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Now in the only full line
of super low profile
SIP Resistor Networks.

If you haven’t designed in Single tn-line Package resistor networks because ‘ g

of their high profile, take another look. THE HEIGHT ON BOURNS SIPs IS ,

ONLY .190 INCH! And that's standard for all 6, 8 and 10 pin configurations I !

with: = :
* 5,7 or 9 resistors and 1 common pin ! -
¢ 3, 4 or 5 isolated resistors
* 12 resistors, dual terminator (8 pin)

Now you can fit the same number of resistors into less area and yet main-

tain close P.C. Board spacing. Something you can’t do when using other SiP —

networks with .250 or .350 inch high profiles.

And only Bourns SIPs offer the same reliable Krimp-Joint™ lead termina-

tion design as our DIP packages, high-copper alioy leads and uniform

molded package design. With added features like MACHINE INSERTABILITY,

COMPETITIVE PRICING AND DISTRIBUTOR AVAILABILITY —

Why specify other than Bourns?

Bourns Krimp-Joint™ offers both a

mechanical and electrical bond that
. lap or butt joint construction can't
provide. The lead is crimped on the

network element and a high-temp,
B ~.. . reflow-resistant solder is used to pre-
f ~ , vent failure during wave soldering
R ~ and in circuit thermal cycling and
f vibration.

FREE SIP and DIP SAMPLES!

Write on your company letterhead and let us know your requirements, we'll
rush you a SIP or DIP resistor network sample and complete specifications.
TRIMPOT PRODUCTS DiVISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, California 92507. Telephone 714 781-5415 —TWX 910 332-1252.

<lE_

Int'l Sates Offices: European Hdgtrs. — Switzerland, 042/23 22 42 « Belgium 02/218 2005 o France 01/2039633 « Germany 0711/24 29 36
o Italy 02/32 56 88 o Netherlands 070/88 93 18  United Kingdom 01/572 6531 e Japan 075 92 1121 « Australia 86 9410 ¢ Brazil 257-3535
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For a low cost way to capture
fast transitions, glitches, low rep-rate signals
and single-shot events...

And the new 15MHz 1223A with
variable persistence/storage is your
scope. Now, you don’t need to pay
for more capability than you need. In-

stead, you have the option of low-cost.

variable persistence/storage scope
that not only captures those elusive
signals, but lets you see fast risetimes
clearly for better glitch detection-
something new for low-cost oscillo-
scopes. The 1223A provides variable
persistence/storage and ease-of-use
for only $2250.*

Set it in Auto Store, walk away,
and it's armed to capture and store an
event for up to two hours. Vary the
Brightness Control and you can opti-
mize signal-to-background contrast.
Vary the Persistence and you can in-
tegrate those glitches, very-low-
frequency. and low-duty-cycle traces
into clear displays or eliminate over-
riding noise. Adjust auto erase to the
desired rate and you can update the

Circle 1 onreader service card

HEWLETT hp, PACKARD

ﬁ

1507 Page Ml ¢ 2.0 Alto, Calitrmia 9404

For issistance call Washington «301) 948-6370 Chicaga (312)
255-3800. Allanta (40<) 955- 1500, Los Angeles i213) 877-12n2

display without even touching the
scope. Of course you can store a trace
or erase a stored signal with the touch
of a button.

And there's more: 2mV/div sensi-
tivity, TV Sync, selectable chop/alter-
nate sweep operation, variable trigger
hold-oft, and calibrated X-Y display.
And you get traditional HP after-sale
support.

Here’s an economical answer for
industrial lab and production applica-
tions such as electromechanical. in
dustrial control and medical equip-
ment design, testing and trouble-
shooting. Excellent capability at low-
cost for education too. Your local HP
field engineer has all the details. Give
him a call today. In additicn ro the
1223A, ask him about the vanable
persistence/storage in a high-perfor-
mance 100MHz scope—HP’s new
1741A.

*Doruestic U S.A, price only
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Use HPs 8755 Frequency Response Test Set and

the HP 8620C Sweeper to make swept frequency

measurements of gain, gain vs. power, gain
compression and harmonics of amplifiers and
other active devices. Our new Application Note
(AN 155-1), yours for the asking. tells you how.
The 8755 has two-channel ratio-ing capability
with 60 dB dynamic range and 15 MHz-18 GHz
coverage. And HPs single-band 86200 Series
plug-ins for the 8620C Sweeper have the power
to make saturation tests. For example, two new
plug-ins deliver an unprecedented 50 mW,

3.9-9.0 GHz and 8.0-12.4 GHz.

Then for testing wideband passive devices. use
HPs multi-octave sweeper plug-ins (HP 86222
covering 10 MHz-2.4 GHz and 86290A from
2-18 GHz) with the 8755 Test Set and its

broadband measuring accessories. These include

leﬁcult Amplifier Tests Become

4 Easy WithThe HP 8755/8620
Swept-Test System.
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Swept-frequency gain campression lest usieg 3quare-wave
modulation 2 establish tweo input power level-, F- and P, (Input Powe

Scale Factor 15 5 dB/div.). Gair traces, Gy and G, are scaled at 1 dB/div.

SO 2a1n COMPression occure wher traces are 1 dB apart. Besides determimng

power level cauting cornpression, technique identifies frequency where

S.

a 40 MHz-18 GHz Reflectometer Bridge with
26dB directivity at 18 GHz for reflection
measurements. and a de-18 GHz Power Splitter
with = 0.25 dB tracking for accurate
transmission measurements.
The 8755 and the 8620C form the ideal system
for testing a wide range of both active and
passive microwave devices — a practical answer
to both your narrowband and broadband
measurement needs.

Ask your HP field engineer for details. or write.

HEWLETT \hp; PACKARD

Sales and service fram 172 offices in 65 countries.

137 Page Mit Ro

For assistance call: Washingtan (301) 948-6370, Chicag> (312) 677-0400, Atlarta {404} 434-4G0C. Los Angeles (213) 877-1282
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Cover: ISSCC features wealth of new devices, 81
There is something for everyone at this
week's International Solid State Circuits
Conference: new microprocessors, new
memories, new linears. The conference
papers also will report on the technologies
behind them, such as V-notch isolation and
mixed metal-oxide-semiconductor and bi-
polar processes.

Art Director Fred Skienar designed the
cover.

Japanese hike U.S. semiconductor effort, 72

The American semiconductor market —
particularly the computer segment —is feel-
ing the effects of Japanese technological
advances. Key U.S. executives expect
competition to strengthen.

Making the choice: plasma panel or CRT, 91
Cathode-ray tubes have long been the
leading choice for computer-terminal dis-
plays, but integrated circuitry is making gas-
discharge types more cost-competitive. A
hard look at the tradeoffs will help decide
which type suits a particular task.

Tough math is child’s play for new chip, 102
When it comes to complex mathematical
computations, general-purpose micropro-
cessors don't shine. But a new chip includes
most of the necessary calculation software
for stand-alone tasks and for extending the
processing pawer of minicomputers and
microcomputers.

And in the next issue . . .

A new approach to digital troubleshooting
. . thin-film magnetic heads are here . . .

the arrival of a high-capacity erasable

programmable read-only memory.
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Publisher’s letter

he workhorse cathode-ray tube

has served long and well in many
electronic jobs and still is the
favorite for computer-terminal dis-
plays. But, points out Interstate
Electronics’ Lester Turner, the gas-
discharge plasma panel is the odds-
on challenger, thanks to develop-
ments in such areas as driver circuit-
ry and microprocessors. What’s
more, the plasma panel is really just
starting out on its growth curve, and
the years ahead should see some
fairly dramatic cuts in plasma-
terminal costs. You'll find a valuable
comparison of plasma panels vs CRTs
in Turner’s article, which begins on
page 91.

Improving display quality with
plasma terminals is a satisfying job
to Turner, who says he has “spent
too many hours squinting at CRTs.”
His near-lifelong interest in commu-
nications goes back to a boyhood in
Brooklyn, where his father ran a
radio-Tv store. At 10, he strung a
wire telegraph system on trees in his
block, so he and his pal could
communicate without anyone over-
hearing. “When the tree-trimmers
cut the wires down, we had them
back up before their backs were
turned,” he recalls.

Turner’s penchant for electronic
tinkering lives on, he says, describing
a recent challenge given him by a
doctor who wanted to monitor heart-
rate data on an ambulatory patient
but not to pay the $1,000 going rate
for units designed for this task.
Turner put together a transistor-
radio-sized unit that works just as
well for about $150.

Mlcroprocessors are, in many ways,
in a world apart from traditional
electronic components, and testing

them requires going into something
of a new world, too. For example, a
test of each instruction in the proces-
sor’s instruction set may indicate
that everything is fine, but how do
you determine if a syntactically
correct combination of instructions
will be carried out correctly without
trying all the millions of combina-
tions?

For Douglas H. Smith, who on
page 109 describes Tektronix’ pio-
neering test method, called Wisest,
such a question reflects a much
wider problem: the way engineers
think is lagging behind the technolo-
gies they employ.

He calls microprocessor testing a
classic case in point, and the
approach he outlines in his article is
one he hopes other engineers can use
with profit. “First we know that the
qualities—power and flexibility —
which make microprocessors attrac-
tive to use also make them difficult
to test. Second, it should be obvious
that the old testing methods simply
aren’t conceptually adequate for the
new devices. And third, we know
what we want. Our goal is 100%
accuracy in sorting good micropro-
cessors from bad in a minimum
amount of time.”

He concludes: “Of course, each of
us has to define what we mean by
100%, good, bad, and minimum
amount of time. So it seems the first
logical step is to develop an appro-
priate test philosophy and then to
create the proper test procedures.”
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switch-mode (25 kHz) power supplies
are only cost-effective at high power?

we’ve got some great switchers in the under 200 watt
class that offer you small size, high efficiency and light

size

$179.00

2%6” x 51/8”)( 7%::
Weight: 3 Ibs.

size

$259.00

3%2"x5%" x8%"
Weight: 4.75 Ibs.

size

$299.00

4%611)‘ 51/8” X 83/4”
Weight: 5.25 Ibs.

KEPRPCO,

weight at a really affordable price!

NOMINAL OUTPUT CURRENT
MODEL ouTPUT N o N N o
VOLTAGE 30°C 40°C 50°C 60°C 71°C
| RMKO5-A | 8V | 12.0 Aim.s A | 10.0A | 83A | 6.0A
RMK09-A [ 9V 76A | 68A | 60A | 52A | 27A
RMK 12-A | 12V | 63A is.s A| 50A | 43A | 20A
RMK 156—A | 15V 50A | 45A | 40A | 34A | 1.7A
RMK 24—A 24V 3.2 A—'[ 28A | 256A | 22A | 10A
NOMINAL OUTPUT CURRENT
MODEL OUTPUT
VOLTAGE 30°C 40°C 50°C 60°C 71°C
RMK 05-B 5V | 360A |34.0A | 260A |170A | 90A
RMKO09-B | 9V | 200A [17.0A | 150A |100A | 52A
RMK 12—B 12v 16.6 A LS.O_A 120A | 8.0A | 4.2A
RMK 15-B | 15V 13.3A [ 133A | 102A | 62A | 3.3A
RMK24—B | 24V | 85 Aj‘s.é Al 75A 1 4a7A | 23A]
MODEL NOOUMTl;\'UATL o OUTPUT CURRENT
VOLTAGE 30°C 40°C 50°C 60°C L 71°C
RMKO05-C | 5V | 40.0A |38.0A | 30.0A |215A | 140A
RMKO09—C | 9V [ 220A [22.0A | 17.2A [1256A | 77A
RMK12-C | 12V [ 17.0A [17.0A | 146A [106A | 58A
RMK15-C [ 15V | 140A [140A [ 12.3A | 83A | 47A
RMK 24—C | 24V 90A | 90A| 80A [ 55A | 30A

*Adjustable £ 10%, you may order them to be factory-set
anywhere in the range —~ 30% to +10% of the nominal.

series RIVIK ae the product of

a KEPCO/TDK joint venture. They employ advanced digital signal
processing for a low parts population (enhancing reliability) and
advanced TDK ferrites for efficiency and low noise. RMK are burned
in for 48 hours at +55°C to insure delivery to you of a reliable,
trouble-free power supply. We back that with a 5-year Warranty! . . .
the same warranty offered on our fine linear and ferroresonant
models. Call Kepco collect : (212) 461-7000 and arrange for a demo

right in your own shop!

For complete specifications, write Dept. FL— 14

™

&

>

KEPCO, INC. + 131-38 SANFORD AVENUE - FLUSHING, N.Y. 11352 U.S.A. « (212) 461-7000 - TWX 2 710-582-2631 - Cable: KEPCOPOWER NEWYORK
Electronics /February 17, 1977
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A SMART WAY TO BEAT YOUR

POWER SUPPLY SIZE PROBLEM

\-
ADJ. poY

RENOVE Coyan

10" thin, 234" narrow, 64" short

yet this converter produces 50 watts of
regulated DC power from an input of
20-32 VDC! It weighs less than 2 pounds.
This is only one of our wide variety of
many small lightweight converters, in-
verters and power supplies — there are
over 3500 models listed in our newest
catalog, including size, weight, and prices.
If you have a size problem, why not send
for an Abbott catalog?

MIL SPEC ENVIRONMENT — All of the
hermetically sealed power modules listed
in our new catalog have been designed
to meet the severe environmental condi-
tions required by modern aerospace and
military systems, including MIL-STD-
81QC. They are hermetically sealed and
encapsulated in heavy steel containers.
New high performance units meet MIL-

STD-461A for conducted and radiated
electromagnetic interference.

RELIABLE — Highest quality components
are used in Abbott power modules to
yield high MTBF's (mean time between
failure) as calculated in MIL-HDBK-
217. Typical power modules have over
100,000 hours MTBF — proving that the
quality was built in from the beginning.

WIDE RANGE OF OUTPUTS — Any volt-
age from 5 volts DC to 740 VDC is
available by selecting the correct model
you need from our catalog wtih any of a
variety of inputs including:

60 to DC

400”= to DC

DC to DC

DC to 400 A=

DC to 60

Please see pages 1836-1848 of your 1976-77 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
or pages 676-682 Volume 2 of your 1976-77 GOLD 800K for infaormation on Abbott Madules.

Send for our new 60 page FREE catalog.

abbott

GENERAL OFFICES
5200 W. Jefferson Blvd.

transistor ]
Los Angeles, CA 90016

213) 936-8185
LABORATORIES, INCORPORATED %ele))‘ 20-1304

6 Circle 6 on reader service card

EASTERN OFFICES
Fort Lee, NJ 07024

1224 Anderson Ave. |

(201) 224-6900
Telex 13-5332

Readers’ comments

Ins and outs of pulling in relays

To the Editor: The circuit for
reducing relay-power requirements
[Dec. 9, p. 113] would not need a
nonpolarized capacitor if a diode
replaced R,, the 680-ohm resistor.
Then if the diode’s cathode is
connected to ground, a standard
electrolytic capacitor can be used,
with its positive terminal going to
the collector of the transistor.
Joe Buswell
Midwest City, Okla.
& Milton H. Crothers, associate profes-
sor of electrical engineering at the
University of Illinois, Champaign-
Urbana, corroborates. Replacing R,
with the diode results in a final voltage
across the capacitor of V¢ =
VCE{SAT)_ VD, where VCE(SAT} is the on
voltage of the transistor and V), is the
diode drop. If V¢ results in a slight
reverse voltage that may be undesir-
able, the addition of a diode to the
emitter leg of the transistor will offset
the difference.

He adds that this modification also
serves to increase the holding current
from 8.7 milliamperes to 16 ma,
decrecsing the chance of contact release
under vibration or shock.

To the Editor: The Dec. 9 Engineer’s
notebook on relay actuation claims
that power can be saved by using a
voltage-adding circuit. This is true,
but there are definite pitfalls to
avoid and tradeoffs to accept.

First, the time constant of the
circuit must be sufficient to assure
complete actuation of the relay
armature and contacts. The circuit
as shown has a time constant of only
about 5 milliseconds—not long
enough for a relay where pickup
time may be 15 or 20 ms.

Second, the criticalness of the
time constant depends on the circuit
being switched. Opening a 20-
ampere circuit with normally closed
contacts requires full power during a
good portion of the actuation time in
order to quickly break the arc. For a
15-ms relay, 5 (or even 10) ms of full
power may not be enough.

The major tradeoff with reduced
relay holding power is that the
contacts will open more easily under
conditions of shock or vibration than

Electronics /February 17, 1977



announces the
new 108A.

Do you want to know the real inside
story of our new 108A/308A precision low
power op amp? Here it is, without names
in order to protect our customer. Fact is,
this customer came to us and asked if we
could make some 108A’s that met 108A
specs. We tried and couldn't. But we
found out why nobody else could,
either; it was simply designed wrong

So we redesigned it as a 108A.
Corrected the unbalance which
caused the high TCVq. Gave it
our zener zap treatment. Plus ion
implantation. And the kind of
pricing high volume production
parts deserve.

Result? Check with your
distributor. He has 108A’s on
his shelf right now. And they
work. Up to MIL-
M-38510/101D-04
specs.
Processed to
MIL-STD-
883A Level B.
Vos 0.5mV Max.;
TCVqs 5uV/°C Max.

Just ask for it by name: PMI's new
108A/308A. The one that works

It works.

Precision Monolithics, Incorporated
1500 Space Park Drive, Santa Clara, CA 95050
(408) 246-9222. TWX: 910-338-0528

® Cable MONO.
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Get the
scope you
need-

NI

B —

Our “Instrument Professionals”
will tell you which scope will

do the job best, at the lowest

cost, make immediate delivery

and guarantee performance.

Write or call for data on our other
specialties: Instrument Leasing *
Computer Peripherals * Equipment
Sales « Instrument Service.

Circle 8 on reader service card

Getour =
Call =&
Catalog |

Continental

Rentals

Div. Continental Leasing Co., Inc.
175 Middlesex Turnpike, Bedford,
MA 01730 (617) 275-0850

FOR IMMEDIATE RESPONSE CALL:
N.E. (617)275-0850; L.1. (516) 752-1622;
NY, NJ (201) 654-6900;

Gtr. Phila. (609) 234-5100;

Wash., D.C. area (301) 948-4310;

Mid West (312) 439-4700;

So. Central (214) 690-1706;

Costa Mesa, CA (714) 540-6566;
L.A.,CA(213)477-7521;

Santa Clara, CA (408) 735-8300.

Readers’ comments

when full power is applied to the
relay coil.

The one sure way to conserve
power is to use a latching relay.
Once it is latched, power may be
removed completely.

Patrick M. Craney

Potter & Brumfield Div., AMF Inc.

Princeton, Ind.
® 4 final word of caution from Hans
Dankerl at the American Embassy, APO
New York 02953: best avoid the circuit
altogether when the relay contacts are
switching lethal voltages. An inadver-
tent discharge of the capacitor (even
with power removed from the circuit)
could burn someone at the other end of
the line.

Second look at single-stepper

To the Editor: The controller circuit
to single-step the SC/MP micropro-
cessor [Jan. 6, p.107] provides a
software halt by inconvenient use of
device’s flag lines (which should be
numbered 19, 21, and 22, not 20, 21,
and 22). The microprocessor has a
HALT instruction that is easily imple-
mented and requires a single one-
byte instruction.

During the address-strobe interval
of the HALT instruction, data bus line
DB; is pulsed high. This can be used
to halt processor operation before
the next instruction.

Ricky Rand
Electronics for Medicine Inc.
White Plains, N.Y.

To the Editor: The controller circuit
in the Jan. 6 Designer’s casebook
cannot work as shown. The halt flag
line and the inverted NADS must
enter an AND gate if they are to reset
the second flip-flop independently.
Also, the input that clears the first
flip-flop must be the inverted NADS.
In addition, good design practice
dictates that mechanical switches
should bring transistor-transistor-
logic inputs to ground. If the mode
switch were rearranged to this
configuration, the unnecessary 22
milliamperes flowing through the
220-ohm resistor in either stepping
mode could be avoided. Pullup resis-
tors of 6.8 kilohms would suffice.
James A. Kuzdrall
Candia, N.H.

Gas Sensing Semiconductor

FIGARO
~GAS
'SENSOR

qmckly senses
even small
\ amount

of gas.

\‘. I
o\ |
Applications
2.
3. Carbon Monoxide

Detector

6. Alcohol Detecto

FIGARO ENGINEERING INC
®Head Office: 3-7-3 Higashitoyonaka. Toyonaka

Circle 168 on reader service card

Signal Processing
Is Our Bag

Princeton Applied Research, a leading
manufacturer of sophisticated signal
processing instruments, invites you to

| write or call for information on:

® [ow noise preamplifiers

® real time spectrum analyzers

® |ight measuring instrumentation
® signal averagers

® capacitance-voltage (CV) plotters
® lock-in amplifiers

Send for your
free copy of
our new
catalog.

Princeton Applied
“ Research Corporation
PRINCETON PO Box 2565
APPLIED Princeton, N.J. 08540

RESERRCH  Phone: 609/452-2111 .

For additional information only circle 170
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In high-voltage CMOS designs...

ToBortoUB?

RCA COS/MOS helps
with the answer.

Not all B-Series CMOS

is buffered — that's why Which COS/MOS option is best for
there's a UB suffix. RCA your design?
g;aea:fggglzr:;vgzltlr}it A Requirement/environment Buffered Unbuffered
buffered gate, but in High speed x
others, unbuffered is Ultra-low irequency x
pgtter. On!y. the designer High freq.. moderate gain,
is in a position to decide. linear amplification x
That's why we offer you both. To JEDEC specs. g aent .
With COS/MOS you don't have to worry about —
Constant output impedance x

non-interchangeability of “B’’ devices in applica-
tions where speed, noise immunity, output Low freq., high gain, x
impedance and linear gain-bandwidth character- linear amplification

istics are critical. As the table shows, you can

select the COS/MOS
option that does what
you want in the envi-
ronment to be faced—
without having to add
components or com-
promise on system
performance.

Get the RCA B-Series
Product Guide from
your Solid State
distributor. Or RCA.

Write: RCA Solid
State. Box 3200,
Somerville, NJ 08876;
Sunbury-on-Thames,
Middlesex TW16 7HW,
England; Ste-Anne-
de-Bellevue, Quebec,
Canada; Fuji Bidg.,
Tokyo, Japan.

RCA COS/MOS
experience is
working for you.

Buffered B Unbuffered B

< £ P2-BIPCICIOES « LB CPCRICL B R X
« 4>-3CIC P EX CE2>CTO LLIES
CCIDDBOOZ2E3 CEID2AOCO2LIES
CCIO07T 13 CIDaAONYT T
CIO307T283 CIDAaAO0ONVT2UUex
CID302383 CDA4AO0O23IVIe
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The

Microprocessor

Buyers Guide.

(From the pe0p|e who brought
you the Buyers Market.)

.......
Distributed nationally by Hamilton/Avnet. Cramer and Schweber Electronics. and regionally by Arrow, Bell and Century Electronics



Advanced Micro Devices, the people who
made it easy for you to get into microprocessing,
make it even easier with this one-page, scrupu-
lously objective buyer's guide.

ne.

The best way to make a microprocessor system
is the 8080 way. It's the most popular architec-
ture; it has the best support. The flexibility, the
upgrade capabilities are better than any other
MiCroprocessor.

WO.

The best 8080A is a 9080A. Look:

Ours and Theirs.

(The 8080A & 9080A)

Specification Intel AMD

Minimum Instruction
CycleTime

Maximum Power Dissi-
pation (at 1.3 microsec

1.3 microseconds 1 microsecond

0-70°) 1307 milliwatts 829 milliwatts
Output Drive 1.9mA @ 45V 3.2mA @ .4V
Minimum Input High

Voltage 3.3v 3.0v
MIL-STD-883 Special Standard

Three.

Save shoe leather and heartache. We've already
done the shopping. Advanced Micro Devices
builds all the really important 8080 peripherals
that you-know-who invented, a whole bunch that
we invented, plus all the memories you'll ever
need. And in our traditional heart-warming way,
we add a little reliability and performance.
(Everything we make is MIL-STD-883 for free.)

FOUI'.

Don't let anyone in this business tell you what
to do. You're the customer.

Now, paste this message on the inside of your
purchase order book. Or, failing that, write or call
Advanced Micro Devices, the Buyer's Market.

OUI‘S and OUI‘S.

(Am9080A System Circuits)

AMD Part Number Desc@tion Availability
_ _ CEU
Am9080A/—2/-1/—4 Oto+70°C Stock
Am9080A/—2/-1 25to +85°C Stock
Am9080A/—2 -85 to +125°C Stock
STATIC READ/WRITE RANDOM ACCESS MEMORIES
Am9101A/B/C/D 256x4,22 Pin Stock
Am91LO1A/B/C 256x4, 22 Pin Stock
Am9102A/B/C/D 1K x 1,16 Pin Stock
Am91L02A/B/C 1K x 1,16 Pin Stock
Am9111A/B/C/D 256 x4, 18 Pin Stock
Am91L11A/B/C 256 x 4,18 Pin Stock
Am9112A/8/C/D 256x4.16 Pin Stock
Am91L12A/B/C 256 x4, 16 Pin Stock
Am9131A/B/C/D/E  1Kx4 22 Pin Stock
Am91L31A/B/C/D 1K x4, 22 Pin Stock
Am9141A/B/C/D/E  4Kx1 22 Pin Stock
Am91 L41A/B/C/D_ 4K x 1, 22 Pin Stock
DYNAMIC READ/WRITE RANDOM ACCESS MEMORIES
Am9050C/D/E 4K x 1,18 Pin Stock
Am9060C/D/E 4Kx 1,22 Pin Stock
MASK PROGRAMMABLE READ-ONLY MEMORIES
Am92088/C/D 1K x 8, 250 nsec. max Stock
Am92168B/C 2K x 8, 300 nsec. max Stock
Am8316A 2K x 8, 850 nsec. max Stock
Am8316E _2Kx8. 550 nsec. max Stock
ERASABLE READ-ONLY MEMORIES
Am1702A 256 x8, 1.0 usec Stock
Am2708 1Kx8.450nsec. 1st Q 1977

CPU: 9080A =480 nsec 2=380nsec. —1=320nsec. —4 =250 nsec
MEM: A=500 nsec. B=400 nsec. C=300 nsec. D=250 nsec. E=200 nsec

SECOND SOURCE SUPPORT

Am8212 8-bit 1/0 Port Stock

Am8216 Non-inverting Bus Transceiver Stock
Am8224 Clock Generator Stock
Am8226 Inverting Bus Transceiver Stock
Am8228 System Controiler Stock
Am8238 Extended Write System Controller Stock
Am8251 Prog. Communications Interface Stock
Am8255 Prog. Peripheral Interface Stock
AmB8257 Direct Memory Access Controller 3rd Q. 1977

IMPROVED SUPPORT

REPLACES
Am8224-4 High-Speed Generator N/A Stock
Am8238-4 High-Speed System Controfler N/A Stock
Am9511 A etic Prc g Uni N/A 3rdQ 1977
Am9517 Muiti-mode DMA Controlie 8257 3rd Q 1977
Am9519 Universal Interrupt Controlle 825¢ 3rd Q 1977
Am9551/-4 Prog. Communications Interface 8251 Stock
Am9555/-4 Prog. Peripheral Interface 8255 Stock
Am25LS138 1-of-8 Decoder 8205 Stock
Am25LS139 Dual 1-of-4 Decoder 8205 Stock
*Am25LS273 8-bit Common Clear Register  N/A 2nd Q 1977
*Am25LS373 8-bit Transparent Latch 8212 4th Q 1977
*Am25LS374 8-bit 3-State Register 8212 Stock
*Am25LS377 8-bit Common Enable Register 8212 2ndQ. 1977

*Am25LS2513 Prority Encoder 8214 8 8212 Stock

*Am25L82537 1-0f-10 3-State Decoder 8205 (2) Stock
*Am25L52538 1-of-8 3-State Decoder N/A Stock
*Am25LS2539 Dual 1-of-4 3-State Decoder N/A Stock

*All combine high performance and low power in space saving 20-pin package

c

dvanced Micro Devices

Bipolar LSI. N-channel, silicon gate MOS. Low-power Schottky.
Multiple technologies. One product: excellence.
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Editorial

A new start for manpower studies

It has been a long time coming, and it has
taken a lot of complaints—from engineers

and at least one professional society — but

the Engineering Manpower Commission

has finally conceded, albeit somewhat
indirectly, that critics of its manpower-demand
studies have been right.

The full commission has just approved a
policy statement on manpower supply vs
demand projections that goes part way
toward removing one of the principal
objections to the studies: that because of
the biases inherent in the source material,
its “predictions” may be biased, too. Indeed,
a major and recurring criticism has been
that the studies were unduly optimistic,
sometimes painting a scene of expanding
engineering employment opportunities when,
in fact, employment was dwindling. At fault,
said some, were educators and employers,
who have a stake in having more, not fewer,
students entering the engineer career pipeline.

Now, according to the new policy statement,
““assessments of supply vs demand relationships
will be based on analysis of all available
data sources. Undue reliance of any single
source will be strictly avoided.” Even more
significant, perhaps, is the promise that
“when quantitative projections are made,
the important underlying assumptions on
which they are based will be clearly and
prominently identified and the accompanying
discussion will include an appraisal of the
reliability of the assumed conditions or
factors and any apparent biases in the data.”
The commission’s new policy also outlaws
“the use of exaggerated terms in reference

12

to potential shortages or surpluses of
manpower’’ and the citing of data and

opinions about supply and demand “as an
inducement to undertake careers in engineering.”

These words reflect important first steps
in rectifying a problem that may well have
had a wide-ranging and unfortunate impact
on many of today’s engineers. The old
argument that, lured by overly rosy predictions
of a glamorous and well-paid career, students
entered engineering only to find no jobs or
a dead end at 40 need not be repeated. The
damage has been done, and the question
has never been whether the surveys’ faults
were intentional or not. The question is—and
this is what the commission has for so long
refused to face —whether the faults, having
been pointed out and well documented,
would be allowed to go unfixed.

There is a certain irony, though, in the
timing of the new policy statement. While
the policy is designed to better protect
upcoming surveys from the shortcomings of
those of the past, the statement comes at a
time when there are no funds in its budget
for any further studies and a proposal for
National Science Foundation funding was
turned down as being too narrow in scope.

However, it might be well worth it for
the commission to consider expanding the
scope of its studies if that will lead to a
commitment for Government funding. Then,
the studies could be done with money from
a more objective source. That independent
funding could go a long way toward insuring
the independence of the studies from the
biases of their traditional supporters.

Electronics /February 17, 1977
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We’re shipping what others are still developing.

Here’s true high technology—vou cut compo-
nent count, assembly time, design time. And get
every color processing function except video power
output from one MSI device, the wPC580C. While
most other sources are still perfecting two-1C chroma,
NEC's single-chip, plastic, 24-pin DIP is already
user-proven in NTSC color TV. And being shipped in
volume to TV manufacturers world wide.

In one chip, you get all these: ACC level and
color killer setting automatically performed, eliminat-
ing variable resistors. Plus a triaxial color demodulator
that lets you set the external axis. And, NEC gets rid
of the tuning coils for you.

And more: The DC control system for color ad-
justment not only eases wiring, but greatly improves
anti-interference characteristics. You get it al—ACC
bandpass and color burst amps, color killer, phase-
locked subcarrier regeneration, triaxial chroma de-
modulator, gating, detector, oscillators—everything
but video output power stages. Ahead of its time? No
way. You're ready, and so are we, with product in
volume, high volume, and of super high quality.

NEC

The wPCS580C is just one sample of NEC'’s high
technology, quality, and deliverability across the en-
tire semiconductor spectrum. For more information,
contact us.

This is what we’re doing for TV. NOW: what
can we do for voa? With 60,000 employees, our
78-year old firm is shipping world-wide, high vol-
umes of such products as:

ECL TTL MOS
Linear Zeners Discretes
Diodes Rectifiers Thyristors

Optoelectronics  Power transistors

Quality? QUALITY! NEC's QC is the best in
the world. Has ta be, for us to have gained the cus-
tomer confidence that’s made us a major world source
of semiconductors.

How can we help you? What do you need in
semiconductors? Send a letter or give us a call about
your needs. We could have some exciting answers for
you. NEC America, Inc., Electron Devices Division,
3070 Lawrence Expy., Santa Clara, CA 95051, (408)
738-2180. We have representatives in major U.S. cities.

NEC America, Inc.

Electronics /February 17, 1977
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resolution,
accuracy and
stability

for a lot less

all-new lineup of
high-resolution D/A Converters

Compare these features!

e Selectable current or voltage
output

14 and 16-bits binary available
4 and £4Y% digits BCD

Low non-linearity and
non-linearity drift

e 168 hours burn-in at 85°C

e Delivery off-the-shelf

You'll enjoy more resolution, accuracy

and temperature stability for the price
with the complete team of Intech/
Function Modules kigh-resolution
Digital-to-Analog Converters than
from any others available . . . any-
where. Each DAC—packaged in a

2" x 3" x .4" case—has a built-in
temperature-compensated reference
network, =2 ppm/°C binary or BCD
weighted wire-wound resistor net-
work, fast current switches and
op-amp. Plus, every model provides
optional external offset and gain
adjustments, too!

MODEL RESOLUTION ACCURACY STABILITY frage

People

Dao, McCluskey show off
multilevel logic at ISSCC

If the multilevel-logic technique de-
veloped at Signetics Corp. moves
successfully from laboratory to pro-
duction, it will be largely due to the
efforts of two men: Tich T. Dao, the
firm’s manager of systems research,
and Edward McCluskey, a professor
of electrical engineering and com-
puter sciences at Stanford University
in Palo Alto, Calif. They're de-
scribing their new family of non-
binary integrated-injection-logic cir-
cuits that discriminate between any
number of levels at the International
Solid State Circuits Conference in
Philadelphia this week.

More efficient. Dao, a 50-year-old
mathematician and physicist, began
work on multilevel logic almost as
soon as he arrived at Signetics in
Sunnyvale, Calif., in 1972. “I've
always felt that binary logic was a
very inefficient way to utilize an
integrated circuit,” says the designer
of most of the new circuits [Electron-
ics, Oct. 28, p. 31]. “It makes much
more sense to use the same pathways
to send three, four or ten levels of
information, rather than just two.”

Signetics’ multithreshold logic is
only part of the effort to boost
computer efficiency. “Boolean (bi-
nary) logic is only the tip of the
iceberg as far as designing a comput-
er system is concerned,” Dao contin-
ues. “There is a whole body of math-
ematical knowledge extending back
into the 18th century that can be
applied to designing much more effi-
cient computers. Some of these tech-
niques have been used in developing
new software languages but, as for
implementing them in hardware,
computer scientists have been wait-
ing for the IC designers to catch

’

Boosters. Increasing information density up
to 10 times is goal of McCluskey and Dao.

structure that come close in perfor-
mance to those actually developed,”
he says.

Reliability is also being taken care
of, though it is much more of a
problem here than with binary logic.
“In multivalued circuits, the
thresholds representing 1, 2, 3, 4,
and so on have to be precise and
predictable,” McCluskey says. “And
in a production device, the levels
have to be relatively immune to
process variations.”

What this all means, says Dao, is
that computers can be built based on
multivalued logic circuits that in-
crease information density per given
area 4, 8, or 10 times without any
substantial changes in present
processing. “That’s a goal worth
aiming for,” McCluskey concludes.

414-BIN _14-Bit Binary  =0003% +=3ppm/°C $156.00 u
416-BIN_16-Bit Binary *0002%  =2ppm/°C $184 00
416-BCD 4-Digit BCD *=0005% +3ppm/°C $167.00
418-BCD =4%-Digit BCD *0005%  =3ppm/°C $205.00

LCD watches are the target

The design rules that will allow

DAC’s ... off-the-shelf . . . today!

Details . . . for the asking . . . today!

5 )

intech/function modules

282 Brokaw Road
Santa Clara, Calif. 95050
Phone (408) 244-0500

TWX: 910-338-0254

14 Circle 14 on reader service card

engineers to work with Signetics’
proposed four-level logic and beyond
to even eight and ten levels are also
being developed, points out the 48-
year-old McCluskey, a consultant to
Signetics. “So far, using my design
rules, I've developed circuits with no
a priori knowledge of the device

for Motorola’s Martin Cooper

With Motorola Inc. aggressively
courting traditional watchmakers
with its new line of digital modules
(p. 25), Martin Cooper is happily
sitting atop what’s estimated to be a
$100-million business within the

Electronics /February 17, 1977




Only Intersil makes this many.

AVAILABLE FROM STOCK ARST QTR. '77

8052/] 8052A] 8052/ 8052/] 8052A/
8053 | 8053A | 7101 | 7103 | 7103A
. -- i

N 37 Digi LED 11—

L DATA PROCESSING
372 Digit BCD
4%, Digit BCD

/ ]
oONNN 6BitBinay [ [ . [ [ [ ] ]
UARTCompatie / [ | [ [ . 1 1}
. \ . Price @ 100 pes 10.50 10.50{ $12.50 13.90
alulul=l ice @ 100 p $ $ $ $ $ $ $

* 8052/7103 has 42 digit resolution. ** 7107 drive displays directly.

Acomplete family for every application.

Look over Intersil's line of A/D converter products. Find exactly what
you need for instrumentation, control or data processing. All devices fea-
ture auto-zero, auto-polarity and single references. All are suitable for
MUXed inputs.

Intersil means leadership in dual- or single-chip devices. Our new 7106
and 7107 monolithic CMOS converters will include all display drive circuitry
on-chip. For interfacing microprocessors, the 8052/7101 has 3%z digit
parallel BCD output plus polarity and over-range, and can be MUXed or tri-
stated to your bus. The 8052/7103 Has UART-compatible outputs and inputs
for remote 2-wire use. And the 8052/7104 will offer both these features with
built-in tri-state byte or word outputs.

A library you must have hefore you hegin a design:

1. “Interfacing A/D Converters and Microprocessors,” by Peter Bradshaw.
2. “Selecting Between Integrating and Successive Approximation A/D
Converters,” by Dave Fullagar.
3. “Do’s and Don'ts of Applying A/D Converters,” by Bill O'Neil.
4. “A Complete Error Analysis of the Integrating A/D Converter,” by Lee
Evans.
eed a sn_eclallzell & Eg‘ts g:im all from the leader, Intersil, 10900 North Tantau Ave., Cupertino,
A/D circuit?
If you digitize analog data, you should talk to ¢+ Output format selection (LCD, BCD, * Specialized power supply requirements
Intersil. A leading DMM manufacturer spoke to LED, Binary, Etc.) ¢ UART, PiE and microprocessor
Intersil and others, and selected Intersil to develop * Low noise (10uV p-p) vs. cost controllabrlity
and produce a dedicated single-chip, low noise e Accuracy vs. cost * Auto-ranging vs. dedicated ranges
CMOS A/D converter. Intersil provides a selec- Call Skip Osgood (408)996-5000 today about your needs.
tion of custom features such as: Many of your requirements may already be designed.

Intersil stocking distributors RESCO (Raleigh, N.C.) Dallas (214)387-0539

® Advent Electronics, Inc., (Indianapolis) Schweber Electronics Los Angeles (213)532-3544
Arrow Electronics Sheridan Assoc. Ft. Lauderdale (305)772-4122
Century Electronics Diplorat (Fla.) Minneapolis (612)925-1844
Elmar/Liberty Electronics Weathertord New Yorx (201)567-5585
Harvey (Upper N.Y.) Zentronics (Canada) San Francisco Bay Area (408)984-2170
Intermark (San Fran., Seattle) Intersil area sales offices Upstate New York (607) 754-7406
Kierulff Electronics (Mass.) Boston (617)861-6220 Toronto, Canada (416)457-1014
R.A.E. Ind. Elect. Ltd. (Van. B.C.) Chicago (312)986-5303 Representatives in all major cities.
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New miniature
metallized capacitors
for professional

and consumer
electronics

16

WIMA MKS 2 min

5 and 7.5 mm lead spacing. Up to 1.0 pyF.
Ultra miniature size, previously unattainable.

WIMA MKS 3

7.5 and 10 mm lead spacing. Up to 1.0 pF.
Subminiature size and suitable for most
applications.

Long term reliability with high dielectric
and case insulation. Designed for easy
mounting and for double-sided printed
circuit boards.

aaaasd <[>

WILHELM WESTERMANN

Spezialvertrieb elektronischer Bauelemente
P.O.-Box 2345 - Augusta-Anlage 56
D-6800 Mannheim 1 - Fed. Rep. of Germany
Tel.: (621) 408012

Circle 16 on reader service card

firm’'s Communications group.
Moreover, Systems Operations, as
the business is called, has been
upgraded to full divisional status and
Cooper has been named its general
manager.

It's a handful of diverse busi-
nesses, actually, ranging from Mo-
torola’s traditional radio common-
carrier business to piezoelectric ce-
ramic hi-fi speakers, portable-radio
batteries, and quartz crystals.
But the newest and fastest growing
segment is the watch modules.

Big market. Cooper estimates that
there will be 30 million digital
watches sold world-wide this year —
fully half of them with liquid-crystal
displays. “We intend to become the
largest supplier of quartz crystals,
LcD displays, and LCD watch mod-
ules,” he says, confident Motorola
will push successfully into a market
served by companies like
Hughes Aircraft and Beckman In-
struments.

Cooper also doesn’t foresee any
shortages of liquid-crystal watch
parts. In addition to Motorola, he
sees a number of U.S. suppliers
adding to their display capacity, and
he looks to the Japanese to enter the
market in a big way.

“The Japanese are going after the
whole quartz watch market world-
wide,” says the 48-year-old Motoro-
la vice president. “There will be a
surplus of quartz watch crystals in
1977, primarily because the Japa-
nese have entered the market with
ridiculously low prices.”

All this competition will make for
some sharp price cuts. Although L.CD
watch prices will still be higher than
their light-emitting diode counter-
parts, “there’s going to be a dramat-
ic drop, based on our impact on the
market and the Japanese impact,”
Cooper says. Liquid-crystal modules
sold for around $25 each last year;
this year will see prices heading
toward half that, he says.

Cooper has directed Systems Op-
erations from his Schaumburg, Ill.,
office since its organization in 1972.
“We started it to go after higher
growth, riskier opportunities but
we've grown out of Motorola’s tradi-
tional businesses,” he says.
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TO-5 RELAY UPDATE:
Solve your energy

crisis with
O-5relays

Subminiaturization and pc board compatibility —
two obvious advantages of Teledyne TO-5 relays.
But there’s another outstanding advantage: low
coil power consumption. This feature is best
illustrated in the above graph which shows our
TO-5 relay power savings compared to other
miniature relays. The Teledyne 412 Series
dissipates about 30% less power than the .150”
grid relay, and 50% less than the %2 crystal can.
Our sensitive 432 Series is 65% less than the
.150" grid. And 75% less than the V2 crystal can.

“»" TELE

YNE RELAYS

3155 West EI Segundo Boulevard, Hawthorne, California 90250
Telephone (213) 973-4545

Electronics/February 17, 1977

This means you can save over 6 watts in a typical
system using, let’s say, ten TO-5 relays. In the end,
you gain significant advantages in terms of thermal
and power supply considerations that can help
prevent an “energy crisis’ in your system.

Our complete line of TO-5 relays includes military
and commercial/industrial types, with virtually all
military versions qualified to established reliability
MIL specs. For complete data, contact Teledyne
Relays — the people who pioneered the TO-5 relay.

o Hybrid T Series
SPDT & DPDT types with internal transistor
driver and suppression diode

e D" and DD’ Series
Military and commerciat/industrial versions
with internal suppression armd steering diodes

)
.

Maglatch Series
SPDT. DPDT and 4PST magnetic
latching types

Centigrid® Series
World's smallest relay — only .225” (5.72mm)
high x .370” (9.40mm) square

Hi-Rel Series
Screened versions for space flight
applications (NASA qualified)

High Environment Series
Hi-temperature, Hi-shock. and
Hi-vibration types
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Intel delivers
compatible 4K

Standardize on Intel” 16 pin, 4K and 16K
RAMs, and get all the performance and relia-
bility advantages you've learned to expect
.~ from the industry’s

o eoTe \ leading RAM
i producer.
" ltallstarts

s with our
Volume— produced 2104A
16 pin 4K RAM. There isn't

a faster 4K anywhere —nor
lower power. And because the
2104A has significantly lower current spikes
than other 4K, there’s less system noise and improved
operating margins. In fact, the 2104A has the widest operating margins
available —including + 10% on all supplies. The 2104A is completely com-
patible with both the older 4096 type metal gate and recently-announced
4027 type silicon gate 16 pin 4K RAMs available from other sources.
Planned compatibility keeps your alternatives open.

T T We're now in production on our

Wl 16 pin 16K RAM, the 2116. Again we've
fl planned for compatibility. The 2116, 16K is
8 completely interchangeable with our 4K
2104A.The 2116 provides four times the
| i density per package at half the power per
b1t lee the 2104A it prov1des a = 10% margin on power supplies. And
because the 2116 includes an output latch identical to all 16 pin 4K RAMs,
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the first
and 16K RAMs.

the need for external latches is eliminated and
conversion from 4K to 16K is simplified. You
can choose from several refresh modes
including 4K compatible 64 cycle or
RAS-only 128 cycle. The 64 cycle
refresh improves memory
throughput by doubling the
time between refresh cycles.
This mode also enhances
page mode operation and
reduces refresh standby
power by 15% or more without any in-
crease in operating power. And to make
your design job even easier, we've provided the 3242

Address Mult1ple¥er/ Refresh Counter.

Whether youre lookmg . INTEL16PIN,4K&16KRAMs
f Part Mem. Max. Access Cycle Max. lpp
or the performance advantage | number | capaciy | T.me(ns)4 Time (ns) L@A) |
in 16 pin 4K RAMs or for the 2/ | 4K | 150 | 320 | %

, ) | 2104A2 | 4K 200 320 | 32
easiest way togeta 6K into | zi0ma [ 4 I 250 | a5 | 30
your new designs, youll find ~ 210e | ax ggg I TR
Intel delivers your best choice— 21165 | ek 775 | 68

+ 1 : 1
the 2104A or 2116. 264 | 6k | a00 j w2 | s

For Data Sheets and our 16—page Appl1cat10n Note, use the reader
service card or write Intel Corporation, 3065 Bowers Avenue, Santa

Clara, California 95051.

intal delivers.
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DEPEND
DOESNT
COST

m

There's a lot more than meets
theeyein Delevan's lineup of
miniature RF inductors and
transformers. Like the
unmatched dependability
built into each component
Thanksto a lot ofthings that
go on at the factory. Hard-

nosed quality controls .
complete material analysis
... advanced in-plant

environmental testing

automated techniques for
winding, soldering and
molding . . . and
conscientious people who
take pride in true "no-fault”
production. And of course,
the dependable delivery and
service you always get from
Delevan.
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DELEVAN ==

BILITY

il

Remember . . . the proven
reliability of these superior
made-in-U.S.A. inductive
devices means greater
reliability forthe products and
assemblies made from them.
Sure, you can save a few
pennies by using cheaper
components. But this could be
expensive in terms of
premature failure of the
finished product. When your
company’s reputationis onthe
line, you can't afford not to
use Delevan components.
Their premium performance
more than justifiestheiruse
... because Delevan
dependability pays for itself.
Why not prove it to yourself!

AMERICAN
@ PReCISION
INDUSTRIES INC.

270 QUAKER RO./EAST AURORA, N.Y. 14052
TELEPHONE 718/852-3800 TELEX 081-283

OTHER OIVISIONS OF AMERICAN PRECISION INOUSTRIES INC
BASCO*OUSTEX*MOELLER INSTRUMENT CO *OXFORO CORP

Delevan

Division

l

Meetings

Nepcon ’77 West— National Elec-
tronic Packaging and Production
Conference, Industrial and Scientific
Conference Management Inc. (Chi-
cago), Anaheim Convention Center,
Anaheim, Calif., March
1-3.

Fourth Energy Technology Confer-
ence and Exposition, Government
Institutes Inc. (Washington, D.C.),
Sheraton-Park Hotel, Washington,
D.C., March 14— 16.

Southwest Printed Circuits and Mi-
croelectronics Exposition 77, Indus-
trial and Scientific Conference Man-
agement Inc. (Chicago), Market
Hall, Dallas, March 16—17.

Vehicular Technology Conference,
IEEE, Orlando Hyatt House Hotel,
Orlando, Fla., March 16—18.

1ECct >77: Industrial Applications of
Microprocessors, IEEE, Sheraton Ho-
tel, Philadelphia, March 21 —23.

Fourth Annual Computer Architec-
ture Symposium, 1EEE, Sheraton
Silver Spring Motor Inn, Silver
Spring, Md., March 23 -25.

National Association of Broadcasters
Annual Convention, NAB (Washing-
ton, D.C.), Shoreham Americana
and Washington Hilton Hotels,
Washington, D.C., March 27— 30.

Data Communications Interface *77,
Datamation magazine ez al., Georgia
World Congress Center, Atlanta,
March 28 - 30.

1977 International Semiconductor
Power Converter Conference, IEEE,
Walt Disney Contemporary Hotel,
Orlando, Fla., March 28 —31.

Conference on Computer Systems
and Technology, Institution of Elec-
tronic and Radio Engineers (Lon-
don, England), University of Sussex,
Brighton, England, March 29 -31.

Salon International Des Composants

Electroniques, Porte de Versailles,
Paris, France, March 31— April 6.
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What YouNeed
Is What You Get.

Ramtek’s new RM9000 modular graphics
and imagery system gives you
expandability, economy and flexibility.

Process Control: Water facilities plant.

Select The Performance You Need.

The RM9000's total modularity lets you select
the exact performance you need to fill your
particular application. You pay only for the
performance you need. Nothing more. And that's
like money in the bank.

Add On As You Have To.

As your needs change and grow, the RM9000’s
capability will grow right along with them. A
comprehensive list of options such as expansion
from black and white to grey scale or color—even
a complete range of interactive peripherals and
additional independent channels.

Microprocessor-Controlled Raster Scan.

The RM9000 is the first raster scan graphics and
imagery system to be totally microprocessor

Electronics /February 17, 1977

Imaging: Viking | Orbiter.

controlled. That mears you can implement a
higher-order user language to minimize program-
ming costs without a sacrifice in system throughput.

Functional. Reliable. Maintainable.

High reliability is the direct result of intensive
testing of components and systems prior to
shipment. Solid state components and printed
circuit construction are used exclusively. Result?
No special preventive maintenance measures
are reqguired. In fact, the RM900C can be pre-
programmed with self-diagnostic capability.

You Neecd To Know More.

To fully appreciate the RM9000's capability, you
need more details. Call or write Ramtek Corpora-
tion, 585 N. Mary Ave., Sunnyvale, CA 94086.
(408) 735-8400.

ramtek
Our Experience Shows
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When you're

designing miCcroprocessors

into your products...

our 990 computer products
can give you a head start.

Tixas INSTR

Start with the TMS 9900 micro-
processor.

It delivers surprising power,
speed and flexibility in a low-cost,
single-chip 16-bit package. Its
repertoire of versatile instrue-
tions and high-speed interrupt
capabilities provide computing
power usually associated with a
16-bit TT L minicomputer.

Hardware multiply and divide is
standard and the software you de-
velop for the TMS 9900 is upward
compatible with any other member
of the 990 computer family.

When your application calls for a
microcomputer—start with the
990/4 microcomputer on a board.

It offers all the advantages of the
TMS 9900, plus flexible memory
and CPU options ideally suited to
manufacturers’ applications: up to
8K bytes of dynamic RAM memory,
up to 2K bytes of RAM and/or
PROM, real-time clock input, eight
vectored interrupts, expansion
interface and optional ROM
utilities. It’s our off-the-shelf
answer for many production needs.

The 990/4 microcomputer is also
available in a low-cost three-slot
OEM chassis...or housed ina 6- or
13-slot rack-mount chassis with
programmer’s panel...or in a 6-slot

Copyright 1977, Texas Instruments Incorporated

tabletop chassis. And, the 990/4 is
available as a complete computer
system supported by your choice
of performance options and
peripherals.

For applications requiring
greater speed, we offer the most
powerful member of the 990
computer family...the 990/10
minicomputer. It uses a TTL
implementation of the 990 archi-
tecture and features TILINE*,
an asynchronous, high-speed
16-bit parallel I/O data bus which
links the CPU, memory, and high-
speed peripheral devices.

Rack-Mount 990 Computer

And to help you get on line
faster and surer, there’s a proto-
typing system using 990 computer
hardware and software packages.

In addition, the 990 family is well
supported by a substantial library
of software development packages.
Whatever your needs...the TMS
9900 microprocessor, the 990/4
microcomputer, or the 990/10
minicomputer...you'll be working
with some of the most attractive

990/9900 Prototyping System

computer component values on the
OEM market. Price/performance
leadership you expect from Texas
Instruments.

You can start today by getting
more information on the entire 990
computer family. Contact your
nearest TI sales office, or phone
(512) 258-5121, Computer Equip-
ment Marketing, for your local
distributor. Write Texas In-

struments Incorporated, o
P.0. Box 1444, M/S 784, Pyﬁ
Houston, Texas 77001. o

*Trademark of Texas Instruments Incorporated

TEXAS INSTRUMENTS

Electronics /February 17, 1977

INCORPORATED

Circle 23 on reader service card 23



Get more for your money!

Use This New 3/8” Square Cermet Trimmer From Allen-Bradley

Our new TYPE E trimmer is a high performer with a realistic price. It has some
important advantages: ® Immersion seal is tested in 85°C water (not 50° or
70°). » Temperature characteristic is 100 PPM/°C for stability. e Multifingered
contact for excellent adjustability. ® $0.49 each—1000 piece price. For more
information call your A-B distributor or write for Publication 5219.
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Quality inthe best tradition.

ALLEN-BRADLEY
NWALITY /

Milwaukee, Wisconsin 53204

EC108
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Fairchild aims
its I12L process
at 16-k RAM

Motorola mounts
LCD-watch crystal
on substrate

Lithium batteries
for LED watches
may be near

Amdabhl reported
to be first buyer of
E-beam system . . .
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Electronics newsletter

The mos-dominated dynamic memory market may be in for a major jolt.
Using its Isoplanar injection logic process (which it calls 1°L), Fairchild
Camera and Instrument Corp. will begin manufacturing a 16-kilobit
dynamic random-access memory in the second half of 1977 whose target
specification can be termed awesome compared to 16-k mos parts: 100-
nanosecond access time, 350-milliwatt active power, and 70-mw standby
power. How much of a bite the new bipolar RAM takes out of the price-
conscious main-memory market depends on what it will cost. In view of
the very compact die size of the company’s recently-introduced 4-k 1L
dynamic RAM, the price of the 16-k version could be extremely competitive
with those of high-performance Mos 16-k designs.

Now that Motorola has started shipping production volumes of its new
liquid-crystal-watch module [ Electronics, Nov. 25, 1976, p. 35], the secret
of its tiny size is out. Instead of using a packaged watch crystal, the firm
has mounted the quartz crystal directly on the module’s ceramic substrate,
eliminating enclosures, feedthroughs, and leads. The crystal is also laser-
trimmed, so that the module needs no variable trimmer.

Besides watch module and crystals, Motorola’s Communications group
also plans to sell fabricated and plated, but unpackaged, crystals to
watchmakers that want to do their own trimming. *“But the trimming is
tricky,” says Motorola vice president Martin Cooper. “We’d rather sell the
substrate with the crystal mounted and trimmed.”

The answer to the battery-supply nightmare of many a maker of light-
emitting-diode digital watches is in the offing. By next Christmas the
newest generation of sophisticated LED watches may sport a new power
source — lithium-based batteries, which offer more power in less area and
longer shelf life than conventional batteries. At the Consumer Electronics
Show last month, National Semiconductor Corp. of Santa Clara, Calif.,
showed a new lithium-powered LED watch module, 210 mils thick, to
selected customers. Mallory Battery Co. of Tarrytown, N.Y., was there
also, with its new lithium iodide battery capable of 2 to 3 volts and 200
milliampere hours of output.

Other, battery makers with active lithium programs aimed at the
consumer market include Honeywell Inc. of Minneapolis, Eagle Picher
Industries Inc. of Joplin, Mo., and ¢Ts Corp. of Elkhart, Ind. National has
signed agreements with Eagle Picher and Honeywell for thin, half-dollar-
size batteries that would fit in the bottom of watch cases.

One of the first buyers of the manufacturing electron beam exposure
system (Mebes) from eTEC Corp. of Hayward, Calif., is reported to be
Amdahl Corp. [ Electronics, Nov. 25, 1976, p. 36]. In what appears to be a
move to build an in-house capability for fabricating advanced LsI circuits
for its V/470 series of super computers, Amdahl is reported to have spent
an estimated $500,000 for the Mebes; the first commercial production
system for electron-beam lithography of integrated circuits, plus $350,000
for diffusion furnaces from Tempress Microelectronics and $175,000 for
cylinder reactors from Applied Materials.
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. . a8 GCA confirms Gca Corp. has confirmed its hint that next year it will market an electron-
beam lithography system for making semiconductor masks [Electronics,
It will sell own Sept. 30, 1976, p. 12]. The Bedford, Mass., supplier of semiconductor
version next year production equipment will use a proprietary approach in its system. The
company doesn’t have a license from Bell Laboratories, whose electron-
beam-exposure-system technology is being used by at least two competi-
tors: ETEC Corp., and the Extrion division of Varian Associates in

Gloucester, Mass.

Gl to market Augmenting General Instrument Corp.’s custom microprocessor approach
to the low end of the controller market is its one-chip microcomputer to be
1-chip processor offered by the Hicksville, N.Y, Microelectronics division as a standard
as standard device product in April. The byte-oriented PIC1650 has 512 12-bit words of
program memory, 32 bytes of working registers, and four sets of 8
input/output lines. Priced at a rock bottom $5 each for 100,000 and $8
each for 20,000 pieces, the MOS part is intended for control applications in
gas pumps, vending machines, fast-food equipment, appliances, and other
end equipment.

Benrus moving closer It’s no longer a question of if Benrus Corp. will be selling a liquid-crystal-
display digital watch, but when. At the 1977 Spring International Jewelry
to introducing Trade Fair and Convention in New York, marketers for the Ridgefield,
LCD watches Conn,, firm were quietly polling retailers’ preferences for a large number
of Lcp-watch modules being evaluated by Benrus. Eliott Morrison,
marketing manager for solid-state watches, says a decision will be made
within a few weeks on which modules and suppliers to team with. Benrus
then can have its watches on the market in six weeks.

