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MODEL 632 displays 100 MHz frequency marker ‘ comb’

] 4
OCKED NARROW SPAN

odultion sidebands cléarly resolved. 0.5 kHz/Dij. spav{

lLinear|vertical scale. 300 Hz Reseiution BW.

Look Closely at this New Series of
RF-Microwave Spectrum Analyzers.

The New NR 600 Series: 500kHz to 40 GHz. All the important features you need. Compact size. Low cost.

Directly calibrated, wide-dynamic-range, spectrum displays up to 40 GHz.
Select among five versatile easy-to-use models.
Check these features —

[J 4 Digit LED Frequency Readout. [ Bright, calibrated 8 x 10 cm display. Parallax- 3

. , - : New N-R 600 S USA
[ Absolute level calibrations up to 18 GHz. free internal graticule CRT plus scale o g Domgstic
[ Calibrated frequency spans up to 2 GHz; up illumination. Standard camera mount. Models Prices

to 8 GHz full spans with Models 640 & 641. [ Display Storage {Optional ). Internal memory 632 < 500KHzto23Hz § 5975

[ Jitter-free phase-locked narrow spans with provides long term display storage and recail. 630 10MHzto ,
300 Hz Resolution. P (Stored displays can be compared to 40 GHz 7 Bands  § 7.750

[J High useful sensitivity to —115 dbm, (632). O Irpdning sigrdls) 640 630 plas Internal

To —108 dbm for other Models. Interface for Tracking Generator (Optional) Preselector $10.150

Conservatively rated at S + N = 2N and (7 Reliable moduar solid state design. 631  10MHzto

1 kHz Resoluti{m BW. [ Cempact construction — 40 GHz 6 Bands  §$ 7.150
[ Internal tracking preselector to 18 GHz. Models 630, 631, & 632 are 7” high; | 641 63&,9‘;':&?;?""3' $ 9,500

Models 640 & 641. Maodels 640 & 631 (with Internal Preselector) .
170 db log scale (10 db/div) plus 2 db/div are 8%" high.

and linear level scales. Circle 900 on readei service card

Get a Closer Look by checking the Reader Service Card —
or — for immediate response, call, TWX or write to: nelson * TOSS D:VISION
5 Delaware Drive / Lake Success. New [ York:f1040 / 516-328-1100 TWX 510-223-0414




Designing broad band
transiormers?

Here ~®_
COmes P
help

SROAD BAND
Ilit'.‘b'l.'ﬂl’

DESIGN DIRECTION — Tell us your application for broad band
components. We'll send you complete design information on the
only ferrites manufactured, tested and guaranteed for bandwidth
performance. Your design will be easier and more precise with
graphs of R and X, vs. frequency and design examples that work.

COMPONENT SELECTION — Give us your circuit parameters and
we will select a Broad Band-Rated * component with 16,000 perm to
replace expensive metal laminations. Or give us your bandwidth
requirements from 100 Hz to beyond 250 mHz and we'll choose
from our complete range of toroids and mated parts in recommend-
ing a specific solution.

Call APPLICATIONS ENGINEERING, (201) 826-5100 or write: In-
diana General, Keasbey, New Jersey 08832.

=i Indlana general

a division of Electronic Memories & Magnetics Corp.
Keasbey, N.J. 08832 e (201) 826-5100
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“You can'tb
a l32-co|un‘1’|)1'

printer for any
less.

I gerany

more.’

Bob Howard, President, Centronics

But the low initial
price for the Centronics 700 Series
132-column printer isn’t the whole story.

It’s the lower cost of ownership based on the 700’s
inherent reliability and simplified construction.

The 700’s unique modular construction using four different modules — print-
ing, electronics, forms handling and keyboard — and less moving parts mean easier
maintenance, lower cost and a smaller spares inventory.

Write for the full details of this tremendous offer . . . and information on the
rest of the printers and teleprinters in the new Centronics 700 Series.

Centronics means more than low price.

And more than hardware. It’s the widest range of models, features, options
* Financially strong * Proven delivery response ® Over 70,000 printers installed * 109
world-wide sales/service locations ¢ Stringent quality control * Advanced R&D and
manufacturing ¢ Long-term spare parts availability ¢ Customizing for specific needs.

CENTRONICS IS PRINTERS

Centronics Data Computer Corp.. Hudson. N.H. 03051, Tel. (603) 883-0111, Twx. 710-228-6505, Tlx. 94-340-4; Eastern Region: (617) 272-8515 (MA): Central Region
513) 2940070, Twx. B10-454%- 1784 tOH 1 Western Region: (714 9709-6650, Twx. 910-545-1925 1CA) Centronics Data Computer (Canada) Ltd.. Ontario, Tel. (603) 8830111, Twx
710-228-6505: Centronics Data Computer (UK) Litd., Cheam. Surrey. England, Tel. 643 0821-4, Tlx. 851 945756; Centronics Data Computer, GmbH, 6 Frankturt/Main..
West Germany, ‘Tel. 663321/22, Tlx. 841 113224; Centronics of Puerto Rico, Dorado, Puerto Rico, Tel. (809} 796-1881. Tlx. 3859349

2  Circle 2 on reader service card Electronics /September 16, 1976



39

63

75

91

125

Electronics

The International Magazine of Electronics Technology

Electronics Review

MEDICAL: Matrix of voltages on skin enable blind to ‘see’, 39
MEMORY: General Instrument introduces 8,192-bit Earom . . ., 40
. . . as Nippon Electric readies its design, 41

Mostek 16,384-bit ROM has 350-nanosecond access time, 42
INDUSTRIAL: Computer numerical control looking good again, 44
Microprocessors show up in numerical controllers, 44

NEWS BRIEFS: 46

COMPANIES: Intel plans broad LS| product push, 48
PACKAGING & PRODUCTION: Lasers strip wire insulation, 50
MICROPROCESSORS: Rockwell adds two-chip PPS-8, 52

Electronics International
GREAT BRITAIN: Geometry separates microwave channels in filter, 63
ARQUND THE WORLD: 63

Probing the News

YOU AND YOUR CAREER: Are manpower predictions accurate? 75
COMPONENTS: Power FETs threaten bipolar transistors, 80
INDUSTRIAL: Technology makes water fit for drinking, 86
ELECTRONICS ABROAD: Bombay takes on electronic glow, 89
Technical Articles

COMPUTERS: Master-slave processors help develop systems, 91
INSTRUMENTS: Microprocessor multiplies DMM's functions, 97

DESIGNER'S CASEBOOK: D cells power nanosecond-pulse generator, 102

Comparators and resistors form clockless a-d converter, 103
Voltage doublers power microprocessor PROMs, 105
COMPONENTS: On-chip heater helps stabilize reference zener, 106
COMMUNICATIONS: Design rules for fiber optics are familiar, 113

ENGINEER'S NOTEBOOK: DVM locates short circuits on pc boards, 118

Induction pickup drives elapsed-time indicators, 119
Frequency-counter design minimizes number of parts, 121

New Products

IN THE SPOTLIGHT: Thin-film networks take on discretes, 125

Digital multimeters emphasize accuracy, 131

Crydom enters low-cost solid-state-relay market, 134
MICROPROCESSORS: Product-line gaps filled, 137
SEMICONDUCTORS: Quad op amp has on-chip input FETs, 146
COMPONENTS: Ferrites made more stable, 152

PACKAGING & PRODUCTION: Furnace handles crystals to 5 in., 158
COMMUNICATIONS: Synthesizer aims at CB market, 162

Departments

Publisher’s letter, 4
Readers’ comments, 6
News update, 8

Editorial, 10

People, 12

Meetings, 30

Electronics newsletter, 35
Washington newsletter, 59
International newsletter, 65
Engineer's newsletter, 122
New literature, 165

Electronics /September 16, 1976

Vol. 49, No. 19 * September 16, 1976

Highlights

Cover: Dual processors divide design tasks, 91
A development system for the design of
microprocessor-based prototypes aims at
universality by assigning system-related
tasks to a master central processing unit,
while prototype-related jobs are handled by
a replaceable slave unit that duplicates the
prototype’s processor.

