-paging receiver with a

special 3-tone-code signal receiver.
These tones range from 52-75 ki-
lohertz. When a caller wants to page
a person, he uses a ordinary tele-
phone, dials a special code number
to get into the automatic-paging
transmitter, and then dials the per-
sonal page number of the person he
is seeking. With each person in Swe-
den already assigned a personal
number for tax and census pur-
poses, he already has a personal
number that could be used.

The caller hears a confirmation
signal that the paging message has
been sent out. Before hanging up,
he dials his own phone number,
which is recorded. When the person
being paged hears the beep on his
pocket receiver, he telephones to a
central exchange. The number of
the caller is given to him automatic-
ally over a voice device that has
transformed the telephone number
into a vocal message.

Today, the Swedish Broadcasting
Corp. has three programs broadcast
on the fm band. Program 1 is educa-
tional shows and news, 2 is classic
music, and 3 is light music. Broad-
casting in stereo is done on a test
basis on program 2. Since fm trans-
mitters now cover the nation, this
means that the telecommunications
authority would be able to use these
transmitters for broadcasting the
paging tones.

Seeker. One nuance that the engi-
neers would work into production
receivers would be automatic trans-
mission-seeking, a capability which
would tune the receiver to the most
powerful transmitter.

By using high-speed transmission,
engineers figure that the present fm
network (using 87-100 megahertz)
could handle up to 400,000 custom-
ers—and they certainly don’t expect
this kind of business. However, they
plan on a first production run of
5,000 receivers, which the authority
would market and lease, just to get
the ball rolling. After that, any man-
ufacturer could offer pocket pagers,
which the authority estimates would
be able to be sold for between $100
and $200. Users would pay a regular
fee for the service—which is esti-
mated to run about $50 for a full
year. a
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Norplex...your reliable
hand for printed

circuit boards right on
through turn-on time

Just the right laminates to handle yovr applications. Just the right team to help
assure they keep on performing, right on through turn-on time. That’s Norplex.

Because reliability is what Norplex is all about. In finest-quality, true-to-specs
printed circuit board materials. And in customer service through Norplex
representatives who are more than just salesmen. They are laminate specialists
who want the job done right. .. your way.

And Norplex can offer you a wide choice of grades, foil thicknesses and sheet
sizes...the widest in the industry. Plus a research and engineering staff geared
to designing laminates with special properties for unusual applications.
They’'re available when you need them.

With plants in both Franklin, Indiana and La Crosse, Wisconsin,
Norplex has the answers for all your printed circuit board
requirements. Start the Norplex team working for
you by calling or writing for our latest literature.
Norplex Division, UOP (Universal Qil
Products Company), Norplex
Drive, La Crosse, Wisconsin
54601. Telephone:
608/784-6070.

Norplex laminates

byuop
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French avionics
producers look
abroad. . .

. . . but nation’s
telecommunications
makers thrive at home

Plasma etches and
cleans ICs in
Japanese process

German firm
studies ‘“‘wired nation”’
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International newsletter

Ambitious armaments and aerospace programs that spawn new tech-
nology are noticeably lacking in France these days so the country’s
avionics producers won’t have much in the way of brand-new tech-
nology to unveil at the upcoming Paris Air Show. All the same, they’ll
have some considerable commercial achievements to talk about.

The supersonic Concorde transport and the medium-range, wide-body
Airbus projects don’t look like they’ll turn into major outlets for hard-
ware as once hoped. But French electronics companies are compensat-
ing for this setback at home by aggressive marketing around the world.
Thomson-CSF, the biggest company in French avionics, did some 1 bil-
lion francs (3220 million) in aerospace business last year. This year the
company’s general manager, Jean-Pierre Bouyssonnie, expects aero-
space sales will climb 15%. About 55% comes from outside France.

Where Thomson-CSF has scored best on the ground is in its export
push. Its big order at the moment is a nationwide air-traffic control sys-
tem for Brazil, a project worth 350 million francs (roughly $77 million).
Thomson-CSF radars also are on tap for U.S. airports. General Dynam-
ics has an FAA contract to build 37 ASR-8 airport radars, developed in
France. Texas Instruments has sold 135 sets of instrument-landing sys-
tem hardware built under license from Thomson-CSF.

French telecommunications equipment producers will have full order
books through 1974 at least. In an effort to meet a fast-rising demand
for telephones, the postal ministry plans to spend $2.3 billion next year
for telecommunications. That’s a hefty 25% more than the ministry has
earmarked for this year. The goal now, promised by Prime Minister
Pierre Messmer during the election campaign this spring, is 12 million
lines in service by 1978. The current five-year economic plan calls for
only 9.6 million lines by 1975.

]

Plasma gas ions replace chemical etchants and organic solvents in a
new integrated-circuit fabrication process developed by Mitsubishi
Electric Corp.—and quietly put into operation in the company’s pro-
duction facilities in the second half of last year. The company claims
the process is superior to the ones it replaces by every yardstick appli-
cable to production. Yield and uniformity of MOS threshold voltage are
improved and finer line widths can be obtained. The number of pro-
cessing operations and processing time are decreased, and the labor
content of processing operations is cut. What’s more, since the gas ions
react to form harmless gases and water, the problems of disposal of
spent acids and organic solvents can be forgotten.

The plasma approach can automatically perform masked etching of
silicon nitride layers or polycrystaline silicon layers and the removal of
photoresist after the etching process is completed. Mitsubishi is now
using these processes in the production of LSI chips for calculators, sili-
con-gate LSI memories, and linear bipolar circuits.

Now that the Wired City has become a household word, a new one, the
Wired Nation, is cropping up in European electronic circles. In a study
prepared by Siemens AG, communications experts at that company are
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Surface regrowth
improves material for
magnetic-bubble use

Activity surges
in green LEDs

Addenda

International newsletter

proposing a scheme whereby cable television, which has thus far been
limited to population centers, would be extended to the whole of West
Germany. To wire up the country—which is about the size of Oregon—
the company estimates that $7-14 billion would be needed. The Siemens
Wired-Nation scheme would be based on a broad-band communi-
cations concept in which not only the functions of present-day cable-TV
networks would be handled, but also services like viewer participation
during program transmissions, question-and-answer educational pro-
grams, and various information services. In successive steps of service
expansion, remote shopping, conference television, and video-phone
transmissions would also be handled.

Scientists at the Philips Research Labs in Eindhoven, the Netherlands,
have found a way of producing a near-perfect bubble material—which is
needed for practical memories. In the new Philips method, the thin
magnetic monocrystalline layers needed for high bubble density are
grown from a liquid phase on a nonmagnetic monocrystalline sub-
strate, which has previously been subjected to a predipping process.
The surface of the treated substrate shows considerably fewer crystal
imperfections than bubble materials produced thus far. This, in turn,
enhances bubble displacement in the magnetic layers on the substrate.

In conventional bubble materials, imperfections in the crystal struc-
ture at or near the substrate surface greatly impede bubble displace-
ment. In the Philips method, faults in crystal structure are minimized
by first dipping the substrate in a bath containing the substrate con-
stituents and heated to a temperature at which a thin layer of the sub-
strate dissolves. Next, the temperature of the bath is allowed to drop
slightly. This causes a new and more nearly perfect layer of substrate
material to form on the substrate surface. Finally, the magnetic layer,
from 3 to 5 micrometers thick, is epitaxially grown.

Look for an upswing in sales of light-emitting diodes in coming
months. Following Siemens new production line [Electronics, May 10,
p. 56], Ferranti Ltd. has halved prices for its gallium-phosphide green-
emitting dice to 15 cents each in quantities of 100,000, or about 20%
more than similar red gallium-arsenide-phosphide dice. Similarly, a
new line in small green monolithic seven-segment numerics is priced at
$1.50 each for 100,000, not much more than comparable red numerics.
And Monsanto is making proportionately similar cuts on its reflective-
mode green numerics, which aren’t as bright as monolithics.

Motorola has received advanced notice of permission from the Japa-
nese government to form a 50-50 joint venture with Alps Electric Co.
Ltd. to produce semiconductors in Japan. . . . West Germany’s Grun-
dig AG is readying the country’s first portable color-TV set. The unit,
which will debut at the International Radio Show in West Berlin this
August. Since no German—or European—component houses are yet
producing picture tubes for color portables, Grundig had to turn to a
Japanese supplier, Tokyo Shibaura Electric Co., and its shadow mask
tube with vertical slots and three in-line electron guns.
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GREATEST YIELD
INTHE ELECTRICAL FIELD

ALLEGHENY LUDLUM STEEL
GIVES YOU MORE FOR YOUR MONEY

Wider strip? In widths up to 25 inches, our
electrical alloy strip yields more good parts
faster to cut costs. Sheet? Plate? Bar? Get the
best . . . for laminations and shieldings.

Motors. Transformers. Generators. Relays.
Solenoids. Vibrators. Cores. Check our
Sealmet alloys. Or Ohmaloy. Mumetal.
Moly Permalloy, etc.: all products of strict
A-L qudlity control. . . from computerized
melting to final shipment. .. for
consistently superior characteristics.

Critical demands for leadframes
in semiconductors are more than
semifilled by Allegheny Ludlum.
Our product range and consist-
ently high quality fill numerous
needs.

A pioneer in develop-
ing magnetic shielding
materials, we stock
Mumetal and Moly
Permalloy for prompt
delivery. Our Research
Center, most elaborate
in stainless and specialty
alloys, helps solve spe-
cial shielding problems.

We con earn your seal
of approvdl .. . with
special steels for glass-to-
metal sedls: AL 42 and
4750. Sealmet 1 and 4.
AL 430Ti. And
others. All meet
tightest tolerance
requirements. ..
for sedled-beam
headlights,
fluorescent lights,
electronic tubes.

.32\’.\». ”."m""':‘iffk
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For more on how America's leading producer of

et Ay Lo S ﬂAllgghenylua'lum Steel

Dept. 331, Oliver Building, Pittsburgh, Pa. 15222, Division of Allegheny Ludlum Industries
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all together!

Control confusion? Contact Guardian. Per-
haps the solution will be a solid state
device. Or, an electromechanical
relay. Or, a money-saving assembly
combining both! Our vast experi-
ence in solid state, hybrid and
electromechanical devices
assures you the most
effective possible
solution.
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YOria vs. tieGtromecidnica

CUSTOM CONTROL PACKAGES for 5 HYBRID TIME DELAYS AND RELAYS
sequential switching at precise intervals. for low-cost, dependable solutions to
In most cases, numerous standard Guardian perplexing design problems. At Guardian
solid state devices could do the job. But, to they're yours in standard and custom designs.
lower total cost, Guardian can combine
electromechanical and solid state into a 6 SOLID STATE VOLTAGE SENSORS
single package. The result? Unique solutions that protect other controls and motors
to specific control problems demanding from the damaging effects of under-voltage
adjustable time delay, priority logic, voltage: or phase loss during power outages and
sensing, circuit isolation, or virtually any “brown outs!
switching problem your system might demand.
7 ELECTRONIC “ZERO CROSSOVER"
9 CUSTOM SOLID STATE CONTROL SWITCHES that form an electrical
PACKAGES that put a dozen tunctions “cushion” between signal input and load power
ranging from temperature sensing to time by switching at 0.OVAC *10V.
delay and voltage regulation in a single,
miniaturized, low-cost module.

3 SOLID STATE RELAYS that perform
the function of electromechanical relays | A ‘
with total isolation between control circuit > A ‘ COMPLETE
and switching output. Standard designs for % A APPLICATION DATA
most applications— custom designs at S g s\ IS IN THESE
near-standard prices! : . : TWO FREE CATALOGS.

4 SOLID STATE TIME DELAYS in just about é
any size, shape, form or delay range
your application can demand. Need 30 minute
delay? Guardian’s got it. A 25 millisecomd
delay? We've got that, too. And they’re yours
right-off-the-shelf or in custom designs.

UARDIAN

GUARDIAN ELECTRIC MANUFACTURING CO. ¢ 1550 W. Carroll Ave. ¢ Chicago, lllinois 60607

World Radio History
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Capacitors and resistors for home enfertainment ol

At MEPCO/ELECTRA, we've got 'em all. We can better than 50,000,000 pieces. Standard components
supply passive components to aimost any military or from 10 worldwide plant locations.
industrial specification or for the less critical Complete? Everything from ceramic and electrolytic
high-volume application. ER. . .it's here. Commercial/ capacitors to metal and carbon film resistors. From
industrial... here too. carbon and cermet trimmers to DIP networks,
Delivery? In quantity, fast. From a shelf inventory of hybrid microcircuits and thermistors.




nerospace, all in ourbag!

Our peintis this. .. if you need high production or
short runs for EDP, instrumentation, communications
entertairment or military application check with us
't pays. The best buys are in our bag.

Sold through North American Philips Electronic Component Cosporation

Talk to the manfrom
MEPCO/ELECTRA

MEPCO/ELECTRA, INC.
- NORTH

RICAN PHILIPS cmsmars

FACTORY LOCATIONS:

Columbia Road. Morristown, New Jersey 07960,

11468 Sorrento Valtey Road. San Diego, California 92121
P.O. Box 760. Mineral Wells, Texas 76067
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For years,

people thought
Teletype

machines only i
talked to s

themselves.



Ever since the information
explosion and solid-state tech-
nology, our machines have been
running in a very fast crowd.

With computers.

In fact, Teletype equipment
is compatible with practically

every computer-based communica-

tions system. For proof, you don't
have to look any further than
our product line.

We built the model 33 to
offer economy and reliability.

For an economical wide-platen
terminal, look at our new model
38. If you need heavy-duty opera-
tion, we make the model 35. And
for the utmost in flexibility and
vocabulary, check out our

model 37.

Teletype's keyboard terminals
operate at standard speeds. But if
your speed requirements are
greater, all our terminals are
compatible with the 2400 wpm
Teletype 4210 mag tape unit. We

also manufacture a series of paper
tape senders and receivers with
speeds up to 2400 wpm.

When you look into our
product line-up, you'll find we're
very big on flexibility. In assembled
ASR, KSR and RO terminals. Or
in individual components—
printers, keyboards, readers
and punches.

Take interface options. We
offer three. Built-in modems,
current interfaces and EIA
Standard R-232-C interfaces.

We offer platen widths that
range all the way up to15 inches.

And optional character sets.
Like Greek letters, algebraic and
chemical symbols, as well as
other graphics for charts and
molecular structures.

We also cover error detection
and station control with a complete
group of solid-state accessories.

We're big on economy, too.
Because on a price/performance
basis, you won't find a better buy
than Teletype equipment.

And we didn't forget service.
Qur applications engineers will
work with you to make sure what
you get is exactly what you need.
And after the sale, we'll set up a
maintenance program for you. Or,
if you prefer, we'll train your
people in the proper maintenance
procedures.

For more information about any Teletype product, write or call TERMINAL CENTRAL:
Teletype Corporation, Dept. 53F, 5555 Touhy Avenue, Skokie, Illinois 60076. Phone 312 /982.2500

Teletype is a trademark registered in the United States Patent Office.

Electronics/May 24, 1973

It takes more than manufac-
turing facilities to build the
machines Teletype Corporation
offers. It also takes commitment.
From people who think service is
as important as sales. In terminals
for computers and point-to-point
communications.

That's why we invented
a new name for who we are and
what we make. The computerca-
tions people.

TELETYPE

"I
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Think Twice:

When is a portable

really portable?

HP’s 1700 Series Portable
Scopes Always Are...

They're tough go-anywhere scopes:
weatherproof, dustproof, completely
self-contained. Not the kind of *‘port-
able” that’s gently moved from bench
to bench, trailing a power cord. With
a 1700 Series scope you don’t worry
about the rain. Or the rough ride. Or
whether, when you get there, you’ll
find ac or dc power—or no line power.

An HP portable gives you features you’d
expect only in a big lab scope. Like a
large, bright CRT that lets you see
even difficult signals in high ambient
lighting, ECL trigger circuits and a
trigger hold-off control, and sweep
linearity over the full 10 divisions of
horizontal display —ideal for maximum
resolution in making those critical
timing measurements.

But that’s just the beginning. Then the
1700 Series allows you to pick the
specific features you need for your
field service application: conventional
or variable-persistence storage CRT;
bandwidths of 35, 75, or 150 MHz;
sweep speeds as fast as 2 ns/div; de-
layed or non-delayed sweep; selectable
input impedance; bright-scan viewing
mode; and a built-in rechargeable bat-

Electronics/May 24, 1973

tery pack for complete measurement
independence.

And we’re just as proud of the things
you don't get with a 1700 Series port-
able. No heat sinks. No fans. No venti-
lation holes to let in dust and moisture.
That’s because our circuits are designed
for very low power consumption —and
for long, trouble-free operation. And
there’s no challenge in servicing our
portables. In fact, you can completely
recalibrate some models in an hour or
less, even if all the internal adjustments
are misahgned. It's not very sporting,
but this ease of servicing quickly adds
up to impressive savings.

So before you choose a scope, check
your requirements. Then think twice
about costs and benefits. Remember,
Hewlett-Packard portables let you
make any measurement you need —and
they cost from $100 to $250 less than
comparable scopes. These 1700 Series
portables are priced from $1475 to
$2300 for non-storage models and from
$2375 to $2725 for models with
variable-persistence storage. For help
in choosing the HP portable that’s best
for you, send for a free copy of our
“No-Nonsense Guide to Oscilloscope
Selection.”™ Or contact your local HP
field engineer. Hewlett-Packard, Palo
Alto, California 94304. In Japan:

Yokogawa— Hewlett-Packard, 1-59-1,
Yoyogi, Shibuya-Ku, Tokoyo 151,
Japan. In Europe: HPSA, P.O. Box 85§,
CH-1217 Meyrin 2, Geneva, Switzer-
land.

A
\:

Scopes Are Changing;
Think Twice.

083/1

HEWLETT .hp; PACKARD

OSCILLOSCOPE SYSTEMS
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TheT317 Incoming-Inspection
Department

- TERADYNE MAGNETIC CARD LOADER H417

AT HEF

"

trrerrLeEEY ¢ ¢ ¢

cojccolreranal

Our new T317 tests transistors, Learn more. Get a fact-filled bro-
diodes, SCRs, FETs, zeners, triacs, chure by writing: Teradyne, 183 Essex St.,
and arrays. Boston, Mass. 02111. In Europe, Teradyne

It can muitiplex up to three Europe S.A., 11 bis, rue Roquépine,

different jobs simultaneously, and it inter- 75 Paris 8%, France.
faces to handlers and probers.
It stores programs by built-in
semiconductor memory or by a magnetic
card programmer.

It is powerful enough for produc- - ), ' \ \
tion-line testing, but is priced low enough ‘
for incoming inspection.

Chicago (312) 298-8610 / Dallas (214) 231-5384 / New England (617 ) 245-5340 / New York (201) 871-4052 / Sunnyvale (408) 732-8770
London (093-28) 61111/ Paris 265 72 62 / Rome 59 47 62 / Munich (0811) 33 50 61 / Tokyo (03) 263-9358
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Probing the news

Analysis of technology and business developments

IC makers are betting on C-MOS

They expect it to replace TTL as the standard
logic line, with sales soaring to $100 million in 1975

by Howard Wolff, Associate Editor

With complementary MOS building
muscle as a standard logic tech-
nology, integrated-circuit makers
are getting their production lines
ready for a plunge into the market.
And that market is a dazzling one:
from $8 million to $10 million last
year, total sales are expected to
grow to $100 million in 1975 [Elec-
tronics, Jan. 4, p. 77].