Home computer The hobby-computer field acquires new systems almost as fast as it adds
is based on aficionados (see p. 38). For one of the latest product introductions, watch
for Martin Research, Northbrook, Ill., this month to introduce one of the
Z-80 microprocessor first home microcomputers to be built around Zilog Corp.’s Z-80 micro-
processor. Also aimed at small industrial users, the new Mike 8 will be a
three-card, $495 device that comes with calculator keyboard, light-
emitting-diode displays, and a 1,024-byte operating system.
In addition, the Heath Co. has hinted —to no one’s surprise — that it will
offer computer Kkits this year. The firm has been working on a broad
family of home computer products for more than two years.

Toshiba to ship Toshiba will supply half of the 30,000 electronic engine-control modules to
be fitted into 1978-model cars this year by Ford Motor Co. In addition,
half the 1978 car the Japanese company will make the microprocessors and associated
controls to Ford large-scale-integrated control modules that the Essex division of United
Technologies Corp. will provide for Ford cars. A third module supplier will
be Ford’s Electrical and Electronics division. It is believed that the division
will use components from Intel Corp. and Texas Instruments, selected

from among seven vendors.
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Profit
from
sameness.

Kodak micro resist 747
gives you the precise
uniformity to help improve
your yields.

It’s formulated te give
excellent adhesion, etch
resistance, and resolution
for use on semiconductor
and metal surfaces com-
mon to microelectronics
manufacturing.

Our rigid filtering
standards mean a con-
sistently low metal-ion
content. And the tightly
controlled viscosity means

more uniform coating and
higher reliability.

747 resist is negative-
working and is available
in four viscosity grades:
110, 60, 45, and 30
centistokes.

Batch-to-batch consis-
tency—helps build your
profits.

For a free packet of
information on Kodak
products for photo-
fabrication, write
‘Eastman Kodak
Company, Dept. P04802,

Rochester, N.Y. 14650.

Kodak micro resist 747
RESULTS COUNT
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You'll probably replace your bulb 10 times

before your Pro-Log programmer fails
even once.

Ordinary lightbulbs average a 1,000-hour life. And
while we back our Series 90 and 92 PROM pro-
grammer control units with a 2-year parts and
labor warranty—the industry’s longest—
chances are you won't need it. With over
1,000 units in use in the U.S., the mean
time between failure is 10,000 hours.
In terms of a normal workweek,
that's nearly five years.

Think of the benefit. If
your programmer " Using our field proven
doesn’t need ser- plug-in personality modules,
ice, you don't each with its own full-year parts and labor warranty,
have to wait the stand-alone Series 90 PROM Programmer
around for programs, lists, duplicates and verifies every major

a field MOS and bipolar PROM; its master control unit costs
service only $1,800. The single-button Series 92 PROM
man. Duplicator control unit is $995. Modules cost from
$360 to $450. Options include TTY, paper tape reader,
hAnd parallel /O, RS232 and RAM memory.
when
something See for yourself. For a demonstration call Pro-Log,
does happen 2411 Garden Road, Monterey, CA 93940. Phone |
to a Pro-Log unit, our (408) 372-4593. .

Customer Service Desk promises
you full repairs in one week maximum or
loan equipment if you're in a hurry.

Pro-Log
Instruments

~ % Microprocessors ot your fingertips.

-
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Intel readies
a 16,384-bit

erasable PROM

Largest ultraviolet-erasable
device, interchangeable with
16-k ROMs, needs only a
single 5-volt power source

While others are still struggling to
get into production with 8,192-bit
ultraviolet-light-erasable program-
mable read-only memories, Intel
Corp. will be supplying samples of a
16,384-bit version in the second
quarter. What’s more, the 2716 will

be easier to use and need just a
single 5-volt power supply instead of
multiple supplies.

Like Intel’s earlier 2708 8-k
device, the 2716 is a double-layer
polysilicon-gate n-channel metal-
oxide-semiconductor device. It is two
to four times as dense as most 8-k
erasable PrROMs around, including
the 2708, but even so, its speed is
about the same —450 nanoseconds —
and power dissipation in the normal
read mode is actually 20% less,
about 600 milliwatts. Another fea-
ture, not available on any uv-eras-

able device now on the market, is a
standby power mode in which the
device operates at a sixth of its
normal power dissipation. That, of
course, offers further savings in
power at the system level.

The new part will expand the
already sizeable market in uv-eras-
able PROMs —they have become pop-
ular for prototype programming in
microcomputer-based designs. This
year the industry expects to sell $40
million to $50 million worth as the
average selling price of 4,096-bit and
8-k devices drops 50% from the 1976

»4 ADDRESS
OUTPUT, »4 CHIP SELECT
DUIRUL. DATA OUT
poRTS 2023 |81 > 1-0F-4 LIRS 2708
DECODER UV-ERASABLE
8048 2BITS E— PROM
MICROPROCESSOR -
ADORESS LATCH ENABLE 4212 10 BITS o AooRess
- LATCH CHIP SELECT
8 BITS
8US Je TaTs | oA ouT
I PROGRAM STORE ENABLE 2708
UV-ERASABLE
PROM
1
3BITS
PORTS 20-22
ORTS l 2716
ADDRESS LATCH ENABLE 8212 ADDRESS
e LATCH L UV-ERASABLE
MICROPROCESSOR — 8 PROM
[ BUS DATA QUT
PROGRAM STORE ENABLE CHIP SELECT

Bonus. The 2716 16-k erasable PROM replaces a pair of 2708 8-k devices and is easier to use because it requires a single 5-volt power
supply. Just an external latch is all that's needed to interface the device to a microprocessor system like Intel's 8048,
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level of $50 to $75 each and as
pressure from the 16-k PROMs
builds.

To make things tougher on com-
petitive devices, Intel has added a
circuit-design feature that simplifies
programming. As before, program-
ming is a matter of transporting
charge to a floating gate by inducing
an avalanche injection of electrons.
While the memory chip still needs a
+ 26-v supply for this function, the
supply no longer needs to be
switched externally. Instead, the
pulsed signal that induces the ava-
lanche injection now occurs on chip.
And unlike present 8-k erasable
PROMS, single-pulse and single-loca-
tion programming are now possible
with the 2716. Moreover, chip size is
only 30,625 square mils for the
2,048-by-8-bit device, according to
Dave House, Intel’s memory appli-
cations manager. This is only 17%
larger than present 8-k devices.

“l think we've come up with a
pretty little package of advantages,
enough to help us maintain our lead
in the erasable-PROM marketplace,”
House says. He characterizes the
technological advances that made
the 2716 possible as “evolutionary,
but not so much so as to make it easy
for our competitors to copy the
device.” Unlike the revolutionary
jump from p-channel to n-channel
MOS represented by the 2,048-bit
1702 erasable pProM and the 8-k
2708, the development of the 2716,
says House, represents the “bringing
together of circuit and process
enhancements” introduced in other
Intel products in recent years.

Oxide isolation. Chief among
these is a switch from active ion-
implant isolation to passive oxide
isolation, not only in the peripheral
control circuitry, but in the pro-
grammable array of floating-gate
avalanche-injection Mos (Famos)
transistors. This halves the space
between adjacent transistors. Besides
allowing a 16-k array to occupy
approximately the same area as an
8-k device, it reduces bit-line capaci-
tances and thus improves speed.

In addition, a +12-v and —35-v
supply were eliminated and addi-
tional speed gained for the 16-k

30

PROM by using the + 5-v process and
circuitry originally developed for
Intel’s 2102A and 2115 1,024-bit
static random-access memories for
the peripheral circuitry —address de-
coders and buffers, row and column
decoders, and output sense ampli-
fiers. The on-chip program pulsing is
provided by a simple voltage
switch—a Mos transistor with a 26-v
input and a gate on the output.

A chief goal in designing the new

device was to make it easy to use,
House points out. For that reason, he
says, Intel designed the 2716 in a 24-
pin package that is completely plug-
compatible with its 2316E 16-k
mask-programmable read-only
memory. “Using these two nearly
identical devices,” House says, “the
user may debug systems with the
2716 and, as soon as the data pattern
is firm, order ROMs to plug directly
into the same socket.”

Military

Early-warning over-the-horizon radar
being put together in Maine by GE

Now about two years into its $38.8
million contract, General Electric
Co. is hard at work on a new Air
Force radar system for early warn-
ing of bomber attacks. First tests of
the so-called over-the-horizon back-
scatter system are set for the fall of
next year. The huge transmitter and
receiver installations, located about
100 miles apart in Maine, are
already taking shape under the
direction of GE’s Electronic Systems
division in Syracuse, N.Y.

The doppler system will use a
phased-array antenna at the trans-
mitter site near Bingham, Me., to
bounce frequency-modulated contin-
uous-wave signals off the ionosphere
above the Atlantic Ocean and back
down to earth, where they will illu-
minate a “footprint” on the ground
some 1 million square miles in area.
The signals will be reflected back up
to the ionosphere and again bent
back, this time to the receiver site.
There, another gigantic antenna will
pick them up for the processing that
will discriminate unknown target
tracks from those of known friendly
aircraft operating in the area.

Much bigger. The radar will scan
an area some 10 times greater than
is possible with existing systems. The
E-3A advanced warning and control
system’s airborne radar can cover
approximately 112,000 square miles.
The Maine radar’s shortest range
will be some 500 miles, and it will
exceed 1,800 miles at maximum

reach. Land-based line-of-sight ra-
dars, such as the AN/FPS-27, which
the radar will complement, cover a
radius of about 200 miles.

Apart from its coverage and size,
the system is not unusual. For
instance, it does not pick state-of-
the-art components, but relies on
older, proven devices, points out Lt.
Col. Erlind Royer, chief engineer in
the OTH-B system program office at
the Air Force Electronic Systems
division, Hanscom Air Force Base,
Bedford, Mass.

The transmitter site will have a
wire-fence type of antenna 2,276 feet
wide and 135 ft high, with contact
dipole elements. In an adjacent
building there will -be 21 transmit-
ters, rated at 100 kilowatts each,
seven of which will be used at a time
to generate signals. Steered electron-
ically under computer control, the
beam can be scanned in azimuth and
range by changing the frequency
over the system’s six bands. The
bands range from 5 to 30 megahertz.
The higher the frequency, the
greater the range, Royer adds.

After bouncing off the ionosphere
that varies from 50 to 300 kilome-
ters up, the signals will step in six
segments to form the million-square-
mile footprint. Return signals, again
bent back to earth by the ionosphere,
will go to the 5,816-ft-long receiver
antenna near Columbia Falls, Me.,
where they will be relayed to 96
three-stage superheterodyne re-
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Big ear. Breadboard of backscatter over-the-horizon system being built by General Electric

for the Air Force's Electronic Systems division gives just a hint of its final massive size.
Completed, the antenna will be 135 ft high and more than one mile wide.

ceivers, undergo analog-to-digital
conversion, and be fed to a digital
beam former. The receivers apply
phase ccrrection and other process-
ing to the returned beam to define
the six beams that make up the
footprint.

Additional processing includes ap-
plication of a two- or three-phase
moving-target indicator, plus range
and doppler processing before the
formed beam passes to a central

processor as a series of amplitude
peaks. The central processor forms
target tracks from those peaks by
applying a sequential detection and
tracking algorithm originally devel-
oped by GE for sonar applications.
Finally, the displayed tracks will
be compared with flight plans and
pilot position reports provided by the
Canadian Ministry of Transport
over a computer-to-computer link
from Gander, Newfoundland. O

Close to $300 million in electronics
to be awarded for NATO’s Awacs

British, German, and Canadian
companies stand to gain an esti-
mated $400 million in offset work,
about 75% of it in electronics, as a
result of NATO's impending $2.44
billion purchase of the E-3A Awacs
(Airborne Warning and Control
System). NATO defense ministers are
expected to give the final go-ahead
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to the project, the largest buy in the
alliance’s history, at a special meet-
ing tentatively set in Brussels for
Feb. 24 and 25.

The warning system for NATO
includes 27 Boeing Co. 707 jets
designed to carry out radar surveil-
lance, detection, and tracking of
hostile aircraft. The aircraft will

work with existing ground defense
and communication facilities includ-
ing Nadge (the NATO air defense
ground environment).

To be worked out. Many of the
details —including what companies
will manufacture what—still must
be worked out. It appears that about
80% of the cost of the system will be
paid by the US., West Germany,
the United Kingdom, and Canada,
with the rest coming from smaller
NATO members. So far, many of the
program’s teething pains have in-
volved finding a formula to permit
widest possible participation of
member countries in the systems’
manufacture. Aircraft deliveries will
begin in late 1980 and end in 1985.

The heart of the system is the
Westinghouse 360° look-down radar,
whose mushroom-shaped antennas
are in a Rotodome mounted on the
707 fuselage, plus a variety of
sophisticated systems for data pro-
cessing, communications, and weap-
ons command. About 60% of the
overall price is for airborne systems.

Except for some $110 million
carmarked for Pratt and Whitney
TF-33 engines, the rest of the money
goes for modifications to the existing
ground system, an avionics mainte-
nance and training laboratory, mis-
sion and flight deck simulators, and
initial spares. Systems include the
sophisticated Westinghouse radar,
the i8M central data processor, and
Hughes Aircraft time-division multi-
ple-access digital transmission
system.

Each government’s share of the
contracts will depend on the relative
size of its contribution. West Germa-
ny seems likely to pick up 25% of the
bill, with the UK and Canada paying
18% and 8% respectively. The U.S.
share is reported at 28%.

Plans last December earmarked
contracts for parts of the central
data-processing unit and the TDMA
system for West Germany, while
parts of the radar were targeted for
Uk firms. It is also expected that the
English company, Redifon, which is
producing the flight-deck simulator
for the U.S. Air Force, will also
produce it for NATO.

Other contracts will involve the
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Boeing interface adapter, a system
linking the central data processor,
the radar, the identification friend-
or-foe system, and communications
and navigation equipment. Also to
be ordered are multiple displays
produced by Hazeltine, on-board
test equipment, part of the Northrop
navigational system, and some work
on ground support including the
maintenance laboratory and simula-
tors. Final assembly of many of the
sophisticated subsystems, particular-
ly the radar and data processor, will
probably take place in the U.S. using
European-made components.
European integrator. Aircraft will
be produced at Boeing facilities in
Seattle. The planes are to be
delivered, with Rotodome installed,

to possibly a U.K. contractor respon-
sible for installation and testing of
the equipment. Adaptation of the
NATO ground environment, including
Nadge and other national surveil-
lance, command, and control
systems, is being handled by Eu-
tronic, a Brussels-based grouping of
six companies including Hughes,
AEG-Telefunken, Hollandse Signaal-
apparaten, Marconi, Selenia, and
Thomson-CsF.

Selection of companies for offset
work is being handled by Boeing and
its subcontractors. Hughes Aircraft,
for example, is reported to have
selected four companies for work on
the airborne portion of the TDMA.
Seven firms are contenders for the
system’s ground segment. O

Consumer

Microprocessor takes on all comers in
electronic chess game to sell for $200

Gambling on software developed by
one of its engineers who began by
working in his spare time at home, a
small hearing-aid manufacturer in
Chicago is entering the consumer
electronics business with an elec-
tronic toy that sells for $200. The
company’s Chess Challenger is an
expensive, sophisticated micropro-
cessor-based chess game, complete
with board, chess pieces, and alpha-
numeric display. It will go on sale
later this month at the Nieman-
Marcus store in Dallas.

Other retailers are expected to
follow quickly. **We originally
thought we’d sell about 50,000 this
year,” says Myron M. Samole, the
attorney who, with his brother
Sidney, owns the game’s developer,
Fidelity Electronics Ltd. *“But based
on the response we saw at last
month’s Consumer Electronics show
in Chicago, we figure 100,000 will
be the minimum.” Almost every
major retailer in the country has
placed at least a sample order with

Challenger. Chess moves, punched in
through keyboard, are displayed on LEDs in
chess game from Fidelity Electronics.
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the firm since the show, he says.
The chess player’s opponent is an
8080A-type microprocessor made by
Nippon Electric Co. It works with an
8224 clock generator/driver, 8228
system controller, 512 8-bit bytes of
NEC’s random-access memory that

stores the positions of the chess
pieces, and a 16,384-bit read-only
memory masked in Japan.

This software contains such ele-
ments as the rules of chess, the rela-
tive importance of the pieces, allow-
able moves, and strategies. To keep
the 12Y:-by-8-inch chessboard as
thin as possible—it’s about 1Ys-in.
high— Fidelity has moved the trans-
former to the line cord.

Keyed in. Moves are entered on a
Texas Instruments calculator-type
keyboard buried under a Mylar-
coated surface and displayed on four
seven-segment light-emitting diodes.
The microcomputer can respond in
milliseconds, “although we’ve de-
layed the microprocessor’s counter-
moves a few seconds so people won’t
think they’re playing with a calcula-
tor,” Samole says. Two additional
LEDs are used to show that the
microcomputer has the player in
check, and for it to admit defeat.

“An average chess player can beat
the computer 25% to 75% of the
time, depending on how carefully he
plays,” Samole says. The keyboard
can be used at any time to verify the
position of each chess piece.

The microcomputer plays by the
book, working on the weighted
values of the pieces, completely scan-
ning the board for the best move
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each time. “It plays aggressively, it
tries to control the center of the
board, and if it’s in trouble, will try
for a stalemate,” Samole says. The
program accepts and performs ca-
stling and en passant and automati-
cally turns pawns into queens when
they reach the last rank.

Fidelity has a harder-to-beat pro-
gram waiting in the wings. The new
program requires about five kilo-
bytes of 8-bit memory, and the firm
will upgrade any Chess Challenger
for $75 after June |I.

Samole, concerned about competi-
tors trying to duplicate his machine,
has tried to make it tough for them.
For one thing, he won’t disclose the
name of his engineer. Also, the
printed-circuit board in the unit is
fastened to a metal plate that
conceals the components. “To get
into the electronics, the walnut case
must be destroyed,” Samole says.
And perhaps some of the electronics
will be destroyed in the process.

Nothing yet. An earlier electronic
chess set demonstrated in bread-
board at last year’s American Toy
Fair [Electronics, March 4, 1976,
p- 44] has yet to make it to market.
Leslie Berger, president of Cardinal
Industries Inc., Brooklyn, N.Y.,
claims his firm is still working on a
unit based on a Mostek Corp. F8
microprocessor. But he won’t be
pinned down and refuses to say when
the product will be available. g

Home-VTR battle
moves into U.S.

The fierce competition among Japa-
nese makers of home video-tape
recording systems has spilled over
into the U.S. market, damping hopes
for settlement on a single standard
format. Early this month Zenith
Radio Corp., No. 1 in U.S. sales of
color-television sets, announced it
would market Sony Corp.’s Betamax
home vTR. But this potent combina-
tion will face other strong contender
led by Victor Company of Japan,
which in September came out with
its own Video Home System (vHS),
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priced at $890 in Japan. Total sales
in the U.S. could reach 100,000
units this year, according to industry
estimates.

JvC has agreements with Hitachi
Ltd., Sharp Corp., and Mitsubishi
Electric Corp. in Japan. Its most
powerful ally, however, is parent
company Matsushita Electric Indus-
trial Co., which finally announced
just a couple of months ago that it
would make and sell the 2-hour-
format JvC system. Matsushita is
Japan’s largest color-Tv manufac-
turer and, with its Panasonic Co. of
America, could provide lots of clout
in both markets.

Sony presently dominates sales of
the home recording systems with its
basic $1,000 |-hour-format unit. But
to counter JVC, it has been forced to
develop a machine with a 2-hour
format that is not interchangeable
with its own I-hour format (see
International Newsletter, p. 53). In
addition, Sanyo Electric Co. and
Tokyo Shibaura Electric Co., which
will continue to offer their jointly
developed V-Cord Il system at well
over $1,000, have cast their lot with
Sony’s Betamax.

In short, although the Electronics
Industries Association of Japan is
trying to move the Japanese makers
toward one standard before its infant
home market becomes confused, it
appears there will be no truce. To
complicate the technical situation
further, Matsushita has also devel-
oped and is marketing yet another
VTR system, the VX-2000, a low-
priced ($730 in Japan), single-head
player. Quasar Electronics Co., a
division of Matsushita Electric Corp.

- of America, recently began market-

ing this machine in the U.S. as the
VR-1000 for a price of $995. Quas-
ar’s deck, which is made in Japan,
plays both 100-minute and 120-
minute cassettes.

RCA too. As for the No. 2 U.S. Tv
maker, RCA Corp., industry sources
say it will probably have a system on
the market by the second half of this
year. The company is evaluating all
of the formats and will probably sell
a purchased machine at first. But if
RCA decides on Betamax, there is
some question whether Sony could

supply it with enough decks. The
Japanese firm is straining to meet its
own and Zenith’s needs. Therefore,
RCA could lean toward Jvc, with
which it has had friendly relations.
Zenith has not disclosed retail

.prices yet, but expects to begin

volume sales of 2-hour playing decks
in the fall. Sony will supply the
machines to Zenith’s specifications.
Also, the Chicago-based company
intends to put out a combined video-
tape recorder and television receiver
in a high-end console and to provide
a black-and-white-Tv camera and
mike for recording at home. In addi-
tion, it will sell blank tape cassettes
and handle service through its estab-
lished network. However, the firm
has not abandoned its plans for a
video-disk system. O

Medical

X-ray system gets
digital controller

Despite the increasing use of lower-
dosage X-ray techniques, there is
still a $460 million annual market
for conventional film X-ray equip-
ment. In the hope of garnering a
larger market share, Litton Medical
Systems division has designed a digi-
tally controlled single-phase X-ray
generator that is one of the first to
rely heavily on solid state.

“At the moment, the larger firms
are ignoring innovations in direct
shadowgraph [film-producing] X-
ray equipment to go after the high-
technology markets, such as compu-
terized tomography,” says John E.
Mclntyre, market manager for diag-
nostic X-ray apparatus at the Des
Plaines, Ill., division. “We see the
void as an opportunity to get an
increasing share of the business.”

The 650S generator made its
debut late last year in Chicago, at
the annual meeting of the Radiolog-
ical Society of North America, and
the first production units are now
being shipped. Basically an analog
system, it uses an auto-transformer
and a high-tension transformer to
translate line voltage to the 150-
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Neat look. Operator’s panel of the digital controller developed by Litton's Medical Systems
division for an X-ray generator resembles what one wauld expect to find on a computer.

kilovolt output required by the X-ray
tube. “But it’s under total digital
control,” says project engineer Fred
Budelman.

Digital control adds significantly
to the generator’s reliability which,
Mclintyre says, will be a strong
selling point. He also lists lower
manufacturing costs and smaller size
as reasons for Litton’s switch from
the traditional electromechanical ap-
proach to controls.

Desk change. The most visible
changes in the generator are at the
operator’s desk, where Litton has
stripped out banks of electromechan-
ical switches, potentiometers, and
analog-meter displays. Instead, the
control panei is built around a Hall-
effect keyboard from Honeywell’s
Microswitch division, Freeport, Il.,
and 24 seven-segment light-emitting
diodes that indicate current, voltage,
and time—the exposure-control pa-
rameters.

“Digital displays don’t stick or go
out of calibration like meter displays
do,” comments Budelman. Key-
switch inputs are multiplexed onto a
data bus, eliminating two or three
wires per mechanical switch. The
keyboard also allows a technician to
select the X-ray procedure to be
performed, such as chest X ray or
mammography.

Analog circuitry is needed for the
basic servo system that varies the
unit’s autotransformer. It also keeps
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parts count down in some calcula-
tions, including an optional unit that
warns when the X-ray tube is over-
heating. But most of the rest is
complementary-metal-oxide-semi-
conductor logic. ““An X-ray system is
a noisy environment, and we need
the noise immunity of C-M0S,” as
well as the technology’s LsI capabil-
ity, Budelman explains.

The generator —which needs only
a tube unit for a complete X-ray
system—is priced from $17,000 to
$27,000, depending on options.
That's about the same as earlier
systems with comparable functions
and power levels, Mclntyre says.

Future designs will probably have
an even higher digital content,
perhaps including microprocessors.
“When we start building in self-
diagnasis and self-calibration capa-
bilities, we’ll need the computing
power,” Budelman points out.  [J

Military

Slight cut leaves
Tomahawk unhurt

That things are not always what they
seem was demonstrated again in
Washington when Secretary of De-
fense Harold Brown appeared to be
ordering a slowdown in the Navy’s
Cruise missile program. That is how

most of the news media construed
Brown’s reversal of the January
decision of the Defense Systems
Acquisition Review Council to go
ahead to the tune of about $25
million with full-scale engineering
development of the antiship version
of the Navy’s Tomahawk. But the
antiship missile represents only a
small segment of the total Navy and
Air Force Cruise programs.

Go-ahead given. While Brown was
getting media mileage out of over-
ruling the review council, the Naval
Air Systems Command got approval
for $25.1 million on two contracts
for full-scale engineering develop-
ment of the more complex and costly
Tomahawk land-attack version. This
includes $5.4 million for the guid-
ance system to McDonnell Douglas
Corp.

The new fiscal year package of
nearly $403 million for the separate
but, say some critics, duplicative, Air
Force and Navy subsonic Cruise
missile efforts—$168.4 million for
the Air Force, $234.3 million for the
Navy—demonstrates that the ser-
vices are running hard to get their
systems into inventory before a new
round of strategic arms limitation
talks.

Moreover, the antiship Toma-
hawk, the critic adds, is one the
Navy doesn’t need anyway “because
they already have an antiship cruise
missile in McDonnell’s Harpoon.”

Harpoon, with its 75-mile range,
does not match Tomahawk’s pro-
posed 300-mile range, however. The
Navy antiship version of Tomahawk
would require an active radar target-
acquisition and guidance system like
the Harpoon has, one which is
different from the Air Force and
Navy land-attack versions. These
match terrain contours under the
missile’s flight path against digitized
terrain signatures in its on-board
computer to guide it to a target
[ Electronics, Oct. 2, p. 39].

Development at Convair. The land-
attack Tomahawk, is under develop-
ment at General Dynamics’ Convair
division in San Diego. The Navy
wants to begin procurement in fiscal
1979 and become operational the
following year. The Air Force,
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Spend it or lose it: Brown

As Air Force and Navy Cruise missile development proceeds, the Secretary
of Defense, Harold Brown, indicated in his first congressional appearance on
the fiscal 1978 spending program that he will hold other systems outlays to
amounts that can be usefully spent in the year. This reflects his desire to cut
unspent dollar carryovers from one fiscal year to another [Electronics, Feb.
3. p. 58].

The most visible and potentially most controversial of the Carter Adminis-
tration’s proposed changes could come in Rockwell's B-1 bomber [Electron-
ics, Nov. 29, p. 49]. Brown would slip fiscal 1978 production to 5 planes from
the 8 proposed in the Ford budget; however, a final decision is pending.
Military estimates are that his proposal might chop one-third from the $1.7
billion procurement,

But Brown is firm in his plan to cut back on outlays for expensive, heavy
ships like the new strike cruiser. Yet his proposal to reduce the fiscal 1978
purchase of SSN 688 attack submarines from two to one—for a possible
$200 million saving—is based more on a doubt that the Navy can spend the
money in the next fiscal year, rather than on reasons of economy. So is the
$400 million to $500 million cut in the proposed allotment of $1.74 billion for
108 of the Air Force F-15 Eagle fighters being manufactured for the service

by McDonnell Douglas Corp., St. Louis, Mo.

meanwhile, is proceeding with its
Boeing AGM-69 Cruise missile to be
used on the B-52 and B-1 bombers.
Its fiscal 1978 budget request of
$164.5 million includes $40.6 million
for the first procurement of long-
lead-time items. The service also has
tucked another $3.9 million in next
year’s R&D budget to explore a
mobile ground-launched version of
the missile.

At the moment, the Air Force-
Navy land-attack models have only
the technology of their McDonnell
Douglas terrain-contour guidance
systems in common. Yet the services
may be obliged to consolidate the
management of the program under a
single director. Brown is seriously
considering consolidation, a prospect
raised by his predecessor, Donald
Rumsfeld. O

Memories

Bell installs its
first bubble memory

After almost 10 years of developing
magnetic-bubble technology, Bell
Laboratories is trying it out in one of
the Bell System’s phone companies,
but in a quite modest way. Thin-film
garnet chips, each with a storage
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capacity of 68,121 bits, are being
tested in a recorded-message ma-
chine in the Detroit switching office
of Michigan Bell Telephone Co. The
machine stores such messages as
“We're sorry. You have reached a
nonworking number.”

The bubble memory, housed in a
basic, four-chip package fabricated
by a Bell Labs/Western Electric Co.
team, measures 1.2 by 2.2 by 0.6
inches, has 32 output pins, and is
shielded by a Permalloy outer case
against external magnetic fields. The
total storage capacity of approxi-
mately 272,000 bits holds about 12
seconds of digitized voice.

Six-month trial. The message ma-
chine, dubbed the 13A announce-
ment system, will undergo a six-
month trial in Detroit. Storing up to
eight different messages, the 13A
replaces a machine that stored
recorded messages on a magnetic
drum, but those messages eventually
degraded and had be re-recorded —
magnetic bubbles will virtually elim-
inate that task.

The relatively small capacity of
each chip definitely makes this a
modest test of the bubble-memory
technology. Bell itself claims to have
stored as many as a quarter-million
bits on a single chip, and other
companies, though they may not
have reached this number, have

made and are applying chips with
higher storage capacities than the
Bell chip being tested.

Texas Instruments, for example, is
running in-house trials of a chip with
a 92,304-bit capacity [Electronics,
Sept. 30, p. 29] and is working on
memory units incorporating 16
chips. Also, Rockwell International
Corp.’s Autonetics Group is putting
102,400 bits on a chip and is devel-
oping a memory package with 16
chips or more than 1.6 million bits
[ Electronics, Jan. 6, p. 31]. O

Computers

Personal computer
adds to bare bones

Many machines for the computer
hobbyist are fairly bare-bones
systems, and the extra software and
peripherals required may shoot costs
up to anywhere between $1,500 and
$3,000. But there’s a personal com-
puter being brought to market that,
for $987.54, has enough software
and peripheral hardware to handle a
fair array of applications. The only
extra items needed are an ordinary
television set, hooked up to act as a
display device, and a tape-cassette
recorder to handle loading, program
storage, and “‘mass” memory.

The new machine, “MicroMind,”
comes from Ecp Corp., a small
company in Cambridge, Mass.
When the company was organized in
late 1974, it wasn’t aiming at
personal computers. Its first product,
shipped in volume in mid-1975, was
a hand-held capacitance meter. It
has since added a digital thermom-
eter to its line [p. 148].

Growing market. The move into
personal computers was made to
bring ECD into a young market that
it expects will grow handsomely. A
company spokesman says it already
has orders for 200 MicroMind units,
which it introduced this week in
New York. The firm believes it
could sell as many as 5,000 this year,
although this would represent an
unusually large percent of the total
market. Venture Development
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The MicroMind is aimed at two
kinds of users, says ECD marketing
manager, Edward Costello. One is
the software novice who is experi-

Corp., a Wellesley, Mass., consult-
ing firm, predicts that 25,000 per-
sonal computers will be sold this
year [Electronics, Jan. 20, p. 26].

News briefs

U.S. firms ponder FCC withdrawal from testing Japanese CB sets
The Federal Communications Commission's unexpected ruling this month
that surrenders to the Japanese responsibility for type acceptance and
certification of citizens’ band radios imported from Japan has caught the
American CB community flat-footed. Japanese firms supply most U.S. sets
anyway, so importers and American firms subcontracting their production
were delighted with the promise of accelerated shipments. "'I'm not sure we
like it,"" says Motorola CB specialist Ron Polanski in an effective summary of
U.S. manufacturers’ initial reaction. Japan's Ministry of International Trade
and Industry is naming two laboratories to test the sets. This will lift the load
from the FCC, which last year began testing samples of CB models before
approving them for U.S. sale.

You get a power density of 2.4
watts/in in LH’s 800 series 5-volt,
300 amp switcher. Priced less than
a dollar per watt, this super switcher
offers up to 80% efficiency, excel-
lent reliability, and is constructed
modularly to make maintenance
easy. Major specs include:

e Compact size—5.25"H. x 9.12"W.

x 14.38"D.

* OQutput voltage—S5V DC, 300
amps, 1500W max.; other voltages
include 2V, 12V, 15V, 18V, 24V,

Delay sought in tightening of CB interference standards

The Electronic Industries Association wants a six-month delay in the FCC's
proposed new Docket 21000 to reduce CB transmitter interference with
television signals and other spectrum uses. The FCC notice proposes to
reduce spurious and harmonic CB emissions to 100 decibels below the mean
output for such emissions that are more than 250% from the center of the
authorized bandwidth. John Sodolski, the EIA's vice president for communi-

28V. cations and industrial electronics, says the request for a delay is based on
e Line regulation—0.2% for 10% the need for more experience with the new 40-channel CB sets and for
line change. greater discussion of the problem between makers of CB and TV sets.

¢ Load regulation—0.4% from zero
to full load.

® Response time-—200 usec for a
step load change of 25% at 5A/

NCR enjoins Nitron on electrically alterable ROMs
NCR Corp. and its licensee General Instrument Corp. are moving in the
courts to prevent McDonnell Douglas Corp.'s Nitron division in Cupertino,

¢ Over-voltage protection—factory

¢ Forced air

World’s
largest
switcher
manufacturer!

usec.
setat 125% +5%.

cooling.

The LH 800 typifies the high-re-

Calit., from benefiting from the expertise in electrically alterable read-only
memories a new Nitron employee developed while an NCR scientist. The two
plaintiffs have filed lawsuits alleging their trade secrets are endangered by
Nitron's hiring late last year of Wendell Spence, former manager of research
and development for NCR's Microelectronics division. The Temporary re-
straining orders, granted by a California Superior Court judge, will be in effect
untit a hearing on motions for preliminary injunctions is completed. The
orders enjoin Nitron from selling any electrically alterable ROMs using NCR's
trade secrets and prohibit Spence from working for Nitron in that field.

TRW stakes a claim to fiber-optic market

The potential of fiber-optic communications is attracting another major U.S.
firm. At the U.S. Independent Telephone Association meeting this month in
Kansas City, TRW Inc., Redondo Beach, Calif., used its Vidar division's pulse-
coded-modulated terminals to multiplex signals from 24 telephone circuits

liability, easy-to-maintain switchers
LH Research offers. Nobody packs
more power in smaller packages or
offers a broader line of switchers
than LH Research. 1 through 6 out-
puts. Up to 2.45 watts/in®. Up to 65
watts/lb. Up to 80% efficiency. At
less than 65:/watt in quantity.

into a 1.544-megabit-per-second stream, with two signals again multiplexed
into a 3.1864-Mb/s stream that was then transformed into infrared optical
impulses transmitted through a glass fiber. A detector in the optical receiver
of the demonstration unit converts the light pulses to electrical signals.

Honeywell jumps into distributed processing
Honeywell Inc.’s Information Systems group in Waltham, Mass., is jumping

-

LH

RESEARCH

LH RESEARCH, INC.
1821 Langley Avenue, Irvine, CA 92714
{714) 546-5279

A - - - D S . S S S G . . .- - - --------------------------
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40

into the distributed-systems market with additions to its Series 60 computers
and related communications equipment. The new models include four host
processors, a front-end network processor, two remote batch terminals, and
a low-cost display terminal. A new 66/85 host processor is the top of the line
in the Level 66 large-scale system. It has a main memory configurable to two
million words and costs $4.5 million to $7.5 miltion.

Circle 40 on reader service card
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DUAL GOIL
CIRCUIT BREAKER

reacts to both
voltage and current

Smaller, Lighter, Less Expensive. The Airpax Dual Coil
Circuit Breaker is a single pole magnetic circuit protector
that reacts like a two pole breaker but is smaller, lighter,
and less expensive.

Wide Variety of Applications. In addition to conventional
circuit protection, the Airpax Dual Coil Circuit Breaker can be
used in conjunction with a temperature transducer to protect
heat-sensitive equipment such as power supplies. By
connecting a sensing device to the voltage coil, it can be
used in interlock circuits or can

=] react to pressure, flow, weight,

or fluid level.

| Current Coil Ratings. The
[ current coil ratings are from
] 0.050 to 30 amperes at

65V dc or 250V ac maximum,
- 60 or 400 Hz. (Other models to
100 amperes.)

For more detailed information, call
vaur local Airpax representative or
contact Airpax Electronics, Cambridge

Division, Cambridge, Md. 21613.
Phone (301) 228-4600. Telex: 8-7715.
TWX: 865-9655. Other factories in
Europe and Japan. European Sales

Headquarters: Airpax S.A.R.L,,

THE PRO IN PROTECTION  :=uc dc o Haise, 78370 Plaisir,

France.

Circle 41 on reader service card



REST IN

The brittle bodied, grease shrouded
warrior is forever gone — replaced by
resilient, efficient Cho-Therm 1661.

This new grease-free, thin and
flexible thermal interface material
proved too easy to apply and carried
BTU’s too well.

Hail & Farewell BeO.

Copies of the eulogy (our 1661 specs)
are available on request!

CHOMERICS¥ -

77 Dragon Court
Woburn. Ma. 01801
(617) 935-4850

Circle 42 on reader service card

PEACE

Electronics review

enced in electronics hardware. The
other is the programmer who isn’t
interested in assembling a kit.

For the purchase price, the buyer
gets a fully assembled and boxed
system built around three circuit
boards —the central processor board
with the Mos Technology Inc.
6512A microprocessor and 8,192
bytes of semiconductor random-
access memory, a display processor
board that includes 2,560 bytes of
display memory, and an input/out-
put board that includes a power
supply with *5-volt and +12-v
outputs.

Every microprocessor board has
sockets for 16,384-bytes of dynamic
random-access memory; 8,192 bytes
are supplied with the standard
system. Memory capacity can be
expanded by adding 32,768-byte
memory-expansion boards.

Also included in the basic price
are an 80-key Ascll keyboard with
keys that can be defined by the user
with software, a radio-frequency
modulator that allows the computer
to be connected directly to the Tv
set’s antenna leads, and the all-
important software. According to
ECD president Jerry Roberts, the
software consists of an interactive
editor, assembler, monitor, cassette-
based file system, and an extended
form of the Basic language. It
enables MicroMind to be used for
computation, remote job entry, or
graphics display, or as an intelligent
terminal.

There are also games supplied
with the basic software package,
including an animated space war
game and Life, a game based on
biology and showing the growth of
an organism. The latter is quite
popular with computer hobbyists.
MicroMind will display a chessboard
but ECD does not yet have a chess-
playing program.

The firm also offers five options
costing a total of $450. All five will
be included in MicroMind 11, a more
powerful system that will be avail-
able soon for $1,386.54. The options
are an additional 8 kilobytes of
memory, analog 1/0, vector inter-
rupt, cycle suppression, and memory
mapping. O
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Bi-FET™ Line-Up

Continues to Grow

By this time we hope you know about
our proprietary process that lets us
marry Jret and bipolar technologies
on a single, monolithic chip. We call
this technique Bi-FET™ technology,

)

and to date each circuit built with this
technology has set new standards of
performance for the industry to match.

In fact, we introduced the industry’s
first Bi-FET products, our LF156 op amp
series, almost a year ago. The available
specs on these parts—Iy, Ly, Vos, Vos
drift, slew rate, and settling time—
make the 156 series about the most
advanced op amps in the world. And
if you've heard otherwise, we’d like to

New Keyboard for SC/MP Kit
Replaces Teletypet™

National’s new Keyboard Kit now gives
SC/MP Kit users a low-cost input/out-
put capability. The Keyboard and
SC/MP Kits together form an inexpen-
sive learning and development tool for
anyone without access to a Teletype'™
machine. The new kit replaces the
Teletype previously required by the
SC/MP Kit, yet still allows you to eval-
uate the SC’'MP cpPU and to develop a
variety of application software.

The heart of the Keyboard Kit is a 512~
byte ROM firmware package called
SCMPKB, which replaces the ‘Kit Bug'’
ROM supplied with the SC/MP Kit.
SCMPKB lets you use the hex keyboard
display to execute programs, examine
or modify the contents of memory and
the SC/MP registers, and monitor pro-
gram performance.

The Keyboard Kit comes complete
with a manual, all required 1Cs and

resistors, a keyboard cable-connector
assembly, pre-cut wires, and wire-
wrap connectors; we even supply a
hand-held wire-wrap tool.

The SC/MP pc card already has a hole
pattern for additional iCs. Simple in-
structions in the Keyboard Kit manual
tell you how to add the extra circuits to
the SC/MP card, replace the “Kit Bug’
ROM with the new SCMPKB ROM, and
connect the preassembled keyboard
cable-connector to the card. With these
steps done, you're ready to go.

The Keyboard Kit is another step in the
tradition of simple, cost-effective solu-
tions to your microprocessor needs.
For Keyboard Kit specifics, call your
local National distributor and ask for
information on the ISP-8K/400. 2

Bi-FET™ n-Channel Analog Switches

Our new family of analog switches
combines n-channel JFETs and bipolar
transistors on a single chip for the first
time—a technique made possible by
our Bi-FET' technology. And the
switches built this way provide the
industry’s only low ON-resistance,
high-speed, monolithic, n-channel,
JEET analog switches.

The new switches are ideal for A/D and
D/A converters, data acquisition, signal
multiplexers, sample-and-holds, video
switchers, and so on.

At 25°C, the Series AM181 switches
(for —55° to +125°C operation) feature
a 30-Q maximum ON-resistance,

matched to 2 (1 (typical); this resistance
is constant for signals to 10 V. Switch-
ing times are 105-ns turn-on/95-ns
turn-off (typ.) for a break-before-make
action. Isolation and cross-talk are
down 60 dB (typ.)

Four versions of Series AM181 switches
are available: dual driver, spsT; dual
driver, DPST; single driver, spsT; and
dual driver, spDT. Series AMI181
switches are pin-for-pin, spec-for-spec
compatible with the Siliconix Series
DG181 hybrid parts.

The Series AM281 switches—dual
driver, sPDT—are intended for opera-
tion between —20° and +85°C, and
have slightly relaxed specifications. 2

point out that National does indeed
supply a plastic minidip version; just
ask about our LF356N—it’s been
around for several months now.

We've also got the LF13741 op amp,
which replaces the 741 wherever you
need extremely-low input current; the
LF13331 family of analog switches,
which has no latch-up or static blow-
out problems; the LF352 instrumenta-
tion amplifier, which combines low

input-current demand and excellent
linearity; and the new LF198/398
sample-and-holds with short acquisi-
tion times, high accuracies, and low
droop rates.

Of course, more Bi-FET parts are on
their way. But we suggest that you
find out what the unique specs of our
already available Bi-FeT parts can do
for you now. We're sure you'll be
pleasantly surprised.
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Programmer,
Frequency

Synthesizers
for CB Use

National announces a new family of
phase-locked-loop circuits for 40-
channel frequency synthesizer appli-
cations in CB transceivers.

The MM55104, MM55114, MM55106,
and MM55116 are for use in single- or
double-LF. systems, and operate from
a single power supply (either +5 V or
+8V, depending on the type number).
Each circuit contains a reference oscil-
lator, an oscillator divider chain (10-
kHz or 5-kHz outputs), a binary-input
programmable divider for channel
selection, and a phase detector. A 5.12-
MHz or 10.24-MHz crystal determines
the reference frequency.

The MM55104/114 provide a 2*-1 divi-
sion of the input frequency, while the
MM55106/116 provide a 2°-1 division.
These latter two synthesizers also have
5.12-MHz outputs, which may be
tripled for use as a reference oscillator
frequency in two-crystal systems.

Division of the input frequency is
controlled by standard binary signals,
which may be set up by mechanical
switches or by an external electronic
programmer.

National has such a programmer. It's
called the MM57150, and it generates
the binary codes necessary to control
40-channel pLL synthesizers. Our
space here precludes a full description
ot the host of features available on the
MM57150, so we’ll simply list a num-
ber of its more important ones:

¢ Initial power-up on Channel 19

¢ Direct, calculator-style keyboard

entry of channel number is available.

Two-speed, up/down slewing

Direct access to Channel 9, the emer-

gency channel, via a single contact

closure

¢ Programmable memory bank for
scanning up to ten channels in any
sequence of your choosing

® Rollover on Channels 1 and 40 (i.e.,

...38,29,40,1,2,3...)

Scan rate of four channels/second

¢ Two-channel, alternating channel
capability via a single push button

® Automatic monitoring of a preselect-
ed channel for 0.25 second every 10-
15 seconds while active on another
channel; squelch/lock capability on
the monitored channel

¢ Adjustable squelch

¢ lllegal channel entry prohibited

¢ Transmit key locks programmer on
channel (scanning stops) a

' Super Savings

on
Super-Strong
TO-126 Types

We now second-source fifty of the
most popular types of TO-126 packaged
power transistors. Our TO-126 prod-
ucts are encapsulated in National's
tough Epoxy B—so strong that you'll
strip the 4-40 screw mountings before
you'll damage the package.

Added to our TO-126's toughness is a
large cost savings. National can save
you 25 percent, typically, over the
competition’s pricing.

We're stocking our distributors’
shelves right now. And in November
our distributors will advise their cus-
tomers, by mail, of the new TO-126
types from National. If you're not
already on such a list, call your local
National distributor now to make
sure you get the information on these
hot new ones from National Semicon-
ductor Corp. a

Clock Module
Designed for
Instrumentation,
Automotive Uses

The MA1003 is a self-contained time-
keeping module for a host of 12-Vdc
applications; just add switches and a
lens, and it's ready-to-go in bench and
battery-powered instruments, CB base
stations, aircraft/marine/auto clocks,
and so on.

The bright, green, vacuum fluorescent
display of the MA1003 is 0.3-inch
high, and is filterable to blue, blue-
green, green, and yellow; automatic
display-brightness logic is included.
Accurate timekeeping, via an internal
crystal timebase, is maintained down
to 9 Vdc, and all circuitry is protected
against automotive supply transients
and reversals.

Timesetting controls operate at a 1-Hz
rate with no rollover; to prevent tam-
pering, timesetting is locked out when-
ever the display is blanked.

The MA1003 rc board measures only
1.75 x 3.05-inches overall; a 6-pin,
built-in connector is optional. a

412- and 5-Digit
LED Displays

The 5900-series of 0.5-inch GaAsP LED
reflective displays from National rep-
resents the latest in design advances to
provide you an effective, easy-to-
implement answer to your need for an
inexpensive, large, numeric display.

Designated the NSB 5917, NSB 5921,
and NSB 5922, the new displays will
find wide use in test and measurement
equipment, consumer products, indus-
trial controls, desk-top calculators,
and digital instruments.

The displays offer versatility, with
both common-anode (NSB 5922) and
common-cathode (NSB 5921) multi-
plexed versions available for five full
digits, and an optional direct-drive
overflow/polarity indication with four
digits in a common-anode multiplexed
format (NSB 5917). Electrical connec-
tion is by PCB-type terminals on the
edges of the display.

The optical design of this series assures
a distinct, easy-to-read display with a
wide viewing angle (120° total), and
excellent on-off contrast and segment-
to-segment uniformity. a
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APPLICATIONS CORNER

High Performance, .ow Power Memories
from Inexpensive Parts

You can use standard, inexpensive,
bipolar proms to build high-perform-
ance memories of low power dissipa-
tion. The secret is to power-down the
chip when it is not being accessed.

The technique illustrated here results
in a power savings beyond that pos-
sible with bipolar proms having on-
chip power-down, and the cost is
much less than that of cmos PrRoms of
the same capacity. In fact, because the
access time of the circuit shown here is
less than 80 ns, the power savings can
be greater than 10 to 1 if the circuit is
cycled every microsecond. Longer
cycle times, or decoding of the power
switching to multiple packages, yields
even more impressive ratios.

National’s proms are well behaved in
this application. With power removed,
our Tri-State* parts revert quickly to
their third state (a high-impedance
open). Because there are no clamp di-
odes from the outputs to V.., the
powered-down device presents only
leakage to the output bus.

Note that in a cMos system, passive
pull-ups are desirable to establish the
cmos input level at V.. when the Prom
is powered down. If the cmos input is
more than a threshold away from both
supply rails, the input stage of the

cmos device may draw supply current,
which will increase system power dis-
sipation. Here it is desirable to clock
the prom outputs directly into a cmos
holding register to reduce the time that
the proM must be powered up. Also,
the pnp core driver pass elements can
be driven directly by an MM74C42
1-0f-10 decoder output without pull-
up or current limiting resistors, with
some increase in effective access time.

The MM74C42 would replace the
74LS04 shown here.

In any system that switches a device’s
supply lead to conserve power, the
power supply bypassing must be per-
formed on the supply side of the power
switch; that is, at the pnp emitter. Any
capacitance at the collector of the pnp
will increase both system power dis-
sipation and access time. a

1/3 74LS04

|T1 T2

100 pF

TTL LEVEL
INPUT SIGNAL

I
I

PASS TRANSISTOR
PN4313 or 2N3467

4
vee + DUTPUT

DM545287
256x4
PRDM

E1 E2 .
8
ADDRESS

0.2 uF

True RMS-to-DC
Converter

Our LH0091 will compute the rms value
of virtually any combination of ac or dc
input signals from dc to 2 MHz. At fre-
quencies below 70 kHz the accuracy is
0.05 percent; the crest factor rating is 10.

The LH0091 is thus ideal for DvMs,
DMMs, for measuring audio and noise
signals (or both in combination), for
vibration and harmonic analysis, etc.

An extra, uncommitted, internal op
amp is available, which you can use as
a summing amplifier, to buffer the in-
put or the output, to adjust the gain,
or whatever.

The LHO0091 also is available as the
LHO0091CD for commercial tempera-
ture range uses, and as the LH0091D
for the military range—all at prices
you cannot walk away from. a2

16,384-Bit Si-Gate
n-Channel ROM

National’s MM5246 static read-only
memory is organized in a 2048-word x
8-bit format. It uses n-channel en-
hancement and depletion mode silicon-
gate technology, which, boiled down,
means that it’s DTLTTL-compatible and
needs only a single, +5.0-V supply.

Very useful in microprogramming,
control logic, and table look-up appli-
cations, and in random-logic synthesis,
the MM5246 provides expandable
memory through its three program-
mable Chip Select inputs, which control
its Tri-State® outputs. The MM5246
has a maximum access time of 450 ns,
and is fully decoded.

And look for still another 16k rom
that will soon be coming along. Desig-
nated the MM5247, it’s organized 4kx4;
all other specifications are identical to
the MM5246. 2

National Announces
Oxide-Isolated RAMs

The DM93415/DM93415A (open-
collector) and the DM93425/DM93425A
(Tri-State®) are 1024-word x 1-bit
random-access, read/write memories—
the first of our family of oxide-isolated,
bipolar memory products.

Designed for buffer control storage
and high-performance main memory
applications, the DM93415/425 offer
maximum access times of 70 ns, while
the suffix ‘A’ versions offer a 45-ns
access.

Other features include full on-chip
decoding, separate Data In and Data
Out lines, and an active Low Chip
Select and Write Enable. Fully DTL/
TTL-compatible, the DM93415/415A
425/425A have a 16-mA drive capabil-
ity, and dissipate 0.5 mW/bit. a
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7900-Series
Regulators
from National

National Semiconductor now second-
sources the popular 7900-Series three-
terminal voltage regulators. In particu-
lar, we now offer the 7900MK/MH/CK/
CHI/CT and the 79M00CP.

Since each of these parts is available
in nine voltages, we are, in effect,
offering 54 new regulators.

Keep in mind, however, that you can
easily upgrade your system simply by
replacing 7900-series parts with our
LM320-series regulators; these are
higher grade parts spec’d more tightly
than the 7900s. a

New CMOS Guides
Now Available

National’s new four-page CMOS Status
Cross Reference Guide is a concise, handy
guide to 90 CD4000-series and 70
MM74C-series parts. Each part is
briefly described functionally, and its
production status and 38510 status at
National are noted; RCA, Motorola,
Fairchild, Harris, and SSS equivalent
designations are listed. The guide
ends with a tabulation of complete
ordering information.

A New Era in CMOS Reliability—CMOS
II'is a three-page summary, with charts,
of National’s continuing study of, and
improvements in, CMOS reliability
The study shows that the reliability of
our improved CMOS products is com-
parable to that of bipolar logic. a

>
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Saturating-Output
Display Drivers

We have introduced a series of satura-
ting-output display drivers to interface
Mos calculator chips with common-
cathode LED displays. The series con-
sists of the DS8871 (an 8-digit driver),
the DS8872 (9-digit), the DS8873 (9-
digit, with low-battery indicator), and
the DS8977 (7-digit, with low-battery
indicator).

You can operate these drivers in cal-
culator systems with a supply voltage
range 0f 4.5V t0 9.0 V. Ina 9-V system
you can use the low-battery feature of
the DS8873 and DS8977 to turn on the
decimal point of the digit ‘9’ when the
supply voltage falls below 6.5 V. This
alerts the user that the battery should
be replaced, even though the calculator
will still function for awhile yet.

Each driver can sink 40 mA, and is
designed for multiplexed operation.
The saturating-output feature permits
operation with power supply voltages
lower than possible in Darlington-type
output display drivers, and also re-
sults in lower power dissipation in the
LeD driver; standby power consump-
tion is zero. Input and output pins are
located to make wiring easy.

The new series is functionally and
pin-for-pin equivalent to our DS8855,
DS8864, DS8865, and DS8866 family of
LED display drivers. a

NAME TITLE
COMPANY
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ERDA to draw on
Japan’s electric-car
technology . . .

. . . U.S. stresses
metal sulfides
combined with Li, Na

NSF electronics
programs get
congressional support

First opposition
to Bell Bill
arises in House

Electronics/February 17, 1977

Washington newsletter

The United States will begin to draw on Japanese electric-vehicle technol-
ogy —including advanced batteries—under an information-exchange
agreement being negotiated by the Energy Research and Development
Administration and Japan’s Ministry of International Trade and Industry.
ERDA’s George Pezdirtz, director of energy-storage systems, says the
agreement recognizes that Japan’s five-year-old national electric-vehicle
program “puts them much further along the learning curve than we are.”
He cites as one example the Kobe public transit system, where battery-
powered buses can exchange battery packs “in a couple of minutes” at an
automated maintenance center. European nations like West Germany, the
Netherlands, and Sweden are similarly advanced, he adds. Pezdirtz
attributes Japan’s advantage to the fact that its citizens *‘are already
paying $1.20 a gallon for gasoline.”

ERDA’s own battery R&D program, directed by its Argonne National
Laboratory, is budgeted to rise to $15 million in fiscal 1978 from this
year’s level of about $10 million. It is to be supplemented later in the year
with the start of *‘a sizable program to support the Electric and Hybrid
Vehicle Research, Development, and Demonstration Act passed by
Congress last year.” While ERDA’s dollar share of the demonstration
program is still being negotiated with the White House, it will stress near-
term improvements in lead-acid, nickel-zinc, and nickel-iron batteries.

But about two thirds of ERDA’s own battery budget is pushing develop-
ment of advanced lithium-sulfur and sodium-sulfur types to achieve a
storage capacity of 65 to 75 watt-hours per pound for electric vehicles.
Present lead-acid batteries store 12 w-h.

The National Science Foundation got a sympathetic first hearing in
Congress on its request for an 11% increase in fiscal 1978 funds to $894
million. Congressional committee sources anticipate no significant cuts in
the funding request, particularly the $249 million share for engineering
and the mathematical and physical sciences that supports advanced
electronics R&D. NSF acting director Richard Atkinson indicated that the
proposed 11% boost in that share will emphasize increased outlays for
“new instrumentation, especially lasers,” for use in chemistry research;
for computer science to achieve more efficient usage and increase
software-problem-solving capabilities; and for engineering programs
stressing optical communications and superconducting devices.

The first formal opposition to the so-called Bell Bill, heavily supported by
the telephone industry, has arisen in the House and the Senate. The bill —
actually the Consumer Communications Reform Act— would revise the
1934 Communication Act.

House members were asked to support a resolution noting that ‘it is
timely and appropriate to give priority attention to make more advanced
telecommunications services and equipment available to the people”
through competition approved by the rcc.

On the Senate side, the Commerce Committee, which will hear the bill,
asked the Office of Technology Assessment to examine communications
technologies - optical fibers, microwaves, coaxial cable, satellites, plus data
processing and electronic funds transfer —and their impact.
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Washington commentary

Controlling color-TV imports: a sorry case

The International Trade Commission’s question
was obvious and should have been anticipated:
how will domestic color-television makers
improve their future competitive stance during
the five years of quota/tariff controls on imports
they want the Government to impose? There
were embarrassing minutes of silence in the ITC
hearing room as George Konkol, GTE Sylvania’s
consumer products chief, conferred with coun-
sel, groping for an answer. Finally, he responded
that Sylvania had “a plan” that it would submit
later for the record.

The response was clearly inadequate for the
commissioners and later prompted one ITC
staffer to observe privately, “If these are the
industry’s friends, they don’t need enemies.”
The coalition of U.S. color-Tv makers and
unions seeking import relief under the 1974
Trade Act’s escape clause see Japan’s exporters
as the enemy and are fighting them through an
organization called Compact—the Committee
to Preserve American Color Television.

Cross purposes

But the coalition is a loose one and often
poorly prepared when it gets beyond formal
testimony and into the nitty-gritty of Q. and A.
At times, the trade unions seem to be at cross
purposes to the manufacturers. One example of
that was the testimony of the AFL-C10’s 1. W.
Abel, who suggested that manufacturers like
RCA Corp. were not participating in Compact’s

What’s troubling John deButts?

When American Telephone & Telegraph Co.
chairman John deButts told a Federal Bar Asso-
ciation seminar in Washington that he is
“deeply troubled by the current relationship
between the telephone industry and its Federal
regulators,” those in the audience who were not
surprised seemed amused. Indeed, the expres-
sion of concern was out of phase with the tough
line he has taken with the Federal Communica-
tions Commission in recent years.

But deButts’ subsequent proposals to correct
those troubles were completely in character.
Among other things, he would like to replace
the adversary nature of FCC proceedings with *“a
relationship that might, for example, provide for
the joint development of long-range objectives
for our business” with “the commission pres-
enting its views of the nation’s communications
needs over the years ahead, the industry contri-
buting its vision of the potentialities of its tech-
nology.” The proposal, he concedes, raises “the

appeal because of the extensive income it
derived from licensing Tv technology to such
Japanese manufacturers as Matsushita.

While unionist Abel’s argument was meant
merely to illustrate how American jobs are lost
by technology exports, it also provided one more
example of the global nature of technology
transfer. Additional support for that latter argu-
ment has been advanced by the President’s
Council on Wage and Price Stability, which
documented its opposition to import controls far
more effectively than Compact presented its
argument for relief [ Electronics, Feb. 3, p. 57].

Domestic color-Tv producers, the council
suggests, may be going the way most other
consumer products have gone—offshore —
because “as the product goes through its life
cycle of slow and then rapid growth, competi-
tion intensifies, products become standardized,
unskilled-labor content increases, and the com-
parative advantage shifts to countries with lower
costs for unskilled labor.” The scenario has
“happened for every major consumer-electron-
ics good except color Tv . . . and may now be
taking place for this product as well.”