Cover constructed by Robert Strimban.

Manpower studies blasted, 75

Official manpower studies continue to show
more jobs than there are engineers, and
they're coming under increasing fire for not
reflecting reality. Critics single out the Engi-
neering Manpower Commission for failure to
correct its figures.

Heater on the chip steadies reference zener, 106
A new monolithic zener diode has a temper-
ature-stabilizer network separate from the
zener itself, so that avalanche is minimized
and long-term stability assured.

Familiar rules apply to fiber-optic designs, 113
Although the increased bandwidth possible
with fiber-optic systems means different
tradeoffs in determining optimum transmis-
sion formats, the link analysis is carried out
in much the same way as for an electrical
cable.

And in the next issue . . .

A roundup of technological advances in the
new season’s television sets . . . an
example of designing with a bipolar, bit-
slice microprocessor . . . what component
users should know about acceptance-
testing procedures.
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Publisher’s letter

hose sophisticated handheld pro-

gramable calculators obviously
are having tremendous impact on the
engineer’s everyday working tech-
niques. One sign of the times is this
issue’s Engineer’s Newsletter, the
popular vehicle for tips on offbeat
sources of engineering information
or ways of adapting devices to do
things their designers never thought
about. It is devoted entirely to tech-
niques for storing and retrieving
data in various registers of the SR-
52 calculator. We are receiving an
increasing amount of mail that is
heavily weighted toward calculator
tips and novel programs.

While we have published a num-
ber of calculator-related features
over the years, the arrival on the
scene of programable calculators has
opened up some new possibilities.
Already we have found ourselves
with a backlog of intriguing and
worthwhile calculator programs, as
readers submit them for sharing
with other engineers.

Therefore, we have decided to
launch, starting next issue, a regular
calculator forum. So, if you have
worked up interesting programs or

have noteworthy operating tips, send
them in so that they can be passed
on to other calculator users.

Our lead-off Probing the News
story this issue homes in on a
fundamental question that engineer-
ing, as all professions, must face—
the forces that determine the supply
and demand for engineers. The one
major yardstick of engineering man-
power needs, the surveys conducted
by the Engineering Manpower Com-
mission, are under fire. Some critics
have gone so far as to say that the
EMC reports have encouraged schools
to pump ever more graduates into an
already oversupplied market.

The story is a complex one. You'll
find the details, though, in the story
that our New York bureau manager,
Bruce LeBoss, has put together after
extensive reporting and interviewing.
And you’ll find that on page 75.

i ——

Data Communications editor wanted

Our sister publication, Data Communications, is expanding its editorial staff
in anticipation going to a monthly frequency in January. There's an exciting
opportunity to put practical data communications knowlege to use as
Equipment and Services editor on Data Communications. While an EE
degree is preferred, of prime importance is experience with the applications
of data communications/data processing equipment. Good command of
English required, but no editorial training necessary. If you're interested, send
a réesumé to Harry R. Karp, Editor-in-chief, Data Communications, 1221
Avenue of the Americas, New York, N.Y. 10020.
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providing sine, square and triangle waveferms and ramps
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gate, trigger; bursts, frequency sweeps or pulses — Lots more
good features and spees — For fast action, call The Wavemakers at
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”_r.-.-n s

FUNCTION L7 I ZROSN-HITE WAVEFORM
GENERATOR [ ¥ WIDCEL 5200

W/ LcpnoHN-HITE
l'\l'l CORPORATION
Avon Industrial Park, Avon, Mass. 02322 » (61 7) 5680-1660, WX 713-345-0831
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e new FF303 provides two separate in-circuit
est approaches. Analog testing procedures

1se guarding techniques for straightforward
:ompone:nt fault isolation, Pulse techniques are
1sed for digital testing of all combinatoria! and
sequential logic independent of the surrounding
sircuitry. The FF303 can be configured with up to

)28 ana Ing test points and 1216 digital test points.

n-circui't test programming is done with a
-aultfincler extension of BASIC which permits
in-line e:diting and simplified, high-level language
irogramining with user nomenclature.

‘he FF3(03 is a complete, flexible in-circuit test
ystem for your production floor with low-cost
oftware generation and unique capabilities for
esting hrybrid boards. We'd like to show you
vhat it can do for you. Write or call for complete
1format:ion.

(Clircle 6 on reader service card

Readers’ comments

Will it work?

To the Editor: In the designer’s case-
book, “Adjustable pulse generator
features alarm rate” [May 27,
p. 106}, the circuit shown will not
operate as advertised.

With only a positive supply
voltage, one cannot obtain a nega-
tive-going (with respect to common)
pulse. Second, capacitor C; in the
retrigger cycle of the one-shot circuit
ICys, would have too much leakage
for this type of application. Some
type of diode or transistor leakage
isolation would be necessary. Third,
the retrigger time with the listed
values of resistor Ry and capacitor
C, is about 0.77 second nominal, not
2s.

Max M. Wertheim
Huntington, N.Y.
To the Editor: The designer of the
adjustable pulse generator described
in the May 27 issue tells us to
provide a minimum pulse of 10 volts
peak to peak (+5 v to —5 v) and
then effectively removes the “bot-
tom” half with the R,-D,; resistor-
diode combination. It would be
interesting to hear why.
E. A. Spencer
University Hospital
London, Ontario
® The author replies: Mr. Wertheim’s
points are well taken:
1. Since only a positive supply voltage
is used, only output pulses that are
positive with respect to ground are
available. The one indicated as negative
should be shown as the inverted sense
of the positive pulse, but its bounds are
+ 5 v and ground.
2. The reverse voltage that appears
across C; is in the range of 0.7 t0 0.8 v,
and a 20-wv dc solid tantalum capa-
citor can be used, since this type can be
expected 1o tolerate a reverse bias of at
least 5% of rated voltage. An oversight
omitted the type and voltage rating of
the capacitor.
3. The only requirement for the
retrigger time is that it be longer than
the normal maximum period of the
trigger source. For this circuit, the
timing was arbitrarily set to be greater
than 0.5 s and was erroneously indi-
cated as 2 s,

Concerning the point raised by Mr.

Spencer about the circuit’s input signal,

I stated, "Any function generator can
provide a suitable clock signal. If a
bipolar generator is used, diode D,
eliminates negative pulses.”” The reason
for the R;-D; combination is to present
1o the 74123 input a signal whose
voltage swing closely approximates
that of transistor-transistor logic.

Most 74123 manufacturers have
designed into the input a clamp diode,
which could be used instead of the
external diode. The series resistor is
still required if the 74123 is driven
from a bipolar-signal source that has
low output impedance. The resistor
protects the 74123 from high currents
that could flow during negative inputs.

When a function generator that has
provision for offsetting the output from
ground is used, the resistor can be
eliminated if the signal-source output is
adjusted to approximate TTI. voltage
levels.

Dividing by 7

To the Editor: The divide-by-7
example and pin listing are incorrect
in “TTL decade counter divides pulse
train by any integer” (July 8, p. 90).
To correctly divide by 7 with a 7490,
take the output from pin 11, connect
pin 8 to pin 3, and delete the connec-
tions these replace.
The other divisors are correct as
stated in the article.
James N. Brink
Garland Construction Co.
Fayetteville, N.C.
® The authors reply: While you are
wholly correct that pin 8 (not pin 9)
must be connected to pin 3, we are at
least only half wrong. Both pin 11 (as
you suggest) and pin 12 (as we stated)
will provide one pulse out for every
seven input pulses. Therefore, either
pin may be used as an output.

