FEBRUARY 20, 1975
Eight ways to better receiver design/87
A low-cost home terminal for two-way cable TV/96
Op amp coupled with zener produces precise reference/101

FOUR DOLLARS | A McGRAW-HILL PUBLICATION
mn m ®

.‘s ,
]

PRODUCT
DEVELOPMENT _ oA
PROFILE ‘

Scope-multimeter

takes on
industrial jobs




Why Parylene

works where other

microelectronic
protection fails:

Controlled conformality

There's a uniform coating of parylene all the way around the
half-mil tip of this phonograph needle. That's true conformality,
and only parylene gives it, in precisely controlled thicknesses
from .002 to 3 mifs, in one step. Unlike spray or dip coatings,
parylene won't bridge or puddle, or thin out at sharp edges,
creating potential failure points. The parylene coating is
completely uniform, no matter how dense or intricate the module.
And because it's applied at room temperature, there's no

.

Crevice penetration in hybrids

This beam lead has a 0.3 mil parylene coat:ng all the way to the weld.

Parylene penetrates deep within small crevices, maintaining clearance

while putting a coherent coating under beam leaded chips and air bridges.

No area is left unprotected, preventing shorts and allowing the designer

great tatitude in component spacing and sizing. And parylene secures lcose
debris while preventing breakoff of pigtails during sheck and vibration loadings.

Lead M §
Strengthening |

It took up to 75 grams pull to break

these 1 mil wires. Bare 1 mif alumi- ’
num wires, for instance, exhibit ! ' y
bond strengths of 3-5.5 grams;

L4

component discomfort. coated with 1 mil of parylene, pull ¢ .
v ‘ strength increases by 60-70 grams. s
So wire and bond are stronger,
' and sideward shorts and locop col-
‘ lapse during extreme g-loads are
prevented. Parylene coatings wili
penetrate the less than 1 mil clear-
ance between beam lead bonded
chips and the substrate, giving such
strong coating coverage that the
} chip cannot be lifted without 2

destroying it.
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X-ray courtesy NASA Lewis Research Center and Sterer Eng. & Mfg. Co.

A200 @ thermal shock protection

This hybrid microelectronics relay has undergone 200 45-minute cycles from
—120 to 80°C, simulating earth-orbiting conditions. This X-ray shows all leads
remain intact. Parylene protection was at work, on the transformer core and
then the whole assembly before packaging (TO-116). There was no appearance
of corona up to 5000 Vyc ; leakage was reduced from 10xA to <.001A at
1000V. RTV encapsulation suffered dimensional mismatch, straining and
snapping leads, with 500 V/mil butk breakdown.

. T o

Broad cost effectiveness

These are some of the circuit modules now being protected with a conformal
coating of parylene. Because nothing else offers parylene’s combined protection
against thermal cycling, shock, vibration, humidity, solvents, radiation, ionic
contamination. Better barrier protection than liquid coatings like silicones,
epoxies, and urethanes. On hybrids you can combine parylene with a hermstic

seal for optimum environmental protection . . . and parylene alone will often

do the job, and at less cost than hermetic seals. Parylene is compatible with
active devices, and meets the tough requirements of MiL.-1-46058C.
For long term reliability, parylene provides a cost-effective solution.

Union Carbide invented the parylene system. Various patents apply;
commercial use of the patented technoloqy is licensed. Write for our
16-page brochure: Union Carbide Corp., 270 Park Avenue, Dept. RFB-65,
New York, N.Y. 10017. For instant
communication, and information about
a trial run at reasonabie cost, call
Bill Loeb at (212) 551-6071.

UNION

P-prirti PARYLENE

In Europe: Mr. H. Torre, Union Carbide Europe S.A., 5 Rue Pedro-Meylan, 1211 Geneva 17. In Japan: M. N
Fusada, Tomoe Engineering Co. Ltd., Shin Shin Kai Bidg., 14-1 Nihenbashi 3-Chome, Chuo-Ku, Tokyo
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18204 PATTERN ANALYZER

For easier logic design znd debugging
With HP’s new 1620A Pattern Analyzer and your present
scope you can trigger on amy digital word up to 16 bits.
Whether your data is serial or parallel, synchronous or
asynchronous. You simply preset th2 trigger word you want,
and the pattern analyzer gives yvou a 2V. 25 nsec pulse when
that word appears in the data stream.

The 1620A, with its pattern recognition ability. provides
a dynamic window for viewing any digital circuit —at clock
speeds up to 20 MHZz You can make real-time measure-
ments on any part of your system...whether you're analyz-
ing the data following the trigger ward. another data stream.
or some other event at that particular point in time.

You can also delay the trgeer point up to 999,999 clock
pulses after the word —in either serial or parallel mode. And
if you have a long serial word to interrogate, the 1620A,
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~ith its qualifier input, lets you window on any portion of
that werd.

A threshold-level switch allows you to select TTL input
evels or vary the input threshold over a = 10V range for
use with other Jogic families. And a selectable asynchronous
filter prevents vour scope from triggering on glitches due to
differsnces in pulse timing (skew) among the various chanrels.

For only $1.750* (including probes). you can turn your
present scope into a digital troubleshooter and simplify your
digital analysis problems. For more information about this
newest member of HP's growing digital analyzer family. call
yoarr local HP field engineer. He can also give you informa-
tionan HP's 4-bit AN D-gate Trigger Probes for TTL., MOS,
and ECL. Priced at just $95* each. they give you pattern
recognition on four parallel events to trigger scopes, logic

analyzers, or other digital test equipment.
“Dome tic USA price only

HEWLETT @ PACKARD

Sales and service from 172 offices in 65 countries
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HPs New 5 Volt 100 Amp Switching
Supply is Ready For the Most
Important Test in the World...

YOURS

We designed the Model 62605M Switching Supply
to give the top performance and reliability de-
manded by today's OEMs. But, more importantly,
you want to know exactly how it will perform for
you. in your system. So check designs, examine the
modular construction, put it through your own
tests. We think you'll find the kind of conservative,
sophisticated design and careful attention to detail
that adds up to lasting product value.

Of course. the 62605M offers all the benefits of a
technologically advanced 20KHz switching supply

- high efficiency small size — low heat dis-
sipation. And, we've added important “standard”
features like a soft-start circuit to hold down in-
rush current, plus overvoltage and overcurrent
protection.

The 62605M operates from 120/220/240 Vac, 48-
63Hz. with 70% conversion efficiency. Regulation
is 0.1%, with ripple and noise of 20mV rms, 40mV
p-p ripple. The supply measures 5”H x 8”W x 12”D,
and weighs only 14 pounds.

There’s a lot more, so get the complete story in-
cluding the generous OEM and quantity discounts
from your local HP Field Engineer.

Circle 2 on reader service card
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Highlights

Cover: DMM/scope fits fleld engineer's needs, 81
Latest miniature oscilloscope from Tektronix
includes a digital multimeter that doubles its
usefulness in the field. This article—one of a
series of Product Development Profiles—
traces how designers gradually jigsawed
the model 213's pieces into a package the
size of a small loaf. Cover is by photo-
grapher Eric Koniger.

Budget glves electronics few breaks, 65

President Ford's budget reduces spending
in every area except defense—and Con-
gress may not let him raise spending there.
The prospects for nonmilitary electronics
suppliers to the Government are even less
cheering than last year.

Eight ways of designing a better radio recelver, 87
Old design concepts must be exchanged for
new ones if today’'s radio receivers are to
extract most benefit from components like
vhf crystal filters, p-i-n diodes, and high-
power rf transistors.

Two-way CATV that everyone can afford, 96

The lack of an efficient, inexpensive termi-
nal has kept two-way CATV out of the
home. In a new system, however, a central
minicomputer polls remote switches one at
a time, keeping both signal intrusion and
terminal cost to a minimum.

And in the next issue . . .

Impulse bonding as an economical alterna-
tive to multilayer boards . . . how the IC
revolution is changing data-acquisition sys-
tems. . . alow-cost, high-performance sili-
con temperature transducer.
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Publisher’s letter

ur series of behind-the-scenes

stories detailing the often-tor-
tuous path to final product design—
which we call product development
profiles—have always rated high
marks from readers. And now, we
are happy to say, one of them has
rated high with the judges of the
Jesse Neal Award.

In the August 22, 1974, issue, we
ran a profile on variable speech con-
trol, an intriguing circuit develop-
ment that promises to have wide-
ranging applications in audio
recording jobs. And thanks to the
combined efforts of the authors,
Jerry Walker, our consumer elec-
tronics editor, and Fred Sklenar, our
art director, we supplemented the
article with a plastic sound sheet.
That sheet, when played on a
phonograph, dramatically demon-
strated the speeded up and slowed
down, yet virtually undistorted, re-
production of speech made possible
by the technique. For their efforts,
Walker and Sklenar won an honor-
able mention in the Neal competi-
tion, which was established to re-
ward initiative by individual editors
in the business press.

COincidentally, in this issue

you’ll find the latest chapter in
the product development profile
series—this one on the evolution of
the Tektronix line of portable,
nearly pocket-size oscilloscopes. The
latest in the line, the model 213,
combines a scope and a digital mul-
timeter in an amazingly compact
package. As our instrumentation
editor, Andy Santoni, points out, the
unit, weighs under four pounds, al-
though it is “not quite small enough
for the average raincoat pocket.
Still, to fit a 1-megahertz scope, plus

a true-rms DMM, plus batteries, onto
less than 142 cubic inches is an un-
doubted achievement.”

Along the eight-year product de-
velopment journey were a number
of design hurdles: the need to de-
velop small cathode-ray tubes, tiny
switches, and special power sup-
plies. And, so far, five different
scopes have made it to the market-
place. It’s an interesting design
story, and you’ll find it on page 81.

very year at this time, in what

we feel is a particularly important
service to Electronics readers, we
put together a detailed summary of
just what the Federal budget means
to the electronics industries. And
this year, a close reading of the
budget proposalsis in order.

That’s because with a new Presi-
dent, a resurgent Congress—com-
plete with a House of Representa-
tives that is hosting its largest
“freshman class” in recent history—
and a serious economic crisis, the
budget will be the focal point of de-
bate on how to solve pressing na-
tional needs.

You’ll find our summary starting
on page 65 and, because we feel
rather strongly about the imbal-
anced priorities on which the budget
is based, an editorial on page 10.
Since electronic technology can help
in answering some of our country’s
current—and longer-range—prob-
lems, we would like to hear from
any readers who have constructive
comments to offer.

-
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your source for
digitally programmed
d-C power supplies

One power suppiy, iiodei JViK 100~ 1w
produces 0—100 volts controlled in 12-bit
binary, and 0—1 ampere controlled in 8-bit
binary. The other unit, Mode! JMK 15—6M
produces 0O—15 volts controlled in 3-digit
BCD; and 0—6 amperes controlled in 2-digét

This, for example, is a dual-out-
put power supply system com-
prised of a pair of Kepco JMK
Power Supplies, each controlled
in both voltage and current by
type SN Digital Interface Cards.

BCD. The two SN Cards that program each
power supply are mounted in pairs, each in
a type CA—6 dual enclosure. The whole
system is assembled in Kepco's RA—24 en-
closure, that will occupy only 5%’ of space
in your 19" rack.

The SN Digital Interface Card accepts your data input
on parallel lines, strobed for noise immunity, and stores
the data in a buffer register. For isolation, the program
is transferred across optical couplers so that your digital
signal and the power supply it controls can be up to
1000V apart. The five types of SN Cards offer a choice
of BCD or complementary binary programming.

The analog output from the SN Card is in the form of a 0—1V/0—10V range-selected signal * that
is linearly amplified by the companion power supply to produce the desired output. In the illus-
trated combination of JMK 100—1M and SN—12, the power supply functions as a gain of 10
amplifier, with 12 bits (0.024%) resolution. The JMK 15—6M, programmed by SN—3, functions
as a gain of 1.5 amplifier, with 3 digit (0.1%) resolution. The range selector on the SN allows the
full resolution to be spread over the lowest 10% of the output.

*The SN Card also produces 210V & 5V outputs to control bipolar
power supplies and 0.5V, 1.0V outputs to control current stabilizers.

SN CARDS AVAILABLE

MODEL | RESOLUTION | LINEARITY These SN Cards are fully self-contained digital programmers,
2::; ;:gg I igg?‘y featuring an on-card line-operated power supply. Kepco offers a
gN—B 8bit ;0:2%0 variety of housings and accessories to accommodate them to
SN—_10] 10bit $0.05% various programmable power supplies. As many as eight cards can
SN—12] 12-bit ~0.01% be accommodated in a standard 5%’ x 19" panel.

For complete specifications, write Dept. EX—14

KEPCO.

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

Circle 5 on reader service card [5)
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When You Buy a Power Supply,
Why Not Get the Best?

MEG SFR NO
MFG PART NO
i ¢, MODF L

NFPUT RANGF

MF, SER NO

MfG PART NO
MG MODIL
B INPUT RANGE

28 VDC to DC 28 VDC to 400 A 400 Ay to DC ‘
(55,463 Hrs.) (61,387 Hrs.) (56,148 Hrs.)
Model C95D Model S3D Model WSD

Abbott's New Hi-Performance Modules

are designed to operate in the strin-
gent environment required by aero-
space systems — MIL-STD-810B
and MIL-STD-461A for clectro-
magnetic interference.

RELIABILITY — MTBF (mcan time
between failures) as calculated in
the MIL-HDBK-217 Lhandhook can
be cxpected in excess of 50,000
hours at 100°C for all of these
power modules. The hours listed
under the photos above are the
MTBF figures for each of the
models shown. Additional informa-
tion on typical MTBF’s for our
other models can be obtained by
phoning or writing to us at the
address below.

QUALITY CONTROL — High relia-
bility can only be obtained through
high quality control. Only the high-
est quality components are nsed in
the construction of the Abbott
power module. Each unit is tested
no less than 471 times as it passes
through our factory during fabrica-
tion — tests which include the scru-

tinizing of the power module and l
all of its component parts by our
experienced inspectors.

NEW CATALOG—Useful data is con-
tained in the new Abbott Catalog. |
It includes a discussion of thermal
considerations using heat sinks and
air convection, a description of
optional features, a discussion of \
environmental testing, electromag- ‘
netic interference and operating
hints.

WIDE RANGE OF OUTPUTS — The
Abbott line of power modules 1
includes output voltages from 5.0
volts DC to 740 volts DC with ’
output currents from 2 milliamperes |
to 20 amperes. Over 3000 models
are listed with prices in the new
Abbott Catalog with various inputs:

60Ao to DC

4004 to DC

28 VDC to DC

28 VDC to 4009
12-28 VDC to 60 A

Please see pages 307-317 Volume 1 of your 1974.75 EEM (ELECTRONIC ENGINEERS MASTER Cotolog)
or pages 853860 Volume 3 of your 1974.75 GOLD BOOK for complete information on Abbott Modules. l

Send for our new 60 page FREE catalog. |

abbott NIFLEIEXCYE)

INCORPORATED]
eastern office
1224 Anderson Ave./Fort Lee, N.J. 07024 )

(201) 224-6900 Telex: 13-5332
|

LABORATORIES,
peneral offices

5200 W. Jefferson Bivd./Los Argeles 90016

(213) 936-8185 Telex: 69-1398

6 Circle 6 on reader service card

Readers comment

On stereotyping

To the Editor: Methinks RCA is liv-
ing in the past and needs its con-
sciousness raised. The RCA Home of
Future Living exhibit in Disney
World’s new Space Mountain at-
traction [Electronics, Dec. 26, 1974,
p. 58], sounds more like a Home of
Past Stereotypes.

As your article points out: “Vis-
itors will see a man conducting a
business meeting via satellite in his
living room . . . Meanwhile, mom
takes a pottery course from a video
library. . .” and so on and so on.

Why perpetuate the notion that
men should run the world while
women find satisfaction in the
kitchen or with artsy-craftsy busy-
work or gabbing on the phone?
Such stereotyping does a real disser-
vice to women who too often find
their career options reduced by our
society’s outmoded attitudes.
Women who want to be housewives,
as many do, will become housewives
without any encouragement from
RCA. But those who seek profes-
sional careers need all the encour-
agement they can get.

Robert Luchs
Buchen Advertising, Inc.
Chicago, Il

Affiliation denied

To the Editor: We would like to
clarify the implied affiliation be-
tween Virginia Polytechnic Institute
& State University and E&L Instru-
ments Inc,, Derby, Conn., that ap-
peared in the article on a new teach-
ing approach to digital electronics
[“Kit offers instant insights,” Elec-
tronics, Jan. 23, p. 70].

The hardware and software were
developed by David G. Larsen, in-
structor in the Department of
Chemistry, Peter R. Rony, associate
professor in the Department of
Chemical Engineering, and Jona-
than A. Titus, president of Tychon
Inc., all of whom are consultants to
E&L. But the fact that a company’s
products are used extensively at a
university doesn’t imply endorse-
ment or affiliation.

P.R. Rony, D.G. Larsen,
and J.A. Titus
Blacksburg, Va.
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Want high-volume component production?

Consider the

capacity of
34 electroni
plantsina
company called

The fourteen Electronic Components Divisions of
TRW, Inc. can supply virtually any component in almost
endless quantities. One of our divisions, for instance,
has the capacity to produce 375,000 resistors an hour.
Another can produce 15 million connectors a month.

If you need a source with high-volume capability,

you ve just found it in a company called TRW.

TRW/ ELECTRONIC COMPONENTS — TRWncrorsomeres

Headquarters: 10880 Wilshire Boulevard, Los Angeles, CA 90024 TR W IRC RESISTORS
TRW caracirors TRW civcr-momaonock TRMW :Lo8e morors TRW semiconoucTors
TRW.civcrconvecrors TIRW. consumer wrernarionar TRW, vowvore wire & casie TRW, supermeT prooucTs
TRW civcr-Graprc TRMW cecrromc runcrions  TRW. irc Nexworks TRMW urc TransrormERs
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Only Sprague bantam 4-pin
DIP capacitors can give you
these advantages nEm | B A radar system that automati-

l cally tightens auto seatbelts when
logic circuits judge a crash to be in-
evitable has made little progress in
the past year. And the easing of
seatbelt interlock regulations in the
| U.S. hasn’t helped. The system was

developed jointly in Japan by Mit-
subishi Electric Corp. and Nissan
Motor Co. [Feb. 7, 1974, p. 107].
Nissan has decided it won’t need the
system in the foreseeable future, but
Mitsubishi has developed a produc-
tion version. It has had an inquiry
from the U.S. Department of Com-
merce and a request for samples
from General Motors.

News update

\lﬁ‘e guaranteed max. high frequency impedance

a  low inductance and low ESR ...
\AX=" Aterminal connection mode option |

preferred capacitance values to
~ optimize performance when tantalum
and ceramic capacitors are paralleled

B Another Japanese development,
this one an electrophoretic display
that offers a wide choice of colors
plus a short-term memory that con-
sumes no power [Oct. 9, 1972, p. 63],
has finally moved out of the lab.
However, the display isn’t going to
be a commercial product: it will be
used by its developer, Matsushita
Electric Industrial Co., as a point-of-
sale device to call attention to the
company’s Panasonic stereo prod-
ucts. The obstacle to commercial in-
troduction is the relatively short life-

automatic insertion capability

your choice of layer-built ceramic
or solid-electrolyte tantalum

Type 935C MONOLYTHIC
CERAMIC CAPACITORS

Type 9350 TANTALEX
SOLID-TANTALUM cAPACITORS [

time of 10,000 hours, but
‘ I [ [] | Matsushita is working to improve
§ r =i N e m s Eem g o mase that. Meanwhile, it will make cus-
’ i i lrle N és_“ R B ‘ tom displays for users satisfied with
|— 4 0N 9§ = 0N 3 T . A
| E o E—er A || @ 4 eem v 1 T ] the present characteristics.
| s 5k 1 \i / 1 iy £l - S (R EREE
‘ == = == 8 2 ] mel L
4- l g . | L 30, oV + ’ T ] .
o g1 iD W ) R ]'l I [ B Aecrospace, electronics, and com-
I 2 34568107520 301 30 L KO 2 P ) 3 Ky AR D munications firms won’t have to
| FREQUENGY IN MHZ FREQUENCY IN MHZ 5
Ll worry about stricter Federal regu-

lations on stock-ownership disclo-
sure—at least not this year. Such a
measure was introduced in the Sen-
ate last year [Jan. 24, 1974, p. 49],
but died after committee hearings.
Since then, a steering committee of
regulatory agency stafl members set
up to devise some new rules has
done its work. The result is a set of

Dual in-line plastic package
for mechanical protection and
increased reliability. Preferred
ratings are 6.8 uF @ 35V, 15 .F
@ 20V, 22,.F @ 15V, and 33
wF @ 10V. Operating tempera-
ture range, —55C to +85C.

Proven multi-tayer construc-
tion. COG(NP0O) and X7R tem-
perature characteristics. Pre-
ferred ratings are .01, .047, and
1 xF @ 100WVDC. Operating
temperature range, —55C to
+85C.

Circle 8 on reader service card Circle 215 on reader service card

For complete technical data on Type
935C or 935D Capacitors, write for
Engineering Bulletins 6242.3 or 3542.3,
respectively, to: Technical . Literature
Service, Sprague Electric Company, 35
Marshall St., North Adams, Mass. 01247,

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

8

45-4134

SPRAGUE

THE MARK OF RELIABILITY

10 rules, but no action on them is
expected in the near future. The
original measure was offered in the
Senate by Lee Metcalf (D., Mont.)
and Edmund Muskie (D., Maine).
—Howard Wolff
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Here’s the world’s first 64-bit CMOS
Content Addressable Memory.

,ll b Not onl i i i ]
y because this 8 word x 8 bit CAM is a genuine break-
It pay you to remem gr through. But also because it's living proof of all that stuff we've
who ma es lt been telling you. About being state-of-the-art CMOS special-
® ists; with the finest, most modern, most productive facility in
the industry. The CAM is the first of our new series of CMOS

memory devices.

The CAM is a new class of component for computer archi-
tecture. It can perform an exact match search, telling whether
an input word is or is not stored in the memory. This concept

SCL 5533 FUNCTIONAL LOGIC DIAGRAM

2o 2 o1z ens o1 ot ole By is applicable to pattern recognition systems, air traffic control,
AR T A A ) signal sorting, data base management, and a variety of radar
ooy oara omivess 5, Mheanoca signal processing and system control applications.

. In the interrogate mode, it responds with a match or mis-
match answer. Bit mask inputs permit selection of bits to be

. W deleted from the interrogation. It also has conventional read/

o 0® write capability, and can be used as a 64-bit RAM. In the write
areng 8 mode, information in selected bits can be left unchanged by
wreny | s sooness| 18 3 exercising bit mask inputs. It can also operate in a “learn”
warcny | % omen | 7 mode, storing the input word if the memory shows no match.

Typical interrogate time for an 8-bit word is 110 ns. Read
- access time is 150 ns. The chip enable feature permits expan-
st L sion to a memory bank of any desired capacity. Instruction

. - execution time is independent of the number of CAM’s. Inputs

- p s sonmy | o are CMOS compatible, outputs tristate MOS or TTL compatible.

‘ “on oo e e e The CAM is available right now. In 48-pin ceramic dual in-line
coor package. Call or write for prices, samples, and a data sheet.

SOLID STATE SCIENTIFIC INC.

Montgomeryville, Pa. 18936/(215) 855-8400/ TWX 510-661-7267

East: 215-279-8424 The CMOS action company.
Midwest: 312-437-8373
West Coast: 714-546-9621
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Editorial

What’s wrong with the priorities

The Federal budget submitted by President Ford
to the Congress exhibits an extreme case of
skewed priorities. With all the alarums and
concern about energy, for example, there seem
to be very few dollars earmarked for non-
nuclear research. The Energy Research and
Development Administration, for instance, gets
only $83 million for new energy development in
non-nuclear technology. Meanwhile, NASA is
getting $1.7 billion for manned space projects.

The Administration is big on taxation to force
conservation of fossil fuels, but where is an
offsetting commitment to mass transit to give
the little guy who commutes an economical
alternative to rising fuel costs? Of $6.9 billion
for ground transport, nearly $5 billion is aimed
at highway construction.

There’s precious little realization on the
Administration’s part of the value that
technology—particularly electronics
technology—can have in attacking some of these
problems. Of the total energy development
budget, we have only:
® 310 million for photovoltaic-cell development
w 320 million for programs aimed at reducing
energy consumption in autos and homes
® Nothing for promoting communications as a
cost-effective alternative to travel.

The budget, fortunately, is not the final word

10

on how the nation’s tax dollars are spent. It’s up
to Congress to come up with actual spending
laws that reflect its sense of the national
priorities. Yet there is little evidence that
Congress is any better equipped to deal with the
technological aspects of today’s problems.
What’s more, little has been heard from the
Government’s established science advisory
apparatus, and the White House appears to be
still wrestling with the role—even the need for—a
presidential science advisor.

So never has it been more important for
engineers to help get the message across to the
nation’s lawmakers that technology has some
worthwhile answers, especially to such problems
as energy and the protection of the environment.
In addition, technical societies are becoming
more active in dealing with the complex
interrelationships of technology with society,
and engineers should do all they can to support
that concern.

Talking with congressmen, professional
groups, and even local leaders will certainly help
right now. But in the long term, many a
company and many a fortune is going to be built
on the successful application of electronics to
national needs. When individuals go out and
prove that electronics is an answer, the whole
country will be the winner.
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Advanced MOS.

Sixteen parts.
Seventeen r%?raclzs.

Sixteen kinds of 1K static RAM’s.
The incredible 2102’s. Every one is
a miracle on a chip.

And now one more miracle: $4.95 each.

If you're paying more than $4.95 for
any part on this chart, stop.
Call Advanced Micro Devices.