Robert Mason, sales manager at
Solid State Scientific of Montgom-
eryville, Pa., sums it up best, saying:
“We’re obviously not replacing
transistor-transistor logic at this
stage of the game, but I certainly
believe C-MOs eventually will be its
successor—except maybe where high
speed is needed.” Adds RCA’s Harry
Weisberg, manager of MOS IC prod-
uct lines: “Standard C-MOS can go
beyond TTL’s capability, with one C-
MOS circuit often equivalent to up to
30 TTL parts.”

Pick a number. There are two ma-
jor C-MoOS families. RCA’s 4000 series
has the advantage of being older
and established, with a choice of
second sources. National Semicon-
ductor’s 54C/74C has the advantage
of being pin-to-pin compatible with
TTL; however, its only second source
at present is in Japan. As a result,
more companies are putting their
money on the 4000 parts [see
“Choosing sides,” ].

However, National says it’s sail-
ing along. Robert Bennett, C-MOS
marketing manager, claims that
sales have doubled every four weeks
since 74C was introduced last Au-
gust and now surpass National’s
sales of 4000 types. The company
started second-sourcing the 4000s
last June to “support our diffusion
furnaces” while the 74C line was de-
veloped.
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But whichever family dominates,
everyone agrees that C-MOS is the
standard logic of the future. RCA’s
Weisberg expects it to break in at
two main points in the market. One
is where TTL is already used but
where designers are interested in the
improved noise immunity and

stingier power consumption of C-
MOs. Here RCA sees increasing ap-
plication of C-MOS in industrial and
numerical-control circuits, point-of-
sale equipment, line printers, pe-
ripherals, and medical electronics.
The other market is where p-
channel MOS circuits, mostly cus-

Choosing sides

National Semiconductor.

tually will also second-source 74C.

more thoroughly debugged.

C-MOS.

munity in volts similar to TTL specs.

specs than the 4000 series.

Texas Instruments has said it is planning some 4000 parts—including a
high-reliability 4000A line in a ceramic dual in-line package [Electronics,
April 12, p. 82]. And one industry observer says that Tl will announce 30
parts next month: 19 RCA and 11 Motorola types.

Motorola makes the RCA line, which it calls MCI4000, as well as its pro-
prietary line, MCi4500. John Ekiss, group MOS operation manager, is so
certain that his company has taken the right route that he says flatly: *'54C
MOS is dead." Also in the 4000 camp are Solid State Scientific, Soli-
tron Devices—which had been National's sole domestic second source—
Signetics, and General Instrument. Signetics MOS marketing manager Rob-
ert Dwyer says 74C was considered because of its compatibility with TTL
functions. But 4000 won out since, among other reasons, Dwyer says it's

However, no one at National is ready to roll out the hearse. C-MOS mar-
keting manager Robert Bennett says that 74C is ‘‘coming on so fast" that
the bulk of his development support is going to the new line. By the end of
this month, he says, National will be second-sourcing 17 RCA designs and
prime-sourcing 27 of the 74C designs. About 20 more 74C parts, including
a 256-hit tri-state random-access memory, a four-bit adder, and other com-
plex devices, are on the '‘future’ list, compared with only two 4000-series
designs. Among the characteristics of 74C that make National so optimistic:
® The same logic configurations as standard TTL, making it unnecessary
for designers already familiar with bipolar logic to learn how to design with

® Higher speed, current drive, and noise immunity. National says the first
two are a 50% improvement over the 4000 series, and specifies noise im-

m Better compatibility with bipolar logic and more consistent output-current

|
\

More and more IC manufacturers eager to get into the standard C-MOS
logic business are choosing the older, established RCA 4000 family with its
wide choice of parts over the 54C/74C line introduced nine months ago by

Fairchild Semiconductor, which expects to be in production by the end of
the year, will go initially with 4000 parts because of their popularity. It might
also second-source some Motorola proprietary parts, besides building
some of its own. There has been no decision yet on whether Fairchild even-
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This is a

productivity problem.

L ERERTL B

ATTENDANCE CARD SYSTEM

Increased productivity is an
important national priority. It can
mean the difference between a
higher standard of living and the
status quo. It can help stem runa-
way inflation too.

Use of Panasonic Data Entry
Terminals in payroll time record-
ing systems is just one example
of how productivity can be in-
creased. Workers carrying identi-
fication badges insert them into a
Data Entry Terminal when arriv-
ing or departing work. In each
case, the worker’s identity and
the time of punch is instanta-
neously recorded in the CPU.
Time cards, the extensive work of
converting them to punched
Hollerith cards for computer use,
and the resultant errors, are
entirely eliminated.

Panasonic’s Data Entry Termi-

Circle 72 on reader service card

nal is the device that can make
source-data acquisition a practi-
cality almost anywhere. It com-
bines a unique optical card reader
with advanced C-MOS ICs to read
punched cards or badges in the
stationary condition. So it’s re-
markably lightweight, compact,
reliable, and competitively priced.
Because it's manufacturedin a
variety of specifications and op-
tions, Panasonic’s Data Entry
Terminal lets you buy just the
amount of data handling capa-
bility you need. What’s more, it’s
designed to interface with most
multiplexers or CPUs with no
need for a special polling device
or a controller. It has the flexibility
to adapt to most user-designed
systems.

Panasonic’s Data Entry Termi-
nal. One of the more than 30,000

we’re doing about it.

sys:ems and components we
manufacture. Including one you
may be initha market for.

Orperhagsyouneed something
we aren’t prasently manufactur-
ing. No oroblem. More than likely
we have the capability to con-
ceive, design, and manufacture it.
With the speed, efficiency, and
quelity ycu expect from a world-
leading electronics manufac-
turer. In fact, we may even be
working on a new idea or intro-
ducing a re-designed system or
component that fits your particu-
lar specs richt now.

Panasoric pridesitself in its
abi ity to engineer virtually any
system or component you happen
to berin the market for. To your
exzct specifications. We'd like to
hela you. Call us. (212) 973-8216.

Panasonic

our technology is all around you




P_robing_ the news

tom, have held sway. Now engineers
find they can rely on a standard
logic family, accomplishing me-
dium- and even large-scale inte-
grated functions with TTL compati-
bility and lower power dissipation.

Another important area, says
Weisberg, involves equipment that
wouldn’t have been feasible with ei-
ther TTL or p-channel MOS tech-
nologies. This includes such items as
pocket paging systems using digital
C-MOS addressing circuitry, satellite
and airborne computers, and tele-
phone dial-tone generators and coin
changers.

New standard. At Motorola Semi-
conductor, which second-sources
4000 and also builds proprietary
parts, MOS development and plan-
ning manager Ronald Komatz ex-
pects C-MOS to replace TTL. “On
new designs, I think C-MOS will be-
come standard. Where it can’t be
used because it’s not fast enough,
users will go 74S [Schottky] or ECL,”
he said. C-MOs is about 5 megahertz
at 5 volts, 10 MHz at 10 to 15 v.
Standard TTL is 25 MHz at 5 V.

Komatz thinks the TTL shortage
may have helped accelerate early
redesigns to C-MOS from TTL, “but
now they can’t get C-MOS either.”
He says Motorola’s production has
doubled since the first of the year,
“but orders have tripled.” Komatz
concedes that backlogs are building,
with wafer fabrication the real
crunch.

One of RCA’s first C-MOS second
sources, Solid State Scientific, put
together a pair of $1 million-plus
deals earlier this year. The rapidly
growing company signed contracts
with the Philco-Ford division of the
Ford Motor Co. and the Chrysler
Corp. for custom C-MOS circuits for
auto seat-belt interlock systems.

As for standard logic, sales man-
ager Mason believes that there will
be no problem with designers learn-
ing a new set of logic rules. If
they’ve used TTL they’re accustomed
to a system concept of gates, flip-
flops, MsI, and building blocks, he
says, and “even though the logic
family may be different, concep-
tually it’s the same.”

This year will be a dramatic one
for C-MO0S, he continues. “It will be
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the first year of real production.” He
estimates that C-MOS sales should
hit $35 million by the end of the
year.

Solid State Scientific has been in-
creasing production facilities “dra-
matically” since last fall, according
to Mason. But sales are booming to
such an extent that “the faster we
go, the behinder we get,” Mason
says, paraphrasing an old saying
from the nearby Pennsylvania
Dutch country.

Cheers. “We’re very excited about
the Cc-MOS market,” declares Wil-
liam Maxwell, digital products mar-
keting manager at the Harris Semi-
conductor division of Harris
Intertype Corp., Melbourne, Fla. By
the end of 1973, Harris plans to
have 39 circuits on the market, up
from 15 so far. “60% of them will be
4000-series parts, while only a few
will be Motorola types,” Maxwell
says. The rest will be proprietary de-
signs, relying on a dielectric isola-
tion process that results in a circuit
roughly two to three times as fast as
the 4000 series and with quiescent
power dissipation an order of mag-
nitude lower. Right now, commer-
cial units with temperature ranges
of from -40° to +85°C sell at a pre-
mium of 25% to 30% over conven-
tional 4000-series units. However,
the full-temperature-range devices
are competitive.

Maxwell says that improvement
in yields, which Harris is already
seeing as production builds up, and
the introduction of a plastic package

(to go with the ceramic dual in-line
packages) should bring this price
premium down to only about 10%.

Like its fellow IC makers, Solitron
Devices Inc. in San Diego, Calif,, is
betting heavily on C-MOs. The com-
pany has 32 of the 4000 parts, ‘with
13 to be added by June. It also has
three proprietary parts, with two
more due next month. And while
Solitron is second-sourcing only
RCA, after dropping its 74C parts
[Electronics, May 10, p. 25], MOS ap-
plications engineer James Everett
says that it is also interested in
Motorola’s seven-segment driver
with bipolar output.

Going east. Back on the East
Coast, General Instrument Corp.
also has its eye on the end of the
C-MOS rainbow. One of the product
marketing managers in the com-
pany’s Semiconductor Components
division in Hicksville, N.Y., says it
will announce eight 4000-type prod-
ucts by the end of the year, with the
first—a quad bilateral switch—to be
available this month.

As C-MOS invades more and more
of what is now TTL territory, pro-
duction facilities are showing the
strain. Solid State Scientific has al-
ready increased capacity; Motorola
is building a new plant in Austin,
Texas, dedicated to MOS. And de-
mand in Europe has been so heavy
that Motorola has decided to begin
making C-MOS in Scotland. O

Reporting for this article was provided by George Sideris in
San Francisco, Paul Franson in Los Angeles, and Alired
Rosenblattin New York.

The difference

| Ali complementary-MOS logic families are based on the inverter concept of
circuit functions. The circuits consist of two types of MOS enhancement-
mode transistors—a p-MOS type and an n-MOS type—in various parallel
and series combinations on a single chip. The 74C logic family from Na-
tional Semiconductor differs from the basic 4000 family because its pin ar-
| rangements are identical with those of standard bipolar logic (TTL, low-
power TTL, DTL, and so on), so in some cases it can be used as a direct
pin-for-pin replacement in standard logic configurations. This is not true of
the other C-MOS types, which have been uniquely partitioned to be used

l specifically for C-MOS applications.

The compatibility of 74C with standard bipolar logic circuits is one of its
strongest selling points. National says that the 74C series can be driven di-
rectly from TTL, low-power TTL, and DTL over the commercial temperature
range without external pull-up resistors, but the 4000 series cannot be
driven directly by bipolar logic because that family does not guarantee a di-
rect interface with no pull-up resistors. As for the other question, whether
74C can drive bipolar logic, the answer in many cases is ''yes’ —but is also

| more complicated.—Laurence Altman
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Commercial electronics

Hotels like what they see in pay TV

1973 shapes up as boom year for private delivery systems

enabling guests to watch first-run movies in their rooms

by Alfred Rosenblatt, New York bureau manager

The average audience is not likely to
be as numerous or as husky as the
22 football players who crowded
into a single Atlanta hotel room one
Friday night last fall to see the
movie “Deliverance.” In town for a
big college football game, the play-
ers were viewing the first-run show
over a pay television system that
had just been installed at the Re-
gency Hyatt House by Trans-World
Communications division of Colum-
bia Pictures Industries Inc. The
charge: a flat $3 for “unlocking” the
room’s TV set so the movie could be
seen, or little less than 14 cents per
footballer.

Most often, the personal econom-
ics will not be this attractive. But for
travelers finding themselves in
strange cities with little to do, pay
TV systems may prove to be a cheap
and convenient entertainment
boon—so much so that 1973 is shap-
ing up as a boom year in the num-
ber of pay systems installed in ho-
tels and motels across the country.

Trans-World’s Tele/Theatre
movie system, for instance, in the
past 15 months has gone into 29,210
hotel rooms in 27 hotels in seven
cities. The company expects this fig-
ure to double by the end of the year.
Another company in the field, Com-
puter Television Inc’s Computer
Cinema division, New York, reports
it has just signed on with the Hilton
Hotel chain with a potential 40,000
rooms across the country. Players
Cinema Systems Inc., Englewood
Cliffs, N.J., boasts some 14,500 hotel
rooms with more “signing up like
crazy,” according to a company
spokesman.

And a newcomer to the field,
Telebeam Corp., has signed on the
Americana Hotel in New York.
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The designs of the various sys-
tems differ markedly. In any given
city, Trans-World may distribute its
programs—sport and theatrical
events as well as movies may be of-
fered—from a central studio to its
hotel clients over specially installed
coaxial cables. Or, with the FCC ap-
proval it has received in at least four
cities, it may beam the signal from
the studio to the hotels over a pri-
vate microwave link.

Riding a LED. Telebeam, however,
since the installation of either a coax
or microwave link is expensive, en-
codes its programs on the beam
from a 20-milliwatt light-emitting
diode, and then transmits them to a
receiver at the hotel. From one loca-
tion, then, the company can trans-
mit to any hotel within a range of a
half mile. Eschewing a distribution
net from a central studio is Players
Cinema Systems. It actually sets up
video tape players with program
tapes in each hotel subscribing to its
service.

Other elements in the pay TV sys-
tem include the central control sta-
tion in a hotel through which the
room units can be unlocked to un-
scramble the picture for a paying
guest, plus maybe a control unit in a
hotel room for selecting one of sev-
eral pay TV channels.

The central control station, often
directed by a minicomputer, is used
to keep track of the programs or-
dered by guests so that they can be
billed later. It usually distributes the
programs to the individual rooms
over the master antenna network
that is already installed.

Computer Cinema, however, does
not believe the master antenna sys-
tems are generally in good enough
shape to provide a suitable signal

for a customer paying for a pro-
gram. This company, therefore, in-
stalls its own coaxial network in the
hotel, connecting each room to a
“switching nest” that may pick up
all the rooms on a floor, or all the
rooms in a vertical line through the
building.

The switch itself, specially built
for the company by Data Architects
Inc., Waltham, Mass., is “one of the
most sophisticated rf switching units
in the business,” says executive vice
president Paul von Schreiber. The
company’s three pay channels are
transmitted in a 50- to 100-mega-
hertz band. The fact that, instead of
an elaborate control unit, only a
very simple switch is needed in the
hotel room at the TV set compen-
sates somewhat for the expense of
wiring the hotel with the dedicated
coax. Von Schreiber estimates he
can fit up a hotel for about $100 per
room, plus the cost of the studio
origination equipment. Others find
the costs as high as $150 per room.

Most of the systems, however, do
not have any provision in the indi-
vidual rooms for ordering a pro-
gram. Rather, the guest is expected
to telephone down to the control
station and request the program he
wants to see. An operator at the sta-
tion then switches the program to
the room.

Payment plans. Most of the sys-
tems, too, operate with the customer
paying a flat rate—$3 is a usual fig-
ure—for each program he wants.
Others, such as Players Cinema Sys- .
tems II, are “subscription” services
in which the hotel pays the fees and
the guests can then see whatever
programs are being sent into the
system. Critics of this system assert
that the payments to motion picture
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producers would not be attractive
enough for them to furnish popular,
first-run motion pictures. This is be-
cause they would receive a flat rate
rather than a payment based on the
number of viewers.

Players Cinema also has another
pay-as-you see system that does not
employ a scrambled picture which
must be decoded. Rather, a hotel
guest will receive a clear, unim-
peded picture. But his viewing is
monitored by a central station in the
hotel. If he’s tuned into the program
for, say, longer than 10 minutes, he’s
billed.

Two-way control. Perhaps the
most sophisticated system in terms
of the number of services offered is
Telebeam’s. It provides five chan-
nels of pay Tv, relying on an inter-
active, two-way control unit in the
room that allows a guest to do such
things as dial up various informa-
tion services, such as restaurant
menus or airline and train sched-
ules, or keep track of whether the
door to the room is opened without
authorization. Both Trans-World
and Computer Cinema, among oth-
ers, are also developing similar ex-
panded services around their pay TV
system. The latter company plans to
upgrade one of its Hilton hotel sys-
tems to a two-way system by next
summer.

In the Telebeam system, the in-
formation is displayed on the TV set
using a frame grabber device manu-
factured by Systems Resources
Corp., Plainview, N.Y. [Electronics,
March 17, 1972, p. 30]. In addition,
Telebeam provides a terminal, to be
deployed beside the hotel’s various
point-of-sale terminals, that imme-
diately bills a guest when he

presents a check at, for example, a
hotel coffee shop or restaurant. Em-
ploying a 7-inch TV set, the terminal
displays the guest’s original registra-
tion card with his signature; it’s de-
signed to eliminate the “charges af-
ter departures” that are the bane of
the hotel manager. Telebeam also
has a room-status terminal for the
front desk that keeps track of rooms
as they are sold, vacated, or cleaned
by the maids.

But the security provision should
be of greatest interest to hotel keep-
ers. In this mode, the central com-
puter station can monitor through
the hotel’s master antenna system as
many as 2,000 doors per second. An
unauthorized entrance made, for ex-
ample, without the proper key, or
when a room guest has checked out,
immediately triggers an alarm.

As the pay TV systems prove suc-
cessful in hotels they will undoubt-
edly be applied to large apartment
houses and hospitals, as well as
being introduced to already in-
stalled community-antenna TV sys-
tems. In fact, this latter type of sys-
tem is already operating in many
parts of the country. For many com-
panies, hotels are a proving ground
for their system. “They’re simpler
systems to do, more controllable,
and they can be adjusted more thor-
oughly,” says Marvin Korman of
Trans-World. Comments Computer
Cinema’s von Schreiber: “Hotels
are a natural learning environment
for both the economics and tech-
nology for pay TV.” The environ-
ment is relatively easy to set up and
service, he continues, and “you
don’t have to worry about upgrad-
ing 300 miles of outside cable

plant.” 0O

Headquarters. Trans-World's originating
studio pipes first-run movies to hotel oay- TV
systems. Charge is usually $3.
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Computers

Moscow strides into the marketplace

Westerners at first showing of the East Bloc’s Unified System agree
it will be strong competitor, even as they press sales efforts

by Axel Krause, World News

The Soviet Union’s four-year effort
to make the Comecon nations a
force in the European computer
marketplace has been successful
That’s the virtually unanimous con-
clusion of Western computer experts
who traveled to Moscow this month
for their first look at the line of com-
puters, software, and peripherals
produced by the Soviet-led Eastern
European bloc. However, even
though they were impressed by the
display, the Western marketers have
no intention of easing up on their
Eastern Europe sales efforts.