Correction

All requests for IEEE Std. 488-1975
on the standard instrumentation
interface bus [Aug. 5, p. 70] should
go to the Institute of Electrical and
Electronics Engineers, 345 E. 47th
St., New York, N.Y. 10017. The
United Kingdom’s Institution of
Electrical Engineers, which has re-
ceived requests for copies, does not
produce standards.

Electronics /September 16, 1976



TEKTRONIX now has 5 ways
to look at logic.

Hexadecimal
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The New DF1 Formatter

First, we gave you the timing display and
binary readout with our 7D01 Logic
Analyzer. Now, with the DF1 Display
Formatter, which is dedicated to the
7D01, you have five display formats to
operate from, all in a 7000-Series main-
frame. Now you can convert a timing
display into tables of words in Binary,
Hexadecimal, Octal ... or a mapping
configuration ... whatever your applica-
tion requires.

A STATE TABLE mode of operation
produces standard tables of up to 16
lines of 16-bit words. Using the 7D01's
cursor, you can step through these ta-
bles word-by-word in Binary, Hex, or Oc-
tal. A 17th word is added to each table
emerging from the 7D01's memory, to
serve as a “key” and indicate you are
indeed scrolling correctly through the
long memory. The 7D01’s fine cursor

For technical data circle 7 on Reader Service Card.
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control steps the display line-by-line,
while the coarse control advances it
table-by-tabie.

One of the most powerful analytical
capabilities provided by the STATE
TABLE mode is that you can display two
tables-a reference table of “provec”
data plus a “new” data table drawn from
a system under test-on the same crt for
side-by-side cemparison. New data that
is different from the reference data s
automatically intensified ... you im-
mediately know faulty data exists, and
you know its location.

With the DF1 you can map, not just
one, but three ways. The ability to map
FAST, SLOW, or MANUAL lets you
quickly recognize a woed of interest,
track it, isolate it, then pinpoint it for de-
tailed analysis. The importance of map-
ping is derived from the speed with
which you can isolate problems.

The logic analyzer package shown
(7603 Option 1, 7D01, DF1) starts as low
as $5790. If you already own a 7000-

Mapping

J0esne

Series mainframe, add the 7D01-1
(7D01/DF1 combination) for only $4390.
Also consider that your money buys you
these important 7D01 features: 1) Word
recognition, 2) 16 channel operation,
3) 15-ns asynchronous timing resolu-
tion, 4) 4k formattable memory (4, 8 or
16 channels), and 5) High Z probes.

For more information or a demonstra-
tion of the DF1, contact a Tektronix Field
Engineer near you. Or write Tektronix,
inc., PO. Box 500, Beaverton, OR
97077.

United States sales prices are F.O.8. Beaverton, OR. For
orice and avaitability outside the United States, please con-
tact the nearest Tektronix Field Office, Distributor, or
Representative.

TEKTRONIX
.

committed to
technical excellence

Faor demonstration circle 110 on Reader Service Card.



Get the

scope you
-Nowl

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

Get our
§ FREE
Fre-m Catalog

Continental
Rentals

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

Metuchen, NJ (201) 549-8500;
Gaithersburg, MD (301) 948-4310; TX
€214) 357-1779; Elk Grove, IL (312)
439-4700; Costa Mesa, CA (714)
540.6566; Santa Clara, CA (408)
735-8300; Los Angeles, CA (213) 477-7521

News update

B Although available for less than a
year, Hughes Aircraft Co.’s
AN/UYK-30 microcomputer evi-
dently is gaining rapid acceptance by
military users. It has been designed
into 12 programs, for all three
services, and decisions are expected
on perhaps another dozen by year
end, says Dale Manos, manager of
computer applications for the
Hughes Data System division.

Regarded as the first microcom-
puter to use commercially available
large-scale-integrated microproces-
sor chips (Intel Corp.’s bipolar 3000
series), it reached the hardware
stage last summer [Electronics, Sept.
4, 1975, p.32] After subsequent
tests, the Hughes computer found its
first application in the Air Force’s
modular digital-scan converter, for
which it translates radar signals into
the fast-scan rate required by televi-
sion displays [Electronics, Feb. 5,
1976, p. 29.]

Militarized. The AN/UYK-30,
fitted on three 5.6-by-6.2-inch cir-
cuit boards, also is being imple-
mented in the Navy’s standard elec-
tronic modules (stem). With
throughput of 340,000 to 660,000
operations per second, the machine
is billed by Hughes as the first mili-
tarized bipolar microcomputer for
multiple applications.

The main reason for the fast start
is that *it fills a vacuum, where
there was no other machine before,”
to quote Robert D. Hawkins, micro-
processor-design coordinator at the
Navy Weapons Center, China Lake,
Calif. It is already on one classified
program and ‘‘being considered for
six or seven additional programs at
the weapons center alone,” he says.

“The most important need it satis-
fies,” he continues, *“‘is in programs
where current dedicated computers
are either too expensive or too large.
It’s ‘s the cost of the $20,000-to-
$30,000 minicomputers, and re-
quires Y2s the volume.”

Manos says the UYK-30 will cost
about $2,500 when in quantity
production by next year. And
Hughes is also hoping to sell the
machine to commercial systems
houses. O

e
Noise
Loading

Test Set
MEVS8

The MEVS8 consists of the Noise Receiver
ML415A and the Noise Generator MG431A.
It is best to measure the performance of
radio relay and cable systems for frequency
division muiltiplex telephony under con-
ditions closely approaching those of actual
operation.

e Meets the latest CCIR and CCITT re-
commendations.

e Suitable for systems of 24 to 2700
channels or more (10kdz to 18MHz).

e Easy replacement of plug-in filters and
accomodation up to 7 measuring fre-
quencies simultaneously.

e Direct reading diatl of noise level (abso-
lute or relative) and noise ratio (NPR or
S/N) with or without weighting.

e TRANSMISSION LEVEL dial and
DIFFERENCE FROM TL dial facilitating
measurements

e Easy operation by remote control from
the Noise Receiver to Noise Generator

® |ow intrinsic thermal noise minimized at
-130 dBm

e Inband and out-of-band measurements.

Anritsu

ANRITSU ELECTRIC CO., LTD.
MEASURING INSTRUMENTS DIVISION

12-20 Minamiazabu 4-chome, Minato-ku, Tokyo 10€, JAPAN
Telex 0-242-2353

USA TAU-TRON INC Tel (617)667-3874

W Germany KNOTT ELEKTRONIK GMBH Tel (08178)4085
Holland UNI OFFICE BV Tel (010)-22 94 44

Italy VIANELLO Sp A Tel {02) 544041
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Coming through...

with people,ideas, products-
whatever it takes fo get the job done

Wire, cable and cord sets usually cost less to
buy than install. And poor performance can
cut intoyour product’s profitability deeper than
potential savings on an initial buy. Belden is
ready with whatever it takes to get the job
done right.

BROAD LINE: Belden comes through with thou-
sands of standards that fit your toughest
environmental and application needs. And if
a standard won't work, we will cusiom design
an answer to your need.

ENGINEERING HELP: When you have problems
in stripping, terminating, installing, fabricat-
ing, safety engineering, ordering, quality
control, or want information on the codes or
design pcrameters, ask a Belden specialist.
“Hot-line" assistance is as near as 317-
066-6684. Call and see.

UNIQUE PUT-UP CAPABILITY: Ask about Belden’s
UNREEL® dispensing system, Pays out wire con-
tinuously without snaris, backlash, or tension-
ing devices. One company cut processing
time by 30%"

And Belden is coming through with a lot
more. A design kit that covers performance
characteristics, costs, material capabilities.
And we've increased production capabillty
for shorter lead times, great delivery.

Quality wire, cable and cord—whatever it
takes to protect your bottom line performance
every day. Belden Corporation, Electronic
Division, PO. Box 1327, Richmond IN 47374,
317-966-666A. 8464 B

“Information available upon request.

