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Burroughs panel displays
help you sell your products

“The SELF-SCAN * panel display provides a CompuWriter® feature
never before available. . . now an average typist can set quality typography
with ease because the SELF-SCAN panel! displays each character and

\ function as she keyboards so that she can verify or make corrections by

" individual character, word, or complete line. Burroughs panel
displays DO help you sell your product.” — Mr. John Peterson,
Vice President, Domestic Marketing, tor Compugraphic Corporation,
80 Industrial Way, Wilmington, Massachusetts 01887.

Helping you to sell your product helps us setl our
| product. That's why Burroughs family of panel displays
is designed to provide the most pleasing, most
readable character available today. Whether
your application is for 8, 16, 32, 80, or
[ 256 alphanumeric characters,
Burroughs SELF-SCAN
h panel displays provide an
: economical approach to P
3 your readout requirement [
plus offer the extra 1
advantage of adding 1N L
aesthetic quality to I ! T R EioLT
your product. > - J

Ask a Burroughs salesman

to drop by and demonstrate
his terminal in a briefcase.
His SELF-SCAN panel display
demonstrator is our

best salesman.

Write or call

Burroughs Corporation,

Electronic Components

Division, Box 1226, v
Plaintield, N.J. 07061

(201) 757-3400

-~
’

- Burroughs -B

Only Burroughs manufactures NIXIE® tubes, SELF-SCAN @ panel displays and PANAPLEX "™ numeric panel displays.
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N quality LED for just 9¢7,

Now you can get HP quality in an LED lamp for only 9¢¥*
That’s your price when you order one million. If you only need
one thousand, the price is a low 17¢* And HP is ready to
deliver that kind of volume to meet your schedule.
This T-1 size lamp features a new low profile lens for
high density application in calculators, cameras, computers. appliances

and automobiles. The 5082-4487 and 5082-4488 both =
have a clear lens and a 0.8 med at 20 mA typical light output. T3
Get the full story from your nearby HP distributor HEWLETT @ PACKARD
or. write Hewlett-Packard directly.
*US Domestic only P St s oor St ooreren mrosron pe s 3
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3 WIRE SYNCHRO TO

LINEAR D.C. CONVERTER
ACCURACY % %

10
8
#MAC 1422-1 Al e
Provides a linear conversion of &4 v
a synchro angle to a DC Voltage $|,, /
SYNCHRO ANGLE DEGREES
180 135 90 -—43 +45 90 138 180
b 2
a =1* With better
4 &2- ¢ than
. 3|, ¥2% accuracy

Specitications 10

Accuracy: 1% over temperature range

Input: 11.8V, 400 HZ line to line 3 wire synchro voltage
Output Impedance: less than 10 Ohms

Input Impedance: 10K minimum line to line

Reference: 26V +=10% 400HZ (Unit can be altered to
accommodate 115V if available at no extra cost)

Operating temp. range: —25°C to +85°C
Storage temp. range: —55°C to +100°C
DC power: =15V +=1% @ 75ma (approx.)
Case material: High permeability Nickel Alloy
Weight: 6 0zs. Size: 3.6” x 2.5” x 0.6”

SOLID STATE SINE-COSINE
SYNCHRO CONVERTER -
NON VARIANT

This new encapsulated circuit converts a 3 wire synchro input to a
pair of dc outputs proportional to the sine and cosine of the
synchro angle independent of a-c line fluctuations.

B Complete solid state construction.

Operates over a wide temperature range.
Independent of reference line fluctuations.
Conversion accuracy — 6 minutes.

Reference and synchro inputs isolated from ground.

Specifications DMD1508-2

Accuracy: Overall conversion accuracy 6 minutes. Absolute value of
sine and cosine outputs accurate to +-30MV

Temperature Range:
Operating —40°C to +85°C
Storage —55°C to +125°C

Synchro Input: 90V RMS +5%LL 400Hz +5%

DC Power: =15V DC +-10% @ 50MA

Reference: 115VRMS +5% 400Hz 5%

Output: 10V DC full scale output on either channel @ Sma load

Temperature coefficient of accuracy:
+15 seconds/°C avg. on conversion accuracy
=1 MV/ °C on absolute output voltages

Size: 2.0” x 1.5" x 2.5”

Units are available with wider temperature ranges and 11.8V LL, 26V
reference synchro inputs. Information will be supplied upon request.

There is No Substitute for Reliability

A.C. LINE REGULATION

A new method has been developed which aliows
us to provide a low distortion highly regulated
AC waveform without using tuned circuits or
solid state active filters of any kind.

The result is a frequency independent AC output
regulated to 0.1% for line and load with greater
than 20% line variations over a wide temperature
range.

Features:

0.1% total line and load regulation

B Independent of =20% frequency fluctuation..
B 1 watt output

B Extremely small size

®m Jsolation between input and output

Specifications: MLR 1471-1

AC Line Voltage: 26V +20% @ 400Hz +=20%
Output: 26V +=1%

Load: 0 to 40ma

Total Regulation: +0.1%

Distortion: 1% maximum rms

Temperature Range: Operating —40°C to +85°C
Storage —55°C to 4+-125°C

Size: 2.25” x 2.0” x 1.4”

Other units are available at different power and voltage levels as well
as wider temperature ranges. Information will be furnished
upon request.

4 QUADRANT MAGNETIC

ANALOG MULTIPLIER
DC x AC = AC OUTPUT

Product Accuracy

is =12% of all
readings Over Full
Temperature Range
of —55°C to +125°C

#MCM 1351-2

Specifications Include:

Transfer equation: E = XY/3
X & Y Input signal ranges: 0 to +=3V Peak

Maximum static and dynamic product error: 2% of point or 2 MVRMS,
whichever is greater, over entire temperature range

Input impedance: X — 10K; Y = 10K

Full scale output: 3 VRMS

Minimum load resistance for full scale output: 2000 ohms
Output impedance: Less than 50 ohms

X input bandwidth: +-0.5dh, 0 to 200 Hz

Y input bandwith: +-0.5db, 20 to 1000 Hz

DC power: =15V unless otherwise required @ 20 ma
Size: 1.8” x1.1”7x0.5"”

GENERAL MAGNETICS ' INC

135 Bloomtield Ave., Bloomfield, New Jersey 07003 . Tel. (201) 743-2700
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The cover: Japan faces prosperous future, 89

All sectors of the Japanese electronics in-
dustries expect next year to be as good
overall as 1973, when sales of audio equip-
ment, microwave ovens, minicomputers,
calculators, and test equipment were out-
standing. But prosperity created materials
shortages, and full employment streng-
thened interest in automation. Cover photo-
graph by Associate Editor Gerald M.
Walker, a coauthor of this report, was taken
near a Buddhist temple in Tokyo.

Must AT&T help competing carriers? 68

A specialized common carrier has gone to
court to compel AT&T to interconnect local
phones to the specialized carrier's intercity
microwave links.

Mini improves thermal analysis of equipment, 109
When a computerized recording system
handles data from several hundred thermis-
tors distributed throughout the equipment
under test, changes in rates of temperature
variation are automatically tracked, and the
data automatically printed out in useful
form. This is Part 7 of the series, ‘‘Mini-
computersin action.”

Data communications aids process control, 120

Complex cable networks required in cen-
tralized digital process control systems can
be radically simplified by the techniques of
data communications. The same techniques
make the interfaces of the process mea-
surements code-compatible with commer-
cially available computers and terminals.

And in the next issue . . .

Applications of a new four-amplifier IC . . .
Part 3 of the “Thermal design’* series: keep-
ing power semiconductors cool.. . . NAND
gate models, first in a series on IC models
for computer-aided design.
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Publisher’s letter

his year’s Japan market report

(p. 89) reflects both the country’s
optimism gained from a healthy
1973 and the uneasiness left over
from a period of ever-worsening
shortages. As the statistics reveal,
it’s been a good year in Japan and
there’s enough momentum to carry
prosperity into 1974. However,
shortages of components and mate-
rials has hurt, and labor shortages
could compound the situation.

If the Japanese economists are
right, the economy is in for a cooling
off but many an electronics execu-
tive may actually look forward to
any easing of demand as they con-
template red hot prosperity crippled
by shortages.

nd news of a cooling off in Japan
might make the electronics in-
dustries of the Common Market
countries breathe a bit easier. In the
Probing the News on page 76, Jim
Smith, our correspondent in Brus-
sels, recounts the problems faced by
the Common Market as a whole and
some if its members as individuals
in trying to keep Japanese consumer
electronics goods from smothering
local industry. The catch is that
some members have gone ahead on
their own and slapped quota restric-
tions on Japanese goods, while the
Common Market frowns on such
unilateral frontier-closing. The situ-
ation is still fluid, with negotiations
going on with the Japanese all
across Europe.
ehind the leg work and analysis
for the Japan market report pro-
vided by staffers Jerry Walker and
Charlie Cohen was considerable ef-
fort put in by members of McGraw-
Hill’s Tokyo News Bureau staff,
Wakako Ishibashi and Sachiko Ki-

mura. In fact, the report could not
fly without them. Wakako put in
long hours collecting and collating
the data from the market question-
naires sent out to Japanese manu-
facturers. Her patient, bilingual ef-
forts made possible the chart that
appears with the report.

Sachiko, meanwhile, played an
important role as chief programer
for Walker’s “guided missile’” shots
aimed at reaching his interviews at
the right time and place. Getting
around in Tokyo and Osaka is not
easy even for the Japanese, so
Walker’s problem—finding the of-
fices of the electronics company
executives on his schedule—was
monumental.

Tokyo does not have a street and
building number system which
means that going from point A to
point B by taxi requires a full set of
instructions using land marks, mile-
age estimates and neighborhood
names to guide the driver. Each
week Sachiko armed Walker with a
set of programs to launch him
toward the appointed targets.

“It became a running joke around
the office,” he relates. “First Charlie
started referring to me as the guided
missile and before long we were all
treating the instructions as space
documents. Most times splashdown
was perfect, but a few landings were
either one building short or long. In
one case, I ended up entering the
building through the rear delivery
dock, much to the surprise of my
hosts who were waiting in the main
lobby.”
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If you want high voltage,
programmable power supplies
that don’t depend on delicate
low voltage transistors
to stabilize high voltage,
look into

BHK

that control voltage to 2000 volts
linearly and directly with rugged,
forgiving vacuum tubes!

BHK power supplies are one of @ ussss

several high voltage designs by 2 s o Y | g Bt 0
Kepco that combine modern I-C and L B H % Q-
transistor small signal processing ¢ "o — | m— | @=9®
(for stability and accuracy)with hard- ® O0—0O0 'i'., i" o-
vacuum, high-voltage pass tubes (for pe e g Y

reliability and linearity). The result is - -
a happy partnership with each part

of the power supply operating in a favorable environment.

BHK offer 0-500 volts at 0-400 milliamperes, 0-1000 volts at 0-200 milliamperes and 0-2000
volts at 0-100 milliamperes with multiturn voltage and current controls, full metering and
automatic crossover voltage/current mode lights.

Ask your Kepco man for details about the Kepco high voltage Hybrids. If you don’t know
who he is, call (212) 461-7000 collect, or write Dept. AM-14 and we will be glad to direct
you to the most exciting power supplies on the scene.

KERPCQO,
KEPCO, INC. » 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 ¢ (212) 461-7000 « TWX #710-582-2631  Cable: KEPCOPOWER NEWYORK
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Start Getting Your
Moneysworth

Out of Power Modules

Now, you can really start getting your
moneysworth out of power modules with
Abbott’s new LOW COST series.
Desi%ned to give you 100,000 hours of
trouble-free operation (that’s 11% years),
these reliable units meet the needs of
OEM engineers. Their purchase price is
about $7 per year of service. The model
LC series feature:

e 47-420 Hz Input Frequency

® 0.1% Regulation

e 4+50°C. Ambient Operation

® Single and Dual Outputs

If analyzing the many similar power
supplies on the market is confusing; if
you are concerned about the long-term
reliability of those units, then decide on
an Abbott power supply for your system.
Your best buy in OEM power modules
is ABBOTT.

Abbott also manufactures 3,000 other
models of power supplies with output
voltages from 5 to 740 VDC and with
output currents from 2 milliamps to 20
amps. They are all listed with prices in
the new Abbott Catalog with various

e 1 Day Stock Delivery inputs:
These units provide more quality per 60 A= to DC
dollar compared to similar items on the 400 - 1o DC
market. See table below for prices on 28 VDC to DC
some of our LC models. Many other LC 28 VDC o0 400 -
models are listed in our catalog. 12-24 VDC to 60 -+
5V@ 5V@ 12V @ 15V @ 28V @ +=12V @ +=15V@
6 Amps 10 Amps 10 Amps 4 Amps 1 Amp 1.2 Amps 4 Amps
LC5T6 LC5T10 Lciamo LCI5T4 LC28M LLC12T).2 LLCI5T4
St B B 4 " ] i I i Sttt
$72 $81 $99 $72 $99 $135

Please see pages 581-593 of your 1973-74 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott Modules.

Send for our new 56 page FREE catalog.

LABORATORIES,
wenernl offices

5200 W. Jefferson Blvd./Los Angeles 90016

(213) 936-8185 Telex: 69-1398

. 6 Circle 6 on reader service card
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INCORPORATED
caxtern office

1224 Anderson Ave./Fort Lee, N.J. 07024

(207) 224-6900 Telex: 13-5332

Readers comment

Trimming networks

To the Editor: I would like to note a
few corrections for my article, “Im-
pedance-sensitivity nomograph aids
design of trimming networks” (Sept.
27, p. 100].

The maximum value of the sensi-
tivity function of Eq. 1 can be found
by differentiating that equation with
respect to impedance ratio k and
then equating the differential to
zero. Also, the alternate form for
maximum sensitivity (Eq. 3) should
be:

2
(1+ZF2/ZF1)1/2+1

Also, the equation following Eq. 5
should read:

$(2+w,2,)=1-

ZTmax/ZTmin
= [ZFI + Zp2Zy/ (Zpa+ ZV)]/ZFI

And the maximum sensitivity for
the resistive network should be des-
ignated as Sg:

Sk=(k2-D/(k2-1) + (1+n))
sﬁ = (k- )k+1/(k2+n)

Similarly, the sensitivity ratio of
8kr/8z is expressed in terms of the K
value of the impedance ratio:

Sw/8z = (k+1p2/(k2+n)

Finally, in the last equation of the

article, quantity Zp should be de-

fined as the parallel combination of
impedances Zgy, Zr2, and Zy.

Lawrence R. Odess

Motorola Israel Ltd.

Tel-Aviv, Israel

Casebook corrected

To the Editor: Some minor correc-
tions are needed for my Designer’s
Casebook, “Helping a 709-type op
amp to outperform itself” [Electron-
ics, Oct. 25, p. 207]. A closing
bracket was omitted from the equa-
tion for small-signal bandwidth:

ﬁ = 1/[27TR3(C01+C02)]

And the value of one of the upper
resistors should be 5.6 kilohms, like
the corresponding lower resistor.

Jifi Dostal

Research Institute for Mathematical
Machines

Prague, Czechoslovakia
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TRW LVA diode...

the sharpest knee
below 10 Volts.

t
5.6 yolt militagy zener +
i ¥

MRS RAAESRARALSALS

FOCUS INTENSITY ASTIGMATISM SCALE ILLUM.

) ) * v
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 volts. 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 little as 50 u Amps. i -

write TRW Semiconductors, an Electronic Compo-
TRW LVA's are available in various package config-  nent Division of TRW Inc., 14520 Aviation Boulevard,
urations, including passivated chip form for hybrid-  Lawndale, California 90260. Phone {213) 679-4561.

These products are available through the following authorized distributors:

Almo Electronics Eastern Radio Corp. Harvey-Michigan Inc. Semiconductor Concepts Inc.
Bell industries Electronics Marketing Corp. Liberty Electronics Summit Distributor

Cramer Electronics Inc. Elmar Electronics Inc. Powell Electronics R.V.Weatherford Co.

De Mambro Electronics Hall-Mark Electronics Corp. Pyttronics Westates Electronics Corp.

TRW/ senuconoucrors
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Type LS8 Metalized Polystyrene Capacitors
are Smaller and Lighter
- with No Sacrifice in Performance

Dearborn® Type LS8 Metalized
Polystyrene Capacitors are ¥3 the
size and ¥ the weight of their
“non - metalized” foil - electrode
counterparts. Yet their perfor-
mance charactetistics (low nega-
tive temperature coefficient of
capacitance, extremely high in-
sulation resistance, freedom from
dielectric absorption) are every
bit as good, making them ideally
suited for applications such as
low-frequency tuned circuits, an-

A SPRAGUE ELECTRIC COMPANY

alog and digital computer refer-
ence, timing and integrating cir-
cuits, and high-Q tuned circuits.

Capacitance values range from
.0027 xF to 2.2 »F. Voltage ratings
are 50, 100, and 150 WVDC. Ca-
pacitance tolerances as close as
+1% are available. Operating
temperature range is —65C to
+-85C.

For complete data, write for
Engineering Bulletin 401.

45M:3101

electronics division
LONGWOOD,

P.O. BOX 1076,

FLORIDA 32750

8 Circle 8 onreader service card

40 years ago

From the pages of Electronics, November 1933

Armstrong’s court victory

The latest development in the
Armstrong-DeForest regenerative
circuit litigation establishes as a
prima facie case that there is some-
thing seriously wrong with our judi-
cial procedure in patent cases.

Entirely aside from the question
of whether the present decision is
the correct one, it is clear that a sys-
tem which in a series of proceedings
from 1917 to 1924 finds Armstrong
to be the inventor, which in another
series of proceedings lasting from
1924 to 1933 finds DeForest to be
the inventor, and which then deter-
mines in 1933 that it was right the
first time in holding Armstrong to
be first, has many explanations to
make to industry.

Uncertainty is a burden which the
business executive must forever
carry. But what can be more dis-
astrous to his plans than to have lit-
igation in which he is clearly pro-
ceeding in his rights appear to ter-
minate favorably, to go forward on
the basis of these decisions, and to
then, years later, encounter a rever-
sal which places his opponent in
control of the situation.

More radio on the farm

More people live on American
farms today than ever before in the
nation’s history. Not only has the
drift of farm boys and girls to the
city been stopped, after thirty years
of continuous growth of the city
population at the expense of the
countryside, but for three years past
the movement of the rural migra-
tion has been just the opposite—it
now is from city to country. In fact,
in these past three years the replace-
ment of farm population has more
than equalled the total population
withdrawn from rural districts in the
preceding third of a century, so that
now more people are living in farm
homes than ever before.

Most of these 6,000,000 farm
houses are without electricity for
lighting. Their radios must be bat-
tery operated. It is time the radio in-
dustry gave more attention to sets
designed for this vast market.

Electronics/November 22, 1973



The worlds leader
in solid state rf power amplifiers

Once upon a time if you wanted broadband

RF power. you had to settle for bulky

tube-type power amplifiers. No more. Because
ENI has developed a full line of all-solid-state
Class A power amplifiers, covering the
frequency spectrum of 10 kHz to 560 MHz, with
power outputs ranging from 300 milliwatts to
over 1000 watts. And there's more to come.

Driven by any signal generator. frequency
synthesizer or sweeper. ENI's compact
portable amplifiers, like the ones shown
below. are versatile sources of power for
general laboratory work, RFI/EMI testing.
signal distribution. RF transmission,

laser modulation. data transmission.
NMR. ENDOR. ultrasonics and more.

Completely broadband and untuned, our highly
linear units will amplify inputs of AM, FM. SSB.
TV and pulse modulations with minimum

distortion. Although all power amplifiers
deliver their rated power output to a
matched load. only ENI power amplifiers
will deliver their rated power to any

load regardless of match

We also designed our amplifiers to be
unconditionally stable and failsate—you
need never fear damage or oscillation due to
severe load conditions (including open

or short circuit loads).

ENI instrumentation amplifiers come
complete with an integral AC power supply
and an RF output meter. Ruggedized
amplifiers capable of operating under severe
environmental conditions are available

For a complete catalog of power amplifiers

and multicouplers. write: ENI. 3000

Winton Road South. Rochester. New York 14623
Call 716-473-6900. TELEX 97-8283 ENI ROC.

40 WATT/

MODEL 240L

= 20KHz to 10MHz coverage

= More than 40w linear
pawer output

= Up to 150w CW & pulse
output

= Works into any load
impedance

= Metered output

Extraordinary performance in a

wide range of transducer drive

applications. Deliver up to 150w

into any load regardless of its

impedance. Compatible with all

signal and function generators,

the 240L is a high quality

laboratory instrument for ultra-

sonics, biological research &

electro-optic modulation.
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100 WATT/

MODEL 3100L

= 250 KHz to 105MHz coverage
= More than 100w linear output
a Up to 180w CW & pulse

n Works into any load

a Unconditionally stable

Designed to replace buikier and
less efficient tube IY
the Model 3100L will provide
reliable and maintenance free
operation. NMR, ENOOR, ultra-
sonics and laser modulation are
just a few of the applications for
this versatile source of RF energy

pe amplifiers,

20 WATT/
MODEL 420L

® 150KHz to 250MHz coverage
B 20 Watts power output

® Low noise figure

® 45dB +1.5d8 gain

® Class A linearity

The widest band solid state power
amplifier available at its 20w
power level, the ENI 420L is a
truly state-of-the-art instrument
As adrive source for high resolution
acousto-optic modulators and
deflectors the Mode! 420L is
invaluable. Its Class A linearity will
amplify AM, FM, TV and pulse
signals with minimum distortion

3 WATT/

MODEL 500L

= Flat 27dB gain 2MHz to
500 MHz

® 1.7MHz to 560MHz usable
coverage

® Thin film construction

= 8dB noise figure

® Failsafe

This compactunit candeliver more

than 300 milliwatts from 1.7MHz

to 560MHz at low distortion. A thin

film microelectronic circuit is the

heart of this general utility

laboratory amplifier. Extremely

wide band response at a very

modest price.
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If you're doing digital signal
or special purpose arithmetic
processing and you cant
use one of these babies,




call Clive Ghest
and tell him
why.

The new Am25S05. A super high-speed,
four-bit by two-bit 2's complement digital multiplier that multiplies
positive or negative numbers without correction.

A Schottky version of our Am2505, an industry standard since
1972.

A 12x12 array using our new Am25805’s will typically have a
delay of 115ns and use 10.8W of power.

For you low-power fans, the same array using our new Am25L05’s
will typically use just 2.7W of power with a 335ns delay.

All of which means you really have no excuse not to use one of
our multipliers. If you do, please call Clive Ghest collect at (408)
732-2400. He'd really like to talk to you about it.

Cornering the high-speed digital multiplier market is just one of.
the reasons why we're going to be the sixth largest maker of
integrated circuits in the U.S. by 1975.

(L
' Advanced Micro Devices, Inc.

(#15, going on #6.)

Advanced Micro Devices, Inc. 901 Thompson Place, Sunnyvale, California 94086 / TWX 910-339-9280 / TLX 346306.
For product or sales information, call the AMD sales representative nearest you. In Sunnyvale, Shel Schumaker
at (800) 538-7904 (toll-free from outside California) or (408) 732-2400. In the eastern United States, Steve Marks or
Bill Seifert at (516) 484-4990; in Washington/Baltimore, Ken Smyth at (301) 744-8233; in Boston, Paul Macdonald at
(617) 861-0606. In Mid-America, Chuck Keough at (312) 297-4115. In the Los Angeles area, Steve Zelencik or
Russ Almand at (213) 278-9700 or Larry Strong at (213) 870-9191. In the United Kingdom, Des Candy at Herne Bay
(Kent) 61611; and in Germany, Hermann Lichotka at (0811) 594-680.

Advanced Micro Devices is distributed nationally by Cramer and Hamilton/Avnet Electronics.
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INTERDATA
ANNOUNGES
THE INDUSTRY'S
FIRST $3200
MINICOMPUTER
~ TOGHALLENGE
- THE NOVA.




PDP-11 PERFORMANGE
AT A NOVA 2 PRICE.

Inrnnoara

Minicomputer myths you can live without:

1. There is no such thing as a high-performance,
low-cost minicomputer.

2. You have to choose between two extremes —
pay a ton for a machine like the PDP-11 and save
on software costs, or buy a cheapie like the Nova 2
and pay the price later.

All wrong.

Because now there’s the Interdata 7/16 — an
extremely flexible 16-bit OEM minicomputer that
combines the best of both worlds.

It’s easier to program than the PDP-11 because it
has 16 hardware registers, up to 64K bytes of
directly addressable main memory, 255 [/O
interrupts with automatic vectoring to service
routines and a comprehensive set of more than 100
instructions. That’s a lot of muscle.

It’s completely modular in design — plug-in options
can be installed in the field to meet your specific
application requirements.

Options like multiply/divide, programmers’ console
with hexidecimal display, power fail/auto restart,
memory protect and a high-speed Arithmetic Logic
Unit that includes floating point hardware. In fact,
you can expand the low-cost 7/16 all the way up to
the 32-bit Interdata 7/32.

Yet it costs as little as $3200. Just like the machines
that give you the barest minimum. And quantity

discounts can reduce that low price by as much
as 40%.
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PDP-11/0S

Performance 7/16 Nova 2/4
Data word length (bits) 4,8, 16 16 1,8,16
Instruction word
length (bits) 16, 32 16 16, 32,48
General-purpose
registers 16 4 8
Hardware index
registers 15 2 8
Maximum memory
available (K-bytes) 64 64 4 64
Directly addressable |
memory (K-bytes) 64 2 64
Automatic interrupt
vectoring Standard Not available Standard
: i _
Parity Optional Not available Special order
Cycle time (usec.) 1.0 or 0.75 1.00r 0.8 0.9
- | T ]
Available 1/0O slots 4 [ 2 2 J
| Price 7/16 Nova2/4 |  PDP-11/0s
! d |
| 8 KB processor $3,200 $3,200 $4,795
{16 KB processor 3,700 3,700 6,495
| 32 KB processor 5,300 5,300 10,895
Multiply/Divide option $950 | $1,600 $1,800
Floating Point option $4,900 $4,000 plus Not available
$1,000 for 2/10
|. configuration |

Source: Data General Price List, Copyright 1973, and addendum dated 5/1 5/73.
Nova 2/4 bulletin 012-000060, 1973. DEC OEM & Product Services Catalog,
1972. Auerbach Minicomputer Characteristic Digest, June, 1973. “How to use
Nova Computers™, 1973.

So you no longer have to make the painful choice
between good performance and good price. Or

between hardware economy and software efficiency.
Now you have a minicomputer that gives you both.

The Interdata 7/16.

We put our muscle where their myth is.

[ J
TN ERIDATTA

2 Crescent Place, Oceanport, New Jersey 07757 (201) 229-4040.

Boston — (617) 890-0557. Washington - (703) 525-4806. Philadelphia — (215) 436-5579.
Orlando — (305) 851-6962. Chicago — (312) 437-5120. Detroit — (313) 356-5515.

Dayton — (513) 434-4193. Kansas City — (913) 384-1606. Houston ~ (713) 783-3060.
Dallas — (214) 238-9656. Denver — (303) 758-0474. Los Angeles - (213) 640-0451.
Phoenix - (602) 968-2477. San Diego — (714) 565-0602. San Francisco — (415) 969-1180.
Seattle — (206) 455-0680. Toronto — (416) 677-8990. Tokyo — (270) 7711.

Sydney — 439-8400. London — Uxbridge $2441. Munich - 0811-8543887.
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Gast
moulded

Encapsulated

in cast resin under
vacuum to eliminate
air inclusions.

Advantages:

Small physical size;
high resistance to
moisture, favourable
a. c. characteristics.
Voltage ratings

up to 1000V d.c.

For stringent
requirements.

Please send for ®
our latest
catalogue.

16
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Types:
WIMA MKS 3 Metallized
polyester capacitors

for 100 and 250V d.c.
0.022 uyF...0.47 uF.

WIMA FKS 3

Polyester film and metal foil |
capacitors for 160 and ‘
400V d.c.1000pF...0.1uF.

WIMA FKC 3
Polycarbonate film and
metal foil capacitors suitable
for frequency divider
circuits. Close tolerances
available. 160, 400, 630
and 1000V d.c.

100 pF... 0.1 pF.

WIMA FKS 2 min.
Polyester film and metal foil
capacitors, subminiature,
suitable for very small
equipment. 100V d. c.

from 100 pF ... 0.047 pF.

WILHELM
WESTERMANN

Spezialfabrik

fur Kondensatoren
Augusta-Anlage 56

P.O. Box 2345

D-68 Mannheim 1

Fed. Rep. of Germany

Tel.: (621) 408012 I

' AP_eopI;

classified defense projects at the
Electronic Systems Center in
Owego, N.Y., and software systems
at the Federal Systems Center in
Gaithersburg, Md. As it completes
one big civilian job—the automated
en route portion of the FAA's up-
grade of the air-traffic-control sys-

- tem [Electronics, April 24, 1972, p.

74]—the division looks forward to
the possible new civilian jobs: sup-
plying advanced optical character
readers for the U.S. Postal Service
and selling air-traffic-control sys-
tems to the USSR [Electronics, Oct.
25, p. 49].

The optical reader is “a unique
device for an electronics house,” the
4]-year-old executive comments,
because it has “a heavy dependency
on mechanics.” Since the Postal Ser-
vice is deliberating further before
deciding what to buy, O’Malley says
his group is taking a broader look at
applications to help sell its optical
readers instead of trying to get into
new areas. Commenting that the
possible Russian ATC sale would be
“an exciting job,” O’Malley says the
system would take about four years
to complete.

In a list that sounds like what ev-
ery successful marketing director
should strive for, O’Malley says that
his second challenge “is to try and
sell the right things.” With IBM’s
full-employment policy, profits and
sales are balanced with manpower
levels. To keep the current levels,
“we have to increase 9% a year,”
meaning hiring almost no one while
bringing sales up.

Holder of BS and Ms degrees in
physics from the Universities of
Scranton and Delaware, respec-
tively, O'Malley joined IBM in 1960
as a senior associate engineer. A
succession of advances led him
through radar, computer, and sonar
programs to his previous post as as-
sistant general manager of ship-
board systems. There he also was re-
sponsible for development,
engineering, production, and sales
of antisubmarine-warfare programs.
Before joining IBM, the prematurely
gray-haired O’Malley worked on
antenna design at Sperry Gyroscope
and taught physics courses at the
University of Scranton.
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556:

A real IC two-timer.

Man, did you inundate us with
applications for the 555 single timer.
You used it for every possible
function from light switches to audio
generators to RF outputs.-And
then, you often used a second 555
to control the function you'd
generated with the first one.

We got the message: put two of
these babies on one chip. Here it is
—the 556 dual timer. Two 555's on
a chip. Twice the product at less

The timer of 1001 uses.

(Priced 50 low its measured in cents.)

s iow 2 0 1 teme o8 g unnorss

duty cycles are adjustable from 50%
down to 0.01%. If you're a knob
twirler, enjoy yourself by changing
timing at will on a 10:1 ratio.

No sweat on power, either. Any-
where from 5 to 15 volts does the
job, with only 1% maximum timing
change from bottom to top. And
what you get out will source or sink
100mA. Temperature stability is
instrumentation grade, 0.005%/°C.

Intrigued? Curious? Want to try

than twice the cost. 100 up: $1.25. sueetics
How's that for responsiveness?
Think of what you can do. Each timer on the 556
chip is independent, and needs only the appro-
priate values of C and R to function as a time delay,

one for yourself? For our own
amazement, send us any applica-
tion diagram you can think up for the 556 dual timer.
We'll reward you with a FREE sample to tinker with.
In timely fashion.

E

T

TO YOUR LETTERHEAD FOR FAST REPLY.

oscillator, pulse detector, power modulator, or what i
have you. Any kind of output you can dream up | Name
from one side, and the control from the other side. Company
Go wild-it can become anything from a toy to a house- s
hold appliance to a communications breakthrough. ' -
Run free or latch with external triggering. You've City e -
got a time span from microseconds to an hour, and A NN O T Signatics Corparation. A subsidiary of Glass Works

S{nOtics
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Tektronix TM 500 Series puts it all together

Tektronix has taken a new
approach to test and measurement
instruments. The TM.500 Series

is modular, multifunctional, syner-
gistic, cost effective, and more.

It includes the features you've
been looking for.

Presently, the TM 500 Series
includes 24 general purpose plug-
in test instruments. All new ways
to think of Tektronix. Digital coun-
ters to 550 MHz. Signal sources
ranging from below 1 millihertz to
above 1 GHz. Pulse generators to
250 MHz. Digital multimeters with
42 digit LED readout and tem-
perature measurements from
—55° Cto 4150° C. Plus signal
processors, power supplies,
and CRT monitors.

All the modules are interchange-
able. So you can make combina-

tions of instruments to meet your
particular needs. When new instru-

" ments are introduced (and many

will be soon), you simply plug them
into the power unit. You can use a
single compartment (TM 501), a
triple compartment power unit
(TM 503), or two 503's combined
for a standard rackmount
installation.

Connections between modules
and/or external equipment are
made through the power unit rear
interface board and optional rear
panel connectors. Approximately
30 input-output lines are available
in each compartment for special
set-ups you might want to make.
This intracompartment interface
feature also permits multifunction
applications resulting in a syner-
gistic effect. Instruments working

together perform more functions
than the same instruments working
independently. Many modules
include serial BCD so information
can be transferred directly to a
computer or calculator.

The TM 500 is compact too. A
three-compartment power unit is
only 6”x8.7"x15.3". That means
the TM 500 is two to six times
smaller than comparable in-
struments. So you save bench
space. And it's light weight, easy
to carry. A package including a
general purpose counter, multime-
ter, and power supply weighs
14 to 18 pounds!

Cost? All TM 500 plug-in mod-
ules are competitively priced with
instruments of comparable capa-
bilities. Because TM 500 instru-
ments share the fixed costs of

Modular, compact, synergistic,
multifunctional, versatile,
cost effective and more.
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power supplies, cabinets, etc., they
consistently provide the lowest
cost per test/measurement func-
tion. And, because the instruments
are modular, cost of mainte-
nance is lower too.

For complete-details, contact
your Tektronix Field Engineer. Or
write or phone for our new 12
page, full color brochure and 24
data sheets. They show why the
TM 500 is the finest test and
measurement series available
today. Tektronix, Inc. P.O. Box 500,
Beaverton, Oregon 97005.

In Europe, write Tektronix Ltd.,
Guernsey, C. I, UK.

TEKTRONIC
- committed to
technicsl sucelience

-
‘Dll-ﬂ'A‘V.ﬂM!
Tixrronxe DC 503 "m

IVARIABLE
PULSE DURATION
PEMIOD

CURRENT LIMIT

DM 501 DIGITAL MULTI-METER
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IN SOLID STATE
IMAGE SENSING

Our new RL-1024 self-scanned array contains
1024 photodiodes on 1 mil centers and offers
aperture widths from 1 mil to 24 mils.
Contained within the same monolithic chip are
the shift registers and mutiplex switches to
allow serial readout. Standard two-phase clock
drive will generate data rates up to 40 MHz.
The high speed, low power (4 mW) on-chip
shift register is just one of the many new
outstanding features.

'The L-512, andther first of nearly two years

ago, is still only surpassed by the RL-1024.
Both arrays are designed for OCR, facsimile,
page/document reader, point-of-sale terminal,
real time spectroscopy and non-contact
industrial measurement applications. Both
devices are in gold/ceramic packages sealed
with optical quality quartz windows. They fit
into standard DIP sockets.

cndl

The RA-50x504, introduced about a year ago,
is still the only 2500 element commercially
available area array. Here the 50x50 matrix of
photodiodes are spaced on 4 mil centers.
Designed for optical memories, guidance,

surveillance applications, it also is self-scanned

and operates in the charge storage mode for
high sensitivity.

These and more than a dozen other photodiode

array types are available from inventory.

RETICON’

450 E. Middlefield Road
Mountain View, CA 94040
(415) 964-6800 TWX: 910-379-6552

NOTE: All products are shown actual size
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Meetings

National Telecommunications Con-
ference: IEEE, Hyatt Regency Hotel,
Atlanta, Nov. 26-28.

International Symposium on Com-
puters: MMG, Fair Grounds, Mun-
ich, West Germany, Nov. 27-30.

International Electron Devices
Meeting: IEEE, Washington Hilton,
Washington, D.C., Dec. 2-5.

Fall Conference on Broadcast and
TV Receivers: IEEE, O’Hare Inn,
Chicago, Dec. 3-4.

Vehicular Technology Conference:
IEEE, Sheraton Cleveland, Cleve-
land, Dec. 4-5.

Joint Conference on Sensing of En-
vironmental Pollutants: ISA, IEEE et
al, Sheraton Park, Washington,
D.C., Dec. 10-12.

Winter Consumer Electronics Show:
ElA Consumer Electronics Group,
Conrad Hilton Hotel, Chicago, Iil,,
Jan. 10-13.

Reliability and Maintainability Sym-
posium: [EEE, Biltmore, Los An-
geles, Calif., Jan. 29-31.

International Solid State Circuits
Conference: IEEE, University of
Pennsylvania, Marriott Hotel, Phila-
delphia, Feb. 13-15.

Computer Conference (Compcon):
IEEE, Jack Tarr Hotel, San Fran-
cisco, Feb. 26-28.

Aerospace and Electronics Systems
Winter Convention (Wincon): IEEE,
Marriott Hotel, Los Angeles, March
12-14.

Zurich Digital Communications In-
ternational Seminar: IEEE, Swiss
Federal Institute of Technology,
Zurich, Switzerland, March 12-15.

International Convention (Intercon):
IEEE, Coliseum and Statler Hilton
Hotel, New York, N.Y. March
25-29.

Carnahan Conference on Electronic

Crime Countermeasures: IEEE, Univ.
of Kentucky, Lexington, April.
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Fluke problem solvers

Plug in true rms...
at the lowest prlce avallable'

These new Fluke plug-in options
let you add true rms capability to

Fluke 8200A and 8400A DVMs.
Take the measure of non-sinus-
oidal waveforms in 500 ms. Get

accurate readings from 1 mv to
1000V rms.




If you had to interface two labs like this
to a computer across the hall,

wherewouvuld you start?

Rockefeller University started at Digital.

| Whenthe
neuro-
physiology and
electronics
groups
decided
tocompu-
terize two central nervous system
researchlabs, they faced astaggering
challenge. There was the extremely
technical nature of theinterface. Plus
strict budget and time limitations, too.

Decidingto gowith Digital, they de-
signed an interface consisting of 2
separate 4-channel multiplexers rout-
inganalog signals into 2 high-speed
bipolar A/D converters. Additional in-
terface signals included 4 separate
D/ Aoutputs for Xand Y axis oscillo-
scope control, 18 TTL pulse inputsig-
nals, 32 TTL level inputsignals, 2 TTL
intensification pulses for oscilloscope
control, and 16 additional TTL levels for
controlling experiments.

From Digital's Logic Products Hand-
book, they ordered a series of standard
M modules, whichimplemented the
various interfacing requirements in-

cludinginterrupts, interrupt enables
and non-processor data transfers.
They also ordered the hardware that
allowed themto mount their entire inter-
faceinarackthatwas only 19inches
long and which had the 80 connector
slots they required.

Yourinterfacing problems may not
be as intricate as Rockefeller Univer-
sity’s. Butthatdoesn't matter. Digital
understands the entire range and
scope of interfacing, fromsimple to
complex, from common to unique. And
we've devoted a whole group to solv-
ing the problems people encounter
ininterfacing. Both by the manu-
facture and design of standard so-
lutions. Which you'll find listed in
the Logic Products Handbook and
the System Design Handbook. And
with custom design assistance.
Whichis as near as your phone.

Nobody else can say nearly
asmuch.

Whichis why you'll prob-
ably wanttogetintouch
with Digital nexttime you
have an interfacing problem.

P

We think interfacing is soimportant
we've devoted an entire depariment toit.

We're Logic Products Group, Digital Equipment Corporation, Maynard, Mass. 01754 (617) 897-5111, Extension 2785.
In Canada: P.O. Box 11500, Ottawa, Ontario, K2H 8K8, (613) 592-5111.
In Europe: 81 Route de I'Aire, 1211 Geneva 26, Telephone: 42 79 50.
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There's more
to resistors
than
resistance

If youte really
serious about cost
be serious about quality.

If you think all resistive components
are the same, listen to what these
users have to say about Allen-
Bradley fixed composition resistors:
Buyer—"A-B has shipped nearly four
million parts without a single reject
or problem. The quality is superb.
I've spent 12 years in production
control and purchasing. I've seen
the amount of down-time, rework
and field retrofit caused by others’'

Circle 24 on reader service card

President—"We have used many mil-
lions of Allen-Bradley hot-molded
resistors. The uniformity of quality
from one shipment to the next is
truly outstanding’’

Engineer—"When we use A-B resist-
ors instead of some other make, it's
one less component we have to
worry about’'

"We learned the hard way. The subtle
things make the difference. They all

N2

add up to the top quality we want in
our products’

Purchasing Agent—"We wish we had
more Allen-Bradleys’'

Write for Publication RD. Allen-
Bradley Electronics Division, 1201
South Second Street, Milwaukee, WI
53204.Export: Bloomfield,NJ 07003.
Canada: Allen-Bradley Canada Limit-
ed, Cambridge, Ontario. United King
dom: Jarrow,Co. Durham NE32 3EN.

Allen-Bradley

Milwaukee, Wisconsin 53204



CCD memories
are moving
into hardware fast

More color added
to some displays
more dots to others

Industry awaits
Army decision
on Hellfire missile

Monolithic a-d
comparator is
fast and simple
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Electronics newsletter

Charge-coupled memory devices are rapidly moving from the labora-
tory into memory-system hardware. Bell Northern Research has al-
ready incorporated its 8,196-bit CCD shift registers |Electronics, June 21,
p. 28] into a 1-megabit memory that is compatible with the Digital
Equipment Corp. PDP-11 computer system. The 1-MHz shift-register
chip, which will soon be available for general memory applications,
has been designed specifically for the fast-disk replacement market.
The chip has 32 tracks of 256 bits of serial memory per track.

Continued research into gas-discharge displays by Burroughs Corp.’s
Electronic Components division, Plainfield, N.J., may add variety to
present orange-only displays. At the International Electron Devices
meeting in Washington, D.C. next month, researchers will talk about
noble-gas and phosphor combinations for producing colors like blue,
green and white.

They will also discuss Burroughs’ flat imaging display panel, which
now incorporates 49,000 dots at a density of 1,600 per square inch. Or-
ganized in a 140-by-350 dot matrix measuring 3% by 8% inches, the
panel can produce 16 shades of “‘gray.” Also in the works: a bar-graph
display based on the self-scanning gas-discharge approach already in use
in Burroughs’ Self-Scan alphanumeric panels and thick-film production
techniques.

The schedule of requests for proposals to build the Army’s Hellfire
antitank missile, the planned successor to the TOW system, has slipped
from six months to a year. Industry sources were expecting the RFP
next February, but Army uncertainty about the type of system it wants
surfaced late last month. The indecision centers around whether the
service wants a true “fire-and-forget” missile or one that would depend
on laser illumination of the target from an observer vehicle that is inde-
pendent of the weapon carrier. The laser-illuminator approach would
be cheaper, but it would expose the observer until the target is hit. The
alternative is to put a sophisticated—and expensive—seeker system us-
ing infrared or television sensors inside the missile itself.

National Semiconductor Corp. has developed a fast monolithic com-
parator without having to use expensive gold-doping or complicated
Schottky clamping. According to William Fowler, manager of interface
circuit design at the Santa Clara, Calif. company, the input bias cur-
rents have been halved as well. The new comparators—the LM360 and
LM361—have typical response times of 13 nanoseconds (100-mvV step, 5-
myvV overdrive) and input bias currents of 5 microamperes.

What simplifies the process, Fowler says, is an annealing technique
which shrinks transistor-base width. Storage time of the digital output
stages is cut by using ordinary diodes to clamp the outputs and keep
them from saturating. The base-width reduction raises transistor beta
and provides a gain-bandwidth product of 1.5 gigahertz compared with
the normal gain-bandwidth range of 300 to 500 megahertz in high-
speed comparators. The two new comparators, which have pinouts iden-
tical to Fairchild’s gold-doped UA760 and Signetics Schottky-clamped
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Beam-lead carrier
aids testing and
may spark sales

Two minicomputers
readied for market

FCC approves
new service

Addenda

Electronics newsletter

NE 529, will go into production soon. National plans to price the com-
parators competitively with the older designs. For example, the LM360
will cost $3 and LM361 will cost $1.75 in plastic packages in 100-up
quantity.

“The biggest ‘turn-on’ for beam-lead sales in five years,” is what Ray-
theon Semiconductor division calls its new chip-testing and shipping
carrier. The Mountain View, Calif., firm is committed to more than
doubling beam-lead production capacity and increasing the breadth of
its beam-lead product line by about 50%.

Designed with test contacts that hold the tiny beam leads, the new
carrier allows the chips to be tested as though they were packaged com-
ponents. Chip tests have usually been restricted to wafer-probing at
room temperature. Now, they can be burned in for high-reliability appli-
cations, tested over the operating-temperature range, and, after ship-
ment, put through incoming-inspection tests by the hybrid-IC manufac-
turer before being bonded to the IC.

Two fast new minicomputers for specialized applications will soon ap-
pear on the market. From Computer Signal Processors Inc., Burl-
ington, Mass., comes the CSP-125, with a large bipolar semiconductor
memory having a capacity of 32,768 16-bit words. Its cycle time is 125
nanoseconds. This high speed and large capacity make it suitable for
many more real-time operations than other machines, or—like CSPI’s
previous model, the CSP-30, introduced in 1970— for on-line analysis of
unusually wide frequency bands. All of this high performance, how-
ever, comes at a rather dear price—$50,000. Conventional mini-
computers have cycle times of 500 ns to 1 us or even more, and use ei-
ther MOS semiconductor memories or ferrite-core memories.

Meanwhile, Sanders Associates Inc., Nashua, N.H.,, is preparing to
announce its MIP-16, with 8,192 16-bit words. It cycles at a relatively
slow 1 us, but it is, nevertheless, capable of executing a blazing S million
instructions per second, thanks to its pipeline organization. With pipe-
lining, while one instruction is being executed, the computer can ini-
tiate up to three more in sequence. Among the applications visualized
are signal processing and communications. Packaging is available to
meet military specifications. Price is $15,000 to $30,000.

The FCC’s approval of Packet Communications Inc.’s application to
start a data-communications value-added network breaks the ground
for a new service. The Waltham, Mass., firm will lease lines from AT&T,
add equipment, and resell service to third-party subscribers.