Soen K S RAMsUnder 5

Part number Power Access hine
@50V @25°C
I 2102 300mwW 1000ns $495 I

210241 300mw 500ns $495

2102-2 300mw 850ng $495

102 300mw 1300ns $495

8102-2 300mwW 850ns. $495

4102 300mw 1000ns. $495

7552 300mwW 1000ns $495

7552-1 300mw 500ns $495

. 7552-2 00mw 850ns. $495

100% MIL-STD-883 processing. Free. oo o R e

Plasth. commerc.lal temperature range, el i erd Ht

1000-piece quantity. Off the shelf now Hy Taomny om bt

from Hamilton/ Avnet, Cramer and | oowom  ow oo mw
Schweber.

Brought to you by Advanced Micro
Devices, the people who took the best
of the 2102’s and made them better.

LOWPOWER
2102’

(If you liked what our 9102 did for the 2102,
you're going to love our new low-power 9102.)

Military
2102's.

The 2102 is the hottest
memory device in the
business today.

The only problem is for
the military buyer. The
2102 has been out of
uniform. Nobody made a
Military 2102.

Until now.

Advanced Micro Devices’

Military 9102. Every one is
MIL-STD-883. Every one
is guaranteed over the full

military temperature range.

We make a high-speed
version, too: the 9102A.
With 500 ns, access time.

Advanced Micro Devices'

Military 9102. It's the best
2102 you can buy.
Soschcaton The ATi102
Accass Time. Guarsniesd
85,30 (D1020M)
Guaranteed
50,0ec ($102ADM)
*Siand-by Volage Gulumlug 16vDC

Typecal 1 OV DC
*Stand-by Power Guaraniend 84 mW

Typecal 16 mwW
Power Dissipation 303 mwW maxmum
Powst Supply
Tolerance =10%
Logk Levers TTL Compativie
Fannt Gusranieed

2 TTLioacs

orane o ot g rens restsgr

Our new 91L02 lets vou have
your cake and eat it, too.

If you replace the 2102 you've
been using with our standard
Am9102, you'll have a 28% power
savings (SOmA vs. 70mA).

Now save more.

Replace their standard 2102 with
our new low-power Am91L02 for
a 57% power savings (30mA vs.
70mA).

Now save even more.

By using our optional power-
down feature you reduce stand-by
power drain to just 40mW per
package!

Now for the really good news.

You getall the advantages of low
power with_absolutely no loss of
speed (400ns vy, 400ns); and

absolutely no difference in price.

You also get a choice of com-
mercial or full military temperature
range units.

Not to mention MIL-STD-883
at no extra charge.

And immediate delivery.

The 91L02 from Advapced
Micro. 1ces. Remember the
name. It's the best 2102 you can

wicmconon Anrer Amet ammer
f——
earmess won ot
Commarca roon - s as
[rimapvig et s
Prees mesterss 4y sunposen
omarmesd oo
coron Momw i
Vanen vevon o
BT iteed ov:
tenperme g
Commarcer & matury 900 - -
Commarc.t & mbtary 10281 o b
Commerta & mtary 1996291 - -

Advanced Micro Devices o1

Corporate offices are at 301 Thompson Place, Sunnyvale, California 94086. Telephone (408) 732-2400 or toll free
from outside California (800) 538-7904/Southern California: Beverly Hills (213) 278-9700/Mid-America: Oak
Brook, ltlinois (312) 323-9600/Edina, Minnesota (612) 835-4445/Dallas, Texas (214) 423-1502/Eastern United
States: Roslyn Heights, New York (516) 484-4990/E. Syracuse, New York (315) 437-7546/Baltimore, Maryland
(301) 744-8233/Wellesley, Massachusetts (617) 237-2774/Britain: Advanced Micro Devices, Telephone
01-730-0855/West Germany: Advanced Micro Devices, Munich, Telephone (089) 53 95 88/Southern Europe:
Advanced Micro Devices, S.A. Neuilly, France, Telephone 747-4194/Japan: Advanced, Micro Devices, KK.,
Telephone (03) 346-0363. Distributed nationalty by Hamilton/Avnet, Cramer and Schweber Electronics.
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The first ava
256x4 CMOS RA

Intel'snew 5101 1K silicon gate CMOS
static RAM is the first easy to use nano-
power RAM. It combines high den-
sity and ultralow power with a
fast, fully static, 256 x 4 modular
organization that eliminates

clocks, interface circuits and /
/

special power supplies : ,
while minimizing package "]
count. Now available "
from stock at Intel dis-
tributors, the 5101 is the
ideal RAM for upgrading
non-volatile, battery back-
up and portable equipment
memory system designs.
Even at elevated tempera-
tures, the 5101 keeps battery
~o~ drain extremely low. \ e P

Zg o] o At 70°C, maximum N \v
ﬁ by power to 75 nW per bit.
—__\ ~/’ This March, Intel distributors will also stock the M5101
standby power 1000 nW/bit. Worst case access time for the M5101 is 800

;}Q standby currentis 15 s

i Q Worst case access time (and minimum cycle time) is only
- for military temperature range applications. At 125°C,

ns over the —55°C to 125°C temperature range.

NANOWATTS/BIT

& 75 NANOWATTS/BIT

MAXIMUM STANDBY POWER

I 1024—:BIT]

nA per bit, limiting stand-
e 650 ns over the 0°C to 70°C temperature range.
maximum standby current is 200 nA/bit, maximum
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ilable nanopower

M. Intels 5101.

The easy to use 5101 is fully static,

AVAILABLE AT <o cocticooonoprorreaued
YOUR INTE faces directl;li1 with T’ll"L or \C/:MOSI and

I . ..L + .
DISTRIBUTOR ™ The 256 » 4 contomation et

INTEL'S 1K CMOS STATIC RAM FAMILY " mum for any memory System org aniza-
part o | “seeeo~ | size [ews|ronenaniavae | tion and is an ideal building block for
§1§:L3 Egg 522 §§ Zg V%v E memory expansion. You get two chip
soie | e el 2 | 1w | e | enable inputs, four data inputs, four
wsios | eoom |ased| 2 | s |uaer| three-state outputs with output disable
M5101L-5°* 800 ns 256x4 | 22 5uW March |

0 5 e s g o, 6 e e CONrOl, and read /write control. The
- Liataicsa Gae cenienat soner o onse 2 e 5> OUTPUL disable pin controls bus states,
making bidirectional logic unnecessary in common I/O buses.

The 5101, with its high density and ease of use, is the ideal nano-
power RAM for portable instru- —
ments and microprocessors,
advanced calculators, data col-
lection devices, process control- y G
lers, POS, OCR, medical, avionics, l
ground support—for any equip-
ment demanding long battery o

Silicon

life, or non-volatility with battery
back-up. The 5101 silicon gate CMOS RAM is in full production and in
distributor stock, along with our other easy to use n-channel static RAMs.
For immediate delivery cortact Almac/Stroum, Component

Specialties, Inc., Cramer, Hamilton /Avnet, Industrial Components, Inc.,
Sheridan, and L.A Varah Ltd.

intal delivers.
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RCL 1

Your

Dependable
Source Of
Supply For
Precision/Power

Wire Wound
Resistors

OFF-THE-SHELF ‘
DELIVERY
ON 400
COMMERCIAL
STYLES
PLUS

RBR’S (mil r-39005)
RWR'S (mi r-39007)
" RB'S (milr-93)
| RW'’S (mil r-26)

RCL — The major |
‘ source of supply ‘

i for Wire-wound
\ Resistors.

"RCL |
DELIVERS
ON TIME!

Call our hotline for prompt
service and delivery.

(201) 374-3311

RCL Electronics

General Sales Office:
700 So. 21st Street
Irvington, N. J. 07111
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FAA’s Cochran moves
up to head R&D

Every morning when Jeff Cochran
jogs near his suburban Washington,
D.C. home, he carries a water pistol
loaded with a weak
ammonia solution
for protection
against hostile
dogs. Similarly, he
believes a little ad-
vance planning—
“finding out the
potentially bad
things before deci-
sions are made”—
will prove the key
to success in his
promotion to asso-
ciate administrator
for engineering
and development &
at the Federal
Aviation Adminis-

R&D. MLS, DABS, CAS are more
than just initials for FAA's Cochran.

with a light southern drawl. A re-
port on a recommended collision-
avoidance system, under discussion
for more than a decade, is due to
Congress by the end of this year.
Also of prime concern are innova-
tions to upgrade air-traffic-control
equipment to im-
prove airport safety
and air-traffic-con-
troller productivity.
About $10 million
is earmarked for
automated ATC re-
search. Although
the FAA’s fiscal
1976 R&D budget is
11% below what
was requested,
Cochran says it is
adequate.
However, more
‘“exotic” projects,
such as the elec-
tronic voice switch
and the Aerosat

)

tration.

Now 54, Jefferson W. Cochran
has been a career FAA employee for
27 years, ever since he received his
bachelor’s degree in electrical engi-
neering from the University of
Houston on the G.I. bill. He views
his new assignment as chief of FAA
R&D as recognition of his extensive
field experience with aviation elec-
tronics. “I bring a good under-
standing of what is out there and
what is needed,” he says of his years
as director of the FAA’s facility
maintenance service.

The proposed new Microwave
Landing System and the contro-
versy surrounding it (see page 78)
will probably occupy most of Coch-
ran’s time. More than one third of
the next fiscal year’s R&D budget of
$73 million will fund prototype MLS
hardware and a brassboard Discrete
Address Beacon System that digi-
tally identifies and plots aircraft
courses on an air-traffic controller’s
radar screen. But the most complex
R&D program Cochran will oversee
may be something else entirely.

“Deciding on a ground-based or
air-based aircraft collision-avoid-
ance system is the big challenge that
first comes to mind,” says Cochran,

- aeronautical radio
relay satellites, were heavily cut
to make room for MILS and DABS.

Cochran can’t help but be aware
of the criticism levelled at FAA ef-
forts, particularly in its selection
recently of the competitors for the
MLS. But with the right kind of plan-
ning, “I hope I can catch things be-
fore they become problems.”

Gamma-ray detectors are
good business for Entine

Your company decides to drop the
technology program you've been
working on, so what do you do? If
you are Gerald Entine, you buy the
equipment and inventory, then go
into business for yourself.

In Entine’s case, this meant leav-
ing Tyco Laboratories where he’d
been working since 1969 and setting
up a company called Radiation
Monitoring Devices Inc., Newton,
Mass., to fabricate cadmium-tell-
uride gamma-ray detectors. He did
this after Mobil Oil Co. agreed to
fund heavily Tyco’s development of
silicon photovoltaic solar cells [Elec-
tronics, Dec. 12, p. 14]. Con-
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Avoid that
drawn-out feeling.

Shortcuts with Kodagraph mate-
rials can save hours of drafting
time, job after job. 1. Revising a
drawing? Don'’t retrace the whole
drawing. Make a second original
on Kodagraph wash-off film. Wet-
erase unwanted details. Then
draw in the revision. 2. Need to
repeat the same design element
a number of times? Don’t draw it
over and over again. Draw it once.
Then make as many Kodagraph
film or paper copies as you need.
3. Restoring an old drawing?
Don’t redraw. You'll strengthen
lines and drop out stains by making
photographic reproductions on-
Kodagraph film. For more infor-
mation on photoreproduction tech-
niques, write Eastman Kodak
Company, Business Systems
Markets Division, DP5702,
Rochester, N.Y. 14650.

Kodak products
for engineering data systems

G
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Pulse withstand
capacitors
for colour TV,

o1s |<~
1000- | 2%
Su

WIMA FKP 1

Polypropylene film and extended
foil electrode capacitors I
encapsulated in cast resin.
Self-healing properties.

Suitable for sharp-edged or ‘
short rise time pulses in

thyristor deflection circuits.

WIMA MKC 10 1
Metallized polycarbonate capac- |
itors. Particularly suitable for
stringent pulse and surge condi-
tions. Low power factor at high
frequencies. Self-healing
properties. Plastic case design.

WIMA MKP 10

Metallized polypropylene
capacitors in plastic cases.
Self-healing properties. Suitable
for both high current and pulse
circuits owing to low dielectric
losses.

o Other special capacitors

in metal cases.

o One year successful field
experience in equipment by
leading manufacturers.

o Suitable for advanced solid-
state equipment.
e For professional

electronics. ®

WILHELM
WESTERMANN ™~

Spezialfabrik

fur Kondensatoren
D-68 Mannheim 1
Fed. Rep. of Germany
Augusta-Anlage 56
P.0O.Box 2345

Write for our new catalogue.

Tel.: (621)408012
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sequently, the decision was made to
drop cadmium telluride.

“I never planned to be an entre-
preneur,” says the 31-year-old Ph.D.
physicist. “But there’s a need for the
detectors. Only one other manufac-
turer in the entire country makes
them, and I think I can fabricate
them to sell for considerably less
than they’re selling for now.”

Now priced around $3,000, the
detectors are used in nuclear medi-
cine and in studies by the Air Force
on nose-cone heat shields.

Down. Entine contends that if the
price were to come down, the detec-
tors, which operate at room tem-
perature, would find a broader
range of applications. This would
include programs for nuclear-reac-
tor monitoring, preventing thefts of
radioactive materials at nuclear fa-
cilities, and in satellite spectroscopy.

The Air Force, anxious not to lose
a source of the devices, provided
Entine with “short-term” funding
by ordering 30 devices. Building the
detectors is a straightforward pro-
cess, he says. The difficult part is
growing the CdTe crystal. Entine
calls this “worse than a black art.”
Yields are only a few percent be-
cause impurities must be less than a
few parts per billion, and key impu-
rities are not yet even known.

“But it’s one of the easiest semi-
conductor detectors to work with
because it is not affected by mois-
ture, has a long shelf life, and is easy
to package,” he continues.

Entine is ready to set up 10 crys-
tal-growing furnaces for mass pro-
duction. He hopes to turn out 1,000
detectors a year, which may make
him the largest producer in the
world. And he hopes to reduce the
price to $1,000.

Entrepreneur. Cadmium telluride is Gerald
Entine's stock in trade now.
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$1099 says

no other 5'z digit DMM
can perform as well.

We put our money where
our mouth is.

For years people have been
calling us “The Voltmeter House.”

Today, we hope to convince you
that this is no idle chatter.

To the first manufacturer who can
show that his 5%z digit bench
multimeter selling for $1099 or less
has better all-around specs and
performance than ours, we'll pay
$1099 to his favorite charity.

$1099 is the price of our
Model 8800A 5% digit full auto-
ranging multimeter.

If you're ready. . . we'll begin.

AC input voltage: Measures four
ranges of AC from 2V to 1200V,
Most other 5%z digit DMM’s are
limited to 700V maximum and some
to as low as 500V.

DC input voltage: Measures five
ranges of DC volts from +200mV to
+1200V.

True 4-wire ohm measurements
on all ranges: Useful for measuring
low value resistance without error
caused by lead resistance.
Measures six ranges from 200 ohms
to 20 megohms.

Accuracy and resolution: 1 ,\V
resolution with 0.01% accuracy for
90 days over a temperature span
of 18° to 28° C.

High DC input impedance: 1000
megohms througn the 20 volt range.
(Computer techs you can measure
any voltage up tc 20 volts without
loading by the multimeter.)

Offset current: Less than 15 pA
on all ranges. Essential when
measuring high source impedance
voltages. Most other 5%2 digit
multimeters don't even spec it,

Maximum open circuit ohms
voltage, 3.3V: Most DMM's fall into
the 9 to 18 volt range. That's not
good enough for measuring IC's

when specs say that the measuring
voltage cannot exceed 5 volts.

Overload protection: It's the best
overall protection in the industry.
1200V on any AC or DC range. 250V
RMS or DC on any ohms range.

Mean Time Between Failure:
10,000 hours, calculated and
demonstrated. (unique)

Unusually low power consump-
tion: Just 8 watts. One reason why
the 8800A is so reliable.

Size: Our 8800A is one of the
lightest and smallest 5V2 digit
multimeters around. With bench
space at a premium, our box will
be appreciated by all technicians.

Wide range of accessories:
Includes high frequency probes,
high voltage probe, clamp-on AC
current probe.

It goes on. Our data sheet has
the full details.

If you have any doubts whether
the 8800A is typical of our line, just
check Electronics Product Prefer-
ence Poll (© 1974 by McGraw-Hill,
Inc.). Fluke’s squarely in the Number
1 spot for “‘Digital Voltmeters,
including Multimeters’!

For data out today dial our toll-free number, 800-426-0361

John Fluke Mfg. Co., Inc., P.O. Box 7428, Seattle, WA 98133
For a demo C|rcle 162. For literature only, circle 17.

For information on the rest of the Fluke line see our ad ir EEM or the Gold Book.
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Hewlett-Packard introduces
a smaller uncompromising calculator,
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the new HP-21 Scientific. $125.00;

Now $125.00 buys:

« More power than our HP-35. 32 pre-programmed
functions and operations, including rectangular/
polar conversion, register arithmetic and common
log evaluation.

« Smaller size. 6 ounces vs.9 ounces for our HP-35.
« Display formatting.

« H-P’s unique and efficient RPN logic system.

» H-P’s quality craftsmanship.

» An unbeatable price:performance ratio.

Here are the details:
32 pre-programmed functions and operations. The
HP-21 performs all log and trig functions, the latter in
radians or degrees. It’s our only calculator short of the
HP-45 that lets you:

« convert polar to rectangular coordinates, and back
again (=P,»R);

« do full register arithmetic (M+, M—, MX, M<);

o calculate a common antilog (10x) with a single
keystroke.

The HP-21 also performs all basic data manipula-
tions(1 /x, y*, VX, 7) and executes all pre-programmed
functions in one second or less.

Full display formatting. The Display key (DSP)
allows you to choose between fixed decimal and scien-
tific notation and lets you control the number of places
displayed. (The HP-21 always uses all 10 digits
internally.)

When a number is too large or small for fixed deci-
mal display, the HP-21 switches automatically to sci-
entific, so you never have to worry that the calculator
will confuse a smaller number with zero.

Finally, if you give the HP-21 an impossible instruc-
tion, the Display spells E-r-r-o-r.
RPN logic system. Here’s what this unique time-and-
error-saving logic system means for you:

 You can evaluate any expression without copying
parentheses, worrying about hierarchies or re-struc-
turing beforehand. Your calculator remembers what’s
where—automatically.

¢ You can solve all problems your way—the way you
first learned in beginning algebra, the way you now
use when you use a slide rule.

615/07

'

d retail price ficable state and local taxes—Continental U.S. A., Alaska and Hawaii.

+ You solve all problems—no matter how complex—
one step at a time. You never work with more than
two numbers at once.

» You get continuous and immediate feedback. You
see all intermediate answers immediately, because
your calculator executes each function immediately
after you press the function key. You watch it
happen.

« You can easily recover from errors. You can back-
track when you err, because your calculator per-
forms all operations sequentially.

» You can re-use numbers without re-entering them.
Your calculator becomes your scratch pad.

H-P quality craftsmanship. One reason Nobel Prize
winners, astronauts, conquerors of Everest, America’s
Cup navigators and over 500,000 other professionals
own H-P calculators. Here are four examples of it:

+ Every key on every calculator is double injection
molded, so the symbol it carries won’t wear off.
Every function key has a positive click action, so
you know for sure the function has registered when
you press one.

o There’s a moisture barrier under the keyboard to
protect the calculator’s innards from coffee, tea,
milk, what-have-you.

o It’s no accident that the OFF-ON switch operates
as smoothly as it does. We greased it with silicon
when we installed it. It’s also no accident that it
moves in a horizontal plane. That’s to prevent it
from moving when you put the calculator into its
carrying case or your shirt pocket.

» The heavy gauge plastic case is designed to with-
stand a long tumble to a hard floor. Incredibly, one
H-P pocket calculator once withstood a trip through
a snow-blowing machine. The case cracked, but the
machine worked.

800-538-7922 (in Calif. 800-662-9862). The numbers
to call for a “hands-on”” demonstration. We’ll give you
the name of a dealer near you, and we’ll send you
detailed specifications of our new HP-21. Challenge it
with your problems. See for yourself how much per-
formance $125.00* can buy. :

HEWLETT \hp, PACKARD

E

Sales and service from 172 offices in 65 countries.
Dept. 214P, 19310 Pruneridge Avenue, Cupertino, CA 95014
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REQUIREMENT:
High stable insulation resistance
under conditions of high humidity.

COMPOUND:
Plenco 482.

NORTHERN ELECTRIC COM-
PANY, LIMITED,the Canadian-
based international telecommuni-
cations equipment manufacturer,
found the answer to this require-
ment for its wire spring relays
used in switching equipment: Our
Plenco 482 Phenolic General-
Purpose Molding Compound. In
addition, only a compound pos-
sessing an extremely low mold
erosion rate could be considered.
Again—our 482 Phenolic.
Northern Electric transfer-
molds these relay components in
large volume, automatically.

Whatever the type of molding
method — transfer, compression
or screw injection—whatever the
application — it's likely there’s a
Pienco thermosetting formulation
to suit your own particular needs.
Plenco experience, too. And
service to match.

e

PLASTICS ENGINEERING COMPANY
Sheboygan, Wis. 53081
Through Plenco research . . . a wide range of
ready-made or custom-formulated phenolic,
melamine and alkyd thermoset molding com-
pounds, and industrial resins.
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Meetings

Compcon Spring Computer Confer-
ence, IEEE, Jack Tar Hotel, San
Francisco, Calif., Feb. 25-27.

Industrial Applications of Micro-
processors, IEEE, Sheraton Hotel,
Philadelphia, Pa., March 11-12.

Reliability Physics Symposium,
IEEE, MGM Grand Hotel, Las Vegas,
Nev., April 1-3.

Fourth Annual Symposium on Incre-
mental Motion Control Systems and
Devices, University of Illinois Elec-
trical Engineering Department, Ur-
bana, Ill., April 1-3.

Paris Components Show, (Salon des
Composants Electroniques), Porte de
Versailles, Paris, April 2-8.

Southeastcon ’75, IEEE, Sheraton
Center, Charlotte, N.C., April 6-9.

Intercon—IEEE International Con-
vention, Coliseum and Americana
Hotel, New York, N.Y., April 8-10.

Intermag—International Magnetics
Conference, IEEE, Imperial College,
London, England, April 14-17.

Electronics Production and Test
Equipment Exposition, U.S. Depart-
ment of Commerce, Stockholm,
Sweden, April 7-11; London, April
15-18.

International Circuits & Systems
Symposium, IEEE, Marriott Motor
Hotel, Newton, Mass., April 20-23.

Reliability Software International
Symposium, IEEE, International Ho-
tel, Los Angeles, April 22-24.

Society for Information Display In-
ternational Symposium, SID, Shore-
ham Americana Hotel, Washington,
D.C., April 22-24.

International Optical Computing
Symposium, IEEE, Mayflower Hotel,
Washington, D.C., April 23-25.

National Relay Conference, NARM

and Oklahoma State University,
Stillwater, Okla., April 30-May 1.
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If you wanted to hook up a computerto
a system that exercises electronic calculators,
how would you do it?

Singer Business Machines did it simply,

with Digital.

Computer on
f one end.
Exerciser on
the other.

A single off-
the-shelf
module and
a bit of cable in between. Simple.
Beautiful.

The project manager at Singer
designed it. He'd heard about our
new M1705 module that contained
two complete PDP-8 interfaces on a
single card. And he knew just what
to do with it. He put it to work on his
current project, a computerized test-
ing system for Singer’s electronic
calculators.

Using our Logic System Design
Handbook as a guide, he put
together a parallel interface between
the PDP-8/e computer and the elec-
tronic exerciser he’'d designed. Each
M1705 module interfaces two exer-
cisers. The entire operation of up to
eight exercisers is controlled locally
by a single operation at 30 times the
speed the operation took by hand.

The M1705 interface saved
Singer's project manager a lot of time.

COMPON
GROUP
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And a lot of trouble. And 40% of the
cost of the interface.

If you've got an interfacing prob-
lem, we can give you the same kind
of support we gave Singer. You'll
find standard solutions to most of
your problems in the Logic Products
Handbook and the Logic Systems
Design Handbook. To back up the
solutions, we've got the hardware:
digital and analog modules, com-
puter interfacing modules, power
supplies, cables, accessories, and
wirewrap capabilities. Custom
design assistance, too. And field
specialists to offer advice if you get
bogged down.

No one else can say nearly as much.

Which is why you'll probably want
to get in touch with Digital next time
you have an interfacing problem.

Components Group, Digital
Equipment Corp., One Iron Way,
Marlborough, Mass. 01752. Digital
Equipment of Canada Ltd,

Box 11500, Ottawa, Ont. K2H8KS8,,
613-592-5111. Europe: 81 Route

de I'Aire, 1211 Geneva 26, \
tel. 42 79 50.
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Pulse handling:
here's more to
tors than

resistance|
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oy

Experience shows that Allen-Bradley fixed composition re-
sistors can withstand far greater puise energy levels than
resistors manufactured by some other technologies

For example, a pulse equivalent to the energy from the rapid
discharge of a 10uf capacitor charged to 600 volts (1.8 watt-
seconds) will have an insignificant effect on Allen-Bradley
Y4 watt resisters.

This performance is characteristic of the hidden values built
into all Allen-Bradley composition resistors by our exclusive
hot molding process. Quality that can make important differ-
ences in your design and procurement decisions.

Ask your Allen-Bradley distributor for "7 ways to tell the dif-
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ference in fixed resistors” Or write: Allen-Bradley Electronics
Division, 1201 South Second Street, Milwaukee, Wi 5§3204.
Export: Bloomfield, NJ 07003. Canada: Allen-Bradley Canada
Limited, Cambridge, Ontario. United Kingdom: Jarrow, County
Durham NE32 3EN.

Equivalent
Energy Source

2uf @ 670 volts
10uf @ 600 volts
32uf @ 630 volts
32uf @ 1000 volts
32uf @ 1650 volts

Pulse Energy Capability
Rated V/atts Watt-Seconds

1/8 0.45
cB 1/4 1.8
EB 1/2 6.4
GB 1 16
HB 2 44

A-B Type
BB

EC70

ALLEN-B RADLEY
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$60 watches using
National modules

Schottky clamp
may add speed
to I2L circuits

Aligning system
aimed at makers
of advanced devices

Gl plans to add
another processor

Electronics/February 20, 1975
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National Semiconductor Corp. has opened its drive to break into the
high-volume, low-cost electronic watch market with an under $100
timepiece. Private-label LED digital watches retailing for about $60,
shown to dealers at jewelry shows in New York and Texas this month,
contain modules made by National.