That move, the council concludes, may be
accelerated by a domestic industry “in danger of
losing the vitality and drive that kept it a
leading innovator and generator of new tech-
nology for the last half-century.” If Compact is
to counter those arguments effectively, it must
make a better case than it has thus far.

suspicion that our motive for doing so is to rig
things our way.” True or false? Mr. deButts’
only response was that “we have no alternative
but to seek a better way.”

Opposition and assessment in Congress

As for the conciliatory side of the AT&T
chairman’s observations, cynics suspect deButts
has one eye on the Congress. For even as he
spoke, the first formal opposition was devel-
oping in the House to the rewrite of the 1934
Communications Act sponsored by the tele-
phone industry. And the Senate Commerce
Committee that will hear the bill wants an in-
depth analysis by the Office of Technology
Assessment (see p. 47).

Members of the 95th Congress—many of
them newcomers—are not rushing to support
AT&T’s proposals the way many did last year.
That may be troubling Mr. deButts more deeply
than his problems with the Fcc. Ray Connolly
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PRECISION SIGNALS

Ext. AM/
Puise

e

Phase Modulation

AM: 0-100%
FM: 0-1 MHz Dev
1 MHz Rate

AM: 0-100%
FM: 0-100 kHz Dev,
Phase-Locked Rate

0-200°, 1 MHz Rate
FM: 0-2 MHz Dev

Output Section
10 kHz-110 MHz

Phase Modulation
0-200°,10 MHz Rate

Output Section
RN 1-1300 MHz

= Output Section
¥ 1-2600 MHz

FROM 10 kHz TO 2600 MHz.

Your broadest
selection of
precision signals.

Choose a modulation capability for
your exact frequency range. You
can get the precise combination for
the signals you need. And you won't

04704
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find a broader selection of modula-
tion and output capabilities on the
synthesizer market.

For manual operation, choose the
HP 8660C mainframe. It features
keyboard entry, digital readout, 1 or
2 Hz resolution, digital sweep,
good signal purity and the operating
convenience you need.

For systems operation, the HP 8660A
mainframe features thumbswitch entry.

HEWLETT (hp; PACKARD

1507 Page Mill Road, Paio Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago :312)
255-GB00, Atlanta (404) 955-1500, Los Angeles (213) 877-1282

Circle 49 on reader service card

Both mainframes are completely
programmable with the HP Interface
Bus (IEEE 488) or BCD.

Complete systems start at $9850*
and a typical keyboard mainframe
with 1300 MHz output and AM-FM
medulation is $18,850*

For our 20 page brochure describ-
ing HP's synthesized signal generator
call your nearby HP field sales office,

or write. *Domestic U.S. prices only.

49



LET THERE BE LIGHT.

Whether you need to light
up a digital watch ora
computer panel, you should
light up our switchboard
first. Because, with high
volume production of LED
lamps, digits, couplers,
phototransistors, arrays and
LED dice, nobody has more
experience or better
technology than Fairchild's
Optoelectronics Division.

ALANDFULLOF
LAMPS.

Fairchild is the largest
producer of LED lamps inthe
A0 world. A wide variety
‘g . of proprietary and second source profiles in red,
orange, yellow and green. We even offer 4° beam
width for optical communication applications.

-, AFISTFULLOFDIGITS.
Q// When it comes to LED digits, we build more
=== than anybody else. We build the largest ones —
=Y up to 8/10" — and the brightest ones. And we
‘ can fit more character size in a smaller package
& than anybody else.
Our digits are available with pins or as PC

@ % board mounted stackables. You get a choice

of common anode or common cathode varieties.
Also, as you might expect, our digits come in
¥¢ the widest selection of colors available. Red.
e Super red. Orange. Green.

MORE THAN ACOUPLE
OF COUPLERS.

Our line of couplers is the broadest on the market.
And it gives the best performance. Our "Glassolated™"

*
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coupler doubles isolation voltage to 5kV. That gives you
a lot more of what you buy couplers for.

We can also provide the highest isolation voltage
in the industry — 7kV peak, 6kV continuous. And to top

it off, the last thing you'd expect with such performance:

No extra cost.

AWIDE SELECTION OF
PHOTOTRANSISTORS AND ARRAYS.

We've been one of the leading manufacturers of
plastic phototransistors and arrays for years.
And now, we've expanded our line to include metal
phototransistors and photo Darlingtons as well. If you
need it, we've got it.

AROLLOF THE DICE

Our dice take the gamble out of building your own
displays. That's because they're loaded. With high-
performance, high-efficiency characteristics gained
through years of experience as the major producer of
LED displays for watch and calculator applications.
Monolithic die sizes range
~ from 116 inch to .040 inch.

For more information,
,  write or call your
N Fairchild sales office,
, distributor or represen-
™ 'y tative today. Or use
7y, thedirect line at
% the bottom of
~¢ this adtocall
— our Opto-
electronics
Division.
' Fairchild
Camera &
Do st Instrument
& & Y Corp, 464 Ellis St.
’ Mountain View,
CA 94042. Tel: (415) 493-3100. TWX: 910-373-1227.
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|
FAIRCHILD
e

CALLUSONIT.
(415) 493-3100
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Another small accomplishment from Ferroxcube
....with Guaranteed performance!

Manufacturing switch-mode
power supplies? Inverters?
Converters? Want to simplify
transformer anda filter design and
fabrication? Then take a closer
look at orie of our latest
accomplishments.

Series EC—

Power E Cores in 3C8 material

A transformer operating at high
flux densities and high frequencies
should be screened to minimize
external fields and radiation. The
usual method is o use a pot core
design or an t and U core
combination. But the Power E
Core design offers you the
advantages of both the pot core
and I and U combination.

First, the round center leg makes
strip winding easy and insures a
high copper or space factor, and

the lowest DC resistance. Second,

the winding geometry is
configured for low-leakage
inductance. And . ..
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FERROXCUBE

A North American Philips Compary

@.M

We guarantee the minimum flux
density, at 100°C. will be 3300
Gauss. And a maximum loss of
100 milliwatts/cms at 46 kHz, at
100°C. and 2000 Gauss.

The new core line has been IEC
standardized in four sizes: Types
EC-35, EC-41, EC-52 and EC-70,
covering fransformer throughput
power to 1 Kw. We have slotted
the cores to accept a mounting
bracket that eliminates the
assembly problems of the square-
legged lamination cores. You also
can choose a standard bobbin or
PC bobbin for printed circuit
board mounting.

Series EC—Power E Cores are fully
described in the new Ferroxcube
Linear Ferrite Catalog. For your
free copy write or call:

Ferroxcube

Division of Amperex Electronics Corp.
5083 Kings Highway

Saugerties, N.Y. 12477

(914) 246-2811
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Delegates postpone
setting hemisphere
satellite channels

Firm to furnish
silicon ribbons
for solar cells

French firm to hit
market with LCD
digital watches

Electronics/February 17, 1977

International newsletter

The U.S. negotiating team headed by Fcc Commissioner Robert E. Lee
has successfully delayed the fixing of channel assignments and orbital
locations for direct-broadcasting satellites beamed at North and South
American countries (1ITU Region 2) until 1982. The U.S. delegation to the
International Telecommunications Union conference that convened in
Geneva to allocate services in the 11.7-to-12.7-gigahertz band persuaded a
majority of other Region 2 countries to forego a definite plan now.

But instead of the full postponement they had hoped for at the five-week
meeting, which ended last week, U.S. officials had to consent to reserving
two big segments of orbital space for direct-broadcasting satellites
(another three are assigned for fixed-service use) and also to some main
transmission/reception parameters. Region 2 countries agreed to meet in
1982 to work out a detailed allocation plan. However, officials could not
win majority support for a hold-off by European, African, and Asian
countries. They adopted a fixed plan for their regions (1 and 3).

Jointly held Japan Solar Energy will soon begin shipping to its Japanese
owners p-type silicon ribbons for conversion into solar cells for commercial
applications. It will also try to develop its own solar cells for such
applications as toys. The firm, which grows the ribbons by the edge-fed
method licensed by Mobil Tyco Solar Energy in Somerville, Mass., is
jointly owned by Kyoto Ceramic Co., Sharp Corp., Matsushita Electric
Industrial Co., Mobil Oil Co., and Tyco Laboratories.

Japan Solar Energy winds 10- to 15-meter lengths of ribbons, which are
0.2 to 0.3 millimeter thick and 2.4 to 2.5 centimeters wide, on spools. The
best 5-by-2-cm cells in a 10-m length of ribbon have conversion efficiencies
as high as 9%, and smaller regions range as high as 10%. Resistivity is 0.5
to 5.0 ohm-centimeters, Hall mobility is 150 to 300 cm?/v-second, and
lifetime of the minority-carrier diffusion is about 50 um. The company has
packaged sample solar batteries, consisting of 10 slices of ribbon 5 cm
long with the edges sliced off to cut the width to 2 cm, in an acrylic
module 11 cm square. They provide a maximum output of 720 mw, open-
circuit voltage of 5.2 v and short-circuit current of 220 ma. Typical
conversion efficiency is 7.2%, and module panel efficiency is 5.9%

Watch for the first “made-in-France” five-function digital timepieces,
which will have liquid-crystal displays, to go to market in Europe this
spring. Montrelec sa, charged by the government to get the country into
the electronic-watch business, turned out 2,000 watch modules last month
and plans to work up to an output of 20,000 monthly by year end. Pierre
Vovelle, Montrelec president, predicts that 1977 sales of French LcD
watches, priced at $70 to $80, will run about 100,000 units. Montrelec’s
stockholders, who are all French watch makers, will market their own
brand-name watches made with the modules.

At the outset, Montrelec will rely mainly on imported components. The
integrated circuits will come from American Microsystems Inc. in the
U.S. and Intersil in West Germany, the displays from an Austrian
supplier, and the quartz crystals from Switzerland. By April, though,
Montrelec expects to be getting its crystals from Sofrelec, an allied firm.
The French government has promised nearly $1.2 million in subsidies and
loans during the next three years to put Montrelec solidly into the
electronic-watch business.
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You can buy
this signal generator
for a 3-month job,
and then let it

When you buy electronic test equipment
for a short-term project, you’re stuck with the
equipment after the project is completed.
Maybe it’ll sit around gathering dust and cost-
ing you money. Or maybe you could sell it at

a loss.

Or maybe, you should have rented it
from REI.

When you rent equipment from us, you
keep it only as long as you need it. When you’re
through with it, you send it back. Since you pay
only for the time you have your instruments,
you never have to spend your money on idle
equipment. Short-term needs are just one
reason for renting. Immediate delivery is an-
other. Because we maintain over $10 million in
inventory in fully stocked instant inventory
centers around the country, you can get
delivery within hours.

You can rent
this signal generator
for a 3-month job,

REI stocks over 8,000 fully checked-out
test instruments. And they’re ready whenever
you are. For the full story on renting as well as
our low prices, send in the coupon for prompt.
delivery of our free illustrated catalog. Or call
us now for your immediate requirements.

99 Hartwell Avenue, Lexington, Mass. 02173.
Please send me your free instrument rental catalog:

Name_______ _ ~ ___Title _ S
Company _ _ ) _

Address.
City __ State__ Zip__

Tel. Number__ S I _

Rental Ele;mics,;., —’
|
l
|
|
|

Rental Electronics, Inc.

Burlington, MA (817) 2732770 o Gaithersburg, MD (301) 948-0620 « Oakland. NJ (201) 337-3757 o Ft. Lauderdale, FL t305) 771-3500
Des Plaines, 11 (312) 827-6670 o Dallas. TX (214) 661-8082 « Mountain View, CA t415) 968-8R45 o Anaheim, CA (714) 879-0561
Rexdale, Ontario (416) 677-7513
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Fairchild launches European push
in consumer-electronics market

When you rank No. 4 in Europe, you
try even harder. That is the message
from Fairchild, which is launching a
1977 push into the European con-
sumer market. This year, the compa-
ny plans on introducing its cassette-
based television games, doubling
sales of digital watches, and getting
its F8 microprocessor designed into a
legion of white goods.

All this activity is expected to fuel
a 20% increase in European sales in
real terms—enough, the company
hopes, to capture some territory
from the leaders, Texas Instruments,
Philips, and Motorola. One reason
Fairchild is optimistic: *“The pro-
jected market for microprocessors
this year is way underestimated —
including Europe,” declares Wilfred
J. Corrigan, president and chief
executive officer of Fairchild Cam-
era & Instrument Corp. of Moun-
tain View, Calif.

Prospects. He sees a wide range of
consumer and industrial goods as
bright growth prospects. Fairchild
executives feel that they are in a
good position to cash in on that
growth with the F8 microprocessor,
which is well suited to those low-end-
of-the-market control applications.

In fact, right now, the company is
already either discussing or devel-
oping with European companies the
use of F8s in Tv tuners, washing
machines, ovens, refrigerators,
dryers, and both household and
industrial scales, says James A.
Duffy, who is vice president and
general manager of the International
division.

He hints that the Tv game, which
Fairchild calis a video-entertainment
system, already has been bought by
two European companies. “The F8 is
starting to take hold,” he says.

On the consumer front, ‘“‘the
primary thrust is the digital watch,”
says R.H. Bohnet, director of Euro-
pean marketing for Fairchild Con-
sumer Products Inc. Its factory in
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Frankfurt, West Germany, cases
500,000 watches a year, which, with
imports from the U.S. and the Far
East, will give Fairchild more than
20% of the market. “We're Europe’s
largest digital-watch company,”
Bohnet boasts.

Also, digital clocks, second only to
watches, are “very viable in the
tremendous European market,” he
continues. He points out that Europe
is so important because it contri-
butes 30% of Fairchild’s total con-
sumer-products business—equal to

that of the U.S. market—or about
$30 million last year when the
consumer total from all countries
amounted to about $100 million.
The icing on the cake is the F8-
based Tv game, due to sell for $170.
The paL-compatible cassettes that
load the game programs will be
about $20, Duffy says. Moreover, he
predicts that the game will be
expanded into a large houschold
educational market, where the
system could be used to teach chil-
dren mathematics or help parents

Around the world

Improved redundancy reduction speeds facsimile transmission

For reducing redundancy in facsimile transmissions, the relative-address-
coding (RAC) method developed by the Research and Development Labora-
tories of Kokusai Denshin Denwa Co. in Tokyo appears to be the most
efficient technique devised yet. Tests of the Quick Fax system, which
implements the RAC scheme, are now under way between KDD in Tokyo and
RCA in New York. The three-week tryout is expected to prove that when
operating full-duplex, the system can transmit documents without error on
leased or Datel lines.

Then if KDD and Nippon Electric Co., manufacturer of the terminal used in
New York, and Fujitsu Ltd., maker of the other terminal, can show that the
equipment price is not out of line, the design could be adopted as the
Japanese standard and possibly by CCITT (Comité Consultatif International
des Télégraphes et Téléphones).

Test documents are being sent at 4,800 bits per second on a modem with
2,400-b/s fallback capability. Copy is transmitted at CCITT-recommended
resolutions of 3.85 lines per millimeter vertically with four picture elements
per mm, 7.70 lines/mm with 8 elements/mm, and the other two possible
combinations of line spacing and resolution.

Modification improves D-type bistable circuit

The deterrent to high speed in conventional D-type bistable emitter-
coupled-logic circuits is the level-shifting circuit that cross-couples the
transistor pairs, claims E.V. Jones, who, when he was with Marconi Research
Laboratories, Great Baddow, Essex, devised a solution. He is now a lecturer
at Essex University, His concept may help give designers the 700-megahertz
to 800-megahertz clock rates they will need for the 140-megabit-per-second
and 565-Mb /s transmission systems being planned worldwide. Other poten-
tial applications include digitized television processing and computer inter-
facing.

Jones connects the whole circuit as an integral part of a feedback-latch
arrangement. The now centrally located output nodes are compatible with
the input nodes. Also, by moving the cross-coupling into the center of the
circuit and adding a pair of transistors, he essentially creates an output-
bufler stage to smooth out operation.

55



Electronii internation—al _

struggle with their income taxes.

*“Using the television game
as a vehicle, Fairchild will be the
largest microprocessor manufac-
turer,” Corrigan believes. This cap-
tive F8 market will help lower the
processor’s unit price and make it
easier for the device to penetrate
new markets. In addition, experience
with the game and with the F8’s
n-channel process gives the company
a leg up in volume production of its
new high-speed 4-kilobit random-
access memory and its 16-k RAM as
well, he says. The company plans to
add the game to its European
assembly operations.

The next thrust will be in the

consumer end of the telecommunica-
tions market in products like built-in
recorders for telephones and time-
shared teletypewriter-transmission
systems, Corrigan says. That market
is beginning to take off in the U.S,,
but lags a little in Europe.

He rates the potential market for
Teletext and Viewdata systems in
Europe as a *“maybe” proposition.
Just in case, however, Fairchild has
built a Teletext-Viewdata decoder
that is based on the ubiquitous F8.
Downstream, Corrigan thinks that
the 65-kilobit charge-coupled-device
memory, which is slated for intro-
duction later this year, may help this
vast market.

West Germany

Two groups are developing radar-based
collision-avoidance systems for autos

Although still far from becoming
standard equipment on cars, radar-
based collision-avoidance systems
are under intensive development by a
number of electronics companies,
car producers, and automotive-
accessory makers in West Germany.
Bonn’s Ministry for Research and
Technology is subsidizing work by
AEG-Telefunken with Robert Bosch
GmbH on the one hand and 17T affil-
iate Standard Elektrik Lorenz AG
(seL) with Daimler-Benz on the
other. Moreover, one of Europe’s
leading vehicle-instrument makers,
vDO Adolf Schindling AG, is paying
for its own work on collision-avoid-
ance systems.

The AEeG-Telefunken/Bosch
system is based on pulse-radar prin-
ciples and—in contrast to many
systems developed abroad that use
frequencies around 10 gigahertz—
operates at 35 GHz. Further, the high
frequency makes for good reflection
from any kind of road surface and
also gives improved resolution.

The radar, designed by AEG-Tele-
funken, produces a beam of about
2.3°, and its acquisition range is
roughly 1.2 kilometers. Under 0
azimuth conditions, the system can
recognize an accident-warning trian-
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gle up to 60 meters away, a human
being as far away as 90 m, a Volks-
wagen Beetle at 250 m, and a truck
at 300 m.

After extensively testing a proto-
type system on a passenger car, the
two companies are building 10 addi-
tional trial systems. These are to be
tested by different drivers on trucks
and other types of vehicles to obtain
data under various traffic and road
conditions.

Alarms. In the AeG-Telefunk-
en/Bosch system, a small process
computer triggers acoustical and
optical alarms in various situations.
When an object is spotted, a yellow
light comes on. When the distance to
the object decreases to a critical
value, a red light blinks, and an
intermittent tone is sounded. A
steady tone and a steady red light
tell the driver that he should step on
the brakes to avoid a collision.

In handling its job, the Bosch-
developed computer processes the
data on the speed of the object ahead
and that of the host car. It also takes
into account the instantaneous dis-
tance between the two objects and
then calculates the distances at
which the various types of alarms
are to be given. Besides, the comput-

er ensures that the effects of irrele-
vant objects such as guard rails
along curved road sections are not
involved in the cailculations.

The SseEL/Daimler-Benz system
uses frequency-modulated contin-
uous-wave radar principles. Origi-
nally designed for 16.5 GHz, the
system has just been revamped for
operation at the Post Office-
approved 35-GHz frequency to re-
duce equipment dimensions. The
radar, which produces a 2° pencil
beam, has a maximum range of 130
meters. For data evaluation, the
system uses an 8080 microprocessor
[Electronics, Nov. 25, 1976, p. 65].
SEL foresees large-scale application
of collision-avoidance systems priced
at about $420 in the 1980s.

Like the other system, the
seL/Daimler equipment determines
the required safety distance to the
vehicle ahead and gives a warning
under critical conditions. In a future
version, SEL says the signals that
trigger the warning may also be
designed to automatically act on the
accelerator and brakes. This would
be advantageous, particularly in
dense traffic. However, brake and
accelerator control will not be taken
from the driver, SEL says.

Discrimination. The system can
recognize, pinpoint, and evaluate
several targets within its acquisition
range. Although pulse-type radars
are generally used for such multiple-
target recognition, SEL designers
managed to obtain this capability
with a cw radar by using sawtooth-
wave frequency modulation. In that
way, they combined the benefit of
multiple-target acquisition with the
advantage that cw radar allows—
simple transmitter and receiver con-
struction.

Signal-pattern recognition in the
microprocessor enables the system to
distinguish between echoes from
moving objects in the vehicle’s path
and from objects like road signs,
lamp posts, and guard rails that are
off to the side. SEL and Daimler plan
to optimize the computer program to
eliminate the possibility of false
alarms in city environments, where
many more objects exist that might
trigger them. O
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TALLY SERIAL PRINTERS

Simple and Reliable

The Tally T-1000 Series. Reliability achieved by
simplicity. Simplicity expressed in a minimum of mov-
ing parts. Microprocessor based electronics save space
and provide inherent long term reliability. Performance
is trouble-free.

1 Print Head Efficiency Designed for extended
life. Minimal wear. Positive positioning. Tally's
print head delivers consistently clear and concise ma-

trix formed characters over long periods of time.
Because print needle wear increases proportionately
to curvature, needles and coils are positioned to maxi-
mize straight line design. Ruby jewel front bearings
precisely lock-in registration. For added life, contact
surfaces employ wear resistant materials.

Stepping Motor Control An economy of parts

and motion. Positive print head movement for-
ward. And backward. Fast precision paper handling.
No springs or clutches needed. No adjustments, no
warm up time. Instead, instant response. Reliable
operation. Tally.

Positive Paper Drive Tally's dual tractor engage-
ment allows rapid paper advancement and align-
ment. And increased throughput. Paperloading is easy.
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Exceptional Print Quality Easy to read and

pleasing to see. Sharply defined characters pro-
duced by a half-space matrix font. Tally's print quality
is consistent copy to copy. For straight line registration
that never wavers, two sturdy precision guide rails hold
the print head carriage in exact alignment.

Microprocessor Control Forincreased through-

put, the Tally microprocessor offers optimized bi-
directional printing. It directs the print head on the
shortest path to the next print position. While moving
over blank spaces, the print head is accelerated to three
times the printing speed. Throughput efficiency is
doubled or tripled depending on the form. Reports are
generated faster, yetthe printerisnt workingany harder.

Quiet Operation Tally’s acoustically designed

enclosure muffles the printing noise level down to
a comfortable 55 dBa. When not printing, the unit is
quiescent. No remote motor control is needed to
assure silence.

Cartridge Ribbon Ribbon changing is clean, fast

and easy. Tally's continuous loop cartridge de-
sign provides efficient ribbon utilization with a mini-
mum of moving parts.
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TALLY LINE PRINTERS

Simple and Reliable

The Tally T-2000 and T-4000 Series. Designed
for heavy duty print runs. Only two moving ele-
ments in the print mechanism. The paper drive
and the single piece print comb. Tally has elimi-
nated clutches, belts, lubrication points, poten-
tiometers. Eliminated mechanical adjustments
and electronic adjustments. There are no pre-
ventative maintenance requirements. No duty
cycle limitations. No mechanical movement if
the unit isn't printing.

Unique Flexure Technology Tally uses

special flexible steel couplings to support
and move the print carriage. The fingers of the
one piece hammer are also flexures. Aflexure is
simple, reliable, and has no wear points. No lu-
brication. No adjustments. They are designed
for unlimited life.

Comb Matrix Print Hammer A unique

and highly reliable printing technique
based on low stress parts moving at low speed
over short distances. Tally's patented print ham-
mer is a simple, single piece 132 finger comb.
Each finger corresponds to a character position.
Displacement, force and stress factors are dra-
matically reduced.
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Stepping Motor Dependability Positive

control and fast, consistent response. Tally
uses long life stepping motors to position the
print comb and paper. No adjustments. No
clutches. No warm up time. No timing problems.

Superb Print Quality Tally's print comb
delivers crisp, concise characters and
“locked-in" precise straight line registration. Ev-
erything stays in alignment without adjustment.

Easy to Live With It's quiet. Paperloading

is easy. Tally's pin feed tractors adjust to
accommodate variable width forms. A forms
thickness control, a VFU with built in punch and
paper out alarm are standard features.

Long Life Ribbon For added hours of rib-

bon life, the T-2000 inking system uses
inexpensive reel to reel fabricribbon. Ribbon life
is at least 12 million characters.
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LOW COST OF OWNERSHIP

Tally’s Printer Family

Tally's design philosophy of simplicity and reliability
has a purpose. Low cost of ownership. Tally printers
circumvent the high cost of service calls. The lost time
of downtime. The solution is simple. Minimize moving
parts. Eliminate high failure rate components. With Tal-
ly, there are fewer parts to buy, fewer parts to inventory.

Tally printers feature zero maintenance, absolutely
no preventative maintenance is required. Belts, clutch-
es, lubrication points are eliminated. Never any adjust-
ments. No duty cycle limitations. A one year warranty.
Over 10,000 units in the field that prove the point.
Freedom from downtime. Instead, years of uptime per-
formance that translates into significant cost savings.
Dollar savings realized by shortcutting the need for
service calls and parts usage. Dollars that can multiply
fast when servicing remote or international installa-
tions. Rather than focusing on purchase price or speed
alone, look closer at total cost over the life of a machine.

Also, cost of ownership is tied directly to usage. For
high volume runs, use Tally line printers. For smaller
runs, Tally serial printers are the answer.

Tally printers fit — Whatever your system — mini,
micro, data terminal or data communications — Tally
has a printer suited to your application. Use Tally
printers anywhere. In harsh industrial environments or
continuous duty office environments. Both serial and
line printers. Speeds from 40 to 300 lines per minute.

Ready to interface — You'll find Tally printers
on more different makes of minicomputers and sys-
tems than any other printer. To ease your system
integration task, Tally stocks a wide variety of field
proven interface controllers. And Tally has the appli-
cations support staff to assist with special problems.
Also, worldwide service.

TALLY COMB PRINTING

FLEXURE
LINKAGE

HORIZONTAL
oMB

£
MOGATOR MOVEMENT

ASSEMBLY o
15

7' N

[ PLATEN
p

‘ RIBBON

PRINT
HAMMER

DAMPER

PAPER

‘-.............lCOOIOO...‘I.

The Tally print comb — Over 99% of Tally print combs
have never been replaced. Never required adjustment.
And that's from a Tally printer base of 10,000 units

over a four year period. Tally’s unique patented comb
matrix printing system assures high resolution print

quality and straight lines all the time. Print regis-
tration, vertical and horizontal, never wavers.
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Tally generates dot matrix characters one line at a
time. The light weight, single piece print comb consists
of 132 fingers, each with a steel ball impact face. A dot
is formed when the finger is struck against a fixed pla-
ten mounted behind the paper and inked ribbon. Each
of the 132 fingers corresponds to a character position.

Each finger is pulled back by its own fixed electro-
magnet and then released to fly forward and create a
dot. Horizontal movement of the comb locates the ad-
jacent dot position and the finger is released again.
This is repeated until one dot row is complete. The
paper advances vertically one dot row and the process
is repeated until the complete line has been printed.

The Tally mogator — Rotary stepping motor motion
is transformed into linear horizontal scan motion
through the use of a flexure between the stepping
motor and the print carriage. This technique delivers
precise character positioning, and eliminates timing
sensitivity, alignment adjustments, high wear factors
and high failure rate components. Tally calls it the
Mogator. It's a reliability concept based on light weight,
low stress parts moving at low velocities over small
displacements. And with no lubrication required.

TALLY

Tally Corporation, 8301 S. 180th St.
Kent, WA 98031, Phone (206) 251-5524

Regional Offices:

Boston (617) 742-9558 San Jose (408) 247-0897
New York (516) 694-8444 Seattle (206) 251-6730
Chicago (312) 956-0690 San Antonio (512) 733-8153

Los Angeles (213) 378-0805 Business Systems (415) 254-8350

Melbourne Beach (305) 724-0480



The Electronics Book Series offers you:

Electronics
Book Series

I MICROPROCESSORS

The microprocessor has permanently
changed the methods of designing and
building electronic equipment—from
process and industrial control to
computer-based designs in instruments
communication and consumer/
commercial equipment.

This book cuts through the confusion,
presenting the design and application
potential of this exciting technology in a
manner that will appeal to the design
engineer who needs to know how to
use microprocessors as well as the
system analyst who must assess the
tradeoffs between microprocessors
and other technigques to accomplish his
system goals.

Using articles from the pages of
Electronics, this book contains practical
and up-to-date information on available
microprocessor devices, technology
and applications.

IORGE scale

LS| Segrones
Book Series

LARGE SCALE
INTEGRATION

The Electronics Book Series offers you
a handbook on the current and
revolutionary impact of LS| on digital
design. This 220-page book presents a
unique opportunity for circuit designers,
systems designers, and engineering
managers and supervisors to bring their
expertise into line with today's

LS| design reguirements,

“Large Scale Integration” is a
compendium of recent articles
published in Electronics. Although in
some ways it is a companion piece to
"Microprocessors'’ because it explains
the new circuits that play in mp systems,
it is much more. ‘“Large Scale
Integration” deals with the entire range
of design applications: main memory
systems, peripheral memories, memory
controllers, on-line industrial
controllers, data acquisition boards,
communication systems, calculators,
watches, etc.

BO&CS OF

Book Series

BASICS OF DATA
COMMUNICATIONS

Data communications is one of the
fastest-growing electronic equipment
markets in the U.S.—during the decade
of the '70's, better than 15-20%

per year, compounded!

Chances are you are going to be a part
of the data cammunications market.
There's no better place to start than
getting a copy of “Basics of Data
Communications''—a 316-page
compilation of essential articles which
have appeared in Data Communications
magazine. From the basic, tutorial,

still state-of-the-art information
published in the 1972 and 1973
Deskbook issues (now out of print), on
through information on the practice of
present-day data communications, this
book includes forty-seven articles
covering more than eleven key areas.

Electronics Book Series ¢ PO Box 669, Hightstown, N.J. 08520

| /K
o
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Discounts of 40% on orders of ten or more copies of

I must be fully satisfied or you will refund full payment

if the books are returned after ten day trial examina-

O B4l firm O Bill me

Credit Cards Charge My Book To

7] BankAmericard

| 10 Send me copies of 'Microprocessors’
at $8.95 per copy. each book.
| 2 0 Send me copies of "LSI"
I at $9.95 per copy.
30 Sendme copies of “Basics of Data iion.
I COmmUnicationS” at $1 2.50 per copy. D Payment enclosed
I Name - -
I Title - O American Express
I O Diners Club
Company - -
| Street - Acct. No.
l City - Date Card Expires
: State - - Zip Interbank No.
l Signature

(1st No's. above name on Mastarcharge only.)

|
I
|
I
I
I
I
T Master Charge I
|
I
|
I
I
I
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Rockwell

one-chip computers
give you theright fit
at theright price.

Right now.




If you're designing a system or subsystem
requiring as few as 10 TTL circuits, cost alone is
reason enough to consider a Rockwell one-chip
computer.

A wide choice of Rockwell one-chip com-
puters is available right now. And the line-up of
compatible one-chips is growing fast.

From Rockwell’s PPS-4/1 family, you select
the most cost-effective computer for your
application.

More on-chip /O eliminates extra
interface devices.

All of Rockwell’s one-chip computers offer
powerful, user-oriented I/O ports that eliminate
costly interface circuitry in overall systems.

I/0O features, including bidirectional ports,
flexibly designed drivers and receivers, and
serial input/output ports, provide you with
powerful system options.

Many types of displays can be driven directly.
Analog-digital conversion is easy. And serial
I/0 ports offer a new dimension of capability
by giving you simple, “no-cost” interfacing for
multi-computer systems.

Rockwell flexibility assures cost-
effective design.

Rockwell’s one-chip computers give you
design options you couldn't afford with other
logic approaches.

During the design stage you can add or
reduce functions, allocate 1/O differently and
make dozens of other changes by simple
reprogramming or by moving to another
software-compatible chip within the family.

Powerful instruction sets increase
efficiency.

Rockwell’s instruction sets provide ROM
efficiencies of typically 2 to 1 over other
microcomputers. For example, some one-byte
multi-function Rockwell instructions perform
operations requiring five instructions in
other systems.

More than 80% of Rockwell’s instruction

Electronics /February 17, 1977

types can be executed in one byte and in a
single cycle. Special ROM instructions allow
many subroutine calls to be handled in one
byte. Table look-up instructions for MM77 and
MM78 chips provide easy look up of stored
data and easy keyboard decoding with minimal
programming.

The PPS 4/1 family of one-chip

computers.
Model MM76  MM77  MM78  MM75 MM76C MMT76D MMTGEJ
) High  12-bit
Description Basic  Basic Jumbo Economy speed A/D  Expand-
76 77 77 76 COun(er“conver_(e_r ed 76 |
ROM (x8) 640 1344 2048 640 640 640 1024 |
RAM (x4) 48 96 128 48 48 48 48
Total [/Olines 31 31 31 22 39 37 31 |
| Cond.Interrupt 2 2 2 1 2 2 2 |
Parallel Input 8 8 8 4 8 8 8 |
Bidirectional
Parallel 8 8 8 8 8 8 8
Discrete 10 10 10 9 10 10 10 |
Serial 3 3 3 - 3 3 3|
In-line package 42 pin 42 pin 42 pin 28 pin 52 pin 52 pin 42 pin<
quad quad quad dual quad quad quad |
Availability Now Now Now 2Q77 2Q/77 3Q77 ]:Rvg&

Power supply is 15v except low voltage version of Basic 76 available 3Q 77.
Typical power dissipation is 70mw.
“Two 8-bit or one 16-bit presetable up/down counter with 8 control lines.

Rockwell design aids also help
lower your system cost.

To help control development costs, Rockwell
makes available a universal Assemulator that
lets you assemble, edit, develop and debug
programs, as well as load PROMs. Special
development circuits enable prototyping.

Your Assemulator can also handle incoming
inspection and factory testing. And the same
Assemulator can be used to develop systems
based on all Rockwell one-chip and multi-chip
MiCroprocessors.

For the full story on Rockwell one-chip
computers, and how quickly they can be a part
of your new product, write on your company
letterhead to: Marketing Services, D/727-E,
Microelectronic Device Division,

Rockwell International, P.O. Box 3669,
Anaheim, CA 92803, U.S.A. or phone
(714) 632-3729.

’l Rockwell International
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With the pacesetting SBP 9900 16-bit I’L microprocessor,
TI keeps a promise. When introducing its revolutionary
9900 First Family, TI promised major additions to
expand the tamily’s unequalled design flexibility. To
enable you to move easily and treely over your entirve
range of applications. Today and tomorrow. With less
redesign. reinvestment and obsolescence.




First 16-bit I'L microprocessor:

BP 9900

joins TTs growing First Family.

TI’'s 9900 First Family welcomes
a first-of-its-kind microprocessor.
The SBP9900. Substantially en-
larging the design versatility of
this innovative family of software-
compatible microprocessors. Sup-
port circuits. And micro and mini
computers.

Microprocessor Milestone

The SBP9900 is a major techno-
logical advance. The first I°L. micro-
processor.

SBP9900 features include a
16-bit instruction word with full
16-bit data precision. Full mini
computer instruction set including
multiply and divide. Advanced
memory-to-memory architecture
that locates general purpose regis-
ter files in memory. Separate
address, data, I/O and interrupt
buses.

In this single device, you have
the power of 16 bits combined with
the advantages of the 9900 family’s
microprocessor architecture. Re-
sult: Faster execution. Substantial
savings in interface costs and in
program coding. More efficient in-
terrupt handling. Reduced memory
bit requirements.

Plus all significant I:L benefits:
Full temperature operation. High
stability and efficiency. User-
selectable speed/power operation.
Exceptional ruggedness.

Unmatched Operation

Because of this unique combina-
tion, the SBP9900...

* Provides high-stability operation
over an ambient temperature
range of —55°C to 125°C.

Clock Period

10000 ns [

1000 ns

Clock Period vs
Injector Current

100 ns 1 )

10 mA 100 mA 1000 mA
Injector Current

Pick your own speed/power operating
point for optimum performance.

Full design support...including TI's 990/4
protatyping system.

9900 First Family
Software Development Courses

4 days $320 5 days $400
WEEK OF LOCATION
2/14 Washington, D.C.
221 San Jose/San Francisco
N4 Long Island/NYC
I Cleveland
3/28 Los Angeles
411 Boston and Houston
5/09 Denver
5/16 Syracuse/Rochester
5/23 Orlando/Tampa
6/06 Hamden, Conn,
6/20 Philadelphia
6/27 Seattle

For further information, circle 000 or contact:
Texas Instruments incorporated

Post Cffice Box 1444, M/S 786

Houston, Texas 77001

(713) 776-6511  Ext. 501

* Requires only a single DC power
source. Even solar cells or a pen-
light battery will do.

* Is directly TTL compatible, with
no special interfacing needed.

» Utilizes static logic to eliminate
specialized clock drivers.

e Performs as a user-selectable
speed/power device. As shown by
the chart, the SBP9900 can oper-
ate efficiently over a speed/power
range spanning several decades of
supply current.

New Design Horizons

The SBP9900 opens a vast, new
range of applications...challenges
you to think beyond the conven-
tional...dares you to explore appli-
cations where no other micropro-
cessor can perform.

Use itin areas normally off limits
to microprocessors. As the solution
to design problems never before
attempted. Wherever environmen-
tal demands are extraordinary. In
a jet engine pod. On an off-shore
drilling rig. Anyplace on, under, or
above the earth.

Immediate Availability
The full temperature SBP 9900
(—55°C to 125°C) is available now
and is priced at $386.00 each
in 100-piece quantities. To
order, or for more information
about the SBP9900, contact your
TI field sales office. Or write
Texas Instruments lﬁ o
Incorporated, P.O. Box vivl
5012, M/S 308, Dallas, \-’k ;

Texas 75222,

TEXAS INSTRUMENTS

© 1977 Texas Instruments Incorporated
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DELCO'S NEW 25-AMPERE HIGH VOLTAGE

DARLINGTONS WITH THE SPEED
AND ENERGY CAPABILITY
YOU ASKED FOR.

Good news for motor
speed control designers who
have expressed a need to
upgrade horsepower ratings.
The 25-ampere gain of these
new Darlingtons permits
increased horsepower
ratings of existing AC motor
speed control systems and
a reduction in paralleling in
new designs. However,
grouping of t.« is available for
current sharing in designs

MAJOR PARAMETER LIMITS

oo
@20a @800V

hFE hFE  VCEO
e @264 @108 (sus)

DTS-4066 5 75 350V 35V 0.25mA
DTS-4067 10 180 350V 2.0V 0.25mA
DTS-4074 5 75 30V 35V 0.25mA
DTS-4075 10 150 350V 2.0V 0.25mA
TYPICAL SWITCHING
DTS-4066 D75-4074
DTS-4067 DTS-4075
tr 0.5us 0.5us
ts 5.0us 3.2us

it 4.5us 1.0us

NPN triple diffused silicon Darlin l?tons are packaged in solid
copper cases conforming to JEDEC T0-3 outline dimensions.

SAFE OPERATING CURVES

25 TN
“N}\*
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with parallel Darlingtons. A
speed-up diode is built
into the DTS-4074 and
DTS- 4075 permitting
data sheet t;typicals of
1.0 us. Drive circuit
techmques involving
ls»= 2 A and a Baker clamp
produce t; typicals in the
0.4-0.6 us range for the
DTS-4066, DTS-4067,
DTS-4074, and DTS-4075.

Our experience with
tolerances, faults, transients,
and start-stall conditions in
most systems convinces us
that these Darlingtons have
the right trade-off between
speed and peak power
handling capability. Note the
greater than 10 kVA region
of the reverse bias safe
operating graph. All this,
and you still get Delco’s
traditional solid copper
TO-3 hermetic package that
has a conservative 0.75°C/W
thermal resistance.

These Darlingtons are
already in high volume
production and are available
on distributor shelves.
Prices, applications litera-
ture, and data sheets from
your nearest Delco sales
office or Delco distributor
can complete the story on
these new Darlingtons.

Features
of Delco’s

new DTS-4066,
4067, 4074, 4075
Darlingtons.
0 Upgrade .
existing &

motor 4 .
speed %,
control 4§
horsepower
[ Reduce n
ing in new systems.
O Offer switching speed
improvements over our
earlier types.
O Achieve greater than
10 kVA peak power
dissipation.
O Available with t.: groupin
0] Delco hermetic copper
package with 0.75°C/W.
O Currently in high volume
production.
208/220 Vac,
3¢ MOTOR SPEED CONTROL

6 STE® WA/EFORM 5 to 6il Hz - 1 5% SPEED CONTAQL ACCURACY

SWITCHNG [
?08 Vac ,m,ﬂ[ i, muwow 1..4 Iﬁ%wiﬁl. —
L .|

UMIT

- 30 INVER'ER -l» -=1
= :
smzn
owineron ORI
[ e s r3 AMPLIFIERS DARLINGTONS
__________________ I INDUCTION
MoTOR
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EMITTER

SPEED-UP DIODE
USED ON DTS-4074/4075 ONLY

3¢ DARLINGTON INVERTER
DTS-4066-4067
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Electronics /February 17, 1977

NOW AVAILABLE FROM THESE DISTRIBUTORS
IN PRODUCTION QUANTITIES.

ALABAMA

BIRMINGHAM

Forbes Distributing Co., Inc.
(205) 251-4104
HUNTSVILLE

Powell Electronics

(205) 539-2731

ARIZONA

s PHOENIX
. Sterling
Electronics, Inc.
3 (602) 258-4531

CALIFORNIA

GARDENA
Electronics
Dlstnbutors Div.
Bell Industries

(213) 321-5802
GOLFTA

P.S. Electronics, Inc.
(805) 964-6823
LOS ANGELES
Kierulff Electronics, Inc.
(213) 685-5511
R.P.S. Electronics, Inc.
(213) 748-1271
PALO ALTO
Kierulff Electronics, Inc.
(415) 968-6292
SAN DIEGO
Kierulff Electronics, Inc.
(714) 278-2112
R.P.S. Electronics, Inc.
(714) 292-5611

MIAMI SPRINGS

Powell Electronics/Florida NEW JERSEY
e CINNAMINSON
ILLINOIS Wlll,ihllre‘ E.IeLc't:onics/
ELK GROVE VILLAGE e bR
Kierulff Electronics, Inc. CLIFTON
(S12/640.0200 Wilshire Electronics/
SKOKIE . New Jers
Elell Indt.;stnss b b (201) 340-1900
lectronics Distributors Div. o
(312) 282-5400 (212) 244-8930
INDIANA NEW MEXICO
INDIANAPOLIS i

Grahan; E:ectronics
upply, Inc.
(3|7)P23l4-8202

Sterling Electronics
(505) 345-6601

NEW YORK
MARYLAND BINGHAMTON
BALTIMORE &”6%'%4:'5?5?? <
RESCO/Baltimore BUFFALO
(301)823-0070 Summit Distributors, Inc.
MASSACHUSETTS (168813120

FARMINGDALE
BILLERICA Wilshnre Electronics/

Kierulff Electronics, Inc.
(617) 935-5134

(617) 667-8331

NEWTON

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

MICHIGAN

LIVONIA
Pioneer/Michigan

SUNNYVALE 5
Bell Industries (313) 32518
(408) 734-8570 MINNESOTA
LORAD
220 2 MINNEAPOLIS
DENVER Stark Electronics Supply Co.

Kierulff Electronics, Inc.
(303) 371-6500

(612) 332-1325

MISSOURI
CONNECTICUT KANSAS CITY
NORWALK Walters Radio Supply, Inc.

Harvey Electronics
(203) 853-1515

(816) 531-7015

ST. LOUIS
LCOMP-St. Louis

FLORIDA (314) 647-5505
CLEARWATER
?Iomat/SouthIand
813) 443-4514
CLAMPED INDUCTIVE
SWITCHING PERFORMANCE
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Islan:
(516) 393 5775
FREEPORT
Milgra /New York
(516) 546-6000
WOODBURY
Harvey Electronics
(516) 921-8700
(212) 895-9260

OHIO

CINCINNATI

United Radio, Inc.

(513) 761-4030
CLEVELAND

Pattison Surpl y Co.
Industrial E ctromcs Div.
(216) 441-3000

DAYTON
Pioneer/Dayton
(513) 236-9900

OREGON

PORTLAND
Almac/Stroum Electronics
(503) 292-3534

PENNSYLVANIA

PHILADELPHIA
Almo Electronics
(215) 698-4000

PITTSBURGH
CAM/RPC Eiectronics
(412) 782-3770

SOUTH CAROLINA

COLUMBIA

Dixie Radio Sugply Co.,Inc.

(803) 779-533

TEXAS

DALLAS
Sterling Electronics
(214) 357-9131

HOUSTON
Harnson Equnpment

(713) 652 4700

Sterling Electronics
(713) 627-9800

WASHINGTON

SEATTLE

Almac/Stroum Electronics
(206) 763-2300

Kierulff Electronics, Inc.
(206) 763-1550

SPOKANE
Almac/Stroum Electronics
(509) 928-0679

IN CANADA:

Zentronics Ltd.

Toronto (416) 787-1271
Ottawa (613) 238-6411
Montreal (514) 735-5361

OVERSEAS:
EUROPEAN
INQUIRIES:

European Parts &
Accessories Marketing
Grou

General Motors Continental

Plant 2, Noorderlaan,
Postbus 9

B-2030, Antwerp, Belgium

ALL OTHER
OVERSEAS
INQUIRIES:

General Motors Overseas
Operations

Parts & Accessories Dept.

767 Fifth Avenue

New York, N.Y. 10022

(212) 486-4412

DELCO ELECTRONICS
REGIONAL SALES
OFFICES

Charlotte, North Carolina
28209

4600 Park Road
(704) 527-4444

Van Nuys, California 91404

Box 2968

(213) 988-7550

GENERAL SALES
OFFICE

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

Delco
Elel:t,rnm

Division of General Motors
Kokomo, Indiana
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Coors Subsir:
Aren't Just Better.
They're Faster.

You've told us fast response to customer
orders is critical to your success in hybrid
markets. Coors understands. We've made a
commitment to give you the fastest delivery
of thick- or thin-film substrates.

Through continuing investment in pro-
duction facilities, we've cut lead times to give
you better service on the largest or smallest
orders. A new plant, under construction
now, will significantly expand capacity for

even faster delivery in late summer, 1977.
But plant capacity is just one factor in
Coors ability to cut your lead times. A spe-
cial substrate service group—with a direct
Substrate Hotline—gives you fast quotes and
personal follow-through on all orders.

For complete details on Coors substrates
and manufacturing capabilities, write for
our free Electronic Ceramic Handbook, or
call your local Coors sales engineer.

For quick delivery, call Coors Substrate Hotline: (303) 279-8320

Cools

Circle 64 on reader service card

Coors Porcelain Company

600 Ninth Street / Golden. Colorado 80401
(303) 279-8320/Telex 45-593



Probing the news. ,

Gas-discharge-display sales soar

Ground lost to light-emitting diodes and liquid crystals is regained
as new equipment requires their high-performance characteristics

by Bruce LeBoss, New York bureau manager

The demands of more and more
equipment supplied with digital
readouts has breathed new life into
the gas-discharge-display market.
After a two-year slump, during
which they lost position to light-
emitting diodes, liquid-crystal dis-
plays and other technologies, plasma
panels have generated a dramatic
increase in interest for a number of
applications. The market now
appears ready to leap to new
heights.

In special applications — generally
high-priced products where perform-
ance rather than cost is of prime
importance —gas-discharge displays
are winning the battle against LEDs,
Lcps, and other displays. Among
their advantages are larger digits,
operation at temperature extremes,
readability in bright ambient light,
and high reliability.

Two of the more immediate bene-
ficiaries of the upsurge in sales are
Burroughs Corp.’s Electronic Com-
ponents division in Plainfield, N.J.,
the traditional supplier, and Beck-
man Instruments Inc.’s Information
Displays Operation in Scottsdale,
Ariz. Also benefiting are some
smaller domestic and foreign sup-
pliers and the firms that manufac-
ture driver circuits.

Beckman, which got into the
market about three years ago by
buying the Sperry Information Dis-
plays operation, also makes LED and
Lcp displays in Fullerton, Calif.
Robert A. Kuntz, marketing man-
ager for the Beckman operation,

Wide blue yonder. For intense ambient light
above the clouds, gas-discharge displays
provide the bright readouts needed in this
aircraft instrument panel from Bendix.
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says LEDs are doing well in low-
priced instruments. “But in higher-
priced products, such as point-of-sale
equipment, banking terminals, and
gas pumps, where aesthetics are an
important factor and where equip-
ment has to operate under high
ambient light, just the opposite is
happening.”

Kuntz says that when the boom
came in 1972 and 1973 for hand-
held and desktop calculators, many
manufacturers marketed units that
used the older Nixie-type display
and others like Burroughs' Panaplex
and Beckman's raised-cathode dis-
plays. The resulting domestic market

for gas-discharge displays grew to
about $40 million in 1972-73, “but
that bubble burst about three years
ago,” he continues. “The result was
that the market dropped to $25
million to $30 million in the 1974-75
period.”

New peak. Now the demand is
growing once again, “but in different
kinds of products. The market is
again very close to the peak of 1972-
73, and it has the potential to
surpass that peak,” Kuntz says. He
won't discount industry estimates
that the domestic gas-discharge mar-
ket could easily see a 50% growth by
1980-81 and reach a level of approx-
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Selling job. Gas-discharge displays are well
suited for point-of- sale terminals, an advan-
tage that has helped the recent sales resur-
gence of the devices.

imately $60 million annually.

Similarly bullish is Burroughs’
Electronic Components division
marketing manager, Art Shesser. He
maintains that the calculator market
gave sort of “a false peak” to the
industry, only to decline about 75%
to 80% as a segment. Since then, the
market has been expanding in total
dollars “and will continue to ex-
pand.”

Among the new applications,
Shesser is interested especially in
autos. “The auto industry is in a lot
of the display technologies and
they’re very cautious in making a
major commitment. But, once the
acceptance of the microprocessor
comes—and it’s going on now —they
will need electronic displays.” While
there are many display technologies
to choose from, he adds, ‘“gas
discharge is the only one that can
take the auto’s hostile environment
of —40°F to + 180°F. LCDs freeze at
the lower temperatures and, at the
higher temperatures, the efficiencies
of LEDs worsen.”

The Burroughs gas discharge dis-
play line consists of the Self-Scan
matrix line of alphanumeric charac-
ters, Panaplex displays that are a
low-cost alternative to Nixies, and
digitally controlled bar-graph dis-
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plays. Sales of all three increased in
1976 over their year-earlier levels
and, says Shesser, “will increase
again in 1977.” Only the Panaplex,
“which isn’t yet up to projected
levels,” did not hit a new peak last
year, he adds. However, the market
for alphanumeric displays ‘“‘has been
building,” and that for bar-graph
displays “will really take off within
six months to a year,” he says.

One of the smaller suppliers riding
the upcurve is Dionics Inc. in West-
bury, N.Y., a supplier of high-
voltage driver circuits for the dis-
plays. Except for the big upsurge
and subsequent downturn, “the busi-
ness has grown modestly since the
early 1970s. But there has been
another recent spurt,” says president
Bernard L. Kravitz. “Our business
with gas-discharge-display manufac-
turers is up about 50% over year-
earlier levels.”

In the air. Typical of the new
equipment in which the displays are
winning new and growing markets is
the new -line of microprocessor-
controlled communications, naviga-
tion, and identification systems be-
ing built by Bendix Corp.’s Avionics
division in Fort Lauderdale, Fla. “In
order to read the information in
sunlight, we have to have proper
contrast and brightness,” says proj-
ect engineer Elwood Wheeler. “Gas-
discharge and incandescent displays
are about the only things we can be
sure of seeing.”

Bendix chose to go with the gas-
discharge units because of their flex-
ibility for several configurations.
“We shied away from LCDs because
their response time wasn’t fast
enough for multiplexing, and their
temperature window is quite narrow.
We want displays that will operate
from —40°C to +70°C, and that
110°C window is about twice what
the present LCDs operate at,” points
out Wheeler.

As for LEDs, “they simply wash
out in the bright sunlight above the
clouds,” says Wheeler, who says the
use of gas-discharge displays in
avionics equipment will increase sig-
nificantly. “Our industry is getting
into more of a solid-state mode, and
the interface between the pilot and
his equipment is much more readily
communicated by a gas-discharge
readout than was the case with the

older mechanical-drum outputs.”

NCR Corp., General Instrument
Corp., and Data Terminal Systems
Inc. all chose gas-discharge displays
in POs-terminal systems because of
their easy readability. “Alphanu-
meric feedback to the operator is
very important,” says Ed Dauvis,
chief engineer at GI’'s Unitote/Re-
gitel division in Towson, Md.

For games. The brightness of gas-
discharge displays is also cited as a
major reason for their use in arcade
games. “The intensity of the display
is such that it can be used in well-
lighted rooms and be seen clear
across the room,” says Frank Bra-
cha, assistant engineering vice presi-
dent at Bally Mfg. Corp. in Chicago,
a producer of electronic pinball
machines. Bally also wants to use
different color filters to change the
game’s aesthetics. Says Bracha,
“LEDs aren’t bright enough to be
used with filters, but there’s no
problem with gas-discharge dis-
plays.”

The displays also are making
inroads into the consumer-electron-
ics market. In digital TV tuning, for
example, a number of set manufac-
turers have opted for plasma read-
outs for channel indicators. “The
brightness and character size of LEDs
wasn’t suitable for viewing across a
room, especially for remote-control
sets,” says Phil Polack of General
Electric Co.’s Television Business
department in Portsmouth, Va. Also
affecting GE’s decision was “the
excellent life history we obtained
from users on gas-discharge-display
field failures,” he adds. “Although
we design for a seven-year life, we
don’t want a bunch of failures out in
the field, even after sets are out of
warranty, because it affects the
customer’s image of us.”

Shortage. Oddly, the popularity of
gas-discharge displays has caused at
least one equipment maker to shift to
LED displays. Litton Industries’ Mi-
crowave Cooking division in Min-
neapolis wanted “multiple big sup-
pliers.” But there are only two that
met the bill—Beckman and Bur-
roughs—so Litton switched to LEDs.
It’s a problem that gas-discharge-
display makers haven’t enjoyed for
some time, but it hasn’t cropped up
often enough to cause any rush by
the industry to add capacity. OJ
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Electronics abroad

Sluggish Sweden
is key in Scandinavia

Inventory buildup to keep growth this year below 3.5%,
while Norwegian economy leads with anticipated 7% rise

by Arthur Erikson, Managing Editor, International

Where their economies are con-
cerned, Scandinavia, in a sense, can
be considered one large family. Like
many large families, especially those
near the top of the economic pyram-
id, some of the Scandinavian cousins
are faring much better than the
others.

The Norwegians are out front in
affluence at the moment. Their well-
oiled economy now seems set to
move ahead by better than 7% this
year. The Danes, beset by fairly high
inflation and by an awesome bal-
ance-of-payments deficit, can’t ex-
pect much more for the coming year
than 2% growth.

As for the Swedes, far and away
the most numerous of the cousins,
they are not quite sure. For the past
couple of years, the now-ousted
Socialist government kept the econo-
my from sagging through massive
support programs that let hard-hit
basic industries build up inventories
rather than cut back on employment.
The new government, which de-
feated the Socialists, is continuing
the programs, but the point has been
reached where some industries sim-
ply cannot continue to build inven-
tory. Whether Sweden has a dismal
year with only 1% growth for its
economy or a passable year with
about 3.5% growth depends on
exports; that is, on how soon the
long-delayed upswing in the world
economy finally starts.

So don’t look for any real zip in
overall Scandinavian electronics
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markets this year. It cannot happen
when the dominant Nordic econ-
omy—Sweden’s—is having troubles.
Electronics’ forecast for the year
ahead, based on a survey made last
fall, puts equipment markets for the
three countries at $1.989 billion, a
modest 5% rise over the estimated
$1.893 billion for 1976. Because
Nordic electronics-equipment mak-
ers are such heavy exporters, compo-
nents markets will probably do much
better. They will move up nearly
11% this year to $465 million, the
survey suggests.

Sweden. The Swedes were the first
people in Western Europe to become
mass buyers of color-television sets,
and now, the inevitable has hap-
pened: the market has peaked. Some
two thirds of Swedish households
now have color sets, and, for the first
time, sales will edge downward this
year. The hi-fi market has also
passed its peak. As a result, sales this
year of consumer electronics will
shrink nearly 11%, from $436 mil-
lion last year to $389 million, the
survey predicts.

The expected turndown in set
sales offsets the gain—minimal, ex-
cept for computers —in other sectors.
Overall, Swedish equipment markets
figure to stay flat at just over $1
billion. As for components markets,
they’ll show a 10% rise to some $276
million, the survey forecasts.

For set makers, the domestic
market figures to keep dwindling
until something comes along with

the impact that color TV had. No one
yet really knows what that some-
thing might be, however, so Swedish
producers have to make their marks
abroad to survive. Lufor AB, the
major native set maker (second only
to Svenska Philips), expects its sales
to rise by some 30% to $155 million
in its current fiscal year, which ends
in August. Fully $55 million of this
will come from exports.

For communications-hardware
producers, a flat year is in sight, with
the market hovering around $163
million. However, that condition is
only temporary. Televerket, the state
telephone agency, plans to invest
nearly $800 million in electronic-
switching equipment through 1995,
and the first allotments are to come
in the late 1970s. Another lift will
come from the Nordic data-commu-
nications network, a $215 million
project that, by 1980, will intercon-
nect some 11,000 subscribers in
Stockholm, Oslo, Copenhagen, and
Helsinki, its backers say.

As for defense electronics, pros-
pects are up in the air—unfortu-
nately, more figuratively than litera-
lly. There is an embryo plan to
develop a light interceptor jet that
would take over from the current
Viggen fighter in the 1980s. But a
royal commission on defense has
split over whether or not to recom-
mend giving Saab-Scania a definite
go-ahead to design the plane. The
government, strapped by a whopping
deficit, is trying to hold the line on
defense spending for the next fiscal
year, but the project could turn up
on the work list that the parliament
presumably will draw up this spring
when it forges a long-range defense
plan for the country.

Denmark. Danish electronic-
equipment markets will mark time
this year. From $461 million in
1976, they will edge up to $484
million, and the survey suggests
where the trouble lies. Radio record-
ers excepted, all the major entertain-
ment-electronics categories are like-
ly to slump a little this year, pushing
the sector’s total down to some $179
million. Last year’s figure was $190
million.