The series, formerly RJAD but
now officially called ES (from the
Russian for Unified System) [Elec-
tronics, Sept. 25, 1972, p.72] is on
display until June 10 in Moscow. It
demonstrates that “concretely, [the
Soviets} now will be able to handle
all their routine, commercial data-

processing needs on their own,” said
a senior marketing executive of Brit-
ain’s International Computers Ltd.
after an inspection tour of the ex-
hibit. And, as though to underscore
that, a top Soviet computer official,
pointing toward the equipment—
ranging from the small, Hungarian-
made ES-1010 to the powerful, So-
viet-made ES-1050—flatly declared:
“What you see here either is being
mass-produced already, or will be
by the end of 1973.”

Consequences. While Western
computer experts questioned how
fast or in what quantities the series
actually would be manufactured
and installed, Soviet officials pro-
vided a glimpse into some of the in-
ner workings and implications of
the joint project, which initially in-
cluded the Soviet Union, Bulgaria,
Czechoslovakia, East Germany,

Looking it over. Technician at the exhibit of the new ES computer series in Moscow works a
terminal scanner under the gaze of a portrait of Soviet party chief Leonid Brezhnev.

Hungary, and Poland. Soviet offi-
cials disclosed:

® An ES-series intergovernmental
coordinating agency will be in
charge of all future development
and design work. Moreover, the
agency will, for the first time, in-
clude Rumania, which had decided
to stay out of the ES effort but from
now on will participate in all future
work, including design and possibly
software development. “Eventually,
we hope to go beyond the ES-1060,”
said a Soviet official, referring to the
most powerful computer in the
series, which is still under develop-
ment by the Soviet Union. The 1060
will be a 2,048,000-byte machine.

’ Experience, knowhow, and equip-
ment from Western computer firms
will be welcomed in complementing
the ES-series development.

® Soviet planners have no serious
ambitions now to export substantial
amounts of equipment from the
present ES series.

Western computer experts viewed
the developments with mixed feel-
ings. A seasoned executive of a U.S.
electronics firm, with long experi-
ence in East European countries,
said that “as with others in this
league, our technology is so far ad-
vanced that we aren’t worried in the
slightest—but some large computer
firms should be.” As the executive
sees it, the market for computers in
the range of the 1BM 360/50 and be-
low will be “gradually squeezed and
eventually eliminated.”

He predicts that Western com-
puter and electronics companies in-
creasingly will be competing against
ES-series equipment as it becomes
available. For the immediate future
anyway, there should be some con-
solation for marketers in develop-
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What looks like data here

could be garbage there.

And vice ‘versa.

If you’ve ever tried to combine
data interchangeability and low
cost digital recording you
know the problem: data in,
but sometimes only garbage out.

So we've come up with a
system for cutting costs without cutting
corners:

The “Scotch” Brand Data
Cartridge and 3M Data Cartridge Drive.

Fully compatible with proposed
ANSI Standards for %" cartridge devices,
our system records — and retrieves — up
to 5.5 million bits of data on each of 1
to 4 tracks. Shuttles bidirectionally at 90
ips. Reads, writes and backspaces at
30ips. And provides a data transfer rate
of 48,000 bps.

You get reel-to-reel perform-
ance for about the price of a 0.150"
cassette system.

The medium is our own %"
“Scotch” Brand Data Cartridge, with its
unique endless drive band. A new
concept in tape handling, it requires no
external tape guidance and external
power at only a single point. Tape
handling is so gentle, so precise tape
can’t cinch, spill, stretch or break and
cartridge life expectancy is in
excess of 5000 passes.

Andto ensure data
interchangeability, we’ve
developed a drive with the
same simplicity and reliability. A smgle
dc motor with a tachometer feedback
speed control. Servo control of the
start/stop ramps for accurate inter-

Clean up at NCC Booth #2741.
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record gap lengths.
A die cast top plate
for exact cartridge
positioning. And
foolproof, drop-in
loading that auto-
matically positions the cartridge in
precisely the same position even after
thousands of load/unload operations.

In OEM quantities, the basic
DCD-3 Data Cartridge Drive — with a
single-channel, read-while-write head
and servo electronics—is less than $350.
Full-blown evaluation units with data
and control electronics in a 4 track, read-
while-write configuration are just $961
and available now.

It’s your chance to clean up your
data interchange problems. And your
costs.

Contact Data Products, 3M Com-
pany, 300 S.Lewis Rd.,, Camarlllo Calif.
93010. Tele-
phone (805)
482-1911.
TWX: 910
336-1676.

We've been there.

And brought the answers back.

3 COMPANY
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Tung-Sol®
30 500 Amp
Power Rectifiers

Tung-Sol! rectifiers are con-
servatively rated to assure
the widest possible margin
of safety and reliability.
Press-fit rectifiers to 44
Amps. Stud-mounted types
to 420 Amps. Ratings to 500
Amps in flat-base construc-
tion.

i I )
53 . -~ o t

Modular Brige Rectifiers
10 to 35 Amps

Highest surge ratings give
designers maximum protec- !
tion against voltage over-
loads. D ;

B-50 Series—To 10 Amps DC.
50 to 600 PRY. 300 Amps surge.

B-40 Series—To 15 Amps DC.
50 to 1,000 PRV. 300 Amps surge. [

B-10 Series—To 30 Amps DC.
50 to 1,000 PRV. 460 Amps surge.

1 B-29

Tung..
Threem

B-20 Series—To 35 Amps DC.
50 to 1,000 PRV. 400 Amps surge.

WRITE FOR TECHNICAL INFORMATION.
SPECIFY BRIDGES, OR POWER RECTIFIERS.
SILICON PRCOUCTS SECTION

WAGNER ELECTRIC CORPORATION

63C West Mt. Pleasant Ave. Livingston, N.J. 07039

TWX: 710-994-4865 PHONE: (221) 992-1100
(212) 732-5426

Tradercark TUNG-SOL Reg. U. S. Pat. Off. and
Marcas Registradas
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ment gaps noted in the series by
Western experts. These include ad-
vanced disk systems, memory stor-
age units, communications equip-
ment, and high-speed printers.

IC problems. Soviet and Bulgarian
officials, jointly developing the Es-
1020 computer—with its 256,000-
byte main memory roughly equiva-
lent to an IBM 360/40—admitted to
visiting Westerners that they were
still encountering difficulties with
the production and installation of
integrated circuits. Commented a
Western computer engineer after
seeing the unit, “The kinds of cir-
cuitry problems they described were
exactly the same as those besetting
us six or seven years ago.” But he
added that they seem to be finding
solutions.

While Soviet ambivalence is not
making the marketing tasks of com-
panies any easier, there are some
clear-cut signs that several leading
U.S. computer companies are press-
ing ahead to expand their business
in the Soviet Union. With Washing-
ton’s continuing embargo on sale of
computers above the range of the
IBM 360/50, any of these deals that
materialize into sales and deliveries
would represent breakthroughs.

At the center of things is IBM,
which last month signed a contract
to supply a large computer system
to the Soviet travel company Intour-
ist. It is described by Moscow
sources as a 370/155 with enough
memory to make it totally unac-
ceptable to Washington under exist-
ing embargo rules. Western diplo-
mats in Moscow are convinced,
however, that IBM would not have
signed the contract unless it had

The waiting game

Not only are Western computer and peripheral makers busily knocking at
Russian doors, but large components firms, among them Texas Instru-
ments, have been actively canvassing the Soviet market. Again, for what
the Soviets want most—the latest, highly sophisticated IC equipment, tech-
nology, and knowhow—the embargo remains in force.

""Unless Kissinger, Nixon, and Brezhnev have come to some kind of new
understanding on the embargo we don’t know about yet, | would say that
the chances of anything happening soon are about nil," says a highly
knowledgeable U.S. electronics executive. He notes that easing of restric-
tions on sale of electronic products announced last year has not yet been
implemented by U.S. Government agencies. ''We are still waiting,”’ he says.

some strong indication that the
Nixon Administration would re-
verse current restrictive policy. The
June 18-26 visit of Soviet party
leader Leonid Brezhnev to the U.S.
could result in relaxation of the em-
bargo.

If the embargo were lifted, several
other pending major computer proj-
ects could be consummated, accord-
ing to Western diplomats in Mos-
cow. These include an estimated $25
million data-processing system for
the $2 billion heavy-duty truck
plant the Russians plan to build on
the Kama River, east of Moscow.
Though ICL, 1BM, and Honeywell-
Bull have been mentioned as among
those interested, some trade sources
in Moscow report that IBM already
has signed or is about to sign a con-
tract.

Soviet officials also have re-
quested bids for an estimated $15
million computer network for Ae-
roflot, the Soviet airline. But this
deal, too, is running up against
Washington’s embargo, since the
equipment involved calls for exten-
sive memory storage capacity.

CDC deal. Control Data Corp. is
continuing negotiations with Soviet
organizations for a range of proj-
ects. Among them is the possible
sale of several computers, ranging
from the Cyber 70 up to the Cyber
76, as well as cooperation in devel-
oping large-scale, advanced, com-
puter-manufacturing potential.

Several U.S. companies are bid-
ding on a Soviet proposal to build a
plant specializing in manufacturing
disk packs and magnetic tapes.
While the investment called for is
believed to be in the range of $10
million, progress was described by
Moscow sources as slow, pending
approvals by Washington. |

1
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~ These
digital panel meters

are changing your

thinking about

They all operate on 5 volts DC.
A new class of DPM's.

Most of your electronic systems
have lots of digital logic all over the
place along with 5 volts of DC to
power it. We pioneered a way to use
the same 5 volts to power the DPM
as well.

The first thing this means is that
you don’t need a separate power ANALOG
supply just for the DPM. That saves

money. It saves space. Less heatis
generated. The design becomes

simpler and the reliability is +
improved. I

Then, because line-power voltage | [QANaLos
is kept away from the DPM and its :
inputs, internally generated noise |
is virtually eliminated. You get more |
reliable readings.

Now you can think of a DPM as a
component just like any other logic st
componentin your system.

We offer DPM'’s optimized for
economy display applications. Like
the AD2001, 3¥2 digits — $89*. The
AD2002, a $50* 2¥2 digit replace-
ment for analog meters.

digital panel meters.

And the smallest, the AD2010,
a 3% digit LED display DPM with
full latched BCD outputs at only $79*.
Then, for system interfacing
requiring exceptionally clean digital
outputs, good isolation and high
noise immunity, we offer the AD2003,
a 3%z digit DPM with differential input,
CMR of 80dB and normal mode
rejection of 40dB at 60Hz. All for $93*.
If you need 4%2 digits, there’s the
AD2004 LED display DPM with an
optically isolated analog section, and
fully floating differential input pro-
viding CMR of 120dB at =300 volts
and normal mode rejection of 60dB

 at 60Hz or 50Hz. This one's $189*.

BCD outputs onall.

All'small.

All given a seven-day burn-in for
added reliability.

Our thinking hasn't stopped
because yours hasn't either.

And ourDPM'’s give you a lot
more to think about.

Analog Devices, Inc., Norwood,
Mass. 02062.

*All prices are the 100-piece price.

ANALOG
DEVICES

Call 617-329-4700

for everything you need to know about 5 volt DC powered DPM’s.
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Probing the news

Companies

Many pennies from heaven

By interpreting satellite data on the earth’s natural resources,
Earth Satellite Corp. benefits both itself and clients the world over

by William F. Arnold, Aerospace Editor

The Federal Government develops a
new technology—and the private
sector, in exploiting it, opens up a
whole new market. The latest ver-
sion of that script starts from the
NASA-derived technology of elec-
tronic remote sensing using mete-
orological and earth resources satel-
lites and stars a small Washington-
based company named Earth Satel-
lite Corp., known as Earthsat.

Earthsat specializes in integrating
satellite remote-sensing data and
aerial photographs with electronic
and computer techniques to pro-
duce resource analysis tailored to
the special needs of its clients. The
result is a growing clientéle among
Federal agencies, state and foreign
governments, and private com-
panies that need to survey an area
or to inventory resources.

What a company like Earthsat of-
fers is the speedy and precise in-
ventory of an area’s resources,
thanks to satellite sensing and com-
puter-based analysis. For example,
Iran, concerned about increasing
the amount of protein in its citizens’
diet, wants to know the extent of its
grazing land so it can plan cattle
production. Conventional surveying
techniques could take decades, but
satellite technology will let Earthsat
give the Iranian government an
exact inventory of its approximtely
100 million hectares of potential
grazing land in 120 days.

Jersey, too The uses and users are
varied. Besides Iran, Earthsat has
contracts with the state of New Jer-
sey to map the wetlands; with the
Brazilian government to chart the
Amazon River basin; with the state
of New York to identify danger
zones in strip mining areas as a pre-
liminary to better control of land
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use; and with the states of Maryland
and Arizona, and the governments
of Argentina, Ecuador, Greece, and
Venezuela for various land-use in-
ventories.

Applying satellite data to com-
mercial and public needs is success-
ful for a variety of reasons. It re-
sponds to an urgent demand for
resource planning in a shrinking
world. A factor, too, is that the com-
pany’s president, J. Robert Porter
Jr., was chief of NASA’s earth re-
sources technology program until he
quit four years ago to form Earthsat.
His vice president, Arch B. Park,
succeeded Porter at NASA until he
left last March to join the company.

Whether by performing the sur-
veys itself, by consulting, or by
training a client’s cadre to perform
analysis, Earthsat applies satellite
technology to social and economic
uses.

Refined ERTS technology gives
analysts a lot to work with. A multi-
spectral scanner onboard the craft
picks up images simultaneously in
four spectral bands of green, red
and two infrared, stores them, and
dumps the pictures digitally as it
passes over U.S. receiving stations,
explains Charles Sheffield, Earth-
sat’s computer applications man-
ager and president of Image Pro-
cessing Inc., of which Earthsat is
majority owner. Each ERTS picture
covers an area 115 miles on a side
with a high resolution of 70 meters,
he says. Iran can be covered in 107
pictures, of which 42 have to be
studied for grazing land and only 10
of those intensively, Parks adds.

Since ERTS passes over the same
area many times during its journeys,
an agriculturalist, for example, can
chart the maturation of a wheat

P -

field or the cancerous growth of
corn blight by studying the fre-
quency distributions and changes in
the images.

Earthsat’s IBM 360/50 computer
helps handle the voluminous data.
One image from one of the four
bands contains 7.6 million eight-bit
bytes, each of which corresponds to
one grey element in the picture (the
computer processes in black and
white), explains Sheffield. Each
ERTS picture element equals about
one acre of land.

But it isn’t quite as simple as that,
Sheffield goes on. On the data col-
lection side, the ERTS pictures have
to be “underpinned” with ground or
aircraft surveys to establish refer-
ence points. According to Park,
however, only a millionth of the
sample area is needed, instead of
the 10% sampled in other survey
methods. On the processing side,
Earthsat uses a highly interactive
process employing optical, analog,
and digital techniques with “the hu-
man operator very much in the




loop,” Sheffield says. A Dbiologist
trained to use the computerized pro-
cessing can employ his special and
sometimes intuitive knowledge to
get the most out of the data. This
way, “we avoid the problem of try-
ing to encode into the computer
what’s in a person’s head,” Sheffield
says.

Armed with the computer and
equipment such as additive color
viewers and a Digicol unit (which
translates grey tones into color)
made by International Imaging Sys-
tems, Mountain View, Calif,, Earth-
sat personnel prefer to work with
the unprocessed computer-compat-
ible ERTS tape. The data can be
“squeezed” using a variety of pic-
ture-enhancing techniques, such as
frequency histograms, Fourier
transforms, scale changes, and edge
enhancement. A current project is
development of an automatic crop-
classification system, Sheffield says.
With the technology it’s possible to
completely classify an agricultural
area by vegetation codes, even be-
fore a team goes over to find out
what plants go into the classifica-
tions, he adds.

Porter had two lean years before
Earthsat began to take off. Now, fat-
tened by the New Jersey wetlands
survey at $800,000 and the $1 mil-
lion Interior Department contract
among others, the company is look-
ing up. Current backlog is more
than $2 million, and assets equal $1
million plus. O

Earthsat brass. J. Robert Porter Jr. left, is
president, and S. Benedict Levin is executive
vice president.

Aclu'al scan using RL512 arrav. Scan rate, Z MHz. Resolution, 6 mils; 4 bit A/D conversion
provides 16 gray levels. Phato rs courtesy of Recognition Equipment, Incorporated. (see

ANNOUNCING
THE FIRST
PAGE READER
ON A CHIP

You can read a standard 82" wide page at 16 mil
resolution with only a single RL-512 self-scanned array.
With only two of the 512 element devices aligned you
can improve resolution to 8 mil on paper and still read

at up to 10 MHz scan rates.

The Reticon RL-512 array offers 512 photodiodes on 1 mil
centers self-scanned by on chip shift registers and
multiplex switches. The device offers high sensitivity,
charge storage moce operation, scan rates from 10 KHz
to 10 MHz and operation on 15V supply. Optical quality
quartz window seals the 18 pin standard ceramic DIP.

Other applications include OCR, facsimile, surveillance,
industrial control, size and edge monitoring, laser
detection and many others.

This and other devices of 16, 64, 128, 256 elements are
available from inventory.

RETICON™

450 E. MIDDLEFIELD ROAD
MOUNTAIN VIEW, CA 94040
(415) 964-6800

Note The IEEE Sid 167a-1971 High Delinition tacsimie Test Chart was reprod iced by permission of the Institute of Electrical and Electronics Engineers, Jnc
345 Lawt 47th Sireet, New York, N.Y. 10017
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The Elegant
Custom Coils

Inductor coils made with a jeweler's
touch. At mass-production prices. Ele-
gant answers to applications that de-
mand exacting performance. Like
solenoid control valves. And coils for
computer disc drives. With custom bob-
bins, windings and transfer-mold encap-
sulation executed under a single roof. So
turnaround is fast — even when you want
sample or pilot quantities.

Coil winding is automatic. From wire
size #10 through #50 including ultra-
fine wire. Thermoplastic and thermoset-
ting materials include nylon, fluorocarbon,

silicone phenolic.Or

glass-reinforced nylon,

epoxy, polyester or DAP.

with the elegant craftsmanship you expect
from USEC as an EAI company.

275 Warren Street

Lyndhurst, New Jersey 07071

Tel. (201) 438-2400

i “Delrin”’ acetal, ''Lexan,”
&

Everything is created

United States Electronics Corporation

A Subsidiary of Electronic Associates, Inc.
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Probing the news

Medical electronics

“‘Olli’ is taking

giant steps

Small Finnish company entered medical market in 1969;
to log $2.5 million in '73 with monitor, lab systems

by Martin Schultz, World News; Arthur Erikson, Managing Editor, International

You don’t judge a book by its cover,
and you don’t judge a company sim-
ply by its size. And even by Finnish
standards, Ollituote Oy is small.
Only some 150 workers report for
work each day at the company’s
modern but modest plant in the
wooded outskirts of Helsinki. None-
theless, Ollituote has compiled a
track record many a larger corpora-
tion would envy: in 1973, a scant
three and a half years after it
plunged into medical electronics,
the company has a line of hospital
hardware that’s selling strongly in
export markets as well as in Fin-
land.