The company is in volume production with the least expensive of its
watch modules, which contains hours and minutes readout and is being
sold to private labelers for about $26 per unit. This is a spectacular—
but not unexpected—step for National, which entered the digital-watch
market through its Novus division less than six months ago with a line
of watches selling for $125 to $220 [Electronics, Oct. 3, 1974, p. 53].

You've heard of Schottky TTL, but how about Schottky 12L? That’s what
a consensus of bipolar LSI circuit designers at the ISSCC agrees is the
way to boost the speed of I2L. The trouble with I2L in its standard con-
figuration is that, despite an extremely low speed-power product, it is
capable of only moderate speed (20 to 100 nanoseconds). But by using
a Schottky clamp on the outputs of the gate structure to reduce logic
swings, designers can decrease IL gate delays significantly, much the
way they do with TTL. For example, researchers Horst Berger and
Siegfried Wiedmann of IBM’s Boeblingen Lab in West Germany, co-
inventors of I’L, estimate that gate speeds lower than S ns are attainable
with optimized Schottky I2L configurations.

However, the penalty is larger gates. Looking further ahead, Berger
and Wiedmann sce the possibility of compressing the structure by us-
ing a true Schottky collector, obtainable by replacing one of the diffu-
sions in the I2L pnp transistor with metal and thus forming a new pnm
transistor. Although this procedure would require some novel process-
ing techniques, it is exciting to LSI designers.

Cobilt, the Sunnyvale, Calif.-based division of Computervision Corp.
of Bedford, Mass., is nearing completion of a new semiautomatic, high-
resolution wafer-aligning system for devices in which extremely small
geometries are important—microwave transistors, magnetic-bubble
memories, I2L, surface-wave devices, and charge-coupled devices.

The main features of the new model 2020 aligner are single-step ca-
pability with 0.125-micrometer resolution; a dual-focus system that
permits sharp focus of both wafer and mask with a separation of only 1
to 2 mils; and magnification up to 600 times. The first production sys-
tem, built on an order from Texas Instruments, is scheduled for delivery
in March.

General Instrument Corp.’s Microelectronics division, Hicksville,
N.Y., expects to announce its second microprocessor product next week
—its CP160, a 16-bit unit developed for Honeywell Inc. GI has third-
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AMD to produce
Intel’s 8080 part

National’s CMP-8
to aim at
data-handling market

Addenda

Electronics newsletter

party sales rights on the device, which follows the company’s CP3F
[Electronics, Dec 12, 1974, p. 33] an 8-bit microprocessor used by West
Germany’s Olympia Werke AG in its new desktop calculator.

Advanced Micro Devices will probably be the first second-source for
Intel’s 8080 microprocessor. The company says its device will be 40%
faster than the 8080 which cycles in 2 microseconds. The speed im-
provement, says Ben Anixter, AMD’s marketing manager for MOS prod-
ucts, is made possible by the use of triple-ion-implanted depletion.

It took AMD two years to develop the process, which is n-channel, re-
cessed-field-oxide silicon-gate. “Each portion of this conglomeration of
processes is not particularly unique,” says Anixter. “But the combina-
tion gives us extremely cost- and performance-competitive parts.” They
will be available as samples in June, and in volume by the third quar-
ter. And AMD, until now known as a bipolar and p-channel MOS sup-
plier, plans also to second-source the Intel 8080 MOS memories.

In a move away from the original view of microprocessors—general-
purpose devices for a broad range of applications—National Semicon-
ductor Corp. is aiming its CMP-8 at the communications data-handling
market. To adopt this so-called rifle-shot approach to marketing, says
Gene Carter, National’s microprocessor marketing director, “requires
a microprocessor that is optimized for rapid data manipulation rather
than arithmetic functions.”

The CMP-8 is a single-chip, 8-bit, n-channel silicon-gate MOS device
whose parallel central processor is designed to handle 8-bit data words
and 16-bit address words. The unit consists of an 8-bit arithmetic and
logic section and several registers, including accumulators, index regis-
ters, and an interrupt register, a program counter, and a stack pointer.
Control is provided by a hard-wired instruction sequencer imple-
mented with programable logic arrays. Typically, it takes about 2 mi-
croseconds for most communications jobs.

Look for Grumman Aerospace Corp., Bethpage, N. Y., to become the
first recipient of Interdata Inc.’s 8/32 minicomputer. Four of the yet-to-
be-announced 8/32s, a 32-bit, core-based system for basic memory
sizes from 128 kilobytes to 1 megabyte, will be used in Grumman’s
A-6E Intruder weapon-systems trainers to generate flight dynamics,
display, tactics and digital radar land mass simulations. . . . Western
Electric is getting serious about magnetic bubble memories. There is a
pilot line producing them in Reading, Pa., according to Andrew H. Bo-
beck of Bell Labs, Murray Hill, N.J., inventor of the memory, indicat-
ing that the technology has made the transfer from Bell Labs experi-
mental pilot lines to a production pilot line. . . . Motorola will soon
announce very-wide-bandwidth, 500-megahertz MECL parts for com-
munications. The MC1601 through MC1604 gates and MC1605 flip-flop
use new MECL 20K processing, but have design numbers from the

- compatible MECL 3 line. The parts are designed for minimum rise and

fall times—less than 1 nanosecond—rather than minimum propagation
delay.
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Here’s proof that
AZ positive photoresist
gives better device yields

than negative photoresist.

Shown here is a series of SEM's illustrating the unlimited capabilities of aur AZ Positive Photoresist Systems. We want
you to see for yourself the excellent resolution, edge acuity, and line width control our photoresists provide in both
thick and thin coatings. AZ Systems excet in: contact, proximity and projectioniexposure; aqueous development and
removal; wide processing latitudes; accurate reproducability of photomask geometries in coatings 0.3 to 2.5 microns
thick. All of these factors combine to give'you increased yields and profitability. Shipley Company Inc., Newton, MA -

AZ-111 0.8 microns thick on silicon Contact layer coated with 1.8 microns of Contacts after etching and resist removal.
dioxide provides-excellent edge acuity, AZ-1350J is covering 1.5 micron steps. Note absence of pinholing and sharp
etch resistance and line width control. Thick coatings help eliminate pinhdles edge acuity.

and step-breakdown.

————

AZ-1350J on aluminum showing excellent AZ-1350J on aluminum gives excelient AZ-1350J allows “0" pinholing during
step protection through the use of thick edge acuity despite wide thickness etching.
coatings. variations.

3
SHIPLEY
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Now; 4 times the memory
on the same size card.

K4
S v //4,
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The most compact and most expandable
low-cost memory systerr: you'll probably see
for years to come is Intel's in-40 dynamic
RAM system. It's a true new generation
design, available right now in standard
models from 16K words to 256 kilobytes or
in custom configurations with quick delivery.

Besides highest density, the in-40 assures
you hicher performance than previous low-
cost systems, whether solid-state or core.
Built with Intel's newest 4K n-channel MOS
RAMSs, the in-40 provides an access time of
350 ns, cycle time of 52C ns, low power
dissipation and TTL compati-
bility with very solid margins.
One single in-40 memcry
board stores 16,334 18-bit
words or 32,768 9-bit words.
One singlz control unit board
rur:s any system up to 128
kilowords or 256 kilobytes
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(8 cards). The standard options are 4K, 8K
or 16K words per board and word lengths
of 8,9, 10, 12,16 or 18 bits. For longer words,
cards are simply combined.

A system expanded to 256 kilobytes
measures only 8.175 x 105 x 5.0 inches.
You can choose one of our standard card
chassis, or we can make a custom chassis
to match your requirements. You can
use our power supplies or yours,
whichever you prefer.

There probably never was a
memory system as easy to expand
in the field or in your factory. The
boards are also interchangeable
with our in-10 1103 systems —

10,000 of which have already

been shipped. Just allow 0.5
inch for each board. The
universal control unit pro-
vides byte control, module select,
address register, optional data
register and control and data I/O and
automatic refresh capabilities.

But your options on the in-40 and all
other important semiconductor memory
technologies are really unlimited. Intel also
has the customizing expertise that comes
from doing work for most of the industry's
leading OEM's. And our billion-bit produc-
tion plant gives quick delivery on standard
or custom designs.

Call us if you want to store more words

on fewer cards at lower cost.

Intel Memory Systems, 1302 North
Mathilda, Sunnyvale, California
94086 (408) 734-8102

Regional offices

Boston (617) 861-1136;

Philadelphia (215) 542-9444;
Dayton (513) 836-2808;

Dallas (214) 661-8829;

Los Angeles (714) 835-9642.

Memory Options Unlimited

intel memory systems

A DIVISION OF INTEL CORPORATION
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Intel 4-k RAM
speeding up to
80-ns access

Device is aimed at fastest
main-frame memory systems;
speed is three times faster
than 4-k parts on the market

Today’s 4,096-bit semiconductor
memories just aren’t fast enough for
the fastest main-frame memory sys-
tems operating at less than 100
nanosecdnds. True, the static bipo-
lar and dynamic n-channel Mos
1,024-bit random-access memories
try to serve this market. But they are
too small, too expensive, and used

ECL-compatible, which poses a
problem. “Converting the ECL in-
puts to high-level MOs clocks re-
quires design techniques more com-
mon to bipolar than to MOS,” says
Geilhufe. “This sounds simple, but
when you get down to putting it to-
gether, it’s a bear of a job.

“For example, the device requires
only a 600-millivolt differential in-
put which is more similar to bipolar
than MOs. But MOS is a voltage-
switching logic, not a current switch-
ing logic like bipolar. With the lat-
ter, a lot of voltage is not needed.
What is necessary is a base drive to
get a transistor to switch. So we had

to go to extremely sophisticated dif-
ferential MOs sense amplifiers,
which in itself is a problem because
MOS does not lend itself to good cir-
cuits of this type,” he says.

An unusual aspect of this chip’s
design, adds Mike Markkula, North
American marketing manager, is
that rather than making it TTL-com-
patible and then attaching periph-
eral devices to make it interface
with ECL, the 2106 is made ECL-
compatible on the chip itself. “This
memory will be competing against
ECL machines,” he says. “If you
have a TTL-compatible machine,
when you tack on TTL/ECL conver-
sion circuits it costs

mainly in peripheral
equipment and high-
speed buffers.

That is why Intel
Corp. has begun devel-
opment of a high-speed
type charge-pumped
“pseudo-static” 4,096-bit
dynamic RAM, desig-
nated the 2106, with an
access time of 80 nano-
seconds.

Mike Geilhufe, Intel’s
manager of MOS-
memory design, says this
speed is not only three
times faster than the
fastest 4-k parts now on
the market, i1t also
matches the speeds of
the 7001-style, 1-k n-
channel MOS RAMs. And
it reaches the lower end
of the speed range of the
extremely fast 1-k emit-
ter-coupled-logic/
transistor-transistor logic
RAMS.

The new device will be

Electronlcs/February 20, 1975

Coming. Intel aims at speed mark for 4-k RAMs with its new 2106.
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precious nanoseconds.”
Because of the power
and speed advantages
involved, it was impor-
tant to come up with a
MOS memory that is ba-
sically dynamic but ap-
pears to be static. To
achieve this, a four-tran-
sistor dynamic cross-
coupled cell is being con-
sidered. In this cell, data
is charge-stored and sus-
tained by charge pumps,
located on the chip,
rather than resorting to
standard planar-refresh.
‘““The advantage of
such a configuration
would be that, as far as
the user is concerned, he
is looking at a standard
~ ECL RAM,” says Geil-
! hufe. The primary diffi-
| culty in achieving this,
however, is that charge
pumps normally require
§ 8 a clock level more nega-

byl
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tive than the substrate potential to
function efficiently. “Since the
charge pump input normally has no
diffusion anywhere and no protec-
tive devices,” adds Geilhufe, “this
means that if a signal is significantly
more negative than the substrate
potential, there is a real chance of
blowing something out.”

To avoid this, Geilhufe and his
coworkers have come up with a
modified charge-pump configura-
tion, whereby part of the pump un-
der the gate has a p* implant. This
makes it possible, he says, to operate
with a low-level pump clock voltage
that is positive with respect to the
substrate potential. The fully de-
coded 2106 is fabricated by an
n-channel silicon-gate process on
a monolithic chip of 204 by 237 muls
and is assembled in a 22-pin dual
in-line package. It has a 150-ns cycle
time (write or read with full read-
modify-write capability) and oper-
ates from +15-volt and -5-v sup-
plies. Operating power is 500 milli-
watts. Standby power is 300 mw. O

Solid state

Fairchild readies
bipolar processors

Now that semiconductor manufac-
turers are on stream with n-channel
microprocessors aimed principally
at the controller market, they’re
working full tilt on one of the next
challenges—bipolar processors for
the higher-performance minicom-
puter market and high-speed pro-
cess-control market, which are now
served exclusively by hardwired
logic families. Oddly enough, a
company that has been slow in get-
ting into the n-channel metal-oxide-
semiconductor controller market is
one of the first out with a bipolar
design.

Fairchild Semiconductor, which
has yet to formally announce its n-
channel microprocessor, the F-8, is
ready with a family of large-scale
integrated computer elements cen-
tered around a 4-bit processor slice

30

built with Schottky/TTL technology.
The five-chip family, which makes
up all the components needed for a
high-performance computer design,
includes, in addition to the 4-bit
processor slice, a redundancy check
generator, a serial/parallel first-in
first-out buffer memory, a data-path
switch, a 64-bit push-down/pop-up
(or p-stack) memory, a data-access
register, and a 64-bit random-access
memory register companion. In ad-
dition, a set of five bipolar memo-
ries—RAMs, read-only memories,
and programable ROMs—will be
supplied to work directly with the
processor family of chips.

Already available for sampling
are the redundancy generator/
checker (the 9401), the 1,024-bit
RAM (93425A) and the 1-k PROM
(93446). The remaining parts will
become available from Fairchild
throughout the first half of this year.

Compatible. Most surprising is
Fairchild’s intention to supply this
same LSI processor family in a pin-
to-pin-compatible complementary
MOS design that’s built with their
buffered oxide-isolated C-MOS tech-
nology (called 150-C). The company
is already supplying the first 1SO-C
LSI C-MOS devices—a programable
bit-rate generator (34702) and a
256-bit RAM that will be part of the
C-MOs family of processor elements,
The other parts, including the 4-bit
C-MOs processor slice, will become
available in the course of the year.

According to Thomas A. Longo,
vice president and group general
manager of Fairchild’s Integrated
Circuits group, “our three LSI pro-
cessor efforts—the n-MOs F-8 design
and the Schottky and C-MOs 4-bit
processor-slice families—cover the
three principal processor appli-
cations areas: the low-end controller
market, the high-performance mini-
computer and process-control mar-
ket, and the low-power terminal and
remote equipment market.” The last
market includes the point-of-sale
and telecommunication area barely
touched by today’s designs. “In
short,” says Longo, “we’re serving
the cost-conscious n-MOS market,
the performance-conscious bipolar
market, and the power-conscious

C-MOS market.”

In its bipolar design Fairchild
uses a shallow low-capacitance dif-
fusion process to come up with an
impressively low 6-picojoule-per-
gate speed-power product and a 10-
pJ product for output buffers. This
adds up to gate delays on chip of
only 3.5 nanoseconds in dense (50
gates per square millimeter) config-
urations.

This translates directly into im-
pressive system performance. The 4-
bit-processor slice, for example, op-
erates at a 10-megahertz clock rate,
accomplishing a microcycle in less
than 100 ns, compared to 1 to 2 mi-
croseconds for typical n-MOS micro-
processor systems. A typical instruc-
tion time, which needs 4 or 5
microcycles, can be done in less
than 0.5 ps—three to four times
faster than most n-MOS processors
and about 1.5 times faster than pro-
posed integrated-injection-logic de-
signs [Electronics, January 23, p. 29].
Like 12L designs, the Fairchild sys-
tem can be operated in parallel, a
virtue that leads to shorter instruc-
tion cycle times. Indeed, the Fair-
child system will have comparable
performance to Intel’s 2-bit proces-
sor slice (the 3000 series), which
along with Monolithic Memories’ 4-
bit slice are the only other available
Schottky processor families. O

4-k RAMs in volume
spur H-P price cuts

Hewlett’s-Packard’s gamble on the
use of 4,096-bit random-access
memories while the devices were
still speculative has paid off. By get-
ting the parts in volume, H-P is now
able to cut the prices of the mini-
computers in which they are used.
But the 4-k RAM H-P finally chose is
not the 16-pin version on which it
was betting earlier; instead, H-P is
going with Texas Instruments’ 22-
pin package and may switch to a
denser 18-pin design later.

Based on an estimated price of $8
to $10 per device for TI's 22-pin ver-
sion by the second half of 1975, H-P
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Is going into volume production
with 4-kilobit and 8-kilobit word
modules of medium density. Prices
of the 4-kilobit word module are cut
to $900 from $1,300 and the 8-kilo-
bit to $1,500 from $2,150.

Reductions, According to Edward
R. McCracken, H-P Data Systems
division marketing manager, the
lower memory prices will result in
substantial price reductions in H-P’s
21-MX minicomputer configura-
tions. The 32-kilobit system has
been reduced 18% to $11,800 from
$14,400; the 16-kilobit, 15% to
$7,650 from $9,000; and the 8-kilo-
bit, 10% to $6,500 from $6,833.

The shift to TI's 22-pin version
follows cancellation of a 4-kilobit
RAM order with Mostek Corp. of
Carrollton, Texas, for more than
100,000 of its 16-pin parts at an esti-
mated $1.5 million. McCracken says
the decision to cancel came when it
became clear that Mostek would not
be able to deliver enough parts even
to allow adequate testing. TI has
thus supplanted Mostek as H-P’s
supplier, a reversal of the situation
last March as Mostek looked to win
a big slice of the H-P business when
TI had yield problems [Electronics,
March 21, 1974, p. 70].

In a test program involving about
100 21-MX minicomputers, 370 8-
kilobit modules of semiconductor
memory and about 6.5 million test
hours, McCracken says chip failure
rates on the 22-pin TI 4-kilobit RAM
were about 0.1% for every 1,000
hours of operation. “By late fall we
expect failure rates to be reduced
even further to 0.05% per 1,000
hours.”

He says H-P is now beginning tests
on TI's 18-pin design, but a decision
on whether the company will make
a major commitment to that part
must wait until the end of a three-
month cycle. “However, we've re-
ceived ample test quantities of the
new TI chip and the preliminary re-
sults look very good,” McCracken
says. “In addition, our experience
with TI’s 22-pin part leads us to be-
lieve they can do the same thing
with the 18-pin version.”

If so, he says, it is probable that
H-P will reintroduce its two 21-MX
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Thin-film solar cell 12% efficient

A new heterojunction solar cell that
offers high efficiency with a possi-
bility of low-cost fabrication has
been developed at Bell Laboratories
in Holmdel, N.J. Early versions use
polycrystalline n-type cadmium sul-
fide deposited on a single-crystal p-
type indium-phosphide substrate.
The developers, Sigurd Wagner and
Joseph Shay, say they know of no
theoretical reason why the device
cannot be built completely in thin-
film, polycrystalline form, and they
are going ahead to find the best
thin-film fabrication method. Such
methods will be much less costly
than present semiconductor pro-
cessing required to produce the
commonly used cells made of
single-crystal silicon. Shay and
Wagner measudred a solar conver-
sion efficiency of 12.5% for their
cell—substantially higher than the
7% efficiencies reported for cad-
mium sulfide-copper sulfide hetero-
junction devices [Electronics, April
4, 1974, p. 99].

In the photo, the thumbnail-size
experimental solar cell is shown
with a contact grid deposited on the
cadmium sulpnide layer of the Bell
Labortories-developed device.

minicomputer models using the Tl
18-pin package late in 1975.

The H-P division and other users
are evaluating 4-kilobit RAMs from
a multitude of suppliers, including
Intel Corp., Motorola, Western Dig-
ital Corp., Fairchild Semiconductor,
American Microsystems Inc., Micro-
systems International Ltd., and Na-
tional Semiconductor. Most of these
have been ruled out for now be-
cause of technical considerations or
because parts are not available in
suitable quantities. Robert Frank-
enburg, product marketing manager
for the division. says that while the
specs for National’s 18-pin part
“look good, when it comes right
down to it, we'll probably go with
TI’s 18-pin, just because it’s avail-
able and performs reasonably well.”

Meanwhile, Mostek’s statement
about its problems with the 4-kilobit
part is terse. “Mostek experienced
minor reliability problems in the

early production of our 4-k RAM,”
says L.J. Sevin, president. “These
have been corrected to all custom-
ers’ satisfaction. Yields for the MK
4096 have also been a problem, and
a major program to improve pro-
duction is now underway. These two
developments, coupled with a large
demand for the product, have af-
fected Mostek’s ability to meet all
customer requirements.” O

Computers

New DEC computer
adds faster bus

A major contributor to the high
speed of Digital Equipment Corp.’s
PDP-11 minicomputers is the uni-
fied bus, a structure that allows
memories and input/output devices
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Speedier. DEC's PDP-11/70 minicomputer uses a special 32-bit internal data path to boost
speed. Machine also features a cache memory and new high-speed digital controilers.

to communicate asynchronously
with the central processing unit. But
when DEC wanted still higher speed,
it found the 16-bit “Unibus” was
being pushed to its limit and needed
supplementing with a new faster
data bus.

In the PDP-11/70 minicomputer
announced last week, 32-bit buses
transfer data at rates of nearly 6
million bytes per second—about six
times the top speed of the Unibus.
They are used to move data from
high-speed bulk memories to cache
memory—the first cache in the PDP-
11 series—and they do so through a
set of control circuits that were also
specially developed.

DEC believes the controllers are
unique to a computer of this size.
Built of transistor-transistor and
Schottky logic, each controller fits
on one card in the 11/70 CpU. The
CPU can handle four of them, and
they can each handle up to eight
mass-storage devices. The CPU tells
the controller to transfer particular
data between bulk memory and
cache. The controller, which con-
tains addresses stored in registers,
executes the instruction which, once
given, is forgotten by the CPU.

While some improvements also
were made in the 11/70’s CPU, it is
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essentially similar to the 11/45. This
unit was formerly the high-end
model in the PDP-11 series with a
basic instruction speed of 300
nanoseconds. In developing the
11/70, DEC worried less about what
vice president Richard J. Clayton
calls ‘“‘gut-fast specs” and more
about optimizing the architecture. A
DEC spokesman notes that, “we usu-
ally add one ‘hot’ thing to new PDP-
11s, but here we tried to balance ev-
erything. The busses are as fast as
the processor, which is as fast as the
memory. The 11/70 is more com-
plex, interesting, and subtle than
other 11s.” System prices range
from $55,000 to upwards of
$200,000, depending on options.
Expansion, The size of the 11/70’s
main memory was expanded by a
factor of eight over the 11/45, up to
two million bytes of core with an av-
erage cycle time of 400 nano-
seconds. The two-set associative
cache memory—the first cache in the
PDP-11 series—communicates with
the main memory via another dedi-
cated 32-bit-wide data bus. The
cache is a 2,048-byte bipolar device,
divided into two banks of 1,024
bytes each. It has an access time of
240 ns. Because it is in two banks,
DEC says it will have a hit rate—the

likelihood of finding the needed
data—of more than 90%.

With the 11/70, DEC is also intro-
ducing a major operating system
called Interactive Application Sys-
tem which, for the first time in the
11 family, allows time-sharing, real-
time, and batch operations to be
processed concurrently. IAS is a
multi-lingual system that supports
ANSI-74, Cobol, enriched Basic,
macro assembler, and Fortran VI
languages.

Tagged by size and price as a me-
dium-scale computer, the 11/70 can
be supplied as a full end-user sys-
tem with high-speed mass-storage
capability, operating systems, and
the range of PDP-11 peripherals. As
such, DEC believes it offers more
than CPUs with similar processing
power. Rather, the PDP-11/70 fits a
notch above the classic role of the
minicomputer but below that of the
IBM 370/135.

DEC sees applications for the
11/70 in jobs involving such things
as transaction processing, complex
scientific problems, and multi-
faceted jobs like plant control in
which the computer directs oper-
ations and sets priorities. Handling
these problems requires high execu-
tion speed, as well as the availability
of a large number of programs, all
areas DEC has specifically addressed
with the PDP-11/70. O

Military electronics

Army to test
in-flight data system

An airborne reconnaissance system,
which could find no takers after the
military spent some $43 million on
its development, is getting a new
lease on life.

An austere version of the tri-ser-
vice Joint In-Flight Data Trans-
mission System has been built and
tested for the U.S. Army by North-
rop Corp.’s Electronics division,
Palos Verdes, Calif. And the Army
will shortly begin its own tests of a
“feasibility demonstration” model

Electronics/February 20, 1975



We make

a logic tester
for every

PUrpOSE€...

A family of testing solutions.

Fluke Trendar knows that your
logic testing problems come in all
sizes. From factory testing
thousands of complex boards each
month, to nailing one suspect IC
in the field. That's why we’'ve
developed a family of testers with
a model that's sized right for any

volume. And with a range of prices”,

to fit any budget.

High volume production.

Two Trendar testers cover the
spectrum of factory needs. The

Trendar 2000A, the patriarch of the

family, is for big, tough boards.
You will find it in a hundred
customer installations, where
millions of boards have been ac-
curately tested, diagnosed and
passed. It provides both single
board testing/fault isolation and
comparative board diagnostics for
maximum speed. For smaller
volume, the new Trendar 1010A
console offers the same testing
power and many of the diagnostic
features of the 2000A for well
under $10,000. It provides one
pass, go/no-go testing. And, it
offers level-programmable drivers

your plant,
your pocket,
or your Porsche.

and receivers for full CMOS and
TTL capability. Faults are isolated
by back-tracking logic errors with
abuilt-in probe. The Trendar 1C10A
is program compatible with the
Trendar 2000A . . . an ideal match
for low volume production testing
or field service applications.

Portable, too.