As always, Danish electronics pro-
ducers have their antennas tuned
more to export markets than to those
at home. But exports have become
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worrisome, too. Last year, Danish
firms turned out some $580 million
worth of electronic hardware. That
works out to a gain of some 20%
nominally, but only 12% when price
rises are considered. Exports,
though, moved up only 8% nomi-
nally, actually a piddling 2% real
gain.

Frede Ask, director of the Danish
electronics producers’ trade associa-
tion, foresees a production gain this
year about equal to last year’s mark.
Exports will edge up disappointingly
again, too, he expects, “but only if
the wage settlements agreed to last
August hold,” he adds.

With exports flattening, the new
“domestic’’ market, which stems
from offset for the F-16 fighters
Denmark is buying from General
Dynamics, has come at the right
time. It looks as if Danish firms will
get some $40 million worth of busi-
ness for on-board electronics out of
the deal. Contracts for about two
thirds of this business have been
signed. But one major item—the
fire-control computer earmarked for
Christian Rovsing —still is being
haggled over, much to the irritation
of the Danes. They are also anxious
about their share of off-plane hard-
ware —mainly the integrated ground
checkout equipment and the training
simulators.

Although they number only 4
million, the Norwegians, with a solid
economy and oil as well, could well
set the pace for growth this year
among the world’s industrialized
nations. There is virtually no doubt
that the country’s electronics mar-
kets will surge ahead this year. The
survey estimates equipment markets
at $480 million—a solid 20% gain
over the 1976 figure.

Chalk up some of the increase—
but not much—to entertainment
electronics. The big lift will come
from communications equipment to
serve the oil platforms that dot
Norwegian waters in the North Sea
and for the military. There also will
be fallout from the F-16, although it
is still not clear how much of the
contract offset work the state-run
military electronics firm Kongsberg
Vapenfabrikk, the main contractor
for Norway, will pass along to other
companies.

Kongsberg, Tandbergs Radiofa-
brikk As (the country’s only major
set maker), and As Elektrisk Bureau
(which has close ties to L M
Ericsson in Sweden) have teamed up
for research, product development,
and marketing. So some of the F-16
money presumably will find its way
to Kongsberg’s partners. Moreover,
the government has indicated it will
help strengthen Norway’s native
electronics companies— mostly small
firms that have to count heavily on
export markets to survive. O

SCANDINAVIAN ELECTRONICS MARKETS FORECAST

(1 MILLIONS

Total assembled equipment
Consumer electronics
Communications equipment
Computers and related hardware
Industrial electronics
Medical electronics
Test and measurement equipment
Power supplies

Total components
Passives
Semiconductors
Tubes

[Exchange rate: Denmark, $1 = 5,9 kroner;
Norway, $1 = 5.3 kroner; Sweden, $1 = 4.2 krona)

OF DOLLARS)

1975 1976 1977
1,779 1,893 1,989
768 773 722
316 352 419
464 513 570
121 133 146
55 61 66
40 45 48
15 16 18
396 420 465
231 246 267
95 100 122
70 74 76

Note: Estimates in this chart are consensus estimates of consumption of electronic equipment obtained
from an Electronics survey made in September and October 1976. Domestic hardware is valued at
factory sales, prices and imports at landed costs
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Americans becoming concerned as Japanese begin to close gap;
Nippon Electric chalks up $30 million in U.S. sales

by Lawrence Curran, Boston bureau manager

A few years ago, most U. S. semicon-
ductor executives estimated that
they were two years ahead of Japa-
nese technology. Today, that gap has
been bridged or greatly narrowed,
and leaders in the U.S. semicon-
ductor community are clearly wor-
ried as Japanese competitors begin
to chip away at the U. S. market —
particularly the computer portion.

Except for consumer products
such as calculators and watches,
Japanese penetration of the U.S.
markets for semiconductors to date
has been shallow, in the opinion of
Floyd Kvamme, vice president and
general manager of National Semi-
conductor Corp.’s Semiconductor
division. *“‘But the American market
is virtually wide open for the Japa-
nese, with practically no barriers,”
Kvamme asserts, “Contrast this with
the situation for foreign companies
{competing] in Japan, where they’re
virtually shut out,” Kvamme la-
ments.

John Welty, a Motorola corporate
vice president and group executive of
the Semiconductor group, says the
Japanese are setting reliability stan-
dards that pose a problem for U.S.
firms to meet. “They’re bright, and
they work hard,” Welty says. “That
may be the most unfair competition
of all.”

Commitments. Intel Corp. chair-
man Robert Noyce shares Welty’s
respect. He notes that Japanese
companies “have made major com-
mitments to supplying compo-
nents —especially computer compo-
nents—to the Western world.” Al-
though he has not seen those
commitments result in important
inroads into the U.S. market yet,
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Noyce says, significantly, the names
of Japanese firms are appearing on
reports listing the companies to
which Intel has lost certain orders.

The leader among Japanese com-
panies concentrating on the U.S.
semiconductor market is clearly
Nippon Electric Co., which will sell
some $30 million worth of semicon-
ductors of all kinds in the U. S. in its
fiscal year ending March 31. That’s
the estimate of Hiroe Osafune, NEC
vice president. He characterizes the
U.S. sales of other Japanese semi-
conductor producers as negligible,
although Hitachi, Fujitsu, and To-
shiba are starting sales efforts.

A Fujitsu source agrees with
Osafune’s assessment, indicating
that his company’s U. S. integrated-
circuit sales consist mostly of sample
lots. Toshiba’s strength, in the opin-
ion of one major U. S. competitor, is
in power transistors, particularly for
color-television sets, while Hitachi’s
U. S. activity is also aimed mainly at
consumer equipment from a Los
Angeles base.

U. S. marketer. NEC has had U. S.
marketing arms for several years,
but not until mid-1975 was NEC
Microcomputers Inc. established in
Lexington, Mass., to concentrate on
marketing memories and micropro-
cessors in the U.S. The company is
staffed by 24 Americans who regard
themselves as a U. S. company with
an offshore manufacturing facility.
In that sense, says NEC Microcom-
puters president Roger H. Bender,
“our customers have the same kind
of interface they’re accustomed to”
because the major U.S. semicon-
ductor houses also have offshore
facilities.

NEC Microcomputers, which will
add about a dozen more marketing
and marketing-support people in the
Lexington office in the new fiscal
year beginning April 1, will open its
first regional offices—in the western
and central U.S.—this year. The
company has no direct salesmen; it
works entirely through distributors
and representatives.

The Lexington firm’s greatest suc-
cess to date has been with 4,096-bit
random-access-memories. One New
York security analyst estimates that
parent NEC has about 13% of the
world market for 4-k RAMs, and
Richard Koerner, NEC Microcom-
puters’ director of marketing, main-
tains, “Our U. S. activities account
for a healthy part of that.”

Products. George Muller, NEC
Microcomputers’ vice president and
treasurer, says the Lexington compa-
ny has been shipping tens of thou-
sands of its fast (135-nanosecond
access) 22-pin dynamic 4-k products
since late 1975. The company also
offers a 4-k static RAM with 100-ns
access, smaller RAMs, a variety of
read-only memories and program-
mable ROMs, an 8080A-based micro-
processor set, and controller devices
to interface microcomputers to flop-
py disks and tape cassettes.

Back in Japan, Osafune says the
parent company this year will intro-
duce, among other products, a 16-k
dynamic RAM that will be handled
by Lexington. Muller predicts that
the parent company could take 20%
or more of the U.S. market in
memories, microprocessors, and in-
terface circuits.

Probably the biggest U.S. cus-
tomer for NEC’s 4-k RAM’s is Honey-
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well Information Systems Inc. The
Phoenix-based computer maker is
also exchanging design and process
information with NEC on Honey-
well’s bipolar current-mode logic
used in the new model 6865 main-
frame with an eye to making NEC its
prime source. “We’re giving them
very high marks,” says a top Honey-
well engineering official, adding that
there’s no problem working with a
factory located in Japan.

NEC Microcomputers’ Bender
won’t rule out a U. S. manufacturing
facility for the parent, adding that
the capacity at the Kumamoto City
plant in Japan would have to be
exceeded first. But, Muller asks
rhetorically, “Where would it make
sense to build more capacity when
that happens?”

Disparity. Must top American
semiconductor executives think that,
given an even chance, they can
counter the Japanese competition.
Typical are comments from Nation-
al’s Kvamme and Intel’s Noyce. “By
even chance,” says Kvamme, “I
don’t mean erecting trade barriers
and subsidizing the U.S. semicon-
ductor industry. What we’d all like is
a chance to penetrate the Japanese
market. We don’t mind a little
competition here if we can have a
little competition there.”

Novce is less sanguine. He does
not like the disparity in import taxes
charged in each country—17% by
the Japanese vs 6% in the U. S. Says
he, “‘the time has come for the U. S.
to say to the [Japanese government]
that we’ll trade on an even basis by
imposing precisely the same import
limits in the U.S. as Japan does in
Japan.” d
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You and your career

New IEEE
head casts
wide net
for ideas

by Gerald M. Walker,
Senior Editor

Soon after a narrow majority had
elected him president of the Institute
of Electrical and Electronics Engi-
neers, Robert Saunders happened to
be sitting next to a leading clinical
psychologist on a plane. He asked
the psychologist for a quick analysis
of why there is so much apathy
among the institute’s members—
why only 36% of eligible members
had voted, even though the election
was a hotly contested, three-way
race for president. The psychologist
suggested voters were apathetic be-
cause the election was not threat-
ening enough to individuals to spur
them to vote.

That is an illustration of Saun-
ders’ approach. “Taking IEEE’s prob-
lems to a psychologist is a little
unusual, but I’'m always ready to use
other people’s ideas,” Saunders
says.

“What seems like a radical idea
today may be the accepted norm
tomorrow,”” he adds. ‘“Ideas, not
personalities, are IEEE’s business.
And there’s a danger of missing good
ideas if you don’t divorce the issue
from the person presenting it.”

The 1977 president, a professor of
electrical engineering at the Univer-
sity of California—Irvine, may well
want to go back to the psychologist
with another problem—reconciling
the conflicts between the growing
number of articulate dissident mem-
bers and the increasingly intransi-
gent establishment leaders concern-
ing the professional-activities pro-
grams. At the same time, Saunders
is worried about maintaining the
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Top man. The IEEE's 1977 president, Robert Saunders, wants to improve accreditation,
industry relations, the institute’s fiscal affairs, and membership communications

institute’s traditional position as
leader in technology information.
Recently, too, he has been con-
fronted with the need to pick a
search committee to find a replace-
ment for general manager Herbert
Schulke Jr., who has resigned.

Saunders has four goals for the
coming year that drive to the heart
of the IEEE’s problems. One is
oriented toward the dissidents, one
toward the conservatives, and two
toward everyone.

Schools. The first objective will be
to come to grips with the accredita-
tion of engineering schools. “Accred-
itation has always been delegated to
the engineering academic commun-
ity, but there is evidence that the
members feel the academic com-
munity is not doing it right. So we
are going to take a look at how to do
it right,” he explains.

The second goal is to improve the
IEEE’s relations with industry. These
relations are causing uneasiness
within the conservative wing of the
institute, which fears, among other

things, that the professional-activi-
ties program is leading toward
unionization of EEs.

“Just as IEEE sets technical stan-
dards, it can set professional stan-
dards. At no time do we say Corpo-
ration A does not meet the standards
or Corporation B does. We should
never have a black-list or a whitelist.
Standards are best enforced by
industry,” he says.

If he survives the controversy that
these two goals are bound to gener-
ate, Saunders has a couple of other
equally troublesome projects in
mind. One concerns dues and fiscal
management. After a shaky finan-
cial period, the institute has now
gone to a system of deferred expen-
ditures in which a major portion of
the annual budget is not actually
committed until April.

Saunders admits that the last dues
increase was not handled very well.
Members were not adequately in-
formed of the reasons for the
increase, he says, and the result was
resentment, a drop in membership,
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REACT

Rapidly Evaluate & A pply Custom’Iéchnology.

REACT means that custom LSI for many
applications can be attained in 3 to 6 months,
at costs ranging from $18k to about $38k.
REACT does not gain its cost-efficiency from
a library of gate arrays, cells or mask-program-
mable chips—but rather from our extensive
background in using advanced processes to
custom-integrate complete logic functions.
Chances are we’ve already optimized the design
for many of the logic functions your product
requires.

Over the past six years, we've developed
more than 300 microcircuits to help many
manufacturers realize the benefits of custom
LSI. Benefits like reduced assembly costs, low-
er power consumption and smaller size.

Along the way, we’ve even developed and
refined our own brand of LSI—High-Density
CMOS (HD/CMOS). This production-proven
process has effectively reduced both size and
power consumption in a wide range of pro-
ducts, including digital watches, CB radios,
multimeters and pacemakers.

Thanks to innovations like HD/CMOS,
and our long experience in integrating custom
logic, the time and cost for custom LSI devel-
opment is being dramatically reduced. This
development is so significant that we decided
to label it REACT—for Rapidly Evaluate &
Apply Custom Technology.

REACT means compatibility with the stan-
dard CMOS devices in the 4000 Series. The
transition from this standard logic family to
our high performance HD/CMOS is a natural
evolution. In fact, we encourage our customers
to prototype their design with 4000/CMOS
before custom HD/CMOS development.

REACT could also mean an effective way
to streamline microprocessor-based designs. In
many cases, HD/CMOS can be used to custom-
integrate the peripheral logic required to make
a microprocessor function.

We've prepared a special brochure which
describes our REACT program more fully. This
brochure akso contains a discussion of custom
LSI time/cost considerations in today’s num-
bers. For your copy, circle the R.S. number, or
contact REACT Marketing, at (408)247-5350.

MICRO
POWER
SYSTEMS

3100 Alfred Street, Santa Clara CA 95050

Circle 75 on reader service card




REAL TIME Analog I/O for
Intel SBC 80/10 or MDS-800

A single board Analog I/0O system for Intel’s new
single board computer. For laboratory or
industrial measurements our DT1751 system can
process 16 analog input channels and has 2
analog output channels with power amplifier for
driving industrial loads. Drive CRT's directly as
well...using the built-in point plot controller.

Real Time measurements are easily done with

standard features such as external A/D trigger

plus convenient interrupt operation. Optional
switch gain amplifier extends dynamic range to 14-bits.
CALL US at (617) 879-3595 for a complete set of applications data.

DATA TRANSLATION

INC

109 CONCORD ST.. FRAMINGHAM. MA 01701 (617) 879-3595
TELEX 948474 ...the analog I/0 company

Circle 175 on reader service card

Edge-Pac«

A patented card edge backpanel
system that offers you the finest
in press-fit technology. A pre-
loaded contact (1.) is press-fit
directly into plated-thru holes in
the eiched board. (2.) The insula-
tor is held firmly into place by an
interference fit with the contact
Any size connector can be used,
giving you complete system
flexibility.

Mwiei-Pac .

Combines the reliability of Edge-
Pac® with the cost savings of

crele two-sided plated-thru
boards (2, 3, 4) are sandwiched
together with the high force press-
fit contacts. The gas tight inter-
face between the contact and
each board is extremely reliable
A mylar insulating layer separates
each board allowing interconnect
systems of up to eight planes of
circuitry

Join the Pac ... Specify Elfab patented

press-fit backpanel systems. Send for our
4 new design brochure today. Call or write

Elfab Corporation (214) 233-3033,
P. O. Box 34555, Dallas, Texas 75234

The Leader in Press-fit
Technology

€) ELFAB

76 Circle 76 on reader service card

multi-layer backpanels. The dis-
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and two proposed constitutional
amendments to make dues increases
subject to a vote of the membership.
Neither propositions won the two-
thirds majority vote needed to pass,
but the leadership got the message.

Accordingly, he will ask the trea-
surer to draw up three budgets for
next year: one with no increase in
dues and services cut to meet
income, another with services held
constant and the costs reflected in
dues, and a third containing addi-
tional services members indicate
they want and the extra cost per
member. With three choices, mem-
bers will be sampled to find out
which way to go.

Give and take. The fourth objec-
tive is an old one around the insti-
tute—improving communications
with members. There will be ex-
panded coverage of institute news in
the IEEE publication, Spectrum, and
use of reader-response cards to
sample opinion. Saunders hopes to
get other officers to seek ideas from
members just as he will.

As an example of ideas that have
come from the membership, Saun-
ders points to the provision for
candidates to prepare rebuttals to
campaign statements of their oppon-
ents. Another idea was a proposition
on last year’s ballot calling for full
publicizing of all future propositions
so that members will know how to
vote. Although the board of directors
was against the proposition and it
did not get the necessary two-thirds
majority, he is certain the concept
will be put to use this year.

“These were two good ideas that
came from John Crowe of Los
Angeles [called Gadfly West around
the IEEE headquarters to distinguish
him from Irwin Feerst, Gadfly
East]. He is not part of the operating
committees, but Crowe produced a
change in direction.”

Will the fact that he is actually a
minority president, with only 44% of
the vote, hinder his activities?
“There is no change in my attitude,”
he says. “The board of directors does
not dance to the president, it's the
other way around. So I see our activ-
ities as following a consensus rather
than a single leader.” O

Electronics/February 17, 1977



Intel delivers real ime microcomputer multiprocessing.

The new SBC 80/20 Single Board Computer:

SBC 80/20 delivers system through-
put and design flexibility previously
unobtainable on a Single Board Com-
puter. Like our low cost industry
standard SBC 80/10, the SBC 80/20
has everything you need —CPU,
EPROM, RAM and programmable
parallel and serial I/O—all on a single
6.75" x 12.0" board. And because the
SBC 80/20 also has dual bus architec-
ture, multiprocessor bus control,
programmable eight level vectored in-
terrupt and programmable timers, it is
your best choice for real time multi-
processing and other high perform-
ance applications.

SBC 80/20 increases system
throughput and improves system re-
liability by allowing tasks to be seg-
mented in a true parallel processing

configuration. Operate up to sixteen
SBC 80/20 systems simultaneously
without tying up the system bus
when using on-board memory and
[/0O. And when access is required to
resources sharing the system bus, on-
board multiprocessing logic provides
the necessary bus priority control.

SBC 80720 has eight levels of pro-
grammable vectored priority interrupt
making it possible to immediately re-
spond to critical [/O requirements.
Priority assignments and priority algo-
rithms are under program control and
can be dynamically reconfigured as
system requirements change.

SBC 80/20 has two programmable
timers that increase throughput by re-
lieving the CPU of timing and event
counting operations. Each timer may

be programmed by system software to
operate as a real time clock, interval
timer, Or event counter.

To protect data integrity, the SBC
80/20 includes an auxiliary memory
power bus and all the logic necessary
for implementation of a battery
back-up system.

Ask for our new 24-page brochure
describing the entire family of Intel®
SBC 80 Single Board Computers, Sys-
tem 80 packaged systems and expan-
sion boards. For your copy or for a
demonstration contact your local Intel
representative, use the reader service
card or write: Intel Corporation, 3065
Bowers Avenue, Santa Clara,

California, 95051.

intel delivers.

Circle 77 for technical information .
Circle 176 for a demonstration and techmical information
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Space electronics

Satellite builders
face lean years

by Larry Waller, Los Angeles bureau manager

An industry whose worldwide cus-
tomer traffic is growing nearly 20%
each year would seem to offer ample
opportunity for companies selling
systems hardware. But in communi-
cations satellites, both commercial
and military, the near-term outlook
is for a dearth of major contracts.

No less an authority than Albert
D. Wheelon, vice president and
group executive of Hughes Aircraft
Co.’s Space and Communications
group, confirms this view. “The next
few years appear to be a flat spot in
the issuance of big communications
contracts,” he says. Hughes, of
course, started the whole communi-
cations-satellite business with its
Syncom for the National Aeronaut-
ics and Space Administration,
launched into synchronous orbit in
1963. Now, Hughes may be the
systems hardware manufacturer
forced to tighten its belt the most
although it has paced the field in
both sales and technology. But it was
hit particularly hard in recent
months, losing out on both Intelsat 5
and the Air Force’s DsCs 111 after
being considered the leading con-
tender for both.

Though the situation could change
rapidly and dramatically, a combi-
nation of circumstances has caused
the new business prospects to be
leaner than at any time in years,
industry sources say. First recent
awards saw the big domestic and
international consortiums take care
of their hardware needs for several
years (see table). Second, there is
the influx of formidable competition
into what was virtually the private
preserve of Hughes and TRW
Systems until about 1972. These
include General Electric Co.’s Space
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division, Ford Motor Co.’s Ford
Aerospace and Communications
Corp., Rockwell International Corp.,
and rRca Corp., all of whom subse-
quently won contracts, in addition to
perpetual bridesmaid Lockheed Mis-
siles and Space Co.

GE and Ford Aerospace, among
fairly recent entries, made the

Recent awards

Defense Satellite Communica-
tions System Ill for Air Force.
GE, $75 million for one develop-
mental and two operational mod-
els. February 1977.

Tracking and Data Relay
Satellite Systems for NASA. A
team of Western Union, TRW,
and Harris Corp, $309 million for
two synchronous relay satellites
and U.S. earth terminal. Decem-
ber 1976.

Aerosat Partnership. GE-led
team, negotiating price for two
experimental models for im-
proved ocean air-traffic control.
November 1976.

Intelsat 5 for International
Telecommunications Satellite Or-
ganization. Ford Aerospace,
$235.5 million for seven large-
scale satellites for 95-nation cov-
erage. September 1976.

deepest inroads on the territory of
the two established satellite houses.
Price was probably the decisive
factor in GE’s winning the Aerosat
project away from TRW Systems and
also in Ford’s edging out Hughes on
Intelsat 5. While losers often level
“low-ball” charges against winners,
observers note that evolution from

technological to price competition is
one mark of a maturing industry.

Bid talk. Still, one report making
the rounds of systems houses after
the Intelsat S award held that top
corporate officials at Ford Motor
Co., determined to keep the compa-
ny in the business, ordered Ford
Aerospace’s bid chopped by millions
at the 11th hour. While the company
would not comment, other observers
noted, in Ford’s favor, that it did the
most diplomatic job of putting
together an international consortium
of subcontractors.

On the horizon as the next size-
able hardware purchases are three
commercial projects, sources say.
Foremost is the $400 million Satel-
lite Business Systems digital com-
munications network, to be operated
by a partnership of International
Business Machines Corp., Comsat
General Corp., and Aetna Insurance
Co. It expects to issue a request for
proposals to industry by summer and
award a contract for the birds before
the end of the year. Legal challenges
and further antitrust considerations
might delay this schedule, however.

Other projects are Telesat—the
Canadian government’s next satellite
for general-purpose voice and TV
broadcasting—and a domestic Bra-
zilian system. There is also no lack
of rumored new business, including
an Iranian system, a direct broadcast
system for Nordic countries, and an
expansion of NASA’s communications
effort.

In the meantime, companies in the
business will have to scramble for
whatever contracts are available. In
the case of Hughes, one industry
official observes, “I'd hate to see
them get any leaner or meaner.”
Although the industry leader still
has a sizeable backlog, employment
declined in 1976 from 4,500 to 3,600
and could sink further. “In the long
pull,” Wheelon admits, “no compa-
ny can stay in the business building
one satellite a year.”

Staying power. Only one company,
Lockheed, has dropped out of bid-
ding for prime contracts so far, but
others could do likewise, according
to some officials. Still, the consensus
is that major firms with footholds
will stick at least until the early
1980s, paying whatever price is
necessary. U
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microcomputer systems that take the risk
out of becoming successful.

Intel takes the risk out of becoming
successful by providing economic,
flexible and reliable microcomputer
hardware and software solutions for
your moderate and high volume
requirements.

For most moderate volume micro-
computer applications, it makes
economic sense to buy an assembled
and tested microcomputer system.
That's why we offer two Single Board
Computers (SBC 80710, SBC 80/20)
and two packaged systems (System
80/10, System 80/20). When you
decide it's more economical to do the
job “in-house, we'll make arrange-
ments for you to use our bill of
material, fab and assembly drawings,
and artwork. And since we manufac-
ture all the essential components —
CPU, EPROMs, ROMs, RAMs, pro-
grammable [/O, and other LSI devices
in volume, you can order the com-
ponents from us and continue to take
advantage of quantity discounts.

No penalty for success.

Intel® microcomputer systems are
flexible and easily configured to your
specific needs. Expanding your system
or reconfiguring the /O is easy. All
Intel microcomputer systems are sup-
ported by a complete line of [/O and
memory expansion boards, diskette
and DMA controllers, power supplies,
card cages, and accessories. And
since /O, communications, timer and
interrupt control functions are pro-
grammable, you can reconfigure the
system to match your application by
altering a few bytes of memory instead
of redesigning system hardware.

And Intel delivers more than
microcomputer systems that give you
the cost/performance advantage. In
addition we provide Intellec® Micro-
computer Development System
support to get you to market sooner.
Intellec resident PL/M, the high level
microcomputer language, can cut
man months off your software devel-
opment schedule. Intellec ISIS-II
Diskette Operating Software, with

linkage and relocation capabilities,
will save more programming time.
Develop programs in small manage-
able modules—then link them
together or link them with general
purpose subroutines from a software
library. Reduce system integration
and checkout time with the Intellec
resident ICE-80™ In-Circuit Emu-
lator. Develop, symbolically debug
and execute high level and assembly
language programs directly on your
System 80 or SBC 80 based prototype.

From hardware and software
development all the way through
production, Intel gives you the com-
petitive advantage. For a copy of our
new 24-page brochure or a demon-
stration contact your local Intel
representative, use the reader service
card, or write: Intel Corporation,
3065 Bowers Avenue, Santa Clara,
California 95051.

intal delivers.

Circle 79 for technical information
Circle 78 for a demonstration and technical information
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There's a whole lot more to the Model 186 than  The Model 186 has a frequency range of
just pretty pictures. Like its calibrated phase 0.0001 Hz to 5 MHz and sells for just $795
lock and built-in oscillator for 1 kHz AM/FM Just circle our bingo number and we'll send
capabilities. It also has 30 v p-p out- you the complete picture.

put plus continuous, triggered and
gated modes. And it's the only gen-
erator that gives you the combina-
tion of AM and phase lock.

Circle 80 on reader service card

*US domestic price only
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memories, Fairchild is presenting its 40-nanosecond
4,096-bit static part, which is about to enter the Moun-
tain View company’s expanding line of bipolar memo-
ries. In addition, its neighbor in the Bay Area, Intersil
Inc.. is introducing its 30-ns 1,024-bit transistor-tran-
sistor-logic RAM. Finally, Intel Corp. is disclosing the
450-ns stacked gate n-channel MOS process that the big
memory manufacturer uses in its popular 2708 erasable
read-only memories.

As for new linears, the show is full of outstanding
items. Designers involved with analog signal processing
will want to check out the iSSCC session on a trio of
upcoming data converters: a monolithic 12-bit digital-to-
analog converter from Precision Monolithics, a single-
chip 4'A-digit integrating analog-to-digital converter
made by Japan’s Nippon Electric Co., and a two-chip
five-digit a-d devecloped by Philips Gloeilampenfabrieken
in the Netherlands. Work in special-purpose large-scale
linears is also reported to be forging ahead, led by a new
self-contained camera-control chip from National Semi-
conductor Corp. and also by Mostek’s ingenious mixed-
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process dialer circuit for use in tone telephones.
In sum, then, this year’s 1SSCC combines scintillating
new technology and significant new product entries.

Microprocessors, memories
dominate digital sessions

The nonstop push to cheaper, better, smaller, faster
electronic circuitry has bred an exceptionally lively
bunch of MOs and bipolar digital-circuit technologies for
this year’s 1ssCC. Applied to microprocessors and memo-
ries, the newest in large-scale integration is already
moving a multitude of chips into production that will
raise the sights of digital-system designers everywhere.

Microprocessors: more power at both ends

Only one session of this year’s program deals directly
with microprocessors, so program chairman Peter
Verhofstadt of Fairchild wisely concentrated his efforts
at the two ends of the performance spectrum: low-cost
controller performance and high-end 16-bit minicom-
puter performance. That is where the focus of develop-
ment has shifted to, away from the more established
byte-oriented middle ground.

Super star of the low end is Intel Corp.’s new
8748/8048 microprocessor (Fig. 1). It is a one-chip
microcomputer that combines the low-cost potential of
calculator types with the very respectable performance
of many multi-chip microcomputer families. Using a
single 5-v MOS process and a multiplexed bus architec-
ture, designers at the Santa Clara, Calif., firm were able
to integrate on a single LSi chip a powerful 8-bit cpru
and 256-bit random-access memory with an 8,192-bit
program memory and plenty of input/output capability.
In one version the 8-k read-only memory is erasable by
ultraviolet light. The device is easily the most powerful
of the new one-chip microprocessors being introduced
this year for control applications, since many of the
others have only bare-bones arithmetic and minimal
1,024-t0-2,048-bit program ROM capability. (For details
of the Intel chip, see Electronics, Nov. 25, p. 99.)

Just as impressive for minicomputer applications is the

T o

1. Free to change. Intel's 8748/8048 one-chip computer has plenty
of processing for byte-oriented control and processing jobs. This
version has 8,192 bits of program memory that can be reprogramed
with ultraviolet light for prototyping or small-run systems.
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one-chip 16-bit Nova cpu from Fairchild Semiconduc-
tor, Mountain View, Calif. The cpu function of the Nova
1200 minicomputer takes over 100 TTL packages, and to
duplicate that on one chip, the I1C manufacturer
combined an integrated-injection-logic circuit design
with a proprietary Isoplanar process (it calls the combi-
nation 1°L). The resulting chip offers low power and high
speed (160 microwatts and 4 ns per gate) and very high
packaging density, making it no larger than many 8-bit
MOS microprocessors. Most significantly, Fairchild tech-
nologists were able to reach these impressive design goals
without resorting to Schottky 1°L designs, a course that
would have complicated the process and therefore added
to its cost.

The device has a 24-pin package and, by virtue of its
ability to perform Nova instructions, will find an imme-
diate market because of the many Nova systems in
operation. More fundamentally, the 9400 cpPu can be
used in any 16-bit fixed-word-length general-purpose
processor in any data-processing or industrial process-
control application. The Fairchild chip has a stored-
program architecture that uses homogeneous memory—
instructions and data are stored in the same memory.
Since it can handle a full 16 bits of information but uses
only 15 bits for addressing the memory, its intrinsic
memory-addressing capacity is 32,768 16-bit words,
more than enough for most minicomputer applications.

Just as revolutionary is Hewlett-Packard Co.’s 16-bit
microprocessor called the MC? (for micro cpu chip). But
the big Palo Alto, Calif.,, manufacturer favored
complementary-mM0OS-on-sapphire technology rather than
injection logic for the device. Larry Lopp, HP’s large-
scale-integration manager for computer products, feels
that C-MOSs on sapphire is the best way to achieve high-
performance LsI circuits for digital applications. The sos
technique enabled HP to integrate an entire 16-bit
parallel cpu, containing almost 10,000 transistors, on a
single 10-volt, 500-milliwatt chip measuring just over
40,000 mil>. Worst-case cycle time is 150 ns, with
instruction execution speeds ranging from 0.6 micro-
second to 1.8 us.

The MC? microprocessor executes 34 basic classes of
16-bit instructions. Since these instructions have been
tailored to provide maximum flexibility in handling 170
peripherals, the chip is ideal for high-speed controller
applications. For instance, it has separate asynchronous
10 and memory handshakes, a feature that permits
mixing memory and 170 operations that occur at
different speeds. In addition, the separation of data,
address, and control buses simplifies the decoding logic
and increases throughput.

Architecturally, the HP microprocessor consists of an
arithmetic/logic unit, memory-pointing registers, and
control logic, tied together by independent 16-bit bidi-
rectional buses. Included in the control section are a 5-
bit state counter, 44 control flip-flops, assorted drivers
and random logic, and three logic arrays.

Apart from the use of sapphire substrates, these logic
arrays are perhaps the most innovative design feature of
The Mc? Called a custom logic array or CLA by HP
designers, each can handle the program information in a
much smaller area than can standard ROMs. The CLAs
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What makes ISSCC run

What had its roots as a small Transistor Circuits Confer-
ence in 1954 marks its 24th year with the lifting of the
curtain at this week’s International Solid State Circuits
Conference in Philadelphia. Once a forum for discussing
recent developments in transistors for radio and television
sets, the annual gathering of solid-state-circuit manufac-
turers and users nowadays ‘‘presents a moving view of the
state of the art—you can always spot trends earlier
there,”” says Jack Kilby, holder of many of the basic
| integrated-circuit patents.

Right from the start, the ISSCC has been the event for
which circuits people save their best material. As Jack
A. A. Raper, manager of advanced controls and displays
at General Electric Co.’s Electronics Laboratory in Syra-
cuse, N.Y., points out, “The program committee is able to
choose from a large number of papers so that only the
most meaningful material is presented. That's a lot better
position to be in than to have to beat the bushes for good
papers, as often happens at other conferences.”

The informal evening sessions are important, too, says
John S. Mayo, vice president of electronics technology at
Bell Telephone Laboratories in Murray Hill, N.J. ‘At these
sessions, critical issues have been identified over the
years,” he says. “They have the right subjects and the
right people. Their importance is measured by the fact
that they're well attended and appreciated after a very

L long day.”” Qverall, states Mayo, ‘‘the ISSCC is where first

disclosures of significant benchmarks or accomplishments
have been made’ —like integrated circuits, chip memo-
ries, and microprocessors.

The solid-state nature of the conference, however, did
not fully come to the fore until 1958, when the meeting
was renamed Transistor and Solid-State Circuits Confer-
ence. A year later, “‘transistor’” was dropped, and in 1960
the present name was adopted to refiect the growing
participation from abroad, ‘“‘especially with heavy inputs
from Europe and Japan,” says Lewis Winner who handles I
ISSCC publications. About 25% to 30% of the papers are
international by now. Attendance meanwhile grew from
about 900 in 1954 to a peak of nearly 3,500 in 1959/60,
when the Esaki tunnel diode was a ‘‘hot topic,” and has
since settled down to average about 2,000.

ISSCC’s Digest of Technical Papers, which Winner
developed in 1958, is believed to be the only edited book
for a conference of this type. It even includes late-news
papers. “Everybody who plays a significant role in this
industry considers it a Bible,”” says Gerald B. Herzog, staff
vice president for the technology centers at the RCA
Laboratories in Princeton, N.J. The digest has for the past
19 years been put together by Winner and his wife
Beatrice, who passed away last Election Day. In her honor,
a new award has been established—an |EEE/ISSCC
Bronze Plaque for the conference paper displaying edito-
rial excellence. Bruce LeBoss

are actually NOR-NOR logic structures consisting of
complementary n-channel arrays with p-channel current
sources, and they dissipate only 30 mw of total chip
power in an area of only 0.93 mil?,

Another special-purpose microprocessor, an 8-bit
device from Bell Laboratories, Murray Hill, N.J.,
employs bulk ¢-MOs technology for low-power opera-
tion—typically 100 mw at 2 megahertz. Although
normally operated from 12- and 5-v supplies, the chip
can also run off one 5-v supply at lower speeds.

Because Bell System requirements called for maxi-
mum throughput and computational capability, the
device designers took the working registers off the chip
and put them in external RAM, much as in T1’s 9900 16-
bit cpu. Then they used the extra chip space to add a
powerful compiler for handling the large instruction
repertoire needed in telecommunications applications.
This arrangement enables the 8-bit microprocessor to
deal with a wide variety of 16-bit instructions: 17 of the
21 addressing modes are for 16-bit word formats.

Memory designers quicken pace

While the microprocessor presentations at ISSCC are
confined to a few key developments, the memory sessions
cover an abundance of new devices. Closest to produc-
tion appear to be a new 16,384-bit dynamic random-
access memory, two n-MOS 4,096-bit static designs, a 4-k
€-MOS static device, and a number of nonvolatile
memory chips.

The 16-k dynamic RAM is Mostek Corp.’s MK 4116 P-2
device, which has so impressed memory system designers
with its high-speed, low-power performance: 150-ns
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access time at 420 mw. As in other companies’ 16-k
designs, Mostek engineers use two levels of polysilicon to
shrink the cell area to a mere 0.7 mil?, about as small as
a one-transistor cell can get with today’s 4-to-6-micro-
meter photolithographed rules. A chip containing 16,384
of these cells measures only 27,700 mil?, or slightly
larger than some 4,096-cell designs—and chip size is an
important criterion to sophisticated memory users, who
know that die size is clearly related to die yields and
therefore memory costs. (For a complete description of
the Carrollton, Texas, company’s 4116 family, see Elec-
tronics, Jan. 20, p. 86.)

Semi Inc.’s new 4-k static devices, of which there are
five, are well worth the attention of designers of memory
systems because they offer a wide choice of performance
tradeoffs (see table). Semi, of Phoenix, Ariz., has three
clocked 4-k statics, configured as 4,096-by-1-bit and
1,024-by-4-bit devices, and two nonclocked designs, also
a 4,096-by-1-bit and a 1,024-by-4-bit device.

For high-speed designs, of course, the clocked devices
are best. Their access times go as low as 50 ns. But as
they require two or three power supplies and dissipate
500 to 600 mw, the designer pays for performance in less
ease of use and higher power dissipation. On the other
hand, the clocked parts have a very low standby power of
20 to 30 mw, which makes them useful in battery-
backup memory systems.

For small peripheral designs or some mainframe and
microprocessor applications, the user will turn to the
nonclocked, slower, but easier-to-use 5-v parts, which
are entirely TTL-compatible. The price here is nonvolatil-
ity, since clock devices dissipate more standby power
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0 4,096-8 RANDOQ 2 OR

Device Clocked Nonclocked
Parameters 4200 | 4402 | 4104 | 4804 4801
Organization 4096 x 1|4,096x1|1024x4|1,024x4| 4096 x1
Access time {ns) 80 50 150 300 | 300
Chip-select width (ns) 150 to oo | 12510 oo | 150 to oo | 300 to o | 300 to o
Cycle time {ns} 250 225 270 300 300
Operating power (mW) 500 600 450 250 250
Standby power (mW) 33 22 35 250 250
Battery-backup power (mW) | 12 12 14 75 75
Supply voltage (V) 12,£5 |12,-5 |[12,+5 5 5
Input interface TTL TTL TTL TTL TTL
Dutput interface TTL sense amp| TTL TTL TTL
Chip-select interface M0S driver mos TTL TTL
Chip size (mil?) 32,000 |32,000 |[42,000 26,500 26,500
Package pinout 22 22 22 18 18

SOURCE SEMI INC.

than nonclocked ones and therefore are not suitable for
battery-backup applications.

The basic difference in design between a clocked and a
nonclocked part is the manner in which it selects a chip.
The nonclocked static uses asynchronous circuitry
throughout. The clocked RAM uses the chip-select signal
both to select the chip and to generate the internal
waveforms to enhance performance, much in the way
that dynamic RAMs operate.

What this means to the memory user is that the
operating cycle of a clocked device is characterized by an
access period during which the chip is selected and all
the internal circuitry is momentarily powered up in order
to handle the functions of input latching, address decod-
ing, and so on.

The next part of the cycle is the recovery period, when
the chip is deselected and all inputs and outputs except
chip select become inactive. This leaves clocked devices
with only part of their cycle available for memory
operations, making the timing a bit more critical. This
same automatic recovery period, on the other hand, also
makes the clocked devices useful for battery-backup
systems. During it, all internal nodes recover to either
Von or Vg as the chip powers itself down to a lower
standby mode, and V;,, can be reduced to 4 v for
battery-backup operations.

Cause of the improved performance of the new static
memories—and of their dramatically reduced size—is a
polysilicon resistive-load cell (Fig. 2). Mostek as well as
Semi use such a design. The resistors, which have a
negative temperature coefficient, compensate for junc-
tion leakage current and dissipate only 10 mw of standby
power. Containing just four transistors besides the two
load resistors, the new cell occupies a much smaller area
than the old static cell, since the resistors are implanted
on top of the cell’s diffused sense line and take up no
additional space.

Mostek’s designers see resistive loading becoming as
important to static designs as depletion loading is to
dynamic RAM designs. Using it in their new 4,096-by-1-
bit MK4104 device resulted in some truly impressive
specifications. The cells are about half the size of other
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2. Resistor loads. Some 5-volt 4-k static RAM designers are using
resistors for loads to squeeze cell size, reduce power dissipation, and
increase speed. In this nonclocked 4-k static from Semi Inc., loads R,
and R, are made of high-resistivity 80-megohm material.

n-Mos static cells, while the 25,000-mil® chip is about
30% smaller. The speed-power specifications of this
single 5-v part are among the best in the industry: 150 ns
at 80 mw active and 8 mw standby. An 0.8-mw standby
mode is available for battery-backup operation.

Equally important for future static designs is the fact
that each load resistor conducts less than 1 nanoampere
of current, so that all 4,096 memory cells of the 4104
dissipate a mere 20 mw of power, while the balance is
dissipated in the RAM’s peripheral circuitry. This gives
one license to envisage a much larger memory array,
maybe four times the size, that would consume very little
extra power, be served by the same peripheral circuitry,
yet still keep the overall chip size and power within
manageable tolerances.

Alterable memories

One of the fastest-moving memory technologies, for
prototyping as well as ROM replacement, is that of the
field-alterable RoM. Two kinds exist: the one erasable by
ultraviolet light and built with a floating-gate process,
and the other alterable electrically and built with a
modification of the same process. The Uv-erasable types
came first, and several papers at the conference deal
with improved next-generation versions of these
programmable ROMs.

For example, engineers from Intel Corp., the original
developer of the p-channel MOs floating-gate or Famos
process, are showing an improved n-channel process that
they use in the company’s newer 4-k and 8,192-bit
devices. When suitably modified to produce devices with
single 5-v operation, the process will also be used to
build a 16,384-bit 2716 PrROM.

Basically, the Intel design team added a single-
transistor two-layer process to an n-channel stacked-gate
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3. Stacked. By applying an n-channel two-layer process to its
fioating-gate avalanche MOS structures, Intel Corp. built 450-ns
access time and high reliability into its 2708 UV-erasable PROM. The
top gate selects, the bottom floating gate stores.

Uv-erasable PROM structure. The two-layer process is
like the one used in the Intel 16-k dynamic RAMs and in
both cases yields a 1-mil®> cell. This proves that the
process can easily be taken up to the 16-kilobit level.

Even as it is, it results in very respectable device
parameters. In the 2708 8-k chijp it holds overall size to
only 134 by 189 mils, yet the device is fully decoded,
with TTL-level address and data lines. Maximum access
time of the 2708 is 450 ns, as fast as pin-compatible 8-k
and 16-k mask-programmable ROMs.

The double-level stacked-gate cell is shown in Fig. 3.
The floating gate (bottom) stores the charge indefinitely,
and a polysilicon select gate (top) controls programming
and read/write operations. The attraction of the struc-
ture is that it encourages high yields, as do all silicon-
gate processes. Both gate oxides are a quite ordinary
1,000 angstroms thick, and channel doping can be
adjusted with a single implant step. The overlap of the
silicon gate also reduces the process’s sensitivity to
manufacturing variations, making it easy to reproduce
cell characteristics like programming margin and sense
current over a wide range of manufacturing tolerances.

Essential to the high performance of the 2708 is the
on-chip programming circuit, which delivers high
programming voltages to the array while maintaining
high performance during the read mode. The technique
limits the high-voltage input requirements to a single
pin. All the other pins, including supply voltage, remain
at their normal read voltages. The programming voltage
is then driven through the decoder to the array by
bootstrapped circuits within each address buffer. These
address buffers are isolated by means of transfer devices,
while a double-polysilicon high-voltage driver transistor
prevents gate-controlled breakdown at critical high-
voltage nodes.

Converters, subsystem chips
spearhead linear progress

For analog designers, this year’s 1SSCC is a bonanza of
dramatic advances. There are lots of new large-scale
linears, including dedicated-task devices aimed at
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consumer, telecommunications, and biomedical applica-
tions, as well as the more familiar data converters, but
ones that reach dizzying heights of resolution and
accuracy. Also in the limelight is the improved perform-
ance of microwave amplifiers, transistors, and diodes.

Strong showing for special-purpose linears

Reflecting the changing nature of linear ICs, the
papers at 1SSCC describe several multifunction special-
purpose circuits that pack an entire system or subsystem
on a chip of silicon. Among this new breed of linears to
be unveiled for the first time are: a self-contained control
chip for cameras, a tone-generating dialer for tele-
phones, a large array of mixed devices that can be
interconnected on a custom basis, and implantable
micropower devices for biomedical telemetry systems.

The camera-control linear comes from National Semi-
conductor Corp., Santa Clara, Calif. It is a bipolar chip
(Fig. 4) for the instant-picture type of cameras. Since it
has its own light-sensing element—a silicon photo-
diode—it is completely self-contained and does not
require any outboarded components. In addition to low-
light warning and a battery check, the device provides
linear control of shutter speed and a two-position
selection of lens aperture.

Current serves as the analog of scene brightness, so
National calibrates each die during wafer sort, using a
reference light source and a computer-controlled metal-
link-blowing technique for trimming to final values.
Special processing produces a blue-enhanced photodiode
and transistors having high gains at low current levels.
The shallow photodiode junction created by ion implan-
tation boosts this device’s normalized conversion effi-
ciency to 60% in the visible-light region. The typical
current gains of 100 for npn transistors and 50 for pnp
transistors, at collector currents of just 10 nanoamperes,
are achieved by low-temperature processing and anneal-
ing. In addition, there is even a second layer of
aluminum on the die to shield its low-level control
circuitry from incident light.

The dual in-line package is special, too. It is an eight-
pin DI, molded in a clear compound. To reduce
infrared response, National inserts a light filter in a
small preformed recess in the package.

Just as impressive is the telephone-dialer circuit from
Mostek Corp., Carrollton, Texas. Besides replacing
numerous precision discrete components, this large-scale
linear I1C eliminates the need for factory and mainte-
nance adjustments, say Mostek’s Michael Callahan and
Charles Johnson ir their 1sscc paper. What’s more, the
few external components the device requires can be of
the inexpensive variety—a low-cost 3.58-megahertz
crystal as a frequency reference (the type used for color
television) and an economical calculator-type keyboard.

The circuit (Fig. 5) is quite a mixture of elements,
containing both MOs and bipolar transistors, high-speed
digital circuitry, ion-implanted resistor ladder networks,
and an operational amplifier. In fact, the chip, which
measures 108 by 132 mils, has two complete on-board
digital-to-analog converters formed by the ladder
networks and complementary-Mos analog switches.

For all its complexity, though, its operation is straight-
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Starring at ISSCC

Pictured here are five of the new devices that
light up this year’'s ISSCC. The chip in the
upper left-hand corner is Nippon's 4'/.-digit
a-d converter for instrumentation applica-
tions. Built with standard bipolar technology,
it holds linearity error to 0.002%. On the
upper far right is a linear control chip from
National that is going into Kodak cameras.
This monolithic workhorse controls both
shutter speed and lens aperture and also
warns of low light levels and weak batteries. In
the middle is the cell used by Mostek in its 4-k
static random-access memories, which each
operate from a single 5-V supply. To save
space and increase speed, the cell is built with
resistive loads. On the lower left is an 8-k
erasable read-only memory from Siemens,
which employs a stacked-gate n-channel
approach to ensure reliable 5-V operation.
Finally, on the lower right is Hewlett-Packard's
one-chip central processing unit. Being built
with a C-MOS-on-sapphire process, it
achieves minicomputer performance yet
keeps power dissipation low.
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4. For cameras. Completely self-contained, this camera-control linear from National even includes its own photodiode. Besides warning of
insufficient scene brightness and weak batteries, the device provides linear control of shutter speed and two-position aperture selection.

forward. The dialing signal for a tone telephone is a
composite of two sine waves, one from a low-frequency
group and the other from a high-frequency group. When
the chip receives a valid keyboard signal, the internal
keyboard logic selects the appropriate frequency from
each group, dividing it down from the 3.58-MHz refer-
ence frequency. Each sine wave is then digitally synthe-
sized by a programmable logic array, which drives a d-a
converter. Now back in analog form, the two sine waves
are summed together by the op amp.

The monolithic dialer operates directly from the tele-
phone line, drawing very little current because of its
Cc-MOs circuitry. The bipolar transistor at its output
serves as a low-impedance driver. It is a vertical npn
structure having a very lightly doped base region, for
which Mostek uses an ion-implanted deposition.

A pair of papers from the Integrated Circuits Labora-
tory of California’s Stanford University also point to the
growing complexity of linear ics. Researchers there have
developed two outstanding chips. One is a mixed-process
uncommitted device, and the other is an implantable
command receiver for biomedical telemetry.

A programmable-function linear

Dubbed a Kitchip, the first IC is an array of uncon-
nected transistors, resistors, and MOS capacitors, which a
single custom aluminum interconnection pattern will
transform into any simple digital or linear circuit config-
uration. The transistor arrangements include such key
analog circuit blocks as balanced multiplexers, active-
load differential pairs, and n-well current mirrors.

Potential applications abound, say Stanford’s Stephen
Combs and James Meindl, because the Kitchip is an
economical way of realizing special-function devices in
high volumes. Within the last year the device has already
been the basis of several important circuits for biome-
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dical applications, including an implantable complete
four-channel continuous-wave ultrasonic blood-velocity
meter, an implantable telemetry system for monitoring
body pressure, biopotential, and temperature, and even
an implantable micropower command receiver.

Compared to a standard linear process, the Kitchip’s
fabrication requires at least three extra steps: an ion
implant, a polysilicon deposition, and an anisotropic
etch. However, the chip process yields self-aligned low-
current n- and p-type transistors (which may be either
MOS or bipolar devices), low-on-resistance v-MOS
switches for signal multiplexing, ion-implanted low- and
high-value resistors, and low-voltage junction-type field-
effect transistors. The fully complementary transistors
are bimodal devices. In other words, their mode of
operation, whether MOS or bipolar, is determined by the
custom metal interconnection pattern, so that both
complementary bipolar and micropower complementary-
MOS circuitry can be realized simultaneously.

Each Kitchip die contains over 100 bimodal tran-
sistors, 10 substrate pnp transistors, eight JFETs, and four
high-current transistors. The n-type bimodal transistors,
which are constructed with dual emitters and V-groove
gates, can operate as either a bipolar npn or an alumi-
num-gate v-MOS transistor. With the same set of diffu-
sions, modifying the surface geometry and eliminating
the V groove yields a p-channel JFET. The p-type
bimodal transistors can operate as either a lateral pnp or
a polysilicon-gate p-mMos transistor. High-gain high-
current substrate pnp bipolars may be fabricated concur-
rently with the p-type bimodal devices.

The other paper from Stanford University deals with
the implantable command receiver built with a Kitchip
for biomedical telemetry. Since the command receiver in
such a system must operate continuously, it needs to
draw as little current as possible from the battery. But its
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5. For telephones. Made by Mostek, dialer circuit for tone telephones is a large-scale mixed-process linear containing both C-MOS and
bipolar devices. it can operate with inexpensive outboarded components—a 3.58-MHz color-TV crystal and a calculator-type keyboard.

need for a low current drain limits the receiver’s carrier
frequency and therefore its range in terms of distance.

With a Kitchip die, however, Stanford University’s
Robert Pettingill and James Meindl have built a mini-
mum-duty-cycle pulse-powered command receiver that
provides 10 times greater range than previous devices,
while managing to hold current drain to only 20 micro-
amperes. This monolithic receiver not only operates over
a range of 30 meters, but also is less susceptible to false
triggering from random noise.

Yet another paper at 1SSCC centers on a linear IC for
biomedical telemetry. This chip is a micropower pulse-
frequency modulator, jointly developed by the Engi-
neering Design Center of Case Western Reserve Univer-
sity in Cleveland, Ohio, and Turkey’s Middle East
Technical University. This circuit is designed for
implantable temperature or biopotential telemetry
systems where micropower operation is essential. Its
most singular feature is that, unlike earlier chips, its
operating frequency does not change with variations in
the supply voltage. The modulator produces narrow
pulses at low duty cycles ranging from 0.001 to 0.01.
When operating from a 1.35-volt cell, it consumes as
little current as S uA.

Monolithic data converters advancing

Large-scale linears are not only special-purpose
devices, like those just discussed, but multi-purpose chips
like monolithic data converters, which are becoming
increasingly essential components in the broad-based
areas of instrumentation, industrial process control, and
just about any other form of analog signal processing.

In the past year alone, monolithic 10-bit d-a
converters have broken through the accuracy barrier, so
that several of them now hold linearity error down to
0.05%. This year, however, should bring even more

Electronics /February 17, 1977

startling developments —the emergence of 12-bit devices
and high-resolution microprocessor-oriented chips. In
fact, the first monolithic 12-bit d-a converter is being
discussed this week at i1SSCC. It comes from Precision
Monolithics Inc., Santa Clara, Calif., which will be
announcing the product shortly.

Meanwhile, work is by no means standing still for a-d
converters. In particular, there has been a flurry of
activity in the high-accuracy low-speed types of a-d
chips, of the sort that is frequently used in instrument
applications. Some of the newer 3'/-digit dual-slope
monolithic converters even include decoder circuitry for
the display, and the integrating C-M0S converter chip
introduced last year by Analog Devices Inc., Norwood,
Mass., is a 13-bit quad-slope device that incorporates
automatic zero correction.

But semiconductor manufacturers outside the U.S. are
finding success with other a-d conversion techniques. At
ISSCC, researchers from Japan’s Nippon Electric Co. are
discussing their use of standard bipolar linear processing
to fabricate a 4'/-digit a-d converter that produces a
pulse-width-modulated output. Besides its astoundingly
high resolution, the chip offers a linearity error of less
than 0.002%. Its full-scale and zero-scale temperature
drift is merely * 10 ppm/°C, and its power dissipation is
a fairly low 120 milliwatts.

The device requires only a few external components —
a clock having a 50% duty cycle, a couple of capacitors,
and a pair of resistors to set the value of the internal
voltage reference. As Fig. 6 shows, the chip is an
integrating converter having a four-phase operating
cycle, in which the capacitor across the integrator is
charged twice and discharged twice. Each time this
capacitor is charged and then discharged, a comparator,
which is driven by the integrator, changes state,
producing an output that is a pulse-width-modulated
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6. High resolution. With standard bipolar processing, Nippon Electric has managed to put a 4'/>-digit integrating a-d converter on one chip.

The device delivers a pulse-width-modulated output and holds linearity

version of the analog input signal. The difference
between the pulse widths at the comparator’s output
determines both the polarity and magnitude of the
analog input.

Still another a-d conversion technique is being tried by
N.V. Philips Research Laboratories in the Netherlands.
Employing a delta-sigma modulation scheme, the group
has developed a pair of bipolar chips that constitute an
auto-zero five-digit a-d converter, which even permits a
selection of input range. The two chips are pretty much
self-contained, requiring only an external up/down
counter and a timing circuit. Linearity error is held to
+0.001% of full scale, and zero stability is better than
1 ppm/°C. Incredibly, power consumption is a mere 27
milliwatts.

One chip contains a reference current source and a
voltage-to-current converter with level-conditioning logic
for range setting. On the other chip are current switches,
a comparator, a flip-flop, a clock generator, a control
operational amplifier, a bias-current stabilizer, and addi-
tional level-conditioning circuitry for the data and clock
output lines.

In simplified terms, the a-d circuit works like this. The
voltage-to-current converter, which can be regarded as a
differential pair, transforms the analog input voltage
into a current, which charges an integration capacitor.
The reference current source, together with the differen-
tial pair under control of the flip-flop, generates equal
charge and discharge currents. In turn, the comparator
controls the flip-flop, so that the discharge current keeps
the net capacitor charge at zero. The flip-flop produces a
pulse train that is synchronous with the clock frequency
and that is the converted analog input.

Technological advances in linears are even reaching
up into the microwave region. At IsscC, Charles E.
Shinn 11 of the Santa Clara division of Hewlett-Packard
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error to less than 0.002%, temperature drift to 10 ppm/°C.

Co., Santa Clara, Calif., will describe his wideband
monolithic amplifier/Schmitt trigger that can operate
from dc to beyond 1 gigahertz. He used a junction-
isolated bipolar process for a chip that provides elec-
tronic gain control, 180° phase switching, an emitter-
coupled-logic line-driver output, and a one-shot light-
emitting-diode driver. The amplifier, which has an input
sensitivity of 8 millivolts root-mean-square, is loaded by
the on-chip Schmitt trigger.

Stretching performance at microwaves

Improved performance is also the keynote for develop-
ments in microwave semiconductors at 1SSCC. Roger
Wong and James Chen, at HP’'s Microwave Semicon-
ductor division, have successfully linearized the perform-
ance of a bipolar power transistor for operation in the 2-
to-5-GHz region, so that it is especially suited for linear
power applications in communications systems, micro-
wave radar, and electronic-countermeasures systems. It
is fabricated with a new process that encompasses self-
aligning techniques, ion implantation, and local oxida-
tion. As a result, when internally matched, it delivers a
typical linear output power of 850 mw with 11 decibels
of gain at 2 GHz and 250 mw with 5-dB gain at 5 GHz.

Finally, a joint effort by researchers from two RCA
divisions—P.T. Ho and G.A. Swartz of the Microwave
Technology Center of the David Sarnoff Research
Center at RCA Laboratories in Princeton, N.J., and A.
Schwarzmann of RcA Government and Commercial
Systems, Advanced Microwave Techniques, Missile and
Surface Radar division, Moorestown, N.J. —has resulted
in a low-loss p-i-n diode with a breakdown voltage of
greater than 1,500 v. A deep-diffused structure, the
device is the heart of a three-bit F-band microwave-
integrated-circuit phase shifter capable of handling peak
powers of 5 kilowatts.
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Which data-terminal display:
plasma panel or CRT?

by Lester Turner, interstate Electronics Corg., Anaheim, Calit

O Despite certain shortcomings, the cathode-ray tube
has delivered the best performance for the money of any
kind of computer-terminal display available for the past
two decades. But ever since the first commercial gas-
discharge display was introduced in 1971, it has been the
leading candidate to succeed the CRT.

Although the plasma terminal’s potential is bright,
terminal buyers have not rushed to adopt it, largely
because the circuitry needed to drive the display has
been too complex and expensive. However, now that the
discrete electrode drivers of earlier panels are being
replaced by the microprocessor and other integrated
circuits, prices of the two terminal types have become
fairly comparable.

Plasma-terminal costs are certain to decrease dramat-
ically as production rates are increased and component
yields are improved. In contrast, technology of the
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heavy, bulky, more fragile CRT has matured, and costs
are not expected to decrease significantly from now on.
The terminal designer and buyer may well benefit from
an analysis of the tradeoffs between the two types of
displays for different tasks.