BELDEN
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Coming through...

with new ideas for moving electrical energy
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The continuing controversy in manpower projections

The waste of a resource is always shameful,
but it assumes tragic proportions when the
resource is people. And in the case of
engineers, where long, hard, and expensive
training is involved, the waste and the
thwarting of talent and opportunity may be
rightfully termed scandalous.

For some time it has been apparent that
the nation’s engineering schools are turning
out more EEs than industry, government,
and academia can absorb. Incredibly, despite
studies by engineering societies and warnings
from a host of other informed groups, there
is no evidence that steps are being taken to
make sure that young people entering an
engineering career path are presented with
a realistic picture of their prospects for jobs
after their training is completed.

Right now, educators and prospective
students must rely chiefly for such information
on the manpower prospect reports issued
by the Engineering Manpower Commission.
Unfortunately, these reports are now known
to be highly speculative, based as they are
on raw, unsubstantiated data furnished by
a few hundred companies and organizations
in the form of estimates of what their
individual engineering manpower needs
might be in future years.

While the Commission itself points out
that the reports constitute projections rather
than valid predictions, it’s doubtful that
these semantic differences are appreciated
by thousands of prospective students who
are lured into the engineering curriculum
by the prospect of an ever-increasing demand

10

for such skills, only to find long lines at the
unemployment office.

At this point, we can see no possible good
in continuing manpower-demand research
as it is conducted by the EMC. However,
despite the growing criticism of the
commission’s role in exacerbating engineering
career problems, the sad truth is that there
is currently no alternative being planned.
Some way must be found to improve the
inputs and the analysis of the manpower
requirement data in the future. The samples
should be distributed between industry and
academia in such a way as to avoid bias.

An effort should be made to track the
predictions (or projections, if you will) with

the actual engineer population. And reports
should be issued frequently and unambiguously.

The EMC’s excuse that its budget can not
be stretched that far should be viewed against
the trouble that it is having in finding money
to make new studies. Its supporting associations
are not happy with the present approach to
manpower surveying and are saying so with
their purses. Yet a revised approach would
probably go a long way toward loosening
the purse strings again.

The deficiencies in the current manpower
demand figures have been apparent for some
time. Groups like the IEEE and NSPE have
pointed them out. Yet no group appears to
have initiated any meaningful steps toward
attacking the problem. This has been a
major contributor to career disruption and
the consequent embitterment so characteristic
of many engineers today.
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Microprocessing
becomes a buyer's market.

If youre a MOS microprocessor customer. the last
few years haven't been a whole lot of laughs

One supplier had all the good stuff, made all the
rules, told you what you could buy. And when. And
for how much.

But something happened to change all that:
Advanced Micro Devices.

We make the best microprocessor in the world.
the Am9080A. and we make all the support circuits
you need. They're yours now. off the shelf, at com-
petitive prices. That's right. Competitive

But we make more than microprocessor products
We make you a promise:

We'll sell you any part. in any quantity. bundled or
unbundled. You re the customer

If you're shy. and you're just not sure how to say
thank you. an order would be really nice.

Write or phone Advanced Micro Devices.
The Buyer's Market.

Ours and Theirs.

(The 9080A & 8080A)

Specification AMD Intel

Mimimum Instruction
CycleTime

Maximum Power Dissi-
pation (at 1 3 microsec
0-70°)

1 microsecond 13 microseconds

829 miliwatts 1307 milhwatts

Output Drive 32mA @ 4V 19mA @ 45V
So. if you suddenly find yourself having an easier Y Input High sov a3y
time buying microprocessors. just remember why. MIL-STD-883 Standard Special
And who.
Qurs and Ours.
(Am9080A System Circuits)
AMD Part Number Description Availability AMD Part Number Description Availability
CPuU Mask Programmable Read-Only Memories
Am9080A/—2/—1/—4 Speeds to 250 nsec In Dist Stock Am9208B/C/D tKx8 Factory Stock
Oto 70°C Speeds to 250 nsec
Am9080A/ -2 Speeds to 380 nsec In Dist Stock Am9216B/C 2Kx 8 Factory Stock
55to +125°C Speeds to 300 nsec
Static Read/Write Random Access Memories Erasable Read-Only Memories
Am9101A/B/C/D 256x 4,22 Pin In Dist Stock Am1702A 256x8. 10 usec In Dist Stock
Speeds to 250 nsec Am2708 1024 x 8. 450 nsec 4th Q 1976
Am91LA/B/C 256x4.22 Pin in Dist Stock N
Speeds to 300 nsec Processor System Support Circuits )
Am9102A/B/C/D 1K x 1, 16 Pin In Dist Stock Am8212 8-bit 1’0 Port In Dist Stock
Speeds to 250 nsec AmM8216 Non-Inverting Bus Transceiver In Dist Stock
Am91L02A/B/C TKx1. 16 Pin tn Dist Stock Am8224 Clock Generator In Dist Stock
Speeds to 300 nsec Am8226 Inverting Bus Transceiver In Dist Stock
Am9111A/B/C/D 256x4, 18 Pin In Dist Stock 8228 s ) | Stock
Speeds to 250 nsec Am ystem Controller In Dist Stoc
Am91L11A/B/C 256x4. 18 Pin In Dist Stock Am8257 Direct Memory Access Controller  2nd Q 1977
Speeds to 300 nsec Am8259 Priority Interrupt Controller 2nd Q 1977
Am9112A/B/C/D 256 x4, 16 Pin In Dist Stock Am9551 Programmable Communications 4th Q 1976
Speeds to 250 nsec Interface
Am91L12A/B/C 256x4. 16 Pin In Dist Stock Am9555 Programmable Peripheral Interface In Dist Stock
Speeds to 300 nsec Am25LS138 1-0f-8 Decoder In Dist Stock
Am9130A/B/C/D/E 1024x 4. 22 Pin In Dist Stock Am25LS139 Dual 1-ot-4 Driver In Dist Stock
Speeds to 200 nsec *Am25L§240 8-bit Inverting Bus Driver 4thQ 1976
Am9140A/B/C/D/E “30963‘-'222&';” In Dist Stock *Am25L5241 8-bit Non-Inverting Bus Driver 4th Q 1976
AL ==t *Am25L8273 8-bit Common Clear Register 4th Q 1976
Dynamic Read/Write Random Access Memories *AmM25LS374 8-bit 3-state Register 4th Q 1976
AmM9050C/D/E 4K x 1, 18 Pin In Dist Stock *Am25LS377 8-bit Common Enable Register 4th Q 1976
Speeds to 200 nsec 5 9
Am9060C/D/E 4Kx 122 Pin In Dist Stock All combine high performance and low power in space saving 20-pin package

Speeds to 200 nsec

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

Advanced MOS/LSI

Advanced Micro Devices # 901 Thompson Place, Sunnyvale, California 94086 e Telephone (408) 732-2400 o
Distributed nationally by Hamilton’Avnet, Cramer and Schweber Electronics
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HIGHEST RELIABILITY
SWITCHING!

OPTICALLY COUPLED
LIMIT SWITCHES

OPTRON OPS 200 SERIES
SWITCHES MEET SPECS
AFTER 100,000 HOURS

OF OPERATION

Even after 100,000 hours of operation
atrated currents, OPTRON's new high
reliability OPS 200 series optical limit
switches will still meet specifications.

New OPS 200 and OPS 200A
limit switches combine the non-
contact switching feature of popular
optically coupled interrupter modules
with the convenient mounting and ac-
tuating features of conventional
mechanical switches to provide solid-
state reliability in a mechanical switch
package.