National Semiconductor has cut the price of its NS600 six-digit calcu-
lator from $39.95 to $29.95, and the company plans to come out with an
eight-digit calculator with an automatic battery-saver for $39.95...
Look for a lengthly IEEE report soon that contains results of a survey of
EE jobs in the U.S. A follow-up of a previous employment survey, this
report is intended to give engineering students a handle on the illusive
decision of what job categories will be open after graduation and what
specialties are overloaded.
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3,000 VOLT ISOLATION
100% CURRENT TRANSFER
OPTO COUPLER

HOW GENERAL ELEGTRIC DOES IT

General Electric’s unique glass isolation produ- 3 new models 4N35, 36, 37 are characterized
ces precise alignment and controlled spacing for high isolation voltage and high current
between the LED and the silicon detector thus transfer ratios. 4N35 offers 3,500 volts (peak)
optimizing photon coupling...minimizing the and 100% transfer ratio for $1.85 each in 1,000
effect of the inverse relationship of isolation lot quantities.

voltage and current transfer ratio...and yield-

ing optoelectronic couplers with BOTH high Available now from any authorized GE Semi-
isolation voltage and high current transfer conductor distributor or GE Electronic Comp-
ratios. onents Sales Office.

Semiconductor Products Department, Syracuse, New York.

Covered under Underwriters

B GENERAL & ELECTRIC
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Significant developments in technology and business

Video player costs
cut via a-m system

and light-bulb playback

The i/0 Metrics design
could shake up the half
dozen or so disk systems
now under development

A 25-watt light bulb, which elimi-
nates a laser, and $75 worth of off-
the-shelf parts are the basis for a
video record player that could send
several major recording markets—
home video, audio-visual, mass
memories and industrial control—
into a spin.

The player, built by i/o Metrics
Corp., uses high-density a-m record-
ing and playback techniques on 12-
inch records, which carry an hour of
color or monochrome TV programs.
The Sunnyvale, Calif, company,
until now, has specialized in digi-
tizing aerial-photo information.

Although it is only a workbench
prototype now, the player tolerates
what Peter G. Wohlmut, i/0 Metrics
president, calls “slop in the mechan-
ical parts and cookie crumbs on the
record.” Wohlmut says that home
video players can be manufactured
inexpensively with loose-tolerance
parts, as in phonographs. What's
more, inexpensively made records
can be used—and misused—without
affecting playback quality. This
kind of tolerance and the long play-
ing time result from using ampli-
tude-modulation signal processing
rather than a frequency-modulation
system as in optical recorders.

Wohlmut estimates that the play-
ers can be produced for about $100
and retailed for less than $300. The
records can be contact-printed for
about 20 cents each on conventional
photographic film and sold for the
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price of phonograph records. The
masters would be recorded in stu-
dios with an i/o0 Metrics laser
recorder.

The player was designed and
built in two months. The firm has
applied for patents on its signal pro-
cessing system and plans to license
consumer-electronics manufacturers
to produce the player.

Will play combinations. Experi-
ments have convinced i/o Metrics
that its approach is also suitable for
audio, analog, and digital record-
ings. At frequencies to 50 kilohertz,
the range of quadraphonic stereo
recordings, a 12-in. disk will carry
up to 500 hours of audio alone. Or,
at the 6-megahertz bandwidth cur-
rently used for video recording,
Wohlmut estimates, some 100 bil-
lion bits of data can be stored and
retrieved from a disk at a rate of 6
million bits a second per channel.

Since combinations of analog and
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digital information are feasible, the
techniques might also be useful in
information storage and retrieval
systems and in industrial control,
where operators could be shown
and told what to do via a closed-cir-
cuit TV monitor while the digital
portions of the recording could be
used to operate machines.

Wohlmut and i/o Metrics vice
president, Frank Neu, discovered
the a-m signal-processing technique
about a year ago and spent most of
the year refining it and selecting the
right recording film. “The experts
said it wouldn’t work, but we never
tried anything but a-m,” Wohlmut
says. They stuck with a-m because
that mode allows the output of a TV
camera or signals taken from a TV
set to modulate the laser recorder
directly.

A breakthrough of sorts in optical
transmission is made in the pro-
totype, but it is likely to be short-
lived. The off-the-shelf optics relay
20 parallel segments of track to the
detector. Wohlmut thinks it is the
first system to transmit 60 MHz of in-
formation on a beam of white light.
Production models, however, will
probably carry the light to the
record through a fiber-optics light
pipe. Track image will be relayed to

a single-chip diode cluster through
small, inexpensive plastic optical
components.

Solid state

V-ATE is a potent
process at Raytheon

V-ATE is alive and well in Mountain
View, Calif. The air-isolation pro-
cess for high-speed bipolar RAMs
went into production and then into
limbo at Raytheon Semiconductor
division, Mountain View, Calif,,
more than a year ago. Now it’s
being used in producing a 256-bit
TTL and in pilot production of a
1,024-bit RAM that will be an-
nounced in January.

The 1,024-bit device is similar to
the first V-ATE RAMs that Raytheon
began making in 1972 [Electronics,
July 17, 1972, p. 65], and develop-
ment of 300-gate LsI logic arrays has
begun. One such array is the cen-
tral-processing unit for a micro-
computer that is expected to be as
fast as conventional minicomputers,
claims Willard Booth, manager of
product planning and applications

Recording and playback techniques

Master recordings are made on holographic film, which costs about $1 a
disk. They are not holograms, however. Holographic film was chosen be-
cause it has a wider bandwidth (10 MHZ) than the 6 MHZ needed. Studio
recorders will cost less than $30,000 Wohimut says.

The a-m input signal modulates a helium-neon taser beam so that the
beam prints a train of dots on the film. Variations in the diameter and den-
sity (blackness) of the dots represent signal amplitudes. As the film spins on
a turntable at 30 revolutions a second, the laser beam exposes a spiral
track through a lens that moves along the radius of the turntable. The
analog signal is compacted 6 to 1 in the dot trains, providing 60 minutes—
rather than 10 minutes—of playing time.

To play it back, the record is placed on a transparent turntable illumi-
nated from below by the 25-W bulb. The light projects an image of the track
through a magnifying lens and two mirrors to a white card viewed by three
photodiodes. ’

Two of these diodes follow a track and the outputs control the position of
a servo-driven mirror that looks at the lens as it moves across the turntable.
The third diode reads the stream of dots on the tracks. As the dots vary, the
diode integrates the light energy and regenerates the a-m signal.

The signal is converted to TV broadcast frequency, amplified to 100 milli-
watts, and fed into the TV set's antenna leads. Although the player simu-
lates a broadband transmitter, the radiated signal is too weak to interfere
with other receivers, Wohlmut says.
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in Raytheon’s Digital and Memory
Products department.

The V-groove isolation structure
(V-ATE stands for vertical aniso-
tropic etch) had nothing to do with
the production problems, says Da-
vid Conrad, the department’s mar-
keting manager. As sometimes hap-
pens in semiconductor plants, “we
lost the formula” for a critical pro-
cess cycle—in this case, the two-layer
metalization process—Conrad ex-
plains. For some inexplicable rea-
son, the two layers of metal didn’t
adhere well, so the process had to
be redeveloped.

Raytheon is so sure that the prob-
lem is solved that Conrad is getting
set to quote volume prices on the
256-bit RAM. It lists at $25, but Con-
rad is considering prices from $10 to
as low as $7 in volume.

Cost and yield. “We don’t have to
take less than $10. The part has an
access time around 35 nanoseconds
and a fantastic speed-power product
because it dissipates only 250 milli-
watts.” If yields reach the 15% range
expected in January, he calculates
that Raytheon could make a good
profit at $7.

The isolation structure cuts chip
size down to only 6,400 square mils
and 850 chips fit on a wafer. Thus, a
15% yield would produce 100 good
chips per wafer. Conventional bipo-
lar RAMs cost only $4 at 256 bits,
but they have twice the access time
and power dissipation, Conrad
points out.

He won’t project a volume price
for the 1,024-bit RAM, however,
Conrad expects it to be competitive
with Fairchild Camera & Instru-
ment Corp.’s 1,024-bit ECL RAM.
The Raytheon chip (11,000 square
mils) is half the size of a conven-
tional TTL RAM, its access time is 50
nanoseconds, and its power dissipa-
tion is 400 milliwatts. It will prob-
ably list at around $80.

Raytheon calls both devices TTL
RAMs because they have TTL input
and output levels. However, the TTL
170 stages are but a skin added to an
ECL memory array to make the de-
vices directly compatible with TTL.
If demand for ECL memories builds
up, versions with ECL inputs and
outputs can be made, Conrad says.

Electronics/November 22, 1973



Now that the V-ATE formula has
been found, Raytheon’s designers
have also resumed work on large-
scale logic arrays. They stopped at
60 gates in all-TTL designs because
of chip size and power problems.
However, the V-ATE process makes
300-gate arrays practical, Booth
says.

Communications and control. One
such array will be a 16-bit micro-
computer central processor with a
cycle time of 200 nanoseconds. It
will have a set of 32 instructions.
Booth expects the principal appli-
cations to be communications and
control systems.

Like the RAMs in the micro-
computer, the CPU will have ECL in-
sides and TTL outsides. That will en-
able the CPU to meet the cycle-time
requirement either with the V-ATE
memories or with less expensive TTL
read-only and random-access
memories, Booth adds. O

V-notch boosts
MQOS performance

The latest performance-enhancing
technique for MOS circuits rests
mainly on a device fabrication bor-
rowed from bipolar technology: a
preferentially etched V-shaped
notch. The new process, called
V-MOS, promises to increase device
performance and, at the same time,
reduce the number of critical pro-
cess steps.

V-MOs, which is being developed
at the University of Toronto’s De-
partment of Electrical Engineering,
can be used to produce integrated
MOS transistors with cutoff fre-
quencies typically as high as 0.5 giga-
hertz. This value is as good as any
achievable with most discrete MOS
transistors and points to digital MOS
LSI circuits that operate at speeds
several times faster than today’s cir-
cuits. Already, the V-MOS technique
has been used to fabricate MOS tran-
sistors and logic circuits, as well as
charge-coupled devices and bucket-
brigade shift registers, according to
C.A.T. Salama and F.E. Holmes
who are directing the work at the
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University of Toronto.

What’s .more, since V-MOS devices
are directly compatible with the
V-groove bipolar process, npn bipo-
lar transistors and high-speed p-
channel MOS transistors can be
made on.the same chip.

The key to this improved per-
formance is very short (down to 2
micrometers) channels and low (0.1
picofarad) capacitance. These char-
acteristics are available from v-MOS
using a simple three- or four-mask
process that requires only non-
critical alignment tolerances (12 mi-
crometers compared to the 5-10 mu
tolerances of today’s LSI circuits).

The three-step process (see figure)
starts with an n-n* expitaxial silicon
slice into which boron has been dif-
fused without a mask. The first
mask opens windows in the oxide
covering the p* diffusion, simulta-
neously defining the channel and
the source-drain regions.

At this point, V-groove channels,
which separate the source and drain
regions, are defined by anisotropic
etch down to the N+ substrate. This
etch isolates the individual devices.
The gate oxide is then grown ther-
mally over the channel, source-
drain contact holes are opened in
the oxide, aluminum is deposited on
the slice, and the metalization pat-
tern is defined. O

Materials

3-MASK PROCESS

p+\

n

74

UNMASKED p, DIFFUSION

CHANNEL AND ISOLATION ETCH

Si0;

GATE OXIDE GROWTH AND
CONTACT ETCH

A"\
.

ALUMINUM METALIZATION

V-MOS process. Short channels result from
precise control of V-notch.

Cutbacks in petroleum worsen shortage
of plastics for electronic equipment

The ongoing U.S. boom in the man-
ufacture and delivery of virtually
everything electronic—from the
smallest circuit to the largest com-
puter mainframe—faces a threat
more serious than declining con-
sumer confidence in the national
economy. It is the threat of mate-
rials shortages developing from
America’s newest crisis over petro-
leum,

For the short term, the problem
involves plastics—varieties of which
are crucial to the encapsulation of
components, insulation of wire and

cable, molding of housings for ev-
erything from calculators to com-
munications handsets, radios, tele-
visions and instruments. Those
plastics, nearly all polymerized from
petroleum or from natural gas, seem
certain to be in short supply through
1974, at least.

Should U.S. petroleum supplies
this winter fall short “by as much as
17%,” as President Nixon has stated,
the consequent plastics shortage
would be “most serious,” according
to a spokesman for the Society of
Plastics Inc., the industry’s associ-
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ation. SPI, citing an Arthur D. Little
Inc., study, contends that “A 15%
cutback in petroleum feedstocks
reaching plastics producers would
have a “domino effect” on the many
industries that utilize plastic compo-
nents. The net result could be a lay-
off of more than 560,000 workers
and a loss of in domestic production
value approaching $23 billion” over
the course of a year.

Out of stock. No firm admits to
being hurt by the plastics shortages.
But William B. Hewlett, president
of Hewlett Packard, Palo Alto,
Calif., says: “We aren’t sure where
we’ll get the plastic we need to make
calculator cases.”

Harold Goldberg, president of
Data Precision Corp., Wakefield,
Mass., says that last year his com-
pany had to delay introduction of its
model 245 digital multimeter by six
months because it couldn’t get the
high-impact plastic for the case.
Goldberg thinks the high-impact
plastic market was “cornered” by
the hand-calculator manufacturers.

Injectronics Inc., Clinton, Mass.,
is one supplier of plastics to calcu-
lator maker Bowmar/Ali, Acton,
Mass. Larry McDonald, sales man-
ager, says that the plastics industry
is facing a crisis situation with the
current shortage. There is not
enough ABS, the standard high-im-
pact grade of plastic that is used in
hand calculators.

“The situation is very tight, and
will require careful planning and
purchasing,” says a spokesman for
Texas Instruments’ Calculator Prod-
ucts division. “But at this time we
do not project any production dis-
ruption.”

Belden Corp., Geneva, Ill., a wire
and cable manufacturer, is on allo-
cation by most of its suppliers of
plastics—especially vinyls—says Arlo
Carney, director of purchasing. “It’s
a worldwide shortage tied into the
petrochemical industry, which is
tied into the energy crisis.” Al-
though he won’t go into specifics,
Carney admits that Belden’s pro-
duction has been affected, and that

Outin the cold

duced.

day week if it gets bad enough.”

On a level even more fundamental than the plastics shortage, electronics
manufacturers “‘are concerned about heating their factories this winter,”’
says an Electronic Industries Association official. v

Hewlett-Packard has reset thermostats to 68°F in all of its U.S. plants.
While H-P has no plans at this time to curtail night operations existing in
some of the plants, the company has installed tanks with 10 to 15 days’
supply of butane at plants dependent on heating gas.

Joseph Laureno, director of materials at UniCom Systems inc., Cuper-
tino, Calif., says his company will be thoroughly investigating the alterna-
tives available and the possible repercussions of any fuel shortage. He
says, too, that soon there will be a *‘cascading effect’’ caused by the vari-
ous shortages, and adds that each shortage affects another. *'There is a
definite tie between the plastics and fuel shortages.”

Fairchild Camera & Instrument Corp., Mountain View, Calif., doesn't
know exactly what the energy crisis will entail for them. Says a spokesman:
“We have come up with contingency plans’' if it becomes necessary to cut
down on energy consumption. They involve such schemes as moving work-
ers into an already occupied building from another, thus cutting down on
heating and lighting two different buildings.

Curtailing shifts is not in the plan. The company can't turn its furnaces
off, since temperatures for baking have to stabilize. Fairchild will still have
three shifts and run the furnaces 24 hours a day. Other more standard uses
of electricity, such as bright office lights, says the company, could be re-

Data General Corp., Southboro, Mass., uses gas to keep its plant heated
and isn't anticipating any trouble getting enough to keep it going. The com-
pany has only a small second shift in some of its operations, so a spokes-
man says the shift would be no great loss if it has to be discontinued. ‘“We
worry more that the energy crisis might force companies to go on a four-
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it has had production-line inter-
ruptions because of plastics short-
ages. “We're all very leery about
what 1974 is going to bring.”

The Connecting Devices division
of Hughes Aircraft Co., Newport
Beach, Calif., a spokesman says, is
encountering a shortage of the plas-
tic film used to laminate flat cable.
He adds, however: “We had made
large buys earlier, so that produc-
tion hasn’t been interrupted.”

Ablestik Laboratories, Gardena,
Calif., makes adhesives for micro-
electronics, principally for lid seal-
ing, chip bonding, and substrate at-
tachment. Its president, Herbert S.
Kraus, reports: “There is an ex-
treme shortage of epoxy resins.
Many specialty resins are being dis-
continued by their producers, but
we haven’t had a problem.”

At keyboard and calculator man-
ufacturer Controls Research Corp.,
Santa Ana, Calif., engineering vice
president, Angelo Medici, says:
“The plastics situation is tight, but
has not affected us so far. We have
plastic in stock.” He’s more con-
cerned about the future. “I think
we’re in for trouble.”

And there are other ramifications
of the oil shortage. Obviously keep-
ing the plant running requires
power (see “Out in the cold,” p. 32).
What’s more, assume that manufac-
turers do get their potting com-
pounds, knobs, insulation, and
molded cabinets needed to complete
their products,” says an SPI officer.
“Then what do they ship them in?
Toasters are packed in styrofoam.
Big computers are wrapped in sheet
vinyl. They cannot turn back to pa-
per or corrugated cardboard. There
isn’t enough of that either.”

Domino effect. Some Federal
economists and other officials pon-
dering the long-term outlook be-
lieve the “domino effect” has serious
implications for the economy. The
“mini-recession” being increasingly
forecast for 1974 “may no longer be
so ‘mini,’” says one economist.
Government economic indicators
have reflected a cooling economy
for two consecutive months now.
That downturn has been viewed as
desireable by Federal economists
disturbed by a soaring inflation that
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Status of silicon

Reports of a silicon shortage
keep cropping up. However, one
of the major silicon suppliers to
the industry, Dow-Corning—
while seeing silicon supply as
being ‘‘tight,”"—says ‘‘nobody
will have to shut down.' Another
big supplier, Wacker Chemical,
Corp., says it is meeting all com-
mitments.

There is some concern among
semiconductor houses for the fu-
ture for semicustom wafers. But
there is no dire shortage in the
offing.

is unmatched by a comparable
growth in economic output.
However, the nature of the de-
cline disturbs some officials, “The
rate of decline in the indicators is
accelerating gradually,” explains
one Treasury Department analyst.
“If it were flat, I wouldn’t mind. But
if it continues to go down faster in
December, there could be trouble.”
The energy crisis—apparently un-
resolvable in the near future—is ex-
pected to provide that acceleration
to the decline in national economic
indicators. “Couple the rationing of
gasoline and a heating-fuel shortage
to the consumer uncertainty that is
reflected in the decline in purchases,
and you have problems,” the Trea-
sury official noted. “Watergate and
what it is doing to confidence in
Government doesn’t help.” O

Medical electronics

Sound to measure
blood-vessel walls

The thickness of blood-vessel walls
and other body tissues is being mea-
sured ultrasonically in tests at Mas-
sachusetts General Hospital in Bos-
ton. The system, based on ultra-
sound interferometry, measures the
interference of sound echoes from
materials of different densities.

The interferometer was devel-
oped by Theodore L. Rhyne, a doc-
toral candidate at the Massachusetts
Institute of Technology in Cam-
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bridge. Dr. Jason C. Birnholz, a ra-
diologist, is investigating appli-
cations at the hospital’s non-
invasive diagnostics laboratory.
Rhyne says the ultrasonic system is
analogous to radar communications.
In radar, the shape of a returning
wave is analyzed in order to iden-
tify the kind of plane “sighted.”

As with sound interferometry, the
bigger the density difference be-
tween two materials, the greater the
interference. Applying this prin-
ciple, Rhyne and Birnholz are able
to measure the thickness of tissues
from the differences between two
successive interfaces between mate-
rials of differing density.

Birnholz notes that even small
density differences can be detected—
one quarter of a wavelength is the
theoretical limit of the unit. Since
the velocity of sound in tissue is
1,500 meters per second, a fre-
quency of 2.25 megahertz results in
a wavelength of 0.67 millimeter, giv-
ing the unit a resolution of about
0.17 millimeters. The interferometer
operates over a range of 1.5 to 8
megahertz. Most ultrasonic instru-
ments, he says, have a resolution of
only 3 to 10 hertz, or 3's millimeters.

To apply the techniques, Rhyne
developed a new transducer. He
says ordinary crystals do not pro-
vide enough control of the wave-
form. “Most of this is in literature
over the past 10 or 20 years,” he
says. “What I've done differently is
put greater stress on certain param-
eters, like sensitivity and bandwidth.
Just a slight variation in design
makes a highly controlled device.”

Rhyne also designed the circuit of
his ultrasonic receiver to maintain
linearity of the transducer and re-
ceiver. Other ultrasonic transducers
use a shock technique that may
drive the transducer in a nonlinear
fashion. The crystal is treated as a
antenna—the characteristics of the
crystal are carefully matched to
those of the transmitter.

The interferometer is still in the
research stage, but the two men feel
they are now ready to measure
blood-vessel wall thickness in pa-
tients. They have already used it to
measure chest-wall thickness and to
measure the pleura—the membrane

between the chest cavity and the
lung. And Birnholz is interested in
seeing if the system can differentiate
tumors from surrounding tissues. (J

Displays

Liquid crystals make
graphic display

Liquid-crystal technology, until now
just another contender for the
mushrooming digital-display mar-
ket, may get a crack at displacing
the cathode-ray tube for graphic
display applications.

Researchers at Hughes Aircraft
Co. have designed and built a dis-
crete-element liquid-crystal panel,
measuring 1 inch by 1 in,, that dis-
plays good-quality off-the-air tele-
vision images. The panel consists of
10,000 active liquid-crystal ele-
ments, or cells, arranged in 100-by-
100 array.

The display is fabricated by sand-
wiching a thin layer of nematic lig-
uid-crystal material between a
transparent conductive electrode
and a large silicon wafer on which
are formed—using large-scale-inte-
gration techniques—an array of ele-
mental cells.

Each cell contains an MOS transis-
tor-capacitor sample-and-hold cir-
cuit and a reflective electrode. The
circuit acts to stretch the incoming
analog video signals, which must be
long enough to excite the liquid-
crystal. The cell changes from black
at 0 volts to degrees of “white,” de-
pending on the applied voltage.

The display is addressed a line at

Flat-screen TV? The Hughes imaging LCS
is now 1 inch square.

T




CTC delivers twice the power
from DC to daylight.

Which leaves our competitors
caught in a power struggle.

We won the battle a long time ago. And what a
power trip. Hundreds of watts. Marching bands from
2 MHz to 1 GHz. CTC has captured the market with over
500 transistors. Operating up through 50 watts at 1 GHz,
100 watts in the 225-400 megahertz band, and up to 200w
at the low end of the mobile-communications spectrum.

But the real unsung heroes are CTC's radio engi-
neers. A unique group of pros who know better than leav-
ing an engineer strictly to his own devices. Men who can
see things from your side, from in-depth experience.

Unlike some semiconductor designers who'll oscillate
an amplifier for a small power gain, our guys have put us
in the chips with triumphs like Huge Huey. A hefty 180x
266 mil chip that puts out up to 200 w at 28 v. Designed
like all CTC assemblies —with infinite VSWR. Which is
another reason CTC is such a powerhouse.

But just because we command the field, don’t be
afraid to give us orders.

CTC: The power in RF power.
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a time. As the result, the video data
must be presented in a parallel for-
mat. To work with conventional TV
standards, a serial/parallel analog
converter is required. This conver-
sion is accomplished by a dual con-
verter circuit, which, together with
the sweep circuitry, is now imple-
mented with discrete medium-scale-
integration components. However,
the Hughes researchers say the
sweep and video circuits can be in-
tegrated with the display by LsI.
According to the developers—
M.N. Ernstoff, A.M. Leupp, M.J.
Little and H.T. Peterson—the dis-
play promises to be superior to the

Computers

CRT for applications requiring pre-
sentation of symbolic, graphic, and
pictorial images in real time. Ad-
vantages of the panel include good
visibility that doesn’t wash out in
sunlight, high contrast and high res-
olution over the entire display sur-
face, and low weight and power
consumption. The Hughes team,
which will report details of the de-
velopment at the International Elec-
tron Devices Conference in Wash-
ington next month, says its
experimental panel provides good
contrast under ambient illumination
conditions of several thousand foot-
candles. O

Justice Department solicited

Has the Justice Department dam-
aged its own antitrust case against
1BM? That possibility is being raised
in the wake of the disclosure that
the department “four or five months
ago” solicited the individual views
of at least five of the computer
maker’s key competitors—and later
acceded to a request that the com-
petition present a joint statement.

It is that joint statement that is
raising eyebrows—and questions—
by Washington attorneys experi-
enced in antitrust matters. “It al-
most seems that Justice wants to
screw itself up by letting these
people get together. Eliciting indi-
vidual company views is one thing;
this is another,” says one observer.

Four of the five respondents—
Control Data Corp., Honeywell Inc.,
National Cash Register Co., and
Sperry Rand Corp.—asked that their
four top officers present a joint
statement at the close of October.to
Thomas Kauper, assistant attorney
general for antitrust [Electronics,
Nov. 8, p. 26]. The fifth company,
Burroughs Corp., declined to partic-
ipate in the action.

The extraordinary Justice Depart-
ment move, confirmed by officials at
two of the four companies that took
part, remains unexplained. The
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joint view of IBM competitors

agency’s firm “no comment” stance,
a spokesman said, was determined
by a Federal court order that nei-
ther the Government nor Inter-
national Business Machines Corp.
comment on any aspect of the pro-
ceeding under threat of contempt
charges. Officials at Burroughs’s De-
troit headquarters would neither
confirm nor deny the reports of its
decision to stand aloof from the
joint industry position. Never-
theless, Burroughs sources else-
where confirmed that “we were ap-
proached and we said ‘no.’”

Questions and comments about
the move were not surprising in
view of the background of the Gov-
ernment suit—one started, not by
the Nixon Administration, but by
President Lyndon Johnson’s Attor-
ney General Ramsey Clark literally
hours before LBJ’s term expired in
January 1969. Reportedly, even
Johnson and his top advisers were
startled by the action.

Among those opposed to the mo-
nopoly suit then, Government
sources point out, were the Secretar-
ies of Treasury and Commerce; this
was because of IBM’s large positive
contributions to a diminishing U.S.
trade balance. Through its domi-
nant world market position, IBM is

still a major U.S. exporter, although
its percentage share of exports has
reportedly declined as it has ex-
panded overseas manufacturing.

“Nevertheless,” points out one
trade official, “no one concerned
with our trade balance wants to see
IBM broken up now either.” In their
presentation to Justice, IBM’s four
competitors also backed away from
calling for the breakup of IBM.

Sperry Rand was represented by
its president Robert E. McDonald,
and the other three by their respec-
tive board chairmen—Honeywell’s
James H. Binger, CDC’s William
Norris, and NCR’s William Ander-
son. The four observed that even if
IBM were dismembered into five to
eight companies, “the successor
companies will be substantially
larger than the non-IBM mainframe
companies and will have the further
advantage, which could prove deci-
sive, of a very sizable lease base,
coupled with a compatible product
line among themselves.” The com-
petitors made clear that they view
the resultant *“shared monopoly” as
at least as threatening to their fu-
tures as the existing situation.

The four computer companies in-
dicate that a decision on breaking
up IBM might well be postponed for
as long as the rest of this decade
while other issues are resolved. They
urged, however, that if interim legal
proceedings determine that IBM is a
monopoly in violation of antitrust
laws, the divestiture of parts of IBM
and other forms of relief for its com-
petitors be implemented on a world-
wide basis. ' ]

Lasers

Agency to develop
goggle safety specs

In developing safety standards for
protective eyewear for lasers, the
Bureau of Radiological Health this
month has asked the electronics in-
dustry for its comments and infor-
mation. “As soon as possible” the
bureau hopes to work out with man-
ufacturers and other affected groups
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CTC delivers over 95%
to customer schedules
and requests.

Which leaves our competitors
with some explaining to do.

It's unheard of in the semiconductor industry, but
we'll tell you about it anyway.

When a customer orders from CTC, his shipment is
usually received in less than two weeks from date of receipt.

How come? Well, for one thing, you've got to be on
your toes when RF power is your only business. For another,
there's no hang-up waiting for packages because we make
our own. And, with only a 1% return rate, we can spend
less time answering complaints and more time expediting
your deliveries.

However, no story we can come up with explaining
why we ship so fast would be half as interesting as the
ones our competition have to tell explaining why they
can’t keep up with us.

CTC: The power in RF power.
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the safety -criteria for selling and us-
ing protective goggles, according to
Robert L. Elder, deputy director of
the agency.

The bureau’s concern stems from
the finding that some laser goggles
may fail when exposed to a’laser
beam, and the wearer, not realizing
it, may suffer eye damage, Elder
says. Bureau laboratory tests show
that some goggles may melt, lose
their color, bubble, or even shatter
when exposed to sufficiently high la-
ser power. Some products will fail
after several seconds’ exposure to la-
ser beams of about 1 watt or power
density of about 6 to 12 W per
square centimeter, he reports.

Evaluation needed. What the bu-
reau would like to work out with in-
dustry is a method whereby prod-
ucts for protecting the eyes could be
uniformly evaluated and appro-
priately labeled, and the informa-
tion disseminated to users. Fortu-
nately, no one apparently has been
injured yet from eyewear failure,
but some manufacturers have been
notified that their products failed
during bureau testing, Elder says.

“Since the chance of eyewear fail-
ure increases as laser power and
energy rise,” Elder says, he advises
that persons “buying a laser product
be urged to make certain that the
presently-owned eye-protective
equipment will accommodate the
power of the new product.” All eye-
wear should be inspected before
each use, he adds.

People who use protective goggles
around high-power lasers should
ask the manufacturer for the failure
point, Elder says. If that can’t be de-
termined, they should test the gog-
gles at their highest intended power
and then carefully inspect them.
Should the eyewear fail, then the la-
ser should not be used until alter-
nate effective protection can be pro-
vided, he says.

Multiwatt lasers are mostly found
in academic, research or medical
uses where servicing or alignment
procedures may subject the wearer
to direct exposure to the beam. The
bureau notes that protective goggles
that didn’t fail were those for he-
lium-neon lasers, which normally
have an output of a few milliwatts.
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But, Elder says, all users should con-
tinue to wear goggles. The BRH re-
ports that cooperation so far has
been excellent and, although it has
the authority, it is not planning to
issue actual safety regulations for
goggles.

The Bureau has already met with
manufacturers and professional
groups to discuss how safety goggles
could be uniformly evaluated and

Microwaves

appropriately labelled, Elder says.
That information, laboratory expe-
rience and suggestions from indus-
try will be used to develop safety
criteria.

Elder invited comments or sug-
gestions, which can be addressed to
Director, Bureau of Radiological
Health, Food and Drug Adminis-
tration, 5600 Fishers Lane, Rock-
ville, Md. 20852. a

Satellite system cuts interference
and aims at zero downtime

In designing a space communication
system, Philco-Ford engineers have
come up with one of the broadest
bandwidth systems yet developed
and the first to really control trans-
mitter-receiver intermodulation.
And, on top of that, the system, for
the second-phase Defense Satellite
Communication System (DSCS-2),
was built to meet a design demand
of zero downtime for 15 years.

For years, microwave system de-
signers have known that waveguide
imperfections, known as ‘“diodes,”
generate harmonics of the micro-
wave signals and cause inter-
modulation between the transmitter
and receiver. But engineers have
skirted the problem in communi-
cations systems by keeping the
transmit and receive frequencies so
widely separated that only the
weakest harmonics of the signal
create intermodulation products—a
practice called “frequency manage-
ment.” However, when Philco-Ford
engineers began designing ground
terminals more than two years ago
for the DSCs-2, frequency manage-
ment was ruled out.

To match the satellites’ multiple-
access capacities, the DSCS-2 termi-
nal must transmit kilowatts of radio-
frequency power at frequencies
from 7.9 to 8.4 gigahertz and receive
lowpower satellite transmissions
across the 7.25 to 7.75 gHz band
with sensitive, liquid-helium-cooled
parametric preamplifiers.

Meanwhile, the U.S. Army Sat-

_ellite Communications Agency, Fort

Monmouth, N.J,, managing the ter-
minal project, wanted the full band-
width to be usable so that fre-
quency-division, time-division, and
spread-spectrum multiple-access
techniques could service many satel-
lite users simultaneously.

In contrast, earlier space termi-
nals and commercial microwave-re-
lay systems have had separations of
1 gHz between channels. Some
space terminals have such wide fre-
quency separation that receivers see
only the extremely weak 32nd har-
monic of the transmitter fre-
quencies, and even those have been
worrisome, says Clifford E. Ray, sys-
tems engineering manager for the
terminals at Philco-Ford’s Western
Development Laboratories, Palo
Alto, Calif.

Philco-Ford had a better idea. In
the DSCs terminals, rf power from
dual transmitters is piped through
waveguide to one input leg of a Y-
shaped orthomode transducer
coupled to the feed horn of a 60-
foot parabolic antenna. The signals
received by the big dish go through
the other leg of the transducer’s hy-
brid junction to twin parametric
amplifiers. Both the transmitter and
the receiver are dual-redundant de-
signs to meet another landmark
specification—zero downtime for
some 15 years. All previous termi-
nals have been specified with less
than 100% “availability,” meaning
they can be shut down periodically
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CTC has less than
1% return rate.

Which leaves the
competition with many
unhappy returns.

When you consider the average return rate for the
industry, you suddenly realize CTC has something special
going for us. And you, too. The most complete die attach,
the most reliable wire bonding and cap sealing techniques,
100% RF, D.C., load pull tested —to boot.

When you consider further that no one else around
is qualified to make this claim, you can believe what our
customers tell us is true.

We've got the lowest field failure record in the
industry. And that's a powerful help when you need it.

CTC: The power in RF power.
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for preventive maintenance.

The system prototype—being op-
erated at WDL for classified Air
Force Satellite Communications—
has an 8-kw klystron amplifier with
a bandwidth of 170 MHz and a 3-kil-
owatt traveling-wave-tube amplifier
with a bandwidth of 500 MHz. A
later model being constructed at
Fort Detrick, Md., for DSCS-2 will
probably have two 5-kw traveling-
wave-tube amplifiers with 500-MHz
bandwidth and a combiner that will
allow the terminal to transmit at up
to 10 kw of rf power. Philco Ford
hopes that Usascom will order a
score of similar terminals for the
DSCs-2 ground network.

“When we started,” Ray recalls,
“two signals at 10 watts in the trans-
mitter waveguide resulted in signals
at 80 dBm on the receive side” of the
prototype waveguide assembly. “We
were getting intermodulation prod-
ucts from the first harmonics.” And
10 w was a far cry from the design
power levels.

In recent tests, Ray says, two sig-
nals of 2 kw showed up as 135-dBm
interference on the receive side of
the waveguide junction. The inter-
modulation-noise figure is an ap-
proximation. “We cut the noise by
many orders of magnitude. It was
difficult to check with instruments,”
he adds. “That’s an over-all im-
provement of over 70 dB, compared
with the first tests.”

To get harmonic sources out of
the system, Philco-Ford engineers
concentrated on the orthomode
transducer. Here, they inserted fil-
ters to isolate the transmit and re-
ceive legs. And they fabricated
waveguide parts using electroform-
ing techniques and pure chemical
solutions.

Government electronics

HEW plans tests on
remote treatment

With successful tests of laser, micro-
wave, and cable communications for
the remote diagnosis and monitor-
ing of patients in urban clinics
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News briefs

Aerosat may fly at last

At its Dec. 6 meeting, the governing council of the European Satellite Re-
search Organization is expected to approve U.S. demands that vhf commu-
nications, along with L-band experiments, be included aboard the proposed
Aeronautical Services Satellite for airline communications over the Atlantic.
This would clear the way for the U.S., Canada, and ESRO to begin organ-
izing the $100 million program. If Congress approves the arrangement, ei-
ther Comsat or RCA Globcom will be chosen U.S. co-owner early next year,
and the consortium will issue bids for spacecraft soon thereafter. ESRO has
informed the FAA that it now approves vhf operation, apparently ending an
ESRO-U.S. airlines dispute that had slowed the program for two years.

No additional microwave oven tests

An advisory committee of the Bureau of Radiological Health has turned
down a petition by Consumers Union Inc. to impose more stringent safety
tests on microwave ovens, but it will consider the consumer group’s
requests for warning labeling on the front of the ovens. Representatives of
Consumers Union, the microwave-oven industry, and the Bureau’s Techni-
cal Electronic Product Radiation Safety Standards Committee are due to
meet soon to thrash out what might be done about the warning instructions.

RCA developing postal coder

RCA's Advanced Technology Laboratories, Camden, N.J., has received a
U.S. Postal Service contract for an undisclosed sum to build an engineering
model of a parcel-post coding unit, to be part of the automated system for
handling bulk mail. Based on the company’s Bullseye supermarket system,
the model will combine laser scanners and photo detectors to code as
many as 40 packages or read 80 packages an hour.

Pitney Bowes-Alpex closes shop

Pitney Bowes-Alpex, Danbury, Conn. has become the first major casualty in
the point-of-sale terminal business. The company, number three in the mar-
ket and operating at a loss of $37 million, was closed out by majority owner
Pitney Bowes, who claims the investment needed to boost the POS firm into
the black would be excessive. Pitney Bowes owns 64% of the POS com-
pany’s stock, and the remaining shares are held by the Alpex Computer
Co., Danbury.

Guarrera new |IEEE president

IEEE members have elected a new president—John J. Guarrera, president
of SaCom, Sun Valley, Calif. The membership also voted to maintain the
status quo by defeating a referendum to reorganize the society (Electron-
ics, Nov. 8, p. 36]. Outgoing president Harold Chestnut, reports that the
members voted five to one against a proposal to set up a separate corpora-
tion to administer the Institute’s technical activities.

E-H Research acquires Digimetrics

In a move to obtain the capital it needs to puts its Digiscope logic-analyzing
instrument into production [Electronics, Aug. 16, p. 30] Digimetrics Inc.,
Dublin, Calif., has arranged to be acquired by E-H Research Laboratories
Inc., Oakland, Calif. Although the two companies have thus far only signed
an agreement in principle, officials at both firms are enthusiastic about the
merger and express confidence that the deal will be consumated very soon

Sprague invests in liquid crystals

After recently selling two of its divisions [Electronics, Oct. 25, p.38], the
Sprague Electric Co., North Adams, Mass., has bought 40% of Princeton
Materials Science Inc. for convertible notes. The New Jersey company is a
maker of liquid-crystal displays and modules for solid-state watches. The
company is also developing a new dry-film technology for use in duplicating
microfilm, microfiche, industrial X rays, and graphic-arts proofing paper.
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Think we’re bragging?
Then call our bluff=even ifit’s
collect.

(415) 591-8921

Ask for Mike Mallinger, Marketing/Sales

or

Tom Moutoux, Engineering

or

Bob Reber, Manufacturing

or

Tom Ciochetti, President

or if you're the silent type, send for our free brochure.

Name Title

Company Address

City State Zip

Frequency range of interest MHz @ V.

Communications Transistor Corporation
301 Industrial Way
San Carlos, California 94070

CTC: The power in RF power.
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Try the New

EMR Real-Time
Spectrum Analyzer
Brochure FREE
For 90 days...

No Obligation

We're go confident that

you will find it the most exciting
Real-Time Spectrum Analyzer
Brochure yet . . . filled with
intriguing facts . . . and

figures . . . that we dare to
make this offer.

Within its pages, you’ll find
the *'real” story about the
Model 1510. . . unique and
incredible things like:

It works! . .. Switch it on —
no calibration — ready to go
It repeats itself! . . . Analyze
a signal once . . . and again and
again, and always get the same
answer
It doesn’t cheat! ... 60dB
at the input with no gimmickry
It can be carried (by humans)!
. Fully portable with CRT,
Fourier Analyzer and Digital
Averager in one 8% high case
It can be used by (almost)
anyone! . .. Foolproof LED
display of signal amplitude,
frequency and averaging time

It gets along well with
photographers! . . . Control
setting status appears on grati-
cule for a permanent photo-
graphic record

It has plenty of options! . ..
Peak Hold, Total Spectrum,
3-D Display, Computer Inter-
face, Low Frequency Sync, Any
window, etc.

Remember to order your Model
1510 Brochure Today! Satis-
faction Guaranteed! If you love
it . .. ask for a demo. If you
don't . . . no obligation — or
hard feelings.

EMR =2

EMR Telemetry

Weston instruments, Inc.

Box 3041, Sarasota, Florida 33578
813-958-0611
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[Electronics, Aug. 14, 1972, p. 41]
behind it, the Department of
Health. Education, and Welfare has
revealed plans for testing a similar
capability in rural areas.

“This next set of experiments will
put pcople and technology out in 10
remote areas.” says Maxine L.
Rockoff, logistics chief, health care
technology division, in HEW’s
Health Services and Mental Health
Administration. Still in the planning
stage, the rural test probably will
begin in fiscal 1975 and use tele-
phone links in combination with
loudspeaker-equipped phones,
electrocardiogram units, pulse-
transmission devices, and slow-scan
television, she says.

HEW’s aim is to find out when
clinics and hospitals will need
broadband interactive visual com-
munications and when cheaper nar-
rowband, such as telephone and ra-
dio, will do. *Is broadband really
necessary?”’ Ms. Rockoff  asks.
“Won't telephone do just as well?”

HEW’s next-phase test will try to
set up links to clinics in communi-
ties of 300 to 500 persons, to a trav-
eling nurse or paramedical person,
and to a doctor, she says. The trick,
she says, is to find the level of tech-
nology that will be needed to sup-
port the paramedical personnel at a
remote site being supervised by a
doctor at a central hospital.

Urban tests. says Ms. Rockoff,
showed that medical-electronics
communications allowed doctors to
increase the number of critical cases
they could evaluate—thus spreading
out a scarce resource. Communi-
cations has also improved hospital
administrative procedures, such as
stocking and ordering. A Picture-
phone experiment in Chicago, for
example, produced unexpected divi-
dends, she notes. It allowed or-
derlies to use sign language to sur-
mount language differences, and
operating-room attendants could
consult directly with specialists on
an on-the-spot basis. Nurses could
order supplies more precisely by

showing the stock clerk exact labels,
Similar benefits may be in the offing
when electronic technology for med-
ical communications branches out
to rural areas. O
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Beam-Fired* SCRs.
A Faster Turn-On.

Faster than any other SCR:
in 3 us, dynamic forward drop is down

to 3 volts, switching up to 150 amps!
Typical di/dt of 1,000 A/us.

Speed from leading edge technology:
optimum cathode shunt placement. ..
integrated gate cascade driver
stages...simultaneous, large area,
multi-gate turn-on.

Ay
Vb
%,

W

Patent applied for.

Vastly improved reliability ’
from low switching losses. [ [/ © ‘
dv/dt: 200 V/us minimum |
critical ... 200-plus V/us
reapplied, if you need it.

Evaluate a faster
high-current 235 to

800A SCR from 100-1,300
volts. Brochure and data
sheets through Box 20912,
Phoenix 85036. Take the
lead in high-frequency
inverters, choppers,
PWM, cycloconverters,
induction heating.

. %z
Quickly. Sy,

From Motorola, The4Thyristor Producer

*Trademark Motorola Inc.
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FROM DELCO,THREE
POWER TRANSISTORS.

DTS-708 900V 900V
i B

N -

We'd like to simplify your life while you triple diffused and packaged in Delco’s solid
simplify your high energy circuits. copper TO-204MA packages (TO-3 to you
These three new devices are all NPN,  old-timers) for man-sized power handling.
DTS-708 and 709 are designed for use
3 \ \
N

’sal in high voltage switching applications—where
A\ N \\L inductive loads or fault conditions may be
NN W %:‘k givin% you problems now. The DTS-710 is
\\ N ) ideal for linear regulators and power
1 NN amplifiers.
\>, Safe Operating Curves on the data sheets
WIERNEEAN let you know where it's at. And our applica-
,%\ tions engineering assistance is available, too.
AN You probably know about our reputation
% for making really tough transistors—for

high peak energy handling. You'll find we
can deliver, too.

All of the Delco distributors listed have
. N\ the DTS-700 series in stock.
— Give yours a call now for the prices you'll
like and the data you'll need.

NV
i

COLLECTOR CURRENT (amperes)

SQUARE PULSES OF THE SPECIFIED
— LENGTH AT A REPETITION RATE OF
4 PULSES PER SECOND

—T1t NOW AVAILABLE FROM THESE DISTRIBUTORS
Tc <75°c IN PRODUCTION QUANTITIES.
ALABAMA, Birmingham CALIFORNIA, Goleta
Forbes Distributing Co., Inc. R.P.S. Electronics, Inc.
(205) 251-4104 (BO5) 964-4764
0.01 ALABAMA, Huntsville CALIFORNIA, Los Angeles
10 100 600 Powell Electronics Kierulff Electronics, Inc.
COLLECTOR-EMITTER VOLTAGE (volts) (205) 539-2731 (213) 685-5511
ARIZONA, Phoenix CALIFORNIA, Los Angeles
SAFE OPERATING Sterling Electronics, Inc. R.P.S. Electronics, Inc.
CURVES (602) 258-4531 (213) 748-1271
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NEW 900-VOLT SILICON

I 600V
I 600V

I 600V

2.0V

(Ic=1A, IB=250mA)

1.0V
(Ic=2A, IB=800mA)

10/50

CALIFORNIA, Palo Alto
Kierulff Electronics, Inc.
(415) 968-6292

CALIFORNIA, Sunnyvale
Cramer/San Francisco
(408) 739-3011
CALIFORNIA, San Diego

Kierulff Electronics, Inc.
(714) 278-2112

CALIFORNIA, San Diego
R.P.S. Electronics, Inc.
(714) 292-5611

COLORADO, Denver
Cramer/Denver
(303) 758-2100 .
’ CONNECTICUT, Norwalk
Harvey/Connecticut
(203) 853-1515
FLORIDA, Miami Springs
Powell Electronics/Florida
(305) 592-3260
FLORIDA, Orlando
Powell Electronics/Florida
(305) 859-1450

ILLINOIS, Rosemont
Kierulff Electronics, Inc.
(312) 678-8560
ILLINOIS, Skokie

Bell industries

Electronics Distributors Div.

(312) 282-5400
INDIANA, Indianapolis

Graham Electronics Supply, Inc.

(317) 634-8202

MARYLAND, Baltimore
Radio Electric Service Co.
(301) 823-0070

MASSACHUSETTS,
Needham Heights
Kierulff Electronics, Inc.
(617) 449-3600

MASSACHUSETTS, Newton
The Greene-Shaw Co., Inc.
(617) 969-8900

MICHIGAN, Farmington
Harvey/Michigan
(313) 477-1650

MINNESOTA, Minneapolis
Stark Electronics Supply Co.
(612) 332-1325

MISSOURI, Kansas City
Walters Radio Supply, Inc.
(816) 531-7015

MISSOURI, North Kansas City
LCOMP-Kansas City
(816) 221-2400

MISSOUR, St. Louis
LCOMP-St. Louis
(314) 647-5505

NEW JERSEY, Clifton
Wilshire Electronics/New Jersey
(201) 365-2600 (212) 244-8930

NEW YORK, Binghamton
Harvey/Federal
(607) 748-8211

NEW YORK, East Syracuse
Cramer/Syracuse
(315) 437-6671

NEW YORK, Rochester
Cramer/Rochester
(716) 275-0300

NEW YORK, Woodbury
Harvey/New York
(516) 921-8700 (212) 895-9260

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

OHIO, Cleveland

Pattison Supply Co.