And largely as a result, Ollituote’s
sales are spurting. For 1972, the
firm logged roughly $1.65 million in
sales, about half in medical and half
in “conventional” electronics. This
year, Ollituote figures its sales will
Jump more than 50% to reach $2.58
million. Some two thirds of sales
will come from items like the Olli
3000 automated chemical analyzer,
cardioscopes, defibrillators, and ar-
terial pressure meters. The other
third will come from Ollituote’s for-
mer bread-and-butter hardware—
warning flashers, electronic controls
for electric fences, and subas-
semblies for elevator controls.

Diagnosis. When Ollituote got
into the hospital field, says Harry
Timonen, managing director, “there
was no domestic production at all. It
was all imported.” Further, the
company realized that Finland has
a reservoir of medical technologists
eager to cooperate with a Finnish
company in the design and domestic
production of hospital electronics.
And there was adequate electronics

expertise in the country’s technical
universities.

Ollituote plunged into the world
of hospital electronics in 1969 in a
joint project with the huge state-run
engineering corporation, Valmet In-
strument Works. The pair devel-
oped a I2-patient coronary-care
unit and by 1970 had the first one
installed in the hospital at Tampere,
Finland’s second largest city. Timo-
nen maintains that the Ollituote in-
tensive-care system costs about 20%
less than imported systems. To be
sure, the Ollituote equipment
doesn’t provide the diagnostic ca-
pacities—not really needed usually,
Timonen insists—of most other
hardware. But the company has
managed to sell several hundred.

This first success in medical elec-
tronics obviously made Timonen ea-
ger to try again, and he soon had a
team looking into operations at sev-
eral general hospitals. One thing the
team found was that hospital labs
tended to be overloaded in the
morning and that pointed to a mar-
ket for an automated chemical
analyzer. After three years of devel-
opment work and an outlay of more




than $500,000, the company had its
Olli 3000 system ready. The first
went into operation in August 1972,
and two others have gone on stream
since. During the next couple of
years, Ollituote expects to deliver
another 10 or so of the $77,000 sys-
tems to Finnish customers.

These estimates back up Timo-
nen’s belief that Ollituote is among
the first to get onto the market with
hardware for automating a wide
range of clinical tests. The Olli 3000
can easily handle 1,000 analyses an
hour, using up to 20 different
wavelengths. The analyses are made
by a photometer, and the readout
comes from a data processor built
around a Data General Nova 1200.

Mass production. Actually, Olli-
tuote’s big stride forward has not
been in the chemical analysis itself,
for the photometer performs no bet-
ter and no worse than many others
now on the market. But Ollituote
grouped 24 of them in one block,
vastly improving the handling of the
blood samples, the identification of
sample and patient, and the pro-
cessing of the photometer results.

When a patient enters the labora-
tory, an identification tag is made
up in binary code and attached to
his wrist. Then the blood sample is
taken and identified by the code,
and the syringe tube is put into the
24-tube carrier. This carrier, after
passing under a dispenser that drops
test reagent into the tubes, is man-
ually put into the photometer,
which has 24 channels. Because the
samples are coded, the computer
has no problem matching test re-
sults with the right patient. (In man-
ual systems, there’s always a chance
of error here.)

Having drawn blood with its Olli
3000, the Finnish firm plans to ex-
pand its operations in hospital elec-
tronics. The next product will be a
terminal for computer analysis of
electrocardiograms. The terminal
records patients’ EKG, digitizes the
records, and then feeds the data to a
remote computer. The computer,
backed up by a diagnostic specialist,
analyzes the EKGs and then sends
the results back to the terminal
where the doctor can see them. [J

Automated tester. Engineer checks out Olli
3000. It can handle 1,000 analyses an hour,
using up to 20 different wavelengths.
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Reticon announces the
first practical solution to
optical measurement of:
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Reticon Corporation has long been an acknowledged leader in the field of
solid state image sensing for optical character recognition (OCR), facsimile
and surveillance equipment. They now offer complete electronic camera
systems for industrial measurement and inspection applications. Using
these cameras with an appropriate lens option, any field of view can be
imaged onto a self-scanning linear array of 16 to 512 photodiodes. The
diodes are placed on 1 to 16 mil centers with better than 0.01 mil accu-
racy. Charge storage-mode operation provides high sensitivity at up to 10
MHz scan rates, thus allowing reading or measuring of fast-moving objects.

The Reticon LC 600 camera system is available from inventory. There are
56 salesmen and 14 distributors to serve you worldwide.
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4. Is this semiconductor chip an integrated circuit or
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mIC B Transistor

>
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Eight out of ten people in this business can’t get
100% on the Boeing Electronics Hybrid iQ test.
That's not surprising. It's a highly technical,
complicated science.

If you wound up with five right answers, we'd like
to give you special recognition. It's a Hybrid
Genius identification card, made of metal and
stamped with your name.

But you have to be absolutely honest with us.
Did you, or did you not, get all five correct, with-
out peeking? Even though you missed one or
two, there's still another chance. Just ask for
the Second Chance Hybrid 1Q test.

This little examination is our way of letting you
know Boeing knows quite a lot about hybrid
microcircuits. Each of the circuits shown in the

EEEEEEEEERER

HYBRID GEMUS

This is to certify that | have passed
the rigid test and Boeing Electronics

has duly labeled me a Hybrid Genius.
Hereafter, all peers should treat me
with respect and kindness.

Tom Transistor
EEEEEEEEEENEER
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Test your
Hybrid 1Q:

test was produced by Boeing for very specialized
product requirements.

Boeing is especially adept in supplying the right
technical support to the equipment designer. Our
engineers know how to design with your unique
specifications in mind, and how to keep the price
in line. But just as important, they know the im-
portance of keeping your job on schedule. In
other words, you'll never get lost in the shuffle
at Boeing Electronics. We'd like to tell you more
about our abilities.

The right answers:
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SOFFING
P. 0. Box 24666
Seattle, Washington 98124

87




88

Computer builders

get more than a motor
from TRW/Globe

TRW /Globe customers can achieve a combina-
tion of motorized functions in minimum space
while eliminating unnecessary assembly opera-
tions and simplifying inventory requirements.

They do it by ordering a Globe functional “pack-
age” instead of just a motor. For example, take the
items above, produced for three of the leading
builders of business machines and computers:

The package on the left drives the printing ball on
a serial printer and indexes it horizontally, with a
DC motor. A DC tach generator provides feedback
to the rest of the system. And a hollow motor shaft
permits another shaft from a linear solenoid to
index the ball vertically.

At the top is a drive for a banking terminal carriage.
Globe's integrally cast heat sink permits the high
torque motor to operate reliably without burning
up and causing costly downtime.

Tre third package drives a computer tape reader.
Widened poles and spiralled armature slots assure
smooth motion even though torque changes con-
stantly. The tach wheel is read by an electric eye
for feedback, and Globe supplies the drive hub.

When you can't afford the cost of failure, call or
write: TRW/Globe Motors, an Electronic Compo-
nents Division of TRW Inc., Dayton, Ohio 45404
(513-228-3171).

TRW/ GLo8e moTORS
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groyvm EQ data—ne_tvvo_rk traffic

Based on small and medium computers, programable front-end processors,
message switchers, remote concentrators, and remote-terminal controllers
coordinate communications among many widely dispersed data terminals

by Lyman J. Hardeman, Communications Editor

(] The current explosion in central processing of data
for widely dispersed terminals has ereated a tidal wave
of demand for equipment to cut down the expenses of
data communications. In order to slash the heavy ex-
penses of transmitting data among an ever increasing
number of terminals, manufacturers over the past few
years have developed a new class of equipment known
collectively as communications processors.

The amount of data transmitted is substantially re-
duced by partial processing at the terminal sites and at
intermediate locations. And the built-in processing
power of this equipment also releves the host computer
of the burden of having to perform line-control and
other communications functions, thus leaving the host
more time and resources for the higher-level informa-
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tion processing for which 1. 1s designed.

In the span of about 10 years, the market for commu-
nications pracessors has skyrocketed from virtually zero
to a present annual level of several hundred million dol-
lars. Sales for communications processors are expected
to grow at a rate of approximately 30% per year for the
next several years to a volume that has been estimated
as high as $! billion by 1976. This growth and market
size easily places communications processors among the
most active segments of both the computer and the
communications industries.

Processors classified

It is convenient and instructive to categorize pro-
gramable communications processors into four classes
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1. Teleprocessing added. In the span of only a few years, the exploding demand for connecting data terminals at points remote from the
host computer has complicated the requirements of communications networks. To simplify network coordination, several levels of communi-
cations processors have been inserted into the network in order to enhance over-all teleprocessing efficiency

of equipment. These classes, shown in Fig. 1. are:

®= Front-end processor. which serves as the communi-
cations controller interface between the host computer
and the communications network.

= Message switcher, which receives data messages in a
distributed communications network. analyzes the mes-
sages to determine their proper routing. then forwards
them to other points in the network.

s Data concentrator. which receives a number of low-
speed transmission lines. multiplexes them, and trans-
mits on one line at a higher data rate.

® Remote-terminal controller, which coordinates a clus-
ter of peripheral units at a location remote from the
host computer, and often performs limited local pro-
cessing.

Functions within each of these classes of communi-
cations processors overlap substantially. and a single
processor may, in fact, serve multiple functions. A mes-
sage switcher, for example, while switching messages in
and out of a network node, may function as a data con-
centrator. Similarly. a front-end processor may perform
additionally as a message switcher or a local terminal
controller.

A detailed description of design trends and system
applications for each of the four types of communi-
cations processors will be more meaningful if the typical
communications-network tasks that must be performed
are examined first. These include network control. code
and data-speed conversion, buffering for character and
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message assembly. error control. compilation of system
statistics. message validation. and record keeping.

Network-control functions are usually performed by
a front-end processor or a message switcher in conjunc-
tion with remote terminals. The communications pro-
cessor must decide when each terminal is to be con-
nected to the system. Connection is accomplished by a
well-defined protocol and signaling procedure called
handshaking. Also, the processor must determine prior-
ities for connection of the various peripherals, and set
up message queues.

Network control

Line discipline must be established to identify and
distinguish between the data itself and the control infor-
mation that coordinates transmissions within the com-
munications network. Several factors must be consid-
ered.

First, unlike peripheral devices local to the host com-
puter, a remote terminal is often not continuously con-
nected to the system. Thereforc, means must be pro-
vided for a terminal to establish contact with the
computer to supply an input message, or conversely, the
computer must contact the terminal (via an automatic
dialing unit in the dial-up telephone nctwork, for ex-
ample) prior to transmitting output data.

Also, since several terminals may be attached to a
common private or leased line to reduce communi-
cations costs, it becomes necessary to provide a proce-
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IBM’s blessing—at last

IBM entered the communications-processor business
in March of last year with the announcement of its
model 3705 front-end processor, which coordinates
data transmissions between a host computer and as
many as 352 voice-grade communications lines. A
more recent unit, model 3704, can accommodate a
maximum of 32 lines. It is intended for use mainly as a
remote data concentrator. The announcement of both
models significantly impacted the communications
processor field.

Because IBM System/360 and 370 computers rep-
resent about 65% of the host computers that either
actually or potentially interface with data-communi-
cations networks, that company has been the market
target of the communications-processor industry. But
until last year, IBM's products in data communications
consisted of a line of hardwired controllers to interface
data-communications lines with the input-output ports
of mainframe computers. These controllers, however,
depend on the processing powers of the host comput-
ers and therefore cannot be classified as stand-alone
communications processors.

Thus, IBM's approach to data communications be-
fore last year had been to let the host computer
handle the communications tasks. In effect, IBM was
saying that there was no need to add processing ca-
pability external to the host computer. This network
philosophy, propagated by the company with the
dominant role in data processing, made it difficult for
other companies to sell the stand-alone-communi-
cations-processor concept to their customers.

IBM's belated endorsement of the need for commu-
nications processors, therefore, has generally been
considered a blessing by competing equipment ven-
dors. But this IBM blessing, of course, brings with it
the formidable competition of the computer giant in
the communications-processor field.

>,
.'."‘

dure to determine which of the terminals is to send or
receive data at a given time. On these multipoint lines,
the network controller addresses, or polls, each terminal
periodically to invite the terminals to send messages.

An alternative to such terminal polling is the inter-
rupt technique, whereby a terminal, without waiting to
be polled, transmits data to a communications processor
at another network rode. Such contention methods
eliminate unnecessary polling and system overhead in
systems with a large number of normally inactive termi-
nals, but they place stronger demands on the communi-
cations processors, which must be designed to be always
prepared to accept incoming data.

Code conversion and other tasks

In increasingly complex communications networks, a
multitude of “standard” communications codes is used
to represent alphanumeric and control characters, rang-
ing from the 5-bit-per-character Baudot code often used
by teletypewriter terminals, to the 8-bit-per-character
EBCDIC code that has gained wide acceptance for com-
puter-to-computer communications, These codes must
be converted to the code used by the host computer.
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Similarly, data from terminals is transmitted over
communications lines at “standard” rates ranging from
50 baud to more than 9,600 baud, and the processor
must be able to accept these different speeds and merge
them into a fixed higher speed to the host computer.

As binary data is received by a communications pro-
cessor, it is assembled into characters, blocks, or com-
plete message texts before being forwarded to the host
computer or another network node. Thus, sufficient
storage must be provided to buffer these messages for
further routing. This message-buffering is one of the
most important tasks of the front-end processor or mes-
sage-switcher. It reduces high-speed-line costs. In addi-
tion, message blocks can often be edited to remove un-
needed address information. Stripping messages of
unneeded characters at the earliest points in a network
decreases communications-line requirements and re-
duces the load on the host computer.

Another important function of the communications
processor is that of controlling errors introduced by
noise on the communications lines. Although highly so-
phisticated techniques are available for correcting er-
rors introduced in a one-way communications lines (for-
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Message switch. In complex communications networks. the mes-
sage switch analyzes data messages to determine their proper rout-
ing, then forwards them to other points in the network. The medium-
size switch shown is based on Honeywell's H-716 minicomputer.
Other panels in the rack contain line adapters, automatic calling
units, and an interface to the teleprinter contro! uni.

ward-error correction), practical error-control
techniques simply use another channel to request re-
transmission of characters or messages when errors are
detected. In all error-control methods, however, redun-
dant “parity” bits or characters for checking errors are
transmitted along with information bits, and the com-
munications processor codes and decodes messages con-
taining such check bits,

The communications processor, with its built-in stor-
age capability, can also keep a running record of all
message traffic, including such statistics as the total
number of messages processed, number of line errors,
overflow information, and lengths of time messages are
in queues. These statistics, which can also be used to
analyze future communications requirements, can be
printed at periodic intervals in the processing cycle.

With this general outline of the tasks that must be
performed by the communications-processing system, it
is now convenient to look more closely at each of the
four classes of processors. Since the front-end processor
often serves as the principal node in a network, it will be
discussed first.

As communications networks came into being, hard-
wired line-controllers (such as IBM models 2701, 2702,
and 2703) were provided to interface the computer with
the communications system. The problem with hard-
wired controllers, however, is that they cannot easily ad-
Just to the almost unending changes in network configu-
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rations and terminal types that characterize a large sys-
tem. Also, a network using the hard-wired line-
controller totally depends on the processing ability of
the host computer to perform such important communi-
cations functions as network control and message-stor-
age.

The programable front-end processor, however,
keeps most communications tasks outside of the host
computer. This separation of communications-process-
ing from information-processing functions is justified in
terms of over-all system cost and efficiency. The host
computer, including its associated software, is generally
optimized for arithmetic operations at extremely high
speeds. Therefore, when communications processing
must be handled intermittently and at relatively slow
speeds, the effectiveness of the host is decreased.

Without a front-end processor, the large communi-
cations-oriented mainframe computer typically dedi-
cates from 15% to over 30% of its time to communi-
cations processing. This overhead can be reduced to
1-4% by adding a separate front-end processor. In addi-
tion to savings in host processing time, a front-end pro-
cessor may reduce memory requirements for communi-
cations functions in a typical host computer from a level
of 24 to 64 kilobytes to only 1 or 2 kilobytes. And there
are corresponding decreases in the traffic loading at the
host computer’s input-output ports.

Line-controller emulators

Even when used as direct plug-for-plug replacements
for 1BM 270X hard-wired line controllers, mini-
computer-based front-end processors generally offer as
much as 30% lower equipment costs than the line con-
trollers they replace. While such line-control emulators
do not remove the communications-processing func-
tions from the host, they can be installed without its
being necessary to rewrite existing user applications
programs for the host computer. And the processing ca-
pability external to the host computer serves as a base
for future expansion to a true stand-alone front end.

As a stepping stone from the line-control emulator to
the full front-end processor, several companies have de-
veloped the intelligent emulator, or the “emulator-
plus.” In a typical application, the intelligent 270X
emulator may be used with the 1BM System/360 or 370
mainframe to support terminals that are not IBM-com-
patible. It may also provide limited network control
functions when the host processor fails, alerting remote
terminals not to send new messages.

Message-switching systems

Unlike front-end processors, which usually funnel
data into a large-scale computer for information pro-
cessing, the message switch generally serves as a central
clearinghouse for messages between all points in a com-
munications network. Large stand-alone message-
switching systems actually existed before the computer
terminal began to leave the data-processing center. Mil-
itary switching systems, such as Autodin, and, more
recently, public message networks, such as the Western
Union Corp.’s TWX and Telex, are typical systems that
are dedicated solely to message switching.

Today, however, there are new and expanding re-
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quirements by companies with geographically dispersed
computing facilities (as well as terminal locations) for
efficient means of exchanging messages. Companies in
the banking, transportation, and retailing businesses are
perhaps the best examples, but large multilocation
manufacturing operations, law-enforcement agencies,
and others can benefit by the use of message switches.

Although the concept of store-and-forward message-
switching is readily understood, it is usually the most
difficult class of communications processor to imple-
ment. This is because of the seemingly unlimited num-
ber of alternatives of routing, queueing, assigning of
priorities, recording, and other control actions that must
be taken for any given message.

A look at the requirements for a typical corporate
data switching center will help in determining the re-
quirements for a stand-alone message switcher. The ex-
ample that follows is also representative of the require-
ments for a small to medium-size front-end-processor.

Consider a message-switching system supporting a
peak load of 30 terminals actively sending data into the
message switch (a much larger number of inactive ter-
minals may actually be connected, or have access, to the
network, but only 30 are assumed to be sending data at
any one instant). With an average message length of
150 characters and an average store-and-forward buf-
fering of two messages per input line, a quick-access
buffer storage capacity of 9 kilobytes is required. For a
system of this size, another 6 to 9 kilobytes of memory
would typically be required to store the necessary soft-
ware programing, which would result in a total quick-
access storage requirement of about 18 kilobytes.

In addition, assuming that 3,500 such messages are
switched through the system each day and that all mes-
sages must be kept on record for six months, this
switcher system would require up to 100 million bytes
of peripheral magnetic-tape storage.

Remote data concentrators

Compared with front-end processors and message
switchers, the design requirements for remote data con-
centrators and intelligent terminals are generally much
less demanding. The basic function of the data con-
centrator is to reduce telecommunications line costs by
concentrating data from multiple input lines onto, gen-
erally, one high-speed line.