An optical shutter controlied by a
snap-action mechanism interrupts the
light path between a gallium arsenide
infrared LED and a silicon photosen-
sor. The condition of the photosensor,
either illuminated or dark, determines
the ON (closed) or OFF (open) state of
the switch

There is no contact bounce or
contact contamination. Interfacing
with high speed logic circuitry is possi-
ble without the buffering stage re-
quired with conventional switches
Both the OPS 200 and OPS 200A
eliminate arcing and are unaffected by
magnetic fields

The OPS 200 has a high gain
N-P-N phototransistor output. In the
closed condition with a LED drive cur-
rent of 30 mA, a minimum output of 1.6
mA at 0.4 volts assures TTL compati-
bility. In the OPS 200A, a photodiode
sensor followed by a Schmitt trigger
circuit with 140 mA output sink capabil-
ity eliminates the need for amplifiers in
most applications

Both new limit switches are avail-
able from stock in either normally open
or normally closed conditions

Detailed technical data on OPS
200 series limit switches and other
OPTRON optoelectronic products
chips, discrete components, reflec-
tive transducers, isolators and inter-
rupter assemblies is available
from your nearest OPTRON sales rep-
resentative or the factory direct.

OPTRON, INC.

1201 Tappan Circle
Carroliton Texas 75006, us A
TWX-910-860-5958

©  214/242-6571
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Power constraints toughest
for Goodlette’s Mars landers

**As it sits today on Mars, the Viking
lander is almost identical to the
design we proposed to NASA in
1969,” observes John Goodlette,
chief engineer for the craft. How-
ever, meeting power constraints
posed knotty problems, and coming
up with the hardware ‘‘required
every subsystem but the radio to
advance the state of the art at least a
modest step.” Goodlette knows more
about the pair of unmanned landers
sent to Mars than anyone else. He
has lived full time with them since
1969, when his company, Martin-
Marietta’s Aerospace division in
Denver, became prime contractor for
them. Actually, the Sl-year-old
Goodlette is a veteran of missile
work dating back to the 1950s.

Power shortage. “The chief ques-
tion was how to build the electronics
in the 33 subsystem/components to
operate under the power con-
straints,”” he recalls. The weak
sunlight striking the Martian surface
and fouling by dust ruled out using
photovoltaic solar cells.

Instead, twin radio-isotope ther-
moelectric generators were chosen.
They deliver nearly 80 watts, and
the designers had to keep power
needs under that ceiling. “The key
proved to be power-state switching
so that we only turn on something
when we need it.” To do this, engi-
neers programed a general-purpose
computer to track power needs up to
10 minutes ahead. “The computer
even puts itself to sleep and wakes
itself up. It saves a lot of power,
since the sleep state uses about 4 w,
against the all-up 37 w.”

But to satisfy peak-power needs
that can reach 270 w when all ex-
periments are running, four re-
chargeable sealed-wet-cell nickel-
cadmium batteries are used. Built by
General Electric’s Battery division,
they store a little more than 1,000
watt-hours. Satisfying the 115°C
sterilization requirement imposed on
all Viking equipment had been
impossible for batteries, says Good-
lette. GE solved it with a proprietary

Designer. With computers that sleep, John
Goodlette's landers now sit on Mars.

cell-separation material, which may
have commercial potential.

Sterilization to prevent contami-
nating the Martian environment also
caused the computer to be what
Goodlette calls *“‘our toughest single
problem.” The Honeywell Inc. Aero-
space division built the computer,
which is fully redundant, weighs 52
pounds, and contains 18,432 25-bit-
words of plated-wire memory.

The design philosophy of *‘en-
forced redundancy™ of all circuitry
reflects circa-1969 technology, he
observes. “For the most part, it’s
medium-scale integration, flat-
packs, and hybrids, with only some
LS1 circuits. If Viking were built
using today’s LSI, “you’d really see
something,” he concludes.

Arnaldo Coen wants ltaly’s
SGS-Ates to grow smoothly

Recently appointed general manager
of 8Gs-Ates Component: Elettronici
SpA, ltaly’s leading semiconductor
manufacturer, Arnaldo Coen has
one major aim for the state-
controlled company —to iron out the
exaggerated peaks and troughs in
sales by diversifying products and
markets. “The ups and downs in the
past have been enormous,” he says.
*“For example, I expect us this year
to pull out of the recession with a
50% increase in sales [to $72
million]. But if we persist in selling
up to 70% of our output in the
consumer sector, we'll be at the
mercy of the next recession t0o.”
SGs-Ates, headquartered in
Agarte, a few miles northeast of
Milan, has made a name for itself in
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Our loneliness and our leadership go back a
| long, long time; they began with power linears.

In fact, right from the start we've done it all
ourselves; paving the way for the others. So that now,
when you talk about power linears you automatically
talk about SGS-ATES. And in all senses - from
experience to technological progress, from the
fullness of range to production know-how.

In 1968 we put the first audio amplifier on the
market - the 2 W TAA 611 - and since then we’ve
gone on being first at every new step along the
way. In 1970 we were the first to achieve 5 W
with the TBA 641 and TBA 800; in 1972 the first
circuit with thermal protection-the 7W TDA 810S.

In 1973 the first amplifier to achicve 10 W
with full protection - the TCA 940.

In 1974 the first real Hi-Fi, the TDA 2020 -

20 W with 1% distortion.

The development of these technologies has
also made it possible to make the first complete
sound-channel for TV: the first monolithic
vertical deflection system; the first complementary
Darlington integrated pair.

Electronics/September 16, 1976

SGS-ATES power linears
it’s lonelyoat the top

And now?

The TDA 2002: the most robust and compact
audio amplificr. The very best of
our design cxperience has
gone into producing the &
TDA 2002: in the chip and
the package. It comes in
Pentawatt and it’s highly protected against
thermal overloads; against short-circuits; against
supply overvoltages including spikes.

With a 14.4 V supply it gives 8 W on 2 Q.

It is ideal for car radios and saves 50% on external
components and even more on space.

i

And that’s why

sssg'f

SGS-ATES SEMICONDUCTOR CORlsORATION
Newtonvilie, Mass . tel: 617-969161
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Own your own holder to hold your own!

Hold your own copies of Electronics in specially de-
signed slipcase holders. They’'ll keep your Electronics
library neat and handy—a permanent information file,
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This all new microprocessor-con-
trolled bridge is ideal for your
manual or automatic component
testing. Functions, ranges, test volt-
ages and frequencies are easily
selected on the 24-button front
panel keyboard or can be pro-
grammed via the optional IEEE 488-
1975 interface bus. Measurement
speed is 100-200 ms for 1 kHz and
200-300 ms for 120 Hz.

For component sorting, optional
plug-in PROM’s enable you to set
up to 10 programmable limits.

Simple,
fast,accurate

—
[—
s vomr [l
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All for under $5,000 U.S.A. (not in-
cluding options).
* dual 4'2-digit displays.
* 1 kHz and 120 Hz freq.
* wide ranges (C to 200,000 ..F).
* 0.1% basic accuracy.
* autoranging.
* selectable test voltages.
* 100-300 ms measurement speed.
* low cost options:
IEEE 488-1975 interface bus.
Single or multiple limits.

1 kHz

f - -
| Capacitance | Induclance_ I{esuzlarr:e
0 #H to 2000 H 200 m& to
20 MQ

2| 200 pF 0 20,000 uF [
120 Hz | 2000 pF to 200,000 uF 200 #H to 20,000 H

D range is 0.0001 to 1.9999. Q range is 0.5 to 10,000. Gp 200 S to 2000 nS.

Automatic L,K,C Digital Meter

Electro Scientific Industries
13900 N.W. Science Park Dr.
Portland. Oregon 97229

Telephone: (503) 641-4141
Telex: 36-0273

ELECTRO
SCENTIFC
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issue by issue.

Just complete the coupon and mail to Jesse Jones.
He'll process your order upon receipt, postpaid.
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Bottom liner. SGS-Ates’ Arnaldo Coen aims
at profits for his state-owned company.

lmear mtegraled c1rcuns and power
and metal-oxide-semiconductor
transistors. But wishing, as he does,
to hold consumer sales down to 50%
of the total, Coen intends to broaden
his product mix. One thing he plans
is to produce microprocessor-based
systems using a chip developed
earlier by his company for a calcula-
tor. Applications he has in mind are
in machine tools, industrial process
control, and telecommunications.