Industrial Electronics Division
(216) 441.3000
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OHI0, Dayton
Kierulff Electronics, Inc.
(513) 278-9411

PENNSYLVANIA, Philadelphia

Almo Electronics
(215) 676-6000

PENNSYLVANIA, Pittsburgh
RPC Electronics
(412) 782-3770

SOUTH CAROLINA, Columbia

Dixie Radio Supply Co., Inc.
(803) 253-5333

TEXAS, Dallas

Adleta Electronics Company
(214) 741-3151

TEXAS, Fort Worth

Adleta Electronics Company
(817) 336-7446

TEXAS, Garland

Kierulff Electronics, Inc.
(214) 271-2471

TEXAS, Houston

Harrison Equipment Co., Inc

(713) 224-9131
UTAH, Salt Lake City
Cramer/Utah

(801) 487-3681

Delco
Electronics

VIRGINIA, Richmond
Meridian Electronics, Inc.
(703) 353-6648
WASHINGTON, Seattle
Kierulff Electronics, Inc.
(206) 763-1550

IN CANADA

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

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

Delco Electronics
Regional Sales Offices

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

El Segundo, California 90245
354 Coral Circle
(213) 640-0518

General Sales Office

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

Operator (317) 457-8461

Delco Electronics, Division of General Motors.
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The most powerful
argument for buying

a Nova 840 is what
you don't pay for.




Nobody’s ever going to beat our prices for the Nova 840
software.

It’s free.

Which is particularly shocking when you consider that it’s
some of the most powerful software you can get with any computer
at anywhere near the price.

You get an incredibly versatile Real Time Disc Operating
System that does double duty as a powerful program development
tool and as a run time support system that can handle two modes
of operation at the same time.

You get Fortran 5. So fast,you canuse it for fussy real-time or
computation applications. So comprehensive,the diagnostics tell
you exactly what’s wrong and where. In English.

Then there’s Batch that lets you pick your peripherals, load
your job and go do something else.

And Extended Algol. Extended so far it can develop the kind of
complex programs you used to need big expensive computers to do.

And Extended Timesharing Basic. It’ll take on up to 32 users at
the same time and distribute all the system resources to all those
users.

And ourRemote SynchronousTerminal Control Program that
lets theNova840become a programmable remote jobentry terminal.

Finally, there’s our utility programs: Macro- assembler, Editor,
Symbolic Debugger that let you work in assembly language.

All in all, a most remarkable library of software.

But before you get the bright idea of circling the bingo card and
asking for it all, please be advised: you get the software free when
you get the required hardware from us. And with that software,

you’re going to be able to use a lot of hardware.
You see, we write software to sell hardware.

"~ TheNova840 _

DATAGEN LI'D.

190 Edmonton Street, Hull, Quebec (819) 770-2030 ‘ ,
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Program over 1200
N/C drilling commands

"

=l

You're looking at the best way we
know of to produce printed circuit
board programs for any EIA standard
N/C drilling machine. This includes
our own Excellon Mark i, the Mono-
mati® 7 and the Quadramatics.
Excellon’s Opic Il.
It's fast and accurate. And it's un-
complicated.
Simply place your art, negatives
or boards on the 25” x 25” work table.
Then control X-Y axis table
travel either electrically
(at 120-inches a min-
ute), or by manually
operating the fine-adjust-
ment hand-wheels. Air
bearings virtually eliminate
friction, and ball nut lead-
screws prevent backlash.

an hour.

8% Excellon’s Opic I

When the pad is centered on the
10-power, 6-inch scope, press the
footswitch and the X-Y coordinates
are entered on the tape.

Then you're ready to proceed to
the next hole. (And you can proceed
in inches or millimeters, whichever
you prefer.)

In addition, the Opic I, with

48 Circle 48 on reader service card

+0.0001" resolution, can be used to
inspect art work or p.c. boards.

There’s much more you should
know about this outstanding optical
programming/inspection center. And
you'llfinditallinour Opic librochure.

Call or write Dick Hogan, Sales
Manager, today. His number is (213)
325-8000.

---" A Division of Excellon Industries
— 23915 Garnier Street,

‘ . .
A= Torrance, California 90505
Phone: (213) 325-8000
Telex: 67.45.62 Cable: Excellon Torrance

Excellon Sales and Service in ENGLAND * FRANCE
SCANDINAVIA « W. GERMANY * SPAIN * HOLLAND
ITALY * ARGENTINA ¢ §SRAEL * AUSTRALIA » HONG
KONG * TAIWAN * JAPAN
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FCC’s Hinchman
to propose
a regional spectrum

Customs sets
RFPs for automated
import system

Consumer imports
continue to soar;
Taiwan share grows

Electronics/November 22, 1973

Washington newsletter

A new series of proposals to the Federal Communications Commission
suggests reallocating some frequencies in the U.S. on the basis of re-
gional variations in demand. Being drafted as an evolutionary plan by
Walter Hinchman, influential head of the commission’s Office of Plans
and Policy, these proposals would take account of economic considera-
tions in determining assignments and allow spectrum users to buy each
other out.

Hinchman’s goal is to give a regional flexibility to spectrum usage,
since the communications industry is too well developed for a nation-
wide reallocation like Japan’s. Nevertheless, manufacturers would have
to switch to making modular equipment with plug-in front-ends to ac-
commodate different channels in different areas, he points out.

“Every other resource in the country is managed on an economic
basis, except the spectrum,” he observes. He believes that, for example,
the “*selective sharing™ he proposes would allow land mobile to make
use of unused TV spectrum without reducing the number of active TV
channels.

The U.S. Customs Service plans to issue requests for proposals during
the spring of 1974 for the next and major phase of its Automated Mer-
chandise Processing System, a national computerized import clear-
inghouse that could cost up to $80 million and use 2,000 terminals when
it goes fully operational in 1980. Preliminary plans call for contractors
to bid wholly or piecemeal for the gradual implementation slated to
begin in fiscal 1975. Using cathode-ray-tube and line-printer terminals
teamed with a computer complex, the system will speed the processing
of imported products, now increasing at a rate of 9% a year.

Instead of testing the network extensively [Electronics. March 13,
1972, p. 42]. Customs now intends to install it modularly and leave siz-
ing it until after the first phase is operating. That phase, called the
Early Implementation System, is to be installed in Philadelphia in
March, then in Chicago, Houston, San Francisco, and New York. TCI
Inc., Raleigh, N.C., will supply its 30 terminals, with options for 80
more, to work with the Treasury Department’s Honeywell 6064 com-
puter in Washington, D.C.

More than $500 million in third quarter U.S. imports of home enter-
tainment electronics pushed the total for the first nine months of 1973
to a record-breaking $1.39 billion—a 13.3% increase over 1972 figures
for January-September. Japan generated 63% of the total, according to
new Commerce Department figures, although its share reflected only a
nominal 2.2% rise in value from the first nine months of 1972. That
compares with a 30% increase a year ago from the same period in 1971.

Taiwan shipments in the first nine months increased by 43% to $236.3
million, boosting its share of home entertainment imports to 17%. That
compares with its 7.4% share in the same period in 1971, according to
Commerce, which noted that Taiwan is “continuing the accelerated
growth pattern which began subsequent to the international currency
adjustments of August 1971 and February 1973.”
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Washington commentary

The sayings of chairman Ibuka

Beginning with the magnetic-tape recorder and
then the transistor radio, Sony Corp. has gone on
1o become one of the world’s leaders in develop-
ing and marketing new consumer electronic
products. One of those markets—the United
States—imported a record-setting $876 million in
Japanese consumer electronics in the first nine
months of 1973. Chairman Masaru Ibuka
recently offered some intriguing insights into
Sony management and marketing philosophies
in a talk he gave before the IEEE of Canada. Sev-
eral quotations from that October lecture in To-
ronto follow. —Ray Connolly

On Sony’s beginnings

The wire recorder had existed in Japan be-
fore the war; therefore, we could fairly easily
guess the mechanism and the method of manu-
facture of the tape recorder. At that time it was
virtually impossible for us to obtain thin plastic
films for the tape base in Japan, so we had to
use a paper-tape base, which easily snapped
off. Later, a famous American tape manufac-
turing company [Ampex] proposed to us the es-
tablishment of a joint venture company for the
manufacture of magnetic tapes in Japan. We
were almost dying to obtain their technical
know-how, but we had to refuse the proposal
because it was made on the condition that we
should not manufacture tape recorders.

While we were still in the development stage
in the tape-recorder and tape field, we believed
we would automatically make a fortune if we
succeeded in putting them on sale for the first
time in Japan. But we were not as lucky as we
had expected to be. And we learned a valuable
lesson: the importance of marketing.

Fortunately, the American Occupation
Forces were very eager to promote the spread
of audio-visual education, so before long our
tape recorder became a very popular device for
education in schools all over Japan. . . . This
tape-recorder business contributed a great deal
to the establishment of the financial foundation
of our company.

On other early lessons

As we manufactured more transistor radios
[starting in 1955], the yield of applied transis-
tors improved considerably in the following few
years, in fact, much more than I had expected.
Since then, 1 have been thoroughly convinced
that a good opportunity to introduce a new
product should not be missed only on account
of a high rejection rate. . . .

If we had not attempted to make small tran-
sistor radios, and if either European or Ameri-

can electronics companies had succeeded in
making such a tiny radio before Sony, I would
imagine that Japanese manufacturers would
have followed such foreign manufacturers as
happened in other fields . . . and Japan’s elec-
tronics industry would not be as competitive in
the world market as it is now.

On creating markets

I think we were the only ones who thought at
the time that it would be feasible to manufac-
ture home-use TV with the application of silicon
transistors because they cost $5 to $15 apiece. A
bigger problem was that, although larger-
screen-size televisions were becoming more and
more popular then, we could only make 5-inch-
or 8-inch-screen-size TVs because of the power
limitation of silicon transistors.

When we asked marketing specialists in the
U.S. about the possibility of sales of such small
Tvs before the announcement, they seemed
convinced that such small Tvs would definitely
not sell. However, we dared to challenge the
commonly shared view—our first shipment of
6,700 sets intended for the Christmas market
was sold out in that October, and we had to
send additional shipments in similar numbers
in November and December by air cargo . . .
With the success of this micro TV, I came to be-
lieve that a truly new product will create a new
market.

On employing resources

A marked characteristic [of the development
of the Trinitron one-gun color TV] was that the
inventors . . . also participated in the develop-
ment or designing of equipment for the manu-
facturing process. They were actually playing
two or three roles simultaneously.

In our experience, most friction or resistance
occurs when a development which was made in
one section is transferred to another section,
thus wasting a considerable length of time dur-
ing the transfer. In order to avoid that, we ef-
fected a system in which the same people were
engaged 1n the whole project from the begin-
ning to the end. . .

In our company, we tried to avoid expecting
fruitful results from basic research, although we
were well aware [of its importance]. As our pol-
icy, we did not take the road of allowing each
researcher to choose his own theme at his own
discretion. Rather, we would see a clear target
after many heated discussions, then would aim
our all-out efforts in technical development
toward the target. . . . In short, we look for
needs before seeds.
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S-D puts the
accuracy back
into
high speed DVMs

+114902"

DIGITAL MULTIMETER

FILTER FOR WEMER(}ENCY ONLIY ——

Make 30 accurate readings a second...
even with noisy inputs

Most DVM's offer no noise rejection without using input filters—
and that limits them to 2 or 3 readings/second. But Systron-Donner’s
Model 7110A makes 30 readings/second with 60 dB ormal mode

filters. Fully-guarded nputsld*)uts also
Other

icrovolt @ £1,000 volt overload

At $1995 for the basic unit or $3,400 fully-loaded, Model 7110A

your Scientific Devices office or Systron-Donner at 10 Systron

of noise ? Typically *0.005%. That’ uses dual
help to kill noi “‘mls re-
it.
fea “ \‘\
s t
i 0
s and ranges @ true 4-wire DC ratio
outperforms DVMs costing much more. For immediate details, call
Drive, Concord, CA 94518. Europe: Munich, W. Germany; Leaming-

slope integration which pro ion without
quires 3.4 1
etrue ris or any systems interfaces
eDC vogi
protecti
system in b e field or factory expandable e
collect on our Quick Reaction Line: (415) 682-6471, or contact
ton Spa, U.K.; Paris (Le Port Marly) France. Australia: Melbourne.

SYSTRON @ DONNER

Albuquerque, (505) 268-6729; Baltimore, (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; Detrolt, (313) 363-2282; Ft. 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) 871-39186;
Norfolk, (804) 499-8133; Orlando, (305) 841-8180; Philadelphia, (215) 825-9515; Phoenix, (602) 834-1682; Rochester, NY (716) 334-2445; San Antonlo, (512) 694-6251; San
Diego, (714) 249-6642; San Francisco area (415) 964-4230; Seattle, (206) 454-0900; St. Louis, (314) 842-2535; Syracuse, (315) 457-7420; Washington, DC area {703) 451-6500.
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Electronics international

Significant developments in technology and business

Matsushita develops high-density
color display for computers

Efforts by Japan’s Matsushita Elec-
tronics Corp. to increase the sharp-
ness of future color-television pic-
tures are expected to pay off almost
immediately in improved alphanu-
meric displays for computers. Fur-
thermore, the technique may short-
circuit efforts by many others to
produce color tubes that do not
need shadow masks but instead en-
able a limited number of colors to
be selected by switching the acceler-
ating voltage of the electron beams.

The high-resolution color-Tv
tubes, originally developed by Mat-
sushita as part of a joint study with
the technical research laboratories
of NHK for the evaluation of color
broadcasts, will soon be used in
computer displays. However, it may
be much longer before these tubes
are developed to their full potential
for color TV because the experi-
mental system in which they were
first used has 1,125 lines and a 30-
megahertz bandwidth, compared
with 525 lines and 6-MHz bandwidth
for the NTSC commercial TV used in
Japan and the U.S.

NHK is Japan’s public-service
broadcasting system, and its techni-
cal-research laboratories perform
much of the basic research for
broadcasting in Japan. Matsushita is
a subsidiary of Matsushita Electric
Industrial Co., Japan’s largest man-
ufacturer of television and a joint
venture with Philips Gloeilam-
penfabrieken of the Netherlands.

The key to Matsushita’s fabrica-
tion of these high-resolution tubes is
a process that the company devel-
oped to manufacture black-sur-
round—often called black-matrix—
color-picture tubes for its standard
commercial color sets. In Matsu-
shita’s process, the photosensitized
screen of the tube is exposed during
screen fabrication directly through
holes in the completed shadow
mask to the ultraviolet-light source.

Others, including Zenith, which
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originated the black-surround pro-
cess, expose the screen through the
small holes that have been initially
etched in the shadow mask. A post-
etch then produces the larger holes
required in the shadow mask for the
finished tube.

Production is slated to start in
February on the first tube devel-
oped by Matsushita, which has a 22-
inch rectangular shape with a 90°
deflection angle. It has two million
holes—five times the number usually
used for conventional tubes of this
size. Since each hole in the mask lies
behind one dot trio on the screen, a
total of six million phosphor dots on
the faceplate form the picture. Even
close up, the individual dots are not
visible, and the effect is similar to a
rear-projection color slide.

The computer display. The new
tube can display about 120 lines of
about 150 characters each of com-
puter output for a total of about
18,000 characters. In contrast, the
usual large color tube can display
about 40 characters on one line, al-
though the commonly used IBM
punched card contains 80 charac-
ters, and computer-output printers.
print about 120 characters per line.

However, the focus of the usual
color-television electron gun is not
sharp enough for this fine detail.
But Matsushita has developed im-
proved electron guns, which give
much better focus and consequently
maintain brightness at 80% of the
usual value, despite the much finer

West Germany

shadow-mask pattern being used.

The spot on the faceplate of the
cathode-ray tube is illuminated by
the electron-beam crossover be-
tween the first and second grids of
the electron gun, which is imaged
on the faceplate by the electron-gun
lens. To reduce the size of the cross-
over diameter and so obtain a finer
spot, Matsushita engineers have de-
creased the diameter of the grid
opening from 0.9 to 0.4 millimeter.
But this decreases the active area of
the cathode by a factor of five. To
maintain the same electron-beam
current, five times the emission per
unit area of the active cathode re-
gion is required.

To achieve the required high
value of emission, the cathodes are
operated at a temperature of
1,000°C, rather than the 800°C of
most picture tubes. And since the
usual oxide cathode would not last
long when operated with this high
current, Matsushita engineers are
using a dispenser-type cathode,
originally developed by Philips for
use in microwave tubes. The dispen-
ser cathode consists of porous tung-
sten, impregnated with a mixture of
aluminum and barium oxides,
which gradually diffuse to the sur-
face and emit electrons. The tubes
can be fabricated with high preci-
sion because the dispenser cathode
has a relatively smooth metallic
emitting surface, instead of the
rough surface of the usual oxide-
coated cathode. O

Half a dozen computers monitor

rail nets in Bavaria

Total automation of West Ger-
many’s railroad operations is still
some time away, but a new com-

puter-based system to monitor rail
traffic in the state of Bavaria is a big
step toward that goal. The system,
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Around the world

Computer transfers textile patterns

Paul Gunold, a small firm in Stockstadt, near Frankfurt,
Germany, is using a process computer to aid in transfer-
ring patterns to program cards that control jacquard em-
broidery machines. For about 60 years, these machines
have been controlled by program cards, similar to a com-
puter’s punched cards, to make repetitive patterns that
were designed and coded by hand.

Gunold, an established producer of programs for auto-
matic embroidery machines, explains that only certain
aspects of the pattern-transfer process are adaptable to
computer programing. To save time and costs, the com-
pany has combined the best conventional methods with
the advantages of the process computer to get the pro-
gram to the cards. This eliminates much of the drudgery,
and the company claims that it is at least 500% faster
than manual methods, depending on the complexity of

CCTV system measures hides

A closed-circuit TV system has been turned into an in-
strument to measure the area of irregular hides, which
are awkward to measure by conventional methods. The
Shoe & Allied Trades Research Association of Kettering,
England, designed the system. The association does not
manufacture, but licenses the system to others.

To operate, a CCTV camera scans the hide, which has
been flattened on a framework. The measurement is
based on the constant speed of the camera's scan
across the target, and the scan time is proportional to the
scan distance. To turn a proportional measurement into
absolute units, the camera is calibrated by focusing it on
a rectangular card of known area in the same plane that
the hides occupy. The hide area is proportional to the
card area as the scan time for the hide is to the time for
the card. The device reads out in desired units of mea-

the pattern.

sure.

built by Siemens AG around a bat-
tery of six computers at a control
center in Munich, keeps tabs on the
whereabouts of hundreds of trains
simultaneously. The trains’ positions
at any time are shown on CRT dis-
plays and on a huge monitoring
board at the center. What’s more,
personnel at rail stations who dial
the computers to request certain
train information receive the an-
swers in spoken form.

The computers monitor more
than 250 miles of rail lines of the
Greater Munich rapid-transit sys-
tem. In addition, they monitor all
passenger and freight traffic along
hundreds of miles of federal railway
track radiating in all directions from
the Bavarian capital and extending
as far as Salzburg, Austria. The sys-
tem now in use is the first stage of a
project aimed not only at monitor-
ing trains but at controlling them, as
well. Second-stage work is already
under way, Siemens says.

Computers control. The heart of
the setup is the control center with
six Siemens 304 process computers
hooked into three duplex configura-
tions to enhance system reliability.
Messages concerning train move-
ments are fed to the computers over
10 data channels from the more
than 100 rail stations in the moni-
tored area.

The incoming messages contain
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train number, track number, and
other pertinent data that has been
punched into keyboards by person-
nel at the rail station a train starts
from and all the subsequent stations
it enters. The computers process the
keyboard-derived train-movement
data together with the status of traf-
fic on the tracks, which comes from
automatic track-side contact sen-
sors. The combined data is contin-
uously updated as each train moves
from station to station and across
the track-status contacts.

In the Munich metropolitan area,
however, the system is more sophis-
ticated. Here the train-movement
information, instead of being key-
board punched, is fed to the com-
puters by automatic train-number
signaling equipment that has been
in service there for a number of
years.

By comparing the real-time in-
coming data with stored train time-
tables, the computers provide all
information needed for train-moni-
toring. In subsequent stages of sys-
tem development, that information
will also be used for actual control
of trains.

The geographical area covered by
the Munich control center is divided
into five regions. The dispatcher re-
sponsible for each region, who has
CRT displays, can switch a 30-mile
section of train routes from the com-

puter onto his display. It shows not
only all possible train routes in that
section, but also all tracks at rail sta-
tions in the region. Superimposed
upon that picture are train numbers
and time information.

Dispatchers can query. Should
any irregularities in train operation
occur—for example, late arrival time
at a certain station—the dispatcher
can either set up a radiotelephone
connection between that station and
the train operator, or he can himself
tell the train operator to try to make
up for lost time. The display allows
the dispatcher to also make certain
other decisions in conflict situations.
He can, for example, tell a freight-
train crew to wait and give a passen-
ger train on the same route the right
of way.

The display is large enough to
show a 30-mile section of rail lines
outside the Munich area. However,
it is too small to display the rela-
tively dense network of rapid-transit
lines within the city and all 36 tracks
in Munich’s main rail terminal.

To handle all that data, the con-
trol center has a board measuring 6
by 22 feet that has 400 optical in-
dicators to show the position of any
train within the city area. Position
information for the board comes
from the automatic signaling equip-
ment along the tracks that transmits
train numbers. O
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*SIMPLIEFY PROCUREMENT *
BOUIRINS i ron surs e ostcon

plete single source in the industry. It's sound logistics

NOW O' l EI QS — one purchase order, one approved source. At the

same time you're protected by Bourns tradition of

‘ excellence. Each Bourns potentiometer is designed
A ‘ and manufactured to consistently exceed Mil Spec
requirements.
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British plan
tropo-scatter link
to North Sea welis

Spain looks abroad,
sees Motorola

Bulgaria to build
numerical controls
under Fujitsu license
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International newsletter

The British Post Office will build tropospheric-scatter radio links for
communication between the east coast of Scotland and the scores of oil
and gas rigs that will be operating in the North Sea by 1975. Two shore
stations with 40-foot diameter dishes will communicate with, initially,
two master platforms. Some 150 to 200 miles out at sea, these platforms
will have 25-foot diameter dishes. The individual drilling rigs will be
connected with the master platforms via a conventional line-of-sight
microwave network.

All tropospheric antennas will be inclined upwards 1° from the hori-
zon. The 2-gigahertz, 1"-wide transmission beams will hit the tropo-
sphere slightly nearer the sea stations than the land stations, because
the latter are higher above sea level. Attenuation over either link will
normally be about 210 decibels.

To safeguard against complete signal loss due to turbulence, there are
four antennas for each link at each end— two transmitters and two re-
ceivers. One transmission beam is circularly polarized, the other hori-
zontally polarized. Both receiving antennas accept both signals and the
most powerful of the four at any instant is selected and amplified for
further transmission. British Post Office officials believe that this ap-
proach will provide acceptable telephone speech for 99.9% of the time
and normal error rates on telegraph transmissions for 99.98% of the
time.

Spain is continuing its efforts to build a domestic electronics industry
by tapping foreign expertise in electronics. In the latest development,
the country’s telephone company—Compania Telefonica Nacional de
Espana—is holding talks with Motorola Inc. Earlier, Motorola began
negotiations for entry into the Spanish market with the state industrial
holding agency, Instituto Nacional de Industria.

Then, INI was seeking a technological alliance with a foreign elec-
tronics company as the first step in a program to form a government-
dominated electronics operation. In the meantime, however, INI shifted
its goals and is now looking to form a domestic computer venture in
partnership with a foreign group.

Telefonica has already formed three joint ventures with foreign part-
ners—General Cable Corp., Italy’s Teletra, and Sweden’s L M Ericc-
son—with the goal of reducing its dependence on ITT as its sole equip-
ment supplier. Now, Telefonica wants to go further into electronics and
sees an arrangement with Motorola as helping the Spanish electronics
industry expand its capabilities.

Fujitsu Fanuc Ltd., a wholly owned subsidiary of Fujitsu Ltd., special-
izing in numerical controls for machine tools, says it is near agreement
with Bulgaria on a license to build Fujitsu numerical controls. Bulgaria
would be able to use the controls it builds for its own machine tools and
would also be able to export the controls as separate components to
other countries in the East Bloc countries.

A Fujitsu official says. though, that computer-controlled numerical
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Siemens expands
line of traffic-control
computers

Ferranti computer
picked for
sea-search radar

Hungary to enter
magnetic-tape making
via BASF deal

International newsletter _

controls are not included in the agreement because they are proscribed
by Cocom regulations. Included in the license would be the other elec-
tronic numerical controls, pulse motors, and layout and design of pro-
duction plants. A company spokesman expects the license to be signed
later this month.

Siemens AG is adding two new models to its VSR 16000—work-horse
traffic-control computer system—of which more than 100 have been or-
dered or installed throughout Europe and parts of South America. The
new models, designated VSR 16020 and VSR 16030, differ from the
others in the family mainly because of higher speed and greater traffic-
data collection and processing capability. While the 20 works with 144
machine commands, the 30 uses a total of 202 commands. Both have a
maximum core store capacity of 63 kilowords, with each word being 16
bits long.

Using an extensive program library, the new equipment satisfies vir-
tually all requirements imposed by traffic situations, Siemens says. The
two models work as traffic-flow-dependent systems and collect data on,
for example, speed and number of vehicles along specific road sections,
the time it takes vehicles to cover certain distances, and similar detailed
information.

The data is then processed and used to select one of many traffic light
control programs stored in the computer. Depending on the traffic situ-
ation, green-light cycles are either prolonged, shortened, or delayed to
insure an even vehicle flow. Other programs recognize changing trends
in traffic volume in selected streets or even in entire road networks in a
city.

The long-range, airborne, maritime-search radar being developed by
EMI Electronics Ltd. for installation in the Royal Air Force’s 48 Nimrod
ocean patrol aircraft will use an airborne version of Ferranti’s FM-
1600-D military computer for information processing. This computer is
already used in Royal Navy ships for fire control and action informa-
tion processing,

Initially, Ferranti will provide nine systems, each with a core
memory of 32,000 26-bit words. The complete radar will start to get
into the Nimrod aircraft in about two or three years from now. The ra-
dar is designed to have very high performance in detecting periscopes
and snorkels in rough seas.

West Germany's BASF, a large chemical producer known for its exper-
tise in magnetic tape, has signed an agreement with Hungary’s Polimer
cooperative on audio-tape production. Under the terms of the agree-
ment, BASF supplies the machines and the starting materials to Polimer,
which will then produce in Budapest audio tape for disk-type and cas-
sette tape recorders for Hungarian consumption. BASF has also agreed
to buy back from Polimer any finished material after Hungary’s de-
mand is satisfied.
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Component

Onrders Up?
Shipments
Down?

HP’s new LCR meter helps you get your orders out
fast. If you’re testing diodes, capacitors —or trimming
IC capacitors or resistors —you need fast, precise,
automatic LCR and loss measurements. You need the
most reliable LCR meter you can get —one with solid
state circuits and LED display. Now you can have it
for only $4295* —less than you’ve had to pay for this
kind of capability. When you plug our new Model
4271A 1 MHz Digital LCR Meter into your system
you get fast-reading digital measurements, 10,000 an
hour or more. You get four-pair measurement and
offset adjustments that eliminate most fixture problems.
And you get an instrument that’s compatible with
many HP programmable calculators and computers.

But the 4271A’s accuracy and versatility make it
just as great an asset to your design lab as to your pro-



duction line. It's a snap to measure capacitance from
10.000 pF to 19.000 nF. and to measure inductance
from 1000.0 nH to 1900.0p H. You'll also find that you
can greatly simplify varicap diode testing and other
kinds of micro-circuit design measurements with the
4271A and its optional DC Bias Controller. This lets
you vary DC bias from 00.0V to 39.9V in 0.1V in-
crements.

Remember that this new addition comes to you at
a new low price. $4295*. Inexpensive options are
also available: Program Code for Calculator/Com-
puter Interface or BCD Output, DC Bias Controller
—and DC Power Supply. And they're all backed by
HP’s time-tested reputation for reliability and service.

For more information contact your local HP field
engineer. *Domestic LISA prices only
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The Useables — new standards in
component testing.

Uniwversal Bridge, High Resistance Meter, LCR Meter, Analog Comparator
Universal Bridge, Milfiohmeter, Q Meter. Automatic Capacitance Bridge, High-Capacitance Meter

HEWLETT @ PACKARD

Sales, service and support in 172 centers in 65 countries.
Palo Alto Calfornia 94303 Offices in principal cities theoughout the U S
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“We subjected the Augat plug-in

socket panel to an accelerated-life test
in order to induce contact failure.

“We failed”

Dave Fillio
Principal Engincer, Component & Materials Engineering
Honcywell Information Systems



““We needed an interconnection system for controllers on the H716
minicomputer that could help us meet four basic requirements:

“High density to get as much as possible into a small pack-
age and still meet the increasing customer demand for a broad
range of peripherals, each requiring a separate controller.

“The capability of automatically wiring, with a min-
imum of two-levels.

“Flexibility to permit anticipated design changes and %
still allow us to meet a very tight schedule. Dave Filli

“And finally, all these features had to be available in a standard product.

““The most logical approach seemed to be printed wiring boards. But to accom-
modate all our controllers could have required as many as eight boards. And we
couldn’t afford the room. Also, when recycling changes are taken into consideration,
the design cycle of printed wiring boards becomes too long and, consequently,
too costly.

“Multi-layering offered a minimum of flexibility, and it, too, was rejected.

“The only practical solution was the plug-in socket panel. And of all the vendors,
Augat was the only manufacturer that could provide a completely uniform, broad
range of standardized products, the lowest possible profile and maximum reliability.

“Thereliability tests we conducted on the Augat machined sockets included
environmental exposures, accelerated-life, vibration, thermal shock, and durability.
All tests with the Augat system were positive.

“From a field service standpoint, a key consideration with increasingly com-
plex and flexible systems like the H716 is keeping them on the air at all times.
Because of the reliability of the Augat interconnection system, we’ve had no reports
of machine down-time associated with the Augat product since the introduction of
the H716 eight months ago.”

, ~—_ More and more companies like Honeywell are realizing that

Augat socket-panels are an economical, reliable and totally
flexible solution to interconnection problems, including
development, production and field service requirements.

Augat’s precision-machined tapered entry contact has
made Augat the reliability standard for the industry. As the
world’s leading manufacturer of socket panels and other IC

interconnection products, Augat is ready to help you solve
your interconnection problems.
Call or write today for a free brochure and complete
product information. Augat, Inc., 33 Perry Avenue,
Attleboro, Massachusetts 02703. Represented and distributed
internationally.

Plug into Augat. Honeywell did.
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Amphenol’s new telephone |
connector system
saves space, saves time,
saves material.
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It's called Circuit Concentration Bay (CCB)
and was first used to alleviate the problem of
overcrowded distributing frames in a major
Colorado telephone company central office.
More than five miles of cable were actually
eliminated in this installation. Floor space re-
quirements were reduced by 80 per cent.

As more and more phone companies gain
experience with CCB, it is also becoming clear
that the savings in labor are at least as great
as the space savings. Instead of the tedious,
time-consuming job of hand soldering each
connection, the craftsman uses color-coded
miniature patchcords to complete circuits in
about one-twentieth the time. And circuit
interruptions found in normal distributing
frames are virtually eliminated.

The savings in space, materials and labor
due to Amphenol's CCB system are adding up
to tremendous cost reductions and improved
service for phone companies across the country.




new electronics

Amphenol connectors
help a mini-computer
control a 70,000
vehicle intersection.

Amphenol digital
turns-counting dials
help load a ship

by computer.

A sophisticated
traffic control
computer was
installed last
year to tame an
unusually busy
intersection in
Campbell, Cali-
fornia.

Environmen-
tal problems
are tough because the controller is located
right at the intersection. It must remain un-
affected by temperature variations between 0
and 120°F. and by voltage variations of plus
or minus 10 per cent. It must perform faith-
fully for years to come.

That’s why Amphenol’s 5015 series con-
nectors were selected. Our “Old Vet” has a
service record in tough environmental condi-
tions that no one can match. Some “Old Vets”
are in service after over 30 years on the job.

That's important to Campbell, California
because their traffic controller has a lot of
work ahead of it.

CORNAES
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For more information, contact these fa

Unless a ship’s cargo is distributed just right,
stresses can cause extensive hull damage. So
proper load distribution is critical. That’s
why one of the world’s largest shipbuilders
has developed
an electronic
cargo distribu-
= tion computer.
It presents car-
| go placement
and hull stress
information
continuously.

The Swedish
manufacturer
selected Amphenol dials for this computer be-
cause they're so easy to read. A magnifying
window significantly enlarges the numerals
and vernier scale, and digital readout is angled
to the perpendicular for easy viewing from all
positions.

Easy readability of the computer input de-
vices is essential because a misread digit,
when fed into the computer, could cause a
disastrous error in loading.

AMPHENOL

ing/sales faciliti United States: Amphenol Sales Division, 2875 S.

‘Tokyo, Japan 151

25th Av., Broadview, Il. 60153 Canada: Amphenol Canada Ltd., 44 Metropolitan
Amphenol Ltd., Thanet Way, Tankerton, Whitsable, Kent, England West
. 8024 Deisenhofen bei Munchen, West Germany France: Usine
France Australia: Amphenol 'fyree Pty. Ltd., 10-16 Charles St., Redfern, N.S.W. 2016, Australia India: Amphetronix Ltd.,
105 Bhosari Industrial Area, Box 1, Poona 26, India Japan: Daiichi Denshi Kogyo K.K., 20, 3-Chome, Yoyogi, Shibuya-ku,

Rd., Scarborough, Ont. Great Britain:
ermany: Amphenol-Tuchel El ics Gmbh,
etallurgique Doloise, 92a98 Avenue de Gray, 39100— Dole,
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You’re O.K.,

we’re O.K.

You're O.K.—if you're abreast of latest
developments in one of the vital technologies
of the aerospace/electronics industry — electro-
optics —and if you want a wide open oppor-
tunity to exercise your capacity to create and
grow.

Were O.K.—if we offer you a challenging
assignment, a congenial ambience, an attrac-
tive salary, and a promising, long term future.

We believe we do.

We're at work on some 550 projects and
programs in 80 major areas. We'e a friendly
stimulating outfit that recognizes ability and

rewards it. We're proud of our  pecccce--

pioneering new technologies
and building sophisticated sys-

tems of superb reliability. We be- Locemmm e

HUGHES AIRCRAFT COMPANY

U.S. citizenship required.
Equal opportunity M/F employer.

lieveit's the reason our sales and
backlogs are steadily growing.

We especially need senior staff engi-
neers to perform conceptual design, analy-
sis,and test of integrated infrared focal
planes using change couple devices for
readouts and signal processing, and pack-
aging engineers who have aworking knowl-
edge of hybrid and LSI technology, high
density packaging techniques, and micro-
miniaturization for space-qualified units
and subsystems. And we always have
openings for good airborne weapons
systems engineers and creative concep-
tual design engineers. While these positions
offer opportunity foradvance-
ment, they are not managerial.

SoifwesoundO.K.toyou,
please airmail us yourresume.
it could be the best 11¢ you
ever spent.

Write: Mr. Robert A. Martin, Head of Employment, Dept. 42, Hughes Aircraft Company, Equip-
ment Engineering Divisions, 11940 W. Jefferson Blvd., Culver City, CA 90230.
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Probing the news

Analysis of technology and business developments

Navy to try closed-flux memories

Lab tests show they're small, fast, reliable enough to compete
if they can be produced in quantity with sufficient yield

by George Sideris, San Francisco bureau manager

Closed-flux memories—the planar
counterparts of plated-wire memo-
ries—shape up in the laboratory as a
technology to be reckoned with in
future computer designs. Tests of
lab models indicate that CFMs will
be as fast as bipolar semiconductor
memories and smaller, more re-
liable, and less power-hungry than
any other class of memory. And
since the basic planes—each only 3
inches square but capable of storing
4,096 computer words—are batch-
fabricated through metalizing, etch-
ing, and plating processes, CFMs
could be inexpensive in mass pro-
duction.

There’s the rub, though. CFMs
have not been produced or tested in
sufficient quantity to determine
whether manufacturing yields are
high enough to justify mass produc-
tion of the planes and development
of the integrated circuits that will be
needed to operate them. That cru-
cial step will be taken soon at the re-
search and advanced technology di-
vision of Ampex Corp., Redwood
City, Calif., which has been experi-
menting with CFMs for three years
under contracts from the Naval Air
Development Center at War-
minster, Pa.

The Navy has given Ampex a to-
tal of $190,000 in 1970, 1971, and
1972 to make and test lab models.
Now, armed with a new award of
$500,000, Ampex is setting up a pi-
lot plant with a capacity of 500
planes a year. For that sum, NADC
next July will receive 50 fully tested
planes and a statistical study of pro-
cess yields. The planes are to store
2,048 words of 32 bits each, with
each bit stored redundantly in three
storage sites—a total of nearly
250,000 sites, counting spare bits, in
a module a fraction of an inch high
and 9 square inches in area.

By next summer, Ampex hopes
the Navy also will have started IC
development. To capitalize on the
planes’ high storage density, drive
and sense circuits are to be mounted
along the edges of the planes. The
lab models use discrete components,
emitter-coupled logic, and ampli-
fiers in assemblies about 100 times
larger than the planes.

If closed-flux memories are pro-
duceable, they will provide the ex-
tremely compact and fast memory
stacks the Navy wants to put into
the all-applications digital com-
puter. As its name implies, the
AADC (formerly called the advanced

airborne digital computer) would go
into many avionics systems in the
next decade. Ever since the project
began, the Navy has viewed the
closed-flux memory as a leading
contender for the AADC [Electronics,
Aug. 3, 1970, p. 89]. An advanced
development model of the computer
is expected to be ready in 1976.

A clean room. Herman A. Ferrier,
Ampex program manager during
the previous lab studies, is confident
that the CFM will pass muster. How-
ever, he has not been able to prove
it in the lab. Nor has he had the
data for a production-cost estimate.

“We couldn’t test a fully popu-
lated plane,” he points out. The
R&D awards didn’t include funds for
a system to test all the cells on the
prototype planes. Instead, small
groups of cells were operated to
analyze performance. And if 100%
tests had been made, the yield fig-
ures would not have been valid be-
cause the planes were virtually
hand-made in the contaminated en-
vironment of lab benches.

Part of the new $500,000 contract
will pay for a clean room and a
$50,000 test system. The room will
provide an environment compa-
rable to that of an IC plant. A tester
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Closed-flux memories. Digit lines are made by plating a magnetic alloy to an insulating film laminated to an aluminum ground plane, etching
the alloy into narrow strips, plating on copper, then plating magnetic alloy around the copper. Word lines are plated copper.
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Probing the news

similar to a system for probing IC
wafers is needed because a plane’s
word and digit lines end at pads
spaced 10 mils apart, the spacing of
bonding pads on IC chips.

Pilot production will be managed
by John E. Keenan, who has re-
placed Ferrier because of his experi-
ence in developing production and
test systems. (Ferrier has been made
responsible for one of Ampex’s pro-
prietary R&D projects.) At the end of
November, Keenan started equip-
ping the clean room. He hopes to
start producing planes this winter
and have a preliminary estimate of
yields by spring.

Clean-room processing and tests
after each major production step
should indicate whether the process
can be controlled to keep the num-
ber of flawed cells low and reveal
the distribution of the flaws. For in-
stance, large numbers of tiny scat-
tered flaws can be tolerated if each
flaw affects only one of the redun-
dant sites in a bit cell. If the flaws
spread over groups of adjacent sites,
they can be bypassed by wiring the
drive and sense chips to spare bits
on the plane or by programing the
computer to avoid bad bits.

How much? Keenan is willing to
predict only that CFMs should cost
much less than conventional plated-
wire memories (30 to 60 cents a bit)
used in hardened military systems.
That prediction is based on Ferrier’s
estimate that the lab models cost
about 10 cents a bit to make and on
the assumption that production will
involve a fraction of the lab costs.

Given acceptable yields, CFMs
may compete with cores and semi-
conductors in the military market,
since they are 10 times faster than
cores and do not pose the volatility
problems of semiconductors. But
commercial core memories are
down around 0.1 cent a bit and
high-speed semiconductor memo-
ries are approaching 1 cent a bit.
Even to attempt to get into the
range of core-memory costs “would
take a multimillion-dollar plant and
huge volume,” Keenan says.

One development that could cut
the cost of the planes nearly in half
would be a single-input IC sense am-
plifier able to recover from a 4-volt

66

overload within 50 ns and then
sense a l-millivolt pulse. The over-
load is the read-drive signal, and the
millivolt signal is the response of the
bit-storage cells.

For lack of such 1cs, Ampex will
probably have to depend initially on
complementary drive circuits and
differential amplifiers. Such circuits
cancel out common-mode noise so
that the amplifiers need only detect
the millivolt signals.

However, it will necessitate using
two planes instead of one to store
the 2,048 32-bit words that could be
stored in one plane if single-input
amplifiers were used. It will also re-
quire assembly to the planes of a
small, etched-wiring matrix to pro-
vide hundreds of electrical cross-
overs. _

A set of drive and sense circuits
will be needed for each pair of word
and digit lines. The word lines are
etched copper traces about 5 mils
wide atop the plane; the digit lines
are copper traces enclosed in plated
magnetic alloy “wires” 1.6 mils
wide. Each digit line is formed in a
lazy-S pattern the width of the
plane so that each digit line is
crossed three times by each word
line, giving triple redundancy.

Plans are to produce an array of
274 by 274 triple cells on each
plane. Of these, only 256 by 256
cells would be connected to the cir-
cuits to form the 2,048 by 32-bit
working plane. That leaves 18 spare
bits in each 256-bit segment for use
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Sharp turns. Digit lines go under word lines,
return. then go to other end again.

in flaw-avoidance schemes. In 1970,
when the CFM concept was more a
gleam in the eyes of Ampex re-
searchers than a reality, the esti-
mated cost per bit was 0.5 cent, in-
cluding electronic circuits. That
figure would have made CFMs com-
petitive with core memories and
would have swamped the infant
semiconductor-memory market.

Ferrier disclaims the estimate as
“before my time” and predicated on
extremely high-volume production.
Also, CFM complexity has risen in
the past few years. Extra processing
steps, new materials developments,
and the redundant design have been
found necessary to satisfy reliability
requirements and overcome the lim-
itations of IC sense amplifiers.

Early experimental cells were rel-
atively simple structures, fabricated
by plating and etching layers of per-
malloy (nickel-iron alloy) and cop-
per on an epoxy-coated aluminum
ground plane [Electronics, Sept. 28,
1970, p. 39]. More recent R&D has
shown that military reliability specs
require the use of a magnetic (co-
balt-nickel) alloy with high coercive
force, nickel-phosphor depositions
to keep the alloy from crystallizing,
laminated Kapton films to insulate
the ground plane and wiring layers,
and dual planes with pairs of differ-
entially connected triple sites.

Ampex test reports to the Navy
show this structure operates reliably
at temperatures from -55°C to
+150°C. It will retain data through
1,000 worst-case disturb cycles, and
it can be read out nondestructively
at least 100 million times. Acceler-
ated life tests indicate an operating
life of more than 30 years at 100°C.
And despite the high coercive force
of the cobalt-nickel alloy, a plane
storing 2,048 32-bit words can oper-
ate at IC voltage and current levels
on average drive power of about
250 milliwatts.

The triple-cell structure reduces
the needed drive current by two-
thirds. The ICs themselves are ex-
pected to dissipate several watts.
Keenan and Ferrier expect the
memories to hit an access time of
about 60 nanoseconds. The lab
models meet Navy specs: 80-ns
read-only access time, 100-ns read
cycle, and 150-ns read-write cycle.
Those speeds were demonstrated by
a 16-by-16 model. O
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We clamp down fully

on the disadvantages of other displays.
Our digital readouts,

including the extremely lightweight,
mini-size Multi-Numerical Indicator
with 8,10, and 12 digit readout,

offer low-voltage,

low-current drain,

and stability advantages over
conventional displays.

All have eye-easy phosphorescent
segments with digits on a single-plane
for optimal visibility

under ambient light.

It's a natural green glow,

so soft and clear you can see

it across the room.

But the best comes last:

They’re competively priced

for all modern applications

in calculators,

digital clocks, voltmeters and counters,
and a host of others.

Count on us.
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The Brighter Side of Electronics

ISE ELECTRONICS CORP.

P.O. Box 46 Ise City, Mie, Japan Tel: 05963-5-2121

International Div.

ISE INTERNATIONAL CORP.

Shinbashi Kokusai Bldg.

No. 7-7-2, Higashi Shinbashi Minato-ku, Tokyo, Japan
Tel: 433-6618 Cable: Iseworldrep

Telex: 26546 iseinter

Representative:

ISE CORP. OF AMERICA

{The former LEGI ELECTRONICS CORP.)
1472 West 178th Street. Gardena California 90248
Tel: (213) 532-0470, 0471
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Space electronics

Atmosphere Explorer: a low flyer

Craft will dip to within 120 kilometers of earth as its 14 experiments

check solar radiation effect on thermosphere and ionosphere

by Alfred Rosenblatt, New York bureau manager

The lowest-flying earth satellite ever
to be orbited is set for launch at
about Christmas time. The satellite
is designed to make a broad range
of measurements of the physical
processes in the lower thermosphere
and ionosphere that are caused by
intense radiation from the sun. De-
signed and built at RCA’s Astro-
Electronics division, Princeton, N.J.,
the 1,450-pound satellite, aptly
named Atmosphere Explorer C, will
fly a highly elliptical orbit. Its low
point, or perigee, will be only some
120 kilometers above the earth’s
surface. At its high point, or apogee,

One to make ready. The Atmosphere Ex-
plorer satellite is ready to go. Louvers on un-
derside are designed to cool the craft.

the satellite and its 14 scientific ex-
periments will sweep out to 4,000
kilometers.

The drum-shaped Atmosphere
Explorer provides a stabilized plat-
form for 14 experiments and the
support systems for handling power,
command, control, and data com-
munications, as well as tape-record-
ing, attitude control, and orbit-ad-
just propulsion. Two previous
spacecraft—more probes than satel-
lites—for studying the earth’s atmo-
sphere were much smaller. Explorer
32, for example, launched in May
1966, weighed only one-third as
much and carried only six experi-
ments.