The Trendar 1000A is a
compatible portable version.
Used wortdwide in small
production and field service

e facilities, it fits in your Porsche.
These testers hold the record for

simplest, fastest programming.

Hand-held
testing of IC’s in circuit

The smallest family member and
one of the most versatile, slashes
logic troubleshooting time.

~ TESTCLIP comes in three models

to accommodate logic families
from 5V TTL/DTL to CMOS and
HTL.Itacts as alogic probe, logic
clip and IC comparator. One of
the largest computer companies
reports that TESTCLIP cuts
troubleshooting costs in half.
Another user saves $1000 per
month per technician.

Whatever size you specify, boards
passed by Trendars work in the
end product. Their initial low
cost and high-volume through-
put save big dollars.

Call us. Collect. Fluke-Trendar.
(415) 965-0350.

500 Clyde Avenue, Mountain View, California 94043—415/965-0350
TWX 910-379-6573. Enrope, Fluke (Nederland) B.V.. P.O. Box 5053,

[FLUKE] TRENDAR

a subsidiary ot John Fluke Mfg. Co.. Inc.

Tilburg, Netherlands. Tel. 013-673973. Telex 52273. U K., Fluke
Internat pnal Corp.. Garnett Close, Watford, WD2 4TT, Tel. Watford
(0923) 33066. Te ex 924583

Logic testers so sophisticated they don't need a computer
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at the Ft. Huachuca, Ariz., test
ground. Development is under the
supervision of the Army Electronics
Command, Ft. Monmouth, N.J. But
no “big buys” are yet contemplated,
according to a spokesman.

Renamed the Army In-Flight
Data Transmission System, the
2001b. reconnaissance flight package
transmits to a ground terminal im-
ages gathered by an airborne side-
looking radar. Thus, while the air-
craft is still on its mission, the termi-
nal can produce a hard copy of the
images nearly in real time. Nor-
mally, there is a delay before pro-
cessing while the aircraft returns
with recorded data.

The Army formally assumed re-
sponsibility for developing the new

tion plane. The original system op-
erated with a variety of sensors,
both infrared and visual.

The Aidats system has success-
fully transmitted radar signals from
the aircraft over line-of-sight dis-
tances as great as 370 kilometers,
more than twice the 150 km origi-
nally specified by the Army. The
side-looking radar produces an im-
age of the ground as the aircraft
flies at some distance to the side of
the target. This is an obvious advan-
tage for the military.

Included in the airborne system is
the sensor subsystem, which accepts
data from the radar, a navigation
system, and an aircraft-data-annota-
tion system. The latter two are for
correlating sensor irgages with posi-

Data in a jiffy. Northrop Corp. transmission system sends data from side-looking radar,
slung below Mohawk OV-1D fuselage, to the ground for processing while plane is in the air.

system in the spring of 1974, after
the Naval Air Systems Command
dropped out of the effort which it
had administered since 1967. Air
Force interest was always largely
nominal, explains one Navy official,
since it pursued other programs
which could be operational sooner.

Navy interest began to wane
about 1970 when it determined that
its reconnaissance aircraft operated
so close to aircraft carriers that its
effective use of the system would be
marginal.

The Northrop tests were con-
ducted with a Motorola Inc. APS-
94-D side-looking radar placed
aboard a Mohawk OV-1D observa-
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tions on the ground. The sensor sub-
system digitally modulates a Ku-
band carrier on which data is trans-
mitted. A Sperry frequency syn-
thesizer provides up to 64 rf chan-
nels, which can be assigned to
different aircraft. Power output is
150 watts.

The radar image, which looks like
a high-resolution television picture,
appears on film 90 seconds after
receipt of the data. Numerical posi-
tion data also appears on the film.
Resolution is 32 line pairs per mil-
limeter, or 10 times that of Tv.

Modifying the earlier system,
which Northrop itself began devel-
oping in 1969, cost $3 million. It in-

volved removing extensive built-in
test equipment, and other sensor-in-
put circuitry, or about 60% to 70% of
the system, according to Northrop.
Also, the old system had only 5
channels to Aidats’ 64, and the new
one hastwice the output power. ]

Consumer

Watch market:
is 40 a crowd?

Counting on a market that’s yet
to boom, the number of companies
offering electronic watches with dig-
ital displays in this country may
have passed the 40 mark, almost
twice the total in this tough, com-
petitive new field a year ago.

Most of these firms were on hand
earlier this month in the bazaar-like
atmosphere of the Retail Jewelers of
America trade fair in New York,
The show provided a good view of
the battle shaping up for the U.S.
digital-watch market, estimated to
be anywhere from 500,000 to 3 mil-
lion units in 1975.

Whether the new digitals will be
the wave of the future or just an-
other timepiece in a market already
filled with attractive and accurate
analog watches, there was no doubt
that digital watches had gained a
foothold. The market, at least for
the next six months, will hinge on
three key factors revealed at the
show:
® Prices. They are dropping. Bow-
mar Consumer Products surprised
the field by showing a two-button
light-emitting-diode watch with
hours, minutes, seconds, and date at
a list price of §119.60—roughly half
the price of other watches with as
many features. However, with Bow-
mar now filing for bankruptcy (see
p. 36) the future of this product is in
doubt. Swiss American Time Corp.,
an Optel company, priced its liquid-
crystal model at $124.95. And
Timex Corp. finally showed its long-
promised LCD men’s and ladies’
watches, listing them at $85. Timex
had almost a year’s delay bringing
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RCA introduces the CCD imager.

Meet big SID — the solid state
technological breakthrough you've
been waiting for! A Silicon Imaging
Device, RCA's big SID is the first —
and largest — Charge-Coupled De-
vice for standard 525-line TV.

Big SID isourpremieredevice—the
first of a new solid-stateimagerseries
that holds revolutionary potential for
new electronic concepts and designs.

Precisely the kind of major advance

you'd expact from the television
pioneer; 512 x 320 elements plus a
video preamp all on one “chip” can
produce truly useful resolution. Stat-
ed in terms of digital memories, to
which CCD technology also can be
applied, there are 163,840 high-
density bits of storage!

Even though big SID is huge by
semiconductor standards. it is now
possible to build smaller TV cameras

Unretouched photograph of standard 525-line

monitor disptay produced by big SID
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— actual size

ithan ever before. When clocked at
slightly over a 6 MHz data rate,bigSID
may be usedtogenerate standard 525-
ine video which is compatible with
monitors and other standard video
aquipment without modification.

Consider big SID's many desirable
qualities:

eSmall size and weight

¢ Solid-state life and reliability

¢ Sensitivity and spectral response
comparable to Silicon-Target vidi-
cons

® Anti-blooming characteristics

*No lag

¢ Highly linear and stable geometry
suitable for mensuration

® | ow power consumption

¢ Solid-state ruggedness — no
microphonics

Put big SID to work in your new
aquipment designs — black and white
or color — for surveillance, industrial
control, portable audio-visual units,
‘racking, pattern recogrition or “elec-
tronic journalism’ cameras.

Big SID — RCA type SID51232 — is
nere.

Formoreinformation, seeyourRCA
Representative or write SID Market-
ing, RCA, New Holland Avenue,
Lancaster, Pennsylvania, 17604.

RCA-Lancaster — where

people and technology make
the difference.

Charge-Coupled
Devices
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the watches to market and won’t say
how they’re selling. But with prices
dropping, Jerry Allen, vice president
of sales at Microelectronic Systems
Corp,, says, “We’ve warned our cus-
tomers not to hold any inventory for
the next six months.”

» Displays. LEDs and LCDs will con-
tinue to appear side by side. Most
manufacturers give the volume edge
to LEDs for 1975, but there is lots of
talk of an LCD “comeback.” Com-
ments Edward Miller, marketing
manager for Gruen Industries Inc,,
“Our surveys show the consumers’
thrill in turning on LED watches is
just about over. The future is in
LCDs.”

And at least two companies,
Computer Time Corp. and Solid
State Time Inc., are evaluating eas-
ier-to-read two-color electrochromic
displays.

m New features. Only Benrus Corp.
expressed much interest in high-

density low-powered integrated-in-
jection logic for watches, despite the
promise of a one-chip module. Gen-
erally, users say that this new ap-
proach developed by Texas Instru-
ments does not improve enough on
their present two- and three-chip
designs using complementary
metal-oxide semiconductors.

New features center around over-
coming the shortcomings of the LED
and LCD displays. For example, to
reduce the nuisance of pushing a
pair of buttons to turn on the LED
displays, companies have come out
with a single button that activates
two or three switches in succession
to get the time (hours and minutes),
date, and seconds.

And to help see the time, bright-
ness controls increase intensity of
LEDs in bright light or dim them in
the dark. For reading the time in the
dark, LCD watches are now avail-
able with back lighting. O

Business

Bowmar Instrument files for bankruptcy
as president Edward A. White resigns

Resigns. Bowmar president Edward White
will continue as a consultant.
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Heavy losses and expenditures in
the hotly competitive calculator
market have caught up with Bow-
mar Instrument Corp., New York,
once the leading marketer in the
field. Unable to obtain waivers from
its institutional lenders on loan
defaults because of larger than an-
ticipated losses, Bowmar filed last
week for Chapter XI proceedings of
the Federal Bankruptcy Act. This
would put it under the protection of
the court while it works out new ar-
rangements with its creditors.

A total of $35 million in loans has
been called due by its lenders. One
of them, New York Life Insurance
Co., filed a $16 million legal action
against Bowmar on its loan. New
York Life told Bowmar in Decem-
ber that it would waive the calcu-
lator supplier’s default but changed
its mind when Bowmar’s losses were
higher than expected.

At about the same time, Bow-

mar disclosed that Edward A.
White, its founder, chairman, presi-
dent and chief executive, and Wil-
liam D. Meazell, the company’s
chief financial officer, resigned. Both
White, who owns an estimated 38%
of Bowmar’s stock, and Meazell will
continue as consultants.

Meanwhile, Richard Brown, who
only joined Bowmar a week before
the White and Meazell resignations
as head of Bowmar’s Consumer
Products division, has been ap-
pointed acting chief operating offi-
cer pending selection of a new presi-
dent and chief executive. Brown was
formerly general manager of Mazda
Motors of America Inc. Bowmar,
one of the first to market a portable
electronic calculator using a single
semiconductor chip (made by Texas
Instruments), now holds only 12% of
the unit market share in the U.S. as
against TI’s 33%, according to a re-
cent study by Creative Strategies
Inc. It ranks fourth with only 8.6%
of the U.S. market share in dollars
to TI’s estimated 23%.

Bowmar stressed its financial dif-
ficulties in a preliminary unaudited
report just a few days before filing
for Chapter XI protection. The com-
pany expects to incur a pre-tax loss
of about $23 million and after-tax
loss of approximately $20 million on
sales of about $80 million in 1974.
This compares with a pre-tax profit
of $14.7 million and an after-tax
profit of $7.6 million in the fiscal
year that ended Sept. 30, 1973, on
sales of $64.8 million.

In the papers filed with the U.S.
District Court for the Southern Dis-
trict of New York, Bowmar reported
total liabilities of $48,991,000 and
total assets of $48,870,000.

White blamed the losses on in-
tense price competition as well as
unusually large inventory write-
downs and receivables adjustments.
In addition, the company has been
spending heavily on consumer ad-
vertising. Also, its effort to develop a
semiconductor supplier for its calcu-
lator chips by acquiring Integrated
Technology Corp. of Phoenix in
1973 set it back $7 million.

Further setbacks include the clos-
ing costs of Bowmar’s calculator as-
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The beginning of a new day
in CCTV cameras

with SID.

RCA introduces two miniature, all
solid-state TV cameras with the
resolution and features needed to
make them genuinely usefulforawide
range of applications. Both cameras
are designed around RCA’s big SID,
a 512 x 320 element Silicon Imaging
Device based on the revolutionary
new CCD (Charge-Coupled Device)
technology.

One camera, the TC1150, has a
built-in lens with focal length adjus-
table from 14mm to 38mm. This lens
forms part of a unique automatic light
control system which quickly adapts
over a large range of scene illumina-
tion.

The TC1155, on the other hand,
accepts standard “C"" mount lenses
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Big SID
actual size

1

for even greater flexibility. In addition
to achieving maximum sensitivity, fow
distortion lenses may bhe employed to
take greater advantage of big SID's
highly precise, linearandstableimage
geometry for non-contact measure-
ment.

These cameras are completelysolid
state; they have all the features you'd
expect, and possibly some that you
wouldn't expect:

® Full 525-line standard video out-
put — no monitor mocifications
needed

* Small size and weight

® Solid-state life and reliability — no
vidicon to replace — no field adjust-
ments necessary

¢ Sensitivity and spectral response
comparable to Silicon-Target vidi-
cons

® Anti-blooming characteristics

® 163,840 picture elements produce
high quality, 3 MHz bandwidth
pictures

*No lag

® No microphonics

* Low voltage and power require-
ments

Let big SID and these all-solid-state
cameras solve yourproblemswhether
in surveillance, industrial control,
pattern recognition, military, scien-
tific instrumentation or other
applications.

For more information on these and
otherCCTV camerasandaccessories,
see your RCA representative or write
RCA Closed-CircuitVideo Equipment
Marketing, New Holland Avenue,
Lancaster, Pennsylvania 17604.

RCA-Lancaster — where
people and technology make
the difference

CA — TC1155

Charge-Coupled
Devices
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sembly facility in Acton, Mass. Cal-
culator production has since been
consolidated in plants in Arizona
and Mexico.

The company’s shares haven’t
been traded since Feb. 3, when
Bowmar asked the American Stock
Exchange to halt trading until it re-
ceived waivers on its loan defaults.
Bowmar’s stock most recently was
trading at 4%, down from a high of
24% in January, 1974,

Still pending, according to Fred
Gerard, Bowmar’s legal counsel, is
Bowmar’s antitrust suit against
Texas Instruments, filed in Decem-
ber. Bowmar charges Tt with deceit-
ful misrepresentation, antitrust vio-
lations, conversion of trade secrets,
violations of the Robinson-Patman
Act and fraudulent patent practices,
and asks for damages of $240 mil-
lion. |

Medical electronics

C-MOS implant
to aid deaf

Scientists at Stanford University
Electronics Laboratories near San
Francisco, Calif.,, are developing
what is, in essence, an artificial ear
using a thick-film C-MOS package
that could eventually be implanted
in a human being.

Aimed at the approximately
200,000 people in the United States
who are totally deaf because the
hair cells in their inner ear—which
convert sound to electrical signals—
are missing or defective, the im-
plantable complementary metal-ox-
ide-semiconductor system works by
direct injection of electrical signals
into the auditory nerve. In effect,
the brain is tricked into thinking the
real ear is working,.

“A number of one-electrode sys-
tems have been tried,” says one of
the scientists, Tushar Gheewala,
who described the development at
last week’s International Solid State
Circuits Conference in Philadelphia.
“But these have resulted in only
low-frequency perceptions, up to

38

perhaps 300 hertz, much less than is
necessary for the brain to decipher a
coherent, intelligible signal.”

What is needed is a multielec-
trode neural stimulation system that
takes advantage of the way the real
ear itself separates auditory signals
by means of variously “tuned” hair
cells along the inner ear, he says.
Working with co-researchers Robert
White and Roger Melen, Gheewala
has developed a four-electrode 1.25-
by-1.25-by-0.25-inch C-MOs package
that they believe will deliver infor-
mation at a rate up to about 4
kilohertz to four groups of nerve-
endings in the inner ear.

Links. To avoid inserting wires
through the skin, the inputs to the
implant are delivered via two over-
the-air links.

A radio-frequency link couples in
about 5 milliwatts of power needed
to run the implant. And an ultra-
sonic link delivers instructions on
which electrode to pulse, how fre-
quently, and how hard.

The ultrasonic signals are deliv-
ered in digital form from an exter-

nal package that contains a micro-
phone pickup, information coding
circuitry, and an ultrasonic trans-
mitter. This package also contains
the power transmitter. An ultrasonic
signal, Gheewala points out, has
good noise immunity and won’t
cross-couple with the power link.

Electrode-pulsing information is
stored in a 32-bit shift register, with
eight bits assigned to each of the
four electrodes. Serial digital-to-
analog conversion takes place by
charge redistribution between two
equal-valued capacitors and any
one of four output capacitors, ac-
cording to Gheewala. Demultiplex-
ing of the signal is performed by an
address switch which selects the ap-
propriate capacitor.

“Physiological evidence indicates
that for short pulses the nerve stim-
ulation threshold and response is
determined by the total charge de-
livered and not by amplitude or
wave shape,” says Gheewala. “Tak-
ing advantage of that, we can use
this four-electrode demultiplexing
system to select any of 256 intensity

News briefs

for the delay.

Philco-Ford plans recall of 10,000 TV sets

Philco-Ford Corp., Blue Bell, Pa., plans to recall more than 10,000 9-inch
biack-and-white TV sets because of a possible shock hazard. The sets were
produced for Philco in Taiwan between May and August of last year,

AT&T denles U.S. antitrust charges

American Telephone & Telegraph Co. has filed its first formal response to
the Justice Department's antitrust suit, filed last November [Electronics,
Dec. 12, 1974, p. 76]. AT&T claims it is not violating the antitrust laws and
asks the Federal Court in Washington, D.C., to dismiss the suit. AT&T's de-
nial, which was joined by Western Electric and Bell Laboratories, stresses
that the Bell System already is operating under a consent decree and final
judgment entered with the Justice Department in 1956 as a result of a suit
begun in 1949, Moreover, the defendants assert that, since the 1956 con-
sent decree was approved by the Federal Court in Newark, N. J., the court
in Washington D. C., where the latest suit was filed, has no jurisdiction.

Antitrust suit against iBM is delayed

Judge David N. Edelstein has granted a delay in the start of the Justice De-
partment's antitrust trial against IBM Corp., which was to have started Feb
18. IBM and Justice Department attorneys, who said they were a month or
more behind schedule in preparing documents for the trial, appealed jointly

Allen-Bradley ends MOS business venture
Milwaukee components supplier Allen-Bradley Co. has sold its majority in-
terest in MOS Technology Inc., Valley Forge, Pa
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i ‘:E..‘,g«bh'brary of programs. Most manufacturers don't say much
~ about programming. We'do. There's a library of programs
given to every new 480B owner. Over 700 programs that
allow you to test DTL, TTL, ECL and bipolar compatible
digital devices. And they're ready right now. No waiting
until someone feels like getting around to building your
program.

S§SI, MSI, LSI, RAM’S and ROM'’S. Hundireds cf different
devices can be tested. Each, from a program printed on a
single piece of paper. All you do is select the appropriate
program, set up the machine, turn on the switch, and start
testing. When you want to change devices, select the rew
program sheet and change the program. It's that simple.

I

When you buy the ALMA 41808,
we throw in 700 programs. Free.

Evaluates and characterizes. |f an IC fails, the 480B
doesn’t just tell you it failed. It tells you where it failed and
the type of failure that occurred. Right down to the pin
number.

Reprogram on the go. If a number of IC’s are failing the
specification by a smail margin, and that specification is
not critical to your application, just adjust the thumbwheel
to your minimal requirements. And keep testing.

A family of digital and linear

testers. The ALMA 550 tests just

about any standard or custom m
linear IC. The ALMA 480B tests

jPSt about any digital IC you can Division of Deveico, Inc.
find. The ALMA 380C, a Ipyv-cost Moumaﬁgo\,}gg_“g:\é%gg
IC tester for aimost any digital IC. (415) 968-3993
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HOW LONG WOULD IT TAKE YOU
TO REPAIR THIS BOARD?

WITH THE

TESTLINE
AFIT

CONSIOER THESE FACTS.

1. MAXINUM REPAIR TIME ~ 15 MINUTES

2. REMOVE ONLY THE t1.C. {OR |.C.%s)

3. MAXIMUM OPERATOR TRAINING - 30 MINUTES
4 NO TECHNICAL SKILLS REQUIRED

5 MAXIMUM SOFTWARE EXPENSE  $275

6. MAXIMUM HARDWARE EXPENSE  $9,200

IF THESE FACTS ARE OF INTEREST,
CONTACT HAROLD CARTER AT:

ML

Testline Instruments, Inc.
North Brevard Industrial Park
1625 White Drive
Titusville, Florida 32780

Tel. 305-267-7212 TWX 510-950-3043
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levels for each electrode, up to 4
kilohertz per electrode and 50,000
picocoulombs per pulse.”

Since the output for a given chan-
nel is stored across a capacitor, the
conversion circuit can serve a num-
ber of output channels, he says.
Once the charge in one output ca-
pacitor is set, the conversion unit
may be switched to the next storage
capacitor and the data stream con-
tinued. It is therefore necessary, says
Gheewala, to add only one address
switch and one output capacitor for
each additional output.

“This feature is very important
when you consider that 16 channels
are likely to be needed for an effec-
tive hearing aid,” he says. “We are
now building about 20 four-elec-
trode units which will be implanted
in cats for testing in the spring.

“If all goes well, we will be im-
planting a 16-channel package we
are now fabricating for humans for
evaluation by late 1975.” O

Optoelectronics

Fiber-optic kit
aims at industry

By and large, signal transmission
over fiber-optic cables has been con-
fined to military uses [Electronics,
Aug. 22, 1974, p. 69; Jan. 9, p. 29].
But a West German company, AEG-
Telefunken, is determined the tech-
nology shall go commercial. The
company is readying a kit contain-
ing all the components an industrial
user needs to build a fiber-optic
link. Designated the V300P, the
building-block system offers 200
kilohertz of bandwidth for data
transmissions over a glass-fiber
cable up to 60 meters long. The sys-
tem will be unveiled at the Hanover
Fair in mid-April and available in
sample quantities right after.

“What we are trying to do,” says
Hans A. Strack, the man in charge
of optoelectronic activities at AEG-
Telefunken’s semiconductor facil-
ities in Heilbronn, “is to work the
market from the bottom up rather
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| Reghioves L ark Of Morton Sait Compary—whg ,mgu‘ great zroducts, too.

If your product must work outdoors
this sealed Cherry switch will work!

We built an umbrella around a switch . . . by putting out subminiature snap-action
switch inside a sturdy housing anc injection moldinc epoxy plastic that encaosulates
the sw.tcn and leads to seal out dirt and moisture. Tharesu t? A switch you can splash,
spray, freeze, subject to all kincs of weather.

Because it's watertight and weatherproof. Making it the idzal switch for use in autcs,

trucks, boats, snowmobiles, power mowers, outdoor vending machines . . . just about

any type of product that is subjectec ‘0 extreme weatrer, dust, dirt, grit, grease,

grime or spray.

The watertight, weatherproof “irsice switch” s our good okd reliable E62 subminiature,

prover over more than a decade in millions of demanding applications. In this new

sealed switcn design, its staindess stee! coil spring mechanism and reliable rock-wipe ACTUAL SIZE
coniactaction are protected by a couble enclosure plus a rubber boot on the actuator, L
So that when it rains . . . it works! We put a switch inside

TEST A FREE SAMPLE OF THIS NEW SEALED SWITCH. Just PHONE (312) 589-7700 and oo S atertight
or TWX (910} 235-1572, or write on your letierhead. (. proc

/]

. YL g . y 4 Y
f 0 a D] D Va .
( ( ol L’Ll R ¥ 1 ""q >~w\‘_\ CHERRY ELECTRICAL PRODUCTS CORP.
) - v_ﬂ‘ — A\ ® 3608 Sunset Avenue, Waukegan, IL 60085

Cherry Worldwide: (Subsidiaries) Hirose Cherry Precision Co  Ltd . Tokyo ® Cherry Mikroschalter GmbH. Bayreuth, Germany
i & e Cherry Electrical Products (U K ) Ltd.. St Albans, Herts ¢ (Licensee: G W Engineering Pty Ltd . Sydney
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Nm Continental Specialties

FASTER THAN A SCOPE!

SAFER THAN A VOLTMETER!

_. BRINGS ICs TO LIFE!

T e
Made in USA

The amazing self-powered,
self-contained, pocket-size
Logic Monitor requires no
adjustments or calibrations as
it simultaneously displays static and
dynamic logic states of DTL, TTL, HTL

or CMOS DIP ICs. Now you can watch your
signals work their way through

counters, shift registers, timers,

adders, flip-flops, decoders, even entire
systems! High intensity LEDs turn on when
lead voltages exceed the threshold {2V).
No power supply is needed! The
power-seeking gate network locates

DIP supply leads and feeds them into

the Logic Monitor. Forget about grounds,
pin counting or sync polarity.

Simply clip the Logic
Monitor to any DIP IC
up to 16 pins. Precision
. plastic guides and a flexible
" plastic web* insure positive
connections between non-corrosive
nickel /silver contacts and the IC leads.
Logic levels appear instantly on 16
large (.125” dia.) high intensity LEDs.
Logic “I” (high voltage)-LED ON. Logic “0”
(low voltage or open circuit)-LED OFF.
Yes, now you can see your designs come
alive. Order your fast, versatile, accurate,

indispensable Logic Monitor today!
"“Deliveries starting March 15."

ORDER TODAY! 8495

Add $2.50 postage/handllr;g.
=== .

Foreign orders add 15
Prices subject to change.
Continental Specialties Corporation
Box 1942, New Haven, CT 06509 * 203/624-3103
W. Coast Off.: Box 7809, S. Fran., CA 94119 = 415/383-4207 Canada: Available thru Len Finkler Ltd., Ontario
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than from the top down.

“It’s important to offer a rela-
tively simple system at a cost com-
petitive with a coaxial cable setup
and which gives the same inter-
ference-free performance.”

The price for the V300P package
will probably be “around $200,” de-
pending on length and quality of
cable. For this, the customer will get
a gallium-arsenide infrared-light-
emitting diode, a silicon phototran-
sistor detector, the fiber-optic cable,
and a 3-decibel optical coupler for
matching two cable sections.

With these components, says
Strack’s associate, Werner Schairer,
the user can build a link for signal
transmission between, say, com-
puter peripherals, programed in-
struments, or numerically controlled
machine tools and a computer.

Immunity. In applications like
these, Schairer continues, the cables’
immunity to interference from stray
electromagnetic fields and the ab-
sence of crosstalk between cable
strands are decided advantages. The
V300P system will be available in
different versions, each with emitter
and detector specifications that best
suit a particular application.