New products. Whenever feasible,
Coen wants to market finished
products using components made by
his company. His first product is a
liquid-crystal-display watch, and
he’s considering a clock radio. sGs-
Ates will also be selling technology
abroad. In Brazil, for example, the
company will build production lines
for power transistors and for 1Cs.

The 51-year-old Coen is a trans-
plant from another Italian state-
controlled company, Sirti, a manu-
facturer of telecommunications gear.
With Sirti since 1950, the elegant
and direct-speaking Coen rose to
become its commercial and technical
director. The company is one of
those rare commodities in Italian
state-run industry—it has been a
profit-maker

I’s to profits that Coen will be
guiding $GS-Ates, and that means
cutting production costs. At plants in
Italy, Coen will switch some produc-
tion to more efficient, three- and
four-inch wafers. In addition, he

- - - —— —— —— — — = — — plans to mechanize production lines
ELECTRONICS BOXER d r h l

| Jesse Jones Box Corporation I and transfer high-volume output to
2250 E. Butler St., Philadelphia, Pa. 19137 planls in lhe far cast

| Please send me: [] boxes @ $4.25 each; (] 3 boxes @ $12.00; (] 6 boxes @ $22.00. l Says Cocn‘ who predicls doubled
My check or money order is enclosed. sales in three years “A company

*

I Name | cannot live for sales volume alone.
Address It’s got to look at the bottom line.”

l City State Zip |

— . e — — —_— — —t
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Hewlett-Packard’s new Model 3455A
VM has high speed and good noise
ection for systems use and high resol-
lon and computational capability for
nch applications.

Dc measurements from 1 microvoltto
kilovolt can be made at 24 readings
rsecond with 5% digits; 6% digits are
ed tor greater than 1 ppm resolution
easurements at six readings/second.
-eater than 60 dB normal mode noise
jection and greater than 160 dB
)mmon-mode noise rejection is ob-
inec on all dcranges. Bestdc accuracy
+0.0023%.

innovations from Hewlett-Pockad

True rms measurements are made up
to 13 readings per second above 300
Hz. True rms is measured with best ac-
curacy of 0.1% over a 30 Hzto 1 MHz
bandwidth. Signal crest factors as high
as 7:1 full scale can be measured.

Four or two-wire resistance mea-
surements can be made from 1 milliohm
to 15 megohms. Maximum current
through the unknown is less than 1 mil-
liampere.

Math functions bu.ilt into the 3455A
let the user offset, take ratios or scale
readings so that readouts are in physical
units. A % ERROR mode converts read-

Special edition:
HEWLETT-PACKARD
INTERFACE BUS

World's first
rectangular lamp

Three new personal
calculators

ings into percent change compared to a
predetermined reference.

Use of a plug-in precision reference
enables the instrument to check itself
against the reference. Under control of a
microprocessor, it makes its own error
corrections. This reference unit can be
easily removed from the 3455A for
periodic calibration. A self-test feature
verifies operation of dc circuits. If a
problem is found, it is easily diagnosed
using the front panel display.

Standard on the 3455A is an HP-IB
(Hewlett-Packard’s implementation of
IEEE 488-75) I/O for systems operation.
Front panel indicators on the 3455A
display range, function and HP-1B status
during remote operation.

For more intormation, check | onthe HP
Reply Card.



Automatic system speeds transceiver

testing to 1000 MHz

Productivity is the watchword in re-
ceiver manufacturing. Radio mainte-
nance shops are striving to improve
throughput, test quality, and turn-
around-time. R&D and incoming qual-
ity labs need to provide accurate, con-
sistent, and comprehensive testing of
today’s sophisticated transceivers.

To help solve these requirements,
Hewlett-Packard is introducing its
8950A Transceiver Test System. The
combination of these mostly off-the-
shelf instruments provide capability of
testing AM and FM transceivers up to
1000 MHz and 100 watts. System con-
trol is via the HP 9825A calculator pro-
viding self-contained operation.

Amplitude modulation characteris-
tics are measured from 1 to 95% depth
and an accuracy of £5%. FM deviation
ts measured to 20 kHz with an accuracy
of £3%. Audio measurements on the
transmitter provide =5% accuracy on
sensitivity, with audio response indi-
cated to 25 kHz for AM and 20 kHz for
FM. Audio distortion is measured to
< 2% at400, 1000 or 3000 Hz using the
THD (total harmonic distortion)
technique. Squelch tone frequency is
indicated to =0.1 Hz.

Receiver test capabilities include sen-
sitivity tests at 12 dB SINAD for 1 kHz or

with 20 dB quieting and can also be
made at squelch threshold. Audio
power output is measured to +0.5%
with a frequency response to 50 kHz;
accuracy and audio distortion to =1%
at 1 kHz tone.

Model 8950A achieves maximum
throughput and testing speed with a
special interface and signal switch adap-
ter panel mounted at the operator shelf.
Automatic testing can improve test
times by 10 to 1 over manual tests.
Throughput of course depends on the
particular test sequence, but a Citizen
Band transceiver test can be run in 3
minutes including a printed test report.

Hewlett-Packard furnishes software
test modules as sub-routines, segmented
by type of test; for example, transmitter
power, transmitter frequency, etc. The
user then writes simple programs to ac-
cess the tests as appropriate and com-
pare test data against programmed limits
or print out a test card.

For additional technical information,
check QQ on the HP Reply Card.

New, easy-to-use
storage controls make
your measurements
faster, less complicated

For viewing low-rep-rate/tast rise-time signals,
the variable persistence mode of the 1741A stor-

age oscilloscope allows you to
for an optimum display

adjust the trace

A newly-designed storage/variable-
persistence CRT, used for the firsttimein
Hewlett-Packard’s new 1741A oscillos-
cope, produces exceptionally clean
traces, and excellent trace-to-
background contrast ratio.

New automatic storage controls make
it easier than ever before to capture
low-rep-rate, single-shot waveforms
common in today’s digital circuits.

As a dual-channel, 100 MHz general
purpose scope, it has a writing speed of
at least 100 cm/us which allows single
shot capture of glitches 1 division high
and less than 20 ns wide.

Thevariable persistence mode allows
you to adjust the trace for an optimum
display. The third-channel trigger view
lets you observe an external trigger sig-
nal simultaneously with channel A and
B traces.

A X5 magnifier permits two channel
measurements as low as 1 mV/div to 30
MHz, without cascading.

The 1741A is suited not only to the
laboratory and the computer room, but
also to the more rugged situations com-
mon with communications and process
control equipment.

For more information on this easy-to-
use storage/variable persistence oscil-
loscope, check G onthe HP Reply Card.



Capture that unique digital
event at the press of a
button!

The handy HP 1230A Logic Trigger
increases the usefulness of any scope in
the data domain by providing a
digitally-delayed jitter-free trigger just at
that pointin the data stream you require.

When digital delay is added to word
recognition, it is possible to select a un-
ique word because the trigger pulse can
be released on any preset number of
clock cycles after recognition. The
scope will display the data stream from
any desired point after the trigger word
without multi-triggering. Subsequently,
this point may be shifted either direction
simply by pressing the Up or Down
button—continuously for fast shift, or
successively for step-by-step.

In addition to the 1230’s clock and
eight-bit word recognition (HI/LO/OFF)
inputs, a gate input allows further qual-
ification. Delay (between 1 and 9998
clock pulses) is indicated on a 4-digit
LED display.

The 1230A can be operated in a syn-
chronous or asynchronous manner for
maximum measurement flexibility.

For additional technical data, check O
on the HP Renly Card.
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With tightening bit error rate re-
quirements in satellite communications,
shrinking bandwidths in ground com-
munications links and greater resolution
requirements in many radar systems, the
ability to characterize precision fre-
quency sources has been meeting in-
creasing demands. In many cases
specifications for close-in phase noise
have been limited by the capabilities of
existing test equipment rather than by
the need for the information.