The data concentrator is generally more efficient than
the simpler hard-wired data multiplexer, which com-
petes with the concentrator for similar network appli-
cations. With its built-in processor and memory, how-
ever, the concentrator can smooth the intermittent
traffic loads that occur in data systems. This reduces the
peak loading of the high-speed output of the concentra-
tor, often by a factor of 3 or 4, allowing a corresponding
decrease in line costs.

The remote concentrator based on the minicomputer
can also be expanded into a local message-switcher to
help reduce the load on switchers located at more cen-
tral nodes in a network. However, the objective of re-
mote concentration is to reduce system communications
costs. Therefore, the cost of added processing functions
must constantly be weighed against resulting savings in
line costs.

Electronics/May 24, 1973

Data concentrator. To reduce communications fine costs, a data
concentrator terminates a number of low-speed transmission lines
and multiplexes them into fewer high-speed lines. In the unit shown,
a processor and a maximum of 32,000 16-bit words of memory al-
lows such additional functions as code conversion, message assem-
bly, and terminal-usage accountmng.

The intelligent terminal can be thought of simply as a
remote data concentrator that controls one or more lo-
cal peripherals. However, there seem to be two di-
verging trends in technologies and markets for intelli-
gent terminals. Along one path, more and more use is
being made of the processing powers of remote mini-
computers, which form the heart of most of these termi-
nals. Small data files have even been attached to local
computers to aveid unnecessarily having to use commu-
nications lines and central camputers for simple data-
processing functions.

Taking an entirely different approach to intelligent-
terminal design, some terminal vendors are using the
sophistication of LSI technology to produce specialized
communications controllers at prices that cannot be ap-
proached by even the least expensive communications
processor. And since many relatively simple communi-
cations functions required of the intelligent terminal
can be handled with only a few LSI packages, the trend
toward use of such technology is sure to gain momen-
tum.

Communications processor components

The essential modules for each of the four general
classes of communications processors are identified in
Fig. 2. The six functional modules identified are build-
ing blocks for the communications-systems designer. In
many practical systems, each of these building blocks is
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on an individual printed-circuit board or group of
boards. These same modules serve as the basis for pro-
graming into functionally divided software packages. It
is therefore helpful to take a closer look at what hard-
ware (and software) goes into each of these modules.

For all but the largest data-communications net-
works, minicomputers (both general-purpose and, in
some case, custom-designed units) often serve the cen-
tral processor and memory functions in the communi-
cations processors. Software in conjunction with the as-
sociated line and host computer interface hardware,
adapt the minicomputer to communications appli-
cations.

Built-in ROMs

In several recent designs, microprogramable read-
only memories have been incorporated into the proces-
sors of some communications-oriented minicomputers,
following the trend that exists in other segments of the
computer industry. The use of such microprogramable
circuits shortens the processing time associated with
commonly recurring communications functions, such as
code-conversion, by reducing the number of times in
the conversion process that main memories must be ac-
cessed to obtain software instructions.

An example of one of these modified minicomputers
is a microprogramable design used in Interdata’s model
50 communications processor to handle the numerous
repetitive tasks. “By making use of ROMs,” Jon Gould,
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Intelligent terminal. Minicomputer-based terminal controller (center) provides code conversion, error correction, and even limited loca! pro-
cessing for a cluster of terminals remote from the host computer. Any of a number of terminal units can be attached to the controller, such as
the 300-card-per-minute card reader (left) and the 600-line-per-minute printer (right) marketed by Harris Commwunications Systems.

director of data communications at the Oceanport, N.J,,
company, says, “throughput in a moderately sized com-
munications processor is increased from 10,000 to over
30,000 characters per second.” In addition, claims
Gould, “the amount of memory required to store soft-
ware programs is typically reduced by a factor of 75.”

Taking a similar approach to design of the mini-
computer processor, Teleswitcher Corp., a Dallas-based
vendor of turn-key data communications systems, has
designed an array of 32 field-programable piug-in ROMs
onto its latest custom-designed processor board. In ad-
dition to requiring less software and allowing greater
throughput than could be achieved by implementing
the same functions with software, the use of such micro-
programing reduces the over-all processor hardware
costs, reports Wayne Pratt, manager of hardware design
at Teleswitcher.

To supplement these basic processing and memory
functions, both minicomputer manufacturers and others
have developed the necessary special-purpose hardware
and software to interface the minicomputers with com-
munications lines, terminals, and host computers.

Line adapters

The line-adapter units shown in Fig. 2 bring data on
the communications line into the communications pro-
cessor following three basic techniques—bit-by-bit,
character-buffered, and by direct memory access.

The simplest line interface unit looks at a message bit
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by bit, transferring it through the processor and into
memory one bit at a time. Such a “bit-banging” tech-
nique requires little hardware, but it requires substan-
tial software and is therefore usually wasteful of proces-
sor time,

A much more efficient line adapter converts serial
bits into characters, then transfers complete (parallel-
bit) characters into the processor and memory. In addi-
tion to reducing processor overhead, a character-con-
verter interface is capable of handling much higher data
rates—up to about 9,600 bits per second.

A line adapter that works with characters instead of
bits also can perform such tasks as code conversion and
simple error correction without depending on the com-
puting powers of the processor, thus further increasing
over-all system efficiency.

The most efficient method of interfacing high-speed
data with the communications processor is through the
computer’s direct-memory-access channel. Here, data
rates of 50 kilobits per second and higher can be loaded
directly into memory without having to be processed
character by character by the central processing unit.

As might be expected, choices between the three tech-
niques used in line adapters are governed by tradeoffs

in price and performance. Bit-by-bit adapters are ade-
quate only for small systems where the burden on the
processor is light. The use of character-conversion tech-
niques in the line adapter satisfies all but the most rigor-
ous high-speed-network requirements, where direct-
memory-access methods can be used.

Cost tradeoffs

The price for line adapters, however, increases sub-
stantially as performance level is increased. According
to John Chyzik, data-communications specialist at Data
General Corp., Southboro, Mass., a minicomputer
maker that also supplies communications-processor ac-
cessories, “the system using bit-banger-type line-adapt-
ers might average $130 per line, while the character-
converter hardware for high-speed lines can cost be-
tween $200 and $600 per line, not counting the cost of
the minicomputer and other communications-processor
functions.” On the high end, adds Chyzik, the complex
hardware in the line adapter with direct memory access
brings its price up to about $2,500 per line.

Typical of the classes of line-adapter hardware devel-
oped in the last couple of years are the plug-in printed-
circuit cards produced by Digital Equipment Corp.,

2. Building blocks. Both hardware and software needed to implement the tasks of a communications network are often separated into six
functional blocks. Two of the blocks—the central processor and memory—are often general-purpose minicomputers. The manner in which
the six blocks are configured defines each of the four fundamental classifications of communications processors.
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Microprogramed. Microprogramable read-only memories have
been designed into some minicomputers in order to shorten the pro-
cessing time that is associated with commonly recurring communi-
cations functions. The read-only-memory board shown here is part
of Interdata’s model 50 communications processor.

Maynard, Mass., for use with communications proces-
sors employing that company’s minicomputers.

At first, DEC announced a line of nonprogramable
cards with options for interfacing with codes and data
speeds associated with standard teletypewriter equip-
ment or CRT terminals. These plug-in cards operate in a
basic bit-by-bit mode and, being hard-wired, have to be
physically changed every time a remote terminal with a
different code or data speed is changed.

Then in late 1971, the company introduced a pro-
gramable single-line interface for asynchronous com-
munications. With such a unit, software can be used ta
adapt the line unit to varying codes. code speeds, and
either half- or full-duplex operation.

More recently, an assembly was introduced which
multiplexes 16 separate lines. “For systems that require
a large number of terminals, such programable multi-
line adapters offer much lower costs per line because of
shared logic for all lines,” says Dimitri Dimancesco,

Multiline adapter. For a system that includes a large number of ter-
minals, programable multiline interfaces, such as this 16-line inter-
face assembly produced by Digital Equipment Corp., offer a flexibility
and a reduction in costs that could not be achieved in earlier hard-
wired single-line units.
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senior market development specialist.

Product evolution in other companies has followed
similar patterns. Some of the latest extras that add flexi-
bility to programable line adapters include automatic
dialing options, provisions to allow direct memory ac-
cess between the line unit and the communications pro-
cessor’s memory, and logic to fully control modems
through EIA RS-232 interfaces.

Host-computer interface

If there is one thing that vendors agree on, it’s that
the interface between the communications processor
and the host computer is the most difficult of all the
communications processor functions to build. To make
the front-end processor appear to the computer as an-
other peripheral at one of its input-output ports is no
mean feat.

As in the communications-line adapter, the host-com-
puter adapter must be made to interface with signal lev-
els and operating procedures over which the maker of
the communications processor has little control. The
adapter therefore must be designed around existing sys-
tems, and it must be flexible enough to easily adjust to
future changes, in both hardware and software, dictated
by the mainframe manufacturer.

As a result, the host-computer interface modules are
often more expensive and more complex than the cen-
tral-processing unit in the front-end processor. For ex-
ample, the price for Interdata’s interface adapter for the
IBM 360 mainframe computer is $8,180, while the com-
pany sells its processor boards for $6,800. And this price
differential does not account for associated software.

The problem of adapting software to interface with
the 1BM 360 mainframe can be even more difficult, says
Royce Pipes, head of product planning at Harris Com-
munications Systems Inc., Dallas. “We spent close to a
half-million dollars developing software to adapt our
new model 4705 front-end processor to the 360,” Pipes
asserts, “and we currently commit about $5,000 per
month in maintaining and upgrading these programs.”
Harris’ host interface task is particularly difficult, how-
ever, since its software also converts 1BM’s half-duplex
protocol to a full-duplex line discipline.

A strong future

Most communications-processor installations have
been added to existing mainframe-computer installa-
tions. Even so, this means only a small percentage of
these batch installations have been converted to tele-
processing applications, so that this retrofit market is
not expected to be saturated for a number of years.

But adding teleprocessing capability to existing main-
frame computers is only a small part of the future for
communications processors. A large portion of these
processors will, as they do today, go into stand-alone
message-switched information networks that are inde-
pendent of, or at least incidental to, mainframe proces-
sors. Such data-transfer and data-retrieval networks ap-
pear now to have the strongest long-term future. And as
data communications and two-way television tech-
nologies advance, the communications processor will
eventually be central to consumer-oriented networks
with terminals in the home. O
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The charge-balancing a-d converter:
an alternative to dual-slope integration

Like dual-slope analog-to-digital conversion, the new technique basically
is an integration scheme; but simple design and relaxed tolerances
on components may give it an economic edge in some applications

by Robert C. Kime, Jr., Keithiey instruments inc., Cleveland, Ohio

O Given the problem of designing a cheap, simple, re-
liable analog-to-digital converter that exhibits high ac-
curacy and low power consumption, most engineers will
probably first think of the dual-slope converter.
Recently, however, the charge-balancing converter was
developed for pretty much the same purpose.

The two circuits have much in common. Both center
on charging and discharging a capacitor, both are inte-
grating circuits, both are quite economical, and neither
will ever set a conversion speed record.

But the techniques are not identical, and one or the
other may prove superior in any given application. The
dual-slope unit can be designed to have outstanding
normal-mode rejection at one particular frequency, so
that line rejection is very easy, while the charge-balanc-
ing converter can generally be implemented with fewer
parts and with looser component specs.

Basically the dual-slope converter works by applying
the unknown input signal to an uncharged capacitor for
a fixed length of time, and then measuring the time
needed to discharge the capacitor at a constant rate. In
the charge-balancing converter, however, there is no
fixed charging period, and the charging continues for as
long as necessary to get the capacitor voltage to cross a
fixed threshold level; then a reference current is sub-
tracted from the input current, and the capacitor dis-
charges until the threshold level is crossed again. The
process repeats itself until the conversion period is over.
At that time, a counter, which only accumulates clock
pulses when both the input signal and the reference cur-
rent are applied to the capacitor, contains a number of
counts proportional to the input voltage.

One conversion cycle

The charge-balancing unit got its name from the fact
that the net charge put into an integrator over one inte-
gration cycle is zero. The converter (Fig. 1), which ac-
cepts only positive input voltages, operates as follows.
Initially the current switch is open, and only the input
voltage is applied to the integrator. Since the integrator
contains an inverting operational amplifier and a ca-
pacitor, the output voltage, V,, is a negative-going ramp
that has a slope proportional to Viy.

As V, passes the threshold level, Vg, of the threshold
detector, the detector’s output voltage, Vi, switches to a
logic 1 state which, among other things, opens a gate
that allows the counter to start accumulating clock pul-
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ses. It also makes a flip-flop close the current switch on
the next clock pulse. Closing this switch causes the
known, constant reference current to be subtracted from
the input current. The difference current is applied to
the integrator as before.

The reference current is chosen to be greater than the
input current for all allowable input voltages, so that
subtracting the reference current, I, from the input
current, [in, is guaranteed both to change the polarity of
the input to the integrator and to start V, on a positive-
going ramp.

During this part of the integration cycle, gated clock
pulses are being fed to the counter and accumulated.
When V, again passes Vg, V switches to a logic O state,
and the next clock pulse opens the current switch and
closes the clock gate.

Since the converter is a free-running system, this pro-
cess keeps repeating itself until the conversion period is
over. The conversion period is defined as a certain num-
ber of clock pulses, Ny, received by the digital conver-
sion circuitry. Ny is a system constant and is fixed when
the converter is designed. The number of clock pulses
accumulated by the counter during one conversion
cycle, Ny, is a variable quantity that is directly propor-
tional to the input voltage. Ny, in fact, is the digital out-
put of the converter.

Probably the most unusual feature of the charge-bal-
ancing converter is the diversity among the waveforms
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1. Balanced. By switching reference current on and off, a-d con-
verter puts zero net charge into integrator over full integration cycle.
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2. Timing. Numnber of integration cycles in one conversion cycle
depends upon input voltage. When voltage is very small, negative
-amp is very slow, and converter makes only one integration per
conversion (a). Doubling input voltage doubles number of integration
cycles (b). After half-way point (c), trend reverses and at top of mea-
surement range unit is back at one integration per conversion (d).

observed at the output of the integrator. In one conver-
sion cycle, there can be anywhere from zero integration
cycles to approximately N./2 integration cycles, de-
pending on the value of the input voltage.

Changing waveform

For instance. assume that N; = 2,000. I,.; = 1.0 mil-
liampere. and Rj,—the converter input resistance—is 2
kilohms. Now, if'a small input voltage. say 1.0 millivolt.
is applied to the input. L, will be only 0.5 microampere
and V, will move very slowly in the negative direction
unti! it crosses zero (Fig. 2a). Then, at the next clock
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pulse. I,.r 1s connected to the integrator (point A). caus-
ing it to climb steeply in the positive direction. A zero
crossing occurs almost immediately. and the next clock
pulse disconnects I,... leaving V,, at point B. From here
on the process repeats itself. with V, dropping slowly
toward point A’.

Since this is a charge-balancing converter. the charge
removed from the integrator between points A and B
must equal the charge applied between points B and A’.
Because I..s 1s 1.0 mA and I;;, 's 9> pA, the reference
current must be off for about 2,000 times as long as it is
on. Thus. if Ler 1s on for the minimum duration of one
clock pulse. it will be off the 2.000 clock pulses and
there will be only one integration cycle in the conver-
sion cycle.

But if Vi, 1s twice as large—2.0 mv—I;, becomes
[.0 pA. and there are two integrations per conversion
(Fig. 2b). The negative-going ramp is twice as steep as
in the preceding case. while the positive-going portion
has practically the same slope. (To be exact, the charg-
ing current, I = I, - Lir. is 0.9995 mA in the first case
and 0.9990 mA in the second.) As the input voltage in-
creases further, the slope of V, from B to A’ becomes
steeper because li, increases, while the slope from A to
B becomes less steep because I decreases.

Again, when the input voltage is 1,000 volts, I;,, =
0.5 mA, and . = 0.5 mA too. Thus the two slopes ot the
V, waveform are equal and opposite. and the wave
shape is a triangular wave centered about zero (Fig. 2¢).
Also, the peak amplitude of V, is half of what it was
when Vi, was 0.001 v. and there are 1.000 integration
cvcles in one conversion cycle.

Finally. when the input voltage is 1.999 v, I, is
0.9995 mA and the waveform picture is an inverted ver-
sion of the situation pertaining to the I-mv input (Fig.
2d). The segment of the V, waveform from B to A in
Fig. 2d corresponds to the segment from A to B in Fig.
2a. The reference current is connected for all but one
count during a conversion cycle, so there is one integra-
tion per conversion again. It the input voltage is 2,000 v
or greater. V, never gets back (0 zero. and the counting
is continuous.

How it works

An implementation of the converter block diagram
(Fig. 3) shows one of the advantages of the charge-bal-
ancing converter—its simplicity. The integrator. for ex-
ample. consists of only an op amp, a capacitor. and a re-
sistor. Since the high open-loop gain of the op amp
keeps node A at ground potential, the resistor in the in-
put lead determines the input resistance of the conver-
ter. Note that the system is designed to work properly
only with positive inputs.

The threshold detector is even simpler. Although two
different threshold levels could have been used—one for
when V, is moving in the positive direction, and one for
the negative direction—this is not necessary. For the im-
plementation shown here. it was sufficient 10 choose V4+
= V4= = 0. The only further requirement is that the
threshold voltages remain stable for at least one conver-
sion cycle (about 200 milliseconds in this case).

Usually. a threshold detector contains a positive feed-
back that, by setting up a hysteresis voltage at the
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switching levels, assures positive switching when the in-
put is moving slowly nearly the threshold level and also
prevents the detector from oscillating under the in-
fluence of input noise, input bias voltage shifts, and so
on. But in the charge-balancing a-d converter, the de-
tector requires only an open-loop operational amplifier,
and the hysteresis is provided instead by the digital por-
tion of the circuitry.

The digital section consists of J-K flip-flop, an inver-
tor, an AND gate, and a few diodes. The circuitry works
as follows: first, assume that Q is low, Q is high, and V,
is low. Since Q is low, there are no pulses coming
through the AND gate. Since Q is high, it supplies the
current Iy through D2, and D; is back-biased so that
Irer is not connected to node A of the integrator. Under
these conditions V, ramps negatively and eventually
passes zero—the threshold voltage—causing Vi to go
high. This puts a high level on J and a low level on K.

At the next clock pulse, Q goes high and Q goes low.
The AND gate now starts to pass clock pulses which go
to a counter. At the same time Irer is switched to node A
because D2 is reverse-biased, and reference current is
drawn from the integrator.

When the integrator output V, again passes Vg, Vi
again goes negative, putting a low level on J and a high
level on K. At the next clock pulse, Q goes low and Q
goes high, which stops clock pulses from passing
through the AND gate and disconnects Lrer from the in-
tegrator. A known current has now been removed from
the integrator over a measured integral number of clock
cycles and thus a known amount of charge has been re-
moved. This process continues as long as Vin is positive.

The variable time period between when V. changes
state and when the clock pulse changes the state of the
JK flip-flop is the digitally generated hysteresis of the
system. This time can vary from zero to one clock cycle.
After a period of time, under the application of a con-
stant input voltage Vi,, the output of the integrator es-
tablishes an average voltage. For this to occur, the aver-
age voltage on the integrating capacitor must be
constant. Consequently the charge removed must
equal—or balance—the charge applied.