The system’s 1.9-millimeter-
diameter cable consists of a bundle
of 1,000 multimode fibers with an
attenuation of less than 0.8 decibel
per meter—low enough for a short-
haul transmission line, Schairer
says. The diode couples 1 milliwatt
into the cable.

Looking ahead, Strack’s group
has already drawn up tentative
specifications for a follow-up kit—
the V350P—intended for 30-mega-
hertz optical data transmission. It
will be suitable for high-bit-rate
color-Tv-signal transmissions in
television studios or for signal distri-
bution within apartment buildings
tied to a community antenna. It will
have either a fast light-emitting
diode or a pulsed laser as an emitter
plus either a photo-p-i-n-diode or
photo-avalanche diode as a detec-
tor. The fiber-optic cable will also
have lower attenuation—about 0.3
dB/meter—and will be up to 1,000
meters long. It is likely to debut
about a year after the first kit. O
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Now.
1-Kilobyte CCD

The first production-
proven CCD memory is
now here.

Fairchild’s CCD450 is a
1024 x 9 byte-serial memory
—with built-in NMOS input
and output transition circuitry.

Compared with MOS
memory, CCD simplicity
means inherently higher
chip densities —and ultimately,
lower costs. Because it’s
fabricated with established
NMOS technology, it’s easy
for the designer to use, too.

Developed by the leader
in solid-state memory tech-
nology, the 1-Kilobyte CCD450
is the first in Fairchild’s new
family of CCD memory. And
it’s ideal for storage use in
terminal buffers, display
refresh and many other stand-
alone terminal applications.

Complete specifications,

a technical paper describing
the CCD45(§) and a brief
analysis of the projected
economic impact of CCD
memories are available now
with 4-week sample delivery.

For immediate opportu-
nity to work with this major
new memory technology,
contact your Fairchild field
office or distributor today.

Electronles/February 20, 1975

memory.

Fairchild CCD450
Serial Memory:
+ Solid-state monolithic.

* Very low power (250 mW
max, 30 mW standby).

« TTL compatible.
- Standard 18-pin DIP.

+ 4-mode operation: Read,
Write, Read/Modify/
Write, recirculate.

+ 3 MHz data-rate capability.

 Hot Line for additional
information: (415) 962-3941

Semiconductor Components
Group, Fairchild Camera &
Instrument Corp., 464 Ellis St.
Mountain View, CA 94040
TWX: 910-379-6435
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The first production CCD memory is Fairchild's CCD450, 1-Kilobyte serial storage device comprised of nine

1024-bit registers each organized in eight 128-bit strings. The CCD40 utilizes productio

roven Fairchild CCD

n
buried-channel. ion-implanted barrier structure in the registers and Fairchild's Isoplanar Y‘?—channcl MOS structure

in on-chip timing. charge-detection and interface circuitry.
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16 channel GMOS MUK.

No extra
 resistors.

“Intersil's new IH5060/5070.

The IH5060 multiplexer
is a 16 channel plug-in
replacement for the DG506
and HI-506A. The IH5070 is
an 8 channel differential
multiplexer, a plug-in
replacement for the DG507
.and HI-507A..Both new
Intersil devices eliminate
design headaches the
others have.

ANALOG

15V

-MATERIAL

SIGNAL O—
INPUT

Floating Body technology
solves latch-up problems.

Latch up is eliminated
by Intersil’s exclusive Float-
ing Body process, which
also protects against
over-voltages up to 25
volts minimum. It does this
by electrically floating the
bodies of the N-channel
and P-channel MOS-

FETs forming the
analog gate of
the multi-

plexer. SIGNAL

INPUT

Lower ON resistance
doesn't attenuate signals.

The Floating Body
process does away with
need for current-limiting
resistors, either off- or
on-chip. Result is far lower
total ON resistance—400
ohms max for the mil-temp
model, 450 ohms max for
the commercial. So you
get much less system sig-
nal attenuation.

P
D S
IG

VOUT
R.

Figure 1. In other technologies,
when either power supply is off (at
ground), even momentarily, and
there is an analog signal present,
high current flows, causing latch
up and possible destruction of

the device. :

+15V

(V+)

FLOATING BODY

VDUT
ANALOG DI y|S

R.
IG

Figure 2. Intersil's Floating Boady
process, U.S. Patent pending,
eliminates latch up with a diode
between the FET bodies and their
power supplies. For a detailed
explanation, send for Application
Note A006, “A New CMOS Analog
Gate Technology.”



Available now from stock.

[

DG 191

MUX Type Package Price (100+)
' -55to +125°C 0to +75°C
IH5060 16 channels 28-pin DIP $55.00 $28.00
IH5070 8 dual chs. 28-pin DIP 55.00 28.00
Because they’re CMOS
devices, supply current drain ,
is the lowest available for this L=
type of product: For mil-temp Partof the distinguished
units, 100uA fromthe neg-  Intersil family of
ative supply, 200u.A from aiternate source
the positive; for commercial  GMOS switches.
units, ImA from each supply.
And unique Intersil two-tier RART
" M NUMBER TYPE Ron
design reduces circuit output
capacitance to less than DG 181 Dual SPST  30Q
40pF, and makes expansion DG 182 Dual SPST 750
to 32, 64 or more channels DG 184 Dual DPST 300
very simple. DG 185 Dual DPST 750
: - DG 187 SPDT 300
From the company that DG 188 SPDT 750
makes almost 200 separate DG 190 Dual SPDT 300
types of semiconductor Dual SPDT  75Q

analog gates and over 25
different CMOS switches.
Intersil, 10900 North Tantau
Ave., Cupertino, CA 95014.

Intersil stocking
distributors.
Arrow Electronics,

N.Y.. Minn., N.J.,,

Conn., Md./D.C.
Elmar/Liberty Electronics.
Kierulf* Electronics, Mass._

. Schweber Electronics.

Semiconductor Specialists.
Weatherford.

Intersil area sales offices.
Bostor (617) 273-2055.
Chicago (312) 371-1440.
Dallas (214) 387-0539.

Los Angeles (213) 532-3544.
Minneapolis (612) 925-1844.
New York (201) 567-5585.
San Diego (714) 278-6053.
San Francisco Bay Area
(home office) (408) 996-5000.
Upstate'New York/Canada
(315) 463-3368.
Representatives in all.
major cities.
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Nothing spoils computer data
like cardiac arrest

If watts stop flowing in the system, bad things
happen — like illogical behavior, like complete lapse
of memory. Sorensen STM power supplies assure
your computer of a strong heart to guard against
these unwanted things.

STMs are more than reliable. Being modular
switchers they are twice as efficient as series-pass
types, less than half their size, and price competi-
tive. But they have all of the advantages inherent in
series-pass design.

There are 40 STMs in the series, from 3.0 to
56 Vdc, in four modular sizes. Our catalog, written
especially for heart specialists, tells all about them.
Simply circle the inquiry number. Sorensen Com-
pany, a unit of Raytheon, 676 Island Pond Road, oo 2 ; . '
Manchester, N.H. 03103. (603} 668-4500. B : T e e

Sﬂl’ ensen

POWER SUPPLIES
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FREQUENCY

VERNIER

400 Hz

AL 2

o ,Q’

ACCURACY
2000 *w @

For $1975

SIGNAL GENERATOR

you have no right

to expecta

signal generator

For $1,975 you should have
to settle for tubes, or for a
non-phase-locked generator

sO you can toss ycur expecta
tions out the window. This solid
state signal generator is not only
phase-locked and accurate
(=2.001 %), it's programmable as
well. And it covers the entire
range from | to 520 MHz in a
single band. Yet once we've
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like this.

received your order, you can ex

pect a signal generator like this

one right away ... for just $1,975.
That may not be right, but it

sure is reasonable.

SPECIFICATIONS

Frequency Range: 1-520 MHz

D ZU/o db

AM Madil inn Re

- .- 0-80%,
FM Deviation: 0-5 kHz and 0-500 kHz
Internal Modulation Rates:

400 Hz and | kHz

Dimensions

Price: $1,975

WAVE TEK:

INDIANA INCORPORATED

P.O. Box 190, 66 North First Avenue
Beech Grove, Indiana 46107

Tel. (317) 783-3221 TWX810-341-3226



Laser weapons
would get start
in fiscal ’76

Freight rate hike
postponed by CAB

FCC wants to
automate radio
identification

Electronlcs/February 20, 1975

Washington newsletter

Government budget documents show that the Defense Department will
buy its first “prototype laser weapons” in fiscal 1976 if Congress ap-
proves a $10 billion program for research, development, test, and engi-
neering. Initial outlays estimated at $23 million to $28 million would be
needed, according to Pentagon sources. This would come out of a $570
million R&D account for ordnance, combat vehicles, and related equip-
ment.

Already, according to Air Force researchers, deuterium fluoride la-
sers have been successfully tested with “very, very high outputs.” And
Defense officials add that the DF laser will take most of the prototype
budget. The DF laser reportedly can “burn through heavy stainless
nickel steel at range,” which causes Pentagon R&D leaders to encourage
its development as a ground-based missile warhead interceptor.

A 35.9% jump in trans-Pacific air freight rates for electronics products
shipped to and from U. S. semiconductor makers and others has been
shelved for at least a month by the Civil Aeronautics Board. The CAB
stayed its order approving the higher rates—from 18.24 to 24.79 cents
per revenue ton-mile—for members of the International Air Transport
Association one day before they were to take effect [Electronics, Jan.
23, p. 30]. The CAB cited “the complexity of the issues involved,” in-
cluding petitions for reconsideration by General Instrument Corp. and
members of Wema, a California-based association of U. S. electronics
companies.

Earlier court action in Washington by Wema had sought judicial re-
view and a stay of the CAB Order 75-1-46. That action, in Wema’s view,
was the catalyst in the board’s issuance of its own stay 24 hours before it
had to respond to the U.S. Circuit Court of Appeals. The CAB action put
the Wema court petition temporarily “on ice,” says Wema’s Washing-
ton counsel John Simpson, who calls the proposed increase “a stagger-
ing increase for the economically ailing electronics industry.”

Citizens’ band radios and other special licensed transmitters operating
between 25 and 960 megahertz will have to be fitted with automatic
transmitter-identification systems—ATIS—under rules proposed by the
Federal Communications Commission in mid-February. Other affected
services include maritime, aviation, industrial, land-transportation,
public-safety, and Alaska-Public Fixed Stations. ATIS would have to be
incorporated in transmitters produced one year after the adoption of fi-
nal rules. Existing transmitters would not be affected.

“The electronics industries,” noted the FCC of its new Docket 2035 1,
“have developed inexpensive but reliable devices that automatically
identify a transmitting station. Such devices not only assure the correct
identification of every transmission, but could also increase spectrum
efficiency when the need for voice identification can be eliminated.”
The commission invited comments from electronics companies and af-
fected licensees on the ATIS plan, specifically as they relate to its “tech-
nical and economic impact.” Class D citizens’ radio, where many users
are unlicensed and don’t identify transmissions, is expected to be most
affected.
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Economy affecting
truck sales, so
rules attacked

IBM sees ‘‘barrier”’
to Domsat, asks
FCC clarification

System price tag
for space tracking
nowup50%. . .

. . while agency
nears a choice
on ground work

Washington newsletter

Truck makers and the Government both blame the depressed economy
for poor truck and tractor-trailer sales, but the American Trucking As-
sociation is also trying to pin some of it on electronic anti-skid controls
and larger brakes. Lobbyists for the Association have begun a congres-
sional campaign to overturn the National Highway Traffic Safety Ad-
ministration regulations which require about $2,500 in increased costs
per truck, including $100 for electronic controls. ATA says the price is
too high, and truckers question electronic-system reliability.

IBM is preparing to ask Federal Communications Commission for clari-
fication of the language of the FCC opinion that would prevent IBM from
controlling CML Satellite Corp., the domestic satellite company that
IBM wants to restructure with Comsat General Corp. [Electronics, Feb.
6, p. 40]. Until the request actually goes to the commission, IBM is de-
clining to specify the language that “gives us serious concern.” Unless
satisfactorily clarified, IBM said, “that language would be a barrier to
IBM’s entry into the communications-satellite business, a result we do
not believe the commission could have intended.” Comsat General,
which now owns one third of CML, and IBM would have paid $5 million
to buy out two other one-third shareholders—MCI Communications
Corp. and Lockheed Aircraft—with IBM getting a controlling 55%.

The FCC rejected the plan because IBM’s control might “unreason-
ably foreclose approval of Comsat General’s viewpoint” if IBM and
Comsat General disagreed on alternatives.” In detailing its initial rul-
ing, the FCC said that threat could be eliminated by participation of
one or more other partners, leaving no company with a maj ority interest.

NASA now estimates it will spend $600 million over a 10-year span for
its tracking and data relay satellite system. That’s up $200 million, or
50%, from original estimates, and the space agency attributes the rise to
projected inflation rates and an eight-month delay in releasing the
requests for proposals [Electronics, Feb. 21, 1974, p. 31]. RFPs were fi-
nally sent off to 52 interested companies in early February, with an
April 9 deadline for submission of preliminary system designs.

Industry insiders say it will ultimately boil down to three teams to bid
on the system: Western Union and the TRW Systems group; RCA, Gen-
eral Electric, and Philco-Ford; and IBM, with satellites provided by
Hughes and Comsat General. NASA envisions a three-satellite system
that will track and relay information from manned and unmanned
space vehicles, beginning in 1980.

As a hedge against the possibility of further delays in the space-
based tracking system, NASA will choose a contractor next September
to refurbish its 28 ground-based tracking stations. Two companies are
vying for the business: DBA Systems, Inc., Indialantic, Fla, and Sys-
tems Technology Associates, Falls Church, Va. To do the job, NASA
figures on spending some $5 million for new CRTs, medium-scale com-
puters, disk memories, a-d and d-a converters, and data transceivers,
both high-speed and low-speed.
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At Iast'
low cost DMI

(Buy it now...or add it Iater)

What's so great about true RMS? Wazll, did you
ever have to measure distorted sinswaves? Tri-
angies? Squarewaves? Pulses? Dor't bet that
you won’t have to tomorrow. True RMS is the
only accurate way to do it. And only Systron-
Donner’'s Mode! 7224 lets you buy true RMS now
or add it later.

The new 20,000-count, autoranging Model 7224
is a quality-built ‘“‘customer’'s” DMM. Plug-in
boards make it easy to service or ‘o install op-
tions at any time. Outstanding featurss include:

e choice of TRUE RMS cr AC averzging ¢ 0.001
ohm resolution ¢ autorarging e large in-line/in-

U

'f-.« .ff "'

e“l

plane segmented display witk automatic polarity,
decimal point and annunciator ¢« DC/DC ratio
option ¢ 5 ranges DC volis, 7 ranges ohms
stardard e cptically isolated BCD output e FAST
and SLOW sample rate

Here’'s how to get details on the first of a new
breed of quality DMWM's:

In the United States, give your local Scientific-
Devices office a ca!l or contact us in Concord.
Abroad, contact Systron-Donner GmbH, Munich;
Systron-Donrer Ltd., Leamrington Spa, U.K,;
Systron-Donrer S.A., Paris (Le Port Marly);
Systron-Donner Pty. Ltd., Melbourne.

1 Systron Drive, Concord, C£ 94518 « Phone (415) 676-5000

SYSTRON @ DONNER

For literature circle 51 on reader service card
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Sgnificant developments in technology and business

|IC controls functions of 8-mm movie
cameras due soon from Agfa-Gevaert

Just as MOS circuitry has trans-
formed clocks, watches, and table-
top calculators from mechanical or
electromechanical into electronic
devices, MOS is now beginning to
change the design of photographic
equipment. Engineers at Siemens
AG, together with designers at the
German-Belgian photographic-
equipment combine Agfa-Gevaert,
have developed an IC for cameras.

The Siemens device, the S181,is a
low-power circuit for a variety of
camera-control functions that were
previously handled mechanically.
Use of the circuit also makes for a
much smaller camera. The S181 is
built into three 8-millimeter con-
sumer movie cameras that Agfa-
Gevaert plans to introduce this year.

They are the Agfa Movexoom 6
MoOS Electronic, to sell for about
$425, the Movexoom 10 MOS Elec-
tronic, to be priced from $638 to
$680, and the sound-film Move-
xoom Sound MOS Electronic, which
goes for about $766. Each model
measures only 15.8 by 9.8 by 4.1
centimeters. The first two will go to
market this spring, and the third is
due in the fall. All will be built at
Agfa’s Munich facilities. In the
Movexoom 6 MOS, the lens zooms
from 7 to 42 millimeters, and in the
other two models, from 6 to 60 mm.

Besides the S181 MOS circuit, the
Agfa cameras contain two Siemens
bipolar iCs, the TCA95S5, which con-
trols motor speeds, and the
TCA965. The TCA965, operating in
conjunction with a light-sensitive
photoelement, determines the dia-
phragm opening. One of the tasks of
the S181 is to control a four-phase
stepper motor that sets the dia-
phragm opening.

Controls. The S18] also controls
the film-feed motor in five different
modes. In the single-picture setting,
the camera takes only one picture
when its release button is pushed. In
the so-called single-picture-repeat

52

mode, the camera takes single pic-
tures at a preset rate, which can be
varied from one picture each 0.1
second to one a minute.

The so-called title-picture func-
tion photographs four frames after
the release button is pushed. This
function is also advantageous for
trick photography. In the setting for
5-second operation, the film-feed
motor starts to run for 5 seconds 10
seconds after the release is pushed.
In the last mode, 10-second oper-
ation, the film-feed motor runs for
10 seconds after a 10-second delay.

The S181, says Giinter Katholing,
Siemens MOS-products manager, in-
tegrates some 1,800 transistors on a
chip measuring 3 by 3 millimeters.
This high packing density is

achieved through the depletion-load
process in which the large-scale load
transistors common to standard
Mos-fabrication techniques can be
replaced by much smaller ones ex-
hibiting depletion characteristics.
These small-area transistors,
which perform like constant-current
sources, consume far less power
than the large-area ones made by
standard Mos technology. At the
same rise-time values, the power
consumption of the transistors is
smaller by a factor of five. The pro-
cess also makes possible MOS cir-
cuits that need only one supply volt-
age. The S181, built by ion-
implantation, typically operates on
a 7-v power supply and consumes
only about 30 milliwatts. O

Japan

Brighter LEDs promised by continuous
liquid epitaxial growth of GaAlAs

Brighter diodes could result from a
new continuous process for making
gallium-aluminum arsenide. The
process, now in pilot production by
Stanley Electric Co., a Japanese
lamp manufacturer, is based on the
temperature-difference method of
liquid epitaxial growth. This is prov-
ing to be a much more efficient
method than has been previously
used.

But even though the production
cost of its liquid GaAlAs diodes is as
low or lower than that of diffused
gallium-arsenide-phosphide diodes,
their total cost is higher because of
the high price of the basic gallium-
arsenide wafers. Stanley is studying
whether or not it can get a premium
price for its diodes, which, com-
pared to those of competitogs, can
be more than six times as bright at
the same current or equal in bright-

ness at far less current. If Stanley
cannot get a premium price, it must
find a less expensive source of GaAs
wafers.

Stanley in 1972 received a sub-
sidy from the Research & Develop-
ment Corp. of Japan to develop a
commercial process to produce LEDs
by the temperature-difference
method, which was developed at the
Semiconductor Research Institute in
Sendai by two professors from To-
huku University, Jun’ichi Nishizawa
and Ken Suto.

Development. The method con-
sists of growing p-channel and n-
channel epitaxial layers of GaAlAs
on a GaAs substrate as it is moved
slowly through a hydrogen environ-
ment at atmospheric pressure. If the
process is commercially successful,
Stanley must repay the R&D Corp.,
but if not, it owes nothing.
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In Stanley’s process, sliders are
pushed in at one end of the appa-
ratus through vacuum locks, tra-
verse under the melt, where epita-
xial layers are grown, and come out
the other end through vacuum
locks. Sliders form a continuous col-
umn, and each time a slider is in-
serted, another is ejected from the
far end.

The temperature of the new pro-
cess is quite a bit lower than the
maximum temperature of 1,100°C
used in the conventional tempera-
ture-cycling process. The lower
growth temperature yields a crystal
structure with fewer dislocations
and other defects.

Aluminum and arsenic to be
added to the gallium melt are at one
end of a melt container that is held
at high temperature, while the wa-
fers on which the epitaxial layer is
to be grown are kept cooler in a de-
pression in a slider at the other end
of the container. The thickness of
the epitaxial layer is proportional to
time.

The materials being dissolved in
the gallium at the hot end are deliv-
ered to the cool end by both tem-
perature-difference and concentra-
tion-difference diffusion. The supply
Is constant, so composition of epi-
taxial layer is constant.

Diodes now being produced have
a p-channel epitaxial layer of
GaAlAs that measures about 25 mi-

crometers thick, followed by a n-.

channel epitaxial layer 10 um thick.
The n layer is much thicker than in
diffused diodes. Because the thick n
layer has low resistance, the metal-
ization contact can be small to avoid
interference with emitter light with-
out reducing efficiency, which
makes the diode surface bright all
over.

Brightness. Brightness of Stan-
ley’s small lamp-type LEDs, which
have good yields, typically ranges as
high as 4,800 footlamberts at a cur-
rent of 20 milliamperes, and some
laboratory units have emitted as
much as 9,000 ft-L. In contrast, com-
petitors’ catalogs list brightness of
750 ft-L for GaAsP units. Both types
of devices emit red at 6,600 ang-
stroms, which is about the optimum
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Around the world

ITT challenges U.S. 1103s in European market

Armed with its version of the industry-standard 1103 1,024-bit dynamic ran-
dom-access memory, ITT Semiconductors in the UK is striving to upset the
U.S. semiconductor manutacturers' domination of the European market.
ITT is the first European firm in the market with a 1-kilobit RAM it claims has
been proved in production before it was introduced. The device has a stan-
dard access time of 150 nanoseconds, and ITT claims to have eliminated
the worst traditional drawbacks of the 1103, including the critical timing
relationship between the precharge and chip-enable clocks. Guaranteed
specifications include cycle time of 520 ns, typical power dissipation of 0.3
milliwatt per bit, input overvoltage protection, and nondestructive readout

Electronic gear simplifies sailboat navigation

Sailboat skippers will soon have their navigation chores eased by equip-
ment from two Continental electronics manufacturers. in Paris, MCB has
produced an electronic sensor without moving parts that provides an elec-
tronically stabilized display of compass bearings, derived from the east-
west axis as well as the north-south magnetic axis. Price is slightly more
than $900. A rival. Oxy Nautica of Switzerland, is offering an electronic
compass with moving sensor coils; it displays bearing digitally, and like
MCB's product, indicates the course to be followed in a vertical position
The compass, priced at nearty $1,700, is also part of a $7,000 autopilot
with remote-control override that can be operated from the 12- or 24-volt
battery that is standard equipment aboard a sailboat

Optoelectronic system measures displacements

An optoelectronic system for measuring mechanical displacements and vi-
brations, developec by a Swedish manufacturer, will be sold for $12,500 in
West Germany by Johne und Reithofer of Munich. The Selspot system con-
sists of a camera containing a position-sensitive four-electrode photo-de-
tector that determines positions of light-emitting diodes attached to the
moving object to be detected. One camera shows movement in two dimen-
sions, and two cameras give three-dimensional results. Selspot was devel-
oped and built by Selective Electronic Co. AB from an idea by a Swedish
scholar for measuring movements of human extemities and artificial limbs
In only 1 microsecond, the system determines X and Y coordinates of a
LED. As many as 30 LEDs can be switched on, one at a time, at the rate of
322 hertz. Resolutionis 1 part in 1,000

Machine automatically measures engine blocks

An English firm will soon deliver to an undisclosed Detroit manufacturer a
machine that automatically measures diesel-engine blocks. General Mo-
tors’ Detroit Diesel Allison division is believed to be the purchaser of the
28-ton machine, priced at more than $250,000. In the machine, which han-
dles 35 engine blocks an hour, digital and analog minicomputers control a
hydraulic system that makes 34 measurements by means of inductive trans-
ducers. Resolution is said to be 0.0001 inch for the robot, which was pro-
duced by Herbert Controls and Instruments Ltd., Letchworth, Hert.

wavelength for viewing.

The LEDs typically have an effi-
ciency of 0.6% to 0.8%, a respectable
value for mass-produced diodes.
Color and efficiency vary with the
percentage of aluminum in the p
layer, which can be controlled by
the operator.

When the percentage of alumi-
num is low, the diode efficiency is

high, but eye efficiency is low at the
long wavelength at which the light is
emitted. Although the diode effi+
ciency is lower with a high percent-
age of aluminum, it is easier on the
viewer’s eyes.

Bright GaAlAs diodes previously
were made by a liquid-epitaxial
process that was not efficient for vol-
ume production. O
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nvailability is one of the most important factors
in selecting trimmers. Amphenol can promise im-
mediate off-the-shelf delivery, from its network of
strategically located distributors
—plus a price that’s trimmed to
boost your profits.

Whether youneed a 3/4’' rectangu-
lar cermet or wirewound trimmer,
“Just Ask and You Shall Receive”
our Series 6034 or 3810.

These 3/4'' sealed trimmers are

available in all pin spacings and styles. The 6034
cermet is an industry standard of excellence. Specifi-
cations of the 6034 cermet are: resistance values of
10Q to 1 meg.© * 10%; infinite resolution; the CRV
is 8% of total resistance or 202, whichever is greater;
temperature coefficient is 100 ppm/°C nominal.

Circle 54 on reader service card

The 3810 wirewound features the unique Vista-Trim
top that allows you to see the adjustments you make.
Specifications of the 3810 wirewound are: resistance

values of 10€) to 20,0000 = 10%;
resolution 1.78% to 0.22% re-
spectively; temperature coefficient
is 50 ppm/°C nominal; ENR
1002 max.

Let us show you how these trim-
mers can fulfill your specific
requirements. For additional in-
formation and immediate action,

contact the Amphenol sales office in your area or local
Amphenol distributor by dialing our toll-free hotline
(800) 645-9200. (In New York State) dial collect
(516) 294-0990.