To meet all computer-display requirements for most
applications, the terminal must:
8 Generate and display all alphanumeric characters and
a complete set of vector graphics.
& Decode and implement the complete American Stan-
dard Code for Information Interface character and
control set.
# Contain an input/output interface compatible with

Compact. A combination of plasma technology, large-scale-integrated-

circuit drivers, and high-speed microprocessors is shrinking the size of
data terminals like this mcdel from Interstate Electronics.
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1. Random access. Derived from the conventional television display, the random-access CRT terminal display must be refreshed 30 to 60
times a second to eliminate flicker. This function is provided by the refresh memory, which also furnishes positioning information.

Electronic Industries Association Standard RS-232-C.
® Accept and respond to operate inputs for interactive
operation.

& Display a minimum of 512 viewable characters for
compatibility with page-oriented messages.

® Provide programs for operating and diagnostic
purposes.

The only terminals that satisfy all of these conditions
are the plasma-panel, CrRT-storage, and CRT-random-
access (refresh-memory) types. Others, such as electro-
luminescent, liquid-crystal, and light-emitting-diode dis-
plays either cannot or do not yet satisfy all the require-
ments for most applications. The raster-scan CRT is not
well suited for displaying computer graphics because it
requires a large data memory for computer graphics and
is difficult to adapt to this application.

Examining the random-access display.

A random-access terminal contains a CRT with a
phosphor-coated screen that is activated by electroni-
cally positioned electron beams that are deflected and
modulated to produce dots or segments on the screen. As
in a television receiver, deflection amplifiers drive a yoke
to position the beam in the X and Y axes (Fig. 1).

Status information is transmitted from the display
processor through the RS-232-C-compatible circuits,
and positioning information comes from the random-
access refresh memory’s manual inputs such as a light
pen. A control-character decoder chooses between the
character and vector generators to process the data.

The selected generator transmits the data to its digi-
tal-to-analog converter, which feeds the analog posi-
tioning signals to the deflection amplifiers for display.
Because the persistence of the screen phosphor lasts a
mere 10 to 100 microseconds, the refresh memory must
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rewrite the data on the screen 30 to 60 times per second
to minimize perceptible flicker.

Performance and reliability of the CRT, part of a
mature technology developed by the television industry,
have been improved by replacing discrete components
with medium- and large-scale integrated circuits. Micro-
processors, along with random-access and read-only
memories, have increased the capability and flexibility of
character generators and refresh memories.

Universal asynchronous receiver/transmitter (UART)
devices include RS-232-C-compatible drivers and
receivers, parallel-to-serial and serial-to-parallel convert-
ers, and parity-generation and checking circuits. Analog
circuits are available in hybrid packages that have better
stability and frequency response, as well as less drift,
than earlier devices. As the production of television CRTs
continues at a stable rate or may even decrease, chances
are that CrRT prices will increase to balance any price
decrease that may result from component advances.

Storage-tube display

The direct-view bistable storage CRT was originally
developed for oscilloscopes and then was adapted to
display terminals to eliminate refresh requirements. By
means of secondary-electron-emission techniques, dots
and lines can be kept on the screen for hours without
reactivation.

In the storage display (Fig. 2), a pair of registers
replaces the refresh memory. The image is erased by
flooding the phosphor screen with secondary electrons, a
relatively slow process. With refresh methods, dynamic
information can be presented on the bistable storage CRT
in the same manner as on the random-access CRT.

Since the storage-CRT terminal has been commercially
available for about 10 years, tradeoffs among display
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2. Storage display. In the direct-view storage CRT display, a pair of registers replaces refresh memory, while the phospher screen is erased
by flooding with secondary electrons, a relatively slow process. However, storage and random-access CRTs can handle graphics rapidly.

persistence, writing rates, and erase times have become
well established. As with the random-access type,
performance and reliability are being improved by
replacing discrete components with LSI circuits,

Since the oscilloscope market has been considerably
smaller than the television market and is not growing
rapidly, storage-CRT terminals, which already take
advantage of state-of-the-art electronics, will not signifi-
cantly decrease in cost. Manufacturers will continue
efforts to ruggedize this type of terminal for military and
other severe environmental applications.

Plasma panels

Researchers at the University of Hlinois began in 1964
to develop both ac and dc plasma display panels, and the
first commercial ac versions were delivered in 1971,
Although both types are now commercially available, the
ac panel appears to be more suitable because the dc
version has resolution limitations and lacks inherent
memory, a major advantage of the ac type.

The ac panel (Fig. 3) consists of two glass sheets with
deposited or etched electrodes. A dielectric glass layer
coated with magnesium oxide, rather than the lead oxide
of earlier panels, covers the electrodes. A precision glass
seal keeps the glass layers parallel and retains a mixture
of neon and a small amount of xenon or argon at
pressures ranging from about 400 torr (0.5 atmosphere)
to 760 torr (1 atmosphere), depending on the maker.

Available panels are built with a maximum matrix of
512 by 512 electrodes for a total of 262,144 addressable
locations. This matrix requires 1,024 electrode drivers
operating at about 100 volts. The continuous ac voltage
needed to sustain the image is less than the igniting
voltage. When an address-voltage pulse is applied
between intersecting electrode points and summed with
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the sustaining voltages, the gas between them is ionized,
the plasma glows, and an equal and opposite charge is
stored in the dielectric layers.

The glow is erased by applying an out-of-phase ac
address voltage that momentarily reduces the sustaining-
voltage levels and cancels the stored charge. A 50-
kilohertz sustaining frequency provides a 20-micro-
second dot-excitation (writing) rate.

In the latest plasma-panel terminals, a display
processor with a microcontroller supplies X- and Y-axis
position addresses to the display and control circuitry,
which decodes them for the electrode drivers. The
processor, which receives serial RS-232-C-compatible
data through a UART from modems, computers, and
peripherals, also accommodates parallel input devices
such as keyboards, joysticks, touch panels, and function
switches. The processor generates ASCli characters and
graphic vectors. Crystal-controlled timing circuitry
synchronizes data transfers.

Since the plasma is transparent, images can be
projected from the rear so that updated data can be
superimposed on them to dramatize the presentation.
One version of the Interstate Electronics model PD-2000
terminal accommodates a microfiche projector that can
select, under computer control, one of 256 images.

Characterizing the display

From the operator’s viewpoint, the most significant
characteristics of a display are its readability, informa-
tion rates, and format flexibility. For a given display
area, readability is primarily determined by element size,
resolution, brightness, viewing angle, and contrast ratio.

Information-display rates are limited by writing and
erasing rates, flicker tolerance, and the light spectrum.
Addressing capabilities for alphanumeric characters and
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3. Second-generation plasma display. Available gas-discharge panels have a matrix of 512 by 512 electrodes that display characters and
vectors positioned and activated by 1,024 electrode drivers operating at about 100 V. The plasma continues to glow so long as the image is

sustained by a continuous ac voltage lower than the igniting voltage.

vectors determine format flexibility. The table compares
display characteristics extracted from manufacturers’
specifications, brochures, and manuals for a typical
state-of-the-art terminal of each type (see “Evaluating
displays™).

The plasma terminal provides significantly better
brightness, contrast ratio, and addressability, as well as a
wider viewing angle and less distortion than either CRT
display. In addition, the display’s flexibility in writing,
erasing, and addressing is highly desirable for interactive
graphics. On the other hand, the crT displays can write
graphics much faster.

Getting in and out

The basic RS-232-C-compatible 1,0 port connects a
terminal to a communications modem, printer, data-
storage device, or other display terminal for data trans-
fer. The CRT terminals can accommodate a 9,600-baud
serial-data rate, which enables them to write a maximum
of 1,000 characters per second. In contrast, the plasma
terminal can write at a rate of 19,200 bauds.

The plasma panel and random-access CRT can transfer
data in parallel as fast as 100,000 characters per second,
but the storage-CRT terminal cannot. The high-speed 170
facility enables the terminal to be connected directly to
other high-speed devices such as computers, floppy-disk
drives, and magnetic-tape units.

Every computer manufacturer supplies teletypewriter
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10 routines. Terminals that can accommodate 80 char-
acters per line can, like a teletypewriter, be attached
directly to a computer to display alphanumeric informa-
tion. However, because a storage CRT requires longer
than 100 milliseconds to erase a page of data, transfer
must be stopped until the panel is cleared. On the other
hand, a plasma panel can erase the entire display in
20 microseconds, so data transfer can be continuous.

Interactive input devices are usually connected inter-
nally to the terminal’s 170 facility or control logic. The
most common 1,0 devices —keyboard, joystick, trackball,
light pen, and function keys—operate equally well with
both CRT and plasma-display terminals. However, the
plasma terminal can also function with the touch panel,
a simple optical mechanism that is difficult to implement
with a CRT terminal because of probable errors from the
diffusion of light through the curved faceplate.

The touch panel consists of rows of light emitters and
detectors positioned around the edges of the display.
When the light beam is broken, the coordinates of that
position are transmitted to the computer to initiate an
action. The flat surface of the plasma panel prevents
possible distortion when the touch panel is used.

The plasma display is free of the fundamental relia-
bility problem of the CrRT—Iloss of brightness and
contrast as the tube ages. After about 1,000 hours of use,
the CRT must be replaced; in contrast, the plasma panel
operates longer than 10,000 hours, Moreover, the analog
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To help the designer choose a display, here are interpreta-
tions of the typical values of the main parameters for each
type of readout:

Resolution. Representative resolution values, defined
as the number of direct picture elements or resolvable line
pairs per inch, are 60 lines per in. for the plasma display
terminals, 50 to 55 lines per in. for the storage-CRT
terminal, and 30 to 40 lines per in. for the random-access
CRT display terminal.

Brightness. Typical character brightness is 60 foot-
lamberts for the plasma display, 20 ft-L for the random-
access CRT display, and 10 ft-L for the storage-CRT
display. For comparison, the brightness in a well-it office
is 100 ft-L.

Viewing angle. A function of screen flatness, viewing
angle is important for multiple viewers and off-axis view-
ing. Full-screen viewing angle is about 160° for the plasma
display and 70° for the two CRT displays

Contrast ratio. A high ratio enables the viewer to see
displayed data in bright ambient light and decreases
viewing fatigue. Approximate contrast ratios are 25:1 for
the plasma display, 8:1 for the random-access CRT
display, and 5:1 for the storage CRT display.

Light spectrum. The color of an image element on the
screen background, this factor is primarily determined by
the display technology. Users' color preferences are
usually subjective.

Distortion. Caused by screen curvature and beam non-
linearities, distortion causes keystoning of images, beam
nonrepeatability, lack of parallelism, and positioning
errors. This effect can be detrimental in computer-aided
design and other precision graphics applications. The

Evaluating displays

plasma display has no distortion, but the CRT displays
have a minimum distortion of about 2%.

Writing speed. The rate at which an activated element
can be changed, writing speed is normaily determined by
the erase speed and vector-address rate to yield an
effective vector-display speed.

Erase speed. The rate at which an activated element
can be deactivated is significant for message updating.
The frequency of the sustainer voltage determines the
erase speed of the plasma display—about 20 micro-
seconds. The refresh rate of the random-access CRT
display determines the full-page erase speed of 16.7 to
33.3 milliseconds. The electron-flooding time of storage-
tube CRT display boosts the erase speed to 700 ms.

Vector-address rate. The address and write rate —the
rate at which display elements can be addressed and
activated—is 150,000 elements per second for the CRT
displays, in contrast to 50,000 elements per second for
the plasma display. However, for the same display area,
the larger dot size of the plasma display fills the area
about three times as fast as the CRT displays, resulting in
equivalent image-writing times. The viewer is unaware of
any perceptible difference in resolution resulting from
differences in dot sizes of the displays.

Character-address rate. The speed at which an
alphanumeric character can be addressed and written in
serial- and parallel-addressing modes, the maximum
address rate of the CRT displays is 1,000 characters per
second. For the 7-by-9-dot matrix characters of the
plasma display, the serial-address rate is 8,333 characters
per second, and the paralleif rate is 6,250 characters per
second.

components in the CRTs, such as deflection amplifiers
and digital-to-analog converters, tend to drift with age
and temperature changes. The 20,000 to 30,000 volts
needed to drive the CRT tends to degrade components,
but the digital circuitry in the plasma panel does not
drift, and adjustments are never needed. Since its drive
voltage is less than 150 v, high-voltage breakdown is
impossible.

Comparing terminal mounts

For installation flexibility and ease of use, the size,
weight, and configuration of a terminal are important. It
should, first of all, be susceptible to rack-mounting. All
five units of the random-access CRT display terminal —
display indicator, keyboard, display generator, display
processor, and power supply —are rack-mountable. A
minimum display occupies a standard equipment cabinet
six feet high.

The typical storage-CRT terminal is not rack-mount-
able, nor is the keyboard detachable. If the display with
its keyboard is desk-mounted, the second part, the
pedestal, must be located nearby. The ruggedized
version, which weighs about 80 pounds, is rack-mount-
able. The equipment normally located in the pedestal is
packaged inside the display unit, which is 15.75 inches
high, 19 in. wide, and 20.6 in. deep.

The minimal depth of the plasma panel contributes to
the unit’s small size and weight. The entire terminal,
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including power supplies and detachable keyboard, is
packaged in one 40-pound unit that can be mounted
either on a desk or in a rack. The terminal consists of
five functional replaceable modules—plasma panel,
driver electronics, sustainer-voltage control, display
processor containing control and interface electronics,
and power supply, plus the keyboard assembly.

The plasma-panel terminal, which weighs less than 8
pounds, is inherently rugged, and it can be readily
configured to withstand severe shock and vibration. In
contrast, the large-screen CRT with its relatively large
volume and weight is inherently fragile and difficult to
ruggedize.

For different reasons, both the CRT and plasma panel
have altitude limitations. The high voltage needed to
drive the cRrRT is difficult to suppress for control of
electromagnetic and radio-frequency interference.
Large-screen CRTs usually must be operated below
20,000 feet, while modern plasma panels can operate to
an altitude of 30,000 feet.

Plasma’s future glows brightly

The phosphors of the CRT are susceptible to damage
by nuclear radiation, but the gas molecules in the plasma
panel are relatively immune to it. When a gas molecule
is radiated by a high-energy source, it emits a short light
pulse and then returns to its normally inert state. More-
over, analog circuitry in the CRT appears to have less
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COMPARING DISPLAY TERMINALS

Random-access CRT

Parameter display terminal

Plasma
display terminal

Storage-CRT
display terminal

11.2in. by 8.4 in,
white or green on black screen

Active display area
Light spectrum

Line and row capacity
5-by-7-dot matrix N/A
7-by-9-dot matrix 64 characters/line, 16 rows

10-by-14-dot matrix N/A
Character size (7°by-9 matrix) | 0.2 in. by 0.13 in.

Character capacity
5-by-7-dot matrix
7-by-9-dot matrix

Character-address {write) rate

N/A
1,024 characters

5-by-7-dot matrix N/A
7-by-9-dot matrix 1,000 ¢/s
Full-screen erase time 1/refresh rate = 16.7 ms
No. displayable points 768,000
Dot spacing (center to center) 0.0078 in
Vector-address rate 150.000 dots/s
Resolution (line pairs) 33 lines/in
Flicker at refresh rate
Selective edit/erase standard
Full-screen viewing angle 70°
Full-screen distortion ~2%
Contrast ratio (approximate)
{small area, ambient light) 8:1

20 foot-lamberts

up to 9,600 baud serial (optional)
100,000 c/s parallel

Brightness (approximate)

Data-transmission rates
(into internal memory)

150 to 300 Ib
500 to 1,000 W

Weight
Power dissipation

8in. by 6 in
white on green screen

8.55 in. by 8.55 in
neon orange on black screen

N/A 84 characters/line, 51 rows
74 characters/line, 35 rows 64 characters/line, 32 rows
N/A 42 characters/line, 24 rows

0.087 in. by 0.106 in. 0.112in. by 0.142 in

N/A
2,590 characters

4,284 characters
2,048 characters

N/A 8,333 c/s (serial)
1,000 c¢/s 6,250 c/s {parallel)
0.7 s/scan 20 us

780, 720 262,144

0.0077 in 0.0167 in
150,000 dots/s 50,000 dots/s
50 lines/in. 60 lines/in
during scanning none

optional (with refresh memory) standard

70° 160°

~2% none

571 25:1

60 foot-lamberts (small area)

up to 19,200 bauds serial

up to 31,200 b/s serial {optional)
up to 100,000 c/s parallel {optional)
40/34 b

400 W maximum

10 foot-lamberts
up to 9,600 bauds seria!

10/80 ib
200w

tolerance for nuclear radiation than properly designed
digital circuitry.

The advantages of plasma-panel terminals are being
increased by leaps and bounds. Right now, Interstate
Electronics is developing components that will reduce
the number of 1C drivers by 75% and the voltage and
control-circuit packages by at least 50%. These develop-
ments not only will slash the price of the electronics in
the terminals at least in half, but they will make
feasible production of displays with a resolution of 1,024
by 1,024 lines per inch and a density as high as 100 lines
per inch.

Fewer components in the plasma display will increase
reliability, dissipate less power, and lead to a 25%
decrease in size and weight. Work is well on the way to
increase the plasma-dot activation and deactivation rates
by at least 25%. Writing rates higher than 60,000 dots
per second have been demonstrated, and a rate of
100,000 dots per second is feasible.

In conjunction with this effort, Interstate has already
shown how decreasing the frequency of the sustainer
voltage can cut the dot duty cycle so that variable
brightness levels can be produced. This capability can
easily be added to existing display terminals.

Further down the road, “‘dither,”” or matrixed-element,
input can be added to the plasma display to provide half-
tone variations for gray-scale images. Established area-
modulation techniques are particularly applicable to the
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digital characteristics of the plasma panel. Both plasma
and random-access display terminals can produce eight
shades of gray, or 64 intensity levels. A storage CRT is
normally limited to four shades of gray.

Although three-color CRT terminals are well within
the state of the art, control of a three-gun CRT is
relatively costly. Three-color plasma panels have been
successfully demonstrated, but they are subject to diffi-
culties such as phosphor deposition during fabrication
and fast phosphor deterioration. However, a full three-
color panel should be commercially available by the end
of the decade. When activated by the plasma, the three
different phorphors deposited on the back glass plate
produce the red, green, and blue colors.

Since the dots of each color are directly addressable,
the circuitry is the same used in a monochrome plasma
terminal. For good color presentation, a high-resolution
(1,024-by-1,024-dot) plasma panel is necessary. A
5,000-hour green phosphor has been developed, and a
green ac plasma panel should be available by 1979.

Another plasma-terminal convenience is electrical
readout of displayed information. Because the panel
memory is inherent, detection of displayed data does not
involve computer memory. After detection, the data can
be electrically transmitted for storage or printing. This
capability allows the operator to generate and/or correct
a display and then record the data without computer
intervention. )
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Designer’s casebook

Two 555 timers build
pulse-height discriminator

by R. Karni and T. Assis
[A.E.C. Nuclear Research Center, Negev. Israel

When making pulse and noise measurements, it is some-
times necessary to count the number of transients or
pulses of a given amplitude. By configuring two 555
timers as adjustable-threshold monostable multivibrators
with the output of one inhibiting the other, the resulting
pulse-amplitude discriminator generates a clean square-
pulse output only when it receives an input pulse of
predetermined magnitude.

As shown in the figure, each 555 is connected as a
basic monostable. In this configuration, a negative tran-
sition below a voltage level of V (/3 at the trigger input
(pin 2) generates an output pulse at pin 3 of duration
1.1(RC). The voltage-dividing network at pin 2 permits
an adjustable bias from V (/3 to almost V (. Therefore,
since a V¢ of 15 v has been chosen, triggering can be
made to occur on negative pulses from a minimum of

nearly O volt on up to a maximum of almost 10 volts,

Both timers have trigger inputs biased in the same
fashion, and both receive the same input pulse through
decoupling capacitors C, and C,. But the output of
timer A is connected through an inverting buffer-
transistor to the reset input (pin 4) of timer B; conse-
quently, whenever monostable A is triggered, B is inhi-
bited. It is this arrangement that permits the pulse
discrimination.

If the threshold of timer A is set higher than that of B,
only pulses having magnitudes between the two thresh-
olds will produce a pulse at the output. Pulses of a
magnitude less than the threshold of B will trigger
neither monostable, and those of a magnitude greater
than the threshold of A would trigger both—but the
inhibiting action of A on B will allow no output pulse to
be produced.

In using the discriminator, the control of B sets the
threshold of the incoming pulse, while the control of A is
set higher than B, to determine the “window” or the
difference of the two thresholds.

With the components shown, and a 15-v supply, the
pulse threshold is adjustable from O to about 10 v, and
the window can be varied from a maximum of just under
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Pulse-amplitude window. Two 555 timers, hooked up as monostables with differing thresholds, select pulses by height. Timer A
inhibits B so that an output occurs only when pulse level is within window set by two controls. TTL output-puise duration is 1. 1(RC).
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10 v (when the threshold of B is set to minimum), down
to zero, when B is set to its maximum. If signals of
greater amplitude are to be encountered, suitable
dividers may be added to avoid transitions below

ground at the pin-2 trigger inputs of the timers.

The output, which can drive up to 200 milliamperes of
transistor-transistor-logic loads, may be connected to a
counter or monitoring device. O

Analog current switch makes
gain-programmable ampilifier

by John Maxwell
National Semiconductor Corp., Santa Clara, Calil.

Moderate-cost binary or binary-coded-decimal gain-
programmed amplifiers (GPAs) can be built with mono-
lithic current-mode analog switches such as the National
AHS5010 or the AM97C10. Gpas are useful in audio and
other systems that require logic control for signal
preconditioning, leveling, and dynamic-range expan-
sion.

The logic-controlled Gpa is actually a multiplying
digital-to-analog converter. The analog input is the
reference node, which is multiplied by the digital input
word. Although multiplying d-a converters have been
available for some time in module, hybrid, and mono-
lithic form, most are either prohibitively expensive or
have poor signal-handling capabilities.

A 4-bit binary GPA with an input voltage swing of
+25 v can be built with a quad current-mode switch (of
the multiplexing type, which has all FET drains tied
together), four binary-weighted resistors, and an opera-
tional amplifier, as shown in Fig. 1. The output volt-
age—which is a function of the feedback resistor, input
resistors, and the logic states of the field-effect-transistor
gates—behaves according to the equation shown in the
figure.

Current-mode analog switches, unlike conventional
analog switches, control only the signal current at the
virtual ground of an op amp. And since the voltage
across each of the FET switches is clamped by a diode to
a few hundred millivolts, the switches can be driven by
standard logic levels, without the need for power
supplies, logic interfaces, and level-translator circuits.

A logic 0 turns the switch on because the FET passes
current until the channel is pinched off by a gate voltage,
and the voltage of a logic 1 is sufficient to pinch the FET
off. The built-in clamping diodes hold the source-to-
drain voltage to about 0.7 v. A fifth FET is incorporated
in the multiplexing-type chip to facilitate op-amp
compensation for the on resistance of the FET switches,
and, as such, it is placed in series with the feedback
resistor.

The number of bits can be expanded by cascading
another quad-current switch and resistor array to the
first, as shown in Fig. 2. Instead of continuing the binary
progression of the input resistors (16R, 32R, etc.),
current-splitting resistors (Rcs) and shunts (Rs) are
used so that the same four-resistor array may be used for
additional bits, minimizing the number of different
values required for higher-order converters. Binary
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1. Gain-programmable amplifier. A monolithic current-mode
analog switch connected to an operational amplifier becomes a
moderate-cost GPA, or multiplying d-a converter. The multiplex
switch depends on the controlling logic: for TTL, an AH5010 serves.
while for C-MOS logic, the AM97C10 should be used. The op amp
may be any general-purpose unit such as the LM118.

weighting requires a '/is current split for the second
quad switch, while BCD weighting requires a Yo split.

Certain practical limitations must be considered in
selecting values of the gain-programming resistors. If
high values are used, switch resistance becomes negligi-
ble, but leakage at elevated temperatures can cause
trouble, and the signal bandwidth is decreased as well.

Using programming resistors that are too small
increases switch-resistance errors. In addition, the signal
current could saturate the FET as Ipss is approached.
High signal currents may even forward-bias the diode
and the FET source-gate junction.

An input resistor value of R = 10 kilohms limits the
switch current to less than 2 milliamperes, minimizing
both leakage and switch-resistance problems. The
accuracy at unity gain (including the compensation FET
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in the feedback loop) is within less than 0.05%, with
R = R; = 10 kQ.

When cascading switches, the current-shunt resistor
(Rs) should be small to minimize the voltage drop,
keeping the FET drains near ground. Values of R should
be lower than 100 ohms, typically 20 Q.

The tolerance required for the programming resistors
depends on the desired resolution of the converter; that
is, the number of bits, N. For example, an 8-bit d-a
converter will have 2N —1 or 255 steps (99 for BCD), or
different gains. The resolution or smallest step is the
least significant bit, '2N of the full-scale value, which
works out to .0039. Error for d-a converters is usually
specified as 1 LsB, or 2 LsB, which would be £0.2%

for the 8-bit binary unit. The feedback resistor, which is
the most critical, should be a 0.1%-tolerance unit. The
first resistor, R, contributes one half the full-scale error,
and similarly, the second contributes one fourth, and so
on. Therefore, using a 0.2%-tolerance resistor for the two
most significant resistors, R and 2R, 0.5% resistors for
the third resistor, and 1% resistors for the fourth and
fifth, allows 5% resistors to be used in the sixth, seventh,
and eighth positions, still producing an overall accuracy
within 0.2% Thus, high accuracy joins the GpA’s other
assets of high speed and large signal-handling capability.

Designer's casebook is a regular feature in Electronics. We invile readers 10 submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughty
the circuit’s operating principle and purpose. We'll pay $50 for each item published.
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2. Eight-bit multiplying d-a converter. Cascading two 4-bit analog switches realizes an 8-bit programmable amplifier. Note that while the
first monolithic switch is the multiplexing type, as in Fig. 1, the second switch is a quad spst type, with drains uncommitted and no
compensating FET built in. Suitable types are AH5012 for TTL and AM97C12 for C-MOS digital control. The LF356 op amp settles fast.
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Tough mathematical tasks are
child’s play for Number Cruncher

New special-purpose microprocessor combines
best features of general-purpose and calculator chips

by Alan J. Weissberger and Ted Toal, wational Semiconductor Corp., Santa Clara, Calit. *

{J There is one hurdle that the general-purpose micro-
processor clears awkwardly: complex mathematical
computations. For such applications, designers have had
to spend considerable time learning to use efficiently the
chosen device’s instruction set and unique input/output
transfer characteristics. Then they have had to sweat out
the development of complex software to perform the
desired mathematical operations or algorithms.

A few, hardy designers have put up with these chores
in order to gain the benefits of large-scale-integrated
technology, but even they would prefer a special-purpose
microprocessor designed specifically for complex cal-
culations. A new microprocessor, the 57109 or Number
Crunching Unit, does this.

The Ncu, presently being built with p-channel metal-

* Al Weissberger is now with Signetics Corp., Sunnyvale, Calif

oxide-semiconductor technology, can serve in machine
process controllers, navigation systems, and measure-
ment and test equipment. It can also extend a mini- or
microcomputer’s processing power when connected as a
peripheral device on the host processor’s bus.

In such processing applications, software development
time can drop significantly with the Ncu. Its instruction
set is like those of scientific calculators, which means
that the Number Cruncher already has most of the
required calculation software. Trigonometric, logarith-
mic, and exponential functions, for example, are
performed directly.

Data formats at the input or the output may be in
floating-point or scientific notation. Digit lengths may
range up to an eight-digit mantissa, with one or two
digits for the exponent.

The 57109 combines the best features of calculator

1. Digit handler. Major functional blocks of
the Number Cruncher are the control-logic Vg ——— +9 V e HoLo
and arithmetic units and the program- Voo oV > ROY
storage ROM. which holds about 1,500 8-bit = CS‘IJGNJE&L —HRS/EWL {INSTRUCTION SELECT)
I ) . . > R/W
mnc'rom§truct|on words..The d('ev'lce h'andles ?J%%wLZATOR i L+ DAS (DIGIT ADDRESS STROBE)
4-bit binary-coded-decimal digits directly. —* crock | INTERNAL >8R (BRANCH)
They enter the control-logic block through (0sC +4) %'6‘%“ L, . { CLOCKS
. i &
the I, , lines, and the resuits go out through SYNCHRD [»=94 > F, (USER FLAGS)
the digit-data-out block. The digit-address- NIZATION > FLAGS |,
K h digi . - ERROR
counter block sequences each digit during MICRO-
input/output operations. Programmed in- AT PSRT%%%\;':
structions, 6 bits long, enter through the I, POR——— - ati0N
. (POWER-ON ROM
lines and are converted to sequences of RESET)
microinstructions, U X
[
STACK
(JUMP CONDITION) z
lgliC
1. /AR ‘ASYNCHRONOUS DATA READY) = L
) CONTROL M MEMORY
14/0a LOGIC
|3/03
12/0, 0iIGIT | 0A1 (LEASTSIGNIFICANT)
ADDRESS [ DAz
1/0; COUNTER| DA;
> DA, (MOST SIGNIFICANT)
> D0 (LEAST SIGNIFICANT)
—— 0IGIT
ARILI:IhIATETIC 0ATA 002
out [+00s
4-8IT DIGIT DATA 00,4 (MOST SIGNIFICANT}
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chips and general-purpose microprocessors (Table 1).
For example, its 170 functions are more flexible than
those of the calculator, which is limited to inputs from a
keyboard and outputs to a display. But it is more dircctly
useful for calculations than microprocessors. The Ncu
can accept a sequence of binary-coded-decimal digits
with a single input instruction, an asynchronous digit
input, or single-bit inputs for control purposes. In
contrast, microprocessors work only on data bytes.

Unlike calculators, the Number Cruncher is con-
trolled by a program stored in an external read-only
memory and can perform conditional and unconditional
program branches. As in processors, a HOLD input allows
handling asynchronous instructions and single stepping,
while test and branch instructions facilitate decision-
making within programs.

The Ncu’s major functional blocks (Fig. 1) are the
control-logic and arithmetic units and the program-
storage ROM, which holds about 1,500 8-bit microin-
struction words. Programmed instructions, 6 bits long,
enter through the I, lines and are converted to
sequences of microinstructions. Binary-coded-decimal
4-bit data words enter the control-logic block through
the I, lines.

Output data passes through the digit-data-out block,
while the digit-address-counter block sequences each
digit during 170 operations. Logic levels are compatible
with low-power logic families, and the device has on-chip
generation of input/output strobes and timing signals.

Examples of the 6-bit operation codes are given in
Table 2. (If 8-bit instruction memories are used, external
hardware can use the additional 2 bits for device
addresses.) Instruction executions vary in time from 1 to
500 milliseconds, although most require 5 to 10 ms.
Although these speeds may seem rather slow, they
compare favorably with similar functions implemented
as subroutines in low-cost microprocessors.

Conditional-test-and-skip/branch instructions permit
decision making within the user’s program. The condi-
tional-test instructions operate on the results of compu-
tations or from an external jump-condition sense input
on line I,. The two flag outputs (F, and F,) may be used
to activate external devices. A four-register stack (X, Y,
Z, T) holds operands and temporary results, and a

PAR A A A D

TABLE 2. NCU INSTRUCTION CLASSES

Digit entry:
0-9 Each digit is entered into the X register mantissa
or exponent if in enter-exponent mode
Fixes decimal point of mantissa of number
being entered.
EE Set enter-exponent mode.
cs Change sign of mantissa or exponent.
Pl = - X register,
EN Number entry terminated and stack is pushed.
X=-Y=+Z~-T
Move:
Roll Rollstack. X +T+Z -Y = X
POP Popstack, X=Y«Z+T+0
XEY Exchange X and Y. X «— Y
XEM Exchange X with memory, X «—= M
MS Memory store. X =M
MR Memory recall, X+~ M
Math:
X=Y+X, X=Y-X Result in X, stack popped.
XeYeX X~=Y+X Ye«Z+T+0
X - ¥Y*

MeM+X, M-M-X
MeM X, M=M+X
1X,/X. X?10%, e%, 1n x, log X

Result in memory

Result in X, previous X fost, stack

unchanged.
SIN{X), COS(X), TAN(X) Result in X, previous X lost, stack
SIN“'(X), COS '(X), TAN '(X)| unchanged

RTD,DTR Convert X from radians to degrees or

vise versa. Previous X lost, stack unchanged.
Branch:

JMP Unconditional jump. On call branch instructions,
second word of instruction is the branch address,
which is loaded into an external program counter
by a load pulse from the NCU

TIC Test external jump condition, branch if true.

Input/output:

IN Multidigit synchronous input from RAM or
peripheral into X register.

ouT Multidigit synchronous output to RAM or
peripheral from X register,

AIN Single digit asynchronous input. Wait for

asynchronous data ready (ADR) to go low, then
read data and pulse acknowledge flag F,

Mode control:

smoc Set mantissa digit count from one to eight digits

FLOATING-POINT NOTATION

Electronics /February 17, 1977

F i Calculator Number Cruncher Microprocessor ! e s 4 L
BIT 1 = SIGN OF
nput/autput | keybosrdand | multiigit, dat byt EXPONENT | | OECIMAL | | MOSTSIG LEAST SIG-
display :isr\‘/gr'lghbrlt:nous digit, single bit BIT4 .ISAIE#T?SFSA POSITION MANTISSA MANTISSA
Data format floating-point or fleating-point or binary 3 <N 10 (ONE TO EIGHT MANTISSA DIGITS)
scientific ngtation scientific notation
SCIENTIFIC NOTATION
Data length fixed variable (1 to 8 fixed
digits for mantissa) L 2 3 £ 5 N
Pr MOST SIG- | JLEAST s1G{ {BIT 1 - SIGN OF MOST SIG- LEAST SIG
ogram key sequence external ROM/program gxlernall PRCIJM, NIFICANT | | NIFICANT EXPONENT( | NOT 1Heic SnT | oo [NIFICANT
counter, microprocessor, | internal BIT 4 =SIGN OF USED
or firstin first out EXPONENT| [EXPONENT MANTISSA MANTISSA MANTISSA
buffer memory
5 < N < 12(ONE TO EIGHT MANTISSA DIGITS}
Speed (mathor | 14 — 400 ms 0.5 — 400 ms 0.5 — 500 ms
1/0 operations) . . A
=% | > 2. Two formats. The NCU can operate on data in floating-point or
n.lm‘i"éf s Uity L scientific notation formats with one to eight mantissa digits,
:::;“R ';:;a CPU depending on the setting of the digit count. It takes only one
instruction to input or output a string of digits.
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3. Stand-alone. The Number Cruncher can be used by itself in many control applications. Here a programmable ROM stores instructions,

controlled by an external program counter, and a 256-by-4-bit RAM

memory register can store constants or temporary results
or can serve as a loop counter for data transfer or
program control. Additional data storage may be
provided by external 256-word-by-4-bit random-access
memories.

The two data formats are shown in Fig. 2. No
reformatting is necessary when data is extracted from
the 57109 or reentered from an external RAM. An
asynchronous digit-input (AIN) instruction will accept a
single digit when a data-ready signal indicates valid
data.

Error detection is facilitated by an error flag, set by an
arithmetic or output error. The TERR instruction tests the
flag or can clear the external program counter, resulting
in a hardware jump to memory location 0, the error
recovery location. In either case, an ECLR instruction
must be executed to clear the error flag.

The basic setup

The basic Number Cruncher system in Fig. 3 includes
a programmable ROM for instructions, an external
program counter, and a RAM for memory expansion. To
fetch an instruction from the PROM, the NCU raises its
ready line after it has executed the previous instruction.
This signal is used as a clock to advance the program
counter.

The pROM then accepts the new 8-bit address supplied
by the pc, executes a read cycle, and supplies the
instruction to the Ncu. To facilitate entry of asynch-
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extends the internal memory. Mulitiplexers enter data or instructions.

ronous instructions, the 57109 does not lower RDY and
begin execution until its HOLD input is low.

When the incoming instruction is a test and skip, the
chip activates RDY to advance the pC and obtain the next
word on the PROM output lines. This word is actually a
branch address.

If the branch condition is true, the NCU’s branch
signal gates this address back to the program counter by
parallel-loading it on the leading edge of the next RDY
signal. When the pC is loaded, the PROM outputs will be
the contents of the instruction at the branch address.

If the branch condition is not true, RDY is raised to
step the PC so that it will point to the next sequential
instruction at the time of the next instruction fetch.

The instruction-select signal (1ISEL) selects which type
of input will be used: instructions or data. The 2:1
multiplexers supply the Number Cruncher with data
signals or instructions on the six input lines. This multi-
plexing saves pins so that the NCU can fit into a 28-pin
package.

For a data-input instruction (IN), the Number Crun-
cher again raises RDY to advance the pC to the next
instruction word, which contains a 4-bit high-order RAM
address. The Ncu supplies a 4-bit low-order digit address
to the RAM from the digit-address DA lines and reads the
RAM digit data on its input lines, having set ISEL low to
select data instead of instructions. On a single IN instruc-
tion, 3 to 12 digits are input.

The ouUT instruction procedure is similar to that for IN,
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4. Partners. The NCU can extend processing power of a general-purpose microprocessor by taking instructions and data from the
processor's bus and executing the instructions at its own pace. Flow chart shows software for microprocessor control of interface.

except that digit-output data is supplied on the data-
output DO lines and the read/write line is pulsed to
write each digit into the RAM. After putting out 3 to 12
digits, the 57109 enters a fetch cycle to obtain the next
instruction.

Extending a processor

Software overhead can be staggering for micropro-
cessor applications requiring mathematical functions or
BCD operations. Sophisticated subroutines must be
written for multiply, divide, square root, log, exponen-
tial, and trigonometric functions. The data must be
scaled to fix the decimal-point position and to assure
there will be no register overflow as a result of an
operation. Further conversion is necessary if the result is
to be given in floating-point or scientific notation.

However, the Number Cruncher provides a micropro-
cessor with a convenient peripheral unit for performing
these specialized calculations. The microprocessor
controls the Ncu simply by supplying it with valid
instructions, directly or through a buffer memory. Over-
lapping execution in the two devices gives much greater
throughput than when the microprocessor performs the
calculations itself.

A straightforward processor-NCU interface can be
built with a pair of latches (Fig. 4); one for instructions
and input data, the other for output data. The processor
suspends the NCU’s operation through the latter’s HOLD
signal. When the microprocessor is ready, it loads the

Electronics /February 17, 1977

instruction latch with a 6-bit instruction code and sets
HOLD low.

The Number Cruncher executes the 6-bit code. The
microprocessor senses succeeding RDY signals from the
57109 (as an interrupt or jump-condition input) and
then loads the latch with the next instruction. It supplies
input data to the Number Cruncher on a digit-by-digit
basis in the same manner as it does 6-bit instructions.

When the NcuU has data to send back, it uses a 4-bit
latch. The microprocessor reads and stores this data as it
is loaded into the latch.

Using a FIFO

In another method for extending a microprocessor
system with the Number Cruncher, a first-in, first-out
buffer memory is a dynamic instruction store (Fig. 5).
The microprocessor loads the FiFO, and the NCuU draws
instructions from it. Another FIFO is used for output data
from the 57109. Since these memories are totally
asynchronous, with separate input and output controls,
the processor and the Number Cruncher can run at full
speed in parallel for maximum system throughput.

This setup is useful in applications where the sequence
of instructions executed by the NCu may change. Since
the FiFO is a dynamic memory, it permits easy alteration
of the sequence. Because instructions are stored only
until the 57109 removes them, it is possible to load a
very large sequence in a very small space.

When the microprocessor has a job for the Ncu, it
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loads a linear sequence of instructions (no branches) into
the instruction FiFo, which was initially cleared. Once
loading has been completed, the processor is free to
process data or control devices. The FIFO can be used as
the storage medium for many different instruction
sequences with only minimum microprocessor software
required for loading.

The FiFo stacks the instruction words in the same
order as they are entered and makes them available at
the output in the same sequence. The processor treats
instructions to the 57109 as output data, as if they were
to be written into a RAM or loaded into a register. But it
selects the FIFO as an 10 device by putting that
memory’s address on its address bus. Next it puts the
NCU instruction data on the data bus followed by a write
strobe, which the FiFO uses as an input data clock.

This sequence is repeated each time a word is loaded
into the FIFO. Before transmitting each instruction word,
the processor checks the FIFO’s status-indicator flag. If
the FIFo is full, the microprocessor waits until it is ready
before resuming data transfer.

While the processor is loading data into the FiFo, the
NCuU is fetching instructions from the FIFO output ports
at its own speed, executing them one by one. An output-
indicator flag signals the 57109 when the ports are ready
(FIFO not empty) or not ready (FIFO empty). When the
processor has loaded the first instruction word, the FIFO
is ready and may be interrogated. The Number Crunch-
er’s ready line is used as a FIFO output clock to extract

data and gate it onto its instruction input lines.

The last instruction executed empties the FIFO, which
forces its output indicator to not ready. This flag is the
hold input for the NCu and an interrupt input for the
microprocessor, which senses that the Number Cruncher
has completed its instructions.

The 57109 continues to execute instructions until it
has completed its specialized calculations. It sends its
results to the output FIFO using an OUT instruction. If
output data is present in the FIFO, the processor senses
this via an interrupt or jump condition. It obtains the
results if needed or sends them on to an output device.

Control by a ROM

To transfer instructions where only a few sequences
are necessary, a ROM can be programmed to contain the
sequence of instructions for the Ncu. This setup is
similar to the stand-alone system in Fig. 3. It permits
conditional test instructions not possible with the FiFo
interface.

An AIN instruction suspends the Number Cruncher
until the microprocessor requests a calculation. At that
time the processor sets the asynchronous data ready
(ADR) to 0 and supplies a 4-bit starting address code.
The Ncu decodes the starting address, branches to that
address in the ROM, and executes the calculation routine
there. As in the FIFO setup, an interrupt notifies the
microprocessor when the 57109 has completed its task.

In this setup, the microprocessor does not have to load

FIRSTIN,
FIRST-OUT NSZ,,‘E?SR
BUFFER
NeRoRY CRUNCHER
{INSTRUCTION)
0ATA 0ATA SYSTEM OATA BUS \ NUMBER CRUNCHER
<::> BUS IN ouT le= by
CONTROLLER INSTRUCTIONS
NCU WRITE EAD
OATA CLOCK Lock [* Lt
FIFO FULL INPUT-READY
OUTPUT-READY
'é%mmous
OR INPUTS FIFO EMPTY l »{ Hovo
OUTPUT OATA REAOY
QUTPUT-READY
MICRO- AOORESS M
PROCESSOR L") Bl READ WRITE L RIW RV
8080 /0 STROBE CLOCK CLOCK
6800 CONTROL 0IGIT OUTPUT OATA
A
PF%E CONTROL LOGIC ouT IN < 00,- 00,
SC/MP FIFO WRITE
COSMA
0SMAC STROBE FIFO
(OUTPUT)

5. FIFO interface. A microprocessor can control the Number Cruncher through first-in first-out memories. The microprocessor enters data
and instructions into the instruction FIFO, and the Number Cruncher extracts them asynchronously.
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INSTRUCTION FORMAT

CODING

Type of instruction P; Pg Ps Py P3 P, Py Pg P; Pg Ps—o Comment
1 1 4 number of channels to be input
Select analog channel 1 1 QUT instruction 1 1 MS store iIn M
Analog-:o-digital input o 1 AIN instruction 11 SMDC1 mantissa digit count = 1
RAM 1/0 10 IN/OUT instructions for || LOOP 1 1 | MR retrieve channel number
first word. Second word 1 1 ouTo select analog channel
P ¥ 11 PF1 start A/D converter
03 are high-order 11 EN
push stack
RAM address. 0o 1 AIN (3) read A/D converter digits 1 to 3 when EQC =0
Others 1T 1 other instructions 1 1 DBZ DONE | update channel number and check
m JMP LOOP if 0

6. Data acquisition. The Number Cruncher can handle complex data in an analog system by controlling the analog multiplexer, which sends
analog data to an analog-to-digital converter. The program listing shows how single instructions from the NCU handle complex operations.

a buffer memory to provide the NCU with instructions,
but merely switches it on by supplying a single input
(ADR). The result is very high system throughput and
parallel processing.

In the analog data-acquisition system in Fig. 6, the
PROM program controls the Number Cruncher. It makes
the NCU measure analog variables, perform some digital
transformation on them, compare the results to certain
specified limits, and send out control information on the
DO lines.

Acquiring analog data

An eight-input analog multiplexer selects the desired
analog input channel based on a 3-bit address supplied
by the Ncu on DO;,. This address is latched by the
multiplexer and will not change during the conversion
time of the three-BCD digit analog-to-digital converter
via Flag 1. After starting the conversion via Flag 1, the
NCU’s AIN instruction waits for the end-of-convert signal
before reading one of the three digits through the 3:1
digital multiplexer. The second and third AIN instruc-
tions read the second and third BcD digits with the
results stored internally.
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The PROM program updates the analog address and
tests to see if all analog channels have been interrogated.
If so, the program will output the digitized data to the
RAM or will process the data as required. If not all analog
channels have been interrogated, the PROM program
scans the next one.

This system uses internal NCuU storage for simulta-
neous calculations on four three-digit numbers. Addi-
tional storage is provided by the 256-by-4 RAM so that
the 57109 can operate on an array of data. Addressing
the data in the RAM is facilitated by the IN and out
instructions. The first instruction word is either IN or
OUT, and the second supplies a 5-bit address to select one
of 32 numbers in the RAM. This address is stable on the
instruction input lines (I,.,) and is valid throughout the
data transfer cycle.

The Number Cruncher generates a 4-bit address
(DA..)) to select a digit each time it is ready to input or
output 4-bit data. For an ouT instruction, digit data is
output on DO,, and clocked into the RAM by the rR/W
strobe. For an IN instruction, the high level on rR/W
causes the RAM to go into a read cycle and supply digit
data to the Ncu through the quad 2:1 multiplexers. [
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97 Types Now Available from IR

voLYS| PNP | NPN
5 AMPERES

VOLTS| PNP | NPN
12 AMPERES

100V([2N6226 | 2N5758 60V | 2N6050* | 2N6057*

120V [ 2N6227 | 2N5759 80V |2N6051*|2N6058*

140V | 2N6228 | 2N5760 100V | 2N6052* | 2N&D59*
8 AMPERES 15 AMPERES

SOV |2N6053* [ 2N6USS™ 40 oneae | 2N6470

80V |2N6054* | 2NG0SE® 6OV |2NS879 | 2N3055

. . 2N6246 | 2N5881

IR901 2N8534. ;2N6471

100v . 80V | 2Ns880 | 2Ns882 L &
2N6536° 2N6247 | 2N6472 !

120V 2NE537°* }ggz 2N6029 }2:5629

10 AMPERES 2N6030 |2R357G7330
40V 2N6383* 140V | 2N6031 | IR6302

60V |2N3789 | 2N3713 2N5631
We see no reason why all power o 2N5791 | 2N5715 -

0 & 1o . 2N5875 | 2N5877 20 AMPERES
transistors shouldn’t live longer. That is IR2500° | 2N6384°  6ov |2Ns725 |1R3I72
why we're introducing 97 high energy, epi IR645° | 1R1010* IN6285° | 2N6282°

. i IR1020 80V |2N6286° | 2N5303
base power transistors and Darlingtons, rated 40 LEITEP 2N6283*
to 140 Volts Vi, sus, and 170 Volts V.. sus, with 8OV |2N3790 [oNazra Lo |ZN6287" | 2NG284
the same tough, hard glass passivation used on our A INSa78 60V252':;:|;§':;§8
high voltage line. It reduces high temperature leakage Inoaee | 2N6385"  gov | 2ns8ss [znsaag
current to 1/10th that of others. o T | 30 AMPERES

Y ou benefit from our years of development of glass aN6248 | 1Reaze 40V | 2N4398 | IR3771
passivation processing by getting the added high tem- soovlaee0 |oMEess  sov ] 2naasolfghoses
perature stability at no extra cost. It’s typical of the Laov [aveaan | used 90V | 1R4502 | 1R802
. . . *Oarlington
extra value we’ve been putting into power semicon- ’
ductors for more than 30 years. R —

These new transistors have higher switching speeds
and lower V,, saturation levels than single diffused

types, a wide safe operating area, and high gains at =

150°C junction temperature. Internatlona
Delivery is off-the-shelf. Contact your nearest IR

Salesman or Distributor for prices, spec sheets and

samples, or write to International Rectifier, 233 e er

Kansas St ., El Segundo, CA 90245. Telephone (213)

322-3331. . the innovative semiconductor people lzﬁl

Circle 108 on reader service card



Exercising the functional structure
gives microprocessors a real workout

New test method combines stored-response testing
with monitored ‘native-tongue’ pattern generation

by Douglas H. Smith, Textronix inc., Beaverton, Ore.

[0J Testing mMpus and playing Russian Roulette have
more in common than the casual observer might think.
“Winning” at testing often depends too much on the
same kind of luck that the pistol-packing game player
relies on. And “losing” can be just as serious.

Luck is a test ingredient because most techniques fail
to fully test all the functions and capabilities of micro-
processing units. The root of this failure is the
conceptual inadequacy of the testing methods: they have
lagged behind the technology.

At Tektronix, studies have shown that three widely
used methods — “‘actual use,” algorithmic pattern gener-
ation, and stored response—do not yield 100% accuracy
in sorting good MPUs from bad in a minimum amount of
time. Nor do they give any assurance that a syntactically
correct set of instructions will function properly with the
MiCroprocessor.

Another way

A new test method, called Wisest, overcomes the
deficiencies of these older procedures. It combines
stored-response testing with monitored ‘‘native tongue”
pattern generation. Its genesis lies in an approach that

considers the structure of the MpU’s functional blocks as
the real targets of the test. It is this approach to testing,
as much as the test devised, that gives success.

An example of a pattern generated by the new method is
shown in Fig. 1. This 17-step pattern tests the call-if-minus
(cMm) instruction of the Intel 8080, a subroutine that tests if
its accumulator is negative. The logic state of column 1 (1
valid, O false) determines the validity of the address con-
tained in columns 2 through 17, and the state of columns
18 and 19 determines whether the i/0 bus columns are in
the output (11), don’t care (01), or input (00) states. These
results are not possible with the older methods because
they are not capable of the complex kinds of interactions
necessary to exercise the 8080 to the fullest.

Wisest came about after a hard look at the deficien-
cies of the three older test methods. A review of these
drawbacks will also point to some of the criteria for the
approach that generated the new test method.

The “try it, you’ll like it” school of testing also goes
under the name of actual use. The approach is: if it
works, ship it. If it doesn’t work, reject it, plug in a new
microprocessor, and ship that one (if it works).

The method of testing is fast and fairly simple. Just

0] 0 0]

1 2 3
1 2345678901234567 89 01234567 89012345
1 0000000000011010 00 11111100 00000000
0 1111111111111111 01 01110111 00000000
0 1111111111111111 01 00000000 00GGOOOGO
1 0000000000011011 11 00000000 10000010
0 0000000000011011 01 00000000 10000010
1 0000000000011011 00 10101010 00000000

10100010
00000000

10000010
10000010

1 0000000000011100
1 0000000000011100 01

10101010
00000000
10100010

00000000
00000100
00000000

-
—_—_0

0]
1
1

—_—_0
—__0
—__0
—__0
—__0
—__0
—__0
—__0
—__0

1
1
1

—“ a0

1 00000C0OQOC
1. 01110111
1 00000000

00000000
goo00100

0]
0]
0 01
0]
1
1 00011101

-
PUFEENN
PUFEENN
PPN
N N
PUFEENN
PPN
PUFEENN
PUFEENN
PUFESENN
PUFESENN
PUFESENN
PUFEENN
DU
PUFEENN

11 0000000GOC
00000000
00000011

00011101
10100010

1
0]
0]
0]
1
1 10100010

5o
05~
ooz
ooz
ooz
ooz
552
OO =

1. Ones and zeroes. This pattern generated

o] by the Wisest’s test system fully checks the

4 subroutine for the CALL IF MINUS instruction
GRS of the Intel 8080. The logic states of columns
0000010000 1 to 17 check the validity of system
0000010000 addresses, while columns 18 to 35 check the
0000010000 status (input, output, don’t care) of the I/0

0000011000 ) .
0000110000 bus lines of the microprocessor.

06000010000
0000011000
goo00110000

goo0010000
0000011000
gooo010000

goooocoo0000
gooo0011000
0000010010

0000000010
0000011010
0000110010

Electronics /February 17, 1977

109



OBJECT
Prove existence and uniqueness of 8080 registers

Instructions Used

LXI H (Load registers H&L with effective address) |
PCHL {Load PC with HL)
MOV ry, 1y {Move the contentsof r, tory)

ALGORITHMIC METHOD

1) Load Hardware Counter # 1 with Zero

2) Viathe “LX1 H” command, transfer the contents of i
counter #1to H,L

3) Transfer H to all other 8080 registers

4) Transfer each 8080 register in turn back to H {via MOV ry, ry}
and then check each HL content (via PCHL}

5} Do 3 & 4 above using L

6} Increment counter # 1

7) Check counter # 1 less than 256 -- END

8) Go to Step 2.

2. Scratch pad. The scratch pad registers of the 8080 are often
checked with this algorithm. it is an incomplete test, since the
algorithm only checks for the existence of the PC or HL registers.
Additional software instructions and hardware would be required to
check all the 8080's registers completely.

install the MpU into the finished product, then test the
system using application-related software. For low-
volume, low-risk products, it is certainly a fast, inexpen-
sive way to test. For other products, it suffers from
several distinct disadvantages.

One is that the application software won’t necessarily
check the central processing unit completely. Both the
Intel 8080 and the Motorola 6800 cpu chips can address
64,000 locations in memory. Chances are that very few
applications will actually use this many addresses. If the
tester tests the 4,000 needed in a typical application,
then the other 60,000 won’t be exercised at all. In many
applications it is possible to rip half the leads off a cpu
and have it still pass the actual use test.

Bus stop

A finished product can go out of the factory stamped
OK, but then one of the unused address lines may short
out and affect the address lines in use. Similarly, latent
problems with the program counter or stack pointer
won’t be detected.

Nor does such testing check the MPU input/output bus
structure. Since the circuitry of the bus pins can act as
input or output lines, it would be nice to know that they
are functioning correctly. Actual use testers usually
don’t have the proper interconnections to exercise and
to check the structure of the input/output bus of the
MiCroprocessor.

Another problem with actual use tests occurs with
marginal Mpus. It is quite possible to test and pass a chip
that will fail in the field. In a typical test, all clocks are
set properly, timing signals are right on, voltage levels
are perfect, and the laboratory temperature is thermo-
statically controlled at 25°C. Under such conditions,
marginal MpUs can pass testing. But, when cold or heat
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gets to the processor, or the line voltage is low, or the
power supply or system timing drifts, then an apparently
good device can fail in use.

There’s another consideration in actual use testing,
which may be called the “implication of the failure.” It
relates directly to the end use of the processor. If the
MPU goes into consumer applications, a failure in use is
an inconvenience. In a critical avionics system, failure
can have serious, even fatal, consequences.

So, considered against implication-of-failure criteria,
the actual use test method is valid for only a noncritical
few applications. In general, the rigor of the test should
relate to the final application from the standpoints of
both cost-effectiveness and safety.

Testing . . . 1,0,1,0. ..

Another widely used testing method is algorithmic
pattern generation. A high-speed pattern generator
under microprogram (algorithmic) control of the main
test system forms a sequence of real-time patterns based
upon a simplified sequence of instructions. The basic
premise is that these sequences will show up defects in
logic or timing if the algorithmic sequence represents the
operating sequence.

An in-depth look at algorithmic pattern generation
discloses the implication that testing a few, simple,
limited instructions many, many times can weed out the
good Mpus from the bad. Yet this creates a situation not
usually met in device usage. For instance, an algorithm
to verify the existence and functioning of the 8080’s
program counter would be simple enough to write—just
specify 64,000 Nop (increment-counter) instructions.
But the contents of the PC can be changed in many other
ways besides a straight incremental count and cannot be
tested effectively as a simple counter.

While the repetitive structure of the algorithmic test
suits it to checking memory, it is not adequate for testing
microprocessing units, which work with programs,
instructions, and functions—all distinct and variable.
One can prove that all gates of the MPU’s integrated
circuits exist and work as gates, but it is not possible to
prove the validity of their interrelationships and func-
tions. The test method ignores the heart of the micropro-
cessor: its ability to understand instructions and to
perform functions.

An actual test shows up the inflexibility of this
procedure, as in the algorithm in Fig. 2, which is
commonly used to check the internal scratch pad regis-
ters of the 8080. Since each load onto registers H or L is
followed by an immediate transfer back and then out via
the instruction PCHL, the test doesn’t prove the existence
of any registers but the PC or the HL combination.

If a user wants to check the existence and unique
function of each register, he has to insert another
instruction (such as increment register) between steps 3
and 4. This would not only cause an additional pC
increment, but would also require another counter to
verify the PCHL output data on the address bus.

Also, standard memory-referencing instructions
needed to implement added instructions will cause the
number of clock cycles to vary with each instruction. The
cycle variation cannot be followed by the pattern genera-
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tor, which runs off a fixed clock cycle or its multiples.

Instructions such as conditional subroutine calls or
multiply/divide pose the same type of problems. They
require different numbers of clock cycles depending on
previously established conditions, as in the case of the
divide instruction of the TMS 9900 from Texas Instru-
ments Inc., Dallas Texas.

The test’s weaknesses do point out two criteria for a
useful tester. To thoroughly check the flexibility of the
MPU, it should program in a high-level language like
Fortran or Tektest 3 (for Tektronix’s S-3260 large-scale-
integrated tester). And the tester should use a built-in
computer capable of interpreting strings of characters
exactly compatible with the Mpu’s software, unlike algo-
rithmic pattern generation.

Getting the goods

Another possible test procedure to consider is the
“stored response’”” method. Here a known-good device is
exercised, under nominal conditions of timing and volt-
age, with a set of input stimuli that corresponds to a
given set of instructions and data. The resulting output
data is transferred via a hardware/software routine to a
storage device. Then each subsequent device is measured
against this stored data on a go/no-go basis.

There are three questions that this procedure should
answer:
® How good is the known-good device?
® What generates the input stimulus?
® How syntactically correct is the input stimulus— that
is, do correctly composed statements conflict?

In the method’s simplest form, the user creates the
input stimulus in its entirety and enters it into the tester.
Then the known-good device’s output is recorded. Unfor-
tunately, there is no guarantee that the known-good
device functioned as predicted.

With older, simpler Lst devices (logic arrays and
memories), it was reasonably easy to check the output
data. With an MPu, a user cannot realistically work out
all the right answers because of the enormous number of
possibilities. Also, modifying the input stimulus in any
way will obviously modify all subsequent output data.

There is a means of eliminating these problems: an
interactive, monitored pattern-generation technique. It
includes a dictionary to translate from the test language
to a language the device under test understands. Now
the MpPU can be tested completely, filling in the gaps of
other test systems. At Tektronix, this procedure has been
trademarked as Wisest, which stands for Write, Inter-
pret, Store, Execute, Save, Test.