The new craft is a 16-sided
polyhedron that is 53.5 inches in
diameter and 45 inches high. Most
of the scientific instruments are
mounted along the outer edges of
upper and lower base plates so that
they can “look” out into the envi-
ronment. The instruments will ex-
amine the chemical and physical
processes associated with the ab-
sorption of the sun’s ultraviolet radi-
ation in the upper atmosphere and
thermosphere, or lower layer, of the
upper atmosphere. These processes
alter the composition of the atmo-
sphere, and scientists have long be-
lieved that this affects global
weather conditions and the earth’s
ecological balance. Sensors will in-
clude an electron-temperature
probe, photometers, and spec-
trometers. The instruments will
gather data on charged and neutral
particles; the solar spectrum and at-
mospheric absorption; electronic,
ionic, and neutral gas temperatures;
and thermal and photo electrons.

The orbit period for a revolution
around earth will be 129 minutes,

and inclination of the orbit will be
68°. The primary data-gathering pe-
riod for the satellite will be at its
perigee. A propulsion system
aboard the craft will be fired about
five times during the spacecraft’s
mission to alter the perigee from
150 kilometers down to only 120 ki-
lometers, bringing the craft into the
thermosphere.

As the spacecraft nears the low
point of its orbit, an on-board pro-
pulsion system will be fired to re-
store the orbit and to compensate
for the energy lost because of the
drag of the atmosphere. The Ex-
plorer will also gather information
as it swings away from the earth to
its apogee of 4,000 kilometers. All
data will be recorded aboard the
craft for later telemetering at a rate
of 16,384 bits per second to earth.
Signals will be received by NAsA’s
worldwide tracking network. Later
phases of the mission, which is to
last a year, will include low-orbit
circular flights of the satellite.

Knowledge. The Atmosphere Ex-
plorer will produce as much knowl-
edge about the upper atmosphere as
all the experiments that have been
performed since the first Sputnik
went up, predicts physicist W.B.
Hanson of the University of Texas
at Dallas. In addition, the satellite
itself is the first spacecraft to be
committed almost totally to using
complementary metal-oxide semi-
conductors, even in equipment for
the experiments, points out David
W. Grimes, program manager for
Atmosphere Explorer at NASA’s
Goddard Space Flight Center,
Greenbelt, Md.

Other noteworthy aspects of the
program include a computer-con-
trolled checkout system for the
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spacecraft prior to launch and a
control center at Goddard to pro-
cess data received from the satellite
in real time so that it is almost im-
mediately available to researchers.
The researchers, in turn, are tied
into the data at the Goddard center
via telephone lines.

Quick data, There’s almost a real-
time link between the satellite and
the researchers, says Brian Stewart,
RCA’s manager of speciality engi-
neering. “It only takes about a day
for data coming in from the satellite
to be processed and sent out across
the country to the experimenters,”
he says. In the past, scientists had to
wait two or three months for the
data to be sent on a magnetic tape.
The advantage of such one-day ser-
vice makes it possible for experi-
ments to be quickly adjusted to take
advantage of observations.

The automated checkout system
was developed by NASA uniquely
for the Atmosphere Explorer,
Grimes says, but it could be used,
with modifications, for other space-
craft as well. Similar techniques
have been used in the past by the
Air Force to check out classified sat-
ellites, he points out.

Equipment can be tested much
more rapidly than it could be with
manual or semiautomated tech-
niques, and “there’s a tendency to
test more functions more thor-
oughly,” points out an RCA engineer
on the program. In addition, the
checkout system keeps a tape
recording of all data coming from
the spacecraft so that if there is a
malfunction, a test sequence can be
carried through to its conclusion.
When the sequence is completed,
the data pertaining to the fault can
be read back to aid in diagnosing
the trouble.

At the center of the system is a
Xerox Sigma 5 computer with
48,000 words of core memory con-
taining the resident program for in-
terpreting a high-level test-oriented
language specially developed for the
Atmosphere Explorer. Also in-
cluded is a Xerox 3-megabyte ran-
dom-access disk device, three tape
drives containing test programs for
exercising the experiments and
spacecraft subsystems, two high-
speed line printers, an operator’s
console, and four cathode-ray-tube
displays with keyboards for bringing
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Lows and highs. The Atmosphere Explorer will swing out as far as 4,000 kilometers and
come as close to earth as only 120 kilometers as it sniffs the planet's thermosphere and
ionosphere and transmits almost real-time data back to Goddard Space Flight Center.

up test and program information.

Xerox Sigma computers—Sigma 5
for control and preprocessing, and a
combination Sigma 3 and Sigma 9
for processing data—are also in a
separate facility at Goddard that
controls the spacecraft while it is in
orbit. Data, which is handled as it’s
received from the craft, is processed
and made available to any of the ex-
perimenters who desire it. With
previous scientific satellites, each ex-
perimenter was limited to the data
for his own equipment.

C-MOS circuitry. Low power
drain—lower than transistor-transis-
tor logic circuits would require—is,
of course, one of the prime reasons
available for going to c-M0s. But
another important factor is that
C-MOS componentry provides a
larger scale of integration than TTL
does. This contributes weight reduc-
tion and also enabled an approxi-
mately 3% “overbuild” in circuitry,
says George Martch, manager of
test and manufacturing technology.
This overbuilding was included so
that any design mistakes discovered
as launch time approaches can be
easily corrected by wiring around
the problem. “A change in a wire
and a different software command is
all that’s required,” Martch says.

All told, more than 2,200 off-the-
shelf c-MOs parts are used in the
command, data-handling and atti-
tude-control subsystems. In addi-
tion, another 500 c-MOs devices are
packaged in the experimental in-
struments.

Welded-wired construction is
used instead of multilayer printed-
circuit boards. “The welded wire
gives us a quick turnaround and re-
pair cycle,” Martch points out. The
approach also makes for greater
component density, and he esti-
mates that the standard 6-by-6-inch
board used can accommodate 40%
to 50% more components than mul-

tilayer pc boards would be able to
handle.

A dual-mode system for three-
axis attitude-control or spin stabili-
zation with selectable rates of one to
10 revolutions per minute was de-
signed by RCA. It employs magnetic
torqueing for roll and yaw; pitch is
controlled by a momentum wheel
similar to one used aboard the ITOS
weather satellite launched in 1970.
Wherever possible, off-the-shelf
units are used for the communi-
cations and tracking functions.

An exception is the S-band reso-
nant cavity slot-type belt antenna
built by Ball Brothers Research
Corp., Boulder, Colo., which is
mounted around the 4%-foot diame-
ter of the craft’s equator. Other sys-
tems include a vhf beacon/telem-
etry transmitter, and dual S-band
fm transponders. Primary commu-
nications are transmitted in the S
band. Power is obtained from about
10,000 2-by-2 centimeter n-on-p sili-
con solar cells connected in series
and parallel. They produce 160
watts of power that is stored in three
nickel-cadmium batteries aboard
the craft.

Two more. Altogether, three satel-
lites are to be built by RCA and
launched between now and 1975 at
a cost, including R&D, launch, and
post-launch support of about $50
million. Discounting the 580-pound
weight of the liquid propellant
needed to adjust the orbit and the
14 experiments, each satellite bus
will cost $7,000 per pound, an ex-
ceptionally low price for a satellite,
asserts RCA’s program manager J.J.
Newman.

He also says RCA is considering
proposing the Atmosphere Explorer
as a sub-package for NASA’s Space
Shuttle because, with “its orbital
flexibility, it (the Explorer) could be
readily launched and recovered by
the shuttle.” O
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Exar’'s new XR-2240 counter/programmable timer
solves so many tough problems that designers will
unanimously agree that it's really the universal timer.

With its unique combination of analog and digital
timing methods, you can now replace inadequate and
complex assemblages of monolithic and electrome-
chanical timers with the much simpler XR-2240. As a
bonus, you get greater flexibility, precision operation,
and a reduction in components and costs for most
applications.

Because of built-in programmability, you can also
use the XR-2240 for frequency synthesis, electronic
music synthesis, digital sample and hold, A to D con-
version, binary counting and pattern generation, and
more.

With a single XR-2240 you can now generate pre-
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cision time delays programmable from 1RC to 255RC,
a range of microseconds to 5 days. By cascading only
two XR-2240 timers, you can extend the maximum
delay by a factor of 2N, where N = 16 bits, resulting in
a total delay of 3 years!

The XR-2240 operates over a 4V to 15V supply
range with an accuracy of 0.5% and a 50 ppm/°C
temperature stability. It's available in either a 16-pin
ceramic or plastic dual-in-line package for military or
commercial applications. Prices start at $3.00 in 100
piece quantities.

For the more conventional timing applications,
look to our other timers: the XR-220/230 timing circuit
and the XR-2556 dual timers. Call or write Exar, the
timer leader, for complete information.

EXAR SPEAKS YOUR LANGUAGE
N/
/ N

EXAR INTEGRATED SYSTEMS

750 Palomar Sunnyvale. California 94086 (408) 732-7970 TWX 910-339-9233
EXAR DISTRIBUTORS Semiconductor Concepts: Woodland Hills: (213) 884-4560 Hauppauge, L. I.:(516) 273-1234 EEP Corporation: Culver City (213)
838-1912 Intermark Electronics: Sunnyvale: (408) 738-1111 San Diego: (714) 279-5200 Santa Ana: (714) 540-1322 Denver: {303) 963-8284 Seattle:
(206) 767-3160 Graham Electronics: Indianapolis: (317) 834-8202 Lafayette: (317) 742-4006 Ft. Wayne: (218) 742-4346 Cincinnati: (513) 733-1661 Radio
Electric Service Co.: Baltimore: (301) 823-0070 Gerber Electronics: Dedham: (617) 329-2400 Yankee Electronics Supply: Londonderry: (803) 625-8746
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Probing the news

Interconnect battle goes to court

MCI files Federal action asking that AT&T be forced to provide links
for private-line service of specialized common carriers

by Harry R. Karp, Special Issues Editor

After fighting a long, hard, and ex-
pensive battle to win the right to
provide leased-circuit services—the
Federal Communications Commis-
sion gave its approval in- 1971—-McCI
Telecommunications Corp. now has
gone to court to try to win its war
for success, or maybe even survival.
The company has started action in
the U.S. District Court in Phila-
delphia against the Bell Telephone
Co. of Pennsylvania and its parent,
AT&T. The suit is the latest in a
series of actions, interactions, and
counteractions involving the Fed-
eral Communications Commission,
American Telephone & Telegraph
Co., Bell System operating com-
panies, state regulatory commis-
sions, and MCI (see ‘““Heading
toward a hearing”).

MCI’s position is illustrated by a
letter from MCI chairman and chief
executive  officer William G.
McGowan, dated Oct. 30, to its
2,000 customers and prospects
which, among other things, accuses
AT&T of waging an illegal campaign
against the FCC’s 1971 specialized-
carrier ruling. One element in this
campaign, says McGowan, was a di-
rective from AT&T to its Bell System
companies instructing them to re-
fuse interconnection arrangements
for certain types of MCI services.

And, in another letter, dated Nov.
2, MCI says that the Bell System’s in-
transigence in supplying local inter-
connection facilities between MCTI's
customer sites and its long-haul mi-
crowave links—either not at all, as in
Pennsylvania, or too slowly in other
areas—has decreased expected reve-
nues well below those it would have
enjoyed if all customer requests
could have been honored. This re-
duced flow of cash will force MCI to

Electronics/November 22, 1973

slow its expansion plans, says
McGowan, and require the com-
pany to seek additional debt or
equity capital. MCI has already cut
47 employees, 7% of its manpower.
Thus, it appears that an issue
raised years ago about the benefits
of lower price and improved tech-
nology that would accrue to Ameri-
can business by the introduction of
competitive communications car-
riers may not rest at all, in the near
term, on price or technology, but
rather on the ability of the special-
ized carriers to generate enough
cash to do business and expand.

An immediate victim of the ina-
bility to generate revenue at a fast
enough rate is another specialized
carrier, the Nebraska Consolidated
Communications Corp. (NCCC),

which services the Midwest. Last
month, NCCC president Clifford E.
Thompson said: “Unfortunately,
our experience with the Bell System
and other local telephone com-
panies has not been good. In many
instances, they have not been will-
ing to cooperate in the provision of
local distribution facilities, as re-
quired by the 1971 FCC decision.”
The result: Nccc and MCI have
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Dialight

sees a heed:

(Need: Find a very small fault in a very large system.)

All printed-circuit boards need a fault indicator; that's
why Dialight has developed such a broad family. These
tiny LED devices signal where and when a fault occurs
in ‘a complex electronic circuit — and this can reduce
downtime to a minimum. With some Dialight fault indi-
cators, you can get as many as 10 units in just 1” of
space. These devices, which come in a variety of sizes,
are designed to operate from 1.6 to 14 volts and_are
available with both axial and right angle leads. They
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See Dialight.

can be driven directly from DTL or TTL logic and can also
serve as logic-state indicators, binary data displays, or
just as indicators, as in_this p-c board furnished by
Struthers-Dunn,Inc.* But Dialight's fault finders are only
a small part of their fast growing family of light-emitting
diodes. Additional opto-electronic devices are extensively
used in cartridges, lighted push-button switches, opto-
isolators, and readouts, all supplied by Dialight. A wide
variety of discrete LEDs further adds to the broad family.




Dialight is a company that looks for
needs . . . and develops solutions.
That’s why we developed the indus-
try's broadest line of switches, indi-
cator lights and readouts using
LEDs. No other company offers you
one-stop shopping in all these
productareas. And no one has more
experience in the visual display
field. Dialight can help you do more
with them. Talk to the specialists at
Dialight first. You won’t have to talk
to anyone else. We can help you do
more with LEDs than anyone else
because we've done more with
them.

Here are a few products in this
family: 1. Ultra-miniatureindica-
tor lights 2. Datalamp cartridges
3. Bi-pin LEDlamp 4. Opto-iso-
lators 8. LED solid state lamps
6. Logic state fault indicators
*Used in their VIP Programmable Controller
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Please send data on your LED products.

NAME

TITLE

COMPANY

ADDRESS

STATE

DIALIGHT

Dialight Corporation, A North American Philips Company
60 Stewart Avenue, Brooklyn, N.Y, 11237 (212) 497-7600
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Probing the news

agreed to merge, subject to neces-
sary shareholder and FCC approvals,
with MCI as the surviving company.
An MCI official called the arrange-
ment a “bailout for Nccc.”

Why has MCI had to go to court to
seek relief when the issues were de-
cided several years ago by the FCC?
The answer is neither simple nor di-
rect. Basically, the action is a revival
of a larger conflict between two
seemingly contradictory principles
that have coexisted in this country
for about 100 years. One is the prin-
ciple of regulated, privately owned
monopoly. The other principle is
simply that of free and open compe-
tition.

A viable détente between these

two principles was supposedly set by
the FCC in two momentous inter-
connection decisions. The 1968 Car-
terfone decision permitted the at-
tachment of “foreign”—that is, non-
Bell—devices to the lines supplied
by local telephone companies. And
the 1971 specialized-carrier decision
authorized new carriers to provide
interstate private-line links in com-
petition with the long-haul links of
AT&T.

So an economic threat to AT&T
has grown in two arenas: one is loss
of its revenue at the local level from
customer-owned (voice) private
branch-exchange systems and tele-
phone instruments, as well as from
terminals and modems of all sorts
for its data customers, resulting
from the Carterfone decision; and
the other is loss of revenue on its in-

Heading toward a hearing

m 7968. The Federal Communications Commission issues its Carterfone
decision, which permits the interconnection of non-Bell equipment to local
Bell lines, but Bell insists on the installation of a tariffed data-access ar-
rangement to protect its network.

® 7971. The FCC issues its specialized-carrier decision, and MCI and other
carriers are granted authority to construct microwave transmission links for
interstate traffic. Implicit in this decision is the requirement for Bell operat-
ing companies to supply interconnections between the specialized carrier
and its business customers. MCI builds a link between Chicago and St.
Louis.

m Sept. 28, 1973. AT&T responds to a request from FCC for interconnec-
tion-tariff information by stating, *‘it now appears desirable to file tariffs re-
garding the provision of local-distribution facilities by Bell System compa-
nies to other carriers. Tariffs are being filed with state commissions."

® Oct. 4, 1973. Following a unanimous FCC decision, Chairman Dean
Burch takes issue with AT&T's position by stating that “‘such action [to file
tariffs with state commissions] would appear to be in direct conflict with the
statutory scheme of the Communications Act . . . and, in particular, the pol-
icies and objectives of the Commission, as set forth in our MCI, specialized-
carrier, and domsat decision.’' Furthermore, says Burch, ‘‘we are of the view
that effective implementation of our policy objectives and the statutory
scheme of the Communications Act require that you promptly file tariff
schedules with this commission . . . which tariff schedules will provide the
interconnection facilities essential to the rendition by the specialized carri-
ers of all their authorized services on terms and conditions which are just,
reasonable, and nondiscriminatory."’

m Oct. 15, 1973. MCI requests specific clarification from the FCC for its en-
titlement to four particular services from Bell Companies as a result of the
FCC’s letter of Oct. 4 to AT&T.

® Oct. 19, 1973. The FCC responds to MCI's letter by stating, ‘‘we confirm
that MCl and/or its customers are authorized to secure from the telephone
company serving the area the various types of local interconnection required
for all of the services enumerated in your letter that are presently or here-
after offered in your tariffs."

® November 1973. In an attempt to obtain the services to which, by FCC
ruling, it is entitled from AT&T-affiliated companies, MC| asks for a writ of
mandamus from the U.S. District Court in Philadelphia to force AT&T and
affiliates to abide by the FCC's rulings.
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terstate transmission links, resulting
from the specialized-carrier one.

In retrospect, it seems that both
AT&T and the specialized carriers
underestimated the intentions of the
other party. For example, one of the
strong arguments put forth by the
specialized carriers in asking for
FCC authorization was that they

could provide better-quality service
for data communications than could
AT&T, primarily because they would
have the advantage of newer micro-
wave technology and equipment.
But once MCI has entered the
marketplace, its major business has
been for voice circuits substantially
similar to those supplied by AT&T.
MCTI has reportedly taken away 70%
to 80% of AT&T’s private-line busi-
ness between Chicago and St. Louis.

TECHNICAL REPRES

You should know
about the real
cost advantages
of custom CMOS.

Most discussions concerning the use of custom
CMOS/LSI circuits acknowledge the obvious technical
advantages of this approach to implementing complex
systems—things like low power requirements, high
noise immunity and fanout, good transfer characteristics
and the ease of logic simulation.

What many people overlook, however, is the dramatic
cost saving often realized by employing custom

CMOS in place of multiple-package systems using
conventional logic circuits. The fact is this: one of the
most significant advantages of custom CMOS/LSI is its
ability to shrink system costs—even in moderate
production volumes.

We've just published a Cost Analysis File on just this
subject. In it are four detailed examples of specific
systems in which dramatic savings resulted from the use
of CMOS/LS!. One example explains how a single
CMOS circuit replaced a 21-package logic system and
saved the customer over $200,000 on a run of only
4500 units. Another shows why CMOS/LSI is competitive
even with today's very low TTL prices. [

A copy of this publication may help you understand |
more about the very real cost advantages of the
technology. To get one, circle reader service
number 245.
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In effect, though, this specialized
carrier is not particularly “special-
ized” at this time, but its prices are
lower.

And the specialized carriers un-
derestimated AT&T’s initial acquies-
cence to the FCC’s earlier decision
when they expected docile coopera-
tion from the Bell System’s oper-
ating companies.

Within the past two months,
though, there have been signs of a
strong stand by AT&T against fur-
ther intrusion into its business in
any arena. Furthermore, AT&T
chairman John D. deButts suggests
that regulatory commissions declare
“a moratorium on further experi-
ments in economics” until the im-
pact on network performance of
present interconnect installations
can be evaluated. He was concerned
about the increased number of ser-
vice calls and implied a degradation
of network performance. DeButts
appears to be talking about voice,
but data-communications gear sup-
pliers are included.

Any trouble calls on data links,
say representatives of two indepen-
dent modem makers, may be more
the phone company’s doing than be-
cause “foreign” equipment has been
attached to the line. Their point is
that, although the phone company
requires a data-access arrangement
(DAA) to protect the network and
charges the customer for it, phone-
company personnel aren’t ade-
quately trained to “strap” and ad-
just DAAs to meet the customer’s ap-
plications.

One big company. Whichever way
the courts rule on MCI’s action, the
structure of communications is
probably headed for change. One
prospect: most of the regional spe-
cialized carriers will merge gradu-
ally into one major company, com-
peting nationwide with AT&T’s Long
Lines Department. There are pre-
dictions that International Tele-
phone & Telegraph Co.—which un-
til recently has not been involved in
domestic communications—will own
this second network. ITT already
controls a regional specialized car-
rier, the U.S. Transmission Corp. If
MCI faces a long and financially de-
bilitating legal battle with AT&T, ob-
servers believe, that ITT cash might
make being acquired an inviting

prospect. 0
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— For Your System’s Sake

Keep the proper relationship
between input voltages and your
systems with nine new ICs.

The MC7900CP series three-ter-
minal negative voltage regulators
have a rating for all reasons. Besides
the —-5.0, —6.0, -8.0, -12, —15, —18,
and —24 V complements to our MC-
7800 series, new -2 .0and -5.2 V ver-
sions offer superb MECL system
compatibility.

It’s difficult to foil these fast paced
protectors. Their rated output cur-
rent is a strong 1.0 A plus; even up
to 1.5 A with the proper heat sink
and input voltage.

No matter how delicate the situ-
ation, these single monolithic chip
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devices put voltage in its place. Inter-
nal short-circuit current limiting,
internal thermal overload protec-
tion, and safe-area compensation
make them uncorruptible in nearly
any operating condition.

Line and load regulation are well
controlled, too, with output voltage
tolerances of less than +59%,.

And these guardians come fully
prepared for the job. In most appli-
cations, only a capacitor is necessary.

Nothing more. Not even
for on-card regulation.

You can employ these Case 199-04
Thermopad packaged escorts for an
economical $2.75 (100-up) for any
of the voltage ratings. They’re wait-
ing at your local Motorola sales office
or franchised distributor. For your
peace of mind, post us at Box 20912,
Phoenix, Arizona, 85036, to get
further information.

The MC7900 series IC voltage
regulators.

Upholding the virtues of your

system. *Trademark of Motorola Inc.

MOTOROLA LINEAR

—practical innovations for systems design!
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Probing the news

Common Market tackles Japan

By setting own quotas or making own deals to combat Japanese electronic imports,
members are acting against spirit of European community’s treaty

by James Smith, McGraw-Hill World News

The Japanese electronic invasion of
Europe is creating political, as well
as economic, disturbances in the
Common Market. The reason:
counterattacks in the shape of re-
strictive quotas imposed unilaterally
by individual members and there-
fore contrary to the Common Mar-
ket’s treaty goal of opening internal
frontiers.

In efforts to settle both problems,
the Japanese are involved in a
round of negotiations with Euro-
pean governments and with the
Common Market Commission.

The latest talks opened last
month between the Japanese and
[talian governments; their object is
to lift Italian restrictions on Japa-
nese tape recorders. A new round is
also starting in a two-year series of
bargaining sessions between the
Japanese and Benelux (Belgium,
Netherlands, and Luxemburg) gov-
ernments concerning Benelux
quotas on radios, television sets, and
tape recorders imposed last April.
Also, the legality of efforts to pro-
long a four-year voluntary restric-
tive agreement worked out by
French and Japanese industries is
being examined by the commission.
In London, industry talks have been
scheduled on voluntary Japanese re-
straints on television set exports for
_ 1974. Finally, the commission just
began examining 1973 restraints on
television sets worked out between
British and Japanese industry
groups.

The controls on Japanese elec-
tronic products include both official
quotas imposed by European gov-
ernments and voluntary restraints
on exports agreed to by the Japa-
nese themselves. The situation
varies from nation to nation.
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The Japanese are expected to try
to work out voluntary cutbacks on
their exports of electronic products
to Italy and the Benelux in return
for removal of quotas, which the
Japanese feel are discriminatory.
But all these negotiations may lead
only to more conflict. The Common
Market’s antitrust department has
said that so-called “voluntary” re-
strictions agreed to by the Japanese
may violate the Common Market’s
restraint-of-trade rules, and may
have the further effect of raising
prices for consumers.

The problem of quotas has ex-
isted since 1971, when concern over
rising imports of Japanese television
sets, radios, tape recorders, and elec-
tronic desk calculators first was
voiced in the Benelux. Such concern
was largely the result of the Dutch
giant Philips Gloeilampenfabriek-
en’s nervousness about Japanese
penetration of its home market.

Benelux industry representa-
tives—mainly  Dutch—first  at-
tempted to work out voluntary re-

strictions with the Japanese.
Subsequently, talks moved to an in-
tergovernmental level but failed last
February to achieve agreement on
acceptable export levels.

Action taken. Then, on April 25,
the Benelux quietly slapped a series
of quotas on Japanese television
sets, radios, and tape recorders, lim-
iting imports to levels of the period
from April 1971 to March 1972, plus
an increase of 5%. Restrictions on
calculators apparently were
dropped, reportedly after Philips
moved out of the business.

The argument over imports
turned on the amount of pene-
tration of Japanese products in the
Benelux market and on the question
of injury to local industry—which, in
fact, “was never proved to us,” says
a Japanese trade association spokes-
man. Some industry sources say
Japanese color set penetration was
never more than 2%, not enough to
permit the Common Market Com-
mission to restrict imports. Counters
a Dutch industry spokesman: “This

American views of the European Common Market'’s efforts to counter rising
imports of Japanese consumer electronics have many facets and but one
point in common. They are all unsympathetic. European descriptions of in-
creased TV receiver and other Japanese appliance sales as a flood “tells
me that they don’t know what a fiood is,” says one U.S. trade official bit-
terly, noting that Japan accounted for two-thirds of the more than $1 billion
in U.S. consumer electronics imports in the first half of 1973.

Nevertheless, there are a number of U.S. industry lobbyists who privately
confess grudging admiration for European policies of self-interest that have
protected their domestic manufacturers from Japanese competition. *'If we
had reacted to imports long ago the way Europe is doing now, we wouldn’t
be in the bind we are in now,” opines one manufacturer’s agent.

The Common Market's future effectiveness, Americans agree, could de-
pend on how well it succeeds where the U. S. failed—the adoption of a pol-
icy that protects domestic interests without freezing out Japan.
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CINCH CONNECTORS

IRC RESISTORS

UTC TRANSFORMERS

GLOBE MOTORS

HOLYOKE WIRE & CABLE

CINCH-GRAPHIK

IRC POTENTIOMETERS

SEMICONDUCTORS

SUPERMET PRODUCTS

CINCH-MONADNOCK

CAPACITORS

ELECTRONIC FUNCTIONS

CONSUMER INTERNATIONAL

You know us well enough to call us by our first name...
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, Finally!

A filter so precise,
filter characteristics
for every setting
are printed

We've built a variable electronic filter
that's so precise, it has enabled us to print
the cutoff frequencies, center frequency, bandwidth,
noise bandwidth and filter gain,
for every setting, on top of the instrument.
Besides being the easiest-to-use filters on the market,
our 4200 series filters are twice as accurate,
have less than half the self-noise,
and provide 10 dB greater outband rejection than
any other filters. Frequency coverage is
.01 Hz to 1 MHz. Built-in selectable post-filter
gain and remote preamplifiers are optional.

A Butterworth response is used in the NORMAL
mode and a Bessel response in the PULSE mode
(transient response is superior to conventional
“RC" or “‘Low Q' modes of other filters).

The price? $695.

For complete specifications and
your free copies of our variable electronic filter
application notes, write to: Ithaco, Inc.,
Box 818-7R, Ithaca, New York 14850.
For immediate response, call Don Chandler at
607-272-7640 or TWX 510-255-9307.

ITHACO
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Probing the news

is a new market—and in a new mar-
ket penetration statistics don’t have
much significance.” By contrast,
tape recorders had the highest pene-
tration, some 40%.

The Japanese also have con-
tended that their color set exports
are mainly on the small-screen por-
table end, while Benelux production
was centered on large-screen units.

Last September, the Benelux took
a further step and obtained a deci-
sion from the European commission
permitting the blocking of Japanese
electronic products at the German
frontier, thus enabling them to
check the flow of products coming
from Germany, mainly through the
port of Hamburg. The frontier clos-
ing, provided for under article 115
of the Common Market treaty, ap-
plies only when the quotas imposed
directly on Japanese imports have
been exhausted, and therefore could
be upset by the commission if it de-
cides the economic situation does
not justify the action.

To expire. Both the Benelux
quotas and the article 115 closing
expire at the end of this year. Al-
though the frontier closing was pro-
tested by the German government,
it is not clear whether the Common
Market’s council of ministers will
actually look into the situation. Of
course, all this could be avoided if
the parties worked out voluntary re-
strictions among themselves. But
should voluntary restrictions be
agreed upon in return for lifting of
the quotas, the commission would
be legally required to unblock im-
ports at the German border. This in
itself poses a problem for Benelux
negotiators, who would like to keep
the frontier restriction.

In Italy, quotas on the imports of
Japanese tape recorders, which also
expire at the end of this year, are
also the subject of government-to-
government talks. In contrast to the
Benelux situation, the Italian quotas
were set last June by the commis-
sion after it determined that Japa-
nese imports were disrupting the
Italian market.

Japanese industry spokesmen in
Brussels appear satisfied with volun-
tary arrangements worked out with
French industry to replace a four-
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TRW., cincH connvecToRS
TRW/. irc resisTors
TRW urc TRANSFORMERS

TRW! cL08E MOTORS

TR W/, HoLYOKE WIRE & CABLE

TRW. cincH-GRAPHIK

TRW/. irc POTENTIOMETERS

TRW/. scrnuconoucTors

TRW/ supermeT PrRODUCTS

TRW/ cincH-monapnock
TRW/ capacrrors

TRW/ cLecTroniC FUNCTIONS

TRW/. consUMER INTERNATIONAL

We ail have the same first name.

More important, we all operate under the same
philosophy, with the same standard of quality,
reliability and service. Each of us specializes in
a particular area of manufacturing. But not as
separate companies. As the operating units of
one entity. TRW Electronic Components.

That means you can enjoy all the unarguable
advantages of having a single, reliable source
for your electronic needs.

Between us, we make over 300 different kinds

of electronic components. And, among us, we
have the ability to make whatever you want.
High-technology, high-volume —or both. It's all
in the family. Or can be.

So it will pay you to get familiar with us, to think
of us on a first name basis. In this case famili-
arity breeds...contentment. With TRW reliability,
quality, and service for the components you
need. Because we can supply them.

And because we are TRW.

TRW/. cLecTroNIC COMPONENTS

10880 Wilshire Bivd., Los Angeles, CA. 90024
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LOW COST
LOW PROFILE
FULL KEYBOARD

' AKB-3000 SERIES

ALPS Electronic Alpha-Numeric Keyboard, AKB-3000 Series, has been
developed specially for computer related data entry equipment.

Experierice gained in the manufacture of ALPS’ outstanding keyboard
switches for desk-top calculators has been applied for top performance.

. Using coil spring contact me- 1. Mechanical

-

chanism. (1) Travel: 0.138+0.02in.
2. Low cost. {3.51+0.5mm)
3. Long-life high reliability. (2) Actuating Force: 2.6 +0.65
4. Low profile {1.17in.) and light oz (60 +15g)
weight. 2. Electrical
5. Easy to replace. (1) Rating: DC12V-0.1A
{2) Contact Resistance: 500m{}
Max.
{3) Bouncing: 2m sec Max.
3. Circuit

(1) Power suply: DC4+5V+5%
{2) Code: USASCII EBCDIC,
JIS, 1SO.

T B A S [ T M o e e
ALPS 4. Operating Temperature: 23~

(4) Parity: Odd or Even.
ALPS ELECTRIC CO., LTD 122°F
165 HEAD omicE 11, YoRATOTS KA. e, Torvo, wers D+ Operating Life: 5,000,000
20 YOKOHAMA FACTORY :1%7. NIPPA-CHO. KOHOKU-KU. YOKOHAMA. JAPAN c Cl s
550 OSAKA BRANCH 28, 2-CHOME. AWAZANAKADORL. NISHIKL'. OSAKA. JAPAN y es.
NEW YORK OFFICE:ONE WHITE HALL ST. NEW YORK¢. N V.U S. A
DUSSELDORF  OFFICE:DUSSELDORF KLOSTCRSTRSSEIZ GERMANY

{3) Output: TTL/DTL Compatible.
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Probing the news

year-old interprofessional agree-
ment that expired last March. The
agreement has been extended to
March 1974. Commission officials
say they are looking into the legality
of the extension.

Similarly, the commission will ex-
amine limits on television exports
worked out between Japanese and
British industry for 1973. These re-
strict sales to 220,000 monochrome
sets and 275,000 color sets for the
year. Further talks on 1974 arrange-
ments are expected in London later
this month.

From the commission’s stand-
point, voluntary arrangements
lessen the chances of obtaining a
uniform Common Market commer-
cial policy regarding Japanese elec-
tronic imports. Getting such a policy
in the electronics sector is extremely
delicate since member governments
jealously guard the interest of na-
tional industries against outsiders. If
the commission had its way, it
would like first to single out elec-
tronic products most suitable for
production in Europe. Still, the com-
mission would prefer “a common
line” on quotas and restrictions,
ruling out a trigger policy.

Secondly, it would like to make
the restrictions between countries
more even, by preventing countries
that permit a high share of Japanese
imports on their market from reduc-
ing that share, and encouraging
countries with heavy restrictions,
such as France, to increase imports.
Then Common Market funds could
be made available to industries hurt
by the shift toward uniform quotas.
Also, the move toward a single pol-
icy would be gradual, to provide
time to determine whether some
electronics industries could remain
competitive.

One problem is to distinguish be-
tween production in Europe and
third countries. “Companies, such
as Philips, which invest in countries
with low labor costs and then export
back into the community may be
important factors in lowering prices
for the consumer and in combatting
inflation,” says a Brussels expert.
“But they may also harm weaker
national firms, which then cry for
protection against the stronger.” []

Electronics/November 22, 1973



The custom MOS.

If you haven’t been able to turn up an
off-the-shelf MOS device for a high
volume application from us—or
anybody else —comeback to us. Because
you could be in a good position to
take advantage of custom MOS.

Wed like to point out a couple of
things. First, custom design doesn’t
have to cost you an arm and a leg.
That may be true at some companies,
but not at AMI. As long as your
volume requirements are high %
enough, we’ll bring in your |
custom circuit at a competitive /
price. We've designed more
than a thousand in the past
seven years, so we know how
to get where you
want to be in the
fastest, most
economical
way possible.

And second,
designing a custom

\________‘
MOS doesn’t take forever.

At AMI, it’s normally less than a
year from start to full production.
And production is where dealing
with AMI really pays off. As the
world’s largest producer of MOS,
we're way ahead of the others, with a
monthly volume in excess of one
million LSI devices—and climbing.
We're the only company to design

miles ahead
of the competition.

in seven MOS processes—from
P Channel to N Channel, I% Si Gate
and CMOS. So we can choose the
design that fits your application exactly
—whether it’s a calculator, dishwasher,
musical instrument, car dashboard
control, watch, clock or whatever.
Although we're a large supplier of
standard MOS products, we got our
. Startasacustom MOS
— L company and we're
not about to

- forget it.
r

That’s worth
remembering
when you're
looking for a
proprietary circuit
that will give you
the jump on your
competitors.
We've just published
a brochure that
outlines our custom
capabilities. It’s yours for the asking.
And if you want to get right down
to business, why don’t you tell us your
MOS problems at the same time?
That way, you'll be another lap ahead.
Phone or write our Custom Marketing
Department.
American Microsystems, Inc.,
3800 Homestead Road, Santa Clara,
Ca. 95051. Phone: (408) 246-0330.

It can put you

AMI

AMERICAN MICROSYSTEMS. INC.

First with the MOS.
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It’s either

HALF THE PRICE

or
TWICE AS MUCH

for your money...
OmniScribe..

10" Strip Chart

 LOOKCLOSELY & DECIDE

1 5

The multi-speed chart
drive is the equal of
any competitor on the
market today. Further,
the OmniSoribe,, is
field adjustable
precisely for English/
Metric scaling. Quick,
fast, convenient.

A unique operating
feature is the non-
contact re-balance
potentiometer. It
eliminates cleaning
and trace “glitches”
forever. It's beautifull

Houston Instrument
has perfected sprocket-
less paper drive. It's
accurate. It's self-
aligning. It works!

Did we mention the
price? Just $395 for
single pen; $595 for
dual pen. With options
to $1400.

THE FULL PRICE IS $39500

Write today for your complete brochure or con-
tact your nearest stocking distributor listed on the
facing page. The OmniSoribe . is either half
the cost or twice as much for your money. You

decide.

*For single pen model

(MOUISSTTCOM | wpe one
Instrument

4950 TERMINAL AVENUE. BELLAIRE. TEXAS 77401
(713) 667-7403 TWX 910-881-5782

Rochesterfaan 6

8240 Gistel
| Belgium
Telephone 059-27445
Telex BAUSCH 193998
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If your application includes industrial, scientific, engineering, pollution or analytical insturmentation,

ORDER
YOUR

RECORDER

FROM YOUR NEAREST DISTRIBUTOR

ALABAMA
J.L. Highsmith & Co.
3322 S. Memorial Parkway
Suite 368, Holiday Office Ctr.
Huntsville, Als. 35801
(205) 881-3294

ARIZONA
Aztec Enterprises
829 Pennsyivania N.E.
Albuquerque, N. M. 87110
(506) 265—2440

ARKANSAS
Comspec, Inc.
13777 N.C. Exwey
Suite 416
Dalles, Texas 75231
(214) 2344137

Industrial Scientific, Inc.
10663 Allyson

Baton Rouge, La. 70815
(504) 921-9282

CALIFORNIA
Dayton Associates, Inc.
P.O. Box 1461
Sen Mateo, Calif. 94401
(416) 347--9419

Measurement Associates
29568 Harbor Boulevard
Costa Mesa, Calif. 92626
(714) 540-7180

COLORADO
Aztec Enterprises
1449 W. Littleton Bivd.
Suite 106
Littleton, Col. 80120
(303) 795-0250

CONNECTICUT
J.M. Lancaster Co.
147 Concord Street
Framingham, Mass. 01701
(617) 873-8893

DELAWARE

Nine Associates
Dendridge House
10680 Main St.
Fairfox, Va. 22030

FLORIDA
J.L. Highsmith & Co.
2543 Industrial Bivd.
Orlendo, Florids 32804
(305) 293-5202

GEORGIA
J.L. Highsmith & Co.
3733 Monroe Road
Charlotte, N. C. 28205
(704) 333-7743

IDARHO . MARYLAND NEW MEXICO

ush S. Drake Assoc. Aztec Enterprises

6133 Maynard Ave., So. g:v:;":\uo’c‘m 829 Pennsylvania N.E.
(Soan)le,7 Wesh. 06108 P ﬁglom;zu;rque_é N. M. 87110
C s e Fairfax, Va. 22030 Lo el Y
Aztec Enterprises ¥ NEW YORK
1449 W. Littieton Bivd.  MASSACHUSETTS Doolittle Electronics Corp.
Suite 106 J.M. Lencaster Co. 100 Valerie Drive
Littleton, Colo. 80120 147 Concord Street Fayetteville, N. Y. 13066
(303) 795-0250 Framingham, Mass. 01701 (315) 637-3222

ILLINOIS (617) 8738893 ;clegtlﬁc lievicu—Em

ices, Inc. 1 Grand Avenue

?1'4“8 I?:nf:ry e MICHIGAN Palisades Park, N. J. 07650

Ridgway East, Inc.
25210 Five Mile Road
Detroit, Mich. 48239

(201) 8713916
NORTH CAROLINA

Downers Grove, lil. 80516
(312) 887-8480

Adelphi, Inc. (313) 538-3940 J.L. Highsmith & Co.
12015 Manchester Drive 3733 Monroe Road
Suite 165 MISSISSIPPI Charlotte, N. C. 28206

(704) 333-7743
OHIO

J.L. Highsmith & Co.
3322 S. Memorial Parkway
Suite 36, Holiday Office Ctr,

St. Louis, Missouri 63131
(314) 821-1232

Ridgway East Inc.
INDIANA Huntsville, Alabams 35801
Data Devices, inc. (205) 881—3284 173 Hawthome
1148 Barberry Chegrin Falls, Oh. 44022
Downers Grove, . 60515 Mlsfgm: \ (216} 247-4845
312) 887-8480 , Inc. Ri East, inc.
848 12016 Manchester Drive PoRE e o
IOWA Suite 165 1186 Cosmos Drive
PRl L BT el B e
rry 11 3
Downers Grove, IHl. 60515 1613) 683-4360
(312) 887-8480 NEBRASKA OKLAHOMA
Adelphi, Inc. . )
KANSAS 12016 Manchester Drive Industriat Scientific, Inc.
Adelphi, inc. Suite 165 10653 Allyson
12016 Manchester Drive St. Louis, Missouri 63131 Baton Rouge, La. 70816
Suite 165 (314) 821-1232 (504) 921--9282

St. Louls, Mo. 63131

- NEVADA Compsec, Inc.
(314) 821-1232 D”'°§' Au:gi:m. Inc. 13777 N.C. Exway
P.O. Box 1 Suite 416
KENTUCKYE . Sen Mateo, Calif. 94401 Dalles, Texes 76231
2%”&: a.: nc. (415) 347-9419 (214) 234-4137
0. X

1186 Cosmos Drive
Lovelsnd, Ohio 45140

OREGON
Rush S. Drake Associates

Aztec Enterprises
829 Pennsylvanis N.E,

(613) 683—4350 Albuquerque, N. M. 87110 6133 Maynard Avenue, S.
LOUISIANA (605) 265—2440 ?;gg)les Gvg:s;l’ns%ton 98108

13777 N.C. Exwey NEYM'.‘AL“::S::P,E% PENNSYLVANIA

Delins, Toxss 76231 147 Concord Street T tawthorme

(214) 234-4137 Framingham, Mass. 01701

(617) 873-8893 Chagrin Falls, Ohio 44022
(216) 2474845
:y;%usnam;:"Sci:mmc, Inc. NEW JERSEY S&S Associates
yeo S&S Associates Boro Line Road
Baton Rouge, Le. 70815 Boro Line Road King of Prussis, Ps. 19406
(604) 921-9282 King of Prussia, Ps. 19406 (216} 265-3450
MAINE (216) 2653450
M RHODE ISLAND
J.M. Lancaster Co. Scientific Devices—East J.M. Lancaster Company
147 Concord Street 71 Grand Ave. 147 Concord Street

Framingham, Mass. 01701

Palisades Park, N. J. 07650
(617) 873-8893

Framingham, Mass. 01701
(201) 871-3916

(617) 8738893

SOUTH CAROLINA
J.L. Highsmith & Company
3733 Monroe Road
Charlotte, N. C. 28205
(704) 333-7743

TENNESSEE
J.L. Highsmith & Company
3322 S. Memorial Parkway
Suite 36, Holiday Office Ctr.
Huntsville, Alabama 35801
(205) 881-3294

TEXAS
Comspec, Inc.
9821 Katy Freeway
P.O. Box 22572
Houston, Texas 77027
(713) 461—4487

Comspec, Inc.
13777 N.C. Exway
Suite 416

Daties, Texas 75231
(214) 234-4137

Industrial Scientific, Inc.
1826 Richmond Street
P.0. Box 60002
Houston, Texas 77060
(713) 528-1258
UTAH
Aztec Enterprises
1449 W. Littleton Bivd.
Suite 106
Littleton, Colo. 80120
{303) 795-0250
VERMONT
J.M. Lancaster Company
147 Concord Street
Framingham, Mass. 01701
(617) 8738893
VIRGINIA

Nine Associates
Dandridge House
10680 Main St.
Fairfax, Va. 22030

J.L. Highsmith & Company
2604-D Buford Road
Richmond, Virginia 23235
(703) 272-5888

WASHINGTON
Rush S. Drake Associatas
6133 Maynard Avenue, S.
Seattle, Wash. 98108
(206} 763-2755

WEST VIRGINIA

Loveland, Ohio 45140
(513) 683-4350

WISCONSIN
Data Devices, Inc.
1148 Barberry
Downers Grove, ill. 806516
(312) 887-8480

WYOMING
Aztec Enterprises
1449 W. Littleton Bivd.
Suite 106
Littleton, Colorado 80120
(303) 795-0250

For analytical instruments applications call your local Fisher Scientific Company Office:

Atlanta 30324
690 Miami Circle, N.E.
(404) 261-4120

Boston

461 Riverside Ave.
Medford, Mass. 02155
(617) 391-6110

Chicago 60651
1458 N. Lamon Ave.
(312) 379-9300

Cincinnati 46242 Houston 77001 Pittsburgh 16238

5481 Creek Road 4102 Greenbrier Dr. 686 Alpha Drive

(613) 793-5100 P.O. Box 1307 (412) 781-3400
(713) 521-9361

Cleveland 44128 Raleigh 27604

26401 Miles Ave. New York 3315 Winton Rd.
(Warrensville Heights) 52 Fadem Rd. (919) 876-2351
{216) 292-7900 Seringfield, N.J. 07081 Richmond 23230
Detrolt (201} 3791400 Seaboard Bidg. - Room 443

3600 W. Broad Street
(703) 359--1301
(703) 359-1302

Rochaster 14624
15 Jot View Drive
(716) 464—-B900

34401 Industrial Road
Livonia, Michigan 48150
(313) 261--3320

Philadeiphia

191 South Guiph Road
King of Prussia, Pa. 18406
(216) 265-0300

RECORRER,
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4950 TERMINAL AVENUE, BELLAIRE, TEXAS 77401
(713) 667-7403  TWX 910-881.5782 CABLE HOINCO
European Oftfice Rochesterlaan 6. 8240 Gistel. Belgium

Telephone 059-27445 Telex BAUSCH 193998
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Circle 83 on reader service card

Sen Francisco

3382 Edward Avenue
Senta Clera,
California 95050
(408) 249-0660

St. Louis 63132
1241 Ambassador Bivd.
(314) 9912400

Washington

7722 Fenton St.

Silver Spring, Md. 20910
(301) 587-7000

In Canada, call

Fisher Scientific:
Montreal 307, Quebec
B506 Devonshire Rd.
(514) 735-5261
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Prime Computer

A totally new to buy, use
and upgrade o:vmayputerus;’stems

The Plan introduces the
first two-year guaranteed trade-
in schedule. This program fully
protects your computer invest-
ment when it’s time to expand.
Grow as much and as fast as
you wish. The Plan will back you
all the wai;.

The Plan protects your
budget by eliminating arbitrary
system packaging. You only buy
what you need. With 3 discount
schedules, you need pay as little
as possible.

The Plan also protects

our software investment. Only
lg‘nm' e offers upward and down-
ward system compatibility.
Without modification.

The Plan offers a whole new
maintenance procedure, too.
Built-in integrity checks can
isolate a fault to a circuit board
and maintenance is as simple as
replacing the board.

There’s even a pro
called Air Spare, It’s fast deliv-
ery of a backup board and low-
cost repair of the defective one.