There’s a reason to ask for us by name.

RAMO

BUNKER

AMPHENOL

AMPHENOL CONNECTOR DIVISION
2801 South 25th Ave., Broadview, ll. 60153  Tel: 312-345-9000
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Japanese complain
about electronics
salesmen in stores

Soviets contract
to buy five more
switching centers

Foreign bidders
on UK exchanges
incite protests

Takeda-Riken drops
Philips scopes
because of prices
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International newsletter

The practice by Japanese consumer-electronics manufacturers of send-
ing their unneeded employees to retail stores as sales helpers has
prompted the Consumers Union of Japan to complain to the Fair
Trade Commission. The association charges that these aides do their
utmost to induce consumers to purchase their employers’ products.
Cited practices include stocking these products in the best locations
and misadjusting competitors’ products, as well as dragging prospective
customers into stores and occasionally fighting among themselves.

The commission is investigating the complaint because these actions
may violate a section of Japan’s antitrust law that was originally meant
to prevent unfair use of premiums. The commission says violations may
be difficult to prove, however.

About 20 consumer-electronics manufacturers, including Hitachi,
Matsushita, Toshiba, and Sony, are now assigning surplus personnel
temporarily to retail stores. One of Sony’s labor unions brought this
matter to the attention of the Consumers Union.

The Soviet Union’s state airline Aeroflot has contracted to buy five
more message-switching centers to be located at Alma-Ata, Novo-
sibirsk, Rostov, Sverdlovsk, and Moscow. These centers are additions
to the Soviet segment of the worldwide aeronautical fixed telecommuni-
cations network. Two systems built by the French ITT affiliate Com-
pagnie Générale de Constructions Téléphoniques have already been
installed. CGCT beat out its main rival, Honeywell, for the business and
completed an $8 million package by selling two similar systems for the
Hungarian end of AFTN and the nerve center of a new telecommunica-
tions service for the Soviet merchant-marine ministry.

Another bitter battle to win contracts for international telephone ex-
changes in the United Kingdom is expected later this year when the
British post office accepts bids for an automated exchange in the Mid-
lands. This round is expected to be hot because, although the BPO says
it prefers British contractors, it plans to accept bids from foreign manu-
facturers.

The BPO, which recently awarded Thorn-Ericsson a controversial $72
million sole-source contract for an automated international exchange
in London, plans to order another for London next year. The new
awards would total about $120 million. British companies are protest-
ing the award to Thorn-Ericsson, partially because 60% would be built
in Ericsson’s Swedish factories. But the BPO, impressed with Ericsson’s
performance on an earlier London exchange, says it had no choice if it
is to handle increasing traffic. Plessey, the major contender with $110
million in existing BPO international exchange contracts, is behind
schedule with a London project.

Takeda Riken Industry Co. has stopped selling Philips oscilloscopes
because it says Philips wanted it to sell a new line at prices as low as
those in the United States. And Philips is phasing out sales of Takeda-
Riken equipment. Takeda says it could not afford to sell the scopes at
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Digital telemetry
system operates on
telephone network

Matsushita’s kit
controls speeds
of camera shutters

Orange GaAsP LED
needs less power
than other colors

International newsletter

the prescribed prices, and it was already losing money on older models
because of low markup and sales costs.

Takeda also says it has learned that Japanese users want the latest
American design or its equivalent, and European equipment tends to lag
American in performance and styling. Even so, Takeda says it has been
able to sell a fair number of Philips oscilloscopes installed in its own
equipment. Because of the Philips move, Takeda now will have to sell
through trading companies in individual European countries instead of
channeling all sales through Philips.

A new low-cost digital telemetry system that uses transducers to sense
various stimuli, such as heat, broken light beams, or water levels, can
be used for a variety of applications. The computer-compatible system,
introduced by Westinghouse Brake Signal Co. in the UK, can operate
over the conventional switched telephone network. The telephone lines
are connected only when data is being transmitted.

The three-part system consists of a typewriter-size unmanned central
control console and a maximum of 99 stations, each of which can handle
32 sensing transducers. The console may interrogate the stations peri-
odically, or the system may be programed so that the stations report
any disturbance immediately. What's more, the central console can be
interrogated from any dial telephone for status checks, the company
claims. The console is priced at about $1,200, and each station is $840
to $1,400, depending on options.

An electronic circuit that automatically controls the shutter speed of
single-lens reflex cameras has been introduced in kit form by Matsu-
shita Electric Industrial Co. The kit, which contains two packages, is
priced at $20 in sample quantities. Precision has been increased in this
integrated-circuit version of a 1972 system that measures exposure be-
tween the time the diaphragm aperture is set and the shutter operates.

One 14-pin dual in-line package contains a thin-film hybrid IC that in-
cludes a monolithic bipolar IC, six field-effect-transistor chips, one bipo-
lar transistor chip, and functionally trimmed thin-film resistors. A
smaller package contains two balanced diodes for logarithmic conver-
sions. Additional external circuits, which Matsushita also makes, are
two tantalum capacitors for memory, several bypass capacitors, and a
silicon blue photocell for sensing light.

A seven-segment orange display that requires less power than red,
green or yellow light-emitting diodes has been added to the Siemens
AG product line. Shipments are to begin in April for the seven-segment
displays, which have symbols 8 and 10 millimeters high, the same as
the other colors. In contrast to the other three diodes, which require
about 20 milliamperes per segment to produce a nominal luminous in-
tensity of 0.3 millicandela, the orange one needs only 10 A per segment.
From the same current, the yellow LEDs produce eight times the
brightness of the other colors. The high performance of the yellow LED
comes from “the special chemical composition” of the gallium-arsenide-
phosphide layer on the gallium-phosphide substrate.
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Cut out the corner coupon.

Linears from the Harris linear
family can lower your instrumenta-

tion systems costs substantially. Im-

prove performance, lower parts SIGNAL CONDITIONERS MULTIPLEXER

count, reduce design time, and in- i
crease system reliability. In the past, ERECISE! 1
I
HIGH GAIN, LOWEST DRIFT Op AMP:
HA-2900/2905 (Ay = 5% 102,
Vog DRIFT = 0.2uv/°C
1os DRIFT = 1pA/C |
- l FAIL SAFE!
[ NO LOAO! I ? Q
FET INPUT Op AMPS I
HA-2050/2055 (Ig1AS = 1PA, |
SLEW RATE = 120V/uS)
HA-2060/2065 (Igjas = 1PA, |
GAIN BANDWIDTH = 100MHz2)
L l CMOS ANALOG MULTIPLEXERS
|
|

these linears could only be ap-
proached with discrete devices,
hybrids, or modules.

Excellent applications for Harris
linears include: data acquisition, test
equipment, telemetry, medical in-
struments, and process control.

If you're a systems engineer who's
looking for away to cut corners, with-
out sacrificing quality, speed and
reliability, then start cutting with the
cornercoupon. Forimmediateaction,
call your nearest Harris sales office
or representative.

TRANSDUCERS

:

the speed and accuracy of most of
(LATCH UP PROOF!)

* HI-506A
(16 CHANNEL)
- BROAOBANO! * HI-507A
ﬁ (DUAL 8 CHANNEL)
= TRANSOUCER EXCITATION +/ WIDE BAND, HIGH IMPEDANCE Op AMPS * 508A
CURRENT BOOSTER HA-2620/2625 (GAIN BANDWIDTH = 100MHz, (8 CHANNEL)

HA-2630/2635 = IBIAS = 1nA)
(£400mA) * HI-509A
| (DUAL 4 CHANNEL)
HI-1818A
| (8 CHANNEL)
HI-1828A
LOW LEVEL/PRECISION (DUAL 4 CHANNEL)

I
|
| PROTECTED
]
|

i FAST!
} * INPUT OVERVOLTAGE
I HIGH SLEW RATE Op AMPS
HA-2500/2505 (S.R.= 30V/uS)
| HA-2510/2515 (S.R. = 60V/uS)
HA-2520/2525 (S.R. = 120V/uS}
HIGH IMPEDANCE L | HA-2530/2535 (S.R. = 320 V/uS) VERSATILE! DIGITAL
CONTROL
| L] oecope [(eH—©
—24 CONTROL H15}—O
R o—+—{3] T [14]
QUIET! ) ENABLE
| ® —{a] GND 13—
WIDE BAND + COMP -
= LOW NOISE Op AMPS 51~ 124 =
| HA-909/911 (NOISE = 1uV RMS, ot el e
BANDWIDTH = 7.5MHz) 18] LA
| = L oureor 19
= 2
s amp “v-[9}o
FAST RISE TIME

cooL!

NOISE CRITICAL t

SUBMULTIPLEXING,
MULTIPLEXING, OR
PROGRAMMABLE GAIN AMP
HA-2400/2405 PRAM™

LOW POWER Op AMPS

HA-2700/2705 (IgyppLy = 75uA, S.R. = 20uV/uS)
HA-2720/2725 (IgyppLy = 15uA | PROGRAMMABLEI)
HA-2730/2735 (DUAL HA-2720)

i
|
|
f
|
!
|
|

LOW POWER _L

WHERE TO BUY THEM: OEM SALES OFFICES: ARIZONA: Scottsdale. (602) 946-3556 CALIFORNIA: Long Beach, (213) 426-7687, Palo Alto,

(415) 964-6443 FLORIDA: Melbourne, (305) 727-5826 ILLINOIS: Hinsdale. (312) 325-4242; Schaumburg, (312) 894-8824 MASSACHUSETTS:
Wellesley Hills, (617) 237-5430 MINNESOTA: Burnsville, (612) 432-6111; Minneapolis. (612) 835-2505 NEW YORK: Endwell, (607) 754-5464, Melville.
L.1.. (516) 249-4500 OHIO: Dayton, (513) 226-0636 PENNSYLVANIA: Wayne, (215) 687-6680 TEXAS: Richardson, (214) 231-9031

SALES REPRESENTATIVES: CALIFORNIA: San Diego, (714) 279-7961 COLORADO: Denver, (303) 771-4920 KANSAS: Olathe. (913) 782-1177
MARYLAND: Randallstown, (301) 922-1248 NORTH CAROLINA: Raleigh, (919) 828-0575 OREGON: Beaverton, (503) 643-1644 TENNESSEE:
Shelbyville. (615) 684-4544 VIRGINIA: Falls Church, (703) 534-1673; Troutville. (703 345-3283, Virginia Beach. (804) 481-7200

WASHINGTON: Bellevue, (206) 454-0300.
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the leading line of linears.

ANALOG-TO-DIGITAL

I SAMPLE-
AND-HOLD

L Ha-2420/2425

INTERFACE

LINE DRIVERS/RECEIVERS

MODEM

! |
| Low
I + ] cosT!
i DATA
I | IN/OUT
—T ! QUAD RS232-C DRIVERS, RECEIVERS
I HD-1488/1489/1489A PHASE LOCKED LOOP
l HA-2820/2825
| (0 - 3MH2)
| TRIPLE BALANCED-LINE DRIVERS, RECEIVERS
I | HD-245-249/545-549 (TO 15MHz)
|
| DIGITAL-TO-ANALOG
ENCODER |
l LOGIC | POWER!
*+400ma
[ L N I ACCURATE! 8‘:‘?‘;};;‘350“
COMPARATOR :
l HA-2111/ 2311 i D MOTOR. ETC.
< ! CURRENT BOOSTER HA-2630/
| D/a I 2635 (+400mA, 600V/uS, 8MHz)
} HIGH =
MONOLITHIC D/A | VOLTAGE!
HI-1080/1085 (8 BITS ABSOLUTE , L L Ll OUT (= 35V)
gCCunacy) {16 LINES IN, 4 LINES OUT,
[ PLUS STROBE. HIGHGVgLTAGE Op AMP
T KEY ROLLOVER HA-2640/2645
J (VSUPPLY = *50V,
CMOS ANALOG SWITCHES e — S.R. = 5V/us)
(NO LATCHUP OR SCR EFFECT!) KEYBOARD
I HI-200 DUAL SPST 700 =5
HI-201 QUAD SPST 800
| Hiiso  DUALORST 200 E— smeLciTY:
HI-5040 SPST 750
| HI-5041 DUAL SPST 750
HI-5042 SPOT 750
{ HI-5043 DUAL SPDT 750
HI-5044 DPST 750
| HI-5045 DUALDPST 750
HI-5046 OPDT 750
I HI-5047 4PST 750
HI-5048 DUAL SPST 300
HI-5049 DUAL DPST 300 =L/l
| HI-5050 SPDT 300 SEM'CON DUCTOR
l HI-5051 DUAL SPOT 300 A DIVISION OF HARRIS CORPORATION

P.O. Box 883, Melbourne, Florida 32901 (305) 727-5430

Harris Semiconductor
P.O.Box 883
Melbourne, FL. 32901

Tell me more about cutting corners with
Harris Linears. | would like more infor-
mation on the devices checked.

Name

Title

Company

Address

City

State Zip
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OP AMPS

O High gain, low drift

O FET input

O Wide Band, High
Impedance

O High Slew Rate

(J High Voltage

[0 Low Noise

O Low Power

MULTIPLEXERS

O CMOS Analog

O Programmable gain
amp

(0 Sample & Hold,
gated op amp

0 Comparator

0 Monolithic D/A

O Line drivers/
receivers

(0 Phase locked loop

(O Current booster

(0 Keyboard Encoder

O CMOS Analog
Switches
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Computing calculators
where the

A new “first” in yacht racing. The sixty
yachts racing from Los Angeles to Honolulu are
scattered over a wide expanse of the Pacific. And
skippers and crews wait anxiously for word of their
relative positions in the race. Thanks to an HP 9810
calculator aboard the chief escort vessel. they don’t
have long to wait. A time tick over the radio
begins the roll call for the 60 boats. And less than
a minute after completion of the roll the calcula-
tor computes and prints each racer’s handicap
position, distance from LA. distance to finish,
average speed, and estimated finish time. The race
committee believes this to be the fastest status
reporting for regattas of such size.

N Conserving Colorado’s most valuable commod-
. ity. In the semi-arid West where rainfali rarely
exceeds 20 inches a year, water is the all-important
commodity. It's carefully bought and sold, measured
and delivered —and never taken for granted. To
help make the best use of this precious commodity,
the Northern Colorado Water Conservancy District
uses an HP-46 calculator to process its water flow
data. The calculator’s ability to compute the natural
log and other transcendental functions speeds water
diversion projects, such as the one at Windy Gap
which will bring 54,000 acre feet of water per year

through the Rockies to Northern Colorado
™ municipalities.
7

»
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put the power
problems are.

Mathematics made interesting.
It’s like something from a math
teacher’s dream: students so enthu-
siastic about learning that attendance soars,
discipline problems disappear, and many of
the youngsters acquire up to a year of math
ability in as little as three months. That’s
what’s happening at a large high school in
California where teachers designed an inno-
vative math program based on an HP 9830
calculator and card reader. In a relaxed,
open lab atmosphere, students whose abilities
range from fourth grade to college level sit side
by side —each working at math or programming S
and advancing at his own pace. With the 9830
replacing *“drill and practice,” learning has be-
come ‘‘fun.”

Keeping ahead of the bulls and bears. For
investors who like excitement, surprises, and plen-
ty of action, there’s nothing like tEe commodity
market. Wild price swings in traded commodities
are commonplace —and fortunes can be made and
lost with each swift change. It's no wonder then
that traders, brokers, and analysts subscribe to
chart services, such as Commodity Perspective,
for timely information on price levels and the num-
ber of contracts changing hands. And how does
Commodity Perspective, a 40-page weekly, keep
abreast of the action? With an HP 9820 Calculator
System. For each issue the 9820 prepares detailed
charts of 60 of the most current options. It also
prints mailing labels, subscription reminders, sub-
scription billing—and keeps books. “Without the
HP 9820 System.” says publisher Mark Veeneman,
“our chart service would not be possible.”

CATTLE
APR _ FEB

STOL control systems analyzed in

minutes...instead of days. Engineers assigned

fo develop control systems for STOL aircraft must

overcome a host of highly complex aerodynamic
roblems. So control system designers at Boeing

Eave turned to an HP 9830 calculator for help. Now

they enter results from wind tunnel tests into the

" calculator, along with data on the aircraft’s mass

and inertia. The 9830 quickly computes the static

" and dynamic derivatives for various trim condi-

tions required to set up a dynamic model of the
aircraft for each flight condition. (There are ap-
proximately 120 different flight conditions.) The
calculator also computes transfer functions and the
roots of the characteristic polynomial. And then,
using a root-locus plotting program, it designs
single-loop control systems. These calculations
that once took days are now done in about ten
minutes.

Let an HP calculator put computational power
where you need it most —right at your fingertips.
I's unlikely that you race yachts or design STOL
aircraft, but you probably have alot in common with
those who do. The chances are that you need fast,
economical solutions to your problems —and that’s
exactly what HP calculators give you. We may even
have application programs to match your specific
needs. So call your local HP Sales Office for further
information on our systems and software. Or write:
Hewlett-Packard Co., Calculator Products Division;
P.O. Box 301, Loveland, Colorado 80537.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries
PO E nd
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Turn to page 7 Important? Sure...

By the time the office copy of never even made it to your desk? You can get ELECTRONICS where

ELECTRONICS gets to you, there's You should be getting your copy you can find the time to read it—at

nothing left of page 7. It happens. of ELECTRONICS right off the press.  home. Go to the Source, today. Fill

Too often You need it. Because it's important out the subscription card enclosed
How often has ELECTRONICS to stay on top of what's happening in this issue, and send it off.

wound up on your desk dog-eared in your field. And ELECTRONICS is

and abused, with articles clipped out  on top. ELECTRONICS is the Source.

and ripped out? Or days, even It's packed with up-to-date info, bctm' L VK
weeks late? the breaking news of the electronic E ICS c':p .
How often has ELECTRONICS industries in the U.S. and worldwide. § THE SOURCE. BN

|
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How do you connect
round cable to flat?

Now it's easier than ever to
connect round cable to flat. Or flat
ccble to flat. Or round to round.

Because now Hughes intro-
duces the HAC-PAK Connectors—
a whole new connector family
oftered in three types of contacts:
crimp/removable rear-release
{(non-environmental, environmen-
tal or potted); RFI/EMI fixed filter
contacts; and fixed solder-tail
contacts.

HAC-PAK Connectors are
intermateable and intermountable
with one another—and with
Hughes front-release subminiature
rectangular connectors. (W ana
WSS Series.)

Our exclusive PolarHex™

The new Hughes
HAC-PAKConnector.

(MIL-C-28804)

center jackscrew coupling assures
alignment, provides positive polar-
ization with a ckoice of keying
positions, and prevents mismating.

HAC-PAK subminiature con-
nectors have the kighest density of
number 22 contacts in the industry.
(.085” centers.)

To get all the detcils, make a
connection with Ron Ross at (714)
548-C677, or write: Hughes Con-
necting Devices, 500 Superior Ave-
nue, Newport Beach, CA 92663.

)
HUGHES AIRCRAFT COMPANY
CONNECTING DEVICES

We crack the tough ones.
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When we say we can ship Card-Pak
instantly, you can see from our pic-
ture why. Each of those boxes con-
tains a knocked down Card-Pak as-
sembly, ready to go. And this is only
one of our stockrooms for Card-Pak.

To order one or all of our Card-
Paks, just dial (714) 835-6000 collect.

But why should you want what
we've so obviously got so much of?

Because Card-Pak is the newest
circuit card filing system on the mar-
ket. And, we modestly think, the best.

It will take up to 56 cards in 19
inches of width. It will take any card
between 2x4 and 8x9 inches. It will
space those cards any way you like

64 Circle 64 on reader service card

How to order
a Card-Pak.

T

from 3/10 inch up (in .05 inch incre-
ments).

It offers a variety of tier arrange-
ments and sizes. As well as versatile
provision for connectors. And card
handles, card ejectors, and an assort-
ment of identification techniques.

Card-Pak is not cheaply made. It
uses parts of precision-molded Nory!,
anodized aluminum end plates, and
extruded aluminum rails.

And last but not least you can put
most Card-Pzks together with eight
screws. You furnish the screwdriver,
we furnish the screws.

We alertly await your call.

EECO

FOR PACKAGING

1441 East Chestnut Avenue, Santa Ana, California 92701

Phone 714/835-6000
Also available trom G. S. Marshall nationwide.
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Analysis of technology and business developments

Weapons makers smile—for now

Ford’s 1976 budget of $349 billion includes $92.8 billion
for the Pentagon, but Congress appears to be holding a sharp axe

If anyone is happy with Pres-
ident Ford’s spending pro-
gram for fiscal 1976, it’s the
nation’s military hardware
makers. Yet they know that a
significant part of the record
$92.8 billion proposed for de-
fense might never emerge as
appropriations from the 94th
Congress; the Adminis-
tration’s policies and prior-
ities are under sharp criticism
from Democrats and Re-
publicans alike.

Central issues in the pro-
posed $349 billion in outlays
for the fiscal year beginning
July 1 are Ford’s deficit fore-
cast of nearly $52 billion and
the acknowledgement that
his proposals would fall far
short of pulling the economy
out of its deep slump—this,
despite the fact that the
spending and the deficit will
set new records.

Criticisms. Infuriating to
the large Democratic major-
ity in the new Congress is the
Ford budget’s strong empha-
sis on military spending
while cutting back on social
programs, and allowing for
no unemployment-benefit in-
creases despite a forecast job-
less rate hovering around 8%
for up to two years. Nor does

where. It can be found even
among conservative military
spending advocates who
chair some of the key com-
mittees.

Significant is the warning
voiced by Senate Armed
Services Committee Chair-
man John Stennis concerning
the 18% hike, to $104.7 bil-
lion, in requested defense
budget authority [Electron-
ics, Dec. 12, 1974, p. 53]. “I
wish it could have been less,”
said Stennis. The request had
been put forward by Defense
Secretary James R. Schles-
inger sternly and “with no
apologies.”

The losers. If military elec-
tronics suppliers saw new op-
portunities in Schlesinger’s
plans, their counterparts in
the market for such social
programs as education and
law enforcement saw their
small, new markets dimin-
ished by the White House
budgeteers. The Law En-
forcement Assistance Ad-
ministration’s proposed $887
million in outlays, for ex-
ample, represents an increase
of less than 3% on fiscal
1975—insufficient to cover in-
flation. Some $485 million of
that total is ticketed for

Ford have much support

from fiscal conservatives, even in his
own party, who are appalled at the
deficit plan. It is a figure they fear
could easily soar to more than $70
billion as the Congress refuses to
pass Ford’s $11 billion cutback in
previously authorized spending, or
go along with his proposal to save
$6 billion by putting a 5% ceiling on
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Social Security cost-of-living in-
creases. And there is serious concern
among economists that Ford’s plan
can do little to drop 1975s average
annual inflation rate below 10.8%.
That high estimate is attributed to
the White House energy program.
In short, congressional displea-
sure with the Ford budget is every-

states and localities in
the form of bloc grants for local
needs. LEAA, the strongest advocate
of electronics technology in law en-
forcement, finds itself next year in a
steep decline.

That was clearly signaled by out-
going Attorney General William B.
Saxbe, who noted the “long debate
over the effectiveness of the LEAA
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program,” and concluded that the
program “has been a dismal fail-
ure.”

More interesting to observers of
LEAA’s parent, the Justice Depart-
ment, is the $1.5 million increase for
antitrust enforcement, to a total
$18.8 million. “In view of the AT&T
and IBM suits,” says one corporate
attorney in Washington, “this is sig-
nificant.” Justice has always looked
on antitrust as an inflation-fighting
tool, so there may be more cases
coming—perhaps in consumer
goods.”

Spending for instrumentation and
data-processing systems for use in
biotechnical research programs at
the Department of Health, Educa-
tion, and Welfare remains flat in the
proposed budget at $11.4 million.
So does the Health Services Admin-
istration’s $25.1 million for its pro-
gram of emergency medical services
systems.

That program for developing and
funding emergency treatment sys-
tems as demonstration programs is
limited in the new year to awards
for 75 feasibility and planning stud-
ies, 19 new systems, 14 upgraded
systems, and 13 awards for research-
ing new devices, technology, and
health-care delivery methods for
Americans.

Similarly limited is the Office of
Education, from which most funds
will go to local school districts to
help pay for bricks, mortar, and per-
sonnel. Even the new $7 million
outlay proposed for educational
television is earmarked for pro-

graming rather than for television
cameras, control equipment, and
other broadcast hardware.

Defense takes up
27% of the budget

A year ago when Defense Secretary
Schlesinger laid out his first military
budget, he called for fiscal 1975
spending of $85.8 billion. The 93rd
Congress cut that slightly to $83.2
billion, but Schlesinger says spend-
ing for the fiscal year ending June
30 will reach a record $84.8 billion
anyway—largely because of infla-
tion.

Despite  continuing  inflation,
Schlesinger is pushing ahead with
his long-range plan to develop a
strong conventional force. For fiscal
1976 that means a spending pro-
gram totaling a record $92.8 billion,
nearly 10% more. That level of out-
lays plus the additional budget au-
thority the Pentagon wants to set
aside for use in future years will
push total military funds to 27% of
the Federal budget, or $104.7 bil-
lion. Getting all or even most of this
past the reform-minded 94th Con-
gress will be Schlesinger’s toughest
task yet. And his fiscal 1976 budget
request has not been helped politi-
cally by being coupled with a fiscal
1975 supplemental request for $522
million in new aid for South Viet-
nam and Cambodia. The Defense
Department has been forewarned of
the Congressional mood by the un-
ceremonious dumping of one of its
strongest supporters, F. Edward He-

Lost quarter

In the fall of 1976, the U.S. Government will push back the beginning of fis-
cal 1977 from July 1 to Oct. 1, and it will have to make the three-month
transition through this fiscal no-man’s land with a special transition budget.
That budget has been submitted to Congress along with the fiscal 1976
budget. The change in the fiscal year will give Capitol Hill additional time to

review the President’s budget.