Wisest uses the S-3260, a complete test system
composed of a PDP 11/35, software, and a test fixture.
In effect, the computer builds a pattern of variables
drawn from the instruction set of the device under test.
Then it checks the pattern for conditions defined by the
user. It operates in two modes, with all software, stimuli
preparation, and syntax checking accomplished in the
secondary, background mode.

As Fig. 3 shows, a simple, interactive dictionary-writer
routine generates a tester-to-MpU dictionary (a data set)
for the device under test and stores it on a magnetic disc.
Another set of software, the editor, employs that
dictionary to enter into the test module nmemonics and
arguments in the language of the MpuU under test.

The peripherals labeled input media can control the
editor. The feedback loop between test module and
editor permits detection of syntax errors before gener-
ating the input stimulus. Users can easily enter and
modify instructions and can change input stimuli. The
monitoring capability lets testers find out (via the editor
command STATUS) the MPU’s response at any point.

Now the user can spot known-good devices instantly

: .

DICTIONARY MICROPROCESSING OTHER
WRITER UNIT THE
ROUTINE DICTIONARY
BINARY
SEARCH
<+— TELETYPE
EDITOR/ e MAGNETIC TAPE
SYNTAX CHECK NPUT
(BATCH OR RARERNARE MEDIA
REAL-TIME) -y
STATUS .
FEEDBACK “— DISK (Ef\ll:)(?.fI:lISé;\L TIME
§ BACKGROUND
! ¥ FOREGROUND
FINAL
TEST MODULE FUNCTIONAL

TEST

3. The Wisest flow. The Wisest test system eliminates the deficiencies of older microprocessor test methods. By using the MPU dictionary
and an editor, the system can enter nmemonics and arguments in the native language of the MPU under test.
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1 MVI A {000)g
2 MVI B {001)g
3 MVI (o (002)g
4 MV D {00415
5 MV E {010)g
6 MV H {020)g
7 MVI L {04015
8 LXI sP {125)g, (252)g
9 MoV M, A

10 MOV M, B

1 MOV M, C

12 MOV M, D

13 MOV M, E

14 MOV M, H

15 MOV M, L

4. Register test. This short Wisest program verifies the existence and
uniqueness of all 8080 registers. All together, the 15 instructions
include 4,500 1s and Os and 108 clock steps.

and store their responses for each instruction, and the
test module can generate long sequences of instructions
quite rapidly and in any syntactically correct order. The
process is similar to that of debugging while writing
computer programs. Moreover, changing from one
processor type to another only requires writing a new
instruction dictionary in the software language of the
new microprocessor.

The best approach

The combination of stored response and monitored
pattern-generation techniques helps implement the test
approach of structural verification and analysis. There
are three general principles to this approach:
® Verify the existence and uniqueness of every func-
tional element of the MPuU.

B Verify the various interactions that can occur between
the elements of the MPuU.

B Generate software to record the internal status of the
MPpU should failure occur —similar to running diagnostics
on a minicomputer, except that the goal is to find the
bad Mpu, rather than to fix the mini.

The short sample program in Fig. 4 tests all the
registers in the 8080. Instructions | through 8 load all
the internal registers with different numbers. Instruc-
tions 9 through 15 store the various registers in location
HL, and so each register’s content appears on the data
bus in the appropriate time slot.

In just 15 instructions (including 4,500 1s and Os and
108 clock steps), the test program verifies both the
existence and the uniqueness of each internal register
and the 8080’s ability to use the HL addressing mode.
Similar techniques will verify that the other functional
blocks in the MPU exist and function as predicted.

After verifying the MpPU’s architecture, the interactions
between various functional elements are checked.
Consider the sequence of 8080 instructions in Fig. 5.
During the first instruction, a checkerboard (alternating
1s and 0s) of 125, in octal notation is loaded into register
C of the cpu. Transferring this number to the accumu-
lator partially tests interactions between the registers.

During instruction 3, the accumulator rotates left into
carry, which clears carry and partially tests the arith-
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1 MVI C 1255 Put01010101inC

2 MOV A C Transfer Cto A- A<0 1 0101 01

3 RLC Rotate A left through carry C+0,
A«10101010

4 ADD C A1 1111111

5 PUSH PSW Store A & flags on stack

5. Interaction. Wisest software can generate this instruction
sequence for checking interaction between functional elements of
the 8080. A checkerboard pattern of 1s and Os checks interrelation-
ships between registers, accumulator, ALU, and data flags.

metic/logic unit. Adding the contents of C to the
accumulator in instruction 4 will set A to 377, only if C
was loaded with 1254 and only if instructions 2, 3, and 4
worked. The first four instructions are then verified by
storing the accumulator and flags on the stack of the
MPU (a reserved area of memory).

This sequence proves the architecture exists and is
unique. Only short instruction sequences are needed to
verify the interrelationships. In fact, experience shows
that about five tester instructions will verify the correct
operation of one instruction for the device under test.
The typical test patterns take about 5,000 steps (clock
cycles) for both the 8080 and the 6800.

Once software of this type is established for testing
microprocessors under nominal conditions, it is possible
to program the tester to repeat the procedure for incre-
mental changes in the operating environment —tempera-
ture, humidity, power supply voltage, and timing. Since
test time consumed and interconnection costs for envi-
ronmental testing are both high, it is necessary to
carefully consider how much of this additional testing is
required to assure proper operation in the anticipated
environment. Again, the implication of a system failure
must be weighed against testing cost.

At Tektronix, this method of testing has provided a
high degree of accuracy in separating good MPUs from
bad ones. It differs substantially from actual-use and
algorithmic-pattern test procedures in that it continues
from a simple verification of elements on to a test of the
interrelationships of elements. The function of the MPu is
examined, not just its form.

As well as the S-3260, the Fairchild Sentry test system
can accommodate the structural verification and anal-
ysis test procedure. Each has the interconnections to
handle 170 bus structures, a computer capable of inter-
preting strings of characters, and the ability to use high-
level language in programming.

However, the test approach, not the equipment, is the
starting point. In fact, it was after the development of
Wisest that it was discovered that the S-3260 was the
system on which to run the test procedure. O

Closing the loop

The author will answer questions on this article. He may be
reached from 9 to 5, Pacific Standard Time, at (503} 644-
0161. Written inquiries should be addressed to: Tektronix
Inc., P. O. Box 500, Beaverton, Ore. 97077.
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Engineer’s notebook

Test finds instantaneous
power capability of resistors

by Fred Chitayat
Canadian Marconi Co., Montreal, Quebec, Canada

A watch, a variable dc power supply, and either a
thermometer or a thermocouple with a readout can
supply a resistor specification seldom given: the instanta-
neous power dissipation. Knowing this rating can save
you valuable component space by avoiding selection of a
resistor with higher continuous-operation specification
than needed, or it can increase circuit reliability by
prompting the selection of a component with a greater
power rating to handle transients.

The key to the time-power product of any resistor is its
thermal-circuit model, as in Fig. 1. The thermal behavior
of the resistor is simulated by the thermal source P, the
resistor’s thermal resistance R4, and its thermal capacity
C,. From the thermal circuit, we can derive equations
analogoustoits electronic counterpart bydrawing thermal-
power-to-current and temperature-to-voltage parallels.

For a constant power dissipation P, the steady-state
temperature (T,) will be:

T, = TA+R,P (n

where T, is the ambient temperature, usually room
temperature, or about 24°C. But it may be higher within
a piece of equipment.

The resistor temperature will respond exponentially to
a step change in its power dissipation with a time
constant 7, where:

T = RoCo (2)

just as in the electronic analog of an RC charging
network.

An instantaneous power P dissipated for a duration
that is very short in relation to the thermal time constant

oT
+ T
A c TEMPERATURE
Pl 0 0 AT = RISE ABOVE
o warT | AMBIENT
THERMAL ( ) —’)
CURRENT Wy ( °c
SOURCE
(WATTS) . s =Y 4 T-Ta

1. Thermal model. Circuit of resistor's thermal characteristics
provides insight into its instantaneous power capabilities. Like its
electronic analog, the thermal circuit charges to a temperature T with
a time constant r = RC, where R and C are thermal parameters.
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7, will produce an instantaneous rise in the resistor
temperature given by:

AT = Pt/C, 3

Once C, is known, you can find how high the instanta-
neous temperature of the resistor would be for a given
pulse of energy dissipated.

For example, a test is to be made on a '/2-watt, 150-
ohm carbon-composition (type RC20) resistor. To
measure the temperature of the resistor as a function of
time when it is dissipating its rated power, 8.7 volts is
applied across the resistor. That voltage causes it to
dissipate the '4-watt continuous rating.

Starting from t = 0, when the 8.7 volts is first applied,
the temperature of the resistor is plotted every 5 or 10
seconds up to about two minutes, depending on the
accuracy desired. A thermocouple clamped to the
resistor measures this most accurately, but securing a
thermometer to the device should suffice. The graph and
table of Fig. 2 show the results for this example.

Applying equation (1), we can find Ry:

C T.=T, _ 5524
=P = 05

From equation (2), we can find the value of the thermal
capacity C, if we know the time constant 7. Just as in the
electronic analog of the thermal model, the time
constant can be found from the exponential equation of
the curve in Fig. 2.

The basic equation of the exponential curve is:

T = (Ts—Ta)(l—e"VRCY)+T, 4)
which can be checked by inserting the known limits of

R, = 62° C/Watt

24
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2. Rise in temperature. When '/ watt is dissipated in the resistor,
the temperature gradually rises from 24° C ambience to a steady-
state value of approximately 55° C. Plotting curve of temperature vs
time permits calculation of thermal characteristics.
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the curve into the equation. Since we know that in the
steady state (t> o) the exponential term in the paren-
theses tends to zero, equation (4) then simplifies to
T = T, At the other extreme, when t = 0, the expo-
nential term becomes unity, and equation (4) reduces to
T =Ta

When t = 7 (the period of one time constant), the
temperature has risen to 1 —1/e, or 0.63, of its steady-
state value. By substitution in equation (4), this value
comes to 43.6°. Reading off the curve, 7 is the value of t
at 43.6°, which is about 23 seconds.

The value of thermal capacity can now be found:

Cs = 7/R, or (23 5)/(62°C/W) = .37 W-s/°C

Before solving for the time-power product Pt, the abso-
lute maximum power dissipation allowed in the resistor
by the specified maximum voltage rating must be
calculated. In the case of the type RC20 '2-w resistor,

Calculator notes

the manufacturer rates the device at a maximum voltage
of 350 v. The absolute maximum power would then be P
= V¥R = 350%/150 = 817 w.

Limiting the instantaneous temperature in the resistor
to a safe value of 75° C (well below the 125°C point of
destruction), the rise above ambient, or AT is 75°—24°
= 51°C maximum. Solving equation (3) for the amount
of time that 817 watts can be dissipated in the resistor:

51° = P/C, = 817t/.37

gives t = 23 milliseconds and Pt = 18.9 w-s

Any other combination of P and t maintaining the
same product of 18.9 w-s will raise the temperature of
the resistor to 75°C. For example, 100 watts can be
dissipated in the resistor for 189 milliseconds, and 10
W can be dissipated for 1.89 s. Following the steps
outlined above, this procedure can be applied to any
resistor to determine instantaneous power capability. [J

SR-56 sequence timer
gives audible alarm

by Tom Martin
Rockwell International, Dallas, Texas

Programming your calculator as a timer is easy, but
devising a way to trigger an external alarm that avoids
surgery for interconnections takes a little ingenuity.
With a photocell detector circuit, you can have the timer
trigger the alarm with only the light of the display.

An SR-56, programmed as shown in the table, can
time up to eight different intervals sequentially, each as
long as 99 minutes and 99 seconds. The basic timing
scheme decrements a scaled number by one in a loop for
each interval and branches upon reaching zero, pausing

for display before going on to the next interval.

During the timing of each interval, the execution of a
fix-zero command holds the display dark except for the
right-most digit. At the end of each interval, an algo-
rithm dividing 8 by 9 causes the display of .8888888888.
This figure’s light triggers the photocell detector.

A cadmium-sulfide photocell taped to or mounted
above the calculator at the left of the display is illumi-
nated only by the leading digits of a 10-digit number.
The simple trigger circuit shown in the figure makes the
SR-56 sound a Sonalert alarm for the duration of the
pause function— just under a second.

The circuit is built around a 741 operational amplifier
but any general-purpose unit can be used. The op amp is
configured as a comparator, and a sensitivity control
adjusts for different photocell responses and ambient-
lighting conditions. The value of R,, given as 4.7
kilohms, may have to be changed, depending on the

$ CAOMIUM-SULFIOE
PHOTOCELL
RADI0 SHACK
TYPE 276116
MALLORY
N SONALERT
+_-.—
gV —
BATTERY |
Ry
. SENSITIVITY

) 1

Photocell trigger. Cadmium-suftide photocell, illuminated by digits on left side of calculator display, trips comparator, turning on Sonalert.
Operational amplifier can be any general-purpose type. Sensitivity control should be set so that only display digits trigger alarm.
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characteristics of the type of photocell used.

User instructions for the SR-56 program are given in
the table. The time for each interval is loaded in the
format mm.ss into memory registers ROl through ROS.
The termination of each interval is indicated by a display
of .8888888888 and a beep from the Sonalert.

The scale factor, entered in steps 58 to 61 of the
program, has nearly a linear relationship to the clock
speed, and you may have to increase or decrease the 82.5

scale factor in steps 58 —61 to make your own SR-56
timer accurate.

This particular timer was designed to count off the
intervals for photographic-darkroom processing; how-
ever, any timing format can be used, so long as the end
of the interval is signified by a 10-digit display. )

Engineer's nolebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, caiculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 tor each item published.

SR-56 8 INTERVAL SEQUENTIAL TIMER PROGRAM

LOCATIONS CODES KEYS COMMENTS
00 — 01 34| 01 L RCL 1
02 — 04 56 |- 04 | 01 *subr 41
[ s—06 3210zl | | | I s o | INSTRUCTIONS
05 — 06 =l ~Z4Ji72 0 RCL 2
07-09 | 56)|04]01 *subr 41 o
e B fof M 1 0 I ® |nitialize:
10- 1 34 | 03 RCL 3 CLR, CMs, RST
= 56(04)01 (sulrdi ® Enter time intervals:
15— 16 34|04 RCL 4 [{mm .ss] STO 1
[{mm . ss] STO2
17 - 19 56|04 |01 *subr 41 Branch for )
- r each timing ; )
20-2 31 0_5 L i RCLS interval [mm . ss] STO8
22 - 24 56 047 o1 *subr 41
S S ® Run program:
25— 26 34 | 06 RCL 6 R/S
27 — 29 56 | 04| 01 *subr 41
30 - 31 [ 34 071 RCL7
32-34 56 | 04 | 01 *subr 41
- Y - +-
35-36 34 | 08 RCL 8
37-39 |l 56| 04|01 W *subr 41 RECISTERS
40 41 [ R/S (,7 counter |
| | t;
a1-42 [ 33]09] | ST09 5 :
- | S P - 2
P get
__ﬁ_ ] Qi_ B L I I S minutes 3 t3
44-45 (33|00 sTo00 o) _
46-47 | 34|09 RCL Y 5 s
_— e o S A), _% R L 6 tg
48 |12 NV convert 7 I
. o9 | T T T seconds to uAN——
) i I S N == minutes and 8 |t
50-55 |l 64(01|00|54|0694| x10+6- | total 9 | temporary
56 — 57 35 Sumo
+— |
58—61 | 08| 02| 92| 05| 825 } scale factor
———— 4+ 4—
62 — 63 30 | 00 J ‘PROD O
6465 | 49|00 1 fix 0 ]
B [ -
L 66 g 58 ! A L pause ‘ > timing loop
67 27 *dsz NOTES:
_68 - 69 06 | 04 '—T_ I I 64 ) ® Replacing *pause at step 76
b t—+— —ft—— S with R/S will keep alarm on
70-73 || 08 544_ 9L 4 | 8+9 until R/S is again pressed.
| 2 L _l_ I | \ display ® If timer is too slow, decrease
75 49 [ fix .8888888888 82.5 (steps 58 — 61) accordingly.
ﬂ» 1= ‘7 +———F —
76 58 o |
— —,l t +——H- Ll — go to next
77 57} | rtn } interval
* Denotes second function
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Engineer’s newsletter _

When and why You need a dual in-line switch for a circuit where the switch positions
won'’t change often? Then it’s cheaper and better to make your own DIP
to build your own switch, says Louis Matte of Lowell, Mass. Just solder one or more short
DIP switch links of bus wire across a DIP component carrier, which then plugs
directly into a wire-wrapped board or a pip socket. To toggle it, pull up the
carrier, flip it around 180°, and re-insert it. A 14-pin carrier makes up to a
four-pole double-throw switch, a 16-pin carrier makes up to a Spdt switch,
and if you plug a 14-pin carrier into a 16-pin socket, the carrier has four
possible orientations and can be wired as a 3p3t or dp4t switch. Break-
before-make switching action is inherent, of course, and the carrier-switch
also dodges the danger of being toggled in the wrong sequence. Better yet,
current capacity is limited only by the pipP socket and board wiring, not by
the small contact area found inside commercial DIP switches.

An easy way Alas, most off-the-shelf integrated-injection-logic devices are microproces-
to find out 5°° and memories—so if you wanted to use 12L’s high density, fast speed,
and low power for some other function, you’ve been forced to take your
what I2L can do for you chances with an expensive custom-designed chip. But no more. Micro
Components Corp., a small semiconductor firm in Cranston, R.I., has an
alternative and more economical solution. It’s selling more than 30 12L
structures as bondable breadboarding elements, so that you can now
prototype an 1’L design and modify it cheaply and easily. The line
includes standard digital building blocks like shift registers, flip-flops, Or
and NOR gates, a divide-by-2 device, a ring oscillator, and a seven-stage
inverter chain.

Ispice program What with the ever-increasing demands placed on circuit performance and

. the escalating costs of design and prototyping, the power of circuit-analysis

adds to its talents computer programs is continually being extended with added capabilities.

for circuit analysis For example, take Ispice (Interactive Simulation Program with Inte-
grated-Circuit Emphasis), a program available through the international
time-sharing computer services of National css, Norwalk, Conn. Just
added to Ispice’s ac/dc, tramsient, and temperature analyses are a
sensitivity analysis and a worst-case analysis. The first automatically tags
those circuit values that change sign, and the second lets you select the
components to be varied.

All you need Whether you buy printed-circuit boards or design them, you’ll want to get
a copy of the newly updated “Printed Wiring Design Guide,” a 600-page
to know about volume that covers all aspects of designing rigid and flexible single-sided
printed circuits boards, as well as double-sided and multilayer boards. About 150 pages of
added material update the specifications for printed boards and provide

new information on design layout and documentation. In the works is

more new data—on double-sided boards and computer-aided design.

Copies of the guide are available from the Institute of Printed Circuits,

1717 Howard St., Evanston, Ill. 60202. Cost to members is $50, $100 to

nonmembers. Lucinda Mattera
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P displa

Because your system deserves
a bright, sharp image.

You put a lot into each OEM system: good circuit
design, quality components, careful testing. But end
users will judge it by the information they get from the
display. They expect bright, sharp images. That’s why
HP’s 1332A, 1333A, and 1335A CRT displays make
excellent choices for all types of systems —from spec-
trum, network, and chemical analyzers, to automatic
test systems.

Each display has a very small spot size that focuses
uniformly over the complete viewing area, regardless
of writing speeds or intensity level. This eliminates
the need to refocus at eachintensity setting and assures
crisp images, even around the outer edges of the
screen. Fine image detail with excellent contrast and
uniformity make them particularly well suited for appli-
cations involving complex graphics, especially those
with alphanumeric data.

The 1335A, a variable-persistence, storage, and
non-storage display, introduces a totally new CRT
design eptimized exclusively for information display.
It offers exceptionally good resolution over the entire
8 x 10 cm screen. And the 1335A is versatile too. Any
operating mode —erase, store, write, conventional, or
variable persistence —can be selected with manual
front-panel controls, remote program inputs, or a com-
bination of both. Manual controls can be inhibited en-
tirely during remote operations. The 1335A isawelcome

Electronics / February 17, 1977

addition to medical and instrumentation systems.

OEMs who need a larger viewing area and a
brighter image at faster scan rates like the 1332A.
They appreciate its 9.6 x 11.9 cm viewing area, its
superior performance, and the ease with which the
1332A, like the others, integrates into a variety of
racks and cabinets.

For photographic recording of displayed data, the
new 1333A offers new performance levels. Its ex-
tremely small spot size of 0.20 mm (0.008 in.) pro-
vides the exceptional quality necessary for easy and
accurate photo evaluation. And its 8 x 10 cm screen
allows reproduction on Polaroid film with very little
optic reduction. For convenience, all frequently used
controls on all of these displays have been placed on
the front panel for maximum accessibility.

Which display best fits your requirements? Let
your local HP field engineer help you decide. Or
write for specific details. We’ll help you pick a dis-
play that makes your system look as good as it
actually is. o9 A

HEWLETT ﬁ PACKARD

Sales and service from 172 pffices in 65 countries

Y]
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You Don't Have

To Beg, Borrow
Or Buy...

.

. & gedE=y

3 e%ts 03 3238

Rent'em From GE

Short or long-term instrument rentals give and one of them is near you. In addition to
you flexibility and economy. maintaining our Rental Inventory, they can

GE has over 9,000 instruments available for  also repair and calibrate your own equipment
immediate shipment: oTek Scopes o Biddle Don't borrow someone else’s GE Rental
Megger Insulation Testers oH-P Signal Catalog. Call collect (548) 372-9900 or your

Generators o Honeywell Oscillographs nearest Sales/Service Center
oComplete Data Systems o Esterline Angus

Recorders o GE Chart Recorders a Modems (((Q“iCK‘fQﬂla'@
oCommunication Terminals . . .all calibrated
to the manufacturer's specs II'IStI'IIInQI“S

We have over 100 Sales/Service Centers,

GENERAL @3 ELECTRIC

ALA. BIRMINGHAM (205) 925-3101 » ARIZ. PHOENIX (602) 278-8515 or 8516, TUSCON (602) 294-3139 @ CAL. LOS ANGELES (213} 674-7900, SAN FRANCISCO (415) 436-9260 » COL.
DENVER (303) 371-1260 « CONN. SOUTHINGTON (203) 261-4059 e FLA. JACKSONVILLE (904) 751-0610 ® GA. ATLANTA (404) 458-2231 e ILL. CHICAGO {219)933-4500 ® IND. INDIAN-
APOLIS (317; 639-1565  KY. LOUISVILLE (502) 452-3311 @ LA. NEW ORLEANS (504) 3676528  MD. BALTIMORE (301) 837-4500 « MASS. BOSTON (617) 3969600 Ext. 160, SPRING-
FIELD (413) 781-1111 « MICH. DETROIT (313&2856700 Ext. 212 or 209 « MINN. MINNEAPOLIS (612) 522-4396 « MO. KANSAS CITY (816) 2314377, ST. LOUIS (314) 965-7115e N.J.
CLIFTON (201) 4716556 @ N.Y. BUFFALO (716) 876-1200, SCHENECTADY (518) 385.2195 ¢ N.Y.C. CLIFTON, N.J. (201) 471-6556 ® N.C. CHARLOTTE (704) 525-0311  OH. CINCINNATI
(513)874-8512, CLEVELAND (216) 523-6382, TOLEDO (419) 6913501  OR. PORTLAND(503)221-5101 ® PA. PHILADELPHIA (609) 424-4450, PITTSBURGH (412) 462-7400 * TEX. DALLAS

(214) 357-7341, HOUSTON (713% 672-3569 @ VA. RICHMOND (804) 2326733 « WASH. SEATTLE (206) 854-0211 @ W.V. CHARLESTON (304) 346-9421 » WISC. MILWAUKEE (414) 744-
0110 « PUERTO RICO PONCE (809) 843-4225.
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New products

Chip programs most CRT functions

MOS LSI device housed in 40-pin dual in-line package can replace 40 to 60
integrated circuits in generating all of terminal’s timing signals

by Bruce LeBoss, New York bureau manager

While many leading semiconductor
manufacturers are developing cir-
cuits that will integrate a healthy
portion of a cathode-ray-tube termi-
nal’s electronics onto just one chip,
Standard Microsystems Corp. of
Hauppauge, N.Y., looks like it will
be the first to make such a chip
available off the shelf. The company
will be supplying samples of its user-
programmable CRT video timer-
controller chip later this month and
plans to market it in production
quantities early this summer.
Designated the 5027, the metal-
oxide-semiconductor device con-
tains—as shown below—the logic
functions required to generate all the
timing signals for the presentation

noninterlaced video data on CRT
monitors. But unlike some of the
firm’s other chips, which are revolu-
tionary in concept, the CRT chip “is
an evolutionary product,” says Stan-
dard Microsystems’ senior vice presi-
dent, Gerry Gollub. “It doesn’t
perform any functions that aren’t
being done now. It simply replaces a
section of what’s already in wide use,
but does it all on one chip.” So
Gollub sees the chip’s market “tak-
ing off almost immediately on a
continuously building volume
curve.”

He claims the 40-pin dual in-line
package can replace upwards of 60
but typically 40 integrated circuits.
It will be priced at $50 in single

and $10 to $12 at 5,000 units and
above. In itself, therefore, it may cut
component costs only slightly, says
sales vice president Art Sidorsky,
but “there also will be a significant
savings in incoming inspection, pro-
duction-test and assembly costs, and
inventory.”

Perhaps more important than the
cost savings, the 5027 and its
planned counterparts from other
vendors should save on printed-
circuit board space. “It will keep CRT
display electronics on one card,” says
Gollub. *“And, because it’s pro-
grammable, it will enable a manu-
facturer of of CRT terminals to build
a universal video card for the
different character displays that his

and formatting of interlaced and quantities, $25 in 1,000-piece lots, marketing department sells. Pre-
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March 31 to April 6,1977
at International Electronic Components Salon
in Paris

V/0 TECHSNABEXPORT presents:

Polycrystalline Silicon B Epitaxial Structures of gallium
arsenide, gallium phosphide,
cadmium sulphide and other
Germanium Single Crystals semiconductor compounds

Silicon and Germanium Slices

Silicon Single Crystals

High-Purity Elements

ARSI RS LD B Diffusants and Other Auxiliary

Semiconductor Compounds Materials
of A|||BV GrOUp

Optical Single Crystals
B Polycrystals and Single Crystals B Opti 9 y

of Semiconductor Compounds B Crucibles for growing single
of A By, Group crystals

Welcome to our Display, to view the exhibits and to have your questions
answered in every detail!

V/O TECHSNABEXPORT - 32/34 Smolenskaya-Sennaya - 121200 Moscow - USSR
Tel. 244-32-85 - Telex 7628

Sole Agents in France:

@ Techsnabexport COPCI - 44 Rue La Boétia - 75008 Paris

Tel. 563 1122 - Telex 280837
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New proda:t?

viously, a manufacturer would have
to design a different set of logic for
each type of display.”

Programming is done by loading
seven 8-bit control registers directly
off an 8-bit bidirectional data bus.
Four register-address lines and a
chip-select line provide complete
microprocessor compatibility for
program-control setup. The chip
may also be “bootstrap loaded” by
an external programmable read-only
memory tied on the data bus, or
formatting may be programmed by
an optional read-only-memory mask.
With the exception of the dot
counter, all frame formatting is
totally user-programmable. This in-
cludes items such as horizontal,
vertical and composite synchroniza-
tion, characters per data row, data
rows per frame, and raster scans per
data row or frame.

Use of the company’s Coplamos
n-channel technology ‘“provided a
high density for making a product
that’s economically feasible,” Gollub
says. It also produced a high-speed
chip capable of generating as many
as 132 characters per line and as
many as 64 data rows per frame.
Most CRT terminals on the market,
Gollub notes, display about 25 rows
of 80 characters per line. “But 132
characters is what some of the
printers are putting out,” he adds,
“and we wanted to be there for the
printer-compatible CRT-terminal de-
signs coming on the market.”

Overall, the market for this type
of product is very big, he says, citing
estimates that the U.S. market for
CRT terminals will grow from
150,000 units this year to 250,000 to
300,000 in 1980. The chips coming
on the market, he continues, “should
be able to capture upwards of 90% of
the circuit functions now in CRT
terminals,” These CRT chips include
those announced by Intel, Fairchild
Semiconductor, Texas Instruments,
and Motorola. “l won’t be sur-
prised,” says Gollub, “if in one to
one-and-a-half years from now there
will be very few CRT terminals that
don’t have some LsI video controls.”
Standard Microsystems Corp., 35 Marcus
Bivd., Hauppauge, N.Y. 11787. Phone (516)
273-3100 [338]
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Current Sensing--
The New Way by F.W. Bell, Inc.
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the shunt, used for years to measure the Bell current sensors, used for years in
electric current special applications, now replacing the shunt
SHUNT BELL CURRENT SENSOR
none, must be provided extemally e ves. intrinsically isolated
in the kV range
ves, the shunt resistance is in series circuit none on de, virtually none on ac
in the measured circuit adversely ' (under 1uH)
) oo o influences
altering some circuit characteristics A ] i B
ves, dc to kHz ac, dc operation yes. dc to kHz 7 7
good, affected by shunt heating at excellent, some may be affected by external

I wide measurement range

tens of dollars

From traction motors to micro-
processors, Bell non-contact current
sensors are replacing shunts. They
are phasing out current transformers
and ferromagnetic saturation devices
too. In the OEM, Research & Devel-
opment, and Systems Project areas
the new sensors are proving their
advantages. Applications include
mass transportation, process con-
trol, motor control, overload sensors
and more.
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high currents, conductive dirt accuracy magnetic fields (Bell models are extremely
deposits, and corrosion insensitive 1o this)
low millivolt range. non-isolated output ] high millivalt range, isolated
the measured circuit must be broken | . . the measured circuit must be passed through
. installation
and two terminals added | the aperture
— S — -} —*. — — - -— -

current range |

cost

iens (_)f dollars

The only coupling between the
Bell sensor and the curfent carrying
conductor is magnetic. This offers
the advantages of camplete isola-
tion, zero dc and negligible ac inser-
tion loss. The common measurement
problems associated with shunts
(lack of isolation, high power dissi-
pationand excessive heating effects)
are totally eliminated. Also the
dangerous shock hazard of snunts
is eliminated by the safe non-contact
operation.

Circle 121 on reader service card

wide measurement range

Contact F W. Bell, Inc. to receive
a complete information package
There are a number of Bell current
sensor models to meet your needs
If you are interested in clamp-on
current measuring probes. Bell is
the leading supplier.

7 %

Columbus, Ohia 43229
phone 614,/888-7501
A subsidiary of the Amold Engineering Company
121

ELL

INC

FW. BELL.. INC.
4949 Freeway Dr. E.



THE LOGICAL CHOICE—First in a series

Logic Probe 1 is a compact, enor-
mously versatile design, test and trouble-
shooting tool for all types of digital
applications. By simply connecting the
clip leads to the circuit's power supply,
setting a switch to the proper logic family
and touching the probe tip to the node
under test, you get an instant picture of
circuit conditions.

LP-1's unique circuitry—which
combines the functions of level detector,
pulse detector, pulse stretcher and
memory—makes one-shot, low-rep-rate,
narrow pulses—nearly impossible to see,
even with a fast scope—easily detectable
and visible. HI LED indicates logic ‘1",
LO LED, logic “0", and all pulse transi-
tions—positive and negative as narrow
as 50 nanoseconds—are stretched to Vs
second and displayed onthe PULSE LED.

By setting the PULSE/MEMORY switch
to MEMORY, single-shot events as well
as low- rep-rate events can be stored
indefinitely.

While high-frequency (5-10MHz)
signals cause the “‘pulse’ LED to blink at
a 3Hz rate, there is an additional indica-
tion with unsymmetrical pulses: with duty
cycles of less than 30%, the LO LED will
light, while duty cycles over 70% will
light the Hi LED.

In all modes, high input impedance
(100K) virtually efiminates loading prob-
lems, and impedance is constant for all
states. LP-1 also features over-voltage
and reverse-polarity protection. Housed
in a rugged, high-impact plastic case
with strain-relieved power cables, it's
built to provide reliable day-in, day-out
service for years to come.

H LED ON LO LED ON

]

Loaic 1 / \
Loaic o~ l /. ‘ _
7/
L0 LEO oW
Te1/3 BEC. ol

HI LEO ON

LOGIC “+

LOGIKC “0*

M) LED ON

LOGIC 1
PULSE LEO PULBE LED
OFF OFF

LOGIC "0

LO LEO ON

OQURING PULSE TRANSITIONS PULSE LED BULINKS.
AT 30; RATE

Hi LED ON, LO LED DOES NOT RESPOND TO NARROW PULSES
LOGIC "1+

S | i

MG PULSE TRANSITIONS PULSE LED BLBWKS
AT 30 MATE

wee__ 1[I 1]

LO LED ON.: HI LED DOES NOT RESPOND TO NARROW PULSES

LoaKC 1+

CSC’S MULTI-FAMILY LOGIC PROBE 1.
AT $44.95, 1T DIGS UP A LOT OF INFORMATION WITHOUT

BURYING YOUR BUDGET.

HI/LO LED’'s—Display tevel
(Hl-logic 1", LO-togic ''0")

of signal activity at node
under test

Non-corrosive nickel-
plated probe tip and clip
leads—For reliable contacts
and maximum life

a

Protected—Features built-in
reverse polarity and over-
voltage protection; strain-
relieved power cable

CONTINENTAL SPECIALTIES CORPORATION

EASY DOESIT

44 Kendall St. Box 1942 New Haven, CT 06509
TWX: 710-465-1227

West Coast office: Box 7809, San Francisco. CA 94119

TWX: 910-372-7992
122

Rugged high impact plastic
case-—Built to take it . . . in
the lab or in the field

PULSE LED—Lets you know
what’s going on—and off.
Indicates positive and nega-
tive pulse and level transi-
tions. LP-1 stretches pulses
as narrow as 50 nano-
seconds to full ¥ sec

{3Hz pulse rate)

active

property

$44.95 Price tag—Costs so
little it can be your personal

PULSE/MEMORY Switch—
PULSE position detects

and stretches pulses as nar-
row as 50 nanoseconds to
Ys sec. Switch to MEMORY
and it stores single shot and
low-rep-rate events indefi-
nitely; HI/LO LED’s remain

Logic Family Switch—
TTL/DTL or CMOS matches
Logic “1"" and 0" levels,
for greater versatility. High
Input Impedance—100K
virtually eliminates circuit
loading problems and is
constant in both ‘0" and
1" states. CMOS position
also compatible with HTL,
HiNIL and MOS logic

€ 1976 Continenial Speciaities Corp

See your CSC dealer or call 203-624-3103 (East Coast) or 415-421-8872 (West Coast)
9 AM to 5 PM local time. Major credit cards accepted. Add $2.50 for shipping and

handling in the U.S. and Canada on direct orders of $50.00 or less; $3.00 for orders

over $50.00. On all foreign orders add 15% to cover shipping and handling.
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New products

Testing entire microcomputer board

Low-cost system from Fluke Trendar checks out microprocessor and

peripheral logic together, exercising them at their normal speed

by Bernard Cole, San Francisco bureau manager

Using a “merged sequencing” tech-
nique, Fluke Trendar Corp. has
developed what it says is the indus-
try’s first low-cost digital board
tester specifically designed for mi-
crocomputer boards. Designated the
3040A, the system tests the micro-
processor and the rest of the board
together—as a unit—at normal
operating speed.

Don Allen, vice president of mar-
keting, explains that most low-cost
test systems use either a stored
sequence (truth table) or a pseudo-
random automatic sequence to exer-
cise the processor and board separa-
tely. These tests are usually con-
ducted at a fraction of the system’s
normal operating speed—a few
thousand or hundred thousand input
words per second for user-defined
truth tables or 1 or 2 kilohertz for
auto-sequencing.

For future, too. With the model
3040A, either approach can be used
on the board at speeds at least 1,000
times faster. User-defined test se-
quences can be processed at rates up
to 1.5 million input words per
second, “more than a match for the
instruction-execution times of to-
day’s microcomputer boards,” says
Allen, “with enough left over for
testing microprocessors not yet an-
nounced.”

At the same time, the 3040A
Logictester can also run automatic
sequences at rates up to 5 mega-
hertz. In addition, it enables the
programmer to intermix both pro-
gramming techniques, thereby sig-
nificantly reducing programming
time and gaining a higher test confi-
dence, he says. A powerful set of
auto-sequences minimizes program-
ming of the large numbers of
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conventional boards that do not need
manually defined bit patterns.

The only kind of test system that
even approaches this performance,
claims Allen, is the minicomputer-
controlled multiprocessor used by
high-volume manufacturers. Prices
start at about $250,000 for these
systems, which use semicustomized
test heads and procedures. “We offer
a standard system capable of testing
any kind of advanced digital logic
board for about a tenth the cost,”
says Allen. Depending on options,
the Logictester ranges in price from
$60,000 to $95,000.

16-bit Pace. The 3040A provides
substantially the same performance
as the high-end testers by using a 16-
bit p-channel metal-oxide-semicon-
ductor Pace microprocessor from
National Semiconductor Corp. for

control. The system includes a
keyboard and display, floppy disk,
input/output and detect circuitry,
512,000 bits of random-access mem-
ory, and three special-purpose high-
speed processors built with Schottky
transistor-transistor logic for pin
control and sequencing.

In addition to the unusual capa-
bility of combining fast stored and
automatic sequences, the 3040A pro-
vides interface and control capabili-
ties for dynamic large-scale-inte-
grated-circuit logic. For example,
board-mounted clock oscillators no
longer need be used for testing, says
Allen, since the Logictester allows
the unit under test to clock the tester
and control the instant of test where
appropriate. “Often, it’s necessary to
keep the clock from running below a
certain rate so that a RAM, for exam-
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FREQUIENCY
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Perfect for use in

1 High-Speed Data
Transmission
I Video Distribution

Automatic Test Equipment
HF Receiving Systems
Intercommunications

This is a broad line. All computer-contsollable. Each a
superior performer.

Combining high-frequency transmission line tech-
niques with state-of-the-art switching elements (reed
relays, FET’s or PIN diodes, depending upon fre-
quency and distortion requirements).

Manufactured with the same care we’re famous for in
our high-reliability spaceborne equipment. Plus mod-
ular packaging, which facilitates expansion while en-
hancing maintainability.

And each system comes complete, with power supply,
digital interface converter, and I/O equipment.

Get the whole story. Ask for our new catalog. It's
yours upon request.

With switching systems, as with everything else at
Frequency Electronics, there’s No Compromise with

Quality!

Frequency Electronics, Inc
3 Delaware Dr., New Hyde Park, N.Y. 11040~ (516) 328-0100
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ple, will not lose its data,” he says.

“With the standard approach, in
order to get the data, it is necessary
to do exactly the thing that causes
loss of data—slow the clock rate.”
This is overcome in the 3040A /0
and fail-detect circuitry with a
specially designed 256-bit-wide and
1-bit-deep logic analyzer that freezes
the data from 170 counters affecting
the clock rate.

Programming. Although the Log-
ictester runs the same test sequences
that were formerly available only on
conventional minicomputer-con-
trolled testers, the usual software
problems associated with computers
have been eliminated, Allen adds.

“Through a calculator-like pro-
gram panel, all sequence programs
are entered directly into tester mem-
ory. The tester uses a firmware
editor-assembler that is fully trans-
parent to the test engineer,” he says.
For example, an unconditional jump
is programmed simply by depressing
a key labeled “Go to Step X and
entering a step number for X.
Similar procedures are used to
provide functions like conditional
branches, loops, and subroutines.
Programs are stored on the floppy
disk, and the disk operating system
is provided in firmware so the oper-
ator merely uses the “Enter” and
“Record” keys for disk operation.

The 3040A includes diagnostic
application of cyclic redundancy
checks to testing of digital boards.
Long used for error checking in
data-transmission applications, CRC
signatures can now be used for
go/no-go tests and for mode diag-
nostics. In addition, the Logictester
can use a known good reference
board for faster troubleshooting.

It also eliminates the need for a
data base of expected responses.
Processor-guided fault isolation is
provided by the 3040A’s Autotrack
option, supplemented by such semi-
automatic diagnostic aids as board-
to-board measurements, IC compari-
son, logic probes, and full display of
Iv0 and iC logic states. The 3040A
tester is offered in both 128- and
240-pin versions.

Fluke Trendar Corp., 630 Clyde Ave., Moun-
tain View, Calif. 94043 [339]
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The $995 Solution to
a $100,000 Problem—

Superpac!

ENTER SET POINTS
233.45
765.98
897.43

Imagme your systems prOdUCt withan Please send me more information about [JSuperpac

intelligent front-end that combines TTY key- [J PCS single-board microcomputers [ PCS pack-
board layout and CRT with the best industrial : aged systems [IPCS customersupport capabilities.
microcomputer money can buy. Now dump @ [Please haveasalesman call.
those scary development cost estimates in § | Nime
the round file. Because it’s here today. Ata _
price that’s hard to believe! And behind it is s
the most complete line of standard industrial -
microcomputer hardware and software avail-  : street
able anywhere. Microcomputer and memory ' City -
boards. Digital [/O. Analog intertaces. In-
Telephone Zip

B cRapessCompietelRenl-Time. e e e .
Operating System and FORTRAN compiler. *In quantities of 50
That’s what PCS is all about. And that’s p

PROCESS COMPUTER SYSTEMS, INC.
750 North Maple Road

Saline, Michigan 48176

313-429-4971 TW X: 810-223-8153

why we’ve sold more industrial microcom-
puters than anyone else in the business.

Gircles125 on reacer service card



New products

Instruments
Phase meter
priced at $795

3'/>-digit bench-top model
offers accuracy within 0.5°

and resolution of 0.1°

For the occasional user of a phase
meter, who might not be able to
justify spending nearly $1,500 for a
bench-top instrument, Krohn-Hite
Corp. has developed a model that
cuts the price nearly in half. At
$795, its 6200 measures phase
angles with an accuracy within 0.5°
and a resolution of 0.1°. The Avon,
Mass., company claims the 6200 is
the only 3'4-digit phase meter on the
market in that price range.

“The 6200 is a bench-top instru-
ment, not a piece of gear to be used
in automatic test systems,” says
sales manager Ernie Lutfy. A com-
pletely automatic instrument, the
6200 provides phase-angle measure-
ments between sine or square wave-
forms over the range of 10 hertz to |
megahertz and may be used for
reference measurements up to a

frequency of S MHz. Input voltage
range is from 0.1 volt to 120 v rms.
Temperature co-efficient is better
than 0.05° per °C. Drift of the instru-
ment is virtually zero for short term
and better than 0.2° over a 30-day
period.

Phase-measuring techniques are
suited to solving problems such as
low-impedance measurement, testing
and calibrating filter networks, ac
power measurements, and adjust-
ment of crystal resonant frequencies,
Lutfy points out.

Krohn-Hite was able to cut costs
by designing a simplified circuit,
says Benjamin Tobey, design engi-
neer. He explains that all the infor-
mation required for a measurement
is in the zero-crossing point of
incoming signals, so Krohn-Hite uses
a wide-band clipping stage to knock
off signal peaks. The clipped signal
goes through an amplifier that
minimizes the effect of offset
voltages, then is fed to a differential
switch along with a clipped and
amplified reference input. Next the
output pulse from the switch is
filtered to give a continuous dc
voltage that is proportional to the
phase angle between the inputs. A
digital panel meter measures the
voltage and displays the value on a
3'4-digit planar gas-discharge dis-
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play over a continuous range of
—180° to +180°.

Tobey adds that Krohn-Hite also
economized by making its own
digital panel meters.

The model 6200 measures 32 by
8% by 11 inches. Delivery time is
eight weeks.

Krohn-Hite Corp., Avon Industrial Park,
Bodwell St., Avon, Mass. 02322. Phone
(617) 580-1660 {351)

7-digit transfer standard
drifts less than 1 ppm/day

The model SM215 dc voltage-
transfer standard and digital volt-
meter spans from 0 to 1,100 volts
with a 24-hour drift of no more than
1 part per million of reading. The
seven-digit instrument has a maxi-
mum overall error of 0.001% of
reading plus 0.0001% of full scale. It
holds this accuracy for three months
between calibrations.

The four ranges can be selected
either manually or automatically.
On the two lower ranges, 0 to 1.1
and 11 v dc, the input impedance is
at least 100,000 megohms, and on
the two upper ranges, 0 to 110 and
1,100 v dc, it is 10 megohms.
Common-mode rejection is 120 ds
from dc to 60 Hz with up to 11
kilohms of imbalance, while a
switchable input filter provides se-
ries-mode rejection ratios of 60 ds
with filter out and 90 dB with filter
in. The SM215 sells for $6,700 and
has a delivery time of 30 days.

EM! Technology Inc., P.O. Box 1264,
Danbury, Conn. 06810. Phone Peter Sim-
mons at (203) 744-3500 {353])

Synthesized signal generator
spans 100 Hz to 1 GHz

Spanning the range of 100 hertz to |
gigahertz with a constant resolution
of 100 Hz, the model 1702 signal
generator is a synthesizer-type in-
strument with a variable output level
from 1 volt to 0.1 microvolt. The
frequency is set by a bank of seven
lever switches, and the output level is
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There you are at 30,000 feet.

And whom do
you turn t0?

in the armres: o your passenger seat

was most likely made by us. We've

suppl ed atleast 85% or all of the entar.ainment
<onsclas usediin today’s-wid2-bodied commercial jet
airtraft. Sovyou've had EECQ axperience all this rime
without knowirg it.

We're telling younow becalise we thcughtit's time you knew
that we co m0-e thanmake thumbwheel switches, tape
readers, angl packaging hardware.

E=CO s pat of your life.

!
|
Theentertainmen:.console j
[

1441 East Ch=astnut Averue, $anta Ana, Cal fornia 92701
Phore 712£835-6000
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AMP gives you some great lows
in high density connectors.

Low mating force.
Low cost.

AMP Miniature Rectanzular conneciors offer stable contact resistance,
even with low mating force.

The housings feature molded polarizing keys to eliminate cross mating. And
once mated. there’'s no chance of accidental separation because of an
integral latching mechanism. Either half of the housing can be mounted
in the same cut-out without additional hardware. And the socket
contact is recessed to minimize shock hazard.

Additionally. these 165" centerline MR Connectors pro-
vide increased versatility with accessory hardware which
is usually only found in more expensive types. Pin
headers, strair reliefs. grounding pins, solder tail
socket contacts and test connectors. for example.

AMP MR Connectors are recognized under the
Components Program of Underwriters’ Labora-
tories. Inc. and certified by Canadian Standards
Association.

When you design with AMP MR Connectors.
you open a whole world of AMP service: support
on the production line. in quality control, in
sampling for prototypes and by working with you
to help in future designs. And there are AMP
plants around the world to serve you. Write or
call. Customer Service, AMP Incorporated,
Harrisburg. PA 17105. (7171 564-0100.

INCORPORATED

ANMP & a trademark, ol
AMP Incorpotate |

‘ > : &‘ ‘ ‘
. e “ | : w
, . . ord RadioHistory| .
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AMP EUROPE

Austria — AMP Austria. Branch of AMP
Deutschiond GmbH. Markgrof-Ruediger Str.
6-8, 1150 Vienna. Phone: 924191/92
Belgium — AMP Belgium. Branch of AMP-
Holland B.Y., Rue de Brabant 62-64, Brussels.
Phone: 322.17.55.17

Finlond — AMP Finland OY

Postilakero 3, 00401 Helsinki 40

Phone: 90/584122

France—AMEP de France. 29 Chaussée Jules-César.
Boite Postale Na. 39. 95301 Pontaise

France. Phone: 030 B2 20, 03Q 92 30

Germany — AMP Deutschland GmbH.
Ampérestrasse 7-11, 607 Langen, B. FFM.,

West Germany. Phone: (06103} 7091

Great Britain — AMP of Great Britain Limited,
Terminal House, Staninare, Miadlesex,

England. Phona: 01-954.2355

Holland — AMP Halland B.V., Papierstraat 2-4
‘s-Hertogenbosch, Halland. Phone: (04100) 25221
Italy — AMP Halia S.p.A., Via Fratelli Cervi 15,
10093 Callegno (Torino), Italy. Phane: 785-656
Spain — AMP Espafiola, S.A., Apartado 5294.
Pedro IV, 491, 495, Rarcelano 5, Spain.

Phone: 307-75-50

Sweden — AMP Scandinavio AB, Dot

17500 Jakabskerg, Sweden, Mailing Addrem
Fack S-175 20 JARFALLA 1, Sweden.

Phane: 0758/10400

Switzerland — AMP AG Haldenstrasse 11,
4006 Luzern, Switzerland,

Phane: (414) 735421, 235422, 235423

AMP NORTH AMERICA

Canada — AMP OF CANACA LTD., 20 Esna
Park Drive, Markham, Ontario, Ph: 4146-499-1251
Mexico — AMP de Mexico, S.A., Apartado
Postal 179, Naucolpan de Juarez, Edo, de
Mexico, Phore: Mexico City 576-41-55

Puerto Rico — AMP OF CANADA LTD.,

677 Calé de Diego, Rio Piedras, Puerto Rico
00924, Phone: (809) 766-2346

United States — AMP Incorparated,

Harrisburg, Pa. 17105, Phone: 717-564.0100

AMP SOUTH AMERICA

Argentina — AMP S.A. Argentina 4 de Febrero
76 Vitla Zagla — SAN MARTIN, Buenos Aires,
Argentina, Phone: 752-4612

Braxzil — AMP do Brasil Ltda.,

AV Comendador Marfinelli 185,

Lapa, Sao Paelo, Phone: 262-4353

AMP PACIFIC

Australia — Australian AMP Pty. Limited,

155 Briens Road, Northmeas, N.S.W. 2152
Australia, Mailing Address: P.O. Bax 194,
Baulkham Hills, N.S.W. 2133 Aus. Ph: 630 7377

Japan — AMP (Jopan), Ltd., No. 15.14, 7-Chome,

Roppongi Minato-Ku, ‘l’okyo, Japan, Ph: 404-7171

Praducts ond services far many specialized
industries are provided by the AMPLIVERSAL
Division. In the United States, this division is
known as AMP Special Industries.

For AMP praducts and services in other
countries, write: AMP International Division,
Harrisburg, PA 17105, USA.

New products

determined by two calibrated atten-
uators—a 100-dB step attenuator
and a 20-dB continuously variable
attenuator.

Three modulation modes are pro-
vided: amplitude, frequency, and
continuous-wave. For the a-m and
fm modes, the modulating signal can
be an internally generated 1-kilo-
hertz waveform, an externally sup-
plied waveform, or a mixture of the
two. A three-digit light-emitting-
diode readout displays either the
percentage of amplitude modulation
or the peak fm deviation. Priced at
$4,150, the model 1702 has a
delivery time of 30 days.

Systron-Donner Corp., Instrument Division,
10 Systron Dr., Concord, Calif. 94518.
Phone Howard Mette at (415) 676-5000
[354]

Real-time spectrum analyzer
goes down to 2 Hz full scale

Intended for the analysis of extreme-
ly low-frequency signals, the model
FFT 512/S-18 real-time spectrum
analyzer has 12 ranges from dc to 2
hertz up to dc to 10 kilohertz. Cor-
responding resolutions, for 400 lines,
range from 0.005 Hz to 25 Hz, and
corresponding time windows from
200 seconds to 40 milliseconds.

In addition to its 400-line and

200-line single-display modes, a 200-
line dual-display mode can directly
compare spectra. The difference
between two 200-line spectra may
also be displayed. This fourth mode
is especially useful in separating
background noise from a signal-plus-
noise spectrum.

A fast-Fourier-transform instru-
ment, the FFT 512/S-18 can make
standard one-third-octave and full-
octave measurements, as well as do
narrow-band analyses. With a 70-dB
dynamic range, the FFT 512/S-18
can handle input levels from 0.33
microvolt to 32 v rms. It is priced at
$9,875.

Rockland Systems Corp., 230 W. Nyack
Rd., West Nyack, N.Y. 10994. Phone Joe
Flink at (914) 623-6666 [355]

Low-cost function generator
can be externally swept

Priced at only $124.95 (or $79.95 in
kit form), the model 12 function
generator can be controlled in
frequency by an external voltage
from dc up to 1 megahertz. Because
the external control goes down to dc,
the inexpensive instrument can pro-
duce tone bursts as well as fm and
frequency-shift-keying signals.

Three outputs are available simul-
taneously: a TTL-compatible square
wave, a triangular wave with a peak-
to-peak voltage of 4 v, and a switch-
selectable output that can deliver
sine, square, and triangular waves
with variable amplitude and offset.

AE Corp., 65 Wellesley Ave., Needham,
Mass. 02194. Phone Harvey Harrison at
(617) 449-3142 [357]

Graphics system speeds
instrument calibration

A system built around a cathode-
ray-tube display works with the
Locost automated precision test
system to speed instrument calibra-
tion and reduce operator error. The
system uses alphanumerics and line
art—including three-dimensional
representations and flashing ele-
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To mold it for Westinghouse
portable indicating instruments
indicated Plenco 500 Phenolic.

For 5 good reasons.

Sturdy, attractive cases like
this one are molded for the
Westinghouse Relay-Instru-
ment Division, Newark, NJ, by
Squires Plastics, Inc., Verona,
PA. Squires points out the
reasons:

“Your Plenco 500 Black im-
pact Phenolic compound was
selected,” says the molder,
“because of its 1) improved
impact strength, 2) low gravity,
3) low moisture absorption,
4) excellent dimensional sta-
bility, and 5) superior surface
appearance.”

The cases house Westing-
house Ac and Dc indicating in-
struments developed for use

where a long scale arc is de-
sirable for quick, accurate
reading.

The indications are clear.
Consult Plenco on your next
molding problem and rest
your case.

o

PLASTICS ENGINEERING COMPANY
Sheboygan, W1 53081
Through Plenco research . . . a wide range of
ready-made or custom-formulated phenolic,
melamine-phenolic and alkyd thermoset
molding compounds. and industrial resins.
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ments —to show the operator exactly
the sequence to follow in a calibra-
tion procedure. The graphics system
uses words and pictures to reduce
errors, eliminate the time-wasting
consultation of maintenance manu-
als, and to allow the use of low-
skilled personnel for all tasks, from
connecting test leads to the proper
terminals and setting controls to
making internal adjustments.

An extensive collection of master
programs enables the operator to
produce the layout for an instrument
panel in 15 to 30 minutes.

The graphics package, complete
with master programs, is priced at
$10,000. The Locost system, which
consists of a computer, an array of
programmable test equipment, and a
comprehensive software package,
varies in price according to the test
equipment needed to meet the user’s
needs.

Julie Research Laboratories Inc., 211 West
61 St., New York, N.Y. 10023 [356]

TOPICS
Instruments

Electro-Metrics, Amsterdam,
N.Y., has introduced a digital
interface unit, the DIU-25, for
connecting its EMC-25 interfer-
ence analyzer to the Hewlett-
Packard 9825 programmable cal-
culator and to other calculators in
the HP 9800 series E-H
Research Laboratories Inc.,
Oakland, Calif., has developed a
50-MHz word-generator plug-in
for its 1320 Digiscope logic ana-
lyzer. The 1301 generator, which
sells for $1,120, has two indepen-
dent output channels. ...Non-
Linear Systems Inc., Del Mar,
Calit., has developed a prescaler
for its FM-7 60-MHz frequency
counter. With the new SC-5, the
counter's range is extended to
512 MHz. .. .Optronic Labora-
tories Inc., Silver Spring, Md.,
has announced its 750 automatic
data-reduction system. An acces-
sory for the 740A spectroradiom-
eter, the 750 is designed to
compute and print out the spec-
tral irradiance of sources with
wavelengths from 300 to 1,065
nanometers.
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New from Centralab...

A new miniature modular

building block system

that offers microprocessor

control designers more
of what they need.

To meet the special digital and analog
needs of today's uP-based controls,
Centralab offers desigr engineers a
whole new system of modular push-
button switch building biocks. We call
it IMPS — Integrated Modular Panel
System. IMPS saves PC board and
panel area and simplifies front panel
design, cuts assembly costs, reduces
back-panel space requirements, and
meets the digital-analog needs of
uP-based controls. Check these space
saving, cost-cutting features.

Simplify front panel interface.
All IMPS switches regard-
less of function, are uni-
form in size, simplifying
design and selection of
front panel hardware. They
have high volumetric effi-
ciency, occupying .505" x
.388" PC board area and
require only .608" of space
between PC board and
front panel.

Cut
assembly
costs.

IMPS switches may be maunted on
the front panel, and are designed for
automatic wave soldering installation
and PC board cleaning. Insert molded
terminals prevent flux and solder
wicking and contact contamination.
Integral PC board stand-offs provide
for efficient board cleaning.

L]

Meet analog and digital needs.
IMPS switches are available with mo-
mentary, push-push and interlacking
actions, with along-life contact system
that switches both digital and analog
signals. To accommodate critical sig-
nal requirements, housings are high-
insulation molded plastic with UL
94 V-0 rating.

Available options.

Onptional installations include ganged
assemblies, front-panel mounting and
wire-wrapping.

- N

-

-

Al IMPS pushbutton switches are
built to Centralab’s highest guality
standards (see specifications at right).
They're priced as low as 41 cents in
1,000 quantity. For full technical de-
tzils, samples and quotation, cal (515)
955-3770, or write to the address
below.

&

CENTRALAB
Electrerics Dvision
GLOBE UNION INC

PD BOX 858
FORT DDOGE. 1IDWA 50501

Bui't To
Centralab
Quality Specs. *

IMPS Pushbutton Switches
combine compact size. low
cost and highest quality
througnout.

e Sitver or gold inlay wiping
contacts for fong-life and low-
contact resistance.

s Lessthan 2 milliseconds can-
tact bcunce.

e SPST, SPDT, DPST, and
DPDT switch contacts.

¢ Printed circuit, DIL socket or
wire-wrap terminations avail-
able

e 2.51t0 3.5 oz. actuation force
(momentary).

e Chotice of button interface —
square or blade shaft (shown)
— permits use of a variety of
Centrzlab and industry stan-
dard buttons and keycaps.

e 10.15,20 or 25mm center-:i0-
center spacing
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hoosing Systems
OF {omponents:

NOW YOUr Weapons.

1

Developed by Zilog. Manufactured by Zilog. Supported by Zilog. Here are the most
powerful weapons on the microcomputer battlefield. Together or separately they
herald victory over stuggish speeds and villanish inefficiencies.