Although the 5390A frequency stabil-
ity analyzer is a complimentary device
to today’s high performance spectrum
and wave analyzers, it excels in the dif-
ficult close-in measurements (e.g. 100
Hz and below) where such devices be-
come inadequate. Frequency offsets
well below 1 Hz can now be analyzed
with sub-millihertz bandwidths and ex-
cellent sensitivity.

Data is automatically collected by a
high performance counter in the time
domain. Under calculator control, the
system operates as a frequency selective
digital filter and converts the data to the
frequency domain. Since the system
measures zero crossings, elaborate
amplitude calibration schemes are un-
necessary. Data is automatically re-
duced and the single sideband phase
noise-to-carrier ratio, normalized to a 1

Hz bandwidth, is presented in terms of
dB below the carrier (dBc) in both tabu-
lar and graphical form using the 987 1A
printer/plotter.

The system will take measurements
on carrier frequencies from 500 kHz to
18 GHz. Observations of phase noise
may be made at offset frequenzies from
below 0.01 Hz out to 10 kHz with typi-
cal sensitivities of greater than —150
dBc at 1 Hz away from the carrier.

Measurements are usually made by
comparing two similar sources slightly
offset in frequency from each other.
Measurements can also be made on
non-offsettable sources by using an ad-
ditional mixer/amplifier module.

Besides the difficult phase noise mea-
surements, the 5390A also makes long
term drift measurements and can
monitor short term stability in the time
domain using an improved vearsion of
the Allan Variance technique.

The basic system includes the 5390A
analyzer, a 9825A calculator and
9871A printer/plotter, software for fre-
quency stability and phase noise mea-
surements, diagnostics, and a technical
handbook.

For a technical data sheet, check K on
the HP Reply Card.
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In the past, interfacing instrumenta-
tion systems for measurement and test
applications has been complex and
costly. Not any more. With the HP-1B
2TMX Minicomputer, automatic test
systems for production, laboratory re-
search, and automatic data acquisition
systems can be implemented more eas-
ily and simply. HP offers tor the first time
a minicomputer with a multi-
programming operating system as a con-
troller for instruments which conform to
the IEEE-488 standard.

Take the simplicity of HP-1B* interfac-
ing. Add HP’s 21MX Minicomputer and
Real-Time Executive (RTE) software for
the power and control. Choose from
over 100 HP and non-HP IEEE-488
compatible instruments, calculators and
peripherals to handle test and mea-
surement. Within hours, flexible and
powertul measurement and test systems
can be up and running. OEM's can focus
resources on customer interfacing.

Controls multiple instrument
clusters. Because the Real-Time HP-1B
Minicomputer supports multi-

programming, it can simultaneously
control several HP-IB clusters of up to
14 instruments each. Testymeasurement
equipment can be organized into multi-
ple physical or functional groups—each
connected to the HP-1B/2 1MX
Minicomputer by its own HP-IB Inter-
face Bus.

New instrument clusters can be
added or reconfigured without
downtime or effect on existing clusters.

Systems can grow as needs grow.
And, because of the new Real-Time
HP-IB Minicomputer’s speed as an
HP-1B controller, throughput is in-
creased in high volume or production
testing.

Consolidates data. The Real-Time
HP-1B Minicomputer’s multi-priority
program scheduling allows highest
priority to run immediately and then
later devote time to such operations as
correlating and analyzing data, and
producing timely management reports.

HP’s new IMAGE/1000 data base
management software adds a complete
set of "’software tools'’ for consolidating

files into a single data base. Once the
data base is established, IMAGE/1000’s
English-like QUERY language allows
users to interactively find any stored in-
formation by searching under multiple
key values” such as a part number,
vendor code or failure type. IMAGE/
1000 permits easy report generation
with automatic sorting, summation,
pagination and averaging.

Allows concurrent program de-
velopment in multiple languages.
While the Real-Time HP-1B/21MX
Minicomputer is busy controlling in-
struments and consolidating data, it can
also be used for program development.

For the first time, engineers can read-
ily access instruments and devices via
the IEEE-488 and with the popular scien-
tific language FORTRAN V. HP's
Multi-User Real-Time BASIC, which
can be learned in a few hours, and HP's
assembly language are available. This
multi-lingual approach brings the utili-
zation of HP-IB to a wider cross section
of users.

Supports multiple terminals. The
Real-Time HP-1B Minicomputer also of-
ters multi-terminal accessibility. Several
people can use the system immediately
and simultaneously—tor program de-
velopment, data entry or system control.
As a result, testing and production data
such as quality assurance information is
available when needed for decisions.

Augments data networks. Finally,
the Real-Time HP-1B/21MX Minicom-
puter extends the data gathering
capabilities of today’s computer net-
works. Ofi-the-shelt hardware/software
data communications packages make it
easy to connect the HP-1B/2 1MX
Minicomputer to other HP 21MX com-
puters or to link it upwards to a central
computer.

For a video tape demonstration of the
HP-1B/21MX, check the ] on ltem A
of the HP Reply Card.

'HP~IB 1S Hewlett-Packard s implementation of IEEE Standard

488 and identical ANSI Standard MC1 1—Digital Interface for
Programmable Instrumentation

For more information on how these sys-
tems can help you gain management
control over vour automated testing,
check A on the HP Reply Card.



Build your own automated test system easier and
faster with the HP-IB

r_.

Multiple Instrument Clusters
Each independent cluster of up to 14 ins

connected to the 21MX Minicomputer via a separate
HP-IB interface cable.

Add New Clusters Easily

truments is

With on-line configuration capability, new independent in-
strument clusters can be added or changed without downtime

or effect on existing clusters. Programming test procedures
are simple BASIC “"PRINT/READ"" or FORTRAN "WRITE/

READ statements.

Component Test Clusters

A monolithic DAC is tested with an
HP multiprogrammer and digital
voltmeter.

Subassembly Test Cluster
At the same time, C-band mic-
rowave amplifiers can be tested
with a sweep oscillator and an RF
power meter.

Instrument Test Cluster
And, at the same time, a sweep
oscillator can be tested with a fre-
quency counter.

.

New Real-Time HP-IB/21MX
Minicomputer
The HP-IB/21MX Minic

omputer

which automates test/
measurement procedures, and
permits concurrent program de-
velopment and data retrieval con-
sists of a 21MX Minicomputer and
cartridge disc memory, managed
by HP's RTE-Il or RTE-lll Real-Time
Executive software.

For more information on the
Real-Time HP-18/2 1MX Minicom-
puter, check A on the

HP Reply Card.
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Incoming Inspection
Satellite

A remote HP-1B/21MX
Minicomputer in the nearby
Incoming Components In-
spection Department con-
solidates test data via the
network connection system.

Computer Network Connections

|
FORTRAN IV

|
BASIC

Multiple Terminals for Concurrent Program Development or

Data Base Access

The Real-Time HP-1B/21MX Minicomputer, with new IMAGE/1000, permits fast
multi-lingual program development or data access by several users

simultaneously

Central EDP

HP supported hardware and
software connect the HP-
1B/21MX Minicomputer to
other 21MX Minicomputers
or IBM 360/370 in a distri-
buted managementinforma-
tion network.
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HP computers, calculators and the Interface Bus

aid in the analysis of samples from Mars

= TRW's advanced technology I1s being applied this summer when a computenzed life detect

nstrument package probes for life on

9% F

d Mars. The HP Interface Bus has contributed significantly to the development of testing programs at TRW

At the TRW Space Park facility in Re-
dondo Beach, California, precise mea-
surement and testing is a critical aspect
of the company’s activities. As a de-
signer and manufacturer of scientific
military and commercial spacecraft sys-
tems, the Defense and Space Systems
Group relies on 25 HP 2100/21MX
computer-based Scientific and Mea-
surement Systems for engineering and
manufacturing testing.