In his transition budget; which Congress will treat separately in this ses-
sion, President Ford proposes a total spending program of $94.3 billion that
will generate a $9.8 billion deficit. The Pentagon wants to spend $25.4 bil-
lion of that sum, including $4.7 billion for procurement and $2.25 billion for
RDT&E. As indicated in the table of Pentagon programs, all fiscal 1976 dol-
lar figures include the three-month transition totals.
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bert (D., La.), from the chairman-
ship of the House Armed Services
Committee.

Another 10% increase in the fore-
cast unit cost of the Air Force B-1
bomber in the last six months of
1974 can be expected to fuel the
controversy over that program.
Each of the 244 bombers proposed
to be built by Rockwell Inter-
national is now expected to cost $84
million, the Air Force estimates,
compared with last June’s $76.4 mil-
lion tag. Not yet out of prototyping,
the B-1’s price has skyrocketed 85%
from first estimates: $45.6 million.

Job issues. To support its effort to
cope with inflation, the Pentagon is
counting in part on congressional
reluctance to cancel spending pro-
grams that could cost jobs in home
districts already suffering from high
unemployment. Even at the pro-
posed spending level, the Pentagon
argues, defense-related industrial
jobs will fall to just under 1.47 mil-
lion, down 25,000 from a year ago,
because many of the job-creating
contract awards will have no signifi-
cant economic impact until late in
the fiscal year.

If Schlesinger’s campaign to get
more money succeeds, spending for
both procurement and research, de-
velopment, test, and evaluation ac-
counts will climb by 11%, in line
with what the Pentagon sees as close
to the inflation factor. With the
$16.5 billion sought for procure-
ment, the military services propose
heavy investments in man-carried
missiles like Dragon and TOW as
well as air-to-air weapons like Side-
winder and Sparrow II to replenish
inventories drained by Middle East
allies.

Heavy purchases are also sought
for Army and Navy helicopters and
Air Force and Navy combat planes
(see table). The biggest single air-
craft outlay proposed is the more
than $2 billion sought by the Air
Force for another 135 McDonnell
Douglas F-15 Eagles in both fighter
and trainer models. Somewhat
eclipsed by such big aircraft pur-
chases are significant sums such as
the $21.1 million requested by the
Navy to acquire the first of Lock-
heed’s EC-130Q Tacamo IV com-
munications-relay planes. At the
other end of the aircraft-procure-
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ment spectrum is the $39.2 million
the Navy is requesting to pick up
146 Beech T-34-C Mentor trainers.

Navy ships are down for big pro-
curement totals, although $2.3 bil-
lion of it is merely to cover prior-
year inflation and overruns. Most of
the figure for the Litton DD-963 de-
stroyer and General Dynamics’ mis-
sile-carrying submarine conversions
from Polaris to Poseidon is for cov-
ering earlier costs. But new starts
can be found in the §1 billion for 10
patrol frigates and the $1.4 billion
for the first Trident-missile sub de-
signed to follow the Poseidon. How-
ever, cost-escalation has struck the
Trident program, too, and the Pen-
tagon has slowed the proposed pro-
curement schedule from two vessels
per year to three every two years.

R&D gains. Much of the $9.6 bil-
lion in spending proposed for
RDT&E also comes in big chunks.
Typical is the $355 million in Air
Force money to get more prototypes
of the F-16 lightweight fighter from
General Dynamics. Similarly, the
Navy is budgeted for nearly $133
million—six times more than last
year—for prototypes of its new car-
rier-based lightweight fighter for-
merly known as the VFX. Now
called the Air Combat Fighter, the
plane looms as a major long-term
proposition as the service talks of an
eventual purchase of 800 over
nearly a decade.

Common to most of the R&D out-
lays planned for fiscal 1976 is the
fact that most of the money is going
to development, with a decline in
the number of new research starts.
In their place are a number of im-
provement programs to upgrade
existing weapons. An example is the
Air Force program to spend $48.3
million over fiscal 1976 and into the
first quarter of fiscal 1977 to develop
a laser seeker system for the Hughes
Aircraft AGM-65 Maverick missile.
This, incidentally, reflects the ser-
vice’s unhappiness with the per-
formance of the missile’s electro-op-
tics during the last Arab-Israeli war.

Similarly the Navy wants to im-
prove the mid-course command
guidance and electronics counter-
countermeasures capability of its ex-
tended-range Standard muissile built
by General Dynamics for shipboard
use. For that job the Navy wants
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MAJOR REQUESTS FOR WEAPONS PROCUREMENT

{in millions of dallss: quantites in parentheses)

Fyig7zet

FY1975 ! Contractor :
Army aircraft d
AH-1S Cobra/TOW $ 208 $ 824 (60) Bell Helicopter
CH-47C Chinook 3.0 49.2(12) Boeing Vertol
UH-1H troquois 18.5 24.8 (48) Bell Helicopter
Navy aircraft
A-4M Skyhawk, USMC 94 74.5 (24) McDonnell Douglas
A-BE intruder 142.6 160.3 (12) Grumman
EA-68 Prowler 129.1 134.2 (1) Grumman
A-7E Corsair Il 132.6 214.5 (6) Vought
E 2C Hawkeye 125.2 184.7 (1) Grumman
S'3A Viking, ASW 560.1 617.4 (41) Lockheed
P-3C Orion, ASW 152.0 237.8(15) Lockheed
F-14A Tomcat 732.7 760.3 (45) Grumman
*AH-1J Sea Cobra -0 54.9 (22) Bell Helicopter
UH-1N lroquois 15.5 36.9 (30) Bell Helicopter
Air Force aircraft
A-10 close air support 261.2 567.2 (94) Fairchild
E-3A AWACS 617.5 774.2 (6) Boeing
*E-4A AABNCP 82.3 235.8 (3) Boeing
F/TF-15A Eagle 1,096.0 2,039.3 (135) McDonnell Douglas
B-1 bomber 445.0 948.5 Rockweil
Army missiles
Chaparral, surface-air 3.1 59.0 Philco-Ford
Hawk, surface-air 111.9 112.8 (660) Raytheon
DOragon, antitank 100.3 179.0(24,443) Multiple
TOW, antitank 141.7 181.2 (31,004) Hughes, Emerson
Pershing, surface-surface 10.5 43.5 Martin
Navy missiles
Poseidon, FBM 39.4 39.7 Lockheed
Trident |, FBM 651.5 1,340.9 Lockheed
**Sparrow |1, air-air 103.3 155.6 (980) Raytheon, GD
* *Sidewinder, air-air 32.3 113.9(2,310) Raytheon, Philco
Phoenix, air-air 98.0 128.2 (340) Hughes
**Shrike, air-surface 36.7 56.7 (1,618) Multiple
*Condor, surface-surface 57 102.7 (243) Rockwell
Harpoon, antiship 151.8 214.8 (365) McDonnell Douglas
Standard, all models 67.0 134.6 (361) General Dynamics
Air Force missiles
Minuteman I1/111 ICBM 728.7 884.4 (50) Muttiple
AGM-69 SRAM, air-ground TS .4 i Boeing
AGM-65A Maverick, air-ground 73.1 170.0 (7,200) | Hughes
Navy ships i
SSBN conversions, Poseidon 143.6 | 68.3 Newport News, GD
Trident SSBN 1,378.0 | 1,440.0 (1) General Dynamics
SSN 688 545.0 1,011.3(2) Newport News, GD
DLGN-38 25665.2 398.3 (1) Newport News
DD-963 464.6 781.4 Litton
PHM Hydrofoil/Missile 108.0 244.3 (2) Boeing
Patrol Frigate 186.0  1,094.9 (10} Bath lron
Other procurement ‘
MK-48 torpedo | 1505 131.1(175) Goutd
*Captor torpedo \ 21.2 43.3 (260) Goodyear
13.5 44.8 General Dynamics
SLBM phased-array radar 42.5 49.0(1) Not selected

L

CIWS (Phalanx) [

Army
HLH Helicopter 328
UTTAS Helicopter 52.7
AAH Heticopter 60.9
SAM-D, surface-air 104.8
SHORAD missile | 17.1
Stinger missile | 324
Tri Tac communications 36.2
Site Defense ABM 4 114.9

Navy |
Air Combat Fighter (VF X} ! 201
V/STOL aircraft technology | 14 3
Sea-launched cruise missile 38.0 |
Surface missile mid-guidance/ECCM 25.2
Aegis surface-air missile 63.0
Surface Effect Shio 45.8

Air Force
Advanced Medium STOL prototype 55.8
Air Combat Fighter (F-16) 320
Laser-guided Maverick 20.8
Advanced ICBM technology 37.3
B-52 Harpoon missite 0.4
Air-launched cruise missile 54.6
NAVSTAR global satellite 23.9

~
PONPONON
oO=boCWVO®

17

87.8

Boeing Vertol
Muluple

Bell, Hughes
Raytheon, Martin
Not selected
General Dynamics
GTE Sylvania
McDonnetl Douglas

Not selected
Multiple

ITT, GD
Multiple

RCA

Aerojet General

Multiple

General Dynamics
Not selected
Multiple
McDonnell Douglas
Boeing

Rockwell, GD

t 15-month funding includes 3-month transition to new fiscal year

* First buy or new R&D effort
** Inctudes Air Force procurement
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$30 million in fiscal 1976 plus $4
million more for the following year.

Space and transport:
NO New programs

Aerospace and electronics contrac-
tors whose products fly, orbit or roll
found little in President Ford’s first
budget to boost their sagging mo-
rale. NASA Administrator James C.
Fletcher is characterizing his fiscal
1976 spending plan of just under
$3.5 billion as one with “no new
programs,” and an aide complains
of “spending power of about one
third of our peak year.” Meanwhile,
planners at the Federal Aviation
Administration bemoan their $250
million ceiling for electronics pro-
curement. That sum buys about 30%
less than when it was invoked. Some
surface transportation nuggets with
electronics content slipped through
the White House budget sieve, but
only, says one Urban Mass Trans-
portation Administration official,
“because they are so small.”

Space cuts. Five satellite pro-
grams disappeared in the NASA
budget process, although in the best
bureaucratic tradition the agency
managed to hang on to nearly all its
personnel. Cancelled were the Solar
Maximum Mission to measure solar
flares and solar winds, as well as the
Severe Storm Satellite, a souped-up
version of the Synchronous Mete-
orological Satellite developed by
Philco-Ford. Satellite starts delayed
indefinitely include the inter-
planetary Out-of-the-Elliptic pro-
gram, the Earth-orbiting thematic
mapper, and the solar electric pro-
pulsion units. According to C.
Thomas Newman, agency budget
chief, these programs have been re-
scheduled to fiscal 1977. “It could
be worse,” Newman believes, noting
that NASA managed to squeeze out
an inflation offset of more than $200
million above the agency’s bench-
mark budget ceiling of $3.2 billion.

Unlikely to agree that it could be
worse are proponents of the Large
Space Telescope, which was delayed
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Solar energy provides one of the few rays of sunshine in President Ford's
nonmilitary research and development budget for fiscal 1976. Proposed
spending for solar R&D is set at $57.1 million, which amounts to an in-
crease of 650%. In fact, the five-year plan to spend $1 billion on solar
energy is one of the few Federal R&D proposals to survive unscathed by
White House budget cutters [Electronics, Oct. 31, 1974, p. 54]. And re-
search on photovoltaic cells is to get $10 million in fiscal 1976, or 10 times
as much funding as it got in fiscal 1975, With few other exceptions the non-
military R&D budget, totaling $7.6 billion, tends to be unexciting. Its 12% in-
crease is barely enough to make up for inflation.

Military R&D obligations, on the other hand, will jump more than 20%, to
$10.6 billion, under the Ford plan, nearly all of which will be spent next fis-
cal year. The total military and civilian R&D budget request of $21.6 billion
overall reflects a 15% boost from fiscal 1975's $18.8 billion. Development
programs get the lion's share of $13.3 billion, and experts at the National
Science Foundation estimate that 25% to 35% of that sum will be spent on
electronics. "‘Use the higher figure if you include computer buys and other
hardware needed to carry out the R&D,"" explains one NSF source.

The Energy Research and Development Administration, newly formed
from the combination of the Atomic Energy Commission and other Federal
agencies, is the biggest R&D spender after the Defense Department. Of its
proposed $2.7 billion in obligations, solar R&D proves the biggest winner.
R&D dollars for colleges and universities for mission-oriented agency pro-
grams will rise barely 5%, to $2.25 billion, with nearly half generated by the
Department of Health, Education, and Welfare. The NSF will contribute

$487 million, up 7.7%, while the Pentagon’s $213 million is up 8%.

indefinitely even though $5 million
in technological development is pro-
posed; that’s a $2 million increase
from 1975 funding levels. Also cut
were one engine from the Space
Shuttle, including the accom-
panying electronic controls, to offset
increased shuttle development costs
unacceptable to the White House,
says NASA.

FAA’s slippage. The grim figures
for civilian aerospace programs
were also reflected at the FAA. Its
proposed fiscal 1976 spending pro-
gram of $1.14 billion in Federal
funds represents a $306 million de-
cline from the current fiscal year. To
offset that, the FAA proposes to dip
deeply into trust fund accounts—
over $500 million more than in fis-
cal 1975—to finance another $1.12
billion in outlays. The total spend-
ing program is $2.26 billion.

The planned trust fund expendi-
tures include $73 million for re-
search engineering and develop-
ment, up $8.3 million from this year,
but labeled “the bare minimum” by
one FAA official. The agency has
asked for $96 million in R&D budget
authority, but reductions were
forced by the White House Office of
Management and Budget. Though

no R&D programs have been deleted
as budget line items, stretchouts are
expected, particularly in air-traffic-
control equipment development.
For example, a delayed Aerosat, the
aeronautical radio relay satellite, is
one program casualty of R&D stretch-
outs.

PRT’s gain. A personal rapid tran-
sit (PRT) demonstration program
surfaced in the budget as one of the
plus programs at the Urban Mass
Transportation Administration,
with its $1.07 billion spending plan
showing a $275 million boost from
last year. Of this total, the PRT dem-
onstration is budgeted for $10 mil-
lion.

The new PRT would have smaller
vehicles, a lighter guideway, and re-
duced headway between cars com-
pared to the incomplete Morgan-
town, W.Va,, project. Another $4
million in new UMTA money is ear-
marked for automated guideway
technology. And finally, the Coast
Guard wants to buy $3 million to $4
million in Loran-C transmitters for
the Gulf Coast, with possible West
Coast installation scheduled for the
future. O

This report was written by Ray Connolly, Washington bu-
reau manager, with assistance from Larry Marion.
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The RCA CA3130

is ready to meet

MIL-38510/883.

This highly versatile op amp is now available
in High-Rel versions. Just a few months after
commercial announcement.

So anyone involved with aerospace, military
and critical industrial applications can take
advantage of this major breakthrough.

Because of the CMOS output stage, a voltag=
swing to within 10 millivolts of either rail on a
single power supply is now possible for the first
time. Other principal features are: high open loop
voltage gain: 110dB; low input offset voltage:
8mV; low input current: 5pA; very high input
impedance: 1.5 T (1.5x10'Q)); high slew rate:

10V/us; 2.5mW at 5V supply voltage; 22mA output.

The speed with which RCA converted this
breakthrough technology into a High-Rel device

ICs. Further evidence of this is the separate
organizaticn devoted exclusively to High-
Reliability ICs; by cur MIL-M-38510 approved
production facility in Findlay, Ohio; by the full
Class A, B and C processing to MIL-M-38510
and MIL STD. 883.

For the CA3130 High-Rel 8-page spec sheet,
and a High-Reliability IC brochure, call your RCA
Solid State distributor. Or RCA.

Write: RCA Solid State. 3ox 3200, Somerville, New
Jersey 08876; Ste. Annede Bellevue 810, Canada;
Sunbury-on-Thames, U K.; Fuji Bldg., Tokyo, Japan.
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Instrumentation

Europeans feel squeeze

Instrument makers caught in vise between

American firms and Philips, and tight money

by Arthur Erikson, Managing Editor, International

The native test and measurement in-
strument makers in Western Eu-
rope—particularly the smaller ones—
face an anxious spring and summer.
Sales figures should rise by 10% to
15%, but only because of price infla-
tion; their near-$575-million home
markets don’t figure to grow at all in
real terms this year.

And, at a time when a no-growth
market is making competition
rough, U.S. giants like Hewlett-
Packard Co. and Tektronix Inc. are
becoming keener competitors: the
lately-declining dollar gives them an
added edge on prices. Philips Gloei-
lampenfabrieken has also been
nibbling away at market shares.
“They’re coming relentlessly like the
German army, with new models all
the time,” says an industry insider.

Signs of pressure-cooker market
conditions are popping up all over
Europe. Even in Germany, where
most makers say they’re up against
hard times but figure they can get
through until there’s an upturn in
the market, Siemens AG has put
21% of the workers on instrument
lines at its Karlsruhe plant on a
four-day week.

In Great Britain, Julian Shaw,
product marketing chief for Solar-
tron Ltd. of the Schlumberger
Group, expects the liquidity crisis
will push a lot of small instrument
companies out of business. Already
the ailing George Kent Group—not
in the small class by any means—has
been split in two, and half of it was
taken over by the Swiss electrical
equipment maker Brown, Boveri &
Cie. after a government-created
reorganization failed to help. Mean-
while, Advance Electronics Ltd.,
tight for cash after too-rapid expan-
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sion, has gone under the wing of
Gould Inc. its Cleveland based com-
pany.

It’s France, though, where test
and measurement people are most
sensitized to the perils of the mo-
ment. One small company there
went into bankruptcy last fall, and
the government is trying to mount a
rescue effort that would also get
three or four houses to join forces.

There’s little sign of success so far.
The company in bankruptcy, Feri-
sol, actually had been slipping for
five years or so under the autocratic
management of its founder, Ed-
mond Geffroy, now in his 80s. Gef-
froy and his sons are squabbling
over how to reorganize the company
and the courts have given them un-
til the end of February to work out a
plan and get the financing for it. “I
wouldn’t think of touching it until
the family has straightened its prob-
lems out,” says an executive of a
venture-capital firm that has invest-
ments in several ambitious French
instrument makers.

Job ahead. Even when the legal
dust settles, the government may
find it hard to line up industrialists
for its scheme to eventually put to-
gether a strong French instrument
company by fostering cooperation
and mergers among some 140 pros-
pective companies. “Certainly not
with me,” avows Jean-Claude As-
scher, president-director-general of
Tekelec-Airtronic, a logical candi-
date for a nucleus group. “You can’t
get a race horse by putting lame legs
together.”

In much the same vein, Fernand
Sicard, who heads test and measure-
ment activities for France and
Southern Europe at Schlumberger,

Producing. Assembly lines still move &t So-
lartron Ltd., but executives expect some

small instrument makers to fail.

feels “1975 is not the right time.”
Even under flourishing market
conditions, Schlumberger—now the
largest French broad-line test and
measurement house—wouldn’t be
much tempted to piece small com-
panies into its fairly complex struc-
ture. Schlumberger Instruments it-
self is the result of an amalgam of
small companies bought up by the
parent group, and it’s taken nearly a
decade to sort out the operation and
get it ready to operate in the black.
“We have had negative cash flow
up to now, but we will have positive
cash flow by the end of 1975.” Si-
card says “We've cleaned up our
product lines and have new prod-
ucts ready for the market tnat we
developed in 1973 and 1974.”
Schlumberger, then, doesn’t want
in, and officials at the Institute de
Developpement Industriel (IDi), a
government-controlled venture-cap-
ital outfit that’s trying to mount the
rescue/regrouping effort, admit they
aren’t counting on signing up
Schlumberger for the short term.
That leaves Adret Electronique and
Schneider Electronique as the most
likely partners for a grouping of
some sort with Ferisol. IDI believes
that a viable company—unless very
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What's new in MOS...

RCA announces

the 70011 memory

in volume.

What is the company who created CMOS
doing in NMOS memories? Putting all of its
knowledge in “P"" and “N”’ MOS technologies
and its experience in high volume manufacture to
work to become an important new source to you.

You told us that although there is already a
long list of memory makers you could use
another major supplier. One from whom you
could expect a steady flow cf product in volume.
For as long as you need it. Without having to stop
to worry about quality problems.

When we decided to enter the field and make
memories an important part of the broad RCA
semiconductor line,we chose the 7001 1024-Bit
RAM as our starting point. Less than six months
after that decision we can accept orders for
quantities as high as you can use. And by the
time you need 4K memories,we expect to be ready
to make the same high volume-high quality offer.

In speed, cycle time, TTL compatitility, pack-
age, and every other way the RCA MW7001ID is

interchangeable with any industry standard
70011. So when the need is there, RCA is ready.
We're anxious to set up a program to help you
evaluate our product and our production
capability.

If you prefer to check out the MW7001ID on
your own, you can purchase evaluation quantities
through your RCA Solid State distributor. If you
really have no immediate need for a new high
quality source for the 70011, watch for the NMOS
announcerments forthcoming from RCA. When it
comes to memories,we’re planning to be able to
help you in more ways than one.

Write: RCA Solid State. Box 3200, Somerville, New
Jersey 08876; Ste. Anne de Bellevue 810, Canada;
Sunbury-on-Thames, U.K.; FujiBldg.,Tokyo, Japan.
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RCA. The first house in CMOS moves into memories.
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THE WORLD'S
FIRST CIRCULAR S e e
IMME SENSOR small—needs at least $20 million or
. so in annual sales to stay healthy.

That's just about the sales of Ferisol,
Adret, and Schneider in 1975.
Whether or not IDI patches some-
thing together with Ferisol, the
French government will continue to

L S press companies to band together to

N ; L | promote export sales and even to

N [ \ 2R « share R&D facilities. Electronics-in-

' _t E \\\\ VU ’I/,/ v dustry planners in the Ministry of

o —— Yy [ Industry and Research will launch a

| ERE Sy N program later this spring to induce

D \\ /’ RS- - | tpgetherness with hard-cash incen-

R L S ——— tives—how big, they won’t say. The

| ;%. T = ~ > v{% idea is to help Ffench compgpies

= 8 - : ST stand up to foreign competition,

‘ =% Lt = = particularly American and West
-t -~ T AR German.

: o '3 ﬁd_': Backing, Adret’s president and

— — ,// - A P director general, Jean Royer, is all

= - = N for this sort of move. “My reaction

is very positive to the government’s
effort to restructure the industry,”

1 = he says. Adret has already taken
1 Lk — , steps to find a partner.
f g b e SR O 0 08 Royer and Martin Birnbaum, his
3 P B e B e e b s ' counterpart at Schneider, started ex-
{: ot CEE ploratory talks about two years ago
e i to “learn to work together,” Royer
- T I ) says. The two companies are look-
' ing into the possibilities of joining
CIRCULAR H forces at the outset for purchasing
and administration. Later, they may
YES. And with on-chip scanning to provide serial output on a move to a trial arrangement that
single pin. The 64 sensors of the R0-64 are each 0.1 mm x 0.1 mm would mesh their R&D activities.
in size and are uniformly spaced on a 2 mm diameter circle. The array can be Meanwhile, the two companies have
operated at scan rates as low as 30 scans per second or as high as 40,000 scans per set up a joint sales subsidiary in

second. The device is packaged in a 16 lead ceramic DIP and sealed with an optical

quality quartz window. The RO-64 is designed for applications in tracking, automatic West Germany and expect to have

alignment, automatic focusing, pattern recognition and many others. it operating within three months.
RETICON also continues to offer the most complete line of standard linear and matrix This won’t be the first joint export
arrays in the industry. Our “C” series linear arrays provide from 128 through 1024 effort. Adret has shared one with
elements of resolution on a single monolithic chip and are considered the standard in Tekelec for Eastern Europe for

facsimile, OCR, and industrial control applications.

Custom devices have bepeorzn(:?;fe-lgaplzdt(f,o;pae;:gzc\gagfty of applications from istry planners hope, will include

In solid state image sensing, our technical leadership backed by over joint marketing agreements with
60 salesmen and 14 distributors over the world makes RETICON companies in other Common Mar-
the most viable source. ket countries. To avoid antitrust

problems, senior French officials

NP ® plan to plead their case for inter-
h{: r.co.\l national partnerships before the

seven years now. Future ones, min-

910 BENICIA AVENUE  SUNNYVALE, CA 94086 Common Market commission in
PHONE: (408) 738-4266 * TWX: 910-339-9343 Brussels. ,

They also want to enlist the Euro-

LI crats’ help in finding partners, and

'“@ ‘/ " the commission presumably will go

along. It has a policy that encour-
ages cross-border R&D deals for
small firms. O
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s golden rule:
no gold adder.

A lot of manufacturers give you a little
something extra when they sell you
gold sockets.

It’s called a gold adder. And it can
cost you a lot of extra money.

Not so with T1.

TT has a policy of no gold adder.
So when you order low profile solder
tail sockets from us, the price we quote
1s the price you pay.

No matter what the cost of gold.

That's what you don’t get from TL
Here's what you do get.

+ 100 microinch wrought gold contact

surfaces for maximum reliability,
serviceability, and longevity.

+ Universal moun’ing and packaging.

- Stand-off tabs on the base for solder
flush.

« Redundant contact points for low
contact resistance, high reliability, and
repetitive insertior..

« An optional anti-wicking wafer for
better wave soldering.

» And a price that even competes
with many tin-plated sockets.

We have a whole family of gold,
low profile DIP sockets to
choose from—all the way
from 8 pins to 40 pns.

But if gold is a httle rich
for your needs, we offer an
identical family of sockets
with a tough 200-490 micro-
inch plating of tin.

iiii

5

Liltlltdidd

.
2

For hterature, write Texas Instruments,
Mail Station 10-5, Attleboro, Mass. 02703.
For the name of your nearest distributor,
or for information on our custom

connectors, call Connector Systems | 3%
Marketing, (617) 222-2800,
Ext. 268 or 7216.

TEXAS INSTRUMENTS

INCORPORATED

"\
Jx

¥
SN 4

4 s
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~_ Probing the news

Production

Automated bonding gives edge

Intermetall finds that by building its own system for transistors
it can cut labor costs and boost production while retaining quality

by John Gosch, Frankfurt bureau manager

Automate or perish. That dictum
has become the West German semi-
conductor industry’s formula for
survival in a time of rising labor
costs and dwindling profits. And
automating the production process
is perhaps most vital in transistors,
whose prices have declined steadily
over the years.