Manutactured by Zilog.
Whether you need one or a mittion and

o

one, Zitog's new facility can deliver. All of e

our production equipment is state-of-the- GENTLEMEN, < b %::‘t:‘.'.

art (4" wafers)—the most modern micro- T",l““‘l!"lf‘,l“ (,"' / —

computer manufacturing in the world. You L “hi?(l)l“ll{\\? Is ! “iﬁjﬁ' 55
order. We'll deliver. plastic or ceramic. Y. 2 i

Your choice!

Masterminded by the Z80-CPU.

A single chip, N-channel processor arms
you with a super-set of 158 instructions that
include alt 78 of the 8080A's and the 8085
instructions with total software compati-
bitity. The new instructions inciude 1,4, 8
and 16-bit operations, such as, memory-to-
memory or memory-to-1/0O block transfers
and searches, 16-bit arithmetic, 9 types of
rotates and shifts, bit maniputation and a
legion of addressing modes. And that
means less programming time, and less
end user costs. With these features, the
Z80-CPU generally requires approximately
50% less memory space for program stor-
age yet provides up to 500% more through-
put than the 8080A or the 8085. Powerful
ammunition at a surprisingly low cost (less
than $10 each in large quantities) and ready
for immediate shipment.

e e

Deploy the Z80 peripheral devices:
Z80-PIO—Parallel 1/0O Interface Controlier.
Two (2) ports for fast I/O transfer under full
interrupt control.

Z80-SIO—Serial 1/0 interface Controller.
Two (2) fully independent full duptex
channels that can be programmed to oper-
ate in any asynchronous or synchronous
modes inctuding Bi-Sync and HDLC/SDLC.
Z80-CTC—Counter Timer Circuit. Four (4)
independent channels that can be used to
count external events or to generate in-
terrupts at programmable intervals.
Z80-DMA —Direct Memory Access.
Programmabte circuit that transfers data
between memory and peripheral devices at
up to 1.2 megabytes per second. The DMA
can operate in a transparent mode without
slowing the CPU.

Deploy the Z80 software:

Resident Macro Assemblers. With cross-
reference and conditional assembly, also
relocatable assembler with linking loader.
PLZ Resident Compiler. Most powerful
microcomputer compiler available today.
Text Editor and File Maintenance.

Basic Interpreter. For writing programs in
Basic.

Cross Software. Available from NCSS.

Made for the Military.

You can get Zilog components to meet MIL
Spec 883B with extended temperature
range of —55°C to +125°C. The Z80 com-
ponent family operates with less power

in MiL Temp environments.

For victory over obsolesence:

Deploy these strong components from the™
leader in microprocessors. We are bound
by our pledge to stay a generation ahead
and determined to make your components
and systems the most powerful in the field.
We're ready to dispatch help immediately.

Zilog

10460 Bubb Road, Cupertino, California 95014
(408) 446-4666/TWX 910-338-7621

Boston (617) 890-0640

Chicago (312) 885-8080

Los Angeles (213) 540-7749

tn Europe: Zilog, Inc., Nicholson House,

High Street, Maidenhead, Berkshire, U .K.
TEL 0628 36131/2/3/TLX 848-609

an arriLiaTe of EX(CIN enterprises inc

"". -y . I . . .
WP e ERRANT T ‘) St A%
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New products

Subassemblies
Sample-hold
switches fast

Thin-film hybrid for $70
acquires 10-volt step
to within 0.01% in 1 us

As analog designers realize, a work-
able data-acquisition system requires
matching of component parts in
certain key respects. One critical
match is between the analog-to-
digital converter and the sample-
and-hold amplifier. The high resolu-
tion and high accuracy of the a-d
can easily be wasted if the sample-
and-hold isn’t completely compati-
ble, to keep offset errors low and
switching times short. Moreover, the
sample-and-hold must reach its final
output value very quickly and then
maintain that output level with very
little droop.

Meeting all these prerequisites for
12-bit data-acquisition systems is the
MN346, a sample-and-hold ampli-
fier from Micro Networks Corp.
Housed in a 14-pin hermetically
sealed ceramic dual in-line package,
the device offers performance com-
parable to larger modular units but
at much lower cost. It’s a thin-film
hybrid circuit that boasts a typical
acquisition time of |1 microsecond,
coming within 0.01% of a 10-volt
step input. In quantities of 1 to 24,
the MN346 is priced at $70 each,
dropping to $56 each in lots of 100
and up.

Other performance specifications
are also attractive. Designed as an
inverting unity-gain device, the cir-
cuit holds gain error to within
+0.02% maximum at 25°C, and
10.05% maximum over its full oper-
ating temperature range of 0°C to
70°C. Its aperture time is 30 nano-
seconds typical, 60 ns maximum.

In the sample mode, offset voltage
for the device is a maximum of
3 millivolts, and 6 mv maximum in
the hold mode. However, this offset
error may be adjusted to zero exter-
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nally. Input voltage may range over
+10 v typically, while the typical
output-voltage swing is over £ 10 v
at 15 milliamperes maximum.

The circuit, which has its own
internal holding capacitor, keeps
droop rate to 0.5 mv/millesecond
maximum at 25°C, 60 mv/ms maxi-
mum at 70°C. Full-power bandwidth
is a broad 1.4 megahertz, and output
slew rate a fast 50 v/us.

Over the power-supply range of
t12 to 18 v, the device typically
consumes 640 milliwatts or a maxi-
mum of 795 mw. Typical power-
supply rejection ratio is 100 micro-
volts/v for both the positive and
negative supply lines.

A military model, the MN346H,
is also available. For the most part, it
offers performance identical to the
commercial MN346 model, but op-
erates over the temperature range of
-55°Cto +125°C.

Delivery time for both models is
from stock to within four weeks,
depending on quantity.

Micro Networks Corp., 324 Clark St.,
Worcester, Mass. 01606. Phone (617) 852-
5400 [381)]

Data module broadens use
of computer 1/0 interfaces

Data Translation Inc. has extended
the capabilities of its DT-5702 data-
acquisition module —originally lim-
ited to one microcomputer —to oper-
ate with additional interfaces. Devel-
oped to enable the firm’s analog
input/output interface system to
function with the Digital Equipment

Corp. LSI-11 microcomputer [Elec-
tronics, Dec. 9, 1976, p. 121], the
DT-5702 now can also accommodate
other Data Translation microcom-
puter-interface boards, including
those for Intel Corp.’s SBC-80
series, Computer Automation’s LSI
series, and National Semiconductor
Corp.’s Pace.

The module, which acquires and
digitizes low-level signals of 10 milli-
volts to 10 volts from transducers
like thermocouples, pressure sensors,
and strain gages, contains the same
functional elements as the other
models in the company’s Datex 1]
series. These are a 16-channel input
multiplexer, an instrumentation am-
plifier, high-speed sample-and-hold
amplifier, 12-bit high-speed analog-
to-digital converter with tri-state
outputs for direct connection to
microcomputer buses, and all control
and programming logic.

Aaron Fishman, engineering vice
president, says that previous data-
acquisition systems for low-level
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INTERNATIONAL'S

moe
CRYSTAL OSCILLATOR
ELEMENTS

A Complete Controlled Signal Source from 6000 KHz to 60 MHz

The MOE series is designed for direct plug-in to a standard
dip socket. The miniature oscillator element is a complete
source, crystal controlled, in an integrated circuit 14 pin
dual-in-line package with a height of Y2 incn.

Oscillators are grouped by frequency and temperature
stability thus giving the user a selection of the overall
accuracy desired. Operating voltage 6 vdc. Qutput wave
shape — non sine.

TYPE CRYSTAL OVERALL 25°C PRICE
~ RANGE ACCURACY | TOLERANCE
6000KHz +.002% Zero
MOE-5 | to 60MHz | —10°to +60°C| Trimmer | $35.00
6000KHz | + .0005% Zero

MOE-10 | to 60MHz | —10°to +60°C| Trimmer $50.00

(=l

International Crystal Manufacturing Company, Inc.
10 North Lee, Oklahoma City, Oklahoma 73102
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New produas-

measurements required a bulky in-
strumentation amplifier that cost as
much as $50 for each data channel.
“The DT5702 does this task in the
same package size as high-level
data-acquisition modules,” Fishman
says, “‘and uses the same interface.”

Analog-input ranges of %10 volts
or 0 to 10 v are available, and the
addition of an external resistor
accommodates an input range from
10 millivolts to 10 v. Throughput
times range from 28.5 kilohertz at a
gain of 1 in the 10-v range to 3 kHz
at a gain of 1,000 in that range.
System accuracy at a gain of 1 is
within £0.03%, and linearity at the
same gain level is within 1", least
significant bit.

The DTS5702 is priced at $275
each and $175 in quantities of 100.
A low-power version, the DT57C02,
sells for $295 singly or $195 in quan-
tities. Delivery of both is stock to two
weeks.

Data Translation Inc., 23 Strathmore Rd.,
Natick, Mass. 01760. Phone (617) 655-5300
[382]

Hybrid voltage regulator
adjusts from 5 to 20 V

A hybrid voltage-regulator subsys-
tem with an output that can be easily
adjusted over the range from 5 to 20
volts delivers up to 5 amperes. With
its built-in short-circuit and safe-
operating-area protection, the
78HGKC offers all the advantages
of monolithic regulators at current
levels previously unattainable. The
unit’s output voltage is determined
by a single external potentiometer,
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HP’s field proven 3968A 8-channel instrumentation
tape recorder provides high performance

on inexpensive Y4-inch rape.

If eight channels of high performance data
collection is more than you need. Hewlett-
Packard now has four of the same. Our
rugged new 4-channel Model 4964A
Instrumentation Tape Recorder gives you
lab quality performance even in tough field
environments. And like our 8<channel
Model 39684, you record on inexpensive
Y4-inch rape. The 3964A is compatible with
all existing HP four channel tapes. Both

Now there’s a 4-channel

solution to your high
performance recorder needs.

machines have six tape speeds from 15/32
ips to 15 ips to give you a 32:1 time base
compression or expansion for flexibility
and casy data analysis Select direct
recording from $0 Hz to 64 KHz with SNR
up to 38 db.: FM from DC to 5 KHz with
SNR up to 48 db. Standard features include
TTL remote controd, a push button buile-in
calibration source, tape/tach servo, flutter
compensation and voice annotation. For

high performance eight channel recording,
or for four of the same, get complete
technical details on the 3964A or 3968A
from Hewlett-Packard. c08

HEWLETT ﬁ PACKARD

Sales and service trom 172 offices in 65 countries.
L
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: New PressTop Coolers ' -
I are today’ s |

, Nev_v p_ro_&ucté

1 ] or two fixed resistors can be used.
Automatic thermal-overload protec-

i best bu
y tion is provided. Housed in a four-

: fora pin TO-3 package, the 7T8HGKC
sells for $7.50 in quantities from 100

' é 4;'1 tl"‘"'\ [ to 999. Delivery is from stock.

=4
0
Q
®

: la’/l” Automotive-Hybrid Products, Analog
Products Division, Fairchild Camera and
Instrument Corp., 464 Ellis St., Mountain
View, Calif. 94042. Phone (415) 962-3816
[384]

Here's how to really cut cooling costs for TO-5
packages. Wakefield's new 298 Press Top Coolers
cost only 5¢ each in 5,000 quantity. This is less
than the price of comparable IERC Fan Tops
or Thermalloy devices . . . and at no sacrifice in
performance. With ATc-a less than 70°C/W.
The unique wave design of the cooler is re-
sponsible for the high cooling efficiency while
new automatic tooling allows the low price.

Try

298 Coblers need no board space. See for your-
self how they can solve heat problems and im-

Digital-to-synchro converter
needs no 7% solution

Cut out and mail for a free sample.

A 14-bit digital-to-synchro converter
with a maximum error of 4 minutes

prove transistor performance. Send for a free of arc can produce radar ppi (plan

sample, position indicator) displays that are

virtually free of distortion. Desig-

/\. WAKEFIELD ENGINEERING INC. nated the DSC5112, the converter

Z’- 77 AUDUBON ROAD WAKEFIELD MA 01880 (617) 245-5900 [ has a maximum transformation_
TWX 710-348-6713 ~ JYEG:G company

ratio error of 0.1% compared with
x the 7% of most other converters. It
therefore does not require a transfor-
_ mation-ratio-correction module to

eliminate jitter and distortion.
The converter has a settling time

'--_-----n
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Clip DIP troubles in the bud.

NATEL

Troubleshooting DIP ICs can be a pain in the probe if ENGRG CO. o
you can't get at their pins. But you can make the job faster CODE IDENT 09059 o
and easier with Super-Grip™ IC test clips from o
A P. Our “contact comb' design pre- o
vents shorting while our superior
gold-plated phosphor bronze ter- COSINE o)
minals make contact. Then your GND s O
probe is welcome aboard its s O
handy topside pins. And this gutsy
little spring clip is perfect as an IC DSC5112 T O
puller, too. So use it for its connections 6 O
or use it for its pull. Either way, you're full speed s ©
ahead with A P.
a0
3 0
A P has a Super-Grip™ Clip lor any OIP. 2 0
AOW.TO-ROW PART
MOOEL OIMENSION NUMBER PRICE ! o
TC-8 3in 923695 | §7.35 Order from your A P
TC-14 3in 923698 $ 4.50 distributor today. Our
TC-16 3in 923700 | $ 475 distributor list is growing
TC-16LS) 5/ 61n 923702 $ 8.95 dai|y. For the name of . o s
pes = 553705 $10.00 the distributor nearest of 50 microseconds for a l§0 input
TC-20 3in 923704 $11.55 you call Toll-Free step change. Protected against both
Te-22 o e L 800-321-9668. short circuits and thermal overloads,
TC-28 5/6n 923718 | $15.25 Send for our complete the unit’s transformer-isolated out-
7C-36 | 5/61n 923720 LR A P catalog, The Faster put is rated at 2 watts. It is compat-
1c%0 Son Ll 2100 and Easier Book. ible with any three-wire synchro or

four-wire resolver. The reference can
be either 26 or 115 v rms. The unit
can operate at 400 hertz by itself, or
at 60 Hz with an auxiliary trans-

AP PRODUCTS INCORPORATED former. The DSC5112 sells for $595

Box 110-E Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250
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by D. E. Johnson
& J. L. Hilburn

Pub. price, $15.00
Club price, $11.50

7717480

MANUAL FOR
MOS USERS
by J. D. Lenk

Pub. price, $16.95
Club price, $12.95

Pub. price, $26.00
Club price, $17.50

Kostopoulos

Pub. price, $24.95
Ciub price, $18.95

Pub. price, $42.50
Club price, $32.50

Pub. price, $21.00
Cluby price, $15.95

ELECTRONICS AND CONTROL
ENGINEERS’ BOOK CLUB

any one

to $42.50

767/556 , 353/387
FRAGTIGAC Introductory ofier FOREAGNEER
ACTIVE FiLTERs to new members of the oy G. A, Korn

Pub. price, $23.45
Club price, $15.50

287/341
STANDARD
HANDBOOK OF
ENGINEERING
CALCULATIONS
by T. G. Hicks

Pub. price, $19.50
Club price, $15.25

617/97X

713E7S/|4[§5:|NG Of these great gIA’Nl?B'IpIg'P({oLF
H ERA Al

INTEGRATED professional books AMPLIFIER

CIRCUIT DESIGN
CIRCUITS |
Y tas &M, Kautman
:nstruments.
nc.

Pub. price, $24.50
Club price, $17.50

771/189
771/456 ELECTRONIC
DIGITAL TROUBLE-
gr/mmzmms. SHOOTING
e by C. N. Herrick
by G. K. va' ues u p Pub. price, $13.95

Club price, $10.95

124/485
ELECTRICAL
238/901 ENGINEERING
APPLICATIONS IF’?!’(;FESSIONAL
weLners Special $1.00 bonus book comes to you ENGINEERS.
Third-Generation i i EXAMINATIONS,
T with your first club selection 3le
by J. G. Graeme by J. D.
oo, aice, TTOVEE Constance
. price, d :
X 7156 209/731 Pub. price, $17.00
Club price, $11.95 ?;%EIGSRATED azm%%ux . Club price. $12.50
ELECTRONICS:
AL Analog Digital ELECTRICAL 404/453
ELECTRONICS Circuits & ENGINEERS, GUIDEBOOK OF
ENGINEERS’ Systems 107e ELECTRONIC
HANDBOOK by . Millman by D. J. Fink & CIRCUITS
by D. G. Fink & C. Halkias J. M. Carroll by J. Markus

Pub. price, $41.50
Club price, $28.50

Pub. price, $26.95
Club price, $21.50

save time and money by joining the

ELECTRONICS AND
CONTROL ENGINEERS’
BOOK CLUB

Here Is a professional book club designed to meet your on-the-job engineering
needs by providing practical books in your field on a regular basis at befow
publisher prices. If you're missing out on important technical literature—if today's
high cost of reading curbs the growth of your library—here’s the solution to your
problem.

The Electronics and Control Engineers’ Book Club was organized for you, to
provide an economical reading program that cannot fail to be of value. Admin-
istered by the McGraw-Hill Book Company, all books are chosen by qualified
editors and consultants. Their understanding of the standards and vaiues of the
literature in your field guarantees the appropriateness of the selections.

How the club operates: Every month you receive free of charge The Electronics
and Control Engineers’ Book Club Bulletin. This announces and describes the
Club’s featured book of the month as well as alternate selections available at
special members’ prices. If you want to examine the Club's feature of the month,
you do nothing. If you prefer one of the alternate selections—or if you want no
book at all—you notify the Club by returning the card enclosed with each Bulletin.

As a Club member, you agree only to the purchase of four books (including
your first selection) over a two-year period, Considering the many books pub-
lished annually, there will surely be at least four you would want to own anyway.
Ey {ognmkg the Club, you save both money and the trouble of searching for the

est books.
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~-—— MAIL THIS COUFON TODAY -——-

ELECTRONIC:S AND CONTROL ENGINEERY’ BOOK CLUB
P.0. Box 582, Princeton Road, Hightstown, New Jersey 08520

Please enroll me as a member and :end me the two books indicated. | am
to receive the bonus book al the introductory price of $1.00 plus my first selec-
tion, plus tax, postage and handling. If not completely satisfied, | may return
Ihe books within 1C days and reques! that my membership be cancelled. If
| keep the books, | agree to take a mini of three addi ) books during
the next two y~ars at special Club orices (guaranteed 15% discount, often
more). | will receive the Club Bulletin 12 times a year. {t | want to examine
the teatured sefection, | need 1ake no action. It will be shipped automatically,
If, Powever, | want an aliernate selection—ar no book at all—| simply notify
the Club by reterning the convenient card always enclosed. | will always have
8 minimum of t+n duys in which to return the card and you will credit my ac-
count fully, including postage, if this is not the case. Membership in the Club
is cuntinuous but canceliable by me at sny lime after the four-book purchase
requirement has been filled. This order subject to acceptance by McGraw-Hill,
Orders from outside the continental U.S. must be prepald. Al prices subject fo
change without notice. Offer good for new members only

Write Code # cf $1.00 bonus Write Code # of
book selection here first selection here

[ L Il

NAME _

ADDRESS _

cIy___

STATE . _____ZIP .

EXTRA SAVINGS: Remit in full with your arder, plus any local and state
l tax, and McGraw-H Il will pay all postage and handling charges E33311

Circle 139 on reader service card 139




Our attenuators will

always level with you.

Honest attenuation.

In your equipment or on the
bench, Telonic Attenuators
provide reliable *‘specs or better"’
performance. We make sure,
because we use them in our own
instruments,

Our thick film resistive
elements are made in-house to
assure you of top quality.

Their operatipng parameters
enable us to guarantee
accuracies in some
models to .02 dB, P
frequency coverage &35
to 4GHz and power- e
handling capabilities up to 25
watts. Here's the selection. in 50-
or 75-ohm versions:
Variable (Rotary) Types
1, 10, 69, 100, or 110 dB ranges
0.1, 1.0, and 10 dB steps.

140 Circle 140 on reader service
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Fixed Value Types

3, 6, 10, 20, 30, 40, 50,0r 60 dB

SMA, TNC, BNC, or N

connectors.

Telonic also supplies bench-
top versions incorporating
sequenced rotary models, and
special versions to fit your
requirements. Call us TOLL
FREE (except in Calif.) for

further specs, prices,
more information, or
our new Attenuator

Catalog. Telonic Altair,

s~
. »

=
0

4 92652. Phone: 714/494-9401
TOLL FREE: 800-854-2436.

TelonicAltair _._‘I

card

/ 2825 Laguna Canyon Road,
Y Box 277, Laguna Beach, CA

New products

in small quantities. Delivery time is
45 days.

Natel Engineering Co. Inc., 8954 Mason
Ave., Canoga Park, Calif. 91306 [385]

Quadrature oscillator in a
DIP is resistor-programmable

A precision quadrature oscillator,
which is housed in a 14-pin dual in-
line package, is resistor-programm-
able over its entire frequency range
from 2 millihertz to 20 kilohertz.
The quadrature oscillator —called so
because it produces simultaneous
sine and cosine outputs—also in-
cludes an uncommitted operational
amplifier.

As supplied, the model 4423 is a
20-kHz oscillator. External compo-
nents need only be added to reduce
its frequency. Two resistors are
required for the range from 2 kHz to
20 kHz, while two resistors plus two
capacitors are required to cover the
rest of the range.

The oscillator sells for $16 in
small quantities, dropping to $12 for
25 t0 99 units and to $9.85 for 100 to
999. Delivery time is four weeks.
Burr-Brown, International Airport industrial
Park, Tucson, Ariz. 85734. Phone (602) 294-
1431 [386]

Dc-to-dc converter
pOWEers microprocessors

Designed specifically for use with
microprocessors and such related
integrated circuits as random-access
and read-only memories, the model
R12-5 is a 3-watt dc-to-dc converter
that puts out 12 volts at 200
milliamperes and —5 v at 100 ma
from a 5-v input. The outputs are
protected against short circuits and
do not generate potentially damag-
ing overshoots. The power supply is
regulated to within 0.02% against
both line and load variations. Ripple
and noise outputs are only 1 millivolt
rms. The unit’s input-to-output isola-
tion rating is 300 volts.

Reliability Inc., 5325 Glenmont, Houston,
Texas 77036. Phone (713) 666-3261 [387]
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A roomful of boards.

How a leading manufacturer of electronic products
repaired over 10,000 defective boards in 30 days
using Zehntel’s in-circuit tester.

What to do when you've accumulated
over 10,000 defective circuit boards?

A major manufacturer of consumer
products faced this problem recently.

The boards had piled up because it
took technicians an average of over an
hour to locate problems and repair
a board.

This company got out of the dilemma
with a Zehntel TROUBLESHOOTER
test system.

Incredible but true, over 10,000
defective boards were diagnosed and
repaired in 30 days, using Zehntel's
in-circuit inspector.

The roomful of boards evaporated!

Test time per

\ board was reduced to
«# | a few seconds with
Lot ‘\ Zehntel's in-circuit

- measuring
techniques which
isolate and measure
each component and
node.

B’, And since

TROUBLESHOOTER prints out
all of the defects on a board that failed,
a technician could repair a bad one in
just a few minutes.

Zehntel's in-circuit test system paid for
itself on this cleanup job alone — and
during the 30 day period also did regular
production testing.

This is not an isolated case.. ..
Zehntel in-circuit test systems are
reducing test/repair time for many of the
country's largest companies who build
TV sets, AM-FM radios, CB’s, automotive

SEE US AT NEPCON BOOTH 349

electronics, medical equipment,
computer peripheral instruments —
literally all kinds of industrial and
consumer products. In fact, our
customer list reads like “Who's who
in electronics”.

Easy to use

Using our tester, non-technical
operators can inspect hundreds of
boards daily. The operator merely puts
the board on our test fixture and pushes
the start button. If the board is good,
that's it. If the board fails, precise rework
instructions are automatically printed.
Typical test time: 5 to 30 seconds!

Summing up the advantages —
TROUBLESHOOTER:

a Tests a wide variety of products

® Detects and pin points single or
muitiple defects on an entire assembly
in seconds

& FEliminates need for technically-
oriented operator

® Prints specific rework instructions for
defective assemblies

® |s easy to program since each step
deals with a single component

® Adapts to any flat assembly regardless
of its complexity

® Can generate statistical data on
component failures

Zehntel” Inc.

2440 Stanwell Drive, Concord, CA 94520
Tel: (415) 676-4200 » TWX: 910-481-9471
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New products

Microwave
Uhf transistor
offers flat gain

Device holds gain of 6 dB
over bandwidth of 112 MHz
and puts out 50 watts

For years, designers of ultra-high-
frequency equipment have had to
make tradeoffs among bandwidth,
gain, and performance specifica-
tions. When one parameter is
optimized, the other two are usually
compromised. Now, however, Com-
munications Transistor Corp. has
designed a 50-watt uhf transistor—
the CM50-12A —that operates from
400 to 512 megahertz in a broad-
band configuration with no degrada-
tion in performance.

A key specification for the 12.5-
volt device is a power gain of 6 dB
across the 400-to-512-mtiz band,
typically for a power input of 12.5
watts. Gains of previous devices have
been 10 to 100 times lower, says CTC.
They typically require 15 to 17 w of
input power for the same output of
50 w. In addition, this 6 dB of gain is

142

flat over the entire 112-MHz band-
width, in contrast to most devices,
which have about half the band-
width—about 60 MHz—and a power
gain that drops off as frequency
increases, points out CTC. James
McDaniel, product marketing man-
ager, says these capabilities make
the device ideal for high-power
amplifiers in such applications as
land-mobile communications.

The CM50-12A is made with
standard bipolar power-transistor
processing technology. The key to
the device’s enhanced performance is
in the use of a semiautomated
assembly process to reduce parasitic
inductance as well as increase inter-
nal input-matching. The bonding
wires in most devices are manually
placed between the emitter-collector
stages and the Mos-capacitor and
base stages, but CTC engineers have
developed a semiautomated system.

“The drawback to the old ap-
proach is that the spacing between
bonding wires was highly variable,”
says McDaniel. “The closer together
they are, the higher the parasitic
inductance and the worse the per-
formance.” The new approach as-
sures maximum separation and
therefore more consistent, flatter
performance.

Another advantage of the ap-

proach is repeatability and the resul-
tant increase in yields. The device is
reliable because of its simple chip
construction and aluminum-copper
metalization, McDaniel says.

Other features include a collector
efficiency of 60%, low thermal resis-
tance, low-inductance ceramic strip-
line packages, and hermetic seal for
extended life in hostile environ-
ments. In 100-piece quantities, the
CMS50-12A is priced at $32.80 each.
It is available from stock.
Communications Transistor Corp., A Varian
Associates Subsidiary, 301 Industrial Way,
San Carlos, Calif. 94070 [401]

Low-noise transistors
operate from 1 to 4 GHz

Two silicon bipolar transistors are
intended for use in low-noise ampli-
fiers operating in the range from 1 to
4 gigahertz. Model HXTR-6103,
which has a maximum noise figure
of 2.2 decibels along with a mini-
mum associated gain of 11 dB at 2
GHz, is offered as a replacement for
the Fairchild FMT 4005. It has a
small-quantity price of $55.

Model HXTR-6104 has a maxi-
mum noise figure of 1.6 dB at 1.5
GHz. Its minimum associated gain is
13 dB, and its small-quantity price is
$120. Both ion-implanted devices
are housed in a hermetic metal/ce-
ramic package, and both can meet
the requirements of MIL-S-19500
and the test requirements of MIL-
STD-750/883. The two transistors
are available from stock.
Hewilett-Packard Co., 1501 Page Mill Rd.,
Palo Alto, Calif. 94304 [403]

Coaxial cable contains
impedance transformer

By being integrated into a length of
semirigid coaxial cable, an impe-
dance transformer does not need the
up to four connectors that a discrete
series transformer would need. The
unit in the photo (p.  144) has an
octave bandwidth centered at 1.65
GHz. Built using UT-85 cable, it
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FEATURE ARTICLES FROM ELECTRONICS
AVAILABLE IN REPRINT FORM

No of

wanres New reprints Other Reprints

___R-703 Special report— memories R-600 World market report 1976 24 pp
16 pp $3.00 $4.00

——R-702 World market report 1977 24 pp R-524 Special report on bipolar large-
$4.00 scale integration 12 pp $3.00

__R-616 Special issue—technology up- R-522 Special report on power semi-

date $4.00 conductors 12 pp $3.00

___R-614 Power supply choices for so-
phisticated designs 8 pp $3.00

—_R-612 Fiber-optic communications
special report 24 pp $3.00

___R-610 Special report on hybrid-circuit
technology 19 pp $3.00

R-606 Special issue —microprocessors

$4.00

—R-526 How reliable are today's compo-
nents 16 pp $3.00

Charts

—_R-516 Electronic symbols $2.00

_R-213 Electromagnetic spectrum (up-
dated 1976) $3.00

—R-326 Optical spectrum (6-page report
and chart) $3.00

_ R-518 Special issue —productivity

$4.00

R-514 Eight ways to better radio
receiver design 6 pp $3.00

R-512 Design of circuits for dangerous
environments 4 pp $2.00

R-510 Bipolar integration advances
with FL microprocessor 8 pp
$2.00

R-508 Designing microprocessors with
standard logic 12 pp $3.00

R-506 The case for component burn-in
7 pp $2.00

R-434 Designing automated systems
with the new standard interface
12 pp $3.00

R-432 An update on communications
satellites 8 pp $2.00

Books R-430 Choosing the right bipolar tran-
—R-704 Thermal design in electronics sistor model for computer-aided
$5.00 design 20 pp $3.00

__R-701 Applying microprocessors —
Electronics Book Series $9.95

___ R-608 Basics of Data Communica-
tions —Electronics Book Series
$12.50

_R-602 Large Scale Integration—Elec-
tronics Book Series $9.95

__R-520 Microprocessors —Electronics
Book Series $8.95

—R-011 Computer-aided Design 135 pp
$4.00

___R-032 Active Filters 88 pp $4.00

_R-031 Circuit Designer's Casebook 182
pp $5.50 (outside U.S. $12.00)

- R-428 Designing with low-cost lasers 6

pp $2.00

R-424 Microprocessor applications 28
pp $3.00

R-422 A microprogramable minicom-
puter 8 pp $2.00

R-420 Computerized text-editing and
typesetting 8 pp $2.00

_ R-418 Computer analyses of rt circuits

8 pp $2.00
R-414 The ion-implanted n-channel
process 6 pp $2.00

— R-412 Liquid cooling of power semi-

conductors 6 pp $2.00

R-410 Special report on passive com-
ponents 16 pp $3.00

R-406 Designing with the new logic,
C-MOS and bipolar 16 pp
$3.00

R-324 Semiconductor memories are
taking over data-storage appli-
cations 16 pp $3.00

R-322 Special report: new displays
complement old 10 pp $2.00

R-320 Special report on designing with
flat cable 14 pp $3.00

R-318 Special report on auto elec-
tronics 16 pp $3.00

R-316 Hybrid circuits solve tough de-
sign problems 16 pp $3.00

R-310 Penetration color tubes are en-
hancing information displays 6
pp $2.00

R-308 Program for transition from non-
linear to linear transistor model 6
pp $2.00

R-306 Charge-coupling improves its
image, challenging video camera
tubes 8 pp $2.00

— R-211 Electromagnetic spectrum 16-

page report $2.00

R-209 Semiconductor RAMs land com-
puter mainframe jobs 15 pp
$2.00

R-207 Technology gap starts to close
for computer peripherals 16 pp
$3.00

R-205 Bridging the analog and digital
worlds with linear ICs 16 pp
$3.00

R-133 Optoelectronics makes it at last
34 pp $4.00

R-104 The new concept for memory
and imaging: charge-coupling
12 pp $2.00

Payment must
accompany your order

Cost of orders

$ _

Plus 10% handling charge $

Make check or money order pay-
able to Electronics Reprints. All
orders are shipped prepaid by
parcel post. Allow two to three
weeks for delivery.

TOTAL AMOUNT ENCLOSED S

SEND REPRINTS TO

USE THIS PAGE AS YOUR ORDER FORM

Mail your order to:

Janice Austin
ELECTRONICS REPRINTS
P.O Box 669

Hightstown, N.J. 08520

Name.
Company. Dept
Back issues now available:
1960 to 1969, $5.00 each Street
1970 to 1973, $3.00 each
1974 to 1976, $4.00 each City. State. Zip.

Electronics /February 17, 1977

143



MILITARY
APPLICATIONS

Accuracy

Speed
Size
/ Repairability

Military

Temp. Range
—55°C to +125°C

® 4 Bit/50 nSec; Low Cost

® |deal for Radar Scan Converters

® Holds Absolute Accuracy Over
Temperatures

® Tracks a 10 MHz Analog Input

® 9 Bit/ 200 nSec.
® < 2 Bit Drift Over Temperature
® Insensitive to Clock Frequency

For Further Information Call or Write
M.S. Kennedy Corp.

Pickard Drive, Syracuse, New York 13211

Tel. 315-455.7077

transforms between 10 and 50 ohms
with a vswr of 1.5.

Impedances between 10 and 100
ohms are available. Among the
parameters to be specified by the
customer are cable length and shape,
frequency, bandwidth, insertion loss,
and VSWR into a test fixture or
termination.

Uniform Tubes Inc., Micro-Delay Division,
Collegeville, Pa. 19426 [404]

SWR bridge covers
2 to 18 gigahertz

The model 5282 precision SWR
bridge has a minimum directivity of
35 decibels over the frequency range
from 2 to 18 gigahertz. Designed to
replace several couplers in swept
systems or several slotted lines in
fixed-frequency systems, the bridge
is accurate to within 0.018+0.13R?2,
where R is the reflection coefficient
being measured.

The bridge comes equipped with
precision type-N connectors on its
input and output ports and a preci-
sion 7-millimeter connector on its
test port. It is supplied with a set of
7-mm precision adapters for the test
port and short- and open-circuit

144 Circle 144 on reader service card

VAN

VACUUMSCHMELZE

VACOZET"

a semi-hard
magnetic alloy
with rectangular

hysteresis loop
for impulse controlled
self latching relais.

Bobbin 1 Bokbin 2

30 50 75

He Alem 15
Br T 15 145 145 125
Br/Bwo % ca.90

For data sheet and
further information apply to

VACUUMSCHMELZE
GMBH

6450 HANAU
W.-Germany - POB 109
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The Small Computer

Twenty-five years ago a computer as powerful as the
new Processor Technology Sol-20 priced out at a cool million.

Now for only $995 in kit form or $1495 fully
assembled and tested you can have your own small computer
with perhaps even more power. It comes in a package about the
size of a typewriter. And there’s nothing like it on the market
today. Not from IBM, Burroughs, DEC, HP or anybody else!

it fills a new role

If you’re an engineer, scientist or businessman, the
Sol-20 can help you solve many or all of your design problems,
help you quantify research, and handle the books i0o. For not
much more than the price of a good calculator, you can have high
level computer power.

Use it in the office, lab, plant or home

Sol-20 is a smart terminal for distributed processing.
Sol-20 is a stand alone compurer for data collection, handling
and analysis. Sol-20 is a text editor. In fact, Sol-20 is the key
element of a full fledged computer system including hardware,
software and peripheral gear. It’s a computer system with a
keyboard, extra memory, I/O intertaces, factory backup, service
notes, users group.

It’s a computer you can take home after hours to play
or create sophisticated games, do your personal books and taxes,
and a whole host of other tasks.

Those of you who are familiar with small computers
will recognize what an advance the Sol-20 is.

Sol-20 offers all these features as standard:

8080 microprocessor — 1024 character video display
circuitry — control PROM memory — 1024 words of static low-
power RAM — 1024 words of preprogrammed PROM —built-in
cassette interface capable of controlling two recorders at 1200
bits per second — both parallel and serial standardized interface
connectors — a complete power supply including ultra quiet
fan — a beautiful case with solid walnut sides — software which
includes a preprogrammed PROM personality module and a data
cassette with BASIC-5 language plus two sophisticated computer
video games— the ability to work with all S-100 bus products.
Full expansion capability

Tailor the Sol-20 system to your applications with our
complete line of peripheral products. These include the video
monitor, audio cassette and digital tape systems, dual floppy
disc system, expansion memories, and interfaces.

Write for our new 22 page caialog.

Get all the details.

Processor Technology, Box J , 6200 Hollis St.,
Emeryville, CA 94608. (415) 652-8080.

(D=8
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The M-600amp
works harder

at 2.5 ohms

2K
£
; N
N
1K |— -
® ~
: ] ~
5 A
[}
500 f

1 2 3 4 5 6 7 8

LOAD IMPEDANCE —OHMS

So each watt
costs less

You get more watts per dollar from the
Crown M-600 power amp if your circuit design
lets it look at a 2.5Q load.

The M-600 provides power from DC to
20KHz with complete protection against shorts,
open circuits, mismatch, RF burnout and ther-
mal overtoad. The M-600 will even drive a purely
reactive load without overheating. Designed for
continuous operation at full rated power, at any
rated frequency.

One M-600 will cost you $1,795. A copy of
the spec sheet is free. Write today.

We'd aiso like to hear from you if you have
any special amplification problems in the DC-
20KHz range. We've already solved some tough,
unique problems. We'd like to consider yours.

crcu.un

— INDUSTTIAL

1718 W. Mishawaka Road, Elkhart, indiana 46514
219/294-5571
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New products

terminations that are intended to
facilitate calibration.

Narda Microwave Corp., Plainview, N.Y.
11803. Phone J.P. Schindler at (516) 433-
9000 [405])

Compact coaxial relay has
VSWR of 1.5 at 18 GHz

A miniature coaxial relay that occu-
pies less than 0.75 cubic inch has a
maximum VSWR of 1.2 from dc to 4
gigahertz, 1.3 from 4 to 12.4 GHz,
and 1.5 from 12.4 to 18 GHz. Over
these same bands the minimum
isolation is 80, 70, and 60 ds,
respectively, while the maximum
insertion losses are 0.1, 0.2, and 0.3
ds.

The single-pole two-position de-
vice is fitted with SMA connectors
and weighs 2 ounces. High-density
packaging techniques result in the
overall volume of 0.75 cubic inch.
Priced at $99 in small quantities, the
switch is available from stock.

RLC Electronics, Sales Dept., 83 Radio
Circle, Mt, Kisco, N.Y. 10549 [408]

TOPICS

Microwave

Systron-Donner Corp., Ad-
vanced Components Div., Sun-
nyvale, Calif., has added an
8-to- 18 GHz unit to its line of YIG
tuned Gunn oscillators. The mod-
el SDYX-3001-111 puts out a
minimum of 10 milliwatts and
sells for $1,530. .. .Varian’s Mi-
crowave Tube Division, Palo
Alto, Calif., has introduced a line
of grid-pulsed traveling-wave
tubes for airborne and surface
radar applications. Between
them, the five tubes cover the
frequency range from 8.6 to 9.9
GHz. Peak-power ratings range
from 15 kilowatts to 50 kW

Microwave Semiconductor
Corp., Somerset, N.J., has an-
nounced its series MSC9000 line
of solid-state power amplifiers.
The 35 models in the line cover
the frequency range from 570
megahertz to 2.7 GHz and put
out up to 20 watts
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VACTEC Photodetectors

The Industrys Broadest Line
Provides More Semiconductor Detectors
for More Design Applications

Vactec serves manufacturers of a wide range of modern electronic products.
Pictured are a few examples. All these devices are both made and sold by
Vactec, including complete lines of LDR’s (photoconductive cells, CdS ana €dSe):
silicon sclar cells, as well as silicon high speed and blue enhanced cells:

NPN prototransisters anc darlingtons: opto-couplers (LED/LDR, tamp/LCR
and reon/LDR): selenium photovoltaic cells; silicon photadiodes, blue erhanced
and PIN: and custom C-MOS and bi-polar IC’'s. Write for technical bulletins

on the types that suit your requirements. Or send your application, and Vactec
will recommend the right cel! for the job.

N
} Vactec, Inc.
¥ . 2423 Nerthline Industrial Bivd.
o~ ~ Marylard Heigh's. Mo 63043

(314) 372-8300

Electronic Organs Cameras and Piojectors Triac Motor Controls LED Watches

AED) o tamp LRR amrrmie fer B CAB O Ml @urmpst M A1 pheis A spzcial Vaelro: gates a triac for P e e e S0
W oM TS colle e swedl pada! N IR T e e T forw#d and reverse motor Opera- ENg cuntrad LEE Degrencas
Emwitis b SN Berel Rpeaell e g uon as n haspital beds

Y.t Proedaer (EEas s o e

Nk sEnwrass

P

i :

Dollar Bill Changers Machine Tool Controls Telephone Equipment Scientific Instruments
Bilmen  photescitalc colls apaly e High-spwwd  photiveltdic c#lis o Nedr LDR Vatails wenee  ringng. B Enhaneod silicee @ srlwnum
St Cal EPeracteristics ROk Arrlys held (DmGuter o8n- Dirett ¢ coupl ng, stev (DR re- DROHOGHIIT (IR dWeds salutgne

Il (EpEtitiee QpEraEnE  nomTen- Bponsd  ISTIAME  elCtronics  from denbismetrically thr @razim bided
182t sanuing, WAd csuMing  and Adise cheTnstry and other anxlyors
weahind
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New products

Industrial
Thermometer
sells for $189

Rugged digital instrument
is accurate to within 0.5°

when using standard probe

Designers at Ecp Corp., Cambridge,
Mass. were aiming for a couple of
key capabilities when they began to
design a digital thermometer: they
wanted it to be rugged enough to
withstand the jolts of a maintenance
worker’s tool box and to be as
accurate as more expensive bench-
top instruments. They say they have
achieved these objectives with the
T-Meter and have cut the price
substantially below those of compet-
ing digital industrial thermometers

148

that are currently on the market.

The T-Meter, which sells for
$189, can measure and show temper-
ature in either fahrenheit or cel-
sius—selectable by a switch—on its
0.6-inch-high liquid-crystal display.
The celsius range is from —100° to
+30°, and the fahrenheit range is
from —150° to +400°. With its
standard probe, included in the base
price, the T-Meter delivers accura-
cies to within £0.5°C while measur-
ing —55" to +125°C, or £0.9°F
between —67° and +257°F, accord-
ing to the company.

Optional probes with accuracies to
within £0.1°F (£0.056°C) in select-
ed temperature ranges are available
for specialized applications, and
temperatures are displayed within 10
seconds for the initial reading and
updated each 0.8 s after that.

Richard Eckhardt, an ECD vice

r"‘prf:sidf:nt who designed the T-Meter,
says, “It is a rugged tool that’s
entirely sealed, is immersible, and

takes impact well. You can throw it
in a tool box and dump wrenches on
top of it.”

All of the circuitry is cast in
urethane foam and epoxy, and the
thermometer’s probes and cables are
Teflon-coated to make them virtual-
ly impervious to shock, moisture or
chemicals, he points out.

Edward W. Costello, marketing
director, adds that a variety of
probes is available so that users can
change them without having to
recalibrate the instrument. He says
these probes make the T-Meter an
inexpensive tool for measuring the
temperature of chemical baths; of
electronic components such as semi-
conductors during wave soldering,
for example; or of batches of food
during processing. He expects it to
find wide use in other industrial and
commercial applications, including
repair of air-conditioning systems,
the biomedical-equipment field,
oceanography, and processing photo-
graphic film.

Temperature is displayed in four
digits, and there are also indicators
for a low battery level or a faulty
probe. The four type-N batteries will
last 2,000 hours when the instrument
is used 40 hours a week. Delivery is
from stock.

ECD Corp., 196 Broadway, Cambridge,
Mass. 02139. Phone Edward Costello at
(617) 661-4400 {371)

Remote-data logging
gets less expensive

A series of data loggers intended
mainly for remote-data acquisition
includes a single-channel unit priced
at only $995. A 10-channel multi-
plexing unit sells for $1,300. Stan-
dard features include autoranging,
digital-clock control, and digital
transmission in ASCil to RS-232- or
Teletype-compatible units. Capable
of digitizing up to 30 readings per
second, the series 14 TY data
loggers offer two-wire differential
input switching with a common-
mode rejection ratio of 70 decibels at
60 hertz.

Best suited for remote operation
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The Sinclair DM2 digital multimeter.

3. digits...
5 functions..
Fully portable...

The DM2 provides full digital multimeter
facilities for every application including field
servicing, testing and laboratory work. Over
15,000 are already in service.

Display

Full 31/2digit display reading to +1999.
Large, high-brightness 8 mm LEDs giving
clear readings with maximum reliability.
Automatic polarity and out-of rance
indication.

Ranges
5 functions giving 22 ranges.

PC volts—1mV to 1C00 V
AC volts—1 mV to 560 V
DCcurrent-01pAto 1A
ACcurrent-1pAto 1A
Resistance-12ato 20 M

10 Maxinput impedance
Accuracy

High stability integrating A to D conve-ter.
Basic accuracy 0.3% *1 digit.

Convenience

Automatic polarity. Push-button selection of
both functions and ranges from a single-
input terminal pair.

Construction

Very rugged mechanicai constructior with
all solid-state companernts.

Fully protected against overload.

Portability

Measures only 56 mmx160 mmx 224 mm,
weighs only 1.25 kg. Basic operation from
dry cells providing complete independence
of AC supply. Line ooeration available via
optional AC adaptor/charger.

Optional extras

Rechargeable battery pack $19.95.
Carrying case $9.95.

AC adaptor/charger $4.95.

12-month no-quibble guarantee

Send for more information-now!

If you want more information about the
Sinclair Multimeter, clip the coupon. We'll
mail you a fact-pack—giving full

Certain territories stilt available for stocking representation.
Enquiries to Chris Childs at Sinclair Radionics Inc., New-York;

Under $100!

specifications, and an up-to-date list o
stockists

Sirci=ir-

Sinclair Fadionics Inc.,
Galleria, 115 East 57th Street,
New York,N.Y.10022, USA.
Tel: (212) 355 5005.

I To: Sinclair Radionics Inc.,
Galleria, 115 East 57th Street,
New York, N.Y. 10022, USA

Please send me more information on the
Sinclar DM2 Multimeter

Name
Address
City
State
zZip

pt et ]
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| What goodiis a

Startup time on micro-computers
can be a real problem. We know
that. That's why we've developed
The Mini-Micro-Designer. The first
complete package of hardware,

All with one purpose: to speed
microprocessor system design.

How? By providing the only
microprocessor test and develop-
ment system with solderless
breadboarding capabilities. At its
heart: the 8080A processor chip,
providing all signal functions. A
panel that monitors the address

oA G T O Gl aGE O aE

\ g

Los Angeles, Calif
(213) 377-0975
San Francisco, Calit

(913) 649-8952
New York, N.Y
(201) 467-8585
Syracuse, N.Y
(315) 699-2651

I- -

software and educational materials.

(415) 961-2828 (215) 723-8733 »
Woodbridge, Conn Dallas, Texas

(203) 397-1461 (214) 328-5484 «
Denver, Colorado Fairfax, Virginia

(303) 744-2501 (703) 273-1803

Orlando, Flonda Seattie, Washington

(305) 351-1841 (206) 938-4166

Chicago. llhinois

(312) 956-8090 Canada

Kansas City, Kansas Edmonton, Alberta

(403) 455-4122

Winnipeg, Manitoba
(204) 774-6286
or 772-9295

Micro-Computer
if you can’t make it work?

and data busses of the micro-
processor and allows data I/O
with or without an asynchronous
terminal. And the Bugbook V, E&L’s
innovative approach to self-
teaching micro-electronics.

So experiment. Design. Test.
Because now there's a system
that's caught up with imagination.
The Mini-Micro-Designer from E&L
Instruments. $422.50 suggested
U.S.A. resale price. Contact your
local representative listed below.
OEM and educational discounts
available.

61 First Street, Derby, Conn. 06418
(203) 735-8774 Telex No. 96 3536

Authorized Stocking Representatives

Dayton, Ohio
(513) 222-0011
Philadelphia, Pa

E PD@ E&L INSTRUMENTS, INC.
-

Vancouver
British Columbia
(604) 687-2621
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No one can decide but you.

CAREER
OPPORTUNITIES

Usually the best opportunity to grow in your field lies within your
present company. You have made an investment in them.
They have an investment in you.

But occasionally the best opportunity lies somewhere else.

Companies looking for good people run their recruitment ads in
our Classified Section in the back of this magazine. Perhaps you’ll
find an opportunity there that’s worth following up.

New products

where the data can be transmitted
over telephone lines, the series
includes units with up to 1,000 chan-
nels. Available options include back-
up battery operation, a digital clock,
an ASR33 Teletype unit, a paper-
tape punch, and a magnetic-tape-
cassette drive,

A.D. Data Systems Inc., P.O. Box 9209,
Rochester, N.Y. 14625. Phone Harry Turner
at (716) 381-2370 [373]

Robot arm has six degrees
of freedom and two fingers

A computer-controlled robot arm
with six degrees of freedom and a
two-fingered hand has been designed
to replace special-purpose assembly
machinery. The compact electric
arm is servo-controlled for position,
velocity, and torque at all joints.
Options include touch- and force-
sensing capabilities.

The unit, which works within a 2-
meter sphere, has a maximum load-
ing rating of 4 kilograms. It
completes most of its motions within
2 seconds. Complete with control
system, microcomputer, and analog-
to-digital and digital-to-analog con-
verters, the arm sells for $48,000.
Vicarm Inc., 154 East Dana St., Mountain
View, Calif. 94041. Phone (415) 965-0557
(374]

Digital thermometer uses
plug-ins for versatility

A portable four-digit thermometer
uses Leeds & Northrup Quick-
Disconnect thermocouple probes to
handle a wide variety of tempera-
ture-measuring applications quickly
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High-Frequency Transistor Reliability:

Gool logic and cold facts

. In high-frequency power
switching, heat is a prime factor

3 The faster the turn-off, the
cooler the transistor, the greater

2 Turn-off time is the dominant
cause of destructive temperature

in transistor failure. rise. the reliability.
Take a look at competitive transistors in an actual 20 KHz bridge converter circuit: EDW
40 RCA
2N6251
T.I.
TIP-540
35
30 _——
9 Test Conditions "
i Vce=250V 1=4.0A Sw.Freq.=20 KHz |
E Converter - Bndge Conflg l
uJ EEE— —
m 25 T
=
< MOTOROLA
g 2N6547
2
< 20 DELCO
7 DTS-519
o
w
[
E 15
<<
o
w
a
=
F 10
" TRW
“<) 2N6583
(@]
5

TRW delivers the lowest operating temperatures r:;ﬂ;:w_e;;n;;;;;s ___________ _i
anq thg greatest reliability in high-frequency off-line | An Electronic Components Division of TRW, Inc., |
switching regulators. | 14520 Aviation Boulevard, Lawndale, California 90260 I
And that's no small thing. When you need superior | [ Please send me data sheets on TRW's switching |
performance at high frequencies, the best combination | power transistors. |
of switchtime and energy capability add up to greater I O Have an applications engineer contact B s |
efficiency and longer life. And what circuit are you I I
about to design that doesn’t deserve the best? | TName I
Particularly when TRW discretes are not only compet- | w00 — |
itively priced, but are also immediately available in | _ |
any quantity. I Bosition I
But get all the facts on TRW's high-frequency discrete (GRS |
transistors. Use the coupon or telephone John Power | Tiy State Zip el
at (213) 679-4561. e SV S -

TRW/ rower semiconoucTors

ANOTHER PRODUCT OF A COMPANY CALLED TRW

Electronics /February 17, 1977
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YOou may not

needour |
9,000 |
ft. Lamberts. |

Some applications don’t require the unusual brightness of a Pinlites
directly-viewed incandescent display. But when brightness is im-
portant to you, there's no finer choice than Pinlites.

The low power 1/4" model MD-440, above, for instance, produces a |
dazzling 9000 ft.-lamberts. That, coupled with our 80:1 contrast ratio,
means characters are clearly visible even in direct sunlight. And

with simple voltage reduction they can be dimmed for night use.
Pinlites numeric and alphanumeric displays offer a 120° viewing |
angle and are filterable to a wide range of colors. They are available i
in character heights ranging from 3/16" to 5/8". And provide an av-
erage life of over 100,000 hours per segment.

Popular applications include aircraft.cockpits, marine navigation,
computer peripheral equipment, taxi meters and gas pump readouts.

For a quick answer to your questions, give us a call. We promise a |
display of brilliance.

L Aeue=" REFAL electronics corporation

[E—— 31 P.O. BOX 809 e WINSTED, CONN. 06098 e 203-379-2731
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WANTED

While it is not our policy to encourage job hopping— |
quite the opposite, in fact—the headline above must ‘
have got your attention for a reason. |
|
|

Perhaps you should turn to the back of this issue
to our Classified Section. One of the job descriptions
might fit you.
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New products

,,.,ﬁ

and easily. Called the Digital Meter
Stick, the thermometer is a pistol-
grip instrument into which can be
plugged E, J, K, T, or S type ther-
mocouple probes. Accurate to within
7°F, the unit has a resolution of 1°F
all the way to its upper limit of
2,100°F.

The battery-operated thermome-
ter is turned on only when its trigger
is squeezed to make a reading. Thus
it can make thousands of readings on
a single battery charge.

Leeds & Northrup Co., North Wales, Pa.
19454 {375]

Programmable ac source
works with [EEE standard bus

A microprocessor-based interface
bus makes the Invertron
830T/GPIB line of programmable
oscillators conform to the 1EEE 488-
1975 standard for programmable
instruments. In addition, the micro-
processor makes it unnecessary for
every change of phase and amplitude
to be commanded via the bus.
Instead, a single command can
initiate a predefined sequence, thus
reducing the load on the bus and its
controller.

In a three-phase ac system, six
parameters can be programmed:
system frequency, phase-angle B,
phase-angle C, and three ampli-
tudes. Manual control by means of
thumbwheel switches is provided,
along with optional front-panel dis-
plays, for nonautomatic operation.
Power-input requirements are 105 to
125 volts rms, and operating temper-
ature range is 0°C to 55°C.

Two-phase systems are also of-
fered. Prices start at $2,150.

Aiken Industries, California instruments Divi-
sion, 5150 Convoy St., San Diego, Calif.
92111. Phone (714) 279-8690 [377]
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The brand-new McGraw-Hill
Course in Continuing Education
for Electronics Engineers

ELEGTRONIC GIRGUAT DESIGN
WITH SOLID-STATE DEVIGES

— ELECTRONIC CIRCUIT DESIGN

HERE’S HOW T0...

Up-date your electronics know-how

with minimum cost, time,
and effort...

for top potential return in
job opportunities ...

q . -\ WITH SOLI0-STATE DEWICES Thaye )
no-frills self-study lessons do it! — e
b= -
Let a panel of top electronics experts help put you up b mm‘““’“\ y - s
front in the newest, hottest areas around today . .. u snu\*“‘“m ant Operatioal =~
- b"’"ﬂv"[";‘
Ca
P How to bring yourself up to date with actual information — FER o n ] 3
you can use on the job b ot S8 / — W i~
P How to design electronic circuits for various applications ‘\m%g‘“ﬁms =T S
with the use of solid-state devices and the design data the W _— e SN e oy
Course gives you ot LSTATE e
) ) . . . CIRCITT DESIGN OEnges o LR
P How to understand and design linear, differential, and %Tﬂ:ﬂ E‘—‘”{‘.‘?ﬁ‘ﬁ.sm DEVICES “""%i"g‘
operational amplifiers S Cin¥! —
P> How to apply digital and lirear integrated circuits in many w:"’—’..« 2 } . —— | Bl »
fields "‘,-;;:75 . \ QRost Wt Dixsd ol Desien ,"\7:«""':;
- e e e oF g g,
e o S Frren
H . BUN =
PLUS these special extras: e e 3
ynkhl"’hmmﬂ“ i e -

» Master OQutline & Course Guige » Study Guides for Each Lesson
» Self-checking Quizzes ® Electronic Circuits Portfolio (with Lesson 5)

EXTRA VALUE Iy THIS SPEC)A

» Final Exam and Course Completion Certificate V\gt,“h Lesson Fivoar . L BONUS!
'Se—~we wiy send yo?, ’P;?dEpEOigt;; your
You Can Examine Lesson One and the Master ELECTRONIC Paee

Outline and Guide FREE for 10 Days Before You

Decide You Want to Take the Whole Course!

Point made |

addition: !

Drobieo,-;,'f Specific know.ha d gives you
Simply complete and return the “Operation Up- [ JVK Bonug s 'ght the jo LeLy Solving
date” Reply Card and McGraw-Hill will send you C" A side as Something you wijj kh valuap|
LESSON ONE and the Master Outline & Guide— .*n ' tion wnen a Source of hejpr . 0¥ your
with the Study Guide materiuls. the Reading Ref- . You need it &Ipful informg.

erence List, and vour Quiz. Put these materials to
the test for 10 days. Apply what vou learn from
them on any design problen: you're grappling with.

MAIL YOUR “OPERATION UPDATE"
COUPON TODAY!
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Then—at the end of the 10 davs—and only then,
need yvou decide to take the whoie course. If, at the
end of that time, you decide vou do not want the
course, all you need do is return the Lesson and the
Outline and that’s the end of any obligation what-
soever on your part.

Your “Operation Update”” Coupon

Be sure to return your Free Examination Coupon
today! The sooner you receive Lesson One and the
Master Qutline and Guide, the sooner ycu will ac-
complish a thorough updating of your highly valu-
able professional skills and the sooner you. will steer
yourself in the direction of bigger and bet:er profes-
sional advantages!

TAX DEDUCTIBLE!

Just a reminder—you are entitied to de-
duct, tuition fees (ard the McGraw-Hill
Course in ELECTRONIC CIRCUIT DESIGN
WITH SOLID-STATE DEVICES applies
here) fram your U.S. Federal Income Tax
when you take any course to maintain
your drofessional skills!

McGraw-Hill Book Company, 1221 Avenue of the Americas, New York, New York .10020

Please send me for 10 days’ free examination Lesson One
plus the Master Outline and Guide for the NEW McGraw-
Hilv Course in Continuing Education for Electronics Engi-
neers—ELECTRONIC CIRCUIT DESIGN WITH SOLID-

STATE DEVICES.

stage, just notify us and we

Our Policy: If you're disappointed in the Course at any

will stop sending the Lessons

and invoices. If you have paid in advance, we will refund
the difference between the value of the lessons you have

received and the payments you have made.

At the end of ten days, if | want to continue in the Course,

I will make my first payment of $6.95 plus local tax, postage

Name

and handling. And | understand that each subsequent

Lesson will be accompanied by an invoice for $6.95 plus

Home Address

local tax, postage, and handling . . . for a total cost of $55.60

for the eight Lessons. (The Lessons will be shipped at six-

week intervals.)

If | decide not to continue in the Course after the ten-day
examination period, | wid return the Master Outline and

Lesson One and the matter will be closed.