The current reference is really a voltage reference
and a resistor. It makes use of the fact that the integra-
tor summing junction (node A) is at 0 v which makes
Iret = Veer/ Ry (see Fig. 3). Since diode D; is also in the
circuit when I, is connected to node A, transistor Q is
used to buck out and temperature-compensate D,. D3 is
a temperature-compensated zener diode.

Fixing the variables

Since the same capacitor is used for both the applied
and removed charge, the charge-balancing equations
can be written in terms of currents. Over any conversion
cycle, the average input current, Tin Vin/R must
equal the average current removed from the integrator,
Io = LerNt/N. Here, N¢is the number of clock pulses
over which current was removed from the integrator,
and Ny is the total number of clock pulses in one con-
version cycle. Thus, Vin/R = ILwelNe¢/Ny, or Vin =
RIrerN¢/Nt.

The only variable on the right-hand side of this equa-
tion is Nr. Thus, by proper selection of R, Irer, and Ny,
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3. Simplicity. Major advantages of charge-balancing converter are
its few parts and the loose tolerances of most parts. Thresholc de-
tector, for example, is simpiy an op amp operated at full open-loop
gain. Current switch consists of only two diodes.

the converter can easily be scaled to cover any desired
voltage range. For example, choosing R = 2 kilohms,
I,er = 1.0 mA, and N, = 2,048 counts provides a 3%-
digit converter that can measure up to 2.000 v with 1.0-
mvV resolution.

Actually, only 2,000 counts are needed for a 3%-digit
machine; the extra 48 clock pulses are used for such
housekeeping chores as transferring the contents of the
counter into some type of memory (so that the count
can be displayed during the next conversion cycle) and
resetting the counter to zero.

Limitations

The major disadvantage of the charge-balancing con-
verter is its speed. It requires at least as many clock pul-
ses as the maximum count to complete a conversion
cycle. As an example, a 3%-digit (13-bit) converter re-
quires more than 2,000 clock pulses to effect a conver-
sion. A successive-approximation converter could prob-
ably do the job in 14 to 16 clack cycles.

Inexpensive linear ICs have sufficient gain-bandwidth
product and slew rate for satisfactory operation at clock
frequencies of 10 to 20 kilohertz, which aliow a conver-
sion cycle time of 0.1 second. If 10-ms conversion times
were required, faster devices would be needed.

As for sensitivity, the 3%2-digit system described here
can resolve 1 mv. To achieve 100-microvolt resolution
would require either an integrator amplifier with less
than 30 pv/°C of drift, or an autozero circuit.

Precision, too, must be considered. The present sys-
tem is free-running—each conversion cycle does not ne-
cessarily start with the same initial integrator condi-
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4. Competitor. In dual-slope converter, input volt'age is applied for
fixed period, and time needed to return integrator voltage to zero at
constant discharge rate provides measure of applied input voltage.

tions. This leads to a *1-digit error. The converter could
be synchronized to remove this source of imprecision.

Finally, as already mentioned, this a-d convertor is
unipolar, so that an input must be preconditioned be-
fore a-d conversion can take place.

Still, despite these disadvantages, all of which can be
overcome with the exception of speed, the performance
of this system is quite impressive in light of its low cost
and simplicity.

Comparison with dual-slope conversion

The speed limitation of the charge-balancing con-
verter is shared by the dual-slope converter, so it should
prove worthwhile to compare these two approaches in
some detail. Different versions of the dual-slope conver-
ter can be made to handle bipolar inputs, to be auto-
zeroed, to reject power-line interference, and to be in-
sensitive to variations in the values of some of its com-
ponents. But for purposes of comparison with the
charge-balancing circuit, a unipolar system with the
same input configuration will be used. (Actually, many
of the input-circuit variations used with the dual-slope
technique can also be applied to the charge-balancing
converter.)

A dual-slope converter has basically the same parts
complement and block diagram as the charge-balancing
unit. Of course, the digital conversion circuitry would
have to be different.

For the dual-slope circuit in Fig. 4, input voltage Vi,
is converted to a current and applied to the integrator
for a fixed period of time, which allows the integrator to
ramp to some arbitrary voltage, V.. Then a reference
current of opposite polarity is connected to the integra-
tor until the integrator crosses zero. Once Ve is con-
nected to the integrator, the counter starts, and clock
pulses are counted until the zero crossing occurs. Since
the voltage on the integrating capacitor is again zero,
the charge applied equals the charge removed, and a
digital conversion has been performed. A small reset
time is needed to strobe the latches and reset the
counter.

From the standpoint of a circuit complexity, the dig-
ital sections of the dual-slope and charge-balancing
converters would be about the same complexity with
slightly different timing. The dual-slope circuit would
need more counts for the conversion cycle for the period
that V;, alone is applied, which would increase the size
of the required ripple counter.
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The analog sections would also be about the same
with two exceptions: the threshold detector and the
switching devices. In the dual-slope circuit, the thres-
hold detector must have good long-term zero stability;
in the charge-balancing circuit, good zero stability for
one conversion cycle is all that’s required. For both con-
verter types the integrating capacitance and the system
clock frequency must be stable for one conversion cycle.

To connect the reference, the same diode switching
could be used in the dual-slope as in the charge-balanc-
ing technique, but for reset, additional switching devices
would be required for the former. The integrator in the
dual-slope circuit must be initialized before the start of
a conversion cycle because its starting level determines
the accuracy of a conversion.

Consequently, the charge-balancing approach winds
up using fewer components, which are less critical, than
does an equivalent dual-slope circuit.

Dual-slope converters can be made bipolar—by add-
ing an opposite-polarity reference, another high-quality
threshold detector, and polarity-sensing circuitry to de-
termine which reference and which threshold detector
to use. To give the charge-balancing converter bipolar
capability, an absolute-value detector can be used in
front of it. In this case, over-all complexity and cost of
each system are about equal. Even so, the charge-bal-
ancing circuit still enjoys an advantage over the dual-
slope circuit because the absolute-value detector
doubles as an ac-dc converter, which adds ac measure-
ment capability at no extra cost.

The dual-slope converter has one distinct advantage
over the charge-balancing converter. By proper selec-
tion of the period for which the input is applied, the
dual-slope converter can be made to reject a specific fre-
quency (such as line frequency) and its harmonics. This
is impossible to do with the charge-balancing convertor.
Ac rejection must be accomplished with input filtering
techniques.

The operation of the charge-balancing converter has
been proven by over a year of use in the Keithley 167
Autoprobe Digital Multimeter (Fig. 5). This instrument
is fully auto-ranging, measures ac and dc voltage and
resistance, and is battery-operated. In fact, the charge-
balancing converter seems to have met the meter’s over-
all design objectives as well as or better than any other
a-d conversion system. a

L
<~

-

5. Proven performance. Charge-balancing converter is heart of
this portable muitimeter. Extensive field experience proves that new
conversion technigue is worth considering for new system designs.
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TRW LVA diode...
the sharpest knee
elow 10 Volts.

5.6 volt military zenper T+

+

FOCUS INTENSITY ASTIGMATISM SCALE ILLUM.

I‘ '(

The current saver. compatible packages. If you have a need for a low
No other zener can approach TRW’s LVA perform-  current voltage regulator or any other product that
ance below 10 voits. Available for operation down demands low current consumption, you should
to 4.3 volts, TRW LVA diodes minimize power con- check out TRW LVA zeners. When it comes to cur-
sumption in portable-battery operated equipment.  rent, they’re really misers!

They’re also ideal for instrumentation, where, as

. For product information and applications assistance
reference elements, they draw as littke as 50 uAmps.

write TRW Semiconductors, an Electronic Compo-
TRW LVA's are available in various package config-  nent Division of TRWInc., 14520 Aviation Boulevard,
urations, including passivated chip form for hybrid- Lawndale, California 90260. Phone (213) 679-4561.

TRW/ semiconpucTors
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Designer’s casebook

Temperature compensation for
high-frequency transistors

by Bert K. Erickson

General Electric Co., Syracuse, N.Y.

If the operating temperature of a high-frequency
grounded-emitter power transistor varies widely, the
collector resistance of a second transistor can provide
temperature compensation, without causing excessive
power dissipation in the stage’s bias circuit. The tech-
nique is suitable for operating frequencies of 300 to
3,000 megahertz, if the power levels are at least 200 mil-
liwatts and ambient temperature variations range from
0°C to 70°C. For this broad a temperature range, the
quiescent collector current of a class-A transistor ampli-
fier will change enough to cause noticeable gain vari-
ation and waveform distortion.

Conventionally, a current-feedback approach is em-

Ec

(a)

300 2 1. 72 v
255V
500 ©2
- 1.28V
é lc ADJUST

2N1132
Vee ADJUST
LIV 12v 50 mA
2.2k ce
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§‘~5"9 ™~ Ve = 0683V
220

=
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ployed to obtain temperature stability. The resistance in
the transistor’s emitter circuit is maximized, while the
resistance in the base circuit is minimized. But this tech-
nique presents assembly problems because of the very
high operating frequencies involved. The emitter of
these transistors is usually connected to ground with
very short wire bonds to eliminate the series resonance
of the bypass capacitor. And, although the transistor’s
emitter is grounded, temperature stability cannot be ob-
tained with a voltage-feedback approach since this
would reduce power-conversion efficiency.

The typical grounded-emitter transistor stage of (a),
which is drawn without isolating, coupling, and tuning
components for simplicity, has a current stability factor
of:1

Si = Al¢/Alco = [RL+R1+Re(l +(R1+Ryp)/Ry))/

[RL+R1(1 -a)+ RF(I +(R, +RL)/R2)]
And the voltage stability factor is:!

Sv = Alc/AVgg = —(Y[l +(R1+RL)/R2]/

[RL+ R1(1 -a)+Rg(1+(R;+ RL)/Rg)]
Voltage stability is the preferred sensitivity parameter
for a power transistor because the emitter-base voltage,

Vee

P
™~
\ /
le s \
0%
e
2N4976  Vee =12V, e =50 mA

Nailing down Q point. Grounded-emitter power transistor stage (a)
can be compensated for a 70°C temperature range by employing a
second transistor as the load resistance (b). The collector resistance
of upper transistor improves the voltage and current stability of lower
transistor without causing an efficiency-robbing voltage drop. The
graph depicts the stage’s temperature performance.

Electronics/May 24, 1973



Vs, is easily measured and is often used to find the
temperature of the collector depletion layer.2 The volt-
age stability factor is negative because collector current
I increases as junction voltage Veg decreases.

Since the term, Ry(1 - a), is very small, one way to di-
minish Sy is to make the load resistance, Ry, as large as
possible. Unfortunately, Ic flows through Ry, and the
stage’s conversion efficiency will be reduced substan-
tially. However, a large Ry, can be obtained without the
usual voltage drop degradation by using the collector
resistance of a second transistor, as in (b).

With the T-model equivalent circuit for the common-
emitter transistor, the output resistance of this configu-
ration can be expressed as:

fo =re(l -a) + re(ry +arc+ Rg)/ (v +Te +Rg)

For this equation:

1/rte(l - a) = die/Aveel,

B = dic/Aiv),,

a=fp/(f+])

All of these quantities can be readily obtained from the
transistor’s collector characteristics.

The upper transistor in (b) provides an output resist-
ance of 1,200 ohms, which yields a predicted voltage
stability factor of 14.9 X 10 amperes per volt. If a
fixed resistor of 1,200 ohms were used, it would have an
IR drop of 60 v across it. But the voltage drop across
both the transistor and its emitter resistor is only 3 v.

The graph shows the actual characteristics of the
transistor stage as temperature rises from 30°C to
100°C. As temperature increases by 70°C, the base-
emitter voltage drops by only 0.15 v and the collector
current rises only 5 milliamperes. Without temperature
compensation, the collector current would be 32 ma
higher. ]

REFERENCES
1.M V. JoyceandK K.Clark, "TransistorCivcuilAnalysis.“Addison-Wesley.1964.Chap.3
2.R.L. Pnichard, “Electncal Charactenstics of Transistors. ' McGraw-Hill, 1967, p. 613

3. R.P. Nanavat, “‘An introduction to Semiconductor Electronics,” McGraw-Hill, 1963. p
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Simple gating circulit
monitors real-time inputs

by David F. Hood
Bell-Northern Research, Ottawa, Canada

In normal operation, the set and reset inputs of the
simple flip-flop circuit are not allowed to become active
simultaneously, although both can remain at logic 0.
But if this elementary rule is violated, a new gating
function that can arbitrate real-time inputs is realized.

The circuit is particularly useful in signal-processing
applications where interrupt requests may arrive asyn-
chronously to be processed by a simple sequencer,
rather than by a computing-type device. In such appli-
cations, the simplicity of the circuit also makes possible
considerable cost savings.

When circuit (a) is used as a flip-flop, its Sy and S in-
puts are both low in the quiescent operating state. If the
S, and S inputs are both high instead, outputs Y1 and
Y, are low (in the quiescent mode). Now, when Sy goes
low, Y1 goes high, and Y2 does not change. But if S
then goes low, neither Y1 nor Yz changes. And since the
circuit is symmetrical, if Sz goes low while Sy is high, Ye
will go high and lock out Sy. The signal paths of S1-Y:
and S»-Y2 may be regarded as inverters with real-time
priority arbitration. The addition of a third gate to the
circuit provides an INPUT REQUEST lead.

With a third gate, the circuit can also be extended to
accept three inputs, as shown in (b). Further extension
is done in a similar manner. As with circuit (a), the first
input that goes to logic O inhibits all the other inputs,
while producing an output itself. Two or more inputs
going to logic 0 simultaneously will produce a race con-
dition that, nevertheless, can have only a single victor.
One input can be handicapped relative to another by
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using RC delay networks at the input or output of the
handicapped gate.

The same operating description and circuit configura-
tions apply if all the logic levels are inverted, and if
NAND gates are substituted for the NOR gates. O

-
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Lock-out gate. Both set and reset (S; and S2) inputs to flip-flop (a)
are kept high in quiescent state. When either S, or Sz goes low, its
output (Y, or Yo, respectively) will go high, but the other output stays
low even if its input goes low. Since only one signal can pass to the
output at a time, this gate can arbitrate asynchronous interrupt sig-
nals. An additional gate (b) accommodates another input.

v
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Audio amplitude leveler
minimizes signal distortion

by Edward E. Pearson
Burr-Brown Research Corp., Tucson, Ariz

An ac current-controlled bridge in the feedback loop of
an operational amplifier can provide very close control
of signal amplitude, while contributing negligible dis-
tortion at or near a predetermined optimum input sig-
nal level. The resulting circuit is well suited for ampli-
tude leveling in test oscillators, communications
equipment, and telemetry systems. It can be built for
around $4 and offers extremely close amplitude control
over the entire audio spectrum.

Unlike conventional circuits that apply increasing
amounts of feedback along the entire span of input volt-
age range, this amplitude leveler applies zero feedback
(and, therefore, zero distortion) at an optimum input
level and produces positive or negative feedback above
and below this level. The differential output from a
bridge is used to get the desired feedback.

The bridge, which is outlined in color, employs two
devices, Ty and T, whose resistance varies with current.
Such components as incandescent lamps, thermistors, or
even active devices can be used. Here, T, and T, are in-
candescent lamps. Resistors R; and R are chosen to be
within the resistance range of T; and T..

A specific voltage, V, will shift the resistance of T,
and Ty, balancing the bridge and producing a zero dif-
ferential output (e; - ez). As voltage V is varied above
and below the zero output level, the bridge is un-
balanced in opposite directions and develops differ-
ential outputs of opposite phase.

LettingR; = R = Rand T,
can be expressed as:

= Tz, =T, voltage e,

e1 = TV/T+R)
and voltage e2 is:

e2 = RV/(T+R)
so that the differential voltage becomes:

e1-e2 = (T-R)V/(T+R)

When T is greater than R, e; - e» is more than Zero;
when T = R, e; - e2 = 0; and when T is less than R,
€1 - ez is smaller than zero.

Depending on the input signal level present at ampli-
fier Ay, the network formed by the bridge and ampli-
fiers A2 and A3 produces positive, negative, or zero
feedback. For the component values indicated, an input
voltage of approximately 0.4 volt is just sufficient to
drive the bridge to a balanced condition (zero feed-
back).

At this input level, the components in the feedback
network cannot contribute to distortion in the output. If
the input voltage varies from the optimum 0.4-v level,
the inputs to amplifier A; will become unbalanced, and
an amplified differential voltage (from the bridge) will
produce gain compensation at amplifier. A;. The table
indicates the range and degree of amplitude control ob-
tained.

The circuit’s output voltage can be made higher by
increasing the value of resistors R; and R.; the higher
resistance values increase the voltage needed to balance
the bridge. Or, the output voltage can be made smaller
by increasing the gain of amplifier A,. To lower the op-
timum input voltage level, the gain of amplifier A, is
made higher.

Because increasing amounts of positive feedback are
present at the input to amplifier A,, the circuit becomes
unstable at very low or zero input levels. The table
shows the minimum permissible input levels; the circuit
must be modified to accommodate input signal drop-
outs. O

Designer’s case;ok IS @ reguiar feature in Electronics. We invite readers to submit onginal
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit’s operating prninciple and purpose. We'll pay $50 for each item published.

LAMPS: 10V, 14 mA (=1096)
OP AMPS: 741 TYPE

AAA
10k 47k 8UZT\FI’UT )
INPUT - evrms
Ay
- \ ]
(&) — &) (~Ay) —a P u
100 k2
l 43kQ '
Z A
Az
AN
43kQ

Frequency (Hz) | Minimum (V) Maximum (V) | Zero feedback (V) | Input swing (dB) Voltage level

’ 20 0.06 2 0.38 =30 22V :%dB

| 100 15,000 0.02 2 0.38 40 22V t% dB
20,000 0.23 2 0.42 =20 | 22V +%dB | |

Leveling audio signals. Rather than increasing feedback with increasing input voltage, audio amplitude leveler operates at zero feedback

for an optimum input voltage. Current-controlled bridge in feedback loop of amplifier A,

develops the differential voltage needed to keep the

output level steady. The incandescent lamps act as current-variable resistors that balance the bridge when input voltage is 0.4 volit.
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FETs
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( N-channel
J FET J FET

Since 1962, Siliconix has evolved FET technology and applied it to
a complete range of singles, duals, arrays, and ICs. So what’s new?

Industrial Analog Switch:
S0¢€ Per Channel

Now available: analog switches specially selected for industrial control service,
at per-channel prices as low as 80¢ (DG501CJ) and 90¢ (DG172C)) in 1000-unit quantities.
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You can’t go wrong with our epoxy
analog switches if you're a designer of
industrial control circuits. Choose from
a variety of switch configurations
and structures:
m PMOS monolithic—DGS501CJ,
8 channels, break-before-make switch
action, = 5 V analog signal range
® PMOS/bipolar—DG172, 4 channels,
20 V peak-to-peak signal capability,
PMOS FETs and bipolars on a
single chip
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All of these FET switch/driver
combinations are off-the-shelf and at your
nearest Siliconix distributor right now.
They’re priced to compete with reed
relays and other electromechanical
devices —and they switch 1000 times
faster, last far longer, require less drive
power and associated hardware, and
operate directly from industrial

computer logic.