Determined to stay competitive,
especially with offshore operations,
even in plastic transistors, Inter-
metall GmbH, the German member
of the ITT semiconductor group, has
installed a highly automated bond-
Working. Reel, below, contains frames.
Right, chip transport and bonding apparatus
are shown. Right below, individual frames
move past wire-bonding station at center.

ing process. Thus far the effort has
paid off, Intermetall says, and the
company, in the Black Forest city of
Freiburg, is convinced it can con-
tinue to come out ahead as labor
costs go even higher. Using auto-
matic equipment manufactured in-
house, die bonding is now more

than three times faster than in man-
ual operations. More significant,
contacting the die in wire bonding
processes is more than 10 times
faster than before. And only one
person monitors two wire bonders.
Horst Knau, Intermetall’s plant
manager under whose direction the
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HD/CMOS

is a proprietary
process which made
CMOS practical

for custom

large-scale integration.
We invented it.

We sell more than circuits.
We sell solutions.

3100 Alfred Street, Santa Clara, CA 95050
Telephone (408) 247-5350

Electronlcs/February 20, 1975 75



B Probi_ng tt_u_e ne_vgs___

equipment was developed, says the
wire bonder is so fast that two of the
new die bonders are needed to serve
it. “In the days of hand operations,”
Knau says, “it was the other way
around—one die bonder for two
wire bonders.” The factor of 10 im-
provement in speed translates into a
transistor handling rate of “well
over” 5,000 per hour. The die
bonder processes 2,500 per hour.

No GO-NO-GO
ICcheckerissolow

Searching through
your circuitry for bad
digital ICs is a waste of
time and money. ESI's
new Functional Tester

Not only do the new machines in-
crease productivity and cut labor
and fringe-benefit costs, they also
help reduce personnel training
times. “Whereas it took several
months for a girl to become expert
in manual bonding, one to two
weeks is now enough,” he says. And
the machine reduces human error.

Intermetall’s plant now includes
30 die and wire bonders. With them,
the company can produce “well in
excess of 100 million plastic transis-
tors a year.” Rather than manufac-

Model 1248
IC Functional Tester:
$550 (U.S.A)

CMOS—in the test
socket, push the TEST
button and check the
digital readout for the
proper test code. No
comparison with a
“‘good’ IC is necessary
and changeover from
one device type to
another takes less than a
minute.

: . b Send for our dem-
quickly identifies bad ICs onstration

before they are wired in. prochure
It takes less time so it on this
costs less dollars. (And  ynique IC s
the 1248 sells for under  Functional —
$600!) Tester, or

Fast and easy, any call Stan  _dho . o
assembly worker can Gressel cLoc rest \
obtaina GO NO-GO atthe
analysis on 10 or more  factory. A

units per minute. Simply

insert the IC—TTL, DTL, Electro Scientific
Industries
13900 N.W. Science
Park Drive ELECTRO

Portland, Oregon 97229  SCIENTIHC
Phone: (503) 646-4141

76 Circle 76 on reader service card

Bese and emitter. Left bond capillary Fan-
dles base connections while right one takes
care of emitter conrections.

ture and sell the machines to other
companies, Intermetall is ready to
sell the knowhow involved. Licens-
ing talks have already been held
with foreign and domestic semicon-
ductor producers.

The die bonders, which use gold-
eutectic mounting techniques, re-
place versions that used manually
controlled stick manipulators. They
governed chip pickup, transport to
the bonding station, positioning,
and bonding. Now all that is left to
be automated is chip selection, and
Intermetall is working on that. The
wire bonders, using thermocompres-
sion methods, replace hand-con-
trolled wire positioning and contact-
ng.

A mechanical transport feeds the
tape containing the frames. Perfora-
tions along the tape’s edges guaran-
tee accurate placement at the bond-
ing station.

Efficiency is impressive. The die
bonder automatically positions a
chip on a transistor frame with an
accuracy of +2 mils. The wire bond-
ers contact the wires at a better than
20,000 contacts per hour, or six con-
tacts per second. And only 1% to 2%
of all bonds do not meet Inter-
metall’s quality standards. O
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Behind every Rotron fan and blower...
Product Uariety

®

There's a good reasan why there are more than 150
standard model air movers in the Rotron fan and blower
Ene.

It's you.

Yaur air maving requirements may not be the same as
those of someone else. And you yourself may have a
number of different air moving needs, calling for differ-
ent electrical inputs, different housing configurations,
various pressures and volumes.

Over the years, Rotron, as the world’s leading manu-

facturer of precision air moving devices for electronic
and industrial applications, has learned to previde the
most meaningful selection of such performance charac-
teristics. You can get just the product you need, when
you need it, at a price that's realistic.

Next time you have an air mover requirement, go to
the one place you're most likely to find the right answer.
In a standard model. Or one specially tailored for you.
Rotron will even help you make the choice.

Why settle for less when the best costs no more?

ROTRON INC.

ROTRCN

INCORPORATED
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Woodstock, N. Y. 12498 (1 914 ¢ 679-2401 (0 TWX 510-247-9033
Pacific Div. Burbank, Cal 91506, 213+849-7871 e Rotron B V . Breda. Netherlands. Tal: 79311, Telex B44-54074
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Probing the news

Avionics

Battle of the MLS heats up

FAA choice of scanning beam over doppler has losers claiming
foul and hoping for satisfaction from international body

by Larry Marion, Washington bureau, and William F. Arnold, London bureau manager

Another storm is brewing in Wash-
ington—this time between the Fed-
eral Aviation Administration and
some electronics companies over the
agency’s year-end rejection of the
doppler technique in favor of the
scanning beam approach as the U.S.
choice for a standard microwave
landing system [Electronics, Jan. 9,
p- 32]. Both technologies proved
“more than adequate” in brass-
board testing last year, so propo-
nents of the doppler technology are
sniping at FAA selection procedures
and alleging staff bias.

Following a five-year, $50 million
competition, a 17-member Govern-
ment selection committee came
down on the side of scanning-beam
systems proposed by Bendix Com-
munications division, Baltimore,
Md., and Texas Instruments Inc.,
Dallas. Almost immediately the los-
ing doppler proponents—Hazeltine
Corp., Greenlawn, N.Y.,

ITT/Gilfillan, Van Nuys, Calif,, and
their subcontractors—cried foul and

mounted an intensive campaign
challenging the technical basis for
the decision and citing “irrational”
procedures. They have tried to up-
end the decision through a four-
member executive committee re-
view, but insiders say their efforts
are doomed. And the doppler-seek-
ing British, furious at what they feel
is a preordained vote, are cam-
paigning to overturn it.

For the short term, the stakes are
$20 million in FAA prototype system
contracts scheduled to be signed in
June. But far more crucial in corpo-
rate eyes is the four-year develop-
ment lead that U.S. winners will
gain toward capturing big chunks of
the estimated $1.5 billion world
market for MLS, the next-generation
aircraft navigation system.

Scanning beam and doppler per-
formed well during flight tests,
though doppler proponents claim
their systems are “proven” and have
generated more data. The contro-
Versy centers on gray areas: because
undisputed advantages did not ap-
pear, selection committee members
had to base their votes on secondary
issues and gut reaction rather than a
simple black-and-white choice of a
superior technology.

What particularly piques doppler
advocates, though, is the FAA’s mid-
November change in signal format
for the scanning-beam system, to a
time-reference-signal (TRS) tech-
nique rather than the frequency-ref-
erence-signal format originally used.

Members. Joseph M. DelBalzo, left, is FAA
group project manager and chairman of in-
teragency group that picked scanning-beam
system. Seymour Everett, right, was lone
FAA member to back doppler.

The reason is that the time-refer-
ence signal format permits simpler
electronics; this lowered costs and
improved operational characteristics
such as signal-processing speed.
National interest. In Washington,
U.S. district court Judge June E.
Green sided with the FAA, citing the
national interest above procedure as
a reason for rejecting Hazeltine’s
Jan. 23 request for an injunction
against the FAA to halt further TRS
scanning beam work. Whether a
newly instituted investigation by the
General Accounting Office, and the
final executive committee analysis
of the choice, support scanning
beam or doppler won’t be known
until April or May. The result of
that report may force the FAA to re-
peat the selection process. “But I
don’t think it would change the out-
come,” says the FAA project man-
ager for MLS, Joseph DelBalzo.
DelBalzo dismisses doppler advo-
cates’ criticism of the small TRs data
base. “We will have more than




enough test data by June.” he says,
to meet a June 30, 1975 deadline for
presenting the American choice to
the International Civil Aviation Or-
ganization (ICAO). The American
TRS scanning beam test system will
have a Texas Instruments reflecting
antenna, developed by TI with its
own funds, for angle guidance; a
Bendix antenna for elevation guid-
ance; TI's brassboard electronics for
signal processing and amplification;
and airborne receivers from Bendix
and Collins Radio.

Cracks. The doppler camp re-
acted angrily after the voting proce-
dure and result of the 17-member
selection committee became known.
Critics of scanning beam pointed to
the bloc of four FAA votes for scan-
ning beam, saying DelBalzo and his
assistants were biased in favor of the
system they nursed. Others claimed
FaA voters were afraid to vote
against their boss’s preference,
which he made known to the com-
mittee before the vote was taken.
And scathing criticism was reserved
for the voting—the totals were nine
for scanning beam, six for doppler,
and two abstentions—which doppler
advocates claim is less than the
mandated two-thirds majority.

Some criticism of the voting
procedures appears justified. Del-
Balzo himself says he would change
it to provide for a secret ballot on
the first go-around if he could do it
over. But that’s all he would change.
“As for the two-thirds majority re-
quirement, it just fell through the
cracks,” he says. “If we had remem-
bered it, it would not have been dif-

Hardware. Bendix airborne MLS package,

above, is similar to one that would be
needed for general aviation. At right is Ha-
zeltine's prototype ground MLS system as it
was laid out during tests being conducted at
Wallops Island, va.
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ficult to get the necessary votes. It
would have been a less than honest
vote, though.” he adds. And when
DelBalzo publicly quizzed his staff
members about the reasons behind
their vote, a bias did emerge.

“We’ve had more experience with
scanning beam,” was the common
refrain. FAA staffers appeared un-
willing to give doppler the benefit of
the doubt. “The committee did not
challenge the view that the recom-
mended technique leaves the eval-
uators somewhat more comfortable
[in]. . . dealing with as yet unfore-
seen issues,” says advisory com-
mittee chairman Siegbert Poritzky.
Doppler advocates assailed this
“subjective” evaluation by the FAA
staffers even though system per-
formance was so close that subjec-
tive views came to play a large role.

Industry and civilian sources also
can’t get a handle on whart the mili-
tary will do when the scanning-
beam decision is ratified by the four
Federal agency chiefs. Four of the
six military representatives on the
selection committee voted for dop-
pler, a black eye for scanning beam
since the military has more than five
years of operational experience. Ar-
guments that TRS scanning beam
ground systems are not suitable for
a tactical military environment must
await a military decision on fre-
quency use—either C band or Ku
bank. Also expected is legal action
by ITT/Gilfillan.

Meanwhile, the Europeans are

joining camps for the three-way
clash that’s expected at the June
ICAO meeting. The British are back-

ing their angry words about the
Washington decision with money.
And the French and West Germans
are building scanning-beam systems
unlike the American model. In fagt,
the French and Germans would Tike
to see the ICAO delay its demsloh
giving Thomson CSF of France and
Standard Elektrik Lorenz of Webt
Germany more time to complde
their systems.

The British are most advanced in
their battle plan. Plessey Navaids,
developer of the basic doppler
theory, has received an additional
$360,000 in industry and govern-
ment funding to help it carry its 51de
into the ICAO meeting.

French and German civil-avia-
tion authorities are in favor ofa
ground-derived data system, wi
sophisticated airborne boxés th
would land the aircraft based, ¢n
computer decisions. That way, “the
current generation of pilots could &
replaced by bus drivers,”” says oné
aviation industry source.

International and national pxldt
associations, along with the FAR,
vehemently oppose such systeths, as
unacceptable in the busy general-
aviation environment. But the air-
lines have the last word. The Amet«
can industry-advisory committée
warns the FAA that a failure to s¢li
MLS to the airlines would doom:in¢ .
ternational development. -However,
if the economy stays sick for the
next few years, a ground-dérivéd
system might be the most attrictive
system for the airlines because it
could mean less pay for less skdleﬂ

pilots. 4
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SIEMENS

To test linear IC’s
you can spend $6,000 or $100,000.
Which makes sense?
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Technical articles

Product development profile I

Tektronix” DMM/scope: |
a new record in portability

Aiming at the industrial and computer markets, designers of the
series 200 miniature oscilloscopes packed ever more performance
into the same small volume—then squeezed a digital multimeter in

by Andy Santoni, instrumentation Editor
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IZJ A high-quality oscilloscope both portable enough for
a field engineer to carry around all day long and small
enough to fit in a raincoat pocket: that was Tektronix
Inc.’s goal when the company began work on a line of
miniature oscilloscopes. The fifth in the series—the
model 213 combination digital multimeter and scope—
was announced recently [Electronics, Feb. 6, p. 123],
and, like its predecessors, it meets or betters expecta-
tions in both performance and portability.

Weighing less than four pounds, the DMM/scope is
housed in a handy package that measures 3 by 5% by 9

Electronics/February 20, 1975

inches—small enough to hold in one hand, but not quite
small enough for the average raincoat pocket (Fig. 1).
Still, to fit a l-megahertz scope, plus a true-rms DMM,
plus batteries, into less than 142 cubic inches is an un-
doubted achievement.

Along the way, Tektronix engineers had to develop
small cathode-ray tubes sensitive enough for battery op-
eration, compact multiposition switches, and power sup-
plies flexible enough for battery or line operation. And
though linear monolithic ICs today seem a natural
choice for high-density circuitry, eight years ago, when
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1. Industrious. A 3%-digit (2,000-count) multimeter anc a 1-MHz-
bandwidth oscilloscope are packed into Tektronix' model 213, the
fifth 200 series miniscope. Battery operation makes miniscopes ideal
for troubleshooting electronic equipment wherever ac-line power or
reference to earth ground is unavailable or undesiratle

this story begins, they were still a very new technology
to apply in oscilloscopes.

It was in 1967 that Howard Vollum, chairman of the
Beaverton, Ore., company, first put the idea of a pocket-
sized scope to Hire Morivasu, then head of Tektronix’
advanced circuit and techniques development group
and currently manager of calculator engineering, Infor-
mation Display division. But it was 1971 before the first
“miniscope” appeared—the single channel model 211,
which has a 500-kilohertz bandwidth. Three mini-
scopes were added to the line in 1973—the two-channel
model 212, the two-channel storage model 214, and the
single-channel, 5-MHz model 221—and the single-chan-
nel model 213 DMM /scope was added this year (Fig. 2).

The advanced circuit and techniques development
group originally began designing a miniscope as a blue-
sky effort. Among the engineers involved was David Al-
len, who was working at Tektronix in the summer of
1967 between semesters at Brigham Young University.
When Allen returned to Tektronix after graduation the
following year, Moriyasu. eager to get things moving
and remembering Allen’s experience, assigned him the
design project.

Allen finished the last miniscope he’d started the
summer before, then settled in to designing a market-
able product. At a product planning meeting in June,
1969, a 1971 target introduction date was set, and the
miniscope effort changed from a feasibility study to a
product development project.

First, design goals were set. Preliminary electrical pa-
rameters to be met included a bandwidth of 50-kilo-

82

hertz and sensitivity of 10 millivolts per division. Input
parameter goals were 10-megohm impedance and less
than 10-picofarad capacitance. To simplify the layout of
the control signal path and the input attenuator switch,
circuit design was to include a gain-controlled oper-
ational-amplifier input instead of the standard resistive
attenuator driving a fixed-gain amplifier.

To be useful in the field, the scope had to be light-
weight, small enough to be held in one hand, and easy
10 use and maintain. To withstand the rigors of porta-
bility, the case had to be rugged and the controls and
cathode-ray tube be protecied against moderate jolts
and bumps. And to prevent the user from misplacing 2
line cord or probe at a test site, those parts had to be in-
tegrated into the package.

Since the scope was to be portable and battery-oper-
ated, it was to be double-insulated to enable it to make
measurements independently of earth ground. Also, of
course, it had to be priced low enough 10 be marketable.

CRT development

Packing all the components into a small case created
problems, most obviously over the cathode-ray tube.
There were no small low-cost CRTs available, says Allen
that were sensitive enough and had a fiat face and inter-
nal graticule at a reasonable price. Tektronix also
wanted to make its own miniature CRT in order to con-
trol the cost and technology of such an important com-
ponent.

Development began on a tube with an envelope
made entirely of ceramic materials—except for the face-
plate. This would have been much sturdier and less ex-
pensive than a standard all-glass CRT envelope. But
Tektronix engineers became uncertain that a working
ceramic-envelope CRT could be made in time and at a
low enough cost, and discontinued the effort. “It was
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too much of a gamble,” says Allen.

Tektronix also tried developing a CRT that used hy-
brid deflection—magnetic for the horizontal and electro-
static for the vertical. This design would have allowed
the two deflection mechanisms to be placed in the same
plane, making the CRT an inch shorter, but it proved to
be too expensive, consuming too much power and re-
quiring too much circuitry.

The tube finally used, a unit designed by Tektronix
staffer Connie Wilson, uses electrostatic deflection for
both horizontal and vertical. It achieves a sensitivity of
17 volts per centimeter, compared with sensitivities of
about 25 V/cm in CRTs then commercially available.

The lineonics

Integrated circuits then commercially available didn’t
meet Tektronix’ requirements, either. At the time, notes
Allen, “there weren’t many linear ICs that fitted well
into an oscilloscope.”

Tektronix” goal was to integrate the entire vertical
amplifier in one IC and the entire sweep circuit in an-
other IC. As part of the 200 series development pro-
gram, work began on those two parts, along with a third
IC for driving the horizontal and vertical deflection
plates.

While Allen feared the ICs could not be readied
quickly enough to meet the 211 development schedule,
the first two parts—the sweep-trigger circuit and the CRT
driver—were designed within 10 months. The third,
however, took a little longer.

The first vertical amplifier circuit was designed specif-
ically for the model 211. It contained two operational
amplifiers that had positive inputs in common and tied
to ground, permitting operation only in the inverting
mode. Output dynamic range was about 1.5 v around
zero, and open-loop gain was about 2,000.
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2. Schedule. Aithough a DMM-scope combination was the second
miniscope product to be proposed, it was the fifth to be introduced.
Along the way, its development was delayed twice: first to concen-
trate on completing the model 211 and again when the effort of car-
rying out four design projects concurrently became too great.

“It was what we needed,” says Allen, “but it wasn’t
universally useful.” He therefore decided to switch to
developing a more general-purpose design that would
be more economical in the long term. This second de-
vice contained two isolated, FET-input op amps with
open-loop gains of 100,000 and unity-gain bandwidths
of 4-MHz—but its delayed start led to fears it would not
be ready in time.

Fortunately, a group within Tektronix’ Information:
Displays division was developing a quad op amp for a
graphic terminal. This IC more than met the 211’s re-
quirements, and since it was close to completion, Allen
chose to run with it instead of the other vertical ampli-
fier circuits. To make this circuit operate in the model
211, the metallization pattern on the die had to be al-
tered. Parts of two of the four op amps were used as
constant-current sources for the FET inputs on the other
two op amps. The rest of the circuitry was not needed.
The result was a simple circuit that performed much
like the earliest vertical amplifier design but could be
used in a wider range of applications.

The sweep and trigger circuit IC was made by a pro-
prietary Tektronix FET and bipolar manufacturing pro-
cess. It suffered from unwanted interactions between
the two sections, which were eliminated by distributing
power and ground separately.

As with many linear IC designs, all three of the 211
circuits had oscillation problems. Two were modified in-
ternally to eliminate the problem, but the circuitry ex-
ternal to the CRT driver was modified instead. Next
time, says Allen, he would prefer to make all ICs stable
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3. Flexible. With the bottom cover removed, most components of
the model 211 are accessible for testing or repair. The subas-
semblies of the models 211, 212, and 214 are cabled together so the
instruments can operate when in a semi-assembled state. The 221
and 213 plug together without cables; extender boards are available
should troubleshooting become necessary at any point.

without external circuitry—a goal much easier to attain
nowadays, thanks to the advent of computer-aided de-
sign.

As for packaging the iCs, the original goal put small
size above every other consideration, but it had to be
modified twice to take ease of repair and handling into
account also (Fig. 3). The earliest ICs were housed in
flat packages that occupied less space than dual in-line
plug-in types; but the fact that they had to be soldered
to the printed-circuit board would have made IC re-
placement difficuit, so plug-in packages were selected
after all. The 16-pin round package that was next de-
signed proved hard to handle because it was so small,
and a rather larger 16-pin package was the final choice.

Integrated circuits were an obvious solution to shrink
board space requirements. Not so obvious was how to
implement sweep speed and attenuation switching
when standard selector switches would be too large.

The model 211 would need two multiposition
switches that would take as little space as possible and
still be low in cost. The solution worked out by Scott
Long of Tektronix’ switch department was to etch the
switch patterns onto the multilayer input circuit board
and to clamp the wipers over the board. This simple de-
sign uses inexpensive injection-molded plastic housings
and requires no discrete wiring to the contacts.

The requirements for small size and battery operation
also meant that standard power-supply designs would
not be adequate. In the supply designed for the model
211 by Wendell Damm, an electrical designer on the
200 series team, the ac line current was limited by a
series capacitor and rectified; then it was used to charge
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the 10 internal rechargeable AA nickel-cadmium cells,
which also acted as large filter capacitors. The dc volt-
age was fed to a dc-ac converter multivibrator which
was connected to a newly developed small, efficient co-
axial bobbin power transformer. This transformer,
which supplied the necessary operating voltages to the
oscilloscope, had an insulation voltage of 4,000
v dc which, along with its efficiency, would make it
ideal for double-insulated applications.

The finishing touches

From the user’s point of view, perhaps the most in-
triguing part of the model 211’s design is its packaging.
The job of putting all of the pieces together in the
smallest possible box, while maintaining operational
simplicity, went to industrial designer Al Hill.

At first, attempts were made to put the controls on
the front of the oscilloscope. But, notes board chairman
Vollum, “When you hand-hold it, you can put controls
in various places.” It was decided, then, that the instru-
ment would be right-handed: held in the left hand and
with controls mounted on the right side.

The probe and line cord were spooled around the
back of the scope to make them easier to carry along,
and while both are permanently attached to prevent
misplacing them, the probe plugs in internally so that it
doesn’t have to be unsoldered should replacement ever
be necessary. Unfortunately, the hoped-for automatic
cord-reel design did not work out because it would have
been too bulky and expensive, says Allen.

The first designs for the miniscope case proposed us-
ing Tektronix’ standard vinyl-clad aluminum. Hill felt,
however, that plastic housing could offer the same
strength with less weight and smaller size. After con-
vincing Tektronix management that plastic was a viable
case material, Hill designed a three-piece, glass-filled
ABS housing that measured 3 inches high, 5 inches wide,
and 9 inches deep.

The plastic moldings were fairly large and complex
for Tektronix, and the die-maker had to make some
slight changes in the design to improve manufac-
turability. Since production began, only details have
been changed, and cases presently being manufactured
can be retrofitted onto older instruments.

Since the case was not metallic, electromagnetic inter-
ference was a possible problem. To prevent it, alumi-
num, carbon, and silver paints were applied to the in-
side of the case. Finally, more economical aluminum
tape was chosen.

As the pieces came together, most of the design goals
were realized. In fact, both bandwidth and sensitivity
were better than expected—500 kHz rather than 50 kHz,
and | millivolt per division instead of 10 mv/div. Size
and cost were within range. About the only real disap-
pointments were in the input circuits: input impedance
was only | megohm and capacitance was over 100 pico-
farads, and the gain-controlled op-amp input circuit
was abandoned in favor of a standard resistive attenua-
tor.

Standard resistive attenuators use fairly complex
switches and variable-capacitor networks, which be-
tween them compensate the input circuitry for stray ca-
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pacitances and inductances and maintain frequency re-
sponse over the oscilloscope’s bandwidth. Trimming a
half-dozen compensation capacitors, though, can be a
tricky job.

A gain-controlled op-amp circuit could eliminate
much of this complicated circuitry by varying the gain
of the input amplifier rather than the level of the input
signal. Tektronix attempted to design an input circuit
that used variable feedback on an op amp to control the
circuit’s gain. Since the input to a negative-feedback op-
amp circuit is a virtual ground, the effects of stray para-
sitics would be eliminated. But Allen found that at high
frequencies, where the op amp’s response began to fall
off, the circuit did not have enough open-loop gain to
require enough feedback to provide this virtual ground,
and the circuit became too noisy for use in an oscillo-
scope.

After the gain-controlled op-amp circuit was dis-
carded, a more standard switched attenuator with an in-
put impedance of 10 megohms was attempted. This cir-
cuit could not be relied upon to meet its specifications
because the small spacings between circuit-board paths
did not have a consistently high enough impedance, es-
pecially under humid conditions. Finally, a switched at-
tenuator with an input impedance of 1 megohm, where
variations in pc-board impedances would have less ef-
fect, was incorporated.

In September, 1969, while development work on the
model 211 was just getting up speed, Bill Walker, Tek-
tronix’ group vice president in charge of engineering,
suggested to Moriyasu that the miniscope should in-
corporate a digital multimeter, to make it an even more
versatile tool (Fig. 4). Work on a DMM/scope began im-
mediately, but was deferred or delayed twice: first it
was temporarily set aside to allow completion of the
model 211 design, which was released to manufacturing
in 1971; then it was continued parallel with the devel-
opment of models 212 and 214, but had to be halted a
second time shortly after the point when model 221 de-
velopment also began.

The second and third models

Design work on both the 212 and 214 began early in
1972. Model 212, a two-trace version of the model 211,
turned out to be a fairly straightforward design. It re-
sembles the