Everything we offer at
Prime, hardvl&{rsare, sct):f]tware zﬁnd
support, works together as a log-
icaﬁ) system, be it %arge or sm;
You can put together a powerful,
reliable, easg;}to—use computer
system at a better total system
%rﬁce than ever before possible.

e Plan shows you how.

Read on.

- ,,'/' . o | = ~
,._%\(‘/ 7, N | 4 \ )V_‘
= .I F ~ ¥
PN I

Plan on a guaranteed trade-in

You can start your system
with any Prime Computer. If for
g;l r%alson it lséll;E the l])lgst one

andle expan apphcations,
trade it in. ’Eade aﬁofxl)t or

parts of it. Trade whatever is
standing between you and bet-
ter performance.

For instance, to upgrade
from a Prime 200 to a 300
processor, simply trade in the
original processor board. You

can then plug in a fully equipped*

Prime 300 for $5000 (lessa
50% trade-in credit for certain
optional features on the

original processor).

You can also elect to keep
the original processor as a spare.
The cost is only $1000. Keep
your original power supply,
memory and chassis, too. Or
selectively upgrade any of them
under similar trade-in arrange-
ments. :

Of course, all the software
written on the original system

*Standard features include: virtual memory, restricted execution mode, memory
protection, byte parity, extended direct addressmg‘f integer multiply/divide,

direct memory access system, automatic program

oaders and microverification.

I



User Plan.

will run on the new one without
modification. Only Prime makes
this possible. Only the Prime
Plan guarantees it.

Plan on unheard of

compatibility

On any Prime processor,
you can write real-time and
time independent programs in
any language, under the control
of any vel?nwnt system with
s associated support packages.
What’'s more, you can execute
them on any Prime processor
under the control of any oper-
ating system without modifica-
tion (time, peripheral and mem-

ory size dependency aside).
Choose Any| Choose Any Develop-| Choose From '
| Processor* | ment System | Support Packages
100 DOS File System
200 DOS (VM) Library
300 (Virtual Memory) Utilities
Stand-Alone 10Cs
Choose Any Choose Any Oper-
Language ating System*
DOS
Macro Assembler DOS (VM)
FORTRAN RTOS
BASIC RTOS (VM)
Stand-Alone

*Software utilizing unique Prime 300
hardware features maK require modi-
fication to execute on the Prime 100
or 200. Software dependent on unique
RTOS features does not run under
control of DOS or DOS (VM).

Plan it right, right off

The right combination of
computer resources are all here
and they’re yours to select.

Pick a processor. Enhance
it with options if you wish.
Select memory size and speed.
Add peripherals and controller.

PROCESSOR
_ 100 _ 200 300 _ :
£ | FirstIncrement 4K | 8K 4K 8K ‘ 8K 8K
E | Cycle Time 1 usec 1 usec 750 nsec 750 nsec 750 nsec | 600 nsec
2 | Parity o | mo yes | yes ves | ves |
. 5 Slot X X X x
5 10 Slot x x x x x x
[© | 17Slot x b x | x [ X X i
8 | Battery Backup X X X
g Automatic Prog.
= Load | x x x
Direct Mem. Access X X X
Integer MUL/DIV X X X
Extended Direct
| Addressing X X
Microverification x x
Single Precision
Floating Point l
Arith. X X
|  Double Precision
Floating Point
Arith. X X
Writeable Control
Store x
| Virtual Memory | x
Then package the electronics in One more thing to planon
. p : A
the right s classs and Y™ The Prime Computer
to hardl gha User Plan is a unique and re-
power supply to handle what- markably logical document.
ever you put together. You've just been treated to a
ere are no arbi re- e o
L : . sampling here. I'or the first time
strictions. No surprises, either. kn hin
Wi you ow everything to
ith the chart above you could :
S ity expect In a computer system.
tart planning now. Read the Plan. Send for it today.
Planon running full time

Prime service is every bit
as sound as its technology. It’s
just as inventive, too. For in-
stance, you can pick a full service
contract or choose to use our
services only when required. In
either case we maintain a
nationwide network of service
and customer service represent-
atives. They’re ready to help.

We even have a way to
hold maintenance costs to an
absolute minimum. We call our
idea Air Spare. For $200 we'll
loan you a spare (processor,
memory or controller). We'll
then repair the faulty unit while
you keep on running. And better
than running, the whole replace-

ment is handled by air express.
Read more about it In
the Plan.

To: Prime Computer Inc.
I 23 Strathmore Rd.
Natick, Ma. 01760
I O Send the Plan

O Send Planner
(He'll call for an
appointment.)

Name
Title

Company

Address

City State Zip

]
IPRIMEI]
T T1TTIT
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Now you can design a ¢rue shirt-pocket size calculator. Or handheld calculator with 30 or more functions. All with
the same snap-through feel and sound that have made Klixon® low profile keyboards the number one sellers.

The new 3KS keyboards retain all the characteristics of the original 1KS model. They are available with
selectively gold plated disc construction or TI's new lower cost Alloy A material system. TI engineered snap-acting
discs provide uniform feel and over 1 million reliable operations. But the new discs are 25% smaller.

The design of the switch array provides complete flexibility for custom configurations. The entire switch area
is sealed with Mylar™, so contacts are both lint-proof and spill-proof. The keyboards are available with or without
keytops.

If your plans include shirt-pocket size or advanced-function handheld calculator models, be sure to look over
our new literature. Which you can get by sending us the coupon.

Texas Instruments
expands your .
keyboard options: more functions...

ORIGINAL 1KS LOW PROFILE KEYBOARD NEW 3KS KEYBOARD design can provide
used on most pocket calculators, only .150" thick. up to 30 switching functions in the same
(Complete 6KS keyboard shown.) 215" x 3" areas as the 6KS.




Texas Instruments Incorporated Keyboard application:

] 1

1
§ ﬁesyll)gasrg Products Marketing DO Pocket Calculator O Computer Terminal E
i Attleboro, Mass. 02703 O Desk-top Calculator O TV Controls E
i Name Other i
b O Application isnew [ or existing :
t Title Approx.annualusage ___ unpits '
E Company Application requires: i
! Address O Basic 1KS or 3KS keyboard array '
- ] O Complete keyboard assembly |
E City State Zip O Please have a Tl Sales Engineer call ‘@ E
e e e e e i

TExAs INSTRUMENTS
INCORPORATED

smaller size... thinner.

OR 3KS KEYBOARDS can shrink NEW 2KS KEYBOARD
20 switching functions into 214" x 212" is only .050” thick.
shirt-pocket size array. \




Soft hearted? Sure. With the most complete soft- All designed, built and serviced by Gerber Scien-
ware package for an interactive system. All the tific, the international pioneering leader of the com-
software necessary to produce any electronic engi- puter graphics industry. The soft hearted Gerber
neering drawing or master artwork. Every symbol. Interactive Design System can
Every shape. At your fingertips. produce profits for you.

The IDS: Gerber’s new Interactive Design Call or write for details.
System. The system that integrates your The Gerber Scientific
engineering creativity with the Instrument Company,
productivity of the computer. To Hartford, Connecticut 06101.
eliminate drafting drudgery. Slash (203) 644-1551.
lead time. And make your -
engineering profit center even
more profitable and productive.

AR

/EGGERBER
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Electronics industries
resume vigorous growth
in a superheated economy

by Gerald M. Walker, Associate Editor, and Charles L. Cohen, Tokyo bureau manager

But the good year was marred by severe shortages of labor,
components, and materials; electricians even demonstrated
(above) at MITI to dramatize their need for plastic insulation

Consumer electronics makers hymn 1973 audio resuits,
but anxiously wait out sagging sales of color TV. p. 91

Semiconductors can’t be made fast enough for Japanese
demand, particularly in MOS integrated-circuit market. p. 94

Computer sales are growing, but the hest-sellers are calculators
and minicomputers, while point-of-sale gear waits in the wings. p. 96

Communications, as always, had a solid year satisfying the electronic
exchange needs of Nippon Telegraph and Telephone. p. 100

Industrial electronics fared better than expected, but
credit restrictions may cramp growth in 1974. p. 102

Space projects are getting more money, and thanks to help
from NASA, communications satellites should fiy on time. p. 103

Defense is pronounced unconstitutional by a district court,
confronting Japan’s military with a long, legal battle. p. 104



Japan’s economy heated up again this year, and the
electronics business temperature rose right along with it.
Sales ranged from satisfactory to exceptional in vir-
tually all product categories. In short, the cloudy years
of adversity seemed to have turned into hot sunshine.

But this boom, unlike previous growth spurts, has de-
veloped from increases in government expenditures,
personal consumption and housing investment, rather
than from exports and expanded investment in private
equipment. Such a boom is not healthy, say the econo-
mists, and they fret that it may burst easily.

Both wholesale and consumer prices have sky-
rocketed. Many electronics firms, for instance, have sim-
ply raised prices on current products, breaking with the
tradition of introducing new improved models with
higher price tags. Moreover, recent government efforts
to slow down inflation by restraining credit and post-
poning public works appear to have had little effect.
The financial analysts therefore believe that the econ-
omy has got to cool off sometime in 1974. Nevertheless,
most electronics company executives expect to roar into
1974 with enough momentum to rack up another good
sales year—it’s 1975 that has them worried.

Every boom creates shortages, and this year electron-
ics companies suffered a dearth of materials, partic-
ularly plastics. Components, such as semiconductors,
and copper wire were stretched out in some cases as
long as 15 to 16 months between order and delivery.

The large conglomerates that are the foundation of
the electronics industries did not actually have to slow
down production. But, as one executive remarked, “Our
purchasing agents have been working very hard.”

Smaller companies fared worse. One had to cut back
production by 20% because of difficulty in obtaining
ICs. Another suffered the agony of receiving compo-
nents for a day’s production only 24 hours before they
were needed, and it might easily have been 24 hours af-
ter they were needed. A number of consumer electron-
ics manufacturers had to trim the colors offered in ra-
dios and microwave ovens because of the plastics
shortage. A calculator manufacturer has negotiated pur-
chase of plastic for its cases three years in advance.

Labor is also in short supply. According to a recent
estimate, unemployment in Japan is one quarter of one
percent, which is practically total employment. In inter-
views conducted for this report, more electronics com-
pany officials complained about the labor supply than
about the materials supply. As a result, automation is
getting more attention these days from the Japanese,
who have been experiencing what American manufac-
turers did some years ago with the rising cost of labor
and the need to hold down production costs.

Because of the 35% upvaluation of the yen over the
last two years and the higher disposable income of
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Japanese families, competitive conditions now favor im-
ports of consumer products from the U.S. Some Ameri-
can companies have been aggressive enough to take ad-
vantage of this change, and their success or failure will
undoubtedly influence others. Needless to say, Japanese
manufacturers will fight hard to hang on to their do-
mestic markets.

This is vital because export markets have been prob-
lems for Japan, too. Toshio Takai, executive vice presi-
dent of the Electronic Industries Association of Japan,
explains, “From here America is to the east and Europe
is to the west. Because of currency changes, all’s quiet
on the eastern front. But all’s not quiet on the western
front, for Europeans fear the growth of Japanese prod-
ucts.”

Where the actionis

The heating up pattern runs right through the indi-
vidual segments of the industry. To start with the con-
sumer electronics sector, stereo consoles (separates) and
microwave ovens did much better than expected. Con-
versely, color television sales have shown rather less
than their usual brilliance, but this, though a cause for
concern, was expected since saturation of Japanese
households has passed the 80% mark.

In semiconductors, large backlogs are the rule for just
about every type of device. To reduce them, Japanese
manufacturers and U.S. joint-venture operations have
announced extensive expansion plans, and conditions
should improve next year.

Computer companies are wrapping up a good year,
too. Minicomputers are multiplying fast, and calcu-
lators have continued their spectacular growth domes-
tically and overseas. The Japanese computer firms are
concerned, however, over their condition after liber-
alization of foreign imports.

With a big spender like Nippon Telegraph and Tele-
phone Public Corp. around, communications equip-
ment suppliers have not had to worry about much, ex-
cept how big the next order is going to be. Electronic
telephone exchanges are the hottest items.

Industrial electronics and test equipment producers

Toshio Takai,
executive vice presi-
dent for EIA-J, ob-
serves that Japan's
economy has been
so hot that yen re-
valuation and infla-
tion have not damp-
ened electronics
business. Labor
shortages have has-
tened use of auto-
mated production
and increased inter-
est in establishing
oftshore production
facilities. There's
enough momentum
for another good
year in 1974.
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had an unusual experience in 1973—prices went up. The
increases were necessary to counter the rising costs of
components and materials, yet at the same time Ameri-
can imports enjoyed the equivalent of a price reduction
created by the yen revaluations.

Consumer

Color TV slumps
but audio booms

Color television receivers, star performers in Japan’s
consumer electronics sales, have entered a difficult pe-
riod. Over 80% of Japanese households now have color
sets, which means a nearly saturated market and a flat
domestic sales record. U.S. export markets have sagged
as a result of yen revaluation. And Western Europe, in
attempting to protect its domestic producers, has
blocked any easy penetration by the Japanese there.

Meanwhile, labor and material costs have increased,
pushing up production costs and straining profits. In ad-
dition, the hoped-for boost expected from consumer-
priced video players, both tape and disks, is still a few
years from realization. The situation leaves the Japa-
nese TV manufacturers facing unaccustomed lag in
growth, referred to as the “post color” problem.

This year’s Electronics chart, which is based on mar-
ket reports from Japanese manufacturers, indicates that
yen sales this year could be down slightly more than 5%
compared to 1972, and off another 4.6% next year.

In contrast, sales of microwave ovens jumped some
60% in terms of yen this year in Japan and should enjoy
a climb of almost 40% next year. Hi-fi equipment
gained nearly 47% this year and should increase by an-
other third in ’74, according to the chart. Audio tape
equipment also measured up: about 30% in *73 over 72,
and 21% growth or better anticipated for "74.

Yet spokesmen for all the major Japanese TV manu-
facturers agree that the answer to what follows color TV
is color TV. They are counting on the strength of second-
set and replacement sales to tide the industry over until
1975, when sets purchased during the boom of the mid
’60s will begin to be replaced in large numbers. By 1976
home video players should begin to make a mark.

1973 was another year of the picture tube. Previously
Japanese manufacturers had vied over brightness and
the competitive merits of slotted, slit, and dot matrix
masks, a tussle that eventually made its way to America
as well. Then came the push to space saving with 110°
deflection tubes. Sony Corp. one-upped everyone else
by introducing a 114° model touted as “that 4° differ-
ence.” More recently Tokyo Shibaura Electric Co.
(Toshiba) announced development of a 118° tube to be
produced for its 16-inch-diagonal receiver. Not to let
the “4° difference” race end there, Sony has said that it
could have a 122° tube in an upcoming 20-in.-diagonal
set. Other companies concede that the wide-angle race
has some promotional value, but will generally stay
with 110° models for economic reasons.

Japan’s present interest in reducing consumption of
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electricity has also influenced the race. According to
Tatsuya Inamiya, chief engineer for Toshiba’s TV Re-
ceiver division, the 118° tube has accounted for signifi-
cant power saving. By cutting the tube neck’s diameter
from 36.5 millimeters to 29.1 mm and using a rectangu-
lar funnel cross section, Toshiba was able to reduce the
power needed to drive it by 30 watts, down to 95 w.

Off with ‘instant on’

The desire to save a watt has focused attention on the
so-called instant-on circuit in color TV sets—the one that
enables sound and picture to come on immediately af-
ter the set is switched on. This feature is very popular in
Japan and became practical because of the manufac-
turers’ early conversion to the all-solid-state chassis.

Of course, no one wants to take out a selling point.
Matsushita Electric Co., for example, has always left the
save-a-watt decision to the consumer by giving him a
front-panel switch that deactivates the instant-on cir-
cuit. Recently, however, Sanyo Electric bravely put out
a 14-in.-diagonal, 90°-deflection-tube color TV without
the instant-on feature—and Masayuki Yoshioka,
Sanyo’s domestic sales manager, reports that consumer
reaction was favorable. In announcing the set, Sanyo
pointed out that it consumes over 20% less power and
future models will be designed to save 30 to 40 w.

Shigeru Noguchi, manager of consumer products
marketing department for Mitsubishi Electric Corp., fa-
vors the elimination of instant-on. In his opinion, this
feature not only wastes electricity but is unnecessary.

Matsushita, for its part, is interested in the possi-
bilities of manufacturing under license a new CRT that
warms up in just seconds. The tube, developed in Eu-
rope, could provide the advantage of instant-on without
wasteful standby power.

Japan’s TV makers have never put much effort into
big-screen sets, believing that large receivers are not
suitable for the small Japanese home. However, they
became concerned when Motorola’s Consumer Prod-

Yasumasa Noda, Sales manager for VIR division of JVC, believes
that home video players will succeed at 10% saturation.
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ucts division last summer announced its intention to
market 25-in., premium-priced models in Japan
through Aiwa Co. Ltd., a member of Sony’s consumer
products family. Even though the demand for large-
screen sets is rather small, Motorola’s entry is an at-
tempt to exploit the fact that the yen revaluation now
makes U.S. goods more competitive in Japan, partic-
ularly in the high-priced categories.

There is some question over how well Aiwa, which
produces only audio products, will do in marketing
Motorola’s TV sets. Kazuo Iwama, Sony’s vice president,
is confident of success because Aiwa also has had past
experience in marketing black-and-white Tv. He adds
that an important factor will be Sony’s assistance in set-
ting up a service network for the U.S.-made units that
Aiwa will eventually take over.

While Japanese manufacturers wonder how con-
sumers will take to foreign goods, they are also con-
cerned about keeping customers happy with Japanese-
made products. One result has been the formation
within the last year of consumer affairs departments to
deal with complaints, keep service organizations on
their toes, and feed back failure data to engineering for
design changes or production line alterations if needed.

Audio hits high notes

Japan’s audio sales this year outperformed all the
predictions, and the high returns in hi-fi, phono con-
soles, tape recorders/players, radios, and tape-radio
combinations have counteracted the so-so performance
of television.

As the year began, console stereos, usually called sep-

Consumer satisfaction. Kazuo lwama, Sony vice president (below),
sees good opportunity for U.S. makers of color TV consoles in the
Japanese market. Tsuneo Kudo, director of market planning for Pio-
neer, expects boom in audio to continue due to four-channel.

arates, seemed to have matured into decline. But in-
stead of fading along a predictable extinction curve,
they made a comeback.

The reason was four-channel, says Tsuneo Kudo, di-
rector of the marketing planning department for Pio-
neer Electronic Corp. Unlike the U.S., where four-chan-
nel is being promoted to audiophiles in individual
components, in Japan what’s selling is quadraphonics
built into consoles—in fact, 85% of the models sold have
this feature.

Consoles started their unexpected growth in the first
six months, increasing by 29% in value over the same
1972 period. Modular stereo, or compacts, showed a
gain in yen value of 34% in the first half. At the same
time, individual components, especially speakers and
amplifiers, increased in sales as expected. Now Kudo is
wondering if the separates with built-in four-channel
(CD-4 discrete, SQ matrix, and regular matrix) have be-
gun a new product life cycle.

Concurring that the separates featuring four-channel
sound will increase about 30% this year, Hisashi Kusu-
gami, general manager for Matsushita Electric’s stereo
department, believes that growth of 20% to 30% will oc-
cur next year and very likely continue for one or two
more years. However, individual components are the
hot items in the long run.

It’s estimated that audio saturation in Japan in
March, 1973, had reached 40.6%. Potential total is 70%
for all Japanese households.

Tape-recorder sales continue to baffle manufacturers.
Consumers seem unable to get enough of them, for once
again this year promises to be a big one, reaching sales
of about 5 million sets of all types.

The leader this year has been radio/tape combina-
tions with step-up features, such as mikes for singing
along and a short-wave band to go along with a-m and
fm tuning, designed to appeal to opulent Japanese
youth. Next year, manufacturers expect to sell 5.5 mil-
lion to 6 million tape units of all kinds domestically,
with total saturation estimated to reach 50%. Only the
record producers view the acceptance of radio-tape
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combos unhappily. They’re complaining that it’s now
easier than ever for kids to record music off the air
rather than buying the disks.

Radio sales are almost all in portables (80%) with the
largest yen share going to a-m/fm models. Again the
youth market is essential to success, particularly for the
multi-band, high end of the product line. Manufac-
turers estimate that 4.3 million portable radios will be
sold in Japan this year and a similar number next year.

The interesting thing about these sales is that satura-
tion was supposed to have been reached long ago, but
consumption continues strong, with growing interest in
expensive, quality units. For example, this year Matsu-
shita introduced the Cougar series of a-m/fm radios
featuring rugged, studio-instrument-type control knobs,
a solid 16-centimeter-diameter speaker cone, and 2.6-
watts continuous output at 10% distortion. One model
line starts at 18,900 yen (about $72) and another at
13,500 yen (about $51).

Microwave ranges sell well

Several factors made conditions just right for sales of
microwave ovens in Japan this year. For one thing,
years of promoting these ranges to the public finally
paid off. For another, consumers had money to spend
and the price was right. In addition, the save-a-watt
campaign meshed with the idea that cooking is a lot
faster with the electronic range and therefore uses less
electricity. Gas prices also rose. And the growing popu-
larity of large refrigerators with freezers made the mi-
crowave ovens attractive for defrosting. (Japanese
housewives have traditionally purchased food one day
at a time, but with the steep increase in prices, stocking
up in a freezer is now more prevalent.) Finally, the gov-
ernment removed a requirement for all microwave
range buyers to register the purchase, eliminating a bit
of annoying red tape that inhibited sales.

It all added up to almost a doubling of unit sales in
1973, with an estimated total of 800,000 to | million
ranges sold. Next year looks to be just as good, reaching
an estimated 1.8 million units.

The best-selling units were in the 600-w category,
priced at about $260 to $320. Japan’s total potential for
microwave ovens could be 18 million homes, or about
60% of today’s households, says Yasuhiro Fujiwara,
manager, engineering section, microwave oven depart-
ment for Sharp.

To supplement its retail outlets, and to counter new
competition from private brand labels being sold in su-
permarkets, Sharp this year started a door-to-door sales
campaign targeted at carefully selected homes. At
present, domestic sales are so good that there is room
for all the competitors.

Faith and a camera for VTRs

The turn of the home video player still has not come
in Japan, but none of the competitors in this tough mar-
ket is ready to give up just yet. Despite the collapse of
Cartrivision in the U.S., Japanese manufacturers retain
their confidence that the patience and yen already
spent, together with the development of a consumer-
priced color camera, may yet nurse a worthwhile con-
sumer market into existence by 1975. If all this sounds
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familiar, that’s because similar predictions have been
tossed about for over three years.

This year, however, there is some basis in the sales
statistics. Right now, according to Sanyo’s manager of
domestic VTR sales planning, Toshiharu Oku, 55% of
the VTR market is in educational and institutional uses;
30% to 35% is in industrial; and 10% to 15% is in per-
sonal use. The latter is divided into stationary units and
portable, outdoor units. Oku figures that in the coming
year half of color TV sales, or about 3 million units, will
be for second-set purchases and of these around 10%, or
about 250,000 to 300,000 units, will include VTR
recorder/ players in the package.

Kunio Yarita, national sales manager for Akai Elec-
tric Co., has a different gauge. He estimates that 2,200
video cassette recorders a month were turned out in the

Monochrome half-life. Although sales of black-and-white TV have
been declining, designs like Matsushita’s “'military look"" still sell.

Camera work. Development by Toshiba (left) of an inexpensive,
one-tube color camera should spur home VTR sales by 1975. In the
meantime, Sanyo’s camera (right) is selling for black and white.




six months ended in August, and of these 30% were for
the consumer. Some 800 portable reel-to-reel machines
a month were produced in the same period, 70% for
consumer use. And about 600 stationary reel-to-reel
units a month came off the line exclusively for institu-
tional and educational uses. Yarita figures that a total of
40,000 to 50,000 VTRs will be manufactured in Japan in
1973. Akai, which is in the portable business, wants to
reach a consumer market equal to 8-mm-camera own-
ers, or about 20% of Japanese households.

On the other hand, Yasumasa Noda, manager sales
department, Video Tape Recorder division, Victor Co.
of Japan, believes that an opening target of just 10% of
Japanese households would spell success.

None of these estimates includes the possible debut
of video disk players. But every Japanese manufacturer
with an interest in tape players is also deeply involved
in investigating disks, and Sanyo recently announced a
license from Teldec for the TED disk system. Because
video disk software will be less expensive to produce,
this product may actually get off to a faster start by
1975 than tape machines, despite the fact that VTRs of-
fer recording capability. All agree that disks and tapes
will coexist.

The Japanese have still not sorted out the competitive
and incompatible VTR formats and may not do so until
the consumers decide between three-quarter inch, half-
inch, and one-quarter inch, and between reel-to-reel,
cartridge, and cassette. As of now, the %-in. cassette
seems to have the edge. Manufacturers have agreed not
to introduce any new format in VTR,

Despite the still unsettled condition of the products,
there is considerable cause for optimism on the VIR’s
future among consumers if Toshiba delivers its newly
developed, one-tube color camera at the low price it
promised [Electronics, Sept. 13, p. 62]. This develop-
ment, coupled with the competing low-cost models that

Console comeback. High-end audio equipment with built-in four-
channel, like this Pioneer unit, sold well in Japan this year.
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are bound to follow from Sony, Hitachi, and Matsu-
shita, could be the cog that gets the consumer market
into second gear.

As for the player/recorder, Masakazu Hara, VTR
marketing manager for Hitachi, states that both techni-
cal innovations and volume production will be needed
to bring down the selling price. For example, he sug-
gests that a fixed playing head would be more economi-
cal than a revolving head.

Commenting on the big question of when explosive
growth will occur, Sony’s Iwama smiles, “It will be in
another five years—as always.”

H mediand
Semicon ore
Lemicon o

Users, get in line—
it's boom time again

This is a year of great shortages in the Japanese semi-
conductor industry, which only two years ago was wor-
ried about dumping by U.S. manufacturers. There is
even a lack of engineers to churn out designs for new
products for the ever-shifting demands. Hiroe Osafune,
general manager of Nippon Electric Co., semiconductor
division, doesn’t think growth can continue at its
present pace through next year. But Gerald Lynch of
TDK Fairchild says that his company is getting long-
term orders for 12 and 18 months so he doesn’t see a re-
turn to a surplus condition any time in the near future.
The Japanese, incidentally, do not practice double or-
dering to the extent Americans do.

Relief may be at hand, however, to judge from an-
nouncements of new capital investment, which include
5 billion yen ($19.0 million) by Toshiba and Nippon
Electric, 6 billion yen ($22.8 million) by Hitachi, 4 bil-
lion ($15.2 million) to 5 billion yen ($19.0 million) by
Fujitsu, 4 billion yen ($15.2 million) by Mitsubishi, and
5 billion yen ($19.0 million) by Matsushita. (One com-
pany executive says they all tend to overstate invest-
ments, and the correct value is probably closer to 80% of
the announced value.) These investments are partly for
replacement of obsolete equipment but also for new
plant and equipment for increased production, includ-
ing larger diffusion furnaces and accelerators for ion
implantation.

Products with the most rapid growth this year are
MOS memories for computers, and MOS or C-MOS de-
vices for new applications such as electronic watches
and automotive electronics.

Toshiba claims to be the only Japanese company pro-
ducing a MOS driver for fluorescent displays for calcu-
lators. The company expects these fluorescent displays
to keep 60% of the market for next year or two, with
30% LEDs and 10% liquid crystal.

Saturation may be the fate of calculator chips, even
though Japan has just caught up with U.S. technology
and reliance on imported chips is rapidly decreasing.
Toshio Inoue, deputy general manager for Hitachi’s
Electronic Devices group, thinks it will be necessary to
add functions and convert 3- and 6-digit calculators to 8
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digits. Hitachi calculator devices include p-channel
metal-gate types with enhancement/enhancement in-
verters and p-channel silicon-gate with enhance-
ment/depletion inverters. On the other hand, William
Sick, president of Texas Instruments Asia, says that, as

Toshio Inoue, deputy general manager for Hitachi's electron de-
vices group, expects production to catch up to demand next year.

Sumio Imaoka, semiconductor sales manager for Toshiba, com-
plans that latest U.S.-made, IC-production equipment is unreliable,

It

capacity pulls into line with demand next year, there
will be strong competition.

Bipolar computer memories have been selling in
ever-larger numbers, because they were the only types
fast enough for use in large computers. But MOS memo-
ries will make up the bulk of the market in the future,
and some sources, such as Osafune of Nippon Electric,
say they will double in sales each year for the next few
years. Nippon Electric is mainly selling p-channel
1,024-bit RAMs, has 2,048-bit units for in-house use, but
wants to jump to 4,096 bits for standard devices. Mitsu-
bishi has a 1,024-bit p-channel RAM, and by year-end
expects to complete development of I- and 4-kilobit
n-channel RAMs.

TI's Sick points out that the semiconductor memory
market has been slower in developing than in the U.S.
but this gives Japanese manufacturers a better opportu-
nity to design in the latest devices, like fast l-kilobit
RAMs and workhorse 4-kilobit RAMs. It could make the
Japanese market richer than the U.S. in mass memory.

Here come the microprocessors

Several other new products may take off in the niext
few years to replace some that are saturating or will fall
by the wayside. These include microprocessors, C-MOS
functional replacements of TTL, and power FETs.

Only two microprocessors have been announced, but
others are on their way. Toshiba has a 12-bit micro-
processor built on a 5.5-by-5.9-millimeter chip. It is
Toshiba’s first product using p-channel silicon-gate MOS
devices with enchancement/depletion inverters. Chan-
nel length has been held to 6 micrometers by use of
doped polysilicon diffusion techniques, which also de-
crease series resistance. Sales are not expected to be-
come large until the second half of next year.

Nippon Electric has developed a 4-bit microprocessor
for a requirement within the company, and for larger
capacity will develop an 8- to 16-bit type. It expects
sales to start next year. Hitachi, says Inoue, will come
up from behind by developing a better device. Mitsu-
bishi meanwhile expects to have an 8- or 16-bit type
next year as well as a minicomputer on a chip later.

Companies developing C-MOS functional replace-
ments for TTL devices include Toshiba, Nippon Electric,
and Motorola. Toshiba started with a 7400 type, but has
switched to an RCA version. Initially Toshiba will only
develop 25 types because its capacity is limited.

Sumio Imaoka, manager of Toshiba’s semiconductor
sales, admits the correctness of competitors’ statements
that its calculator C-MOS has not been profitable, but
adds that it is reworking for smaller chips and expects
the line to be profitable within six months.

Last year Japanese companies reported that one of
the reasons they were behind the U.S. in MOS marketing
was lack of production equipment and one of the rea-
sons they were able to catch up was recent availability
of ion implantation equipment. But that did not settle
matters because a new problem has been unreliability
of ion accelerators. Imaoka states that this is the first ad-
vance in semiconductor production for which proven
equipment has not been available from the U.S. An ac-
celerator purchased for around-the-clock operation
broke down after only 30 continuous hours, he com-
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American opportunities. Gerald A. Lynch, marketing manager for
TOK Fairchild (left), says orders are strong enough to carry semicon-
ductor sales through 74, William Sick, president of Ti Asia (right),
thinks semiconductor memory market in Japan could be very big.

plains. Osafune of Nippon Electric is also unhappy with
accelerators, but Kazuaki Harada, assistant to the man-
ager, engineering department of Mitsubishi semicon-
ductors, says his company hasn’t experienced any diffi-
culties so far, perhaps because of constant maintenance.

C-MOs for automobile electronics will probably be a
big item in not too many years, but the only product an-
nounced so far is a seat-belt interlock built by Mitsu-
bishi for Toyo Kogyo. (Potentially, there’s also a need
for up to 100 power transistors in automobiles as relay
replacements in lamp, wiper, and other circuits.)

Watches are another very promising C-MOS market.
Seiko is now getting units made to its specs from several
companies, including Intel, Mitsubishi, Toshiba, Hi-
tachi, and its own production. From 1976 through 1980,
about 20% to 30% of watches produced in Japan will
probably be electronic, and after that at least half will
be electronic. However, Michael L. Jablow of Motorola
feels that the market might only support a few manu-
facturers because the number of watch manufacturers is
limited. Nevertheless, consumer electronics firms are
ready to put electronic clocks into radios, TV sets, and
tape recorders when they become competitive with elec-
tromechanical clocks.

Mitsubishi’s semiconductor works, which is in the
same industrial group as Nikon, is enjoying brisk sales
of semiconductors for cameras, according to Toshimi
Okubo, deputy manager. Besides Nikon, Minolta and
Yashica are using Mitsubishi ICs for electronic shutters.
Mitsubishi claims to be the leading manufacturer in Ja-
pan of thyristors for a new generation of automatic
strobes, in which the thyristor turns off the discharge
tube when the desired exposure has been reached while
retaining unused energy in a capacitor.

Another type of thyristor that’s doing well is a small
200-milliampere plastic-packaged unit. It suits a variety
of applications such as printers and vending machines.
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Despite the emphasis on C-MOS, simple MOS and even
junction FETs haven’t lost out. Nippon Electric, for in-
stance, is making diffusion self-aligned transistors origi-
nally developed at the government’s Electro-Technical
Laboratory for use in the first stage of 400-megahertz
mobile radios. The main advantages are high gain and
low cross modulation, and in future these devices will
be used at even higher frequencies.

At the other end of the spectrum Sony has developed
complementary symmetry junction FETs with output of
30 watts a pair. On the low-level side, Mitsubishi will
soon add a TV linear IC with Schottky picture detector
as a second source for a Motorola-developed chip.

A major problem in custom design for new products
in Osafune’s view is that oriental peoples—including
Japanese, Koreans, and Chinese—won’t pay for design.
“They ask technical questions, say thank you, and go
home. Perhaps the only professionals who get paid for
conferences in Japan are doctors,” he comments. “Even
computer manufacturers must offer software as a ser-
vice to sell hardware.”

Tubes are cooling off

Although Japanese manufacturers are locked in com-
bat to produce more and better color picture tubes,
most segments of the tube business are no longer grow-
ing. Both color picture tubes and black-and-white pic-
ture tubes are past their peak in Japan. Receiving tubes
have followed a steady path to extinction as Hitachi in
August phased out production in favor of supply from
an affiliated company in Taiwan. This leaves only Tosh-
iba and Matsushita as producers.

Another tube market that may turn sharply down-
ward during the next few years is the multidigit fluores-
cent and gas-filled display tubes for calculators, which
will be increasingly replaced by liquid-crystal and light-
emitting-diode displays.

Microwave ovens continue to increase, but small
magnetrons with output of 400 W now have a factory
price of less than 5,000 yen ($19) which does not pro-
duce big profits.

In happy contrast, sales of cathode-ray tubes for com-
puter terminals and other non-television displays have
continued to increase. And potentially the brightest spot
in the tube market is the vidicon in its many variations.

Small units earn big money—
but can the Six beat the 3707?

This year the Japanese Six, the domestic computer
manufacturers under the wing of the Ministry of Inter-
national Trade and Industry, continued their chase of
IBM. Minicomputers, both Japanese- and U.S.-made,
enjoyed booming growth. Calculators did their usual
thing—explode.

Business data processing and industrial controls sys-
tems both thrived during 1973. Banking terminals came
alive, thanks to a change in regulations permitting cash
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Calcuiator change. Sharp’s Calculaior on Substrate, which combines the LSI chips, keyboard, and liquid-crystal display on a single glass
board, has radically changed economics of calculator production. Next step will be to put rechargeable battery on substrate.

dispensers outside bank premises, and point-of-sale ap-
plications showed good potential, although the field of
contenders is already overcrowded. All told, it was a
good year that could be matched in 1974, if the econ-
omy does not come untracked. :

Calculators are now truely international products for
business and personal use. Japanese manufacturers will
export close to 60% of their production this year, unhin-
dered by the language or import barriers that limit sales
of computer systems and TV receivers. What is inhib-
iting the Japanese, however, is the fear of overdoing it,
that is, flooding foreign countries with calculators to the
point that trade blockades are raised. As a consequence,
even though the opportunities are so good, 15 Japanese
calculator producers have, with MITI’s blessing, gotten
together and imposed export quotas on themselves that
affect both U.S. and European markets. The insiders, as
this group is called, do not control shipments from an-
other group of producers, called the outsiders.

Production of calculators for 1973 is about 8.64 mil-
lion from the 15 insiders and around 2 million for the
outsiders, for a total of over 10 million calculators. Of
these some 85% or 7.4 million were personal models,
and the rest were regular business machines. In 1974,
estimates are for a 50% increase in production of per-
sonal calculators and 30% increase for office versions.
The 15 insiders will manufacture somewhere in the vi-
cinity of 12.72 million units in 1974, out of a probable
total of 15.2 million.

While last year the preoccupation in Japan was how
low the price could go, with Casio, Busicom, and later
even Sharp leading the downward trail, this year there
has been more serious concern with quality machines.
Even though low-priced units have been profitable in
Japan, manufacturers began to sense that many consu-
mers would want to upgrade.

For this reason, Sharp’s announcement of the Calcu-
lator on Substrate EL-805 was greeted with immediate
orders from dealers. Using a highly automated assem-
bly and test line, Sharp has got production up to
300,000 units a month now.

Integration inside and outside

Tadashi Sasaki, corporate executive director and In-
dustrial Instruments Group general manager for Sharp,
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sees calculator technology taking two paths. The first
path, integration inside, aims at a linear decline in price,
weight, and power consumption. Packing the calculator
circuits onto four, then two, and finally one chip realizes
all three reductions. This kind of machine, says Sasaki,
can and should be assembled in developing countries,
because the technology is easily transferable.

Integration outside, the second path, involves high
technology, for the objective is to get the calculator
chip, the keyboard, the liquid-crystal display, and even-
tually the power source on a single substrate. That's
what the calculator-on-a-substrate is all about.

The calculator industry is taking off in yet another di-
rection, in the opinion of Hajime Kikuchi, president of
Ise Industrial Instrument Co., one of the outsiders. Dis-
pleased with the reputation of the outsiders as cheap
and dirty, fast-buck assemblers, Kikuchi believes he can
angle his firm toward upgraded machines that will be in
effect home computers. In his view, survival in this
rough market will depend on controlling the design
and/or manufacture of all the elements—chip, key-
board, and display. His goal is to match these parts in
the design stage and so make automation economical.

Minicomputers showing up

While attention was focused on the battle for the me-
dium- and large-scale computer market backed by the
financial aid of MITI, minicomputers have been quietly
selling up a storm in Japan. Unit sales of minicomputers
in Japan have had an annual increase of 50% a year
since 1969, and the 1973 total is estimated at 3,200 to
3,500 central processing units. (It is difficult to translate
these units into dollar figures because many are buried
in systems, some of which are exported.)

Among those who profited has been Fujitsu Ltd. with
its U-200. In addition, the company has recently en-
tered into a joint effort with Matsushita, another mini-
maker, to produce minicomputer-based systems that
will probably have commercial/consumer orientation.
Pana-Facom, as the joint system is called, will get under
way with a computerized facsimile system.

Digital Equipment Corp. has also increased its busi-
ness in Japan by concentrating on OEM systems. Ac-
cording to Yu Hata, DEC’s Japan district manager, its
business is up 80% in Japan this year. Starting in strictly
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scientific and engineering applications, DEC has now
moved into OEM systems built for commercial oper-
ations like typesetting, banking, and communications.

Nippon Minicomputer Corp., which builds Data
General’s Nova line on license as the result of a Japa-
nese joint venture, has done well sticking to the OEM
market, even though this business is a small percentage
of total minicomputer sales. While DEC has tended to
spread out into general applications, Nippon Mini-
computer has concentrated on special applications to fit
into the systems designed by mainframe manufacturers.

As for the future, Tohru Kazamaki, executive director
marketing for Nippon Minicomputer, has great hopes
for the results of a government-sponsored program to
develop a pattern-recognition system by 1975. The
eight-year-long project, run by Japan's Electro-Techni-
cal Laboratory, is to develop direct input and output
technology for written characters, design symbols, and
voice and involves most Japanese computer and LSI
producers. The result could revolutionalize the mini-
computer market by development of LSI micro-
processors as part of large pattern-recognition systems,
says Kazamaki.

All of Japan’s domestic computer manufacturers can
find something in the 1973 sales picture in which to be
pleased. For one thing, it appears that the three joint
ventures arrai.ged by MITI, which pair off Fujitsu with
Hitachi, Nippon Electric with Toshiba, and Mitsubishi
with Oki, are on course toward development of a family
of domestic computers and peripherals competitive with
U.S. imports. For another, each manufacturer found
worthwhile sales in areas that have become more or less
individual specialities.

Worth cheering about

Most manufacturers have been disappointed with the
results of the telephone company’s liberalization this
year of its policy and rates on lines, which for the first
time made it possible to operate computer networks
among different companies. A year ago it was thought
this change would encourage sales of communications
control computers and terminals, yet there hasn’t been
much action. However, Nippon Electric is quite satis-
fied with the situation, because of the acceptance of its
new NEAC 100, a middle-sized system especially suited
to communications uses.

Hitachi, on the other hand, has had success with its
new smaller machines—the HITAC 8150 series—and
minicomputers—HITAC 10—primarily with new cus-
tomers in transportation and hospitals, and in schools
using computers for the first time.

Fujitsu, holder of the largest market share among the
Six, has done well in the medium to large range, as its
old customers, such as financial institutions and govern-
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On their own. One change coming into Japanese facto-
ries is greater independence of test personnel. At this
Sanyo plant, employees work unsupervised.

j
f
!




Upgrading. Increased automation is reducing number of employees required at Matsushita audio piant
(left) and at Matsushita microwave-oven plant (right). But to give assembly workers feeling of higher status
than in the past, they now wear the same uniforms as front-office employees.

4/
Another change. Matsushita has each

worker do a series of tasks rather than keep
up with a monotonous moving belt.

Fun and games. Matsushita's consumer
electronics plant broke with tradition by
opening its streets (left) for lunch-hour
games like netless volleyball.
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ment agencies, upgraded or shifted to on-line process-
ing, and in minis and terminals with new customers.

Mitsubishi’s forte is industrial process controls, an
area that did not look too promising because of the hin-
drance to plant expansion created by tightened credit
and demands for pollution control. However, pollution
control actually increased the need for process-control
computers as industrialists were forced to upgrade their
plants with new, more efficient systems.

Meanwhile, Nippon Telegraph and Telephone Public
Corp. (NTT) has provided continued business for its
DIPS network (Dendenkosha information processing
system), a pair of time-shared systems. DIPS I machines
were of one type, using core main memory. DIPS 11 will
be a family of three machines, all using semiconductor
memories, although software will be compatible among
the three and with DIPS 1. The smallest of the three will
be equivalent to the present DIPS 1.

On the face of it, then, the Japan Six look to be in
good shape, despite the presence of I1BM as well as Nip-
pon Univac, National Cash Register, and other U.S.
competitors. Fujitsu, Hitachi, and Nippon Electric have
their individual sales efforts, joint programs funded by
MITI, and NTT business with which to spread out their
risks. But this is threatened by liberalization.

After the fence is down

As a result of the economic arm twisting done by the
U.S. to help its balance of payments, Japan agreed to
remove barriers on foreign computers and completely
open its doors to them by 1975, This was a political de-
cision, for once out of MITI’s hands, but in order to pre-
pare domestic manufacturers, the ministry set up a sub-
sidy program in 1972 to cover mainframes and
peripherals. The goal for this funding is to enable the
Japan Six in joint efforts to come up with computers by
1975 that are superior to the IBM System 370 of today.

All of the Japanese companies are worried about
what will happen after liberalization, but they are not
ready to concede the domestic market to IBM. Says
Taiyu Kobayashi, executive director for Fujitsu, “There
should be no major changes in the industry overall.
There will probably be considerably more competition
from American manufacturers of terminal equipment
for a share of the Japanese market.”

Application of electronic cash registers and point-of-
sale systems, however, is one area in which everyone
starts even. At the moment, only trial systems have been
installed, but the field is filling up with competitors. Fu-
Jitsu, Toshiba, Matsushita, Nippon Electric, Sharp, Hi-
tachi, and others are in various stages of entering either
the department store, discount store, or supermarket
POS field. Added to these are IBM, NCR, Singer (through
a joint venture with Hitachi), and other U.S. entries.
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Department stores in Japan differ from those in the
U.S,, so the fact that American companies have a head-
start in this country will not necessarily affect their ac-
ceptance in Japan. Supermarkets, on the other hand,
are much more like those in America and may be easier
to automate than department stores.

Another important factor in Japan is the banks,
which are not only creating a demand for cash-dispens-
ing terminals and electronic funds transfer systems of
their own but are pushing to link up with retail stores.

Communications

Telephone exchanges offer
profits, facsimile doesn't

Of all the sectors of the communications business, the
electronics telephone exchanges are growing fastest.
The number sold is doubling each fiscal year, from 10 in
fiscal 1972, to 20 in fiscal ’73, to 40 in fiscal ’74. But
cable and microwave equipment are also doing well.
Facsimile equipment and the video telephone have yet
to create any kind of a demand.

The electronic exchanges are supplied to Nippon
Telegraph and Telephone Public Corp. by Nippon Elec-
tric Co., Fujitsu Ltd., Hitachi Ltd., and Oki Electric In-
dustry Co. At full capacity, they could handle up to
40,000 terminals but at present they are being built for
fewer. (For areas with lower population densities than
the major cities, NTT is also developing smaller ex-
changes.)

Because of the subsidies for research included in the
tags on early units and because of economy of scale
since then, the exchanges have been declining in price
each year. This year they cost on the order of 10,000 yen
(338) per terminal—something like three times as much
as currently popular crossbar exchanges, which, how-
ever, include fewer functions and are rising in cost.

Demand for electronic exchanges could remain
strong for a long time. About a third of Japan’s 25 mil-
lion telephones are switched by step-by-step exchanges,
most of them in downtown areas of large cities where
they occupy high-rent space. But electronic exchanges
require just 10% of the space of a step-by-step ex-
change, and therefore are attractive as replacements to
save on rent.

Another advantage of the electronic exchanges could
present a problem initially: they require far less mainte-
nance than step-by-step exchanges. Consequently,
strikes by maintenance crews protesting present or fu-
ture transfer of duty could slow down conversion.

The present cost of electronic exchanges, though ac-
ceptable for telephone systems, is still too high for other
applications. Takeo Kurokawa, executive vice president
and director of Nippon Electric, says that with reduced
costs it will be good for data communications and TV
switching. Once this happens, electronic exchanges
should bring about a change in subscriber terminals,
such as a faster move to push-button phones (which
have electronic tone dialing).

Electronics/November 22, 1973



For defense and for automatic private telephone ex-
changes (PABX) made for export, Japanese companies
are producing small electronic exchanges with 500 to
1,000 lines. These cost about 50% more than the cross-
bar type, but are less than half the size and have more
functions. Companies are not selling them domestically
because NTT insists that domestic PABX have the same
components as domestic utility exchanges, making the
price prohibitive. If there were no restrictions, it is con-
ceivable that economy of scale could bring the price of
these smaller exchanges down to that of crossbar.