Our catalog line of FET analog switches will cover most applications.
If your switching problems are unique —and whose aren’t—
call our applications people. They're eager to help. For complete information

write for data

Applications Engineering (408) 246-8000, Ext. 501

Siliconix incorporated
2201 Laurelwood Road, Santa Clara, California 95054
Electronics/May 24, 1973

Circle 105 on reader service card

105




“

The tradeoffs
IN monolithic

Image sensors:
MOS vs CCD

With two kinds of solid-state imaging
devices now available, designers
have a choice in systems that will
replace image tubes, especially

in low-light-level applications

by Roger Melen, stanford Erectronics Laboratories, Stanford, Calif.

“

Designers of information-display and recording systems
have long dreamed of the coming of solid-state imaging
devices that are small and fast, operate at low power with-
out high voltages, and work at wide dynamic ranges of
ambient light. Those dreams are becoming a reality as the
charge-coupled device comes to the marketplace to join
the older MOS photodiode image sensor.

Both types of monolithic image sensors offer funda-
mental improvements over earlier imaging methods, espe-
cially for optical character recognition, facsimile Systems,
and video communications, where high-voltage devices of-
ten requiring high light levels are being used. But the ca-
pabilities of the two types of devices overlap, and design-
ers are evaluating the strong points of each.

Preliminary experiences indicate that both the Mos
diode array and the CCD imaging array are suitable Sfor
OCR and facsimile displays that require only small arrays,
while the ccp display appears to be the only one of the
two suitable for television applications, both at high and
unusually low light levels.

MOs diode linear arrays ranging in size from 64 to
1,000 diode elements (photograph, right, Jfrom Reticon
Corp.) have been available for some time Jrom several
manufacturers. These devices are capable of imaging rates
higher than 5 megahertz, and they offer real-time Sacsim-
ile-quality performance.

The MOS diode array also is useful for small-area imag-
ing applications where resolution need not be of television
quality. In these applications, the MOS diode array is an
excellent replacement for low-resolution image tubes be-
cause of its capability of operating at low light levels with
self-contained power supply, drive circuitry, and displays.
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Complete camera systems with 50-by-50 diode arrays are
already on the market and are bein g used for surveillance,
OCR, and defect-detection systems.

The value of the cCD must be considered as lying
mainly in its potential for supplying Sull video-quality
imaging at both high and low light levels, a performance
which is beyond the capability of present MOS diode tech-
nology and costs. Moving from concept to marketplace in
less than three years, the ccp is already available in
linear device with 500 elements (photograph, far right,
from Fairchild), an incredible achievement when com-
pared 1o the earliest, 64-element MOS image sensors.

CCD technology already offers products with a dynamic
range of 1,000 to 1, making it possible to image objects
having widely different intensities. The sensor can detect
light levels as low as 15 microfootcandles. Full-scale ccp
area imaging devices that are expected within the next
Year include video cameras with resolution of 250 lines,
which is adequate for most data-communications Systems.
Line-imagers with 1,500 elements for page readers are on
their way, and not far behind is the ultimare imaging
goal—well within the immediate developmental capabili-
ties of cCDs—full-video-quality cameras that have 550-
line resolution and that operate at ordinary ambient-light
levels.

The article that follows compares the two competitive
types of monolithic image sensors from the standpoint of
important performance criteria—dynamic range, sensi-
tivity, noise, and image clarity. But it is emphasized that
the comparison must be based on MOS arrays that have a
product history of three to four years, while the cCDs are
only now entering production. —Laurence Altman

Electronics/May 24, 1973
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[J Monolithic image sensors provide a major new di-
mension in the fabrication of information system dis-
plays—be they video cameras, facsimile equipment, or
process control instrumentation for optical character-
recognition systems. Both MOS photodiode arrays, now
three or four years old, and charge-coupled devices,
which are now entering the marketplace, offer the user a
new standard in small size, high speed, high reliability,
and ease of use.

But because of subtle differences in structure and
readout, each has its unique performance character-
istics. The design engineer should clearly understand
the operation and performance limitations of each de-
vice before committing it to an expensive, complex sys-
tem design.

Superficially, both types of arrays appear to be simi-
lar in operation. Both are fabricated with basically the
same integrated-circuit technology. Images formed on
the face of semiconductors are scanned off in conven-
tional shift-register fashion. However, their perform-
ance differs because of different methods of projecting
the image on the chip and reading out the signals.

The MOs image sensor (Fig. 1a) is essentially a high-
performance diode scanning circuit built with standard
photodiode and either metal- or silicon-gate technology
[Electronics, Nov. 8, 1971]. The scanning circuit is made
up of MOS transistors that are embedded in the same
monolithic structure containing the array of photo-
diodes. After an object is imaged onto the surface of the
photodiode array, the MOS scanning circuit shifts the
signals off the chip by accessing the diodes sequentially
through an analog switch to a common bus line.

A simple ccD (Fig. 1b) is essentially an analog-signal
shift register (a delay line) fabricated from a closely
spaced array of MOS capacitors [Electronics, March 29,
p.25]. It also is usually built with some sort of silicon-
gate buried-layer technology. The input signal takes the
form of minority carriers generated in the semicon-
ductor beneath the capacitor plates by the absorption of
incident light.

The signal charge, consisting of minority carriers, is
stored in packets in the semiconductor beneath the ca-
pacitor plates. Since the signals are stored in packets,
they appear at the output as sampled signals, with each
sample representing a packet of charge.

In operation, the signal charge may be transferred
from capacitor to capacitor throughout the array by ap-
plication of a sequence of biasing pulses. The charge-
transfer efficiency is typically greater than 99.9% be-
cause of the close spacing of the capacitors in the arrays.
Recent devices have efficiencies as high as 99.999%.

Ditferences in devices

Despite the similarities in fabrication technologies,
the performance of the MOS and CCD image sensors are
different because they have different methods of imag-
ing the light and different techniques of reading out sig-

Closing the loop
Readers who are interested in discussing this article with the
author may call Roger Melen during business hours on June
7 and 8 at (415) 321-2300 ext. 2642.
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1. Structures. Two image-sensor types operate ditferently. MOS sensor (a) passes charge directly from the imaging photodiode into an MOS
shift register. which then carries the charge to a detection circuit. CCD sensor (b) uses the imaging array itself as the transfer mechanism.

nal charges. In the CCD image sensor. the signal charge
is collected by a field-induced junction beneath an MOSs
capacitor electrode. and readout is accomplished by
multiple transfers of charge through the array of in-
duced junctions 10 the output circuitry. But in the MOs
image sensor. the charge is collected by a diffused junc-
tion in the photodiode, and readout is accomplished by
a single charge transfer from the diffused junction to the
video-out circuitry.

These rather subtle differences in structure and read-
out result in wide differences in performances at high
and low light levels. in image clarity. and in device com-
plexity. At low light levels. the minimum light that can
be resolved by the image sensor depends on the efti-
ciency with which the image sensor can collect the light
incident on it, as well as noise introduced hy the sensor
and its associated circuitry.

The MOs sensor converts light to signals more ef-
ficiently than does the ccp. a property that results from
the diflerences in the amount of light reflected from the
imaging surface of each device and from the differences
in the site at which the signal charge (gencrated by the
incident light) is collected.

Itumination: front vs. back

Two common techniques (Fig. 2) are used to illumi-

nate the semiconductor substrate in monolithic image

sensors-—front and back illumination. Although either
technique could be used with either cCD or MOS image

sensors, only back illumination is used for CCDs because
most CCD structures have electrodes on the front that
are opaque.

Unfortunately. back lighting introduces fabrication
problems and performance limitations. The substrate
die must be made very thin so that the light-generated
carriers, which are generated within 4 micrometers of
the semiconductor surface for visible light, may be ef-
ficiently collected und stored in the depletion layer be-
neath the capacitor electrodes on the front side.

About the thinnest substrate that can be fabricated
has a thickness of about 25 micrometers. This means
that device elements cannot be spaced less than 25 pm
apart—thicker substrates would cause charges to spread
from one clectrode 10 another—a restriction that limits
the potential resolution of back-illuminated cCps. This
limitation on element spacing is especially damaging for
image sensors containing large numbers of elements be-
cause it means that a great deal of silicon must be used
to accommodate the density.

Clearly, front illumination is desirable for simple
structures to give good resolution. MOS image sensors,
fortunately, have silicon oxide covering the semicon-
ductor substrate. Not only is this oxide transparent, but
it also acts as an optical coating that matches the optical
impedance of the silicon to the impedance of air.

Some CCD sensors also have been built with polyerys-
talline clectrodes that can be illuminated from the front.
but these polycrystalline structures. unfortunately. pro-
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2. Backlighting. Monolithic image sensors can be imaged either on the back or the front of the substrate. Most CCDs, on the other hand,
have front metalization that is opaque to light and therefore requires the imaging to be done from the back.
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vide poor impedance matches with the oxide beneath,
which causes reflection at the poly-oxide interface.
These mismatches create interference patterns in the
surface reflections, resulting in a decrease in the photo-
current output.

That villain, noise

But whether the array is illuminated from the front or
the back, noise introduced into the video signal by the
image sensors and associated circuitry is probably the
greatest factor that limits operation at low light levels.
The noise, which masks small photosignals in both
types of arrays, comes from mismatches in parasitic ca-
pacitances and thermally generated carriers. Moreover,
ccps suffer noise from transfer losses.

In MOS image sensors, capacitor noise results from
mismatches between parasitic gate-source and gate-
drain MOS capacitance of transistors in the scanning cir-
cuit and photodiodes and video output port, with which
these capacitances are in series. These MOS transistors
are analog switches that address the individual pho-
toelements in the array.

When these transistors are turned on or off, there isa
corresponding voltage spike on the analog photosignal
line being switched. Although these spikes may be re-
duced by filtering, because they occur at twice the max-
imum video frequency, they can not be eliminated com-
pletely.

The variation in the magnitude of these spikes
throughout the MOS photoarray gives rise to fixed-pat-
tern noise (FPN) in the video passband—noise that can-
not be filtered. Fortunately, the variation in the noise is
small compared to the absolute magnitude of the
spikes. Indeed, with no incident illumination, a low-

| Night vision

{ Monolithic image sensors may be operated at incident
| light levels below those found in the average office, a

capability that has resulted in their being used in moni-
toring and surveillance applications. For this kind of
work, exposure range is the important parameter for
evaluating the sensor's ability to perform at low light
levels.

The exposure range is the ratio of the maximum to
| minimum intensity that can be resolved by the image
| sensor. The exposure range is often expressed in f
stops (factors of two in light intensity).

Exposure range may be calculated by:

ER = 0.301 |Ogl() lmax/lmin
where:

ER = exposure range in f stops

lmax = maximum resolved light intensity
l fmin = Minimum resolved light intensity

Maximum resolved light intensity can be limited by
either the brightness range of the scene or the satura-
tion level of the image sensor. At the low illumination
| levels being considered, the exposure range is often

limited by the brightness range of the scene. Typical

values of exposure range for MOS image sensors are

six to 10 f stops, which translates into a dynamic

range of 20 to 1. Experimental MOS image sensors
| and some recent CCD products have already been
built with dynamic ranges as high as 1 ,000to 1.

— e —

level noise image resulting from FPN may be observed
at the output of the image sensor.

Spike noise, indicated in Fig. 3 as observed at the sen-
sor output, is referenced to an equivalent noise voltage
across the capacitance of the photosensing element ina

Tawomms
10 SATURATION LEVEL FOR CCO ANO MOS
10° AL CCO OARK-CURRENT NOISE
OPERATING
o RANGE MOS OARK-CURRENT NOISE
& 1w 'l
e L il = e = =
g ARV R A AR DR RRNS] W
J 7
-4 A
o -2 Y
10 Y ) SPIKE NOISE
2 ONOY 4 IN MOS
o { 4
w (N 7/
= j F CCO TRANSFER
S0 s L0SS NOISE
r v
g v
" 5\ e — — — 4~ — — — — OPAWPNOISE
g 10 4 /
> d )
<
e e o el gl byedoegleielem g hogdpebg __a— JOHNSON NOISE IN MOS SENSOR
- A ————————_—_—— —
103 7 s “"JOHNSON NOISE IN CCO SENSOR
7 7
e
v
1w0°° o | | | | |
108 104 10 3 102 10! 100 10°

LIGHT INTEGRATION TIME, OR 1/FRAME RATE (SECONOS)

3. The limit. Noise is the limiting factor in the level of light that can be detected by a monolithic image sensor. In MOS imagers, spike noise in
the range of 0.5 X 10-2 volt is low enough to allow use in poorly lit rooms. in CCDs, charge transfer noise can be as low as 10-5V.
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4. Noise. Low-light-tevel detection is limited by noise in the detection ampilifier and reset resistor (a). Noise from the latter (R,) is more preva-
lentin MOS images and dictates the use of low-noise amplifiers, such as the charge amplifier shown in (b).

representative 512-element device. Values of noise
range from 103 to 0.5 X 10-2 volts, well within prac-
tical operating levels. The saturated output signal re-
ferred to the diode is typically 5 volts, resulting in dy-
namic ranges of 100 to | and more.

While CCDs are not affected by FPN from the spikes in
switching transistors, they have fixed-pattern noise re-
sulting from capacitance between clock lines and the
output lines. Luckily, these noise pulses are all the same
height and can be filtered out by low-pass filters, but the
filters consume power and occupy space.

A better method of reducing this parasitically
coupled noise is to fabricate video preamplifiers on the
same image-sensor chips. The noise is thereby reduced
because the magnitude of the parasitic coupling capaci-
tance may be made smaller for amplifiers on the same
chips than for off-the-chip amplifiers.

Fixed-pattern noise in both MOs sensors and CCDs
can also come from thermal effects. cCD image sensors,
however are more susceptible to thermal effects than
are Mos sensors because the surface of CCDs is not in
equilibrium, which causes thermal imbalance.

This form of noise is most troublesome at illumina-
tion levels below 10 microwatts per square centimeter
and for light-integration periods longer than 100 milli-
seconds for typical devices because the noise comprises
a significant portion of the dark current at these levels
and represents the ultimate operating limitation.

Transfer noise

But with CCDs, transfer-loss noise (also shown in Fig.
3) is more damaging than fixed-pattern noise. This type
of noise, the result of charges left behind after transfer
operations, appears in the sensed image as a white
smear to one side of a sensed white spot. It is most no-
ticeable when large quantities of charge are being trans-
ferred, corresponding to a high-intensity spot.

For example, a loss of 10~3 per transfer (99.999% ef-
ficient) will in a 512-element array (1,024 transfers for a
two-phase device) result in a total loss of one part in
100. Three-phase clocking would increase the total loss
of charge for the same charge efficiency. A white spot
transferred through the entire array will appear as a
smear at the output port with the biggest smear coming
from dots starting farthest from the output port. Trans-
fer-loss noise also reduces a cCD’s exposure range, and
it basically decreases the contrast the sensor can detect.

One method of reducing transfer noise is to bury the
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transfer channels about | micrometer beneath the sur-
face of the substrate by ion implantation. Charges
transferred in the buried channels are not subjected to
transfer inefficiencies caused by charges trapped in sur-
face states at the semiconductor-oxide interface. A 500-
element buried-channel device just appearing on the
market has a transfer efficiency of 99.999%.

Fighting noise

However, some noise sources cannot be readily over-
come, such as thermally generated noise, which will al-
ways be present. This limits sensor performance at low
light levels. All amplifiers and all resistors are subject to
thermal noise; in an imaging system, the circuitry con-
nected to the output of the image sensor (Fig. 4a) gener-
ates this noise.

In this example, the thermal noise signal appearing at
the amplifier output is a function of the source imped-
ance and the noise parameters of the amplifier. In
monolithic image sensors, since the source impedance is
the capacitance between the output terminal and
ground, the larger the capacitance, the greater the noise.

This type of noise is greater in MOS image sensors
than in cCD arrays, because the MOS image sensor has a
high-capacitance bus line connected to its output, but
this noise is not a limiting factor because high-perform-
ance low-noise amplifiers are available at low cost.

Still another source of noise is in the resetting resistor,
R, also shown in Fig. 4a. This resistor can introduce an
equivalent noise charge (called Johnson noise) on the
video signal of magnitude Qquoise=KTC;. Thus, the
greater the capacitance across the reset resistor, the
greater is the noise charge. Fortunately, the charge am-
plifier shown in Fig. 4b may be used to reduce the in-
fluence of this fundamental noise source by allowing ca-
pacitor C; to be very small. The magnitude of Johnson
noise relative to the other sources of noise previously
discussed is also shown in this generalized noise struc-
ture of Fig. 3, where Johnson noise is found in a repre-
sentative 512-element MOS line-image sensor.

Performance at high light levels

Saturation exposure, a parameter that describes sen-
sor performance at high light levels, generally is a func-
tion of the maximum charge that can be stored during
the light-integration period of the sensing elements in
the photoarray. The light-integration period is the time
used by the photoelements to collect charges represent-
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ing the illuminated image. Typically, the light-integra-
tion period corresponds to the frame period.

For MOs image sensors, the maximum signal charge
that can be stored depends on the bias applied to the
photodiodes. For CDs, it depends on the potential of
the storage surface. Because the photoelements of CCDs
and MOS image sensors have similar geometries and
similar storage potentials, the saturation-light levels of
both devices are similar.

The high-light-level capability of both sensors can be
maximized by increasing the storage capacitance of the
photoelements while masking the other regions from in-
cident light. This type of structure, called a monolithic
aperture, allows the light-handling capability of line-
scanning arrays to be significantly increased, while
keeping noise in the unexposed areas small. Area-
sensing monoiithic arrays do not benefit as much from
this technique because of the loss of spatial resolution
resulting from the lfarge area required to achieve in-
creased capacitance

MOSs image sensors benefit most from this technique
because a pn junction is the photoelement, and it can be
read out quickly. In a CCD. on the other hand, an adja-
cent-capacitor photoarray technique would increase the
size of the photoelements, and, in turn, the time re-
quired to transfer the signa! charge from the adjacent
photo capacitor to the analog CCD shift register.

ccDs, which have a low charge-transfer efficiency. are
subject to blurring where the charges that are left be-
hind during transfer between electrodes may appear
later at the device’s output terminal. Unfortunately, the
transfer losses that cause blurring in CCDs increase not
only with the number of transfers but also with lower
light levels. However, the MOS imager does not blur be-
cause there is only one transfer. The signal fiows only
through a single analog switch before reaching the out-

put.
Large-area imaging

There is nearly universal agreement that CCD image
sensors, larger because of their smaller cell size, are
more likely than MOS sensors to achieve television qual-
ity of 525 lines in a two-dimensional scanned-area im-
age sensor. The highest-density MOS area image sensor

Electronics/May 24, 1973

5. image systems. Both MOS
and CCD imaging arrays can be
used in area imaging systems.
CCD cameras potentially are ca-
pable of TV-quality resolution.
MOS arrays, like this one from
Reticon, are useful for lower-
resolution systems

available has a cell size of 2 mils by 2 mils, whereas CCD
area image sensors have already been built in the labo-
ratory with cell sizes on the order of | mil by | mil—4
times denser. Indeed, a CCD area image sensor with half
the resolution of that required for data-transmission
systems, such as Picturephone, has already been built
on today’s LSI-size silicon dice. Industry observers are
hopeful that a sensor with full Tv-resolution can be
built in the next couple of years by using larger 500-by-
500-mil dice.