Don Broutt, manager of TRW's au-
tomatic test systems department,
adopted the Hewlett-Packard Interface
Bus (HP-IB) to link numerous test in-
struments to his HP computers and HP
calculators.

“Many of our programs involve ex-
tremely limited production runs . . .
some products, for example, are one of a
kind. Before adopting the interface bus,
our efforts to reestablish test stations for

each program was like reinventing the
wheel. Now, when setting up a new test
station with the HP-IB, we can easily
add or reconfigure instruments in a
computerized network with minimal set
up time,” explains Broutt.

With improved flexibility comes cost
savings, according to Broutt. Prior to
adopting the HP-IB, testing required
specially engineered printed circuit
board interfaces for each unique test de-
vice. If a device served as both a “lis-
tener’” and ‘‘talker,”” it required two
boards. Now, one board within a com-
puter allows interfacing with up to 14
devices that meet the IEEE-488 standard.
A single standard cable now replaces
specially-engineered cables formerly
required for each test instrument.

“In our pre-HP-IB testing, we wrote
special driver software for each unique
device. This consumed excessive

amounts of computer memory. Now our
engineers simply use a subroutine for
each device to access an HP-1B standard
driver. Gone is time-consuming refer-
ence to handbooks for device transla-
tion. Once a subroutine is written, the
device interface is transparent to our en-
gineers,” relates Broutt.

With the growing availability of test
devices using IEEE-488 and the expand-
ing use of the HP Interface Bus, TRW has
reduced the cost of interface design.
Manpower and resources formerly allo-
cated to this function can now be
applied to other priority projects.

For more information on how HP com-
puters in conjunction with the HP-IB
can help you, check A on the HP Reply
Card.




New HP display station:
extensive stand-alone
capability plus data
communications flexibility

The HP 2645 display station is the
latest and most powerful addition to
Hewlett-Packard’s growing tamily of
general-purpose, interactive display
terminals.

Keyboard use is simplified by eight
user-defined soft keys, each of which
canbe setupto issue a string of up to 80
characters or several control sequences
stored in the terminal. You can simply
press a key to trigger file searches, issue
operator or computer instructions,
dynamically configure the terminal, or
perform other specialized tasks.

The 2645 is compatible with a wide
variety of computer systems. It can op-
erate at selectable speeds of up to 9600
baud, and has the optional capability of
asynchronous or synchronous (BISYNC)
multipoint polling with up to 32 termi-
nals on the same line. This makes possi-
ble the sharing of modems, data lines,
and computer /O channels with sig-
nificant savings in data transmission
costs. Built-in self test ensures proper
operation within a network.

Up to four 128-character sets can be
viewed concurrently on the high-
resolution display.

Optional, highly reliable cartridge
tape transports provide 220,000 bytes of
mass data storage, allowing the 2645 to
batch information and to perform many
operations on a stand-alone basis that
normally require connection to a com-
puter.

For more information on these products,
check | on the HP Reply Card.
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Because of their increasing complex-
ity and density, testing of logic circuit
boards today is a major element in man-
ufacturing costs. The use of manual or
semi-manual fault location techniques
on loaded logic boards costs precious
troubleshooting hours.

The new Hewlett-Packard Digital
Test System, DTS-70, offers printed cir-
cuit logic board manufacturers versatile
capabilities that will result in improved
test quality and high throughput.

A system consists of three elements,
an HP 9571A Test Station, a 21MX
minicomputer-based controller, and the
HP 91075B TESTAID-III Test Genera-
tion Software. The HP 957 1A test station
handles logic assemblies to 200 MSI-
type 1C’s (10,000 gate equivalents).

Go/no-go testing on the DTS-70 is
fast—typically a few seconds for mod-
erately large boards. Fault isolation
using the computer-assisted FASTRACE
guided probe is accurate and quick, typ-
ically locating the fault in less than a
minute. When the fault is located, the
fault data is automatically displayed on
the CRT terminal and printed on hard
copy by an optional repair ticket printer.
The test operator attaches the repair tic-
ket to the PC board so the fault data is

available at the rework/service area.

An important feature of the DTS-70 is
the ability to concurrently write and edit
test programs at the test preparation sta-
tion while production testing continues
on the HP 9571A test station. Test prog-
rams are prepared using TESTAID-II, an
advanced digital logic simulator. In ad-
dition to interactive program prepara-
tion on-line, TESTAID-IIl can have all
controls preloaded into it for unattended
orovernight operation, thus maximizing
persarirel and computer efficiency.

Designed to accurately test large
numbers of complex logic assemblies,
up to three HP 957 1A test stations can
be operated from one controller in the
system. Add-on stations can usually be
installed in less than two hours.

The system uses the Hewlett-Packa-d
Interface Bus to provide control for
analog functions: dc voltage measure-
ments, frequency, time interval, power
supply programming for units under
test, and to control other system devices.

For more information, check [> on the
HP Reply Card.



New 200 Watt extended
range DC power supply

The new HP 6002A power supply can
provide a full 200 Watts output over the
range from 20 Volts to 50 Volts. Output
voltage is continuously adjustable from
0 to 50V while the maximum current
available is automatically controlled to
maintain a 200 watt maximum power
boundary.

Lab grade performance is provided
for general purpose research, design,
and production applications.

An optional programming feature
{Option 001) is available for controlling
the output voltage (or current) via the
Hewlett-Packard Interface Bus—either
by calculator or computer. Switches on
the rear panel of the 6002A allow either
local front panel control, HP-1B control-
led voltage, or HP-1B controlled current.
A programmable range allows a 5 X
improvement in resolution when the
6002A is operated below 10 volts.

The power supply operating status is
continuously shown by front panel indi-
cator lights which reduce the need to
interpret meter readings. Additional
lights also identify overrange and over-
voltage conditions. The overvoltage
protector is a front-panel adjustable SCR
type '‘crowbar’’. Ten-turn controls per-
mit accurate adjustment of output vol-
tage and current when the supply is
operating under local control.

For more information, check N on the
HP Reply Card.

With HP-IB option, the new 6002A power supply
can be digitally controlled using your calculator,
computer or other controller

Highest power yet for
microwave sweepers

24

High power output sweepers are especially useful in such applications as local oscillator driving
mixers or for stimulating antennas when making pattern measurements

Close-up of 5.9 - 12.4 GHz GaAs MESFET
Amplifier used in new Hewlett-Packard sweepe
plug-ins to deliver 50 mW leveled RF output

Two new RF plug-ins for the HP
8620C Sweep Oscillator capitalize on
Gallium-Arsenide technology to deliver
at least 50 mW of leveled power in the
frequency ranges, 5.9-9.0 GHz and 8.0
- 12.4 GHz. These are highest power
levels ever offered in solid-state
sweepers—and higher than most back-
ward wave oscillator (BWO) tube-type
sweepers as well. Key to this achieve-
ment is a broadband power amplifier
developed by Hewlett-Packard that typ-
ically delivers 100 mW output over a
5.9 -12.4 GHz range with 10 dB nomi-
nal gain. The amplifier employs 1 um
Gallium-Arsenide Schottky-Gate Field
Effect Transistors (GaAs MESFET).

The extra power is achieved without
sacrificing other RF performance
characteristics (such as frequency accu-
racy, linearity, stability, and residual
FM). Harmonics are at least 30 dB below
full rated output, non-harmonic spuri-
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ous >60 dBc, and optional internal
leveling to =% dB is offered.

Using high power sweepers, it is often
possible to eliminate additional amplifi-
cation when performing saturation tests
or high loss measurements. Higher
power also permits padding to isolate
testdevices from source and detector for
better matching leading to more accu-
rate measurements. The new plug-ins
accept direct modulation from the HP
8755 Frequency Response Test set
which allows a full 60 dB measurement
dynamic range even with paddin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>