On this point an executive at one of the NTT's major
suppliers charges that, despite liberalization of tele-
phone lines, NTT still imposes all types of “adminis-
trative guidance.” Precedents, perhaps a Japanese ver-
sion of the U.S. Carterphone case, may be needed for
true freedom in installing vendor-designed equipment.
But none of the six major suppliers can be expected to
fight with an important customer, and it probably will
be up to an outsider or importer to attack NTT's require-
ments. This same executive adds that freedom from
these restrictions often makes export markets more at-
tractive than the home market.

Plans for installation of a 60-megahertz coaxial-cable
transmission system between Tokyo and Osaka, per-
haps in 1975, are going ahead. Development is also un-
der way on a 200-MHz system, but it may not be prac-
tical just yet because repeater distances will be
something like half that on the 60-MHz system. The 200-
MHz cable would require 400 repeaters between Tokyo
and Osaka. A thick cable with reduced loss that would
permit repeater spans to be increased to 1.5 kilometer is
being developed, but it too may not be economical.

Thus the emphasis in cable transmission in the future
may shift to pulse-code-modulation systems, and a PCM
cable system that would operate at 97 MHz per second is
being developed with longer repeater spacings.

This year a 30-MHz submarine cable will be installed
across the ocean channel between the Japanese islands
of Honshu and Hokkaido. Nippon Electric has already
supplied repeaters for a similar 30-MHz submarine cable
with 12-MHz bandwidth and for a 12-MHz submarine
cable with 960 channels each way in a 4-MHz band-

Communlcators. Takeo Kurokawa, executive vice president for Nip-
pon Electric (left), is pleased with growth of electronic exchanges.
But Yuichi Makino, director for Toshiba (right), is disappointed with
facsimile equipment sales since NTT liberalized line use.

width. By the end of this year or next, a 400-kilometer
ocean span of cable will be installed between NTT elec-
trical communication laboratories at Yokosuka and Iba-
raki. At present all communications lines converge on
Tokyo, and this would provide a bypass around Tokyo
to be used in event of an emergency. Total cost of re-
peaters would be in the $10 billion range.

The microwave message

Demand for microwave equipment is increasing by
more than 10% a year among gas companies, the Japa-
nese National Railways, telephone, and other users.

Last year Nippon Electric shipped a 2,700-telephone
channel, 5-gigahertz system for the Tokyo-Nagoya-
Osaka route with five radio carriers and one spare in
each direction. It also shipped similar systems with
three radio carriers and one spare for the Hiroshima-
Fukuoka route. Since there are three routes between
Tokyo and Osaka, there is still possible demand for two
more systems between these cities.

This year Nippon Electric again broke new ground
when it shipped 15-GHz systems, also with a capacity of
2,700 channels per radio carrier, to be used between 5-
GHz terminals at the edges of cities and exchanges in
the center of cities. The standard procedure had been to
use 12-MHz coaxial cables for this application, but the
15-GHz microwave systems were installed to provide an
alternate transmission method for the long-distance
lines in the event of destructive earthquakes or ty-
phoons. Nippon Electric claims to be the only company
in the world with a 2,700-channel-per-carrier system at
this frequency. It is also working on 2,700-channel-per-
carrier systems at 11 GHz, and says that in the future it
may develop frequency-division-multiplex/frequency-
modulation systems with more than 2,700 channels.

This year a 13-hop experimental system, with an av-
erage hop of 5 km and a 6.5-km maximum hop, went
into operation between two of NTT’s laboratories. It is
the only dedicated connection between the laboratories.
Operation during the first few months has been good
with little trouble either from equipment or from atte-
nuation by rainfall, according to Nippon Electric engi-
neers. They had been worried because all the equip-
ment is in small enclosures at the top of towers, but
everything worked well through the past hot summer.

At still higher frequencies all problems in the design
of millimeter-wave repeaters for the 40-80-GHz band
have been solved, and a 22.7-km line with one repeater
in the middle has been installed between the NTT. Iba-
raki electrical communication laboratory and the Mito
telegraph office.

This system has a data rate of 806 megabits per radio
carrier, with a capacity of up to 12 carriers and one
spare each way. Standard repeater distance is 20 km,
but this depends on the number of bends in the wave-
guide.

As for the very highest frequencies, Nippon Electric
has exported to a power company in Bulgaria an optical
transmission system of six telephone channels over a
light beam in the atmosphere for distances of up to 3
km. The transmitter is a light-emitting diode, and data
rate is 300 kilobits per second. The company has also
developed a system using a pulsed laser with 4-milliwatt
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output that can transmit a 4-MHz bandwidth TV signal
up to 200 meters.

On a much smaller scale, there is a more conven-
tional wireless technique that is enjoying a quiet boom,
and another that promises to produce business in the
very near future. Yuiohi Makino, director and general
manager for the Telecommunications division of Tosh-
iba, says that a pocket telephone paging service is very
popular, and the 12,000 units made each month by
Toshiba and two other companies are insufficient to
meet demand. Rental is only 1,500 yen ($5.70) a month.

Toshiba has also developed a cordless, wireless tele-
phone set that NTT wants to use at exhibition halls so it
won’t have to install new telephone circuits for each
new exhibition every few days. A loop radiating around
the periphery of the hall would pick up signals. In the
future, a similar scheme might be used for offices to
eliminate rewiring as desks and people move.

Conversely, the video telephone has not caught on,
though it seemed all set to become an important new
market. That prospect helped trigger the vast amount of
work now being done on digital communications sys-
tems, it being much simpler to multiplex and to main-
tain the quality of digital TV signals than analog signals.
But both Bunichi Oguchi, director, engineering bureau,
NTT, and Taichiro Atarashi, executive director and
manager of communications, industry division, Fujitsu,
say that nobody is clamoring for video telephones.

Similarly, manufacturers of wire communications
equipment have for years looked forward to the avail-
ability of Japan’s switched telephone network for trans-
mission of data, including simple facsimile and electro-
cardiograms. It only seemed to need NTT to convert lo-

Towering. The 20-gigahertz-band repeater towers on a line between
two NTT labs have all equipment mounted on the platforms.

cal calls to a timed message unit rate, which finally oc-
curred this year. But there were no noisy celebrations
when the Okinawa prefecture, the last in the country,
was cut over to the new message unit system in August.

Sales of computer terminals did increase to take ad-
vantage of the new service, but many other applications
were expected to take off. Some years ago it seemed
that there would be explosive demand in Japan for fac-
simile, and products were announced by about 10 com-
panies—both communications and other manufacturers.
But company executives now agree that there won’t be
too much demand unless cost problems are solved.

This situation persists despite the large potential de-
mand. Basically, facsimile is much better than tele-
printers in the Orient because of the large variety of
characters required compared with Western countries,
where a Roman alphabet keyboard is sufficient. The
line charge for facsimile, however, is expensive because
it takes four to six minutes to transmit one page over a
3-kHz-bandwidth telephone line. It isn’t possible to
double bandwidth, and bandwidth compression with
present technology would probably double the cost
from the present 400,000 yen ($1,521).

Industrial

Capital investment lifts
instruments to new peak

Before the anti-inflation clamp on credit went into ef-
fect late this summer, capital investment in Japan ran
high enough to boost sales of electronic instruments.
Now money is tight, but since spending for industrial
instruments usually lags behind declines in capital
budgets by at least a half-year, instrument sales should
remain high at least through the first half of 1974.

A year ago, instrument houses were not too optimistic
about the recovery of Japanese industry. But the in-
crease in business has been surprising. Masahiro Shi-
mizu, president of Hokushin Electric Works and one of
those who were only mildly hopeful last year, enthu-
siastically reports that sales are 40% higher than in
1972. In fact, it appears that industrial instrumentation
will hit a new peak, thanks to a lift provided by in-
creased government spending on pollution control.

Business was so good for Yokogawa Electric Works
that it was unable to fill all orders and may have lost
some customers to competitors. Yokogawa claims to
have about 23% of the instrumentation market, perhaps
twice the share held by either Yamatake Honeywell or
Hokushin. However, Yamatake Honeywell expects its
position will benefit from increased interest in and
spending on climate controls for buildings. This trend
should also favor Tokyo Keiki Co.

Computer combos

Analog instruments still dominate almost the entire
marketplace. This year Yokogawa introduced to Japan
the Foxboro SPEC 200 analog system, built under li-
cense, that interfaces with computer controllers. Hoku-
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shin has also brought out a new analog line for backup
of direct digital control. However, the company has
deemphasized its own computer production in favor of
computers assembled with special modules.

For Hokushin, the liberalization of computer imports
will be a benefit because the company will be able to
buy modules at better price breaks. Hokushin has al-
ready installed 20 systems with DEC modules.

In the opinion of Tohru Kanemitsu, product man-
ager, marketing section of Yokogawa’s industrial instru-
ments division, one-chip processors are viable for direct
digital control. Each chip would provide local control of
one or several loops, with only important signals sent to
the larger central processor.

Price declines end for test gear

Test and measuring instruments’ prices actually in-
creased this year and will probably continue upward in
1974. In fact, setting the pace for the industry, Takeda
Riken has said it expects to raise prices in the near fu-
ture by an average of 30%, This trend is all the more
significant because foreign competitors got an auto-
matic price cut as a result of the up-valuations.

Instrumentation companies also are burdened by the
Japanese refusal to pay for engineering services. The
dearth of Japanese engineering companies often forces
equipment suppliers to provide engineering in a pur-
chase contract as a sort of discount extra or “omake,” as
the Japanese call it. However, the long-standing ability
to “swallow” engineering costs may also make the Japa-
nese more competitive in exports.

Indeed, with the economy =s good as it’s been, this
year they may get away altogei her unscathed by the un-
favorable price situation. For instance, Morio Ono, as-
sistant manager of Yokogawa’s instrumentation mar-
keting section, reports that the company boosted prices
of analog instruments and direct-current measuring de-
vices by 15% to 20% in July, but sales during September
increased 20% over the previous period and should in-
crease 15% during the coming six months. Matsushita
and Iwatsu Electric Co. have had similar experiences.

The reason for the price hikes is the higher cost of vir-
tually every component and material used to produce
test instruments, particularly 1Cs and copper wire. Small
companies are being hurt by it, according to Takeda Ri-

Masahiro Shimizu, president of Hokushin, was surprised by strong
sales in industrial sector, despite construction cutback.

ken, and some small manufacturers may go bankrupt in
the midst of overflowing order books because they are
missing some parts and are unable to deliver.

Nevertheless, increases in sales came across the board
and included oscilloscopes, multimeters, and even ex-
pensive test systems, Japanese manufacturers report.
Among new products, Matsushita recently introduced
two new types of scopes. One is a miniscope for com-
puter servicing that fits into an attache case. Another is
a programable oscilloscope.

“Japanese manufacturers can no longer compete by
trying to undercut price of imports with a dead copy,”
comments Hajime Karatsu, managing director of Mat-
sushita Communication Industrial Co.’s systems devel-
opment department, “but must produce unique prod-
ucts such as these oscilloscopes in order to survive.”

Space

NASA to help Japanese
loft larger satellites

Investment in space is climbing, states Yasuhiro Ku-
roda, director of the systems planning department of
the National Space Development Agency. In the Japa-
nese government’s 1974 budget, Nasda hopes to get
about 39.3 billion yen ($148 million) up from 29.3 bil-
lion yen in 1973 and 18.3 billion in 1972. This is about
70% of the space budget, the remainder of which goes to
the University of Tokyo, the Ministry of Posts and Tele-
communications, and the Transportation Ministry.

In 1976 Japan plans to launch two geostationary sat-
ellites weighing more than 300 kilograms apiece—a me-
dium-capacity one for communications experiments
and a medium-power one for meteorological experi-
ments. Since it will be many years before Japan will
have rockets big enough to launch the two, it expects to
ask the U.S. space agency to undertake the job, thus
getting around one threatened delay.

Nasda officials foresee no problems in this respect
from NAsA, which has already launched satellites for
other countries, but cannot start negotiations with NASA
until the Japanese Diet, either late this year or early
next, gives its approval in the budget for fiscal 1974.
Also, Nasda would actually prefer to approach NAsA
later than sooner, after Japan has had some success in
its own independent space development program and
so could offer the U.S. something other than just the
ability to foot the bill, explains Kuroda.

At the Ministry of Posts and Telecommunications,
communications and broadcast satellites have reached
the conceptual design phase, with the definition phase
soon to follow.

Progress is further along on those satellites to be put
into orbit by the “n” rocket starting in 1975. The first
stage of the “n” rocket is an improved four-digit-series
Thor-Delta with three strap-on boosters; the second
stage is a liquid-fuel rocket developed in Japan, and the
third stage will be a solid-fuel rocket.

Present plans call for an engineering test satellite
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(ETs-1) weighing 85 kgm to be launched in August,
1975. In February, 1976, an ionospheric sounding satel-
lite (1ss) weighing 135 kgm is to be launched. In Febru-
ary, 1977, ETs-I1, weighing 130 kgm, is to be launched.
And in February, 1978, an experimental communi-
cations satellite (ECS) is to be launched.

Only the first two of these satellites are completed.
The prototype and flight model of the ETS-I were pro-
duced by Nippon Electric, and the prototype and flight
model of the 1SS by Mitsubishi.

As Japan jumps into the space age, there is much ma-
neuvering for the many commercial contracts that prob-
ably will be forthcoming in the next few years. Most is
by the three Japanese companies that will probably get
the biggest share of the business and the U.S. space
electronics companies with which they have technical
agreements—Nippon Electric and Hughes, Mitsubishi
and TRW, and Toshiba and General Electric.

Toshiba is developing ground-station transmitter
techniques for communications satellites in a joint pro-
ject with NTT. The result could be major orders for
equipment as functional alternatives to microwave sta-
tions during disasters like earthquakes.

Nippon Electric has two study contracts from Intelsat.
One is for increasing the utility of transmission used for
space communications by simultaneous vertical and
horizontal polarization of the transmitted signal. The
other is for a l-gigabit PSK modem for time-division
multiple-access with burst-mode operation that Nippon
Electric says has the highest speed in the world.

Nippon Electric also has developed an 4-gigahertz
parametric amplifier that achieves an unusually low-
noise temperature of 55 Kelvin despite being uncooled.
This amplifier uses a two-stage solid-state Gunn oscilla-
tor pumping source and does not require the periodic
maintenance needed on the usual helium-cooled ampli-
fier. (Nippon Electric, incidentally, has sold two of these
to the Soviet Union.)

By using Peltier-effect cooling to -40°C the company
has developed a similar maintenance-free amplifier
with a noise temperature of 45 Kelvin.

Defense

District court’s decision
delays, could halt the military

The Japanese Defense Agency was surprised to find this
year that locating a Nike base on land released from a
government forest reservation can lead to trouble. In
fact, this situation started a major controversy when a
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group of citizens brought suit charging that it is im-
proper for such land to be converted to unconstitutional
purposes, meaning military use, and a Sapporo district
Judge agreed with their contention. Suddenly the Japa-
nese self-defense forces were declared unconstitutional.

Final determination, though, may be years in the fu-
ture. The government wanted to bypass the Sapporo
higher court and take its case directly to the Supreme
Court, but in Japan this procedure is permissibie in a
civil case only if the plaintiffs agree, which they did not.
The plaintiffs appear to be more interested in the
propaganda value of their victory than a definitive deci-
sion, which may not come for something like 10 years.

Meanwhile, nothing much has changed. The fourth
five-year defense plan, which started in 1972, continues
steadily on its course within the confines of the budget
of 4.63 trillion yen ($17.6 billion) over five years. Al-
though the fourth defense plan budget is far larger than
any previous one, much of it simply covers inflation.
Thus the defense agency expects to buy about the same
amount of hardware as before.

One project that is going ahead is Mitsubishi Electric
Corp.’s three-dimensional radar. In the 1972 and 1973
budgets two of these units were bought for about 2 bil-
lion yen (87.6 million) each. Another will be requested
in the budget for the coming year. A Nippon Electric
transportable three-dimensional radar, which costs
about 1.6 billion yen ($6.1 million), was purchased in
1972. Another was requested in the 1973 budget, but
turned down by the Ministry of Finance. A try for a sec-
ond unit will be made again in the upcoming budget.
Another radar under development is a unit in the 9-gi-
gahertz band for an antiaircraft gun.

R&D and prototype fabrication of a command oper-
ations field computer for the ground self-defense force
should be finished by next year. The display was com-
pleted last year. This computer, being built by Toshiba,
will be mounted in vans and two units furnished to each
division—one at command headquarters and one to ar-
tillery. Estimated cost of the pair for each division is 2.6
billion yen ($9.98 million).

At present the defense agency relies on Nippon Tele-
graph and Telephone for about 70% of its telephone
long lines. It planned to switch over to its own micro-
wave system during the fourth defense plan, but funds
are inadequate, and now it says it will be lucky to be
able to complete the installation by 1981. The Defense
Agency is working on an fm random-access discrete-ad-
dress (RADA, a frequency-time matrix scheme) commu-
nications system. However, it has not been able to ob-
tain frequencies for operation of this system from the
radio regulatory bureau of the Ministry of Posts and
Telecommunications.

Some of the airborne electronics under development
is for new planes designed in Japan, and this includes a
fire-control system costing as much as 0.8 billion yen
($3.04 million) for the close support version of the T-2
trainer. Most of the airborne electronics in production is
domestic production under license for the domestically
produced version of the F4-J Phantom, 128 of which
have been scheduled to be procured. O
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ELECTRONIC MARKETS
1972-1974

1972 1973 1974

COMPONENTS, PASSIVE AND ELECTROMECHANICAL

Antennas and antenna hardware 50.5 52.3 539
Capacitors, fixed 364.4 419.8 481.0
Capacitors, variable 314 33.3 42.9
Connectors, plugs, and sockets 60.6 7.0 82.0
Crystals and crystal filters 26.8
Delay lines 1.7
Displays (except solid state devices) 30.5
Ferrite devices {except TV yokes and flybacks) 32.0
Loudspeakers (OEM type, for assembly into equipment) 144.9
Magnetic tape 91.6
Microphones {OEM type for incorporation into equipment)
Microwave components {except tubes and semiconductors)
Potentiometers, composition

Potentiometers, wire wound

Power supplies {OEM type, for assembly into equipment)
Printed circuit boards

Relays

Resistors, fixed {including wire wound)

Servos, synchros, and resolvers

Switches {for communications and electronics)
Transformers, chokes, and coils

Total

SEMICONDUCTORS, DISCRETE
Microwave diodes, all types
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Rectifiers {including diodes rated more than 100 mA)
Signal diodes {rated less than 100 mA, including arrays)
Thyristors {SCR's, four-layer diodes, etc.)

Transistors, power {more than 1-watt dissipation)
Transistors, small signal {including FET's and duals)
Zener diodes

Total

SEMICONDUCTORS, INTEGRATED CIRCUITS
Hybrid IC’s, all types

Oigital logic circuits, bipolar

Digital logic circuits, MOS and CMOS

Digital memory circuits, bipolar

Digital memory circuits, MOS and CMOS

Linear iC's, (except op amps)

Op amps, monolithic only

Total

SEMICONOUCTORS, OPTOELECTRONIC
Total

TUBES o

Tubes, cathode ray {except for TV) 49 5.3
Tubes, receiving 27.8 - 18.0
TV picture tubes, black and white 70.2 60.8
TV picture tubes, color 4317.8 433.5
Total 5407 517.6

TOTAL COMPONEMTS CONSUMPTION 2,377.6 3,965.4

{mitlions of dollars)
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CONSUMER PRODUCTS
Audio tape recorders and players {except car stereo)
Citizen band transceivers

Electronic ranges

Hi-fi component equipment

Musical instruments {organs, electric guitars, etc.)
Phonographs and phonoradio combinations

Radios {including car radios) ’

Video tape recorders (for consumer use)

TV sets, black and white

TV sets, color

Total

MEDICAL
Diagnostic equipment, except X-ray

Patient monitoring equipment

Prosthetic equipment {hearing aids, pacemakers, etc.)
Therapeutic equipment, {except X-ray)

X-ray equipment, diagnostic and therapeutic

Total

AUTOMOTIVE
Alternator diode assemblies
Fuel-injection controls
Ignition controls

Electronic voltage regulators
Total

COMMUNICATIONS

Broadcast equipment {includes transmitters, and studio
equipment for radio and TV, but not CATV)

CATV (studio and distribution)

Closed circuit TV

Intercoms and intercom systems

Microwave relay systems

Navigation aids, except radar

Radar (airborne, ground, and marine)

Radio communications, except broadcast

Telephone switching, electronic or semielectronic {except PABX)

Video recorders and playback equipment {non consumer)

Wire message equipment

Wire carrier equipment {includes fdm and pcm)

Total

COMPUTERS
Analog and hybrid computers {except process control)
Converters, analog/digital and digital/analog

Digital computers, CPU (except minicomputers)
Digital minicomputers, CPU

Data storage devices {(core, disk, drum, and tape)

Data entry equipment

QOutput equipment

Remote terminal equipment

Electronic calculators

Total

INDUSTRIAL EQUIPMENT
Machine tool controls

Motor speed controls

Power electronics equipment
Process controls and related equipment
Ultrasonic cleaning and inspection equipment
Total

TEST EQUIPMENT
Amplifiers, laboratory type
Calibrators and standards, active and passive
Components testers {capacitor, |C, transistor, tube, etc.)
Counters and timers
Electronic meters, analog
Electronic meters, digital
Electronic meters, analog panel ty pes
Electronic meters, digital panel types
Generators and synthesizers (pulse, signal, sweep—to 1 GHz)
Lasers, all types
Microwave test and measuring instruments (above 1 GHz)
Oscillators
Oscilloscopes and accessories
Power supplies, laboratory type
Recorders (analog and digital, includes chart,
magnetic tape, and X-Y types) . 215
Total 5 220.2

TOTAL EQUIPMENT CONSUMPTION 7,571.0 8,830.0  10,002.0

Nation-wide consumption in Japan in millions of dollars
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N Norplex...your reliable hand
for multilayer circuits

from prepreg preparation
i to push button performance

Thin-clad laminates or prepreg materials. Whatever your
application calls for, it's the Norplex team reliability
that can mean the difference at start-up time.

In thin-clad laminates, it’s the reliability of

optimum dimensional stability. Plus
Norplex’s ability to adhere to the many

precise tolerances demanded by
today’s sophisticated multilayer

circuits.
And in prepreg materials, it's
the Norplex team effort to
maintain quantity production
under the strictest hygienic
conditions ... conditions that
assure you prepreg which is
clean, free of foreign particles
and available in many varieties.
Finally, it's the pride of every
plant worker, office employee and
field representative... a team
that serves every customer with

N A :
' 00 100% effort through Norplex's
M o/—\o Quality Assurance program.
All together, this Norplex
0 0 0’_/\/_\0 reliability spells out sati':faction
izoo0l (-——o for all your thin-clad laminates and
- ] %00 obodo %ooo L prepreg needs. .. from plants in
e /° - both La Crosse and Franklin, Indiana.
- Start the Norplex team working for
00000 03 you by writing or phoning for catalogs.

Norplex Division, UOP (Universal OQil

0 c{;:\t’ 0d00qod
g_\ T
0o0oR00 % 0odooo Products Company), Norplex Drive,

La Crosse, Wisconsin 54601.

I0OQCoUWO
- == : Telephone: 608/784-6070
oo o wé’g cQcachy Frone: )
Norplex laminates

O 0 om gQqodoo
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Distributors

Arizona: Hamilton/Avnet,
Phoenix (602} 269-1391
Kierulff, Phoenix

(602) 273-7331

California: Hamilton/Avnet,
Mountain View

(415) 961-7000

San Diego (714) 279-2421
Hamilton Electro,

Culver City (213) 870-7171
Kierulff, Palo Alto

(415) 968-6292

San Diego (714) 278-2112
Wesco Electronics,

Los Angeles (213) 685-9525
Colorado: Hamilton/Avnet,
Denver (303) 534-1212
Kierulff, Denver

(303) 343-7090

Florida: Hamilton/Avnet,
Hollywood (305) 925-5401
Georgia: Hamilton/Avnet,
Norcross (404) 448-0800
llinois: Allied, Chicago
(312) 421-2400
Hamilton/Avnet, Schiller
Park (Chicago)

(312) 678-6310

Kierulff, Rosemont
{Chicago) (312) 678-8560
Kansas: Hamilton/Avnet,
Prairic Village (Kansas City)
(913) 362-3250

Maryland: Hamilton/Avnet,
Hanover (Baltimore)

(301) 796-5000

Pionecr, Rockville

(301) 427-3300
Massachusetts:

Electrical Supply,
Cambridge (617) 491-3300
Gerber, Dedham

(617) 329-2400
Hamilton/Avnet, Burlington
617) 273-2120

Kierulff, Needham Heights
617) 449-3600

Michigan: Hamilton/Avnet,
Livonia (313) 522-4700
Minnesota: Hamilton/Avnet,
Bloomington

(612) 854-4800

Missouri: Hamilton/Avnet,
Hazehwood (St. Louis)
(314) 7311144

New Jersey: Arrow,
Saddlebrook (201) 256-7331
Hamilton/Avnet, Cherry Hill
(609) 662-9337

Cedar Grove (201) 239-0800
Haddonficld (609) 429-1526
New Mexico:

Century, Albunuerque
(505) 265-7837

Kierulff, Albuquerque

(505) 247-1055

New York: Semiconducior
Concepts, Hauppauge
(516) 273-1234
Hamilton/Avnet, Syracuse
(315) 437-20642

Westbury, L.I.

(516) 333-5812

Arrow, Farmingdale

(516) 694-6800

Summit, Buffalo

(716) 884-3450

North Carolina: Pioneer,
Greensboro (919) 273-4441
Ohio: Arrow, Dayton
(513} 253-9176

Kierulff, Dayton

(513) 278-941

Texas: Hamilton/Avnet,
Dallas (214) 638-2850
Houston (713} 526-4661
Kierulff, Garland (Dallas)
(214) 271-2471

Utah: Hamilton/Avnet,
SaltLake City (801) 262-8451
Washington:
Hamilton/Avnet,

Seattle (206) 624-5930
Kierulff, Seattle

(206) 7631550

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

Future Electronics
Montreal (514) 735-5775
Ottawa (613) 232-7757
Toronto (416) 677-7820

ANOTHER INNOVATION FROM LITRONIX

Our new Red-Lit C200 series
constant brightness LED
lamps are irresistible
because they eliminate
the need for external

current limiting

resistors —saving you

time, space and money.
We've accomplished

this by packaging a bipolar

current regulating IC with the

LED. This provides a constant current

supply to the LED chip, ensuring a

THE

IRRESISTIBLE LED

additional component costs. And
because there’s no need for individual
drive circuits, your circuit design job
is simplified. This all means that the
Bright Guys have come up with
another industry first. (Sometimes we
feel we're pretty irresistible ourselves.)
There’s an irresistible choice of
package styles, too. The RLC-200 and
RLC-201 are T 1 3/4 size lamps for
panel mounting. They're only 50¢ in 1K
quantities. The RLC-210 comes in a
miniature T 1 size for small tight spaces.

constant brightness over a supply range And it's priced at 60¢ in 1K quantities.

of 4.5 to 12.5 volts. In addition, the
combination of the IC and the LED
saves you both board area and

Litronin, Inc

108 Circle 108 on reader service card

Want more information on our
irresistible LEDs? Call or write the
Bright Guys.

the bright guys

litronix

+ 19000 Homestead Road o Cupertino, Caltornia 95014 « (308) 257-7910 1WX 910-338-00.22

European Headquarters Litron, Inc » Bevan House, Bancrott Court
Hitchin, Hertfordshine SG3 1LW England « Tl Hitchin 2076 Telex 825 497
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Technical articles

Acquiring multipoint plant data
over a single two-wire link

ASCII-code interfaces use data-communications technology
to permit a digital terminal in a control room to select and
control hundreds of distant analog process measurements

by Ivar Wold and Michael Lindheimer, Analog Devices inc., Norwood, Mass

O The capability of off-the-shelf electronic modules to
perform such functions as signal amplification, analog-
to-digital conversion, and multiplexing has had a
salutary effect on centralized monitoring and control
operations during the past 10 years in process and pro-
duction plants. The next major advance in making cen-
tralized systems more effective and less costly will stem
from new special-purpose electronic equipment that
will, in effect, bring the benefits of data-communi-
cations technology into industrial plants. This equip-
ment will provide compatible interfaces of the process
measurements with the operator terminals and digital
computers that supervise and control the production
operations.

In present centralized systems using the most ad-
vanced technology, each analog process signal—the mil-
livolts from a thermocouple measuring temperature, for
example—is first amplified and digitized close to its
measurement site, and all such digital (parallel-coded)
signals are then transmitted, usually via a complex mul-
tiplexer, to one central location.

At this central site, which often is thousands of feet
from the measurement locations because a plant may
occupy several acres of land, an operator maintains con-
stant surveillance and control of plant operation
through information (measurements) displayed to him
on any one of a variety of digital terminals. Or, at the
central site, a digital computer may analyze the input
signals and initiate any necessary supervisory or control
(actuation) signals that must be returned.

Despite the cost and operational advantages of such
centralized control, it entails two major problems. First,
the digitized measurement and actuation signals are
neither code-compatible nor electrically compatible
with commercial digital terminals and computers. Sec-
ond, because of the numerous measurements and be-
cause parallel-coded data requires many wires for its
transmission, a separate run of multiconductor cable
may be required from each cluster of measurement and
actuation signals to the central site. The true installed

ASCIl CODE SUBSET FOR DATA ACQUISITION

DECIMAL ASCII

NUMERICS COOE
o 0110000
1 g11/0001
2 g110010
3 0110011
a g110100
5 g110101
6 g110110
7 g110111
8 g111000
9 g11/1001

MSBT T~ LsB

T— 4 LOWER SIGNIFICANCE

BITS VARY FOR EACH
NUMERAL

3 HIGHER SIGNIFICANCE
BITS 00 NOT CHANGE FOR
THESE NUMERALS

Assigned Controlier/
control ASCII code Tramsantter Receiver multiplexer
charactees VSRR FSpOvse response
? o111111 Convert A~-0, On - off Ignored
transmit result
/ 0101111 Transmit test On - off Ignored
message
S 0100100 On - off End of Ignored
message
= 0111101 On - off Clear Ignored
registers
= 0100011 Ignored Ignored Address
alert

Controller/
multiplexer
respome

Unassigned
control ASCH code
charcters

Receiver
respons

Trunsimitter

response

B . ! 0100001 On - off On - off Ignored
CIOSIng the Ioop % 0100101 On - off On - off Ignored
Readers interested in discussing this article with the 0100111 On - off On - off tgnored
authors may call lvar Wold or Michael Lindheimer dur- 0101010 T
ing business hours, Nov. 26-30, at (617) 329-5791. g Broffig (| OpaStlf lonored
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CONTROLLER/
MULTIPLEXER

- 2WIRE CABLE
= 0FT
1) 2
CONTROL | 2
oo | 2WIRE CABLE I 3
TERMINAL 1.000 FT ] (R) 4
5 (1) 5
s=—® s
(R) SERIAL RECEIVER =0 L
POINT

(5) SPARE POINT

NUMBER
(@) SERIAL TRANSMITTER
LINE NUMBER

CONTROLLER/ CONTROLLER/
MULTIPLEXER MULTIPLEXER
2WIRE CABLE =0
= 1 500F =)
2=® s 2 (r) 14
I 9 ] 3 15
s ——® 10 Tos =—(®1s
sE—(Mn : ”
6 ﬂ 12 s —(®n®
! 2 LPOINT ‘ S

L NUMBER
LINE NUMBER

LINE AT
NUMBER

1. Distributed data. Controlier/multiplexers can be cascaded along one two-wire link to connect dispersed measurement and actuation
points to one central terminal or computer, with the communications using 19 serialized ASClI-coded data and control characters.

cost of such wiring may often exceed $2 a running foot
because of the conduits and seals required to meet relia-
bility and hazard-code specifications.

One way to remove the incompatibilities and to re-
duce the cost of wiring is to adapt some of the common
data-communications technology to the requirements of
digital process control. Most digital terminals and com-
puters employ or can be adapted to the ASCIl (American
Standard Code for Information Interchange) code. For
data-communications purposes, the bits making up an
ASCII character are transmitted serially—that is, a bit at
a time.

Furthermore, most terminals and computers have
been electrically “standardized” so that they can ex-
change data via a current loop that uses a 20-milliam-
pere dc level to represent a binary 1 and a 0-mA level
for binary 0. Such 20-mA pulse trains, timed by clock
signals, can be carried long distances, perhaps as much
as 10,000 feet, over ordinary unshielded twisted-pair
copper wire. A key factor in the new approach is using
an old technique known as half-duplex transmission:
the same two-wire link can carry coded measurement
signals from a remote site to the central location and
coded actuation signals from the central location back
to a remote site—but transmission can go only in one di-
rection at any instant.

This two-wire data-communications technique for
multimeasurement process-control systems has been
made possible by the development of three modules: a
serial transmitter, a serial receiver, and a control-
ler/multiplexer. A generalized configuration for a dis-
tributed multipoint system is shown in Fig. 1.

The serial transmitter accepts parallel-coded digital
data, such as binary-coded-decimal (BCD) levels from
an analog-to-digital converter, translates one of the de-
cimal numerics representing the measured value into its
corresponding ASCII character, and then it serially trans-
mits the character bits to a remote serial receiver. Each
digit of the measured value is transmitted in turn.

The serial receiver accepts the serial-ASCII actuation
character transmitted from a distant site and translates
the character into a parallel-coded signal, which in turn
is then changed, through a digital-to-analog converter.
into an analog signal that can be used to adjust the
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value of a process variable—pump speed, for example.

In a sense, then, serial receivers and transmitters be-
have as ASCII terminals, so they can readily communi-
cate with the digital terminal used by a plant operator
or the supervisory digital computer.

The third special module, the serial controller/-multi-
plexer, functions as an addressable multipoint switch.
Through the controller/multiplexer, the terminal or
computer selects (addresses) any distant measurement
or actuation point. A serial transmitter will send back
the present value of the measured variable assigned to
any one of eight addressable multiplexer channels, or
the selected serial receiver will accept new digital data
from the terminal or computer to adjust the analog sig-
nal to a desired value.

Subset eases electronics

The standard module handles 19 of the 128 charac-
ters defined in the full AscCiI set. This 19-character sub-
set, shown in the table, can itself be divided into three
groups: 10 decimal numerics (0 to 9), five partially as-
signed control characters, and four completely unas-
signed control characters. This 19-character subset of
AsclI fulfills the requirements for most process, produc-
tion, and testing applications, simplifies the electronic
implementation for parallel/series encoding and decod-

PARITY START
STOP 7 DATA
pirs BT BITS .

e > [
| | | | |
| | ]
) T 1 T
|1|1||01|10101or
—4 1 1 1
| MSB LsB
: FIXED ’

PARITY

BT

I 3 HIGHER: 4 LOWER-

' SIGNIFICANCE SIGNIFICANCE
| BITS REMAIN BITS VARY

CONSTANTFDR  FOR DECIMALS

DECIMALSOTO9 0TD9

2. Four bits change. In the subset of ASCIl used in the data-ex-
change system, only four data bits are changed from Os to 1s, while
the other seven bits are electrically stuffed around the data bits.
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PARALLEL DATA

—T S §
— '
ey : CONTROL ~ S | cONTROL-
PARALLEL CHARACTER . CHARACTER
INCOMING CONVERTER DECODOER | OUTPUTS
SERIAL >,
ASCII) N ?
DATA
I B L, END OF CONVERsiON | [
CONVERT
OPTD CONTROL [$
>0 1SDLATOR LOGIC !
¥~ DATA FOR —L-r
RETRANSMIT
MOODE (/)
DUTGODING
A-D CONVERTER
DATA
F;AR;ELLEt- 4xs
O-SERIA A-D MEASURED
4 1 asci REharTas [NSWIRES | convERTER VARIABLE
& CONVERTER [« —
BITS1,2,3,4
4 b t
] SERIALINP%JTiN
. FOR MDRE TH
CONTROL DDD, EViN, DR ND - —
PARITY, SET STOP AND START ‘——————— ] BCHARACTERS EXPANSION
BITS, ETC. e INPUTS
UTS FOR
BITS 5,6, 7
_ i

3. Serial transmitter. Incoming measured variable, at left, is converted to digits, translated to serial ASCII, then sent out over the line
through the optical isolator (left); but firstincoming control characters must be decoded, for example, to start a-d conversion.

ing, and yet is completely communicative with the
many commercial terminals and computers that employ
the full AscCII set. But the subset can be expanded when
necessary.

The five assigned control characters exercise the re-
ceiver, transmitter, or controller/multiplexer, as de-
tailed in the table. These control characters first estab-
lish a connection and then assure that data passes
accurately between connected stations. The four unas-
signed control characters establish on-off logic levels at
connector pins. The on-off signals can be used, as exam-
ples, to ring an alarm at a remote location or to open a
relief valve if an unsafe pressure develops in a vessel.

Taking measurements remotely

Suppose a plant operator uses a keyboard/printer
terminal located in the control room to communicate
with all the remote process points. Suppose, also, that
the process points occur in clusters of six, with the first
cluster about 1,000 feet from the control room and with
each succeeding cluster about 500 more feet from the
control room. Also, suppose that each cluster involves
three measurements (three serial transmitters) and three
actuations (three serial receivers). A controller/multi-
plexer (C/M), which normally handles eight channels
but can be expanded to 16, is assigned to each cluster.
Such a distribution of points is shown in Fig. 1.

Using the keyboard on his terminal, the operator can
obtain a reading at measurement poi «t 6 in this distrib-
uted process simply by typing

#6?
which selects line 6 and then tells the analog-to-digital
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converter associated with that measurement to start its
update conversion and the serial transmitter to send
back for example

276
meaning 276" Fahrenheit. Thus, the oper-
ator/measurement dialog will appear as

#67276
on the terminal’s printer or display unit.

If however. the operator wants to reach point 17, he
needs only to type

005
Figure 1 shows the connections through the control-
ler/multiplexers for address 005. How the C/Ms do this
will be explained later.

The system stays on the last-addressed point until a
new ADDRESS ALERT character is transmitted from the
central site, so that an operator may at will take a series
of readings from the same point without refreshing the
address or waiting for a polling cycle to come around to
the same point.

Because this in-plant data communications method,
dubbed Serdex for serial data exchange. is predicated
on the ASCII character set, the use of ASClI in communi-
cations will be reviewed before the modules and their
application are discussed in more detail.

The full AsClt code uses seven bit positions, resulting
in 27, or 128, different bit patterns or characters. The
transmission of an ASCII character nver two wires re-
quires that the bits be placed in time sequence, or seri-
alized. In addition, one start bit and two stop bits are
appended to “frame” the seven-bit data character. Fur-
thermore, one bit is allocated for a parity bit, should
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4. Controller/multiplexer. This unit uses a transmitted address to select desired output line for measurement or actuation; symbol alerts
C/M to the address and may be used to select another controller/multiplexer connected to other transmitters and receivers in the link.

such an error-checking method be used during trans-
mission. Thus, to send each ASCII character requires the
transmission of 11 bits (Fig. 2). The arrangement shown
in this figure is known as serial start-stop (but loosely
called asynchronous) transmission. The time duration
of each bit depends on the clocking rate.

Stuffing the ASCII character

The full 128-character ASCII set requires that each of
the seven data bits must be able to take on a 0 to |
status: from 0000000 to 1111111. The situation is much
simpler for transmitting only decimal 0 through 9 in the
serial receivers and transmitters. Note, from the table,
that O through 9 can be defined by only 4 bits taking on
either binary 1 or 0 values. This situation is emphasized
by the colored bar in the table. The electronic logic and
registers required to encode and decode four bit posi-
tions is much simpler than for encoding and decoding
seven bit positions.

Fixed logic provides the unchanging three bits of the
7-bit ASCII character, as well as the fixed start, stop, and
parity bits. These fixed bits are then electrically
“stuffed” around the 4 variable data bits, to result in the
assembly and transmission of an 1 1-bit ASCII character,
as required for these modules to be code-compatible
with those digital terminals and computers that have
ports designed to receive and asynchronously transmit
11-bit ASCII characters.

Transmitting a bit at a time

Figure 3 details the serial transmitter. Although pri-
marily for transmission, the transmitter is also equipped
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with a control-receiving function to let the transmitter
know what it is supposed to do. Control signals, consist-
ing of a 20-mA pulse train, enter the transmitter via an
optical isolator connected to the two-wire transmission
line (left). The measured-variable value to be trans-
mitted to the distant terminal or computer is shown at
the lower right. It feeds an analog-to-digital converter,
which is not part of the transmitter but wired to it.

When a transmitter has been selected, the control
data coming in through the optical isolator goes
through the serial ASCIi-to-parallel converter (top of
Fig. 3). The control-character decoder (upper right) de-
codes the seven control characters associated with the
transmitter, but ignores all data characters. For ex-
ample, if the operator wants a transmission of the
present value of the measured variable, he depresses the
? key on his terminal. The corresponding AsCIi-charac-
ter pattern (0111111) goes into the control-character
decoder and raises the logic level of the ? output line.
This CONVERT signal requests the external a-d converter
to translate the analog measured value into its decimal
representation.

Each of these decimal values appears at the con-
verter’s output in BCD format. That is, each decimal nu-
meric is also represented by a 4-bit word. (It turns out
that the BCD-code format for each numeric, O through 9,
is exactly the same as the 4-bit code format representing
0 through 9 in AscCil). The 4-by-8 shift registers in the
serial transmitter can accept an 8-digit BCD numeric
from the a-d converter. Once the a-d converter has
loaded its results into these registers, then clock pulses
will shift the most-significant digit of the measured
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5. Isolation. Inputs and outputs of serial-data units are coupled by optical isolators, which prevents noise and also develops 20-mA pulses

value (a parallel-coded BCD word) into the parallel-to-
serial ASCII converter, the necessary appended bits will
be stuffed by the control logic, and the resulting 11-bit
Ascll character will be transmitted through the optical
isolator down the wires to the remote receiving station.
Then the next lower significant BCD digit stored in the
4-by-8 shift register is converted, stuffed, and trans-
mitted—and so on, up to eight BCD words.

Transmitting the most-significant digit of the mea-
sured value first in the reading sequence is consistent
with the way a terminal operates: It types the first digit
received at the left and succeeding digits to the right of
the preceding digits.

When necessary, external shift registers can handle
inputs more than eight characters long, or vary bits 5, 6,
and 7 in the ASCII pattern and thus provide for a fuller
portion of the total 128-character ASCII set. In this way,
a transmitter can send such additional control functions
as carriage return and line feed.

Receiving a bit at a time.

The serial receiver operates in much the same way as
the transmitter—but in reverse. Its input is a serial ASCII
character, which is decoded for data or control charac-
ters. The data characters feed into a digital-to-analog
converter which in turn develops an analog output sig-
nal. The receiver will not be described further, except to
say that it must first receive an = control character to
clear its registers, then the data characters, and then a §
control character that informs the d-a converter that the
data message has ended so that it can perform its con-
version.

Remote addressing

The controller/multiplexer allows any one of a multi-
tude of remote points to be selected by an address sent
from the central station (Fig. 4). Incoming data, in a se-
rial format, is converted to parallel format, and the par-
allel bits are then decoded or converted, depending on
whether an ASCII character is a control character (# for
ADDRESS ALERT), a channel (point) address, or numeric
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data that can flow in either direction through the con-
troller/multiplexer.

The # symbol goes through the control logic and out
to all lines through the C/M’s data-transmitting multi-
plexer. The next character sent by the terminal is the
channel address, which is decoded to set the logic levels
in the data-transmitting multiplexer to select its corre-
sponding output line. Since this multiplexer receives
four 0 or | logic levels, it can select 16 lines. For eight
lines, the multiplexer responds to address characters 0
through 7, and for 16 output lines it also responds to
transmitted ASCII characters P through W.

Passing the address along

If the address is a single character, meaning that only
one controller/multiplexer is used in the system, then
the next character sent is a 7, which causes the a-d con-
verter in the serial transmitter to update and transmit its
value back through the C/M’s data-receiving multi-
plexer and on to the distant requesting terminal.

However, if, for example, there are three multiplexers
cascaded in the link, as shown in Fig. 1, then the ad-
dress will require three digits following the #, but pre-
ceding the ?. For point 17, the address is 005. The #
alerts the first multiplexer in the link, and the first 0 se-
lects output line 0.

The controller/multiplexer retransmits the # to the
next C/M, but inhibits the first 0. The second 0 in the
address then passes through the first C/M and selects
output 0 of the second ¢/M; meanwhile, the # is re-
transmitted by the second c/M to the third one, but in-
hibits the second 0. Now the 5 in the address selects line
5 of the third ¢/M. The desired address has been
reached and the ? updates the a-d converter of the ad-
dressed transmitter.

Interface with immunity

As has been mentioned, the electrical interface at
each of the three modules in an optoelectronic isolator
circuit, which generates and receives the required 20-
mA dc current pulses (Fig. 5). This interface also pro-

113



_—

CONTROL-ROOM
TERMINAL

| CONTHOLLER/

MULTWLEXER
T T T T
LINE NUMBER —» 0 1 2 4 5 6 17
l |
\
-
c/M 1 C/M 2 c/N3
TTrTrTTrTorT rmTrrruriritd llll‘-TII
:01234567 01234567 01234567
LINE NUMBER

01234567
POINT NUMBER

89101112131415 1617181920212223

L — — |

6. Clustered data. When data points are clustered near each other,
several C/Ms can be tiered and addressed through another C/M.

vides immunity to line noise and isolates against
ground-loop voltages. which may often exceed 100 v
between distant locations.

The three basic modules—the serial receiver, the se-
rial transmitter, and the controller/multiplexer—can
provide a variety of data-acquisition and control config-
urations. Figure 1, for example, typifies the kind of in-
stallation called for when the mecasurement and actua-
tion points are distributed over a wide area.

Acquiring clustered measurements.

Sometimes, though, numerous measurements are ac-
quired from points that are close together, and which
may be in an environment alien to and unsafe for a hu-
man operator. An example is the testing of equipment,
or sets of equipment, in an altitude-test chamber that's
subject to extremes of vacuum, pressure, temperature,
and humidity. For this situation, all the measurement
points can be brought to clustered controller/-multi-
plexers in the test chamber, but only a two-wire cable is
required to go through the chamber itself for automatic
“remote” acquisition of test values.

Here, tiers of C/Ms could be used (Fig. 6). To select
point 20 and get a reading would merely require the op-
erator to type #3472,

Remote control, too

Figure 7 shows an application that not only permits
the remote reading of a temperature, but also allows the
operator to manually adjust the temperature from his
terminal. The process has a large time constant and is
therefore so “slow™ it can be controlled easily and safely
by a human operator. (Not shown, though, is the con-
troller/multiplexer used to make the connection to the
serial transmitter.) The process is to be maintained in
the 245°-250 F band.