City

State

There is no finance cha
This offer is subject to a

Circle 153 on reader service card

Zip
rge for monthly payments.
cceptance by McGraw-Hill.
41-19018




AUDIO SYSTEMS ANALYZER

7 Instruments-In-One!

DRIFT METER

OSCILLATOR

m ol ndiod bl

An extraordinéry -
range of applications for
every audio designer, engineer and

_—
technician who wants professional results ~J
OSCILLOSCOPE ATTENUATOR DRIFT METER WOW/FLUTTER METER
© DC to I0MHz @ 60012 input/output e 3KHz +01% ¢ 3KHz £10% and

bandwidth AC impedance test freq. source 2 15KH7 £10% range
2H2-10MHz (- 3d8) © 0 101dBattenuation #0.3Vrms signal output
® 20mV/Div.vert.sens range. 2% accuracy
AUDIO FREQUENCY AC MILLIVOLT METER DUMMY LOAD At $1995, the LAS-5500
OSCILLATOR ® Reads as low as 30uV o To 100W rated power saves up to 50% . . .
eFrequency, 10Hz- IMH 2, ranging to 100,12 steps @80 (L.R) impedance it’s a smart investment!
S ranges ® x3% full scale accuracy
® <0.5% distortion o 5Hz- 100K Hz freq. resp
500Hz-20KHz and better Tests More ... Tests Bettor . .. for Less!

Instruments Corp
151 Dupont Street. Plainview, N.Y. 11803 (516) 822-9300
Weat Coast 7733 Densmue Ave Var Nuva Calit 91406 {213) 9892760 In Canada Cnitronn Ltd, Monireal. Quebed

Circle 154 on reader service card

et FlOCI
A0 Orties  Ontics
Catalog

Features the complete AQO line of fiber optics
products —from Inspection Fiberscopes and
Light Guides to llluminators, Image Conduits,
Faceplates and Custom Components. includes
the four newest remote inspection fiberscopes
now available.

Describes the principle, technology and tech-
nigues used to make flexible light and image
transmissions a proven, practical fact. Write today
for your FREE copy of the AO Fiber
Optics catalog to American Optical m
Cormporation, Fiber Optics Division,

Southbridge, Mass. 01550. American
Optical

154 Circle 180 on reader service card

New literature

Income tax. A 44-page booklet enti-
tled “The Enginecer and Federal
Taxes” has been published by the
IEEE. Written by a certified public
accountant and a tax attorney, the
monograph includes an explanation
of the Tax Reform Act of 1976. It
costs $3 for 1EEE members, $6 for
nonmembers. Copies can be ordered
postpaid from the IEEE Service
Center, 445 Hoes Lane, Piscataway,
N.J. 08854. Or circle reader service
number 421.

Telecommunications growth. Ac-
cording to a study by the Office of
Telecommunications of the Depart-
ment of Commerce, four major
barriers are hindering the growth of
telecommunications in four technol-
ogical areas: direct satellite commu-
nications, land-mobile radio, non-
entertainment broadband communi-
cations networks, and fiber-optic
communications. The barriers are
economic, policy, regulatory, and
technical. For a copy of the study,
including the Office of Telecommu-
nications’ recommendations for solu-
tions, send $3.25 to the Superinten-
dent of Documents, U.S. Govern-
ment Printing Office, Washington,
D.C. 20402. Ask for “Lowering
Barriers to Telecommunications
Growth,” stock number 003-000-
00504-6.

Strip-chart recorders. A 32-page cat-
alog includes data on the Rustrak
line of strip-chart recorders, includ-
ing a new miniature 24-channel
event recorder, a new miniature
three-channel analog recorder, and a
new line of 4-inch servo recorders.
Copies of the catalog are available
from the Measurement and Control
Systems Division, Gulton Industries
Inc.,, East Greenwich, R.I. 02818
[423]

Noncontact thermometry. The line of
noncontacting temperature-measur-
ing instruments made by the Wil-
liamson Corp. is described in catalog
No. 62. The instruments measure
product, process, and equipment
temperatures. Write to W.R. Bar-
ron, Williamson Corp., 1152 Main
St., Concord, Mass. [425]
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-lectrical Engineering’77

Hanover shows you
the Electrical Industry
of Tomorrow.

Electrical Engineering at work, in re- Something unique at trade fairs: allthewanted informationfaster
search, education life. Through it all areas EBI: the Electronic Visitors and more exactly. In the seven
of the economy receive decisive impul- Information System gives you halls of the electrical group.
SeS‘ThisiSparticu|ar|ytrue0ftheHano_ 000 0000000000000 0000000000000000000000000000000
ver Fair,where each year new ideas and ELS-23
suggestions are turned into new devel-
opments and innovations,

Here industry, trade and the crafts, pub-

Make sure you use the latestinfor- - OFair Diary
mation from 24 different branches Branch leaflets:
ofindustry atthe Hanover FairTo O Electric power transmission

. " _ ety help you prepare your visit we OElectrical energy supply
gig{:%gr;é?:g\?; ggflaycﬂ? ?ﬁeﬁﬁ%ﬁﬁ;{}on shall be glad to send you the Fair O Telecommunicgations
which they will need for the solution of Diary with the programme of all O Measuring, testing and
very specific problems. In a complete- branches and those sectors with automation equipment
ness which is unique in the world. the provisional exhibitors’ list O Electronic components and
Use these talks and impulses which which interest you most. sub-assemblies .

Hanover offers so that you know today ¢ Please return this coupon to ClElectrical installations

where you will stand tomorrow. Deutsche Messe- und Aus- o2 se vy
Conferences increase your knowledge stellungs-AG, Messegeldande, Name; .
and add to the quality of your infor- D-3000 Hannover 82, Street:

mation:

The Post Office Engineers” Conference
“Power electronics and power supply in
postal services and telecormmunications”
Date: 21st and 22nd April 1977

The Railway Engineers’ Confeience
“Integrated transport control on the Ger-

Tel. (0511) 891, Telex 0922728 1~

Hanover

man Federal Railway” 3 - ,

Date: 22nd April 1977 = alll

%)Tpolne{]ts _Sy_’n'wposmm g Wednesday, April 20
ptoelectronics = - Thursday, April 28

Date: 26th April 1977

Electronics /February 17, 1977 Circle 155 onreader service card 155



CLASSIFIED SALES REPRESENTATIVES Cleveland . Mac Huestis . 216/781-7000
Atlanta. . . . Joe Lane 404/892-2868 Dallas Mike Taylor .. 214/742-1747
Boston . HoltBuchanan 617/262-1160 Denver Shirley Klotz ~ 303/837-1010
Chicago . . Bill Higgens .312/751-3733 Detront Mac Huestis 313/873-7410

ENGINEERS

NEW 1977

OPPORTUNITIES
MOS SEMICONDUCTORS

We could list the new vacancies we have for 1977, but that
doesn't tell the real story. The real story is an expanded Re-
search and Development effort, new directions in packaging
and assembly techniques, and advanced Q.A. involvement
in qualifying new circuits for transfer to production

We could list the products we have already developed (cus-
tom or standard). That would be past hlsto(rjy for us; for
others it would be products still to be achieved and wanted
However, we are interested in you and what you want to do
as an engineer. You have spent many years in school. If you
are experienced, you have learned things to apply—new
concepts not compatible in your present circumstance.
Either new graduate or experienced engineer, you are ready
for a step up in responsibility. NCR could have the circum-
stance that will satisfy your need to work at what you are
prepared for and help us meet the demanding objectives we
have in 1977:

®MNOS—P and N channel; continual yield improve-
ment, new process techniques, new equipment
evaluation

e Device Design—Microprocessors, non-volatile mem
ories, electrically alterable devices for use in
mass memory applications

o Reliability—New packaging techniques and processes,
automated assembly and data collection, new
product transfer

So, to maintain the excellent performance we have achieved
and to do the new things we have set for ourselves, we still
need more people!

We will consider all applicants. We do require an apEropnate
degree (BS, MS or PhD) in Electrical Engineering or ng_lneer
1

» - ]
Classrfled sectlon FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

Houston Mike Taylor .. 713/659-8381 Putsburgh . .. DanFerro 412/381-1314
Los Angeles . StanKassin . . 213/487-1160  gan Francisco. M.E. Kenny . . .415/362-4600
New York . Dave Hawksby . 212/997-3594 Stamford Holt Buchanan | 203/359-2860
Philadephta. . Dan Ferro 215/568-6161 XEROX 400 TELECOPIER . . 212/997-6800

SENIOR SEMICONDUCTOR
ENGINEERS

Settle down in Minneapolis, for the same reason we
did
THE GOOD LIFE

Consistantly ranked 1n the top 3 urban areas in terms of
QUALITY OF LIFE. Minneapolis offers all the advantages of a
major Metropolitan life style in an environment condusive to
country living. . .where you can trade traffic. cnme, and pollu
tion, for lakes, chipmunks and scenery

Honeywell's Sold State Electronics Center, a multi-location
Corporate facility providing a full range of silicon integrated
circuit technologies for the Corporation, has an immediate re
quirement to fill the following senior engineenng positions, at
our Minneapolis research and advanced development facility

CMOS DESIGN

CCD DESIGN

BIPOLAR (CML) DESIGN

BIPOLAR PROCESSING

E-BEAM PROCESSING
PHOTORESIST PROCESSING
BIPOLAR PRODUCT ENGINEERING
CMOS PRODUCT ENGINEERING

Quahfications include 3 or more years apphcable engineering
experience within semi-conductor industry. and appropriate
education. and the ability to lead and direct major semicon
ductor development programs

If you desire continued career growth and seek an opportunity
to utihze your experience within a multitechnology environ
ment dedicated to the development of several unique IC
systems applications, please call Gary Clark, Collect at (612)
542-7248. If unable to call, please forward your resume in
confidence

Gary Clark
HONEYWELL, INC.
12001 State Highway 55
Plymouth, Minnesota 55441
An Equal Opportunity Employer

ing Physics. We will make our offers to_those qualified to
represent an increase in responsibility. Tell us about your
experience and your personal objectives. What are you
ready for that you are not doing? Write in confidence to:

T.F. Wade, Manager
Personnel Resources

Microelectronics Division
NCR Corporation

8181 Byers Road
Miamisburg, OH 45342

An Equal Opportunity Employer

RATES $46 per advertising inch (s"). Commissionable.

SIZES 7" to 10" deep in widths of one column (1%"), two (3%"),
three (5%"), and four (7").

CLOSING Two weeks prior to mailing.

MAILING One week prior to issue date.

ISSUE DATE Every other Thursday.

AD ORDERS/BOX NUMBER ANSWERS Send to Electronics,
Post Office Box 900, New York, N.Y. 10020.
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ELECTRICAL & ELECTRONIC
DESIGN ENGINEERS

As Midwest's exclusive recruiter for
Electronic and Electrical Engineers, our
chent companies have continual needs for
growth oriented engineers

Client Companies Pay All Fees

» BSEE, Integrated Circuit Design,

CMOS $18-20,000
» BSEE, Induction AC Motor Design,

1500 HP + $22,000
© BSEE, Sr. Design & Development of

DC Devices $18-21,000
* BSEE, Universal Motor Design ~ $20,000
» BSEE, Director of Engineer,

AC Motors $35-40,000
» BSEE, DC Servo Drive Design $18-22,000
Calt or send resume to LEN TERESINSKI,
ELECTRICAL SPECIALIST in confidence
Office (414) 437-4353. Home (414) 494.
4674

MANAGEMENT RECRUITERS
Suite 302, 115 S. Jefferson St.
Green Bay, Wisconsin 54301
Licensed Employment Agent

DON'T forget the Box
Number when answer-
ing the replies.

CHECK for Accuracy.

INCORRECT

Box Numbers may re-
sult in a delay in re-
forwarding your reply.

Electronics/February 17, 1977




Electronics

SR. ELECTRONICS

 DESIGN ENGINEER

DIGITAL SYSTEMS DEVELOPMENT

We're a leading midwest manufacturer of auto-
mated banking and sccurity systems utilizing
statc-of-the-art  electronics  technology, well-
known for our achievements in EFT equipment
and proud of our reputation for continuous
growth. Our on-going commitment in digital
systems development has created this challenging
opportunity for a self-motivated Sr. Electronics
Design Engincer.

Selected candidate will assume project level
responsibility for the leadership and coordination
of enginecring and firmware development of
automated terminals and communication control
systems for the banking industry.

A BSEE or cquivalent coupled with 4-6 years
solid experience in digital systems design and de-
velopment are essential. Candidates’ background
must reflect a proven capability in the design of
microprocessing and minicomputer systems in
the data communications ficld and an ability to
work well as a key member of multiple disci-
pline technical development teams.

The selected candidate will realize outstanding
potential for carcer growth, professional advance-
ment and industry recognition. Submit letter or
resume, in confidence, outlining salary history to:

Dicbold Inc.
Canton, Ohio 44711
Arttn: C. J. Maurer

An Equal Opportunity Employer M'F

DIEBOLD

I'NCORPORAT

f Doesn't Your Career - \

Deserve the Best?

We are a Phoenix-based computer electronics company that is young, aggressive,
and well-financed offering worldwide sales and service. We need talented,
ambitious people in engineering, manufacturing and finance. Our corporate growth
and new expansion is showing a 50% increase per year and we would like to have

you assist us in continuing this outstanding growth pattern. Currently, openings
exist at all levels and we invite you to learn more about working with Courier.
Please send resume to: Mr. R. Sippel

Courier Terminal Systems
2202 E. University Drive
\ Phoenix, Arizona 85034

an equal opportunity employer m/f

Electronics /February 17, 1977

Electro-optics,
Optomechanics,
Infrared, Laser,
Computer Hardware
Development, Radar

The professionals: EEs, physicists

The tasks: advanced and concep-
tual design; electro-optical sensor
analysis; performance analysis;
advanced image and signal pro-
cessing; stabilization/tracking
analysis; systems desngn including
space-based programs; circuit
design that uses MOS or bipolar;
design of CCDs and microproces-
sor/microcomputer techniques.

The professionals: EEs,

physicists, MEs

The tasks: device development;
high-energy-laser alignment-
control systems; servos; precision
gimbals and mechanisms.

The professionals: EEs

The tasks: computer-controlled

test equipment and system integra-
tion and checkout, including
systems design and application.

The professionals: radar circuit
designers

The tasks: analog or digital circuit
design and development; radar
transmitters; RF subsystems —all
using RF power-amplifier compo-
nents/subsystems, modulators,
high-voltage power processing,
and control/protection circuits
and techniques.

The professionais: radar systems
engineers

The tasks: systems design using
Fourier analysis, pattern recogni-
tion, and radar signal processing
using digital techniques.

Degree from an accredited institu-
tion required. Please send resume
to: Professional Employment,
Hughes Aircraft Company, 11940
West Jefferson Bivd., Culver City,
CA 90230.

HUGHES AIRCRAFT COMPANV
AEROSPACE GROUP

US citizenship required
Equal opportunity M/F/HC employer
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Senior Specialist Electronic Technician,

Aramco needs a very good Senior Specialist
Electronic Technician in Saudi Arabia.

Opportunity.

The majority of your time will be spent super-
vising a crew of 2 to 6 technicians in performing
the operation, construction, maintenance, and
repair work on all the electronic equipment in our
communications network. You’ll make essential
electrical measurements to analyze and locate
equipment faults, and the necessary repairs.
You’ll also supervise routine maintenance.

Qualifications.

A high school education plus 3 years technical
school training in specialized communications
equipment, 10 years work experience in the main-
tenance and repair of communications and elec-
tronic equipment (3 of which must have been on
Aramco-type sygtems),(i;)lus experience in giving

beincharge of your career in Saudi Arabia.

Good company.

Aramco is one of the biggest oil companies,
and has been operating since 1933. So we know
our way around the petroleum industry.

Good money, plenty of travel time.

Working with Aramco in Saudi Arabia has
many pluses. You receive top salary. An attrac-
tive savings plan. And a generous tax-free
expatriate premium.

ou also get a liberal paid vacation after only
one year, so you can travel all over the world.
Plus paid, round trip vacation travel to the U.S.
once a year.

In addition, Aramco offers a liberal medical
and retirement plan. Excellent benefit program
and recreational facilities.

Interested?
If s0, and you're qualified, write for an applica-

on-the-job training, and knowledge of human tion. We'll get back 1n touch with you as soon as
relations techniques. possible.
For an application, write Dept. EM0210A
ARAMCO SERVICES COMPANY
1100 Milam Building/Houston, Texas 77002

“$1630k roser enans. | | NOW IS THE TIME ... TO HIRE
POSITIONS NATIONWIDE e rens ot o o oaese | | A STUDENT THIS SUMMER.
* Analog. Digital. Microproc and advancement to two design engrs. ca-

essors. Hardware/Software
e Computers. Peripherals. in-
struments. Processes
e Guidance. Controt
Intelligence. EW
e Communications. RF. Micro
wave, Satellites
+Systems —Circuits —
Components +
Degreed Engineers with 2 or
more years experience
Send your resume, with
present salary to:
P'n B Consultants, Inc.

Box 261, Wayne, Pa. 19087

OPERATED BY AN EN-
GINEER WHO TALKS
YOUR LANGUAGE
SPECIALIZING IN
THE ELECTRONICS
INDUSTRY

Radar

DESIGN ENGINEERS
INVENTORS

Manufacturer with USA & Int'l. commer-
cial industrial sales staft has avadable
venture capital, R&D team for production,
packaging, marketing your product design.

preliminary particulars to

RA-4138 Electronics

pable of leading the design/development of
state of the art instrument and control
hardware. Requires BSEE, 5 yrs. exp.. and a
solid background in digital OR analog cir
cuit/system design techmgues. Exp. with
microprocessors a plus. Sal. to 25K
Contact Dave Adams, New England
Recruiters, 6 Lakeside Office Park, Wake-
field, MA 01880.
Fee paid consultants

ENGINEERS
in FEE-PAID ositions
THROUGHOUT THE LIIS since
'59. Over 1,000 client companies.
We are graduate engineers work.
ing full-time for you. Send resume
& salary history today or request
confidential application.
ATOMIC PERSONNIL, INC,

L

Suite L. 151A8nWaInut St., Phila,, Pa. 19102
ment
— — — Formhnicam — —-l

BUSINESS OPPORTUNITY

How To Earn Money As A Consultant

(including specimen contracts) $16

Business Psychologz Int’l 2407/44
ch,

Pacific Virginia Beach, Va. 23451.

- waee W have been placing graduate ==

First, it's later than you think,
with schools closing on different
semester schedules, and stu-
dents torn between lining-up
“sure” jobs now or gambling
that something in their chosen
field will come along later.

Second, and most important,
it's in our industry’s best in-
terest to encourage and hold
its life-blood by providing prac-
tical experience in their future
profession.

And, since there'll always be
more applicants than openings,
you'll be able to select the cream
of the crop, then evaluate them
with an eye towards hiring, when

as coveted graduates, the job
market might well be in their
favor.

Because we believe this pro-
gram is of mutual benefit to
both employer and employee
alike, we again offer our ser-
vices as a clearing-house.

Just fill out and return the
coupon below, and we’'ll include
your organization in a free list-
ing to be sent to Placement
Directors and Department Heads
at leading colleges and uni-
versities across the nation.
They'll post it, and the students
will contact you directly.

Free summer help listing

MAIL TO: ELECTRONICS/POST OFFICE BOX 900/NEW YORK/NY 10020

OVERSEAS JOBS GUIDE

Class. Adv. Dogt. P.Q. Box 900
N.Y., N.Y. 10020

Job Hunters Guide & Directory of
600 firms. $6.00 +$.50 P&H (US $
check or MO only). foreign—add
$2.00. Friar Books, Dept €L, 8956

I

I

I

: I

Royalty or proprietorship basis. Send I
I

I

|

| £ Ardendale, San Gabriel, CAG1775.

NAME/TITLE (of individual to be contacted)

6RGANIZATIOII: (Fi}m, Company, Govn;m;nt Agency or Instit.uﬁo; ) )

TYPE AND NUMBER OF STUDENTS SOUGHT: Electronics

ADDRESS: (MaiIIng address o.I your per;oﬁnil office)

i

Avionics

-
2
4
2,
&
[
2

Other: ( Draftsman, etc. 2117177

© 00000 00000000000000000P000000000OITRROOOCOIIOOIOGIRILTYS

rNote: Last date coupons can be accepted for this year's student mailings is 4/15/77 J
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Job-Seekers:

Be the

first to know
with
McGraw-Hill's
Advance
Job

Listings

By having our new weekly
ADVANCE JOB LISTINGS
sent First Class to your
home every Monday, you can
be the first to know about
nation-wide openings you
qualify for both in and out of
your field.

This preprint of scheduled
employment ads will enable
you to contact anxious
domestic and  overseas
recruitment managers
BEFORE their advertise-
ments appear in upcoming
issues of 22 McGraw-Hill
Publications.

To receive a free sample
copy, plus information about
our low subscription rates
(from three months to 12),
fill out and return the coupon
below.

TECHNICAL SPECIALISTS
CIRCUIT DESIGNERS
TEST ENGINEERS

Enjoy the good life in Florida

...with a rewarding future at the
ITT LSI Systems Support Center

This recently established, corporate-funded
organization is located in West Palm Beach, where
the year-round living is all you could ask for. The
career opportunily is the ideal complement, because
this Center is charged with providing the means for
optimum use of LS| in wide-ranging ITT telecom-
munications, space, defense, automotive and
industrial product areas. This scope and challenge
dictate the building of a highly qualified, technology ,
oriented, system sensitive professional staff.
True ground-floor positions with unusual
reach into the future, offering excellent
prospects for career advancement, are
available to those who qualify.

2 years design experience using sophis-
ticated computer-aided techniques.

Technical Specialists
Technical expert in advanced large-scale

integration. Responsible for interface Senior Test Engineers

with ITT equipment and systems divisions

in development of new state-of-the-art
applications, from LSI studies through
chip design to volume manufacturability.

Interface with ITT equipment and systems
divisions in testing philosophy and test-
ability for new applications. Generate and

ADVANCE JOB LISTINGS
P.0. BOX 900
NEW YORK, N.Y. 10020

Please send a sample copy of

ADVANCE JOB LISTINGS to:
Name - N
Address
City -
State LIV

o=
=
=i

Zip

Requires MSEE and minimum 4 years debug test and characterization programs
LS| design experience. for custom and standard LS| circuits. Re-
quires BSEE and 4 years in product and

H - : test engineering. Sentry experience and
Gircuit Designers knowledge of MIL-38510 ' qualification

Experienced designer in advanced LS! techniques preferred.

technologies. Responsibie for design of

complex LS8! circuits in latest bipolar and  Positions also available at lesser experi-
MOS technologies. Requires BSEE and ence levels.

PHILADELPHIA INTERVIEWS
Wednesday thru Friday (Feb. 16-18)
To arrange an appointment, call on the above dates.

Robert VerNooy, (213) LO 8-7466

If not convenient to meet with us in Philadelphia, send your resume in
confidence to Mr. Robert VerNooy, Personnel Manager, (TT LSI Systems
Support Center, 3301 Electronics Way, West Palm Beach, Florida 33407.

ITT LSI SYSTEMS
SUPPORT CENTER

An Equal Opportunity Employer, M/F
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- - ’
Projects!
and the internationally known electronics firm we represent will

have a new set of challenges for you. A series of high technology
projects are scheduled through the 1980's and beyond

SIGNAL PROCESSING DESIGN ENGINEERS
This position requires a BSEE or equivalent plus 8-15years
diversified experience in DIGITAL LOGIC DESIGN with empha-
s1s on SIGNAL PROCESSING techniques. Your background
should include leadership responsibility in the development of
complex equipment design and a thorough knowledge of DIGI-
TAL HARDWARE. You should have recent experience in one or
more of the following disciplines: RADAR PRINCIPLES, TIMING
CODING/DECODING, FORMATTING, DATA TRANSFER and
CONTROL LOGIC, including Worst Case Analysis

DIGITAL DESIGN ENGINEERS

You will need a BSEE or technical degree in a related area plus
3-7 years’ experience in GENERAL PURPOSE LOGIC DESIGN
using high speed integrated circuit logic devices and familiarity
with state-of-the-art digital devices and computer aided design
techniques. You should also have experience in DIGITAL CIR-
CUIT DESIGN, including A/D and D/A Converters and Worst
Case Design

MICROWAVE DESIGN ENGINEERS

You will be responsible for conceptual definition, design and
development of microwave circuits and components-necessary
in the DESIGN OF ANTENNAS including PHASED-ARRAYS
Knowledge of advanced techniques in computer applications for
analysis and control 1s essential

If you meet the qualifications for one or more of these disciplines,
we would like to arrange a personal meeting with one or more of
our client's senior engineers or department heads. Please send
your resume, including salary history, in confidence to LRK
ASSOCIATES,6845 EIm Street, (EL-03), McLean, Virginia 22101
U.S. CITIZENSHIP REQUIRED. Representing an Equal Oppor -
tunity Employer M/F/H

LIRS 2

ASSOCIATES

POSITION VACANT

Radio Electrical Engineer—Our client
company, a New England based
manufacturer of industrial mach-
nery 1s seeking a well-rounded Elec-
trical Engineer with experience n
the following areas. vacuum tube
design for broadcast frequency (med
ium to high); power supply circuit
design; high frequenc 'generators
in power ranges to 100KW: power
oscillating circuit experience; know
ledge of transformers (design and
specifications); background in indus-
trial use of high frequenc?/ applica
tions is essential. The qualified can-
didate will possess a BSEE and 5-7
years experience in the stipulated
areas. Compensation for the posi-
tion will be commensurate with the
level of experience presented. In-
terested candidates are asked to
forward a detailed resume including
salary history to: Michael Ingoldsby,
Executive & Technical Recruiting,
230 Gardner Street, Hingham, Mass.
02043. 749-4080.

Electronic Specialist to maintain,
repair and operate magnetic reso-
nance Instrumentation. Require-
ments: strong  electronic  back-
ground with theoretical and prac-
tical knowledge of transmitting and
receiving circuitry, good knowledge
of computer theory and operations.
Experience in NMR operations and
a chemistry-oriented educational
background desirable. Send resume
with salary history and references
to Dr. John Funkhouser, Chemistry
Department, Michigan State Uni-
versity, East Lansing, M| 48824. An
Equal’ Opportunity/Affirmative Ac-
tion Employer.

Electronics Engineers—All Dis- .
cipiines, Microwave, Analog, Digital,
Circuitry, Instrumentation and Con-
trols, openings nationwide for design,
applications and sales. $14-40K, Fee
Paid. Write, in confidence, to Mr. C.
Robin, P.E., Dunhill Tech Search, 182
Forbes Road. Braintree, MA 02184,
617-848-6320

STILL LOOKING
FOR YOUR DREAM JOB?

Then be sure to check out the employment opportunities
contained in ELECTRONICS’ Classified Section.

Or, why not consider placing a Position Wanted ad? The costis
low (only $1.25 per line) and the results are often rewarding. For
more information call or write:

ELEGTRO“'GS Post Office Box 900
New York, N.Y. 10020 & Phone: 212/997-2556

W/
!
Hill
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Elec_tr'omEChanical Major new contracts provide outstanding new career
pPOlect Leader opportunities with one of the nation’s largest devel-

opers of tactical missiles and gun systems. The Po-
mona Division of General Dynamics is located 27
freeway miles from the heart of Los Angeles, and just
minutes from mountain resorts.

This position will participate in the RADAR TRANSMITTER
technical planning and design of new and ENG'NEERS

modified electrical electronic switching
components. Responsibility includes technical Electronic design engineers for work with high power
supervision and administratiop for engineers, and low noise transmitters are needed. Experience
technicians, and draftpersons in the design should include one or more of the following areas:
group. high voltage power supplies, high PRF grid modu-

Background should include two to five lat hiah i . .
years experience in switch design and a BS or ofors, high power amplifiers, high power static in

equivalent experience, an electrical verters, and tronsmit.tfar profective cirf:uits. Applicc.nfs

background and/or supervisory experience is should also be familiar with transmitter mechanical

desirable. packaging problems. Positions are open for both lead
Tektronix, Inc., develops, manufactures engineers and electronic designers.

and markets internationally recognized
precision electronic measurement lnstrumgnts, / Gu l N CE
computer peripherals and related electronic RADAR DA
instrumentation. Located near Portland, SYSTE M AN AlYSTs
Oregon, we are within a two hour drive of the

Cascade Mountains or Ocean Beaches. The

close-by nature playgrounds and the City of Engineers with experience in radar fire control and
Portland provide a variety of recreational and guidance receiver functional design analysis. A Mas-
cultural interests. ters degree and a background in detection theory, es-
Salary is open. Benefits include liberal timation theory, clutter analysis and ECOM analysis
educational support, insurance and profit are highly desirable. Familiarity with math modeling
sharing programs. . techniques for advanced rador receiver block dia-
hi uf’leatse Ei;dEi?ea:;gg r%%’;‘ﬁfggls;l?gc grams is necessary. Positions are open at several ex-
istory to: . . - .
P.O. Box 500, E28, Beaverton, Oregon 97077. perience levels.

An Equal Opportunity Employer M/F.

RADAR RECEIVER /SIGNAL
TEKTRONIX PROCESSOR ENGINEERS

committed to

techmicat excetence Electronic design engineers with experience in the de-
sign and development of receivers and signal process-
ors. Skills with either or both analog and digital

[
processing are desired. Analog designers should have
experience with low noise IF strips, AGC, AFC and
APC loops. Digital designers should have experience

with techniques such as FFT’s, digital filters and/or mi-
croprocessors. Lead engineer and electronic designer

POSITIONS WANTED COMPUTER positions are available.
DESIGN
Engineering Technician with 10 years ENGINEER NUMEROUS OTHER OPENINGS

hands-on experience in analog,

digital, rf, prototype design or assem EXIST FOR DEGREED EE’S, ME's and IE’s

bly and troubleshooting, PW-4088,

o Excellent benefits program, including life and medical
Flectionce. Smail group specializing in insurance, dental :ndg resc’ri tion d?u lan, savi
Electronic Technical/Engineering advanced highspeed TTL s P ’ P g plan, savings,
Ade—8 years experience radars AND ECL hardware needs a stock investment and retirement plans.
f:,% SZS,;,;_ 412".%;_ Tﬁ;‘:g’s‘fe; y.sn creative logic designer, who Send complete resume including salary history and re-
relocation. PW-3760, Electronics enjoys difficult problems to quirements, in confidence to:
Experienced Product Innovator and participate in the develop-

u .

E:gienr:énnng Administrator—Fifteen ment of complex processors. Mail Zone 4-15 EM
patents, several successful products Substantual d|g|tal design
and various publications. Admin. experience is required.

GENERAL DYNAMICS
Pomona Division

experience includes OD, product
planning, resource allocation, etc.
Searching for rapid growth or turn-

around situation. Objective 1s to

makef meamrrl‘gfulI contnbutltIJ(;\ Itlo SYSTEQZS;)‘?'_?‘::Z:’TS’ INC. P.O. Box 2507
significant technical programs. Idea ) .

togpanicipate in “State of the Artx San Francisco, CA 94107 Pomona, CA 91766
advances in controls, instrumenta- An Equol Op ty Employer M 'F
tion, or EDP technologies. PW-4051, An Equal Opportunity Emplover 5

Electronics.
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Introducing the Son
of "‘Microprocessors

Second and third generation microprocessor
technology is here, and covered in this new
200 page book “Applying Microprocessors’;)
which picks up where its best-selling prede-

cessor, “Microprocessors”, left off.
Includes 26 detailed applications from
data networks to video games.
Indispensable. A must for every
electronics engineer.

Since the publication of “Microprocessors’ only one year
ago, enough has happened in the microprocessor revolu-
tion to fill a book. That book has just been published.

“Applying microprocessors’ is expected to surpass the
first book’s record sales—over 20,000 copies, now in the
fourth printing. The new book completes the engineer’s
transition from the old methods of electronic design to
the new world of microprocessor engineering. The book
contains the up-to-date and ready-to-use information that
every designer needs to know about the new technology:

Part 1: The hardware. Microprocessors and peripheral
devices. Overview of what'’s available to designers.
Descriptions of the latest generation from on-chip devices

with erasable memory to 16-bit minicomputer-like devices.

Part 2: Programming and prototype design. Surveys of
available software and systems (including in-circuit
emulation techniques). Computer-programming approach

No-risk
trial offer

To provetheimportance
of this book to every

Send me
per copy.

Electronics Book Series 5 I
P.O. Box 669 Hightstown, N.J. 08520 "Hill' |

copies of “Applying Microprocessors’ at $9.95

| must be fully satisfied or you will refund full payment if the book is returned after
10 days trial examination.

predit Cards Charge My Book To

to design contrasted with hardware-oriented
approach.

Part 3: Actual applications. How the microprocessor is
fulfilling the most optimistic hopes for its potential.
Detailed descriptions of the ways today’s devices already
control all types of systems.

The new book focuses on actual applications, with
specific how-to-do-it information on 26 applications of
the new technology, including . ..

* data networks

* engine temperature
monitors

* radar coordinate converters
* teleprinters

* telephone systems

» oscilloscopes

* blood analyzers

« cash registers

* video games

¢ weighing systems

» analog data processing
* data acquisition systems

K i

[0 Payment enclosed O Bill firm O Bill me

engineer, the publishers
[ Diners Club

[ American Express

O Master Charge  Acct.
O BankAmericard No.

are making a ten-day
trial offer. You must be
completely satisfied

Date Card Expires

Interbank No.

1st No’s. above name
on Mastercharge only.

that the book fulfills its Name R __ Title I -

promise or your money Company

will be refunded. Strest S - -
E“L~_ __ State _ Zip
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337 more power io the people.

Advertising Sales Staff
Advertising sales manager: Paul W. Reiss

Power/Mate presen
Econo/Mate I1.

The open frame power supply.

Now Power/Mate brings you 33%
more power in the same package size
with the second generation of our
Econo/Mate series.

The size is the same, the basic
components are the same for easy
interchangability. But that’s where the
similarity ends.

Econo/Mate Il adds features like
dual AC primary and a plug-in IC
regulator for improved regulation

And Econo/Mate Il is tough
Computer design, quality control. and
Power/Mate’s experience helps
insure 100,000 hr. MTBF even at this
higher power output.

But for all its features, Econo/Mate
Il is still, most of all, economical

We wouldn't call it Econo/Mate
if it wasn’t.

Econo/Mate Il is in stock, ready for

delivery. Send for our free brochure.

orld s largest manufacturer of quality powev supplles
514 South River Street/Hackensack, N.J. 07601 /Phone (201) 343-6294 TWX 710-990-5023

L]
-]
©
o
»
v
-

Prices start at $19.95.

Circle 164 on reader service card

"he Answer Book.

It makes your job
easier. $25. |

“What companies make the products [
need? How do I contact them locally?

[212} 997-4371

Atlanta, Ga. 30309: Glen N. Dougherly
100 Colony Square, 1175 Peachtree St., N.E
[404) 892-2868

Boston, Mass. 02116: Fraik Mitchell

607 Boylston St.

{617) 262-1160

Chicago, Ill. 60611

645 North Michigan Avenue

Robert W. Bartiett [312] 751-3739

Robert M. Denmead [312] 751-3738
Cleveland, Ohio 44113: William J. Boyle
[716] 586-5040

Dallas, Texas 75201: Albert J. Liedel

2001 Bryant Tower, Suite 1070

[214] 742-1747

Denver, Colo. 80203: Harry B. Doyle, Jr
123 Speer Bivd. #400

[303] 837-1010

Detroit, Michigan 48202: Robert W. Bartlett
1400 Fisher Bldg.

[313] 873-7410

Houston, Texas 77002: Albert J. Liedel
601 Jefferson Street, Dresser Tower

[713} CA 4-8381

Los Angeles, Calif. 90010: Robert J. Rielly

ts 1221 Avenue of the Americas, New York, N.Y. 10020

Bradley K. Jones, 3200 Wilshire Blvd., South Tower

[213) 487-1160

Minneapolis, Minn. 55435: Robert M. Denmead
4015 W. 65th St.

[312] 751-3738

New York, N.Y. 10020

1221 Avenue ot the Americas

Michael J. Stoller {212} 997-3616

Matthew T. Reseska {212] 997-3617
Philadeiphia, Pa. 19102: Matthew T. Reseska
Three Parkway

{212) 997-3617

Pittsburgh, Pa. 15222: Matthew T Reseska
4 Gateway Center

{212]) 997-3617

Rochester, N.Y. 14534: William J. Boyle
1175 Pittsford-Victor Rd., Pittsford, N.Y
[716) 586-5040

San Francisco, Calif. 94111: Don Farris
Robert J. Rielly, 425 Battery Street,

[415] 362-4600

Paris: Alain Offergetd

17 Rue-Georges Bizet, 75116 Paris, France
Tel: 720-73-01

Geneva: Alain Offergeld

1 rue du Temple, Geneva, Switzerland

Tel: 32-35-63

United Kingdom & Scandinavia: Robert Ghey
34 Dover Street, London W1

Tel: 01-493-1451

Scandinavia: Andrew Karnig and Assoc
Kungsholmsgatan 10

112 27 Stockholm, Sweden

Tel: 08 51 68 70 Telex: 179 51

Milan: Luigi Rancati

1 via Baracchini, Italy

Phone 86-90-656

Brussels: Alain Offergeld

23 Chaussee de Wavre

Brussels 1040. Belgium

Tel: 13-73-95

Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27¢, Germany

Phone 72 01 81

Tokyo: Tatsumi Katagiri, McGraw-Hill
Publications Overseas Corporation,
Kasumigaseki Building 2-5, 3-chome,
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
[581] 9811

Australasia: Warren E. Balf

IPO Box 5106, Tokyo, Japan

Business Department

How do I get their current catalogs fast?” Thomas M. Egan,
Production Manager {212} 997-3140
Ask The Answer Book. Over 4000 Gayla Black

products, 6000 manufacturers with their
local contacts, directory of trade names
and catalogs, inquiry “bingo™ card for
S-second ordering of current catalogs.

Production Manager [212] 997-2044
Carol Gallagher

Production Manager International
[212] 997-2045

Dorothy Carter

Production Manager Domestic

[212] 997-2908

Frances Valione

Reader Service Manager

r—————————=———- —_——————— ]
| Electronics Buyers’ Guide w/ | [212] 997-6057
| 1221 Avenue of the Americas, N.Y., N.Y. 10020 CJ i | Electronics Buyers’ Guide
Yes, send me a copy of The Answer Book. ‘}. | H.T. Howland, General Manager
| I've enclosed $25 (USA and Canada only, 212] 997-6642
1sewhere send $35). Full : ' ithi . || 2
| clsewhere send $35). Full money back guarantee if returned within 10 days. Regina Hera, Directory Manager
I | [212) 997-2544
I Name | Gayla Black, Production Manager
Co n | [212] 997-2044
mpa - e
I Ll Classified and Employment Advertisin
| 9
I Street Frank Eberle, Manager
| | [212] 997-2557
| City State Zip |
e e e — PP |
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new data system

For production/traffic/experimental studies

NEW Count/Time Data System (C/TDS) counts switch
closings, totalizes ON/OFF time on up to 248 channels
With it and your own switches you have everything you
need for asophisticated production or statistical activity mon:
itoring system — with on-board printout, plus tape records,
calculatororcomputerfeeds. Even provides time-of-event
dataonselectedchannels!

Keyboard sets all channel inpuis, crystal clock timing
reset intervals, channel scale, outputs and more. Counts 10
events/channel/sec. The C/TDS s like a giant event re-
corder, but with output tabulated by channel the way you
want it. It's a low cost way to replace a roomful of counters,
recorders, timers, and man-hours. Request Bulletin B130
from Esterline Angus Instrument Corporation, P.O
Box 24000, Indianapolis, IN 46224. Tel. 317 244-7611

- g
E L ESTERLINE ANGUS |
— — J

Py —
T
T

Circle 165 on reader service card

FORTRAN IV
COMPILER

®IT'S HERE — FORT//80, a resident FORTRAN IV Compiler.
Produces directly executable object code.

®1T'S COMPACT — Compiler fits in 11K of memory! — No
overfays!

®T'S COMPATIBLE with most floppy disk operating systems.
Available in paper tape too.

® IT'S POWERFUL — IBM format, single and double precision
floating point, signed arithmetic, subroutine library.

®!T'S CAPABLE of using 8080 hardware features — Direct 1/O
to 8080 ports @ FORTRAN control of interrupts and con-
dition codes @ Memory mapped /O

®IT ALLOWS Embedded machine code ® Custom 1/0 Drivers

®IT'S PRICED RIGHT — $750, plus $25 for media and
documentation.

0% — ,
M. realistic controls corporation

) 31530 Warrensville Center Road @Cleveland, Ohio 441220(216) 7513158
Licensed U.S. distributor for Unified Technologies Inc. of Canada.

Circle 181 on reader service card

with MINI/BUS

\ “\\ % \‘%

M\ D

ali thes

MOSTEK MK 4096

\ ;

and work as they should!

... and these weren’t needed!
CVFee T
A 46 (

Rogers Application Note No, 1976 tells the full
story of how Mini/Bus makes PCB space-saving
design easier, eliminates multi-layer PCBs, drasti-
cally reduces use of de-coupling capacitors.
Write or call for a copy, so you'll know what

others know! ® Rogers Corporation 1976

° ROGERS CORPORATION

Chandler, AZ 85224 (602) 963-4584
EUROPE: Mektron NV, Ghent, Belgium JAPAN: Nippon Mektron, Tokyo

Circle 182 on reader service card 165



s 40V p
SCHOTTKY Y
BARRIER

RECTIFIERS
wirh T,=150°C

VERY LOW FORWARD VOLTAGE DROP (VF)

Because of the large metal-barrier-to-silicon junction, VF
ranges are from 550 mV, ig = 1 A, to 620 mV, i = 40 A,
This results in less heat dissipation, low power loss, and
greatly improved efficiency.

EXTREMELY FAST RECOVERY TIMES (t,y)

Typically < 10 nsec. Schottkys are ideally suited for low-
voltage power supplies, free-wheeling diode and flyback
diode applications, and polarity protection in high-speed
switching circuits.

MAJORITY CARRIER CONDUCTION

In addition to fast recovery, Schottky barrier construction
results in high surge capacity and low stored charge.
Schottkys are not subject to conventional P-N diode for-
ward and reverse recovery transients caused by minority
carriers.

OTHER VARO SCHOTTKY FEATURES ARE:

e —65tg +150°C junction operating temperatures

e 1 A 3A 5A 15A 30A and 40A (ip) ratings

e 20V, 30V, and 40V (VRRM) ratings

e Low reverse leakage

e Epoxy axial lead, DO-4, DO-5, and TO-3 package con-
figurations

e Competitive pricing

Try one in your circuit; you will see for yourself these

advantages and more.

For more information and data sheets on all Varo Schottky
Barrier Rectifiers call Mike Hawkins, 214/272-4551

Design us in . . . we'll stay there VARO

VARO SEMICONDUCTOR, INC.
PO BOX 676 1000 N SHILOH GARLAND TEX 75040
1214) 272-4551 TWX 910-860 5178

EUROPEAN OFFICE: UK: VARO SEMICONDUCTOR INTERNATIONAL, INC.

Deepdene House, Bellegrove Road, Welling, Kent, England DA163PY, 01.304.6519.0

166 Circle 166 on reader service card

1702A MANUAL EPROM PROGRAMMER

Features hex keypad, two
digit hex address and two
digit hex data display. Con-
trols include load, clear, go!
(step), key/copy, data in/
data out, and counter up/
down. Profile card includes
high voltage pulse reguiator,
timing, 8 bit address and 8
bit data drivers/receivers. Two 6%’ x 9’ stacked cards with
spacers. Allows programming in 20 minutes copying in
5 minutes. Requires +5, —9, and +80 volts.

» N —
-~

-

-
U

-

I

ASSEMBLED ........ ... ... . $299.95
KET $189.95
NOW

The best of two worlds. .. use our 1702 EPROM programmer
as a manual data/address entry programmer . . . or connect it

1O yOour processor,
IMSALI/ALTAIR computer interface (requires 3 output ports,

+1 input port) and software ................... $49.95
Briefcase unit with power supplies and interface connectors
(assembled and testedonly} .................. $599.95
ANNOUNCING

Our NEW 16K Byte Pseudo-Static, IMSAI/ALTAIR compat-
ible RAM. Single card slot. Uses less power than equivalent
low power RAM. All memory chips socketed. Uses all prime,
factory fresh 1Cs. High quality, two-sided, through-hole-
plated circuit board. Crystal controlled, totally invisible
refresh system requires NO software management, Just plug
itin and use like STATIC memory.

Complete kit ... .. ..ot e $349.95
Assembled, tested, and burnedin .............. $549.95

ASSOCIATED ELECTRONICS
12444 Lambert Circle « Garden Grove, CA 92641
(714) 539-0735

Circle 183 on reader service card

LOOK AGAIN!I

NLS’ Counter specs are amazing and
the prices will please you.

NLS’ Silver Jubilee Year

PR-5 PC-4
EVENT COUNTER

PRESET COUNTER

=

Unit Quantity—$54.50

Festures Include:

Unit Quantity—$149

Features Include:

® Five-digit LEDdisplay of count plus
5-digit preset. ® Counts at 500 kHz
pulse and 300 Hz contact closure.
® Small: 2.25" Hx3.25" Wx4.0" D;
fits inthe palm of your hand. @ Per-
mits multiple presets. ® Optional
battery pack for standby operation.
@ Solid-state LSI circuitry with high
noise immunity.

® Counts to 19999 events @ up to 200
kHz. ® Programmable decimsl.
® TTL or switch input. ® Electronic
reset. ® Display inhibit/dimming and
lamp teat. ® Leading zero suppres-
sion capability. e Multiplexed BCD
output. e Multiple units maybe cas-
caded. ® Large 0,3" LED display.
® Small aize: 1"Hx2.5"Wx3.25"D.
e Operates from +5 vdc supply; uaing
less than 0.75 watts. e Optional 115
vac operation.

See your local distributor!
Distributor inquiriea invited.

] Non-Linear Systems, Inc.

Originator of the digital voitmeter.

2ty YEN

i' Box N, Del Mar, California 92014 Telephone (714) 755-1134

For PR-5 circle 184 and PC-4 circle 185



Bectronics

CHARGE MY SUBSCRIPTION TO

PLEASE ENTER MY SUBSCRIPTION

TO ELECTRONICS FOR: (] Payment Enclosed ;_LCBT_.‘.&EE“AS‘;"LSS"“ES% BANKAMERICARD o
1. O ONE YEAR AT $14 ] sin My Company LIRS
L] THREE YEARS AT $35 1 sinme INTERBANK KO, o Mestorcharge omy.
53030

NAME o _TITLE_
COMPANY_____ — R _DIV.or DEPT ___
COMPANY ADDRESS - S S — S
CITY. _ I _ STATE. S 4 | o S

Check here It you wish

D pubhcation tobe sentto  STREET __ __CITY. __STATE 2P
home address

Qualification for above rates is based on answers to all questions listed below. Si

Those not qualifying may pay higher than basic price of $25 one year or $62.50 ignature

for three years. —_— e —

Indicate the primary product manufactured or service performed at your plant (Box 1) and in your
2 1 2 department (Box 2). Be sure 10 indicate applicable letter in each of the two boxes even if they are
° D PLANT D DEPARTMENT the same letter.

A. Large computers K. Industrial controls, systems and U. Research and development
B. Mini-computers equipment organizations which are a pan of an
C. Computer penipheral equipment L. Sub-assemblies educational institution
D. Data Processing Systems (systems M. Passive electronic components V. Government Agency and military
integration) N. Active electronic components W. Industrial companies using and/or
E. Office and business machines O. Materials and Hardware Incorporating electronic products in
F. Test and measuring equipment P. Aircraft, Missiles, space and ground their mfg., research or development
G. Communications systems and support equipment activities
equipment Q. Oceanography and support equipment X. Utites
H. Navigation and guidance or control R. Medical electronics Y. Broadcasting, sound and motion
systems S. Industrial equipment containing pictures and recording studios
. Consumer entertainment electronic electronic components of products Z. Commerciat users of electronic
equipment T. Independent R&D laboratory and equipment (railroads, pipelines,
J.  Other consumer electronic equip. consuitant Folice, airhnes)
(apphances, autos, hand tools) 9. College, University
Indicate your principal job function (place applicable 4 Indicate your principal job responsibility (place ap-
3. number in box. If numbers 9, 10, or 11 are used, fill in name . plicable number i box)
of college or university) 1. Management 2. Engineering

1. General and corporate management

N

. Design and development engineering
. Engineering services (evaluation, qualty control,

«w

. Basic research that applies)
. Manutacturing and production

. Engineering support (1ab assistant, techmician)
. Purchasing and procurement

. Marketing and sales

A. | do electronic design or development engineering work
B. I supervise electronic design or development engineenng work

® N v A

and matenals

9. Professor at S— S

reliability, standards, test) 5 I:l I:l D Your design function: (Insert each letter

C. | set standards for. or evaluate electronic components, systems

10. Senior student at

11. Graduate student at 6- Estimated number ot employees at this location. (check one)
raduate stude! I

Senior and graduate students are eligible for professional
rate for one year subscription only. D 11049 D 50 10 249 D 250 t0 999 D over 1,000

Subscriptions are normally entered withifi 2 Weeks.'but please allow 4 1o 8 weeks for shipment.
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Electronics

Reader Service

For additional information
on products advertised,
new products or new literature,

use these business reply cards.

Complete entire card.

Please

print or type.

Circle the number on the Reader

Service postcard that corresponds
to the number at the bottom of the

advertisement, new product item, or
new literature in which you are
interested.

To aid the manufacturer in filling your

request, please answer the three
questions.

All inquiries from outside the U.S. that
cannot reach Electronics before the
expiration date noted on the Reader
Service postcard must be mailed
directly to the manutacturer. The
manufacturer assumes all respon-
sibilities for responding to inquiries.

Subscriptions & Renewals

Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.

' EeCtlonlCS February 17, 1977 This Reader Service card expires April 17, 1977

NAME __ _ . o - TITLE___

PHONE (. ) ____ COMPANY. _

STREET ADDRESS. o -

cTy__ _ - - _STATE_ S ZIP_ _ S _
Industry classification (check one):

a O Computer & Related Equipment e 0 Test & Measuring Equipment i OIndependent R&D Organizations
b O Communications Equipment & Systems f O Consumer Products k O Government

¢ O Navigation, Guidance or Control Systems g O Industrial Controls & Equipment

d O Aerospace, Underseas Ground Support h

Your d_eagn?unction (check each letter that applics):
x O | do electronic design or development engireering work.

y O | supervise electronic design or deve

~ont engineering work.

[J Components & Subassemblies

z O | set standards for, or evaluate electronic components, systems and mat?ials._ -
Jt 1.0under20 2.0020-99 3.0J100-999 4.0 over 1000

Estimate number of employe;s (at this locauo

61 76
62 77
63 78

91106
92107
93108
94109
95110

121136 151 166
122137 152 167
123138 153 168
124139 154 169
125140 155 170

181196 211 226
182 197 212 227
183 198 213 228
184 199 214 229
185 200 215 230

241 256 271 348
242 257 272 349
243 258 273 350
244 259 274 351
245 260 275 352

363 378 393 408
364 379 394 409
365 380 395 410
366 381 396 411
367 382 397 412

423 438 453 468
424 439 454 469
425 440 455 470
426 441 456 471
427 442 457 472

483 498703 718
484 499704 719
485 500 705 720
486 501 706 900
487 502 707 901

WD | B WA =

10

96 111
97 112
98113
99 114
85100115

126 141 156 171
127 142157 172
128 143 158 173
129144 159 174
130145160 175

186 201 216 231
187 202 217 232
188 203 218 233
189 204 219 234
190 205 220 235

246 261 338 353
247 262 339 354
248 263 340 355
249 264 341 356
250 265 342 357

368 383 398 413
369 384 399 414
370 385 400 415
371386 401 416
372 387 402 417

428 443 458 473
429 444 459 474
430 445 460 475
431 446 461 476
432 447 462 477

488 503 708 902
489 504 709 951
490 505 710 952
491506 711 953
492507 712 954

86101 116
87 102 117
88103 118
89104 119
90105120

131146 161 176
132147162177
133 148163 178
134149 164 179
135 150 165 180

191 206 221 236
192 207 222 237
193 208 223 238
194 209 224 239
195 210 225 240

251 266 343 358
252 267 344 359
253 268 345 360
254 269 346 361
255 270 347 362

373 388 403 418
374 389 404 419
375 390 405 420
376 391 406 421
377 392 407 422

433 448 463 478
434 449 464 479
435 450 465 480
436 451 466 481
437 452 467 482

493 508 713 956
494 509 714 957
495510715958
496 701 716 959
497 702 717 960

m.ns Febru

ary 17, 1977  This Reader Se

rvice card expires April 17, 1977

NAME__ ) N ) W

PHONE ( ) COMPANY____ S

STREETADDRESS______ === e —
Ty STATE.___ S ZIP S -

Industry classification (check one):

e [ Test & Measuring Equipment

a [0 Computer & Related Equipment
f O Consumer Products

b O Communications Equipment & Systems
¢ 0 Navigation, Guidance or Control Systems

g O Industrial Controls & Equipment
d 00 Aerospace, Underseas Ground Support h O Components & Subassemblies

Your design function (check each letter that applies):

x 0 | do electronic design or development engineering work.

y O I supervise electronic design or development engineering work.
z [J | set standards for, or evaluate electronic components, systems and materials.

Estimate number of employees (at this location): 1.0 under20 2.0120-99 3.[1100-999 4. over 1000

Independent R&D Organizations

jO
k O Government

16

46

61 76 91106
92107
93108
94109

95110

121 136 151 166
122 137 152 167
123 138 153 168
124 139 154 169
125140155170

181 196 211 226
182197 212 227
183 198 213 228
184 199 214 229
185 200 215 230

241 256 271 348
242 257 272 349
243 258 273 350
244 259 274 351
245 260 275 352

363 378 393 408
364 379 394 409
365 380 395 410
366 381 396 411
367 382 397 412

423 438 453 468
424 439 454 469
425 440 455 470
426 441 456 471
427 442 457 472

483 498703718
484 499704 719
485 500 705 720
486 501 706 900
487 502 707 901

OOND| N EBWHN —

10

96 111
97 112
98113
99 114
85100115

126 141 156 171
127142157172
128 143 158 173
129144 159 174
130145160175

186 201 216 231
187 202 217 232
188 203 218 233
189 204 219 234
190 205 220 235

246 261 338 353
247 262 339 354
248 263 340 355
249 264 341 356
250 265 342 357

368 383 398 413
369 384 399 414
370 385 400 415
371 386 401 416
372 387 402 417

428 443 458 473
429 444 459 474
430 445 460 475
431 446 461 476
432 447 462 477

488 503 708 902
489 504 709 951
490 505 710 952
491 506 711 953
492 507 712 954

86 101 116
87102 117
88103 118
89104 119
90105 120

131146 161 176
132 147 162 177
133 148 163 178
134149164 179

135150 165 180 |

191 206 221 236
192 207 222 237
193 208 223 238
194120912247239
195210 225 240

251 266 343 358
252 267 344 359
253 268 345 360
254 269 346 361
255 270 347 362

373 388 403 418
374 389 404 419
375 390 405 420
376 391 406 421
377 392 407 422

433448 463 478
434 449 464 479
435 450 465 480
436 451 466 481
437 459 467 480

493 508 713 956
494 509 714 957
495510 715 958
496 701 716 959
497 702 717 QRN




Elec H If the cards below have already been used,
trmm you may obtain the needed information
. by writing directly to the manufacturer,
Reader SGI’VlCG or by sending your name and address,
plus the Reader Service number and issue date,

to Electronics Reader Service Department,
P.0. Box No. 2530, Clinton, lowa 52732.

-_-----------------_--_-_-_----1

Affix
Postage
Here

Electronics

P.O.Box No.2530
Clinton, lowa 52732

Affix
Postage
Here

P.O.Box No. 2530
Clinton, lowa 52732

----------h----------



~ AVX is number1
1n ceramic capacitors.

1AvX

 — All The Others

Multi-layer Ceramic Capacitor Sales *

1976
{millions of dollars)

*Based on AVX market research.

For the fifth consecutive

chase orders, giving AVX by

AVX has responded with in-
vestment in new and more
efficient production facili-
ties. Laboratories, auto-
mated assembly equipment,
two completely new facto-
ries. All to increase produc-
tion capacity, improve qual-
ity and reduce cost. And,
we’re responding with prod-
uct innovation. Three new
product introductions in the
past year alone. Each de-
signed for automatie inser-

tion to reduce your assembly
cost.

Being number 1 is a big
responsibility. At AVX, we
take it very seriously. Be-
cause we know you’re very
serious about the kind of
quality you put inside your
products,

AVX Ceramics, P.O. Box 867, Myrtle
Beach, SC 29577 (803) 448-3191
TWX: 810-661-2252; Olean, NY 14760
(716) 372-6611 TWX : 510-245-2815
AVX Limited, Aldershot, Hampshire,

GU12 4RG England, Tel: Aldershot
(0252) 312131 Telex: 858473

year, the electronies indus- far the largest share of

try has voted AVX number 1 multi-layer ceramic sales.
in multi-layer ceramic A commanding lead over its
capacitors. Voted with pur-  nearest competitors.

[N TheInsiders

Circle 901 on reader service card
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Get more current
at lower
Ilght levels

Clairex photodarlingtons
exhibit the highest scnsi-
tivity in the industry with
specific types having a
guaranteed light current
(I) at 0.02 mw/cm? ir-
radiance. A broad line of
phototransistors and pho-
todarlingtons is available
in the TO-18, the “micro”
(Pill) and an interninediate
(Post) package.

The micro package is
060" in diumeter and per-
mits the aswmbly of ar-
rays utilizing .100” centers.
The intermediate package
has a flange diameter of

098" which permits its use
for small space applica-
tions und case of product
handling,

¢}

All units are hermet-
ically sealed with either
glass windows or glass
lenses. The lenses provide
a narrow angular response
of #17° while the win-

dows provide an angular
response of +35°,

All Clairex phototran-
sistors and photodarling-
tons are 100% tested for
light current (I;) at a

stated irradiance . .. cither
per the standard Clairex
specification, or per your
special requirements, In
addition, most Clairex
units are tested to a mini-
mum and maximum light
current (I,) limit. . . nor-
mally a 3:1 spread,

Because Clairex  has
specialized in  opto-clec-
tronics  since 1933, we
probably stack the photo-
transistor or the photodar-
lington with the
characteristics  that  you
need.

Call (914) 664-6602
or write Clairex™, 560
South Third Avenue,
Mount Vernon, New York
10550.

..With Clairex

photodarlingtons and
phototransistors.

CLAIREX ELECTRONICS

A Division of Clairex Corporation

Circle 902 on reader service card