However this device won’t have the simple structure
that was first conceived for the CCD scanner. It will
probably incorporate diffusions for low-noise charge-
detection, blooming control, and high charge-transfer
efficiency. The fabrication process will most likely in-
clude ion implantation, two layers of metal, special an-
nealing steps, and multiple diffusions to obtain the nec-
essary high performance. The elegance and simplicity of
the original device may have to be sacrificed to attain
the high level of technology required to mass-produce a
competitive CCD device having television-quality reso-
lution.

On the other hand, Tv-quality systems can be con-
structed with existing 512-bit MOS line-image sensors by
adding a rotating mirror to optically scan the images.
However, the mechanical scanning mirror necessitates
adding volume in the camera. But less silicon real es-
tate, which is expensive, is required for the mirror-
scanned line-image sensor than for a corresponding
area image sensor, which results in a correspondingly
lower component cost. But the 512-element MOS line
scanner requires higher light levels because less time is
available for integration of each scanned element than
in area sensing devices.

These tradeoffs make it clear that the system designer
must evaluate carefully the relative merits and disad-
vantages of both technologies. CCD image sensors,
which are free of spike noise, are more likely to be built
in high-density arrays, whereas MOS image sensors tend
to be less susceptible to image degradation.

In any case, since both types of sensors are fabricated
with silicon semiconductor technologies and offer simi-
lar performance, the interchange of the two types of de-
vice should be straightforward. O
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Buying our tester won’t cost much.
Not buying it will.

We can help.

If you're into discrete devices, the question isn't can you
afford a test system. The question is how can you afford not
to have this test system. Small volume users or manufac-
turers— for die sort, sampling or hi rel requirements.

Qur sleek, new System 12 Programmable Automatic
Test System can offer you the plain, simple, yes or no, pass
or fail, answers you need. High speed. Accurate. Reliable.
It's a small test system designed to do maximum work while
taking up minimum space.

The System 12 will handle incoming inspection, wafer
testing, quality control, and die sorting. A 3-station multi-
plex—each station conducts different tests on different types
of polarities at the same time. The solid state MOS memory
stores up to 82 tests which can be programmed into Class
Plans. Programming is flexible and readily expandable. BV
measurements at 600V and currents at 10 amps are standard
for power devices.

e |2irchild Systems Technology
e D 3500 Deer Creek Road
Palo Alto, California 94302

Among the options for the System 12 are Multiplex

option with remote station capabilitics, small signal Hpg., Send me information on the System 12 Programmable Automatic

Test System. Our monthly test requirement is

i |
| |
! [
|
|
| |
|
high throughput, IKV, SCR parametric expansion, 100 amp D approximately of Ctransistors, (J1.C.s CIMS :
DCHgg, 1OV or 220V operation, external test capability, :
memory protect, and digital read-out on the central and | Name - : i
remote test stations. The System 12 can be configured to | Tide . _ ',
satisfy your requirements today, and expanded as your needs G o , !
expand...easily and without penalty. I —— Gty Il
. | X |
You can order the new System 12 from stock. The I State S Zip !
price is low. Write for detailed spec sheets, or call collect 1 Phonet ) : Ext [
(415) 493-5011 for demonstrations. Our TWX: 910-373-1204 S
F j h . ld Yy t
Farchild Systems Technology. a division of Farrchuld Camera & Instrument Corporation
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- Minicomputer

points the way
to sewer-system
| mprovements

By tracking rainfall variations and
sewage flow rates, a data acquisition
system in San Francisco shows why
and where sewage overflows, and how
deficiencies in the sewer system
can be corrected economically

by W. R. Giessner, F. H. Moss, and R. T. Cockburn,

Division of Sanitary Engineering, San Francisco, Calif.

[J According to limited data on rainfall available—
from a single rain gage downtown—San Francisco’s
sewer system should have been functioning satisfac-
torily. Yet sewage overflowed into the bay and ocean in
just about every heavy rainstorm. Evidently, a broader
data base was a very necessary first step in up-grading
the system.

Over a year ago, therefore, a minicomputer began
collecting data from a city-wide network of rain gages
and sewage-level monitors in order to define the precise
link between the rain and the overflows. Ultimately, the
project is expected to lead to a real-time control capa-
bility for deciding, on a minute-by-minute basis,
whether to store or treat sewage from all 30 subdistricts
in the city, in response to storm movements.

For the electronics engineer, the challenge in devel-
oping either the data acquisition system or the eventual
control system lies largely in interfacing the central
minicomputer to the gages and monitors that collect
data and to the valves, blowers, and pumps that will
control the mixtures of rain runoff and sewage flow.
There is also the need to design a data acquisition sys-
tem capable of being expanded into a fully integrated
on-line control system.

Storms and sewers

San Francisco resembles many long-established
United States communities in having a combined sewer
system—that is, one that carries domestic and industrial
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waste water as well as the runoff from rainfall in one set
of pipes. In dry weather, waste water flows from its
sources, as shown in Fig. 1, into collector sewers, and
thence through interceptor sewers to three sewage treat-
ment plants, which normally handle about 39 billion
gallons of such dry-weather waste water per year. Be-
cause this dry-weather flow fluctuates, the plants have
been designed to handle up to three times the average
daily flow without being overloaded.

But during a rainstorm, the flow of sewage may for a
short period increase to as much as 100 times its aver-
age daily flow—causing a massive overflow of untreated
sewage into San Francisco Bay and the Pacific Ocean.
Over a period of years such overflows occurred on an
average of 82 times per year during 46 rainstorms,
mostly during the winter months.

Part of the problem seemed likely to lie in an assump-
tion made by designers of conventional storm sewer sys-
tems like San Francisco’s. Most designs are based on a
determination of how heavily rain falls, how long it
falls, and how often particular combinations of these
rainfall intensities and durations occur. By statistical
methods these combinations are converted into pipe
sizes and other specifications of a sewer system—but the
conversion usually assumes that rain falls uniformly
over the entire area drained by the sewers. Moreover,
the rainfall data on which the conversion was based in
San Francisco’s case is obtained from a single gage atop
the Federal Office Building, from which measurements
had been taken for 62 years.

The preliminaries

When the city’s sanitary planning and studies engi-
neers undertook the difficult task of correcting the over-
flows, they first had to determine what kinds of waste
flow were involved and when and in what quantities
they occurred.

At this point a computer enters the picture—not the
minicomputer in the data acquisition system, but a
larger system used by several municipal agencies. On
this computer the planning and studies staff developed
a historical analysis of actual rainfall over that 62-year
period, from 1906 to 1968, using the only data avail-
able—that from the solitary rain gage. But instead of
looking for combinations of intensity and duration, as
in the conventional method, they worked with the ac-
tual rain occurrences and the time between rains. The
result of this analysis appears in Fig. 2: the scale of
inches against hours—rainfall intensity—turned out less
important than the relation of the volume of storage to
treatment capacity in a given period of time.

As the diagram of the analysis shows, when the cu-
mulative rainfall volume exceeds the treatment capac-
ity, the system overflows. To control this overflow, three
avenues are open.

The first is to increase the treatment rate to match the
rainfall rate plus the daily rate of sanitary sewage flow,
with hourly variations. This is impractical because it
would require a large treatment plant with an unde-
fined capacity that could respond almost instantan-
eously to large fluctuations in rate.
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1. San Francisco sewer system. Ordinary waste and the runoff
from rainfall both pass through the same pipes, to be treated and
turned into landfill or to be discharged into San Francisco Bay or the
Pacific Ocean. Normally 39 billion gallons per year (BG/Y) are pro-
cessed. Runoff from rain can rise to 100 times the average daily
sewage flow and cause massive overflows (color).

A second, more feasible, approach is to provide stor-
age for the excess flow. Then the excess can be treated
as capacity becomes available.

The third, and most sophisticated, approach is to allo-
cate the total treatment capacity to different segments
of the city at different times, taking into account the
way rainfall varies with time at any given point and
from point to point at any given time during a storm.
For example, if a third of the city had relatively intense
rain and the rest had little or none at that time, then de-
voting the total treatment capacity to that area of the
city that needs it effectively triples the available treat-
ment capacity.

However, the temporal and spatial variations in rain-
fall upon which the third approach depends assume
that the rainfall extrapolated from a single gage is not
representative of rainfall in San Francisco. Further
measurement was necessary to establish whether such
variations occurred, and if so, where and when.

For the initial evaluation, 17 rain gages were installed
by staff members on the roofs of their houses at various
places in the city. Each of these 17 gages recorded rain-

115



MINIS IN A C T IO N

fall data on a drum recorder for the 1969-70 season.
They provided a relatively poor data base, for several
reasons: the drum recorders on the various gages were
not synchronized, and the mechanical or battery-driven
clock mechanisms were neither very accurate nor ca-
pable of resolution better than five minutes. In a few
cases several days of rainfall data were overwritten on a
single sheet because a staffer was out of town, or just
forgot to replace the charts on the recorders.

Nevertheless, the distributed network recorded data
that was significantly different from the single gage at
the Federal Office Building. For example, the volume of
rainfall was consistently at least 15% less, and ranged to
as much as 25% less, than that extrapolated from the
single gage—pointing to a drastically reduced need for
added treatment and/or storage capacity. Spatial differ-
ences were quite evident. Significant time variations
were indicated, although they could not be well defined
because the gages were not synchronized.

The present system

This data justified the expenditure on the data acqui-
sition system. It consists of 30 remote rain-gage stations,
120 remote waste-water-level monitors, a central
recording station, and all necessary software to operate
the system.

The central recording station includes a Honeywell
H316 computer with 16,384 words of core memory, a
real-time clock, and a power-failure detection and
power-restarting unit. Its peripherals include two mag-
netic tape drives with a controller, and a teletypewriter.
The data collection requirements of the system are not
severe—almost any minicomputer that was available at
the time the specifications were drawn up could have
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2. Rainfall analysis. Colored steps show rainfall recorded at inter-
vals during a typical storm. The heavy dark line plots the accumu-
lated rainfall when this line rises above the lower dotted line, which
represents the volume of sewage treated at a constant rate, some of
the sewage is stored. When storage capacity (upper dotted line) is
exceeded, sewage overflows.
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done the job. Even heavy rainstorms keep the computer
busy only about 10% of the time.

Software supplied with the system includes the manu-
facturer’s basic package plus application programs: a
data communications interface, processors for accepting
data from the remote stations, a timer routine, loggers
for printed output, formatters and recorders for storing
processed data on magnetic tape, and a routine for cal-
culating the five-minute interval of maximum rainfall
intensity for each hour of the day. An executive pro-
gram sequences these other programs in response to
timing and interrupt signals.

Leased telephone lines connect the remote stations to
the central recording facility. Whenever any of the 150
circuits changes state (from off to on, or from on to off),
a corresponding relay in a telephone equipment rack is
activated, interrupting the computer; the computer then
services the line, identifying it and adding the data that
the state change signifies to the accumulated base.

Each rain gage consists of a beam with two indented
buckets balanced on a central pivot in such a way that
each bucket alternately receives and discharges rainfall
collected by a funnel at the top of the gage. When the
equivalent of 0.01 inch of rain has accumulated in the
bucket. it overturns and empties out the water; this
brings the other bucket into position to catch more rain.
As a bucket tips, a normally closed mercury switch
opens momentarily to signal the tipping; the normally
closed position permits the line to be checked for con-
tinuity. These gages are identical to the 17 used in the
initial evaluation except for the absence of drum
recorders.

Each remote waste-water-level monitor contains an
electrically driven air compressor and regulatory equip-
ment that produces a constant flow of air out of the res-
ervoir at 1" standard cubic feet per hour and 28 pounds
per square inch. The air bubbles up through the water
in the sewer pipe, and as it bubbles, it overcomes the
back pressure created by the depth of the water. This
back pressure is measured by a bellows that sets the po-
sition of a cam lever. As the cam rotates, once every 15
seconds, it lifts the lever; this action closes a mercury
switch for a length of time that is proportional to the
back pressure and thus to the depth of water in the
sewer pipe. The switch closure completes the circuit in
the telephone line and is detected at the central record-
ing facility.

Raw measurement cycle

The 15-second cycle of the remote monitors estab-
lishes the raw data-recording cycle. From the 120 moni-
tors thus come 480 measurements each minute; these
are recorded on magnetic tape in one-minute blocks,
followed by accumulated rainfall data. The tape also
records summaries every five minutes, and maximum
sewer levels, accumulated rainfall, and peak rainfall in-
tensities every hour.

As a whole, the system is modular and flexible, and
makes provision for its eventual expansion into a real-
time control system.

Installation of the system began in 1970. The remote
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3. Storm front. Compu'ler-generated maps of San Francisco showing rainstorm moving across the city definitely invalidate the previous
assumption that rain fell uniformly on all sections. Degree of shading shows the amount of rain. The 12 small maps represent three-
minute accumulations between 11:49 a.m. and 12:25 p.m. on March 12, 1971, while the large map shows part of the printout for the
period ending at 11:58 a.m., with accumulations registered at individual rain gages. Asterisks represent the shoreline and boundaries

between districts within the city. Each dot represents about 3% acres.

stations turned out to be more difficult to set up than
had been anticipated, because telephone lines and other
facilities that were presumed to exist often did not, and
because locations that required new telephone lines to
be installed had to await the utility company’s engineer-
ing and construction schedule.

Other problems and weaknesses appeared during the
1971-72 rainfall season—the system’s first full season in
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operation. For example, noise in the telephone lines
and contact “‘bounce”—or more precisely “slosh”—in the
mercury switches were sometimes recorded as tips of
the rain gages. Though the “bounce” was more a matter
of alignment than a basic fault in the equipment, it did
cause the extra data to be recorded, and this extra data
overflowed the buffers in the computer’s memory and
was written in the memory area reserved for the real-
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time clock. As a result, the clock indication was thrown
off, and one week’s data was without value.

The clock itself was quite inaccurate at first. Its speci-
fications indicated accuracy within 2%—which meant it
drifted by almost 30 minutes within 24 hours. It had to
be modified to synchronize with the ac line frequency,
which is much more accurate.

Other problems arose because the computer is con-
siderably more precise than the instrumentation, which
is subject to drift and requires the software to be modi-
fied to reject spurious data. Algorithms had to be de-
vised to distinguish between significant and insignifi-
cant indications of malfunction. The staff had had no
experience with any system such as this—nor had any-
one else, since the rainfall monitoring system is
unique—and therefore had no basis for deciding when
they had sufficiently valid data. Attempting to insure
100% valid data was obviously not feasible.

But in spite of all these problems, the system’s oper-
ational status is being continually improved, providing
data that previously was not available and indicating
many new aspects of rainfall.

The system was baptized in March, 1971, when fairly
heavy rain fell. By this time, also, a computer program
called Symap, developed by the Harvard University
Laboratory for Computer Graphics and Illustrated De-
sign, had been purchased and modified to produce com-
puter-drawn contour maps of rainfall patterns.

Figure 3 shows several printouts from the March,
1971, storm. They reveal a frontal storm entering the
city from the northwest, with a front about a mile wide,
progressing southeasterly at about eight miles per hour.
This depiction of a storm’s shape, size and the rate of
travel is the most outstanding and useful benefit of the
computerized data acquisition system, because it pro-
vides the information needed to upgrade the city’s
sewer system.

This was the first definitive indication of the degree of
rainfall variability in San Francisco. It also indicated
clearly the storm’s frontal nature and the brevity of its
highest intensity—which was evidently dissipated by the
high hills in the center of the city. Since these hills are
Just under 1,000 feet high, they were not expected to af-
fect the storms significantly. But they were evidently re-
sponsible for preventing all but a very light rain from
reaching the southeastern part of the city.

The rapid response of sewer flow to the course of
storm was equally noteworthy. One of the level moni-
tors showed a depth in three successive 15-second inter-
vals of 44, 86, and over 120 inches. That 120 inches rep-
resents a substantial surcharge, because the sewer pipe
in question is only 72 inches in diameter. No such rapid
fluctuation had even been taken into consideration
when the sewers were being designed.

More data became available during the 1971-72 rain-
fall season, providing much information about storms
and sewer flow. For example, the degree of variability
of rainfall over San Francisco is vividly illustrated by a
study of 27 rainstorms recorded during that season. Of
these 27, which occurred between November 1971 and
April 1972, one entered the city from the north, nine
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No dearth of data

The season just ending has been San Francisco’s wet-
test since 1890, with a total of over 34 inches since
July 1, 1972 (the normal is about 20). As a result, staf-
fers in planning and studies have lots of data available
for comparing the runoffs in different areas on a
storm-by-storm basis, as described in this article. In
fact, they have too much—it's coming in faster than
they can analyze it, and every new storm puts them
even farther behind.

The storms this year have confirmed the earlier find-
ing that some parts of the city get substantially more
rain than others. No startling discoveries—like the one
about the surcharged sewers, which was found by ac-
cident—have been made. But staffers are writing a
program to search the data base for anomalies that
may show other unsuspected effects of heavy rain.

from the northwest, eight from the west, six from the
southwest, two from the south and one from the south-
east. None came from the northeast or east. Thus the
dominant direction of storm travel is from west to east.

Further analysis of 24 of these 27 storms showed that
the western part of the city received more rain than ei-
ther the northeastern or southeastern section in 12
storms, while the northeastern area received the least
rain in a different set of 12. Nine of these 12 coincided,
and the excess rainfall in the western over the north-
eastern sector in those nine ranged from 6% to 112%.

These same 24 storms also provide a data base for the
primary analysis effort to date—to define the runoff fol-
lowing a rain. In a relatively small drainage subdistrict,
with a modified Symap program, the incident rainfall
has been quantified and compared to the runoff mea-
sured by one level monitor. Initially the emphasis has
been to determine the consistency in the runoff between
storms traveling in the same direction—primarily to
check on the method of quantification. When these
techniques have been proven, and the significant pa-
rameters identified, the analysis will be expanded to
cover other subdistricts.

The forecast

Eventually a predictive capability for real-time con-
trol will be developed. Once the response of the sewer
system to rainfall inputs can be reliably and consistently
predicted, then the control logic can be developed. This
control logic will be tested on physical scale models of
actual storage basins in the laboratory, using real data
input obtained from recorded storms. Control mecha-
nisms and new computer hardware and software will
also be tested with these models, and later with full-size
prototypes. Speed will probably be a much more impor-
tant factor in the real-time control computer than in the
present data acquisition computer.

While most of the elements incorporated in the San
Francisco plan are not new, nowhere else have they
been integrated into a single system. And in helping to
make the plan a reality, minicomputers will play a cru-
cial role. O
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2K MOS RAMS

Clear your boards for action.

Try this in your sockets: our industry standard
oK MOS RAM, the 2548, delivers twice the bit
storage in less than half the board space required
by 1K RAMs. Just the cost/performance edge you're
looking for, to give your competition a lot tougher
run for the money.

Available now, volume-stocked and field-proven,
with over two years of production and testing
experience. Much easier to use than previous
alternatives, the 2548 jazzes up capability while
aggressively lowering system costs. 2K density
in a single MOS RAM device gets you out of
core memory.

TTL-MOS level shifters? The 2548 requires only

three —the usual 1K requires fourteen. Non-over-

lapping clocks simplify design and debugging.

Fast access time gets processing mo<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>