The dialog following, shown in bold-face, between
the operator and the measured point, would consist of
the following control characters and temperature read-
ing, as it might appear on a teleprinter. Control charac-
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ter * is assigned to turn off the heater and character %
to turn on the heater.
The sequential actions of the operator and their re-

sponses are contained in the parentheses:

7247 (247 is okay; operator decides to take new read-
ing in 10 minutes.)

2255 (10 minutes later, he finds the 255 too high. so he
must turn off heater.)

e (Control character latches relay driver to turn off
heater, and process starts to cool.)

2251 (10 minutes later, temperature still too high; take
another reading in five minutes.)

7249 (Temperature okay, within 245°-250  band; take
new reading in 10 minutes.)

2242 (Too low; turn on heater.)

% (Latches heater on.)

and so on.

The bit rate matches needs

The usable transmission speed of the ASCII characters
is determined by several factors, among them the speed
at which the digital terminal itself can accept and type
the characters and the maximum length of the two-wire
cable run. The distributed inductance and capacitance
of the cable causes pulse distortion, which can lead to
transmission errors. And although the impact of distor-
tion increases with the length of wire and transmission
speed, it is easy to transmit a 20-mA pulse train over a
10,000 feet run at least as fast as 110 bits per second,
equal to 10 characters a second. An available clock
module develops 16 different bit rates, ranging in all
common values from 110 to 19,200 bits per second. The
actual rate is selectable by pin jumpers on the module.

When data authentication is important for system op-
eration, the modules can be optionally wired to send
back acknowledgment signals. To check a transmitter,
the operator sends a / control character, followed by
eight decimal digits, and the echoes back the eight dig-
its. If both sets of digits are the same, then the operator
knows the link is working properly. The receiver can be
optionally wired to provide a parity check for each
character. If the parity check is correct, it sends back an
ACK control character to the remote station. O
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Designer’s casebook

Register-addressing system
accesses within nanoseconds

by C.A.N. Conde, C.A. Correia, and A.D. Figueiredo
University ol Coimbra, Portugal

Addressing systems for shift registers with circulating
memories need not be slow and complex. A system con-
taining synchronous binary counters and exclusive-OR
gates can considerably speed up clock rate while reduc-
ing circuit complexity. For an eight-bit system, propa-
gation delay can be reduced to only 37 nanoseconds.

Generally, shift-register-addressing systems are slow
because they compare the address of a counter that is
triggered by the clock pulse with the address of a refer-
ence register. Instead, it is faster to use up/down syn-
chronous counters in their down-counting mode, as
shown in the diagram for an eight-bit system.

When tl.e eight-bit binary counter, which is formed

by the two four-bit counter packages, is in its down-
counting mode, it generates successive output clock
cpulses (1111 1110, 1111 1101,. .. ., 0000 0001, 0000
0000, 1111 1111). If, for example, the address register is
storing the number 3 (binary equivalent 0000 0011) as
the address to be referenced, the counter, after three

clock pulses, will contain the binary number 1111 1100,

which is the complement of the binary equivalent of
number 3.

All the outputs of the exclusive-OR gates will then be
logic 1, producing a logic 0 output at the NAND gate to
the control logic. This logic 0 output can now be used to
gain access to the shift-register bit given by the refer-
ence address.

For any address, a logic 0 exists at the output of the
NAND gate only when the address is the complement of
the binary counter state. And this condition will occur
only after the counter generates a number of pulses
equal to the contents of the address register.

Although quite fast, this system does have a draw-
back—it works for binary-coded data but not for binary-
coded-decimal data. O

Gaining access. High-speed eight-bit addressing system for shift register cuts propagation delay to only 37 nanoseconds. Exclusive-OR
gates compare the outputs of the address register to the outputs of the synchronous binary counter. When these outputs are comple-
mentary, the output of the NAND gate becomes logic 0, providing access to the control logic for the system’s shift register.
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Narrowband digital filter
achieves high Qs

by Thomas A. Visel
University of lllinois, Urbana, Ill.

A digital filter that is built with conventional logic 1Cs
permits Qs of 2,000 to 10,000 to be readily achieved.
Additionally, the filter’s bandwidth is entirely indepen-
dent of its operating frequency. And, as with other ac-
tive filters, this circuit’s upper frequency is primarily
limited by the maximum bandwidth of the operational
amplifiers used.
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The operating frequency (fo) is determined by the
rate at which flip-flop FF, is clocked. Flip-flops FF, and
FF, form an N-stage counter (N = 2 here), and the ap-
plied clock rate is Nf,. The decoder functions as an N-
line-to-2N-line open-collector decoder, dividing the in-
coming signal into 2~ time periods at resonance. For the
circuit shown, when f; is 1 kilohertz, each of these peri-
ods (Ty) is 250 microseconds long,.

At resonance, each of the four decoder outputs turns
on successively for a quarter period of the incoming sig-
nal. This successively charges each of the decoder’s out-
put capacitors to:

/ Ter1 fe;exp(—t/RiC)dt
Vc =
T

R.C

where A is the gain of the input operational amplifier.
At resonance, each capacitor reaches an equilibrium
charge, drawing very little current through resistor R;.
When the filter is not at resonance, each Tk period
falls during random times of the input signal. This
means that up to three of the decoder’s external output
capacitors may discharge through the collector-base

Simple digital filter. Flip-flops FF, and FF; function as an N-stage
counter (N = 2) whose clock rate determines the filter’s resonant
frequency (clock = Nf,). The decoder divides the input signal period
into 2N time periods so that the input is continuously sampled. At
resonance, the output voltage is maximum because the charge
across the decoder capacitors (C) does not change between input
cycles.
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junctions of the decoder’s internal output transistors,
while the selected capacitor charges, or vice versa. A
rather large net current will then be drawn through re-
sistor Ry, diminishing the output voltage.

The output waveform, therefore, appears as a sam-
pled version of the input signal. The more counter and
decoder stages there are, the more exact will be the out-
put waveform sample. A two-stage counter, like the one
used here, is sufficient for such applications as synchro-
nous tone detection in audio spectrum analyzers. Criti-

cal filtering applications will require additional stages.

For the components given, the filter’s operating fre-
quency is limited to 2.5 megahertz, and its 3-dB band-
width is 12 hertz set at an f, of 20 kHz. When resistor R,
is a large value, the filter’s bandwidth is:

BW = 1/(4zR\C)

For a 500-Hz step in frequency, the output response en-
velope is about 8 milliseconds from its 10% to 90%

points. (]

Gate threshold difference
produces initializing pulse

by Jose Souto Martins
GTE Automatic Electric Inc., Northiake, Ill.

Often it is necessary to have a digital circuit assume a
predetermined logic state when the supply is turned on.
This is not always easy to do, particularly when the dig-
ital circuit contains storage devices such as flin-flops
and latches. But a simple two-gate circuit, consis ng of
a standard TTL NAND gate and a Schmitt-trigger TTL
NAND gate, can solve this initialization problem without
the need of integrating circuits or external reset leads.

The circuit makes use of the difference between oper-
ating threshold voltage levels of the two gates to pro-
duce an initializing pulse. When the power supply is
switched on, the voltage at points A, B, and C rises at
the same rate as the applied supply voltage. Neither
gate will sink any current until its operating threshold is
reached.

Because the operating threshold of the standard gate
is lower than that of the Schmitt-trigger gate, the stan-
dard gate will respond first. When this gate’s threshold
is reached, its output goes to logic 0, clearing the storage
element. And when the supply voltage reaches the
higher operating threshold of the Schmitt trigger, this
gate’s output goes to logic 0, causing the standard gate
to return to its normal operating state so that its output
is again logic 1. The circuit, therefore, generates a pulse
that can be used to initialize a logic system.

The width of the initializing pulse depends mainly on
the power-supply rise time and the voltage difference
between the operating thresholds of the two gates.
Clearly, if the power-supply rise time is instantaneous,
no pulse is generated. This undesirable situation can be
avoided by adding an integrating circuit at point A,
thereby guaranteeing a minimum width for the initializ-
ing pulse. Needless to say, the slower the power-supply
rise time. the longer is the initializing pulse. (It should
be noted that another pulse is generated when the
power supply is turned off.) O

Designer’s casebook s a regular teature in Electronics. We invite readers 1o submit onginal
and unpubhished circurt ideas and solutions to design problems. Explain breefly but thor-
oughly the circuit’s operating principie and purpose. We'll pay $50 for each item published.
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A free pulse. The threshold voltage difference between a regular TTL NAND gate and a Schmitt-trigger TTL NAND gate permits a pulse to be

generated for initializing a TTL storage device. As the supply voltage rises, the regular gate changes state twice, producing an output pulse
whose duration depends on power-supply rise time. The integrating circuit assures a certain minimum pulse width for the output.
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sssssssssss Part VII of a setieS mumme——

Minicomputer
controls
tempetature-
sampling
system

When a new design’'s temperature gradients must be monitored to assure
compliance with specifications that may change, a computer provides
the needed flexibility, and a multiplexer built in-house keeps costs low

by J.G. Hurt and H.G. Riekers, westinghouse Electric Corp., Baltimore, Mo.
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O For a detailed thermal analysis of classified military
equipment, a computerized data collection system can
be more efficient than conventional recording and in-
strumentation systems. One system now in use gathers
analog data from 300 thermistors at sampling rates that
vary with the rates of change of the individual tempera-
tures, and then converts the data into binary numbers
for processing and storage in a small computer (Fig. 1).

The measurement of thermal responses in equipment
built of many different materials is important because
small temperature gradients across the interface be-
tween two materials may create serious mechanical
stresses. These stresses may even cause localized failure
if the equipment is built to the -65° to +125°C range of
military specifications. In planning a manufacturing
process, also, detailed thermal response information is
useful because some materials used in the process may
be permanently degraded if certain critical tempera-
tures are exceeded.

Noncomputerized instrumentation and recording sys-
tems, however, have a number of disadvantages. For in-
stance, although the sampling rate for individual ther-
mistors may be variable, the rate can be changed only
manually—whereas, if necessary, a computer can adjust
the rate quickly on-line, and thus track changes in the
rate of temperature variation. Also, conventional sys-
tems typically produce intermediate results that the user
must look up manually in a table of values to convert
them to the quantity of interest, whereas a computer
can store the table, from which it can produce the re-

1. Temperature-measuring system, Bank of precision resistors,
connected to thermistors in unit under test, is at right. In the rack,
top to bottom, are an analog-to-digital converter, a multiplexer, and
the power supplies they need for their operation. Controlling the en-
tire system is a PDP-11/15 computer, at left.

|

Please, more 1/0 and firmware

The lack of inexpensive peripheral equipment is one of
the major stumbling blocks in developing a cost-effec-
tive computer-based system. The first requirement is a
better man-machine interface. Closely behind it come
cheaper bulk storage units, main storage, better built-
in routines, and diagnostics.

Teletypewriters are generally accepted as the stan-
dard input-output device for small computers—espe-
cially when they have a paper-tape punch and reader
attached. But other input-output devices would also
be very helpful, such as a keyboard-display unit that
could show six to eight lines of 80 characters each
and transmit them over a communication channel in
ASCIi. A device like this, if not too expensive, would
be very useful for checking data and making selective
modifications to programs.

Magnetic-tape cartridges and readers could replace
tape transports to provide expensive—although more
limited— storage capability. Inexpensive disk memo-
ries would significantly lower the cost of on-line stor-
age. Main memories could be more cost-effective.

While these devices are being developed, mini-
computer manufacturers could spend more time work-
ing out ways to perform certain functions with micro-
programs, or ‘‘firmware,” that now require complex
software—number conversions, difficult arithmetic
computations, and so on. Putting these functions in
microprograms is made even more attractive by the
limited storage capacity of many minicomputers, and
the user’s reluctance to commit much of it to software
for executing these functions. And microprogramed
diagnostics would be very useful; the user wants to
know that the computer is working properly of course,
but when it's not, he wants to know what's wrong, to
reduce his maintenance costs and downtime.
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sults in the desired form directly.

When the design of this computerized measurement
system was begun, the specifications for the equipment
to be measured were only partly determined. Con-
sequently, to cope with possible variations, the versatil-
ity of a software-controlled measurement system
seemed desirable.

Since 300 points had to be sampled, the data had to
be picked up through a multiplexer. Electromechanical
crossbar scanners were too slow for the application.
Commercially available electronic multiplexers were
fast enough but too expensive, costing as much as or
more than the computer system. Therefore West-
inghouse engineers developed a multiplexer of their
own. The combination of the minicomputer and the
custom-designed multiplexer provided a cost-effective
solution to the problem of designing the measurement
and data-recording system.

Temperature-measurement requirements

Most metals have positive temperature characteristics
and resistivities that vary less than 10 to 1 over a tem-
perature range of, say, -100 degrees Celsius to +400°C.
In a thermistor, however, the higher the temperature,
the lower the resistance. This negative temperature
characteristic of -4%/°C to -5%/°C produces a vari-
ation of perhaps 10 million to 1 in resistance over the
same temperature range.

In the equipment that had to be measured in this
case, the temperature range was O° to 90°C, over which
thermistor resistance varies about 50 to 1. The tempera-
tures were determined with the aid of a lookup table
and by interpolations of 0.05°, corresponding to resist-
ance steps of less than 0.25%. Consequently, to avoid
ambiguity, the thermistors themselves had to be accu-
rate within 0.1% or so.

Two kinds of thermistors were chosen for the mea-
surement system. Those for the channels that required
the highest accuracy have a resistance of 4,002 ohms
and a characteristic of about -4%/°C at 25°C. Those for
less demanding channels have a 5,000-ohm resistance
and a -4%%/°C characteristic. (Because thermistors in
general have exponential characteristics, both the per-
centage characteristic figure and the resistance are sub-
stantially different for other temperatures.)

The temperature in the vicinity of each thermistor is
determined by table lookup from its resistance, and its
resistance is indicated by the voltage at the junction be-
tween it and the series resistor that together form a
simple voltage divider (Fig. 2). For optimum resolution
and in order to maximize its sensitivity to any changes
in temperature, the series resistance is made equal to
the thermistor’s resistance at the center of the tempera-
ture range.

Thermistors are often used in bridge circuits. But this
approach was not used here because bridges would
have required three times as many expensive precision
resistors. Also, a double-ended multiplexer would have
been needed for the two bridge junctions—to no good
purpose, since singly-multiplexed instrumentation of-
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fers just as much precision when used in this particular
configuration.

The voltage-divider method of measuring tempera-
ture has three sources of error, caused by uncertainties
in the reference voltage, the series resistor, and the ther-
mistor itself. The first two of these uncertainties can be
expressed as an equivalent error in the resistance of the
thermistor, which is the sum of the errors due to each of
the sources:

ARy = (AV,et/ Vrer)(R + Ri) + R(AR/R)
(Technically, the series resistor and the reference volt-
age themselves have temperature coefficients that could
introduce errors, but these errors are not important be-
cause the two elements are kept at an essentially con-
stant temperature.)

Accuracy retention

To maintain the high accuracy and resolution that
the measurement system requires, the reference voltage
is regularly measured and adjusted to keep it within 1
millivolt of its nominal value. The tolerance of the series
resistors is within 0.1% of nominal value. Therefore,
with a nominal reference voltage of 5 volts, a series
resistance of 5,000 ohms at 25°C, the error AR, is shown
by the above equation to be 7 ohms, corresponding to a
temperature error of 0.035°C.

Errors in the thermistor arise from two sources. First,
there’s self-heating caused by the passage of current
through the thermistor, with consequent power dissipa-
tion and temperature rise. Second, an individual ther-
mistor characteristic may depart from its nominal value.

Self-heating is minimized by dividing the 300 ther-
mistors into four groups of 75 and applying power to
each group only when a member of that group is being
measured, and only for as long as it takes to carry out
the multiplexing and analog-to-digital conversion. This
power switching is done by electromechanical reed
switches controlled by the computer. Provision is in-
cluded for dividing the thermistors into as many as
eight groups.

The only way to verify the thermistor characteristic is
to measure a sample of the components. This measure-
ment must also insure that linear interpolation between
temperature increments in the lookup table will give
readings within the accuracy and resolution limits speci-
fied for the system. For the Westinghouse system the

]

Vrer

Vour

2. Sensor. As temperature increases, resistance of thermistor R, de-
creases and output voltage approaches ground level. Therefore
continuously monitoring voltage indicates temperature.

Electronics/November 22, 1973



company’s standards laboratory made the verifying
measurements.

The thermistors, of course, are mounted in the equip-
ment being tested. But the series resistors for the voltage
dividers of which the thermistors are part are mounted
in a separate thermal junction unit, to which the
switched reference voltage is supplied, and from which
a cable connects these precision resistors with the ther-
mistors. Data passes from this unit by way of the multi-
plexer/converter into the computer system.

In control

The computer system comprises a Digital Equipment
Corp. PDP-11/15 computer, a teletypewriter and mag-
netic tape unit, a fast paper-tape reader/punch, and a
device interface unit, the DEC DRI11A, that transfers
data between the multiplexer/converter and the com-
puter over 16 input lines, 16 output lines, two interrupt
lines and two control lines. An external real-time clock
interrupts the computer 25 times per second, corre-
sponding to the frequency of sampling the thermistors—
one every 40 milliseconds or all 300 in 12 seconds.

On the teletypewriter’s keyboard, the test run identi-
fication is entered, along with the channels to be printed
out, and the order in which samples are to be taken.
The temperature in the selected channels are printed on
the teletypewriter, and the temperatures in all channels
are recorded on magnetic tape for off-line processing in
another computer. The frequency of printing the se-
lected data is determined by the real-time clock and by

TELETYPEWRITER

3
4

COMPUTER

a set of console switches on the computer. A block dia-
gram of the complete system is shown in Fig. 3.

The paper-tape unit loads assembly-language or
binary-coded programs into the computer. It also
punches new tapes as an output of assembly and editing
programs.

Details of the interface between the computer and the
multiplexer/converter are shown in Fig. 4.

The multiplexer/converter

The analog multiplexer can handle up to 320 single-
ended analog channels, each of which carries a signal
ranging from 0 to +5 v. Of these, 300 were used in the
immediate application for which the system was built. It
decodes nine binary-address lines received from the
computer to select one of these 320 channels, whose sig-
nal i1s transmitted to an amplifier, and thence to the
analog-to-digital converter. The amplifier also shifts the
signal range to -5-to-+35 V. For testing, the nine-bit ad-
dress can also be generated manually from the multi-
plexer’s front panel.

The multiplexer, built from standard off-the-shelf
transistor-transistor-logic circuits and TTL-compatible
MOSs analog multiplexing circuits, works directly with
the 0-to- + 5-V range that was applied to the thermistors.
This is one of the principal reasons the unit was less ex-
pensive than commercial multiplexers, which worked
with wider voltage ranges—doubtless for a wider range
of applications—but still required additional circuitry to
shift into the bipolar range for the analog-to-digital

PAPER-TAPE
READER/PUNCH

i

MAGNETIC TAPE
co

—— O O

INTESI;A:(]:iUNIT CLOCK |
i |
AOORESS
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3. System components. Three hundred voltage dividers (Fig. 2), shown in color, measure temperature in unit under test. Multiplexer sam-
ples their output as addressed by computer; voltage reading is digitized, transmitted to computer, converted to temperature, and stored on
magnetic tape. Selected channel measurements can be printed on the teletypewriter; they are chosen at the beginning of the test run.
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converter. Another cost factor was that commercial
multiplexers available at the time this system was built
came in the form of a chassis to which a maximum of
256 channels could be connected. For a requirement of
320 channels, a whole second chassis would have been
required, and the need to interconnect the two chassis
would have further complicated the design.

In the Westinghouse system, on the other hand, the
multiplexing and decoding for up to 64 channels is
packaged on one printed-circuit board. Five of these
boards make up the full complement of 320 channels.
However, for applications requiring fewer channels,
only the appropriate number of boards need be used,
without wiring changes. Other boards include lamp
drivers, line drivers, line receivers, and random logic.

The analog-to-digital converter is a commercially
available unit, the model MDS5] made by Scientific
Data Systems Inc. (now part of Xerox Corp.). (It also
contains a multiplexer, which is not used because its
channel capacity is much less than this application re-
quires.) Its output is a two’s-complement 15-bit digital
word, which can be produced in less than 10 micro-
seconds but is needed in this application only once ev-
ery 40 milliseconds, or with a 25-hertz repetition rate. It
was chosen because its speed would probably be neces-
sary in future applications.

The 15-bit digital output of the converter is returned
to the multiplexer, which also contains an interface
unit—essentially a battery of line drivers—to transmit
the digital data to the computer.

Data enters the computer through the DR1IA inter-
face. This unit also transmits the nine-bit multiplexer

address, the three-bit thermistor group identification,
and two bits for the thermistor characteristic.

Within the computer memory, a table of tempera-
tures is arranged in groups of three words. In one word
is the 15-bit voltage measurement corresponding to an
integer value of temperature. In the next word is that
integer value. In the third word is a voltage increment
corresponding to a temperature increment of 0.05°C.

In the temperature determination for a selected chan-
nel, the input from the analog-to-digital converter is
compared successively with stored integral-temperature
voltages (the first word in the group) to find the largest
value less than the measured value. This table value is
then incremented by steps equal to the value in the
third word, while the temperature is simultaneously in-
cremented by steps of 0.05°C, until the tabular voltage
exceeds the measured voltage. The resulting measured
temperature is printed in real time.

Benefits of this design

Designing the multiplexer in-house permitted cost-
performance tradeoffs that resulted in a low cost of only
$12.50 per channel. Some commercially available multi-
plexers cost $19 to over $100 per channel, and less ex-
pensive models are slower and also not programable.

Commercially available sampling systems were con-
sidered, but lacked the voltage range and bit capacity
needed, and weren’t flexible enough. For example, the
Westinghouse system can print the results from certain
critical channels, selected in advance, while recording
the results from all channels for later analysis—a capa-
bility that greatly enhances the system’s effectiveness.

TYPICAL
g  THERMISTOR Hov
NETWORK
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4. Interface. Every 40 milliseconds the clock applies power to a bank of 75 voltage dividers, each of which includes a thermistor. After tran-
sients have settled, the output of each divider in turn is amplified, digitized, and sent to the computer for translation to temperature.
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Flexibility is very important in research and develop-
ment applications. For example, the system allows the
evaluation engineer to change both the rate and se-
quence of channel sampling through software, without
rewiring the system. Thus he can shape the sampling
system to fit his needs exactly—even when those needs
are not completely defined at the start of the project,
but evolve through trial and error.

Why this particular computer?

For the Westinghouse system, one requirement was
the use of assembly language for programing. Then the
programs would occupy less memory and be faster to
execute than if written in a higher-level language like
Fortran or one of the numerous special test-oriented
languages. This requirement called for a computer with
a powerful instruction set and with an assembly pro-
gram included in its software complement. Also, a byte-
oriented computer was preferable, since data is trans-
ferred to the teletypewriter in bytes.

Software was to be developed on the measurement
system itself. Though this could have been done with
only the teletypewriter and its associated tape unit, the
process would have been very slow. Thus the high-
speed paper-tape reader and punch was justified.

Since the system’s goal was data collection, a high-
density bulk storage device was required, and since the
stored data was to be processed off-line, the storage de-
vice has to be removable. These requirements indicate a
standard magnetic-tape unit using 2,400-foot reels of
half-inch tape. On one such reel about six million 16-bit
words can be stored, corresponding to about 40 hours of
testing. Since tests were expected to last no more than
24 hours, the data from a whole test run would occupy
less than one reel of tape.

High-performance peripheral equipment, however,
such as a disk storage unit or a fast printer, was not
needed in this application—particularly since such de-
vices require about 4,000 extra bytes of memory. But
conceivably these units might be required for a later ap-
plication, and if so, they could easily be added.

Any failure of power during a test—even a mo-
mentary transient—wipes out data stored in the
memory. To avoid such loss, a power-failure restart op-
tion monitors the primary power source, and in the
event of a failure it shuts down the system in an orderly

Test data is accumulated in the computer memory for
all 300 data points, and then written on the tape in a
single record that includes the date, the time of day, and
the channels specified for printing, as well as two
words—the channel number and the measured voltage—
for each data point (Fig. 5). The word containing the
channel number also contains information about the
thermistor group and the thermistor characteristic—the
increment value for interpolation—for that data point.

Two magnetic-tape buffer areas are used in the
memory. One holds data as it is transferred to the tape,
while the other is being filled by the data acquisition
program. Because magnetic tape is used most efficiently
when long records are written, one buffer area is big
enough to hold several passes through the 300 data
points.

From the configuration of the measurement system
described above, the most important parameter—
memory capacity—was derived. The two magnetic-tape
buffers required 4,000 words. Three different lookup
tables for different thermistor characteristics, with 1°C
increments and 0.05°C interpolations, required a total
of 810 words. Another 600 were needed to store the se-
quence of sampling the channels. A pair of tele-
typewriter buffers required 450 words. These add up to
5,860 words. The next larger standard increment of
memory size is 8,192; this capacity leaves 2,332 words
for the program—more than ample.

The speed of the computer is related to the system’s
sampling rate—25 per second, or 40 milliseconds per
sample. During this interval the sample data must be
brought into the memory, the elapsed time from the be-
ginning of the test determined from the real-time clock,
and the table searched for the temperature correspond-
ing to the data (a voltage) from selected channels. The
time and sample data are loaded into the magnetic-tape
buffer for all channels, and if the channel is one that has
been specified for printing, the temperature is loaded
into the teletypewriter output buffer as well. ,

Complex as this sounds, it requires only about 5 ms,
of which 3 ms is a delay to permit the group-switching
relay points and other power transients to die away.
Thus, the sampling could have been performed eight
times as fast before exceeding the processor’s capacity.
However, the temperatures in the temperature-monitor-
ing tests don’t change fast enough for such high-speed

way to preserve the contents of the memory. sampling to produce useful data. O
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5. Recording. Successive temperature determinations from the unit under test are kept in computer's memory until all 300 of the channels
monitored by the measurement system have been read. Then the collected readings are stored on magnetic tape in this format.
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Get what you want,
when you want it.

Get absolute reliability, wide selection and quick delivery
with Hitachi glass-sealed silicon diodes.

Hitachi quick deliveries are as reliable as Our selection — always big — now includes
Hitachi glass-sealed silicon diodes. And that’s many new types for specialized applications
as reliable as diodes can get. requiring fast recovery and high voltage.

We make our diodes using a machine we And our quality control is exacting.
designed, the world’s only successful machine Get what you want, when you want it.
for mass-producing glass-sealed silicon diodes From Hitachi. You can count on us for quick
of uniform high reliability. delivery of any types of diodes.

And, you can count on them.
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We celebrate our 1,000th shipment with
a 20% reduction in price.

Our 600 LPM Electrostatic Printer/Plotter. Now just $5900.00

Your turn to celebrate.

For over three years we've been
producing Matrix Printers, Plotters and
Printer/Plotters like there's no
tomorrow. One after the other. Sending
them to hundreds of U.S. companies.
To 18 countries. To four continents.

To some places—far from our service
reps—where an MTBF of 3,300 hours
is a godsend.

To work with 29 midi and
mini-computers.

Shipping them as fast as we could
make them.

And in three years our Matrix units
have become the industry standard.

This has put us in a position to do what
no one else in the industry can do.
Thanks to plummeting electronic
costs (remember, Matrix has only three
moving parts) ... and manufacturing
processes that have matured ... we are
making the price of our plotters and

printer/ plotters more competitive than
any comparable units.

Starting at only $5,100 for the
Model 200 Plotter.

Consider the price. And consider that
these are no ordinary output devices.

Profile of the “standard of the industry.”
Matrix units have the highest
reliability in the business.
A yearly maintenance contract
50% less than anyone else’s.
A warranty for parts and labor
four times longer than anyone else’s.
(One year vs. 90 days.)
Unbeatable price/performance ratios
in 8%, 11, and 20-inch-wide
Matrix units.
More proven controllers and more
powerful software.

And better paper-handling capabilities

than anyone else’s. Matrix units alone
use our MEWT' writing—a true
electrostatic writing technique with

outstanding legibility.

A choice of resolutions—up to 160
points per inch. No one comes close
to that.

No wonder that everybody in the
electrostatic business uses us as the
standard of comparison.

So celebrate with us. Our success
affects you right where it feels best . . .
in the pocketbook.

This good news is brought to you
by Versatec. Electrostatic specialists
with the broadest line of electrostatic
devices anywhere. Leading the silent
generation.

Versatec Inc., 10100 Bubb Road,
Cupertino, California 95014
(408) 257-9900 <}
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After three years, Matrix is still the industry standard.
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Efficient PBX's in offices.

Mobile exchanges and cable PCM

in telephone companies.

And microwave PCM.

Terminals for the SPADE* system utilize
orbiting satellites more economically.
Postal automation equipment

in a Manhattan Post Office.

All are backed by our unique technology in-
tegration. Few companies produce a com-
parably vast product range. From switching,
transmission, radio to computer mainframes.

NEC America, Inc. Suite 4321, Pan Am Bldg. 200 Park Avenue, New York, N.Y. 10017 Tel. 212-661-3420 TWX 710-581-3376 TLX NECAUR 234936
Washington, D.C. Oftice: 2990 Telestar Ct., Suite 212, Falls Church, Va, 22042 Tel, 703-560-2010 TWX 710-831-0639

Chicago Office: 500 North Michigan Avenue, Chicago, Ill. 60611 Tel, 312-828-9494 TWX 910-221-2101

Los Angeles Oftice: Airport Century Bldg., Suite 924, 9841, Airport Boulevard, Los Angeles, California 90045 Tel. 213-776-5923 TWX 910-328-6574
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Postal automation equipment

NEC products are always near. Filling gaps
and solving urgent problems. Call, telex
or write NEC America Inc. in New York,
Washington D.C., Chicago and Los Angeles.

*Single channel per carrier PCM muitiple Access Demand assignment Equipment

NEC

Nippon Electric Co. Ltd

Tokyo, Japan
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Trace circuit faults
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easily with TRAC

With the Data Test user-proven transition count (TRAC) fault-diagnosis method,you can do complete functional
logic testing and trouble-shooting of all types of circuit faults, in the plant and in the field.

oday there’s | | &
I aproven.low

cost, method
of handling all your
testing problems at

the lcast expensive |

level. It’s as fast and
easy as 1, 2, 3.

It’s called Transi- 7

tion Count (TRAC)

testing. It’s common to every Datatester
circuit board test system, and it’s being
proved daily by hundreds of DATA-
TESTERS in use around the world.

Every logic circuit can be defined by
its own truth table. So if an exact num-
ber of input transitions is applied to a
logic circuit, an exact number of logic
transitions will occur at each output
pin and internal node.

This TRAC number is unique for
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 — ample,asingle TRAC
. number can store the
_ results of a 1,000,000
; "“' pattern test. In addi-
| s [ “  tion, a fault anywhere
in the network will
cause a change in onc
or more TRAC num-
] bers. Simply trace the
Im’*" M fault by comparing
TRAC numbers directly to the faulty
function, board, or component.
That’s why Data Test can offer you
a complete family of test
equipment designed to handle
every testing job . . . in the
factory or in the field.
In the factory you
can use our
high-
volume,

- ——

fully automatic test stations for produc-
tion testing. Our low-cost, semi-auto-
matic systems can be used for limited
production or as trouble-shooting and
repair stations. High-volume, multiple
station systems can be set up for a frac-
tion of the cost of other test methods.

In the field, service personnecl can
maintain and repair the product on the
spot without having to return circuit
boards to the factory, reducing board
inventory in the field.

Data Test TRAC permits fast, low-
cost set-up. It lets you trouble-shoot to
the component level easily, quickly, and
accurately. And it's backed by a com-
plete, proven family of DATATEST-
ERS for factory-through-field testing.

If circuit board testing and repair
costs are cating into your profits, maybe
you better try Data Test’s TRAC. It’s

the one that will really save you money.

every output and node for a specific
test. Instead of storing all I/O patterns, |
we remove the redundant information
and store only the transitions. This re-
duces your data storage needs. For ex-

Get more information on TRAC to-
day. Write Data Test Corpora-
tion, 2450 Whitman Road,
Concord, California 94518.

Orcall (415) 689-3583.

DATA TEST CORPORATION
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The new TH361 tetrode is designed to fulfill the is specially designed to match the outstanding
most important features of your FM transmitter. _capability of the tetrode and to offer a compact
A high gain of 27dB permits operating this tube and reliable package. Both the TH361 tetrode
and reaching 10kW with and TH18106 cavity com-
just a solid state driver; an Typical operating points. Class B—FM Amplitier | bination are available for
output power rating signifi- immediate delivery.

cantly lower than the upper For more information
limit insures easy operation please circle the Reader
and long life. The accom- Service card or contact us
panying cavity TH18106 directly. ‘Al losses included.

Anode Voltage 7kV DC Anode Current 2A

DC Grid2Voltage 500V DCGrid2 Current 125mA
DCGrid 1 Voltage -100V DCGrid 1 Current 10mA
Driving Power 25W* LoadOutput Power 10kW

'New FM transmitter
tetrode/cavity combination
boosts 25W to 10kW.

A
THOMSON-CSF  \"”

THOMSON-CSF ELECTRON TUBES, INC. / 50 ROCKEFELLER PLAZA / NEW YORK, N.Y. / TEL. (212) 489-0400

France - THOMSON-CSF Groupement Tubes Electroniques/8, rue Chasseloup-Laubat/ 75737 PARIS CEDEX 15/Tel. 566 70.04

Germany - THOMSON-CSF Elektronenrdhren GmbH/Am Leonhardsbrunn 10/6 FRANKFURT/MAIN/Tel. 70 20.99

Italy - THOMSON-CSF Tubi Elettronici SRL/Viale degli Ammiragli 71/ROMA/Tel. 638 14.58

Japan - THOMSON-CSF Japan K.K./Kyosho Bullding/1-9-3 Hirakawa-cho/Chiyoda-ku/TOKYQ/1102/Tel. (03) 264.6341

Sweden - THOMSON-CSF Elektronrdr AB/Box 27080/S 10251 STOCKHOLM 27 / Tel, (08) 22 58.15

United Kingdom - THOMSON-CSF Electronic Tubes Ltd./Bilton House, Uxbidge Road, Ealing /LONDON W 5 2TT/Tel. (01) 579 55.11/ Telex: 25 659

o
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Engineer’s notebook

Circuit lets regular scope
monitor eight logic inputs

by P.V.H.M.L. Narasimham
Indian Institute of Technology, Kanpur, India

Checking the logic levels of digital circuits can be
greatly simplified if both their inputs and outputs can
be observed simultaneously. Here is a multiplexing cir-
cuit that allows an ordinary oscilloscope to accept up to
eight logic inputs at the same time, thereby considera-
bly easing digital-circuit testing. Furthermore, with this
scope-input expander, actual signal-voltage levels, in-
stead of just their logic states, can be observed, or any
one of the signal waveforms can be displayed for some
time.

The logic levels to be checked are applied to the
eight-channel analog multiplexer, which also contains a
three-line-to-eight-line decoder. The multiplexer’s out-
put goes directly to the Y-input of the scope. The three-
bit counter drives the three channel-selector inputs of
the multiplexer. The counter determines which of the
logic inputs is displayed on the scope screen. Its output
also drives the three-bit digital-to-analog converter that
produces eight discrete voltage levels corresponding (in
ascending order) to the eight input channels.

For example, when the state of the channel counter is
110, the logic input on channel 7 is connected to the Y-
input of the scope. And the converter’s output for this

LOGIC INPUTS

A
r~ ~

12 3 4 5 6 7 8
T 1-1» l»l-l—l.l l 1
ANALOG MULTIPLEXER
FAIRCHILO 3705

3 4 A

B L MULTIPLEX
CLOCK —o o——

pr——e—

| o
THUMB- —=° P—

WHEEL | ! |
J o .8IT r
i r——-‘cosu?mnf . 3
| OECOOER —o p— f >{
i 1

—— —_— 4

|
MANUAL

operating condition will be at its level 7 (assuming that
the level corresponding to 000 of the channel counter is
taken as level 1).

The circuit has two switch-selectable operating
modes. In the MULTIPLEX mode, the channel counter
logs clock pulses continuously. In the MANUAL mode,
the counter can be set to any one of eight binary counts
(from 000 to 111) with the thumbwheel switch (or with a
set of three individual switches).

In the MULTIPLEX mode, there is a continuous clock
input, and the signals on input channels | through 8 are
sequentially applied to the scope’s Y-input. Since the
converter’s output drives the scope’s X-input, the scope
sweep is disabled. When the signal on channel n is ap-
plied to the Y-input, the converter’s output, which is at
level n, horizontally displaces the scope beam by (n - 1)
steps to the nth position. Therefore, the actual signal
voltage levels, not merely the logic states, of all eight
channels can be read directly from the scope screen.
Clock frequency can be | to 5 kilohertz so that the dis-
play remains stable.

For dynamic testing, when a single signal must be
studied, the circuit is operated in its MANUAL mode.
The desired input is selected by loading the channel
counter with the appropriate channel number. The sig:
nal waveform can then be observed at length—an ad-
vantage that many logic testing devices do not offer."

This scope input-expander circuit can be easily ex-
tended to cover 16 inputs by using a 16-channel multi-
plexer, a four-bit counter, and a four-bit converter. For
convenient handling, the 16 signal wires can be termi-

nated with a dual in-line clip. O
SO VA LU s Uy OB
{_ ® b L jl
J__‘ - & .. 8 . _l_
e -
T0 SCOPE T 23 8 5 6 7 8
LAL LS TYPICAL OISPLAY
r 3
8l —1n
7 — 110
6 101
-
w
z5F — 100 counten
oy STATES
4+ o O)II/
Y I — 1)
T0 SCOPE
X-INPUT 2p- —— 00
— 1 000 N
7
CLOCK = TkHz

>
:

Scope Iinput expander. Multiplexing circuit speeds up digital-circuit monitoring by enabling any scope to display up to eight logic inputs at
the same time. With the circuitin its MULTIPLEX mode, the scope displays the actual signal-voltage levels, rather than only the logic levels, of
all eight logic inputs. in the MANUAL mode, a single signal waveform can be selected with the thumbwhee! switch and studied at length.
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With relative ease, the bistable storage cathode-ray tube

DISplaylng gray_scale images can be adapted to display halftone photograph-like im-

ages. Although it is reliable, rugged, and inexpensive,

on bistable Storage tubes the bistable storage CRT cannot normally produce the

varying intensity levels needed for gray-scale informa-
by J. Karman and N. Kroese tion. This is because its phosphor can be in only one of
Delft University of Technology, Delft, The Netherlands two states—either written or unwritten.

However, an intensity-varying signal can be simu-
lated by the halftone generator shown in the diagram.

Taking pictures. Halftone generator circuitry enables bistable storage display units to produce gray-scale images. The generator provides a
duty-cycle-modulated square-wave output that effectively varies CRT beam intensity, storing a picture on the tube face. The photograph of a
satellite weather picture made with this technique shows that resolution is fairly good although the beam dot structure is visible.

(e r [
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This circuit enables the many oscillosopes and monitors
containing a bistable CRT to be easily adapted for dis-
playing gray-scale images. Also, new applications, such
as facsimile and long-term display of X-ray pictures, be-
come feasible.

The circuitry for the halftone generator in the figure
is intended to store and display satellite weather pic-
tures, which are transmitted line by line at a rate of four
lines per second. The intensity level of each portion of a
line is controlled by the video signal.

Since the only control that can be exercised over the
storage monitor is to turn the CRT beam on and off, the
impression of a changing intensity can be achieved by
varying the time that the beam is on as the video level
varies. In this way, a halftone display can be produced.
The inputs to the halftone generator are a symmetrical
square wave and the video signal. The generator output
is a nonsymmetrical square wave with a duty cycle that
varies with the video level.

The square-wave input to the generator first passes
through a level-shifter stage so that the signal logic lev-
els are correct for the rest of the circuit. The divide-by-2
stage is included for added stability. Its output is con-
verted to a triangular wave by the integrator.

The video signal is processed for intensity and con-
trast by being put through the level-shifter/amplifier
stage, which is followed by the pulse-width modulator
containing an open-loop amplifier. Each time the
triangular wave from the integrator crosses zero, this
amplifier’s output jumps to its maximum positive or
negative level (depending on the triangle’s level), pro-

Flashing lamp reminds you
to turn off equipment

by John Gibson
University of California, Berkeley, Calif.

[+ . +8-12v,
I I‘({(\]/\S'I 0.2 mA
10 4F Ut
- 1:10 Y
- e
10 kS
SUBMINIATURE
AUOID INPUT
TRANSFORMER: 1M82
CALECTRO 01710, % 1 uF [
100 kS2— 1 kS2 == == =
IMPEOANCE % 330 pF 1
- NES1
(QL |
M ’ -~ -l
2N2222 j:_“‘m KF ’

Warning light. Neon panel lamp flashes about every 5 seconds for
as long as equipment is on. The circuit, which is intended for battery-
operated units, keeps current drain to a low 200 microamperes.
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ducing a square wave at the output of the circuit.

The video level signal, which is applied to the non-
inverting amplifier input, determines the symmetry of
this output square wave. When the video level is min-
imum, the square-wave duty cycle is also at its min-
imum; likewise, when the video level is maximum, the
duty cycle is maximum. This duty-cycle-modulated
square-wave output is applied to the storage monitor’s
Z-axis input.

To get the best picture resolution, each line displayed
on the CRT must contain as many dots as possible. Max-
imum resolution is controlled by the specifications of
the storage display unit. For the Tektronix 611 storage
display used here, the specified horizontal resolution is
300 line pairs or 300 dots per line. Since the weather
pictures are being broadcast at a rate of 4 hertz (4 lines
per second), a square-wave frequency of 1,200 Hz allows
a resolution of 300 dots per line to be achieved.

The signal broadcast from the weather satellite con-
tains a 2,400-Hz reference; the line and frame signals
are derived from this signal. Increasing the square-wave
frequency to 2,400 Hz permits the line, frame, and dot
rates to be synchronized so that interference patterns in
the picture can be eliminated. (The square wave is re-
turned to 1,200 Hz by the divide-by-2 stage.)

The photograph shows a typical weather picture
made using this technique. Although the dot structure is
visible, the weather patterns are clearly recognizable. ]

Engineer's Notebook is a regular feature in Electronics. We invite readers 10 submit onginal
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 tor each item published

Most battery-operated equipment lacks an indicator
light to remind you to turn the unit off. Forgetting to
flick the off switch can be an expensive oversight. For
instance, if a dry-battery supply is left on so that it dis-
charges completely, the highly corrosive fluid that oozes
out of the cells may damage expensive components.
Frequent replacement of run-down batteries can also be
quite costly.

As a solution, you can easily install an incandescent
indicator, but even the lowest-drain (and therefore dim-
mest) incandescent lamp requires appreciable power,
often more than the rest of the equipment needs. On the
other hand, the neon-lamp circuit in the figure holds
current drain to a mere 200 microamperes. Moreover,
the neon lamp flashes approximately every 5 seconds
for a better warning indication.

The circuit employs a blocking oscillator whose out-
put pulses are rectified and then used to pump-up the
l-microfarad capacitor in a staircase-generator fashion.
When this capacitor’s voltage reaches the firing voltage
of the neon bulb, the bulb fires and discharges the ca-
pacitor. The cycle can now repeat.

Any neon bulb having a firing voltage of less than
90 volts can be used. Both the diode and the “firing” ca-
pacitor must be low-leakage devices. Correct trans-
former phasing is essential for proper circuit operation.
The transformer is wired in reverse—that is, its secon-
dary is used as the primary and vice versa. O
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At last, a possible
statistical solution to
IC yield problems

Service updates
sets of standards
every 90 days

A clean splice

How to get
better switching from
diodes, transistors

Inputs welcomed

To the IC manufacturer, few subjects have greater economic signifi-
cance than yield, and yet yield statistics have so far resisted theoretical
analysis. R.M. Warner, Jr., of the department of electrical engineering
at the University of Minnesota, Minneapolis, Minn., thinks he may
have the answer.

From a mathematical analysis of sample slices, he has observed that
defect densities may actually fit the simplest possible statistical model—
the well-known Poisson distribution—provided it is recognized that one
slice can contain more than one population of defects. In other words,
the area of a slice often can be divided into two or three sub-areas, each
with its own defect density. Each area’s distribution may differ widely,
and each has its own probability-density function.

The trick, of course, is to optimize a production run around the opti-
mum density distribution function. Warner’s complete treatment and
some examples can be gotten from a soon-to-be-published paper, ob-
tainable from the author.

Here’s a microfilm service you should check out. Information Handling
Services, Englewood, Colo., the company that runs the well-known
VSMF (Visual Search Microfilm File), is now offering a series of com-
mercial standards in compact microfilm form. Starting with the com-
plete family of standards promulgated by the American Society for Test-
ing Materials, IHS has gone on to include the standards of the EIA, ANSI,
SAE, NPPA, NEMA, and the ASME. The service, which will shortly be ex-
panded to encompass even more organizations, includes updating of
all files at 90-day intervals, except for the ASTM standards, which are
updated every 60 days.

Cable-splicing jobs are made much less messy than usual by a new Kkit.
The contents include flexible polyethylene sheathing that can be zipped
up as an inner lining, foam for end seals, a reusable polyvinylchloride
for an outer jacket, and a final seal of polyurethane foam that hardens
in 20 minutes. Maker is Zippertubing Co., Los Angeles, Calif. 90061.

With a diode or transistor, you can get faster and cleaner switching by
biasing the device close to its threshold level. A simple voltage divider
between the switch and an existing supply voltage will generally do the
job. J.R. Laughlin, an instructor at San Jacinto College in Pasadena,
Texas, discovered the technique while using a diode switch to eliminate
the waveform distortion that often results from operating an op-amp
half-wave rectifier at high frequencies.

Got any design tips or nifty solutions to knotty design problems you’d
like to share? Or for that matter problems you've been puzzling over
that you think other designers may want to wrestle with? Send them in
to the attention of Senior Editor Laurence Altman. We’ll credit you
and your affiliation with any item we use.
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Looking for Metal Glaze™ resistors?

Don’t overlook your TRW distributor.

If it's Metal Glaze you’re after, you al-
ready know why. Things like mechanical
strength, load-life stability, low TCAR,
ability to double-rate. For almost any low-
power circuitry, TRW/IRC Metal Glaze re-
sistors are hard to beat.

And like a lot of components these days,
they’re in short supply, right?

One suggestion. Make sure to check your
local TRW/IRC distributor. We can’'t prom-
ise it, but he may just have enough Metal
. Glaze, or TRW thin-film resistors, on hand
to help you out of a bind.

Complete resistor choice. TRW offers a
total resistor capability—carbon composi-

Electronics/November 22, 1973

tion, thin-film, Metal Glaze, wirewound and
other types. For information, contact Dis-
tributor Operation, TRW/IRC Resistors, an
Electronic Components Division of TRW,
Inc., 401 N. Broad St., Philadelphia, Pa.
19108. (215) 923-8230.

oo
P

TRW irc RESISTORS
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GOING TO EXTREMES
TO INSURE QUALITY

If you could take an express trip from the
North Pole to the equator, you'd experience
roughly the same effect as our special environ-
mental testing has on the fingertip-size “Toko
Pulse Transformer.” More than a thousand hours
of exhaustive testing in temperatures ranging
from —55°C to +85°C and humidity increasing
from zero to 98% allow no rest for these elec-
tronic machine parts. In addition, anti-vibration
and anti-shock tests are repeatedly performed
to satisfy uncompromising Toko standards.

Only after repeated and severe testing can we
determine if the quality of each piece of cir-
cuitry is acceptable. From the radio and TV
components that brighten our everyday lives
to the electronic miracles that will enable man's
exploration of the universe, even a single flaw
in the smallest electronic part could spell failure
... even disaster.

No wonder, then, we strive to maintain such
strict standards for all Toko products. Achieve-
ments like the development of the Pulse Trans-
former, Delay Lines, Wire Memaories, Super-Mini-
ature Coil and other innovative Toko products
require this conscientious attitude, combined
with a pioneering spirit, ready to meet every
demand placed on the Toko brand wherever it
appears in the world.

EXCELLENT SET WITH TOKO PARTS

D¢ TOKO, INC.

For further information, just call or write:

Head Office: 1-17, 2-chome, Higashi-Yukigaya, Ohta-ku, Tokyo, Japan

Toko New York Inc.: 350- Fifth Avenue, New York, N.Y. 10001 U.S.A. Tel: 5665-3767

Toko, Inc. Los Angeles Liaison Office: 1830 West Olympic Blvd., Los Angeles, 90006 Cal. U.S.A. Tel: 380-0417
Toko Elektronik GmbH: 4 Diisseldorf, Lakronstrasse 77, W. Germany Tel: 0211-284211

Toko (U.K.) Limited: 59-67 Gresham Street. London
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All components are fully accessible

“Reliability and maintainability count, too.
| want a generator that works! But in case
it needs service I'd like to specify plug-in
sockets for dual in-line IC’s, and a parts list
minus factory widgets. If | put my money
mg;)ur model, will my QC man hate me?”

Upper trace. Constant Duty Cycle pulses over a
10:1 frequency range
Lower trace: Normal pulses over same range

“Standard pulses with predetermined width
are fine for most requirements, but when
I'm changing repetition rates | have to fid-
dle with the width control to make sure that
| don't lose the pulse. Does your 'Constant
Duty Cycle’ mode let me set width as a per-
cent of pulse period so | can change rep
{%fg without tweaking the other controls?”
)

DeL PULSE

NORMAL
DUTY CYCLE mme I
\ -
ALY
P —

TRIGGER
TRIGGER
DBL PULSE
GATE

PULSE
AMPLIFIER

INPUT

A single control selects all 7 modes.

"That Duty Cycle mode could come in
handy, but | also want the regular pulses
that I'm used to, and double pulses, and
50% squarewaves to 50 MHz. How about
trigger, gate, triggered double pulse, and
pulse shaping? (And all of these modes
better be easy to set!)” (YES)

Upper trace: distorted, noisy input.

Lower trace: pulse generator output (Pulse
Amplifier Mode)

"My application calls for pure pulses with a
bare minimum of overshoot and squiggles.
And | need to clean up distorted signals —
you know, send in a crummy pulse train
and get out a nice squared-up pulse with
the offset, amplitude, and rise/fali times
I've set up on the generator. Can do?”
(YES)

Four SERIES 20 models are available from
$575.

“Your $1095 P25 Pulse Generator has it
all, including simultaneous positive and
negative outputs, each with adjustable d-¢
offset and variable rise/fall times from 5
nanoseconds. But if | only need a single
output or faster, fixed rise times, am | out
of luck?” (NO)

ask a50-MHz pulse generator these S questions

if the answers are yes,yes, no,yes, no,
iCSINTERSTATE

U.S. HEADQUARTERS: De]pt. 7000, Box 3117, Anaheim, CA. 92803: OVERSEAS SALES OFFICES: AUSTRALIA, Parameters Pty., Ltd.: BELGIUM-LUXEMBOURG, Regulation-Mesure S.P.R.L.:FINLAND
SRAEL, Radat International Company Ltd.: JAPAN, Asahi & Co., Ltd.: NETHERLANDS, Tekelec Airtronic, N.V.: NEW
EN, M. Stenhardt AB.: SWITZERLAND, Traco Tradin,

Havutinno Oy: FRANCE,

Electronics/November 22, 1973

ekelec Airtronic, S.A.: ITALY, Tekelec Airtronic: |
ZEALAND, David J. Reid, Ltd.: REPUBLIC OF CHINA, Bons International Co., Ltd.: SPAIN, Teico, S.L.: SWED!
Euro Electronic Instruments, Ltd.: WEST GERMANY, Tekelec Airtronic GMBH: CANADA, Radion‘cs, Limited.

the Interstate man with all the answers is John Norburg—call collect (714) 772-2811

@
(3 @

INTERSTATE ELECTRONICS CORPORATION

Subsidiary of A-T-O Inc.

Circle 137 on reader service card

# Co., Ltd.: UNITED KINGDOM,
TWX U.S.A. 910-591-1197 ELEX U.S.A. 655443 & 653419
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an orl1
for the (lg)lrtilce
of a copy.

A lot of imitations have come along since MICRO SWITCH
introduced its low-cost line of DM pushbuttons.

Our price is still tough to beat. And so is our package of
features.

There's ease of installation.
Snap-in mounting eliminates the use of
tools. Quick-connect terminals simplify wiring.

There's versatility.

Awide choice of circuitry. Buttons
in several styles and colors. Lighted or
unlighted displays. Colored faceplates.
Momentary, push-pull maintained, pull-
to-cheat and a two-level alternate action
(visually tells what mode you're in).

There’s reliability.

Rugged construction plus a
corrosion-resistant plunger and case. Our
time-proven snap-action switch. A high elec-
trical capacity (UL and CSA listed at 10 amps., Vs
hp; 125 or 250 vac).

For more information, contact your MICRO
SWITCH Branch Office or Authorized Distributor
(Yellow Pages, “‘Switches, Electric’’). The help they
can provide is another feature our imitators have never
been able to beat.

MICRO SWITCH makes your ideas work.

MICRO SWITCH

FREEPORT.ILLINOIS 61032
A DIVISION OF HONEYWELL

MICRO SWITCH products are available worldwide through Honeywell International.
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The CRT display

ISN

t really obsolete.
DIGIVUE®just makes

it look that way.

And Rear Projection Capability

Is One Reason Why. . ..

Digivue is the plasma display
device from Owens-lllinois that
delivers computer-generated alpha-
numeric and graphic displays at
microsecond speeds. Digivue pro-
vides drift-free images, selective
write/erase, inherent memory,
hard copy printout potential. And
rear-projection capability.

You get coordinated computer-
driven displays and optically pro-
jected images. Rear project a blank
graph, chart, table, blueprint or
cutaway drawing, for example,
while computer-generated data fills
in the blanks. Theoretically, any-
thing that can be photographed can
be rear-projected through a
Digivue screen. From maps to the
Mona Lisa.

"

| |

P —_
-

Try that with a CRT.

If you'd like to know more about
the next generation in display
systems, take alook at tomorrow—
take a look at Digivue.

Call or write:

Electro/Optical Display Business
Owens-lllinois, Inc.

P.O. Box 1035, Toledo, Ohio 43666
(419) 242-6543 Ext. 66-415

Circle 139 onreader service card

Simulation of rear
projection on screen.



o0RRY IEM
WE DON'T

WANT YOUR
BUSINESS

Stewart-Warner Microcircuits is hetter at
serving companies our own size.

line, plus the 9601 and 9602, as well as
a complete line of 930 DTL's.

With due respect to mighty IBM, if
they wanted to give us all their business
we'd have to turn them down. We're
geared to serve small and medium-size
companies best. We know their prob-
lems because they're just like ours. But
although we're not set up to feed the

hungry giants of the industry, when it
comes to product quality, service, and
customer loyalty—we really deliver.
Speaking of delivery, if you order your
7400 TTL's now, you'll be getting prod-
ucts in ‘74 instead of promises. Remem-
her,we've got 77 circuits in the 7400 TTL

sweeoLof | STEWART-WARNER MICROCIRCUITS OIVISION
STEUJRHT WARNER C ATION

ExCELLENCE | 730 E Evelyn Ave = Sur Ca 08) 24

Get your quote on our out-of-state toll-free line—(800) 538-7906, or contact our nearest representative.
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New products

TV integration takes giant step

Family of seven ICs developed by Italian company covers most of PAL system;
first four to be produced can be used in pre-chroma stages of U.S. color sets

by Andrew Heath, McGraw-Hill World News. Milan

The human eye leaves little scope
for miniaturizing the front of the
television tube. But in the back of
the set, a revolution in min-
iaturization is taking place through-
out the industry and points to sig-
nificant technological and economic
gains.

The Italian state-controlled com-
pany. SGS-ATES, is already offering
samples of what will be an almost-
complete family of Tv circuit func-
tions in IC form. By the latter half of
1974, sGS-ATES expects to be manu-
facturing a total of seven devices
that will integrate virtually all stages
of the PAL color-TV system from in-
put signal to TV tube. The only func-
tions not covered will be the uhf-vhf
tuner, the horizontal power deflec-
tion stage. and the final stages of
video amplification.

In carrying out the integration,
SGS-ATES engineeers were able con-
siderably to improve performance
and lower costs of many functions
normally handled by discretes or
lower levels of integration. More-
over, the complete system offers the
TV manufacturer the potential for
modular construction, with obvious
production cost advantages and
avoidance of interface problems.
The number of passive components
required by the system is reportedly
30% to 40% less than in conven-
tional color TV sets.

The first four of the seven devices
to be put into production can. in ad-
dition, be used in the pre-chroma
stages of the American NTSC color
system. or both the complete black-
and-white systems. Circuits suitable
for U.S. sets will be introduced Dec.
3-4 at the IEEE Fall Conference on
Broadcast and Tv Receivers at
O’Hare Inn, Chicago.
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The four pre-chroma devices that
also cover the functions required in
black-and-white TV receivers are:
the TDA 440 vidco i-f amplifier. a
device first developed by Tele-
funken, the TDA 1170 complete
vertical deflection system, the TDA
1180 line processor and sync separa-
tor., and the TDA 1190 complete
sound and audio channel.

The three specifically designed for
the PAL color system are the TDA
1140 reference signal processor, the
TDA 1150 luminance and chromi-
nance amplifier, and the TDA 1160
chroma demodulator and red-
green-blue matrix.

Some of the functions have been
integrated before by other manufac-

turers, and in at least one case, more
functions were integrated on one
chip. SGS-ATES, however, considers
that excessive integration on a chip
confronts the TV manufacturer with
a less flexible choice in second-
sourcing decisions and also compli-
cates diffusion techniques, leading
to higher rejection rates. Moreover,
larger than standard 16-pin pack-
ages are costly to install, the com-
pany says.

Two of the four pre-chroma de-
vices—the TDA 440 and TDA
[180—are in standard 16-pin form,
while the other two—TDA 1170 and
TDA [190—are in Fin DIP packages
developed by SGS-ATES. The TDA
1170, for example, has 12 pins plus

Getting smaller. Circuit assemblies shown with deflection yoke include new ICs that will
help miniaturize more stages of TV sets and reduce the number of passive components.
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DAHMEN BURNETT
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Grenier Industrial Village
Londonderry, N.H. 03053
Tel: 603-668-2777
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two large external cooling tabs that
are soldered into the printed-circuit
board. The three chroma devices are
in 16-pin form.

The choice of 16-pin packages
was one decisive factor in splitting
up the functions the way SGS-ATES
has. But the main motivation be-
hind the company’s partitioning
philosophy is to achieve homo-
geneity of function for each IC. “It
allowed us to fully exploit the tech-
nology we have available in each
area,” says Aldo Romano, who
heads linear IC development for
SGS-ATES at the Castelletto plant to
the west of Milan, “as well as pro-
vide a modular kit approach for the
TV manufacturer.”

Homogeneity also enabled the
company to develop ad hoc tech-
nologies for each device. As an ex-
ample, for the TDA 1170, which
contains all the functions of a ver-
tical deflection system—frame os-
cillator, ramp generator, power out-
put amplifier, fly-back generator,
and voltage regulator—the company
used high-voltage and high-power
technology. Integration required
raising the voltage to more than 35
volts from the conventional rating
of about 18-20 Vv (in-house tech-
nology runs to 70 V). Also, output
current was raised to 1.6 amperes.
Optimal geometry of the power-
stage transistors enables the device
to support this current on the re-
duced silicon area.

For another, the complete audio
channel-TDA 1190—has been put
on one chip. The device uses high-

power and medium-frequency tech-
nologies to integrate an i-f ampli-
fier, fm detector, active filter, dc vol-
ume control, power amplifier, and
voltage regulator. To accommodate
the high power and medium fre-
quency on the same chip without
power dissipation and feedback
problems, SGS-ATES attenuated the
sound carrier at input threshold to
334 megahertz, which notably im-
proves the amplitude modulation
rejection. The device also carries a
dc volume control of 100 decibels
(typical) on output power of 4.5
watts and a-m rejection of 55 dB and
an input limiting voltage of 30 mi-
crovolts.

Similarly, the video i-f amplifier—
TDA 440—uses a techology that has
a cutoff frequency of 650 MHz, well
above the usual levels. The appli-
cation of such ad hoc technologies to
each device in turn allowed more in-
tensive integration. For example. in
this device the detector contains 14
transistors, two diodes, and 10 re-
sistors. Discrete technology in the
same area would have only. as a
basic system, say SGS-ATES apph-
cations engineers, a diode. a resistor
and a capacitor. Romano explains,
“We handled it this way rather than
by just integrating the discrete sys-
tem because our solution overcomes
the problems of linearity and inter-
modulation between the sound and
chroma carriers inherent in the dis-
crete system.”

SGS-ATES Componenti Elettronici S.p.A, Via
C. Olivetti 1, 20041 Agrate Brianza (Mi), Italy
[338]

Deflection and sound. On board at left is
TDA 1170, an IC that performs functions of
vertical-deflection system. On board below
is the 1190, a complete audio channel
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if it’s a meter
or meter relay,

Stock or Special...

Medel 1367 Cat No.
FREQUENCY METER 3493

453053 Mz

Model 3623X8  Cat. Ne.

BC MILLIVOLTMETER 16850
0.30 Beiay OSP

makes it.

..... ’ Medel 622 Cat. Mo
0C MILIAMMETER 18024
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Model 2122 Cat. e
0C VOLTMETER 17448
0-50 11000 ohme: vett)

Medel 523 Cat. Mo
BC MICRSAMMETER 15817
030

Mede! 2123 Cat. Mo
0C MILLIAMMETER 17524
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Stock: Special:

Simpson distributors nationwide stock over Need a special or unusual meter? Let Simpson
1,500 types, ranges, styles and sizes of panel help you custom design it. Send us your specs
meters, relays and controllers. They're all and we'll send you a quote. But check our
listed in Catalog 4200. Write for your free catalog first—that “special” may be a standard
copy. Simpson stock item.

Get off-the-shelf delivery from your local electronics distributor.

SIMPSON ELECTRIC COMPANY KATY INQUSTRES
853 Dundee Avenue, Elgin, llinois 60120
e (312) 695-1121 e Cable: SIMELCO e Telex: 72-2416
) IN CANADA: Bach-Simpson, Ltd., London, Ontario
IN ENGLAND: Bach-Simpson (U.K.) Limited, Wadebridge, Cornwall
IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay R
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E-H PULSE GENERATORS
Building the solution to your measurement problem.

Fast, accurate pulses from For complete specifications, including a con-
E-H, the company that sup- venient selection chart, use the bingo card, or
plies over one-third of the call us direct.

world’s pulse generators. A
line so complete that you will
find exactly the specs you
need.

Take the 129, for example. It's used in more
sophisticated R&D applications than any other
pulse generator. It's capable of 500 MHz — with a
transition time specification of 500 psec.

Or the versatile 135A with all the capability you
would ever need as a workhorse for your produc-

tion line.
$395 is the cost of our 50 MHz Model 710. For
this you get a pulse generator that gives you all LaEb-:r:tifieeas"i:c
the basic testing capabilities and a clean pulse. 515-11th Street. Box '1289 -
All these and more — a line of 20 of the world’s Oakland, Califo'rnia 94604
best pulse generators. (415) 834-3030
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Synthesizers geared to systems users

Low-priced special-purpose units have excellent phase-noise
characteristics, along with optional alarm monitors and fault-location circuitry

Lyman J. Hardeman, Communications and Microwaves Editor

Vhf-uhf frequency synthesizers have
been available for some time to
meet a wide variety of general-pur-
pose applications—from instruments
in standards and engineering labo-
ratories to automatic test gear.
These units, available from several
manufacturers, usually have outputs
over a broad range of frequencies
from a few kilohertz to well into the
uhf part of the spectrum.

But Frank J. Sposato, executive
vice president at LogiMetrics Inc.,
points out that 75% to 80% of all
synthesizer requirements are for
narrow-band systems applications.
And because LogiMetrics can pro-
duce narrow-band units at prices
roughly 25% below the price of
wide-band counterparts, his com-
pany is introducing a line of nar-
row-band synthesizers especially
designed for the user of special-
purpose systems.

Model 510 and model 512, the
first of the series, span the ranges
from 95 to 115 MHz and 125 to 160
MHz respectively. These synthesizers
use the indirect-synthesis method to
generate the output power. Each
has 1-kHz resolution, with options
for resolution down to 1-Hz. Fre-
quency is selected manually by
front-panel thumbwheel switches,
and remote programing of output
frequency is optional.

Maximum phase noise for the
model 510 is 110 dB below the car-
rier in a l-Hzbandwidth, offset 300
Hz from the carrier frequency. The
corresponding phase-noise specifi-
cation for the model 512 is 107 dB
below the carrier. These excellent
phase-noise characteristics are gen-
erally achieved more readily than in
previous units because of the nar-
rower bandwidths over which the
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Special-purpose. Narrow-band vhi synthesizers shown above are part of new line from
LogiMetrics. The instrument at top includes optional alarm monitor and fauit-isolation switch.

new synthesizers operate, Sposato
says.

Harmonically related spurious
outputs are 30 dB below carrier for
both units, while non-harmonically
related outputs are maintained at 80
dB below the carrier and lower. Ra-
dio-frequency output for both mod-
els is variable from +3 dBm to + 13
dBm when used to drive a 50-ohm
load. Output leveling is kept to
within *1 dB over the band.

Typical systems applications for
the new synthesizers include satel-
lite communications, frequency-
agile radar, electronic counter-
measure systems, programable local
oscillators for surveillance receivers,
and microwave common-carrier sys-
tems. The synthesizers are also well
suited for special-purpose automatic
test systems.

Optional alarm monitors and
fault-location circuitry have been
provided especially for the systems

user. Among the parameters moni-
tored are a check for frequency-
standard input, the presence of an
output signal, proper operation of
all phase-locked loops, and power-
supply voltages. Failure of one of
these parameters will light a front-
panel indicator and close a relay for
remote indication. In addition, an
11-position front-panel switch and
meter will isolate faults to the re-
movable-module level.

Price for the model 510 is $3,485
each in quantities of 10. Model 512
is priced at $4,585 in the same quan-
tity. Delivery time is about four
months in both cases.

Higher-frequency models are
being prepared for shipment by
mid-1974. An example is the model
522, a synthesizer operating from
2,150 to 2,575 MHz with +10 dBm
output. It will sell for about $7,000.
LogiMetrics, Inc., 100 Forest Drive, Green-
vale, N.Y. 11548 [339]
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Digital VOM challenges analog meters

Drawing less than a milliwatt, rugged 3%z-digit unit for $195
can operate for more than a year on a single 9-volt battery

by Michael J. Riezenman, Instrumentation Editor

Although digital multimeters are
widely accepted as laboratory and
service tools, they have not made a
serious dent in the analog volt-ohm-
milliammeter market. And this is
despite their unambiguity of read-
ing and their greater accuracy.

The reason for their failure, ac-
cording to the planners at Dana
Laboratories, is twofold: relative in-
convenience and relatively high
price. To compete successfully with
analog meters, Dana says, a digital
instrument must be capable of
being banged around in the field for
at least a year without requiring any
recalibration, battery changes, or
battery-charging. And it must be
comparable in cost with the en-
trenched analog competition.

Dana’s answer to this challenge—
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the Danameter—is probably the first
instrument that truly rivals analog
types on both these counts. Featur-
ing a 3'%-digit field-effect liquid-
crystal display, the instrument con-
sumes less than a milliwatt of
power, so that it can operate for
more than a year on a single 9-volt
transistor radio battery. The instru-
ment’s front panel contains only a
single switch, two holes, and the dis-
play, so that users of the popular
analog vOMs should have no trouble
understanding how to use the meter.

Priced at $195, the Danameter
costs about the same as the better
analog voMs—those with FET-input
circuitry and good overload protec-
tion. The cheaper voMs—those with
input resistances of 20 kilohms per
volt and little or no overload protec-

tion—still are less than half the price
of the Danameter.

Like the instruments it seeks to
replace, the Danameter measures ac
and dc volts, dc current, and ohms.
Unlike these instruments, however,
it has automatic polarity detection
and display, automatic zero-adjust,
and no need for a special adjust-
ment on the ohms scale. The instru-
ment is conservatively rated to have
a maximum error of 1% of full scale
on the dc voltage scales, 1.5% on the
ac voltage scales, and 2% on the
ohms and current ranges.

Input impedance is 10 megohms
on the dc voltage ranges and 2 meg-
ohms on the ac voltage ranges. For
both ac and dc voltage the Dan-
ameter has four ranges: 2, 20, 200,
and 1,000 v. For current the ranges
are 20 microamperes, 2 milliam-
peres, 200 ma, and 2 amperes. For
resistance they are 200 ohms, 20
kilohms, 2 megohms, and 200 meg-
ohms.

To further differentiate the Dan-
ameter from its analog competition,
it has been designed to survive a
drop from a workbench to a hard
floor without damage. The outer
case is made of Cycolac, an ABS
plastic of the type used in football
helmets. Also, the all-important
range switch uses a “music box”
cam construction that selectively
shorts together various pairs of con-
ductor pads by pushing down on a
movable spring contact arm riveted
to a single printed-circuit board.

While not completely watertight,
the meter was designed to withstand
a brief rainshower. Its outside di-
mensions are 4 inches by 7 in. by 2
in., and weight is 1 pound.

Dana Laboratories, Inc., 2401 Campus
Drive, irvine, Calif. 92664 [340]
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Other Scientific-Atlanta Inc. Divisions are

We think of our enclosures as
silent salesmen. The first ten
seconds of display for an elec-
tronics unit focus simply on the
package. Its color (and the other
colors available), its finish and
style. It won’t break a sale—
the equipment inside does that.
But it sure can help make one.
Our award winning designs and

total coler range have proved it.

Does a client need a venti-
lating grille? A blower? What
about writing surfaces, drawers,
casters? We have them in pro-
duction, on line and ready to go
—offering the access, flexibility
and mobility your clients re-
quire. We even paint our units
inside and out, and assemble

them for final inspection—
including most options and
accessories—at the plant.

We're ready with all this, and
more. Ready right now.

Write Optima Enclosures,
2166 Mountain Industrial Blvd.,
Tucker, Georgia 30084 or call

(404) 939-6340. onlm

Before you choose
- your next enclosure,
show this ad to your salesmen.
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Semiconductors
4,096-bit RAM
has fast access

3-transistor cell from
Motorola and AMI
challenges mainframe cores

Despite its predicted early death,
the core memory remains the work-
horse of the mainframe computer
industry. But new challengers con-
tinue to emerge [Electronics, Aug.
30, p. 143), and among the most re-
cent is a 4,096-bit random-access
memory developed jointly by Moto-
rola and American Microsystems
Inc.

Motorola is now sampling one
version of its RAM, and this will be
available in production quantities in
the first quarter of 1974. Another
model will be offered in production
quantities in the second quarter.
AMI is also in production, and its
products are expected to be avail-
able in large quantities in the first
quarter of 1974.

The two companies share the
same masks and processes. “That’s
the only way to have real inter-
changeability,” says Durrell Hillis,
manager of MOS marketing at
Motorola. The company’s 4-kilobit
RAM, designated the MCM6605/6,
comes in two versions, one for emit-
ter-coupled-logic output with a 190-
nanosecond maximum access time
and the other for transistor-transis-
tor-logic output, slightly slower at
230 ns. Read-cycle times are 430
and 470 ns, and write times 310 and
350 ns. Both versions are otherwise
identical. They have MOS/TTL in-
puts and are made with n-channel
silicon-gate technology, which con-
tributes to the high speed of the de-
vices.

The MCM6605/6 uses three-tran-
sistor cells rather than the single-
transistor versions now being mar-
keted or developed by several com-
panies. The single-transistor cells re-
quire less silicon area than those
with three, suggesting lower produc-
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tion costs. But Ronald Komatz,
manager of MOS strategic planning
at Motorola, points out that the ac-
tual savings in area is small, and
may easily be overshadowed by
sensing problems, since the sense
amplifiers have to be larger. The
Motorola/AMI devices measure 168
by 195 mils. And Hillis thinks that
second-sourcing a single-transistor
version will be even more difficult
than for a triple one.

A number of companies are
adopting the single-cell pinouts, but
not Motorola and AmI: “Our
pinouts were selected for systems
reasons,” says Komatz. “The power
pins are in the corners, eliminating
false signals generated from having
power around input pins. And
though common pinouts help some,
the pattern and clock levels are dif-
ferent.”

Along with the speed and instant
second-source, Motorola feels the
MCM6605/6 has an advantage in
needing extremely low standby
power of only 5 nanowatts per bit.
“Ninety percent of the parts are in
standby typically, and for a 100-mil-
lion-bit extended main memory, this
represents a large power savings,”
says Hillis. Active power required is
70 microwatts per bit. Only one low-
capacitance clock is needed, with a
refresh period of 2 milliseconds, and
refresh every 20 cycles instead of 64.

Power required is + 12 volts, -5 V,
and for the TTL version, +5 v. A-m
tolerances are £10%. The package is
a 22-pin ceramic DIP, with plastic to
be added when volume justifies it.
The TTL version is now being sam-
pled, with production in first quarter
of 1974, and the ECL version is due
for production in the second quar-
ter. Production of this and other 4-
kilobit RAMs have been much
slower than many semiconductor
firms originally anticipated. Komatz
says, “I believe that the magnitude
of processing a really large dense LsI
chip using the n-channel, silicon-
gate process was underestimated by
the industry.”

Present price is about % cent per
bit in quantities of 100, expected to
drop to 0.25 cent by 1975 and 0.15
cent by 1976. At these levels, Moto-
rola is expecting the memory to find

wide use in mainframes and new
minicomputers.

Motorola Inc., Semiconductor Products Divi-
sion, Box 20924, Phoenix, Ariz. 85036 [411]

ROM is electrically
alterable, nonvolatile

Designated as part of the NC7000
series, an M-NOS read-only memory
is electrically alterable. It is avail-
able in 64-bit and 1,024-bit configu-
rations and is a nonvolatile device
requiring a low operating power,
some as low as 3 microwatts per bit.
The memories will hold the pattern
written into them when no power is
on. Programing is accomplished as
for RAMs—after the clear pulse re-
sets the memory to the zero state.
For reprograming, the ROM need
not be removed from the printed-
circuit board, nor are ultraviolet ir-
radiation or fusible links required.
In addition, the device offers a read-
cycle speed of 10 to 20 microseconds
and a write time of 1 millisecond.
Applications are, for example, in
battery-operated digital systems,
program and buffer storage, preset
radio tuning systems, point-of-sale
terminals, telephone autodialing, nu-
merical control, and communica-
tions-systems encoding.

Nitron Corp., 10420 Bubb Rd., Cupertino,
Calif. 95014 [381]

Solid-state timer produces
delays from 1 usto 1 hour

A dual timer in monolithic inte-
grated-circuit form is designed for a
wide range of uses including re-
placement of time-delay relays.
Called the model NE/SE 556, the
unit produces controllable time de-
lays between 1 microsecond and one
hour, adjustable over a ratio of 10 to
one. Both halves of the timer can
operate independently, as well as to-
gether, and it can also be set to run




Winchester Electronics Back Panel Packaging.

Before another dawn comes up, before you put another
design on the docket, look into Winchester Electronics
Back Panel Packaging. You'll see that it's not one, but
three kinds of systems. Metal Frame, Metal Plate and
Printed Circuit Back Panels. So you can choose the one
that fits your objectives best. Your design freedom goes
on from there. With the variety of printed circuit,
input/output and other discrete connectors you want.
With wide choices in terminations, grid spacing, contact
types and more. All this to adapt to the design ideas in
your completed systems loop.

Winchester Electronics Back Panel Packaging. It’ll take
you out of the Dark Ages of package design. You’'ll see
how it eliminates spec-by-spec, technological tangles.
How it ends the eye-straining drudgery of comparing
specifications from one thick catalog to another. You'll
see how it frees neat, fast efficient imagination to give
your design its place in the sun.

Winchester Electronics Back Panel Packaging. It puts
you ahead with Winchester Electronic’s comprehensive,

in-depth experience. And with applications-oriented
engineers. People with ideas, capabilities, assembly
savvy and facilities to help you design-by-specifying

. .. and get what you need. From custom back panels
alone . . . to complete, packaged systems with
assembled panels, interconnections, components,
wiring, card cages — the whole system, if that’s what
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Winchester Electronics Back Panel Packaging. A bright,
new light to speed your designs, your production . . . and
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If thisis all you're seeing, thisis what you're missing.

The AQ DICV Series 10 Differential Interference and semi-opaque materials. Helps you make critical
Contrast Microsoope can make a big differ- quality control chedks of semi-conductors, inte-
ence. A standard brightfield microscope . grated circuits and metallurgical samples.
reveals only what is shown in the specimen ’ 73 AO DICV Microscopes convert quickly from
on the left. e ~,) ‘ interference contrast to brightfield.

Now look at the specimen on the right. With 3 ' So if you can’t afford to miss something,
this ability to reveal significant detail in w you can’t afford to overlook the AO
outstanding relief in black and white or color, DICV Microscope. For details, write
the AQ DICV Series 10 can help you spot American Optcal Corporation, Scientific
surface irregularities, inclusions and faults. Instrument Division, Buffalo, N.Y. 14215,

By using incident light, after Nomarski, it
provides contrast enhancement of opaque

AMERICAN OPTICAL

CORPORATION

SCIENTIFIC INSTRUMENT DIVISION o BUFFALO, N.Y. 14213
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70 Constantine Drive, Mahwah, NJ 07430
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free, in which case each half can be
set to oscillate at any frequency be-
tween 300 kilohertz and less than
one pulse per hour. Duty cycles are
adjustable from 50% to 0.01%. The
unit is guaranteed over the tempera-
ture range from -55° to +125°C
and is priced at $1.25.

Signetics Corp., 811 E. Arques Ave., Sunny-
vale, Calif. 94086 [413)

Static 1,096-bit RAM
accesses in 450 ns

By combining its silicon-gate
n-channel and ion-implantation de-
pletion-load technologies, Mostek
Corp. has developed a static 1,096-
bit random-access memory with a
worst-case access time of 450
nanoseconds. Designated the MK
4102-1P, the MOS LSI RAM is a pin-
for-pin replacement for the Intel
2102-1, the Signetics 2602-1, and the
Intersil 7552-1.

Other features include direct TTL
compatibility, a three-state output
buffer, and single + 5-volt-supply
operation. The high impedance
“off”” state and chip-select input al-
low a minimum of additional com-
ponents for large memory arrays,
and the fully static operation cuts
system overhead for small and me-
dium-size memory applications.

Cycle time is also 450 ns max-
imum, and chip-select and -deselect
require a maximum of 200 ns. Input
capacitance is 5 picofarads max-
imum; output is 10 pF.

The 4102 is available from stock
in standard 16-pin ceramic DIPs at
$24 each in 100-unit quantities.
Mostek Corp., 1215 West Crosby Rd., Car-
roliton, Texas 75006 [414)

Quad register operates
from dc to 5 megahertz

An n-channel, metal-gate MOS shift
register, designated the model
MC6567L, is a quad device with
four monolithic registers on a single
chip. It is directly compatible with
TTL and uses a single TTL-level clock
input; recirculate logic is on the
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SPIN-OUT

ITS CAUSE AND CURE

o

Mercury Spin-Out in
mercury displacement
load relays, due to high
and persistent inrush
currents, can impair
the. function of

your circuit.

Type 1140-45

Inrush current (up to 8K) will not damage Adlake's
Mercury Displacement Load Relays with unique, built-
in “"Anti-Spin-Out” protection.

Choose SPST to 3PST (N.O. or N.C.) for loads up
to 35 amps in street lighting, stage lighting, radio-
microwave, mining machinery, railroad equipment, and
other demanding applications where high and per-
sistent inrush currents are a problem.

For complete specifying data and a comprehensive,
free technical brochure on *'Spin-Out”, its cause and
cure, use reader-service number below.

THE ADAMS & WESTLAKE coveany

ELKHART, INDIANA 46514
219 - 264 1141
SINCE 1987 TELEX 25-8458

CABLE ADLAKE
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General Electric has
all the Solid State Lamps
(LED's) you may need,
ready for off-shelf delivery.

GE has a complete line of competitively priced infrared and visible
SSL’s now available for immediate delivery from your GE dis-
tributor or your local GE representative. We have a new plant
on-stream ready to serve you, devoted exclusively to manufactur-
ing solid state lamps.

New small infrared SSL.

from .25" to .050” in diameter;
select beam distance up to 1
mile with proper external optics
and specify power output from
a maximum of 7.5 mW @ 100
mA down to .1 mW.

With the addition of our new
SSL-65, GE can now offer an
infrared SSL as small as .050".
It's the ideal lamp to specify
where package size is critical.
With GE'sline of infrared SSL's,
you can now choose lamps

Bright visible SSL's.

the GE-patented light reflector.
GE’'s GaP pellet gives you
bright uniform light.

You'll have to see our visible
SSL's to.appreciate their bright-
ness. They feature high effi-
ciency GaP pellet material and

)0

Exclusive GE guarantees.

As a result of GE’s design
and construction features,
we can offer these exclusive
guarantees: Power output
to be within published min-
max range. 100% lamp in-
spection at rated current for
power output and forward
voltage; reverse current @
10, A is 2 volts or greater.
In addition to this blanket
guarantee, GE also guar-
antees every SSL-55B, SSL-

55C, and SSL-56 infrared
lamp for precision beam
alignment to within 3 de-
grees of the mechanical axis
of the lamp. Power output of
each of these lamps is within
the less than 2 to 1 range,
as published. GE will refund

" your purchase price or pro-

vide replacements for re-
turned lamps not meeting
published specifications.

Send today for information.

For a free copy of our Solid State Lamps catalog (3-3358), prices and
delivery details, write or phone your GE electronic distributor today.

Or call GE collect. Ask for John Hall at (216) 266-2400 for further details
and technical information. General Electric, Miniature Lamp Products
Department, Nela Park, Cleveland, Ohio 44112.

GENERAL @3 ELECTRIC

152 Circle 152 on reader service card

New products

chip. The device, with a capacity of
80 bits, operates from dc to 5 mega-
hertz and is suitable for a wide
range of applications, including use
as a refresh store. Power dissipation
is 650 milliwatts, and voltage re-
quirements are + 12 and -3 volts.
Motorola Semiconductor Products Inc., Box
20926, Phoenix, Aviz. 85036 [416]

C-MOS hex inverter
said to cut costs

A C-MOs hex inverter, called the
SCL 44494, is intended as an in-
socket replacement for the 4009-and
4049-type hex inverters. The new
device is said to cut the cost for that
function by more than half, with a
reduced current level as the only
tradeoff. Features include 2-mA typ-
ical sink and source currents at a
supply voltage of 10 v. The device is
useful for simple digital-logic inver-
sion and for linear applications such
as oscillators. Price 1s 75 cents each
for 1,000-lots.

Solid State Scientific Inc., Montgomeryville,
Pa. 18936 [417]

Rf power transistors
are rated at 100 watts

Rated at 100 watts for continuous
wave and peak envelope power, an
rf power transistor is designated the
PT5788 in a stud-mounted version
or the PT6665A in a flange-
mounted version. The devices are
primarily intended for single-side-
band high-frequency radio appli-
cations, particularly for marine off-
shore radios. Intermodulation dis-
tortion is specified at 32 decibels,
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It sure can. Say you own or use one or more of the mini-
computers George is sitting on. You can select, according to
your particular needs, any one of eight standard mini-maximizer
disc systems. George happens to be contemplating a mass
memory system with a capacity of approximately 1 gigabyte.
That's a lot of data storage capacity. e
But you might be thinking smaller: 7.5 million bytes, or some-
where in between. We can make you both happy. DIVA makes
a disc system that will let you or George segment and store
your number-crunching, time-consuming calculations and

make short shrift of them. These systems are high-performance
units: 624K bytes/sec transfer, 32-msec avg access, 11 sec stop
that cut running costs to a few bucks/hr.

That's maximizing your mini.

Now, about the cool million. You don't need a mini for this
calculation. DIVA's top-of-the-line disc system with 8 spindles
tags out at $111,900. Add the cost of your mini. Subtract the
total from $1 to $4 million: the cost of a comparable maxi.

That's saving a cool million, or more,

Obviously, there's more to mini-maximizing than is written
here. Options like IBM compatible formatting, an exclusive
DIVA feature, and psuedo-sectoring for efficient disc use.
Features like overlap seek and removable packs. The rest

is in our free brochure. Send for your copy. Read the specs
on all the systems. Talk with George Roessler about costs or
any unanswered questions on software, training, application, etc.
Then maximize your mini. She's got a lot of potential.

DIVA, Inc./607 Industrial Way West/Eatontown, N. ]J. 07724/
Phone: 201-544-9000/TWX 710-722-6645.

Mini maximizer systems

DIVA
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CMS 2802: EMM micro 3000
CMS 2803: AMPEX 1800 series

Plug-to-plug compatible
A clear system using our own hybrid circuit ICs.

CMS 2802

| Access time Cycle time | Temp.range Power supply voltage

+5V £3%. 4.0A max.

CMS 2802 300 ns 650 ns. 0°~+50°C +15V £3%. 4.0A max
—15V £3%, 0.9A max.

o o +5V £5%. 3.5A max.
CMS2803 340 ns 850 ns. 0°~+55°C —15V +3% 4.5A max.

fUJI ELECTROCHEMICAL GO.,LTD.

Head Office: Hamagomu Bldg., 5-36-11. Shinbashi, Minato-ku, Tokyo, Japan. TEL: 434-1271
Overseas Office:
New York, TEL: (212) 532-5630/Los Angeles, TEL: {213) 620-1640/Disseldorf, TEL: (211) 89031

Circle 154 on reader service card

Our single-chip concept:
Copper grid distributes current Integral solid copper leads and
most efficiently for lowest Vg (sst).  heat sink make pre-bond chip test
and inventory possible.
and pre-testing, you
can order our
PT 7511
device off-the-shelf
for switching
regulators, motor
controls and other
hi-rel power circuits.
For tech. data and
application
@ assistance, write or
—— %-)’ call, PowerTech, Inc.,
‘ 9 Baker Ct., Clifton,
= = N.J. 07011;(201) 478 6205

‘z ~ZPowerTech

Meet stringent MIL require-
ments best with the NPN silicon
transistor that's single-

minded about performance.

The concept: a unique —
single-chip design that  besfier ship.
packs the highest current L

ratingin its class .. . keeps 0
saturation voltage low and
eliminates second break-
down problems. Vg ., is
.60V max. @ 50 Amps, and
guaranteed at 90 Amps.
Eg,, is 6 joules. And
because its very simplicity
allows pre-rating Void-free bonding

techniquea elim-
inates hot spots.
L —

Top of itS class.
200v 90n
silicon transistor

= ',.ﬁ- BIG IDEAS IN
== BIG POWER
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minimum power gain is 14 ds, and
frequency range is 1.5 to 30 mega-
hertz.

TRW Semiconductors, 14520 Aviation Blvd.,
Lawndale, Calif. 90260 [419]

Phase-locked loop
consumes little power

The CD4046A COs/MOS phase-
locked loop consists of a low-power
linear voltage-controlled oscillator
and two different phase compara-
tors having a common signal input
amplifier and a common compara-
tor input. A 5.2-volt zener diode is
also provided for supply regulation
if necessary. Power consumption is
typically 70 microwatts when the
supply voltage is 5 v and the oper-
ating frequency of the vco is 10
kilohertz. Price ranges from $2.50 to
$6.50 each, depending on configura-
tion.

RCA Solid State division, Rte. 202, Som-
erville, N.J. 08876 [418]

Npn phototransistor offers
irradiance of 20 mW/cmz2
A fast switching npn phototransis-

tor, featuring a hemispheric lens,
provides a high degree of collima-

tion and uniform sensitivity with ro-
tation. Called the OP 400, the unit
has a collector-to-emitter break-
down voltage of 50 v, dark current
of 25 nA, and typical photo-current
of 3 mA with an irradiance of 20
mw/cm2. Typical applications in-
clude punched-tape and card read-
ers and optical encoders.

Optron Inc., 1201 Tappan Circle, Carroliton,
Texas 75006 [420)
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Aren’t you the guy who says he’s
always looking for a new way to

Have you thought about lasers?

A Hughes helium-neon laser is a light source for
devices that measure, align, level, detect, record. . . or
even provide a wireless communications link.

There may be a way to incorporate a laser into your
product to make it lighter, smaller, faster, more accurate
or more versatile.

First, let’'s make sure we're talking about
the same kind of laser. He-Ne lasers are low-cost,
low-power, and safe. (They cost as little as $80 and can
operate on either AC or DC.) They send out a visible
beam of parallel light waves that can travel for hundreds
of feet with very little divergence.

He-Ne lasers don't cut, weld, or perform brain
surgery. Those are other lasers.

He-Ne lasers have revolutionized sur-
veying and construction
engineering equipment. |
They shoot a perfect straight :
line for building bridges. Dig- |
ging tunnels. Laying pipes and :
cables. Or leveling road beds. |

But there are many =
other kinds of equipment l
that incorporate lasers. ’

|
]
!
L

Equipment to: Align car
wheels. Tell auto repair shops
when a damaged body is

Call Hughes
(213)534-2121

|

|

|

l

|

I'

If you're an OEM interested in incorporating o He-Ne |

loser into your product, call this number. Ask for I

Bob Weiner, extension 445. Or write 3100 W. lomita = . { |

Blvd., Torrance, Calif. 90509 | your intertace problems.

|

|

|

|

|

|

-
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HUGHES |

bcccccaeaa o
HUGHES AIRCRAFT COMPANY

ELECTRON DYNAMICS DIVISION

improve the product?

straight. Detect surface blemishes as products pass down
a production line. Measure flow rates and machine-tool
distances. Gauge thickness. Position automated
machines. Inspect large prisms and lenses.

Scan production lines to keep quantitative records.
Read bar-code patterns — adding totals and keeping
inventory count.

They can even be used in systems that carry large
amounts of audio and video information over short dlis-
tances. (Like transporting TV signals from a foothall
stadium to a transmitter van.)

Video playback systems. Non-contact printing.

Security systems. Computer readout. Holographic
recording for checking filed data. Particle counting in
pollution monitors.

A Hughes He-Ne laser may be the answer
to your productim-
provement, too. After all,
Hughes made the first work-
ing laser. And we pioneered
the use of He-Ne lasers in
many of the fields we've listed.
We can anticipate many of

And opportunities.
If you're serious about
improving your product, give

us a call.
Circle 155 on reader service card



To design engineers, she’s  To purchasing agen
a great mini-solution for she’s a small blessing’
instrument & system for big money*savings.
requirements. R/

. Duncan’s
little
Sweetheart

everyone.

complote infermatian, soecs, o
O "::mmm cnuor-rno
DUNCAN ELECTRONICS
SUBSIDIARY
sysTROWN e+ PoNNER
cmam IFORNIA 92926
A05E-1128




New products

Instruments

Test system built
around calculator

Programs, hardware interface
make unit the control center
for automatic checkouts

However easy it may be for an engi-
neer to program the new program-
able calculators, Julie Research
Laboratories Inc., New York, be-
lieves many don’t really get that
good at it and, in fact, would rather
not have to do it at all. “It takes skill

to do a good programing job,” as-
serts Julie, “and to flow-chart the
job, type it in the Basic language,
and then edit and debug it, takes
time and costs money.”

With an eye on automated test-
ing, Julie has therefore developed a
group of programs, as well as a
hardware interface, that allows a
Hewlett-Packard 9830 programable
calculator to function as the control
center for a system that not only
performs measurements but logs
and manipulates the resulting data
as well. In addition, the system en-
courages the user to apply any sig-
nal sources and measuring instru-
ments he has already on hand in his
laboratory or production facility.
This is because the hardware inter-
face is flexible enough for Julie to be
able to supply it in a form that ac-
commodates whatever test instru-
ments the customer specifies. The
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only proviso, according to Loeb
Julie, president, is that the instru-
ments be digitally programable and
have digital outputs.

So far, Julie has a library of about
10 master programs contained on
the tape cassettes required by the
9830 calculator. These programs
deal with the testing of a variety of
instruments and components, in-
cluding resistors, zener diodes,
power supplies, panel meters, mul-
timeters, and digital voltmeters. Pa-
rameters and permissible limits for
the units to be tested are merely
typed in by the user at the calculator
keyboard in response to instructions
presented on the calculator’s display
panel. In effect, then, the master
program is used to create, in about
10 minutes, according to Julie, the
sub-program needed to test each
model of a particular device.

In testing digital multimeters, for
example, the master program will
generate the specific test parameters
for the particular instrument. Then
after the user has typed in informa-
tion on voltage ranges, number of
digits, accuracies, and so on, the
program is ready to check out the
instrument.

And once the test data is ob-
tained, the software package will
also carry out the routine calcu-
lations that are usual in an auto-
mated test facility. This includes cal-
culating averages and standard
deviations, as well as developing the
data for generating various types of
curves and histograms.

The systems come in a range of
configurations, made possible by the
interface’s universal bus structure.
For $9,900, Julie includes in its
Datacal 30 system a 9830 calculator,
which Hewlett-Packard lists for al-
most $6,000, the hardware interface
and its system engineering, and at
least one of the master program
packages. This price, Loeb Julie
feels, is low enough to justify the
computerization of small and me-
dium-size laboratories, which would
ordinarily resort to slow manual test
methods. And it should also be at-
tractive for production-line testing
applications.

For $15,900, Julie includes its
own model DM-1060 digital mul-

timeter—a 6%-digit unit with an ac-
curacy within one part per million.
This arrangement, shown in photo
in first column, is called the Locost-
106 data-acquisition system.

In addition, Julie is also trying to
do business with those who already
own the H-P calculator. For $3,990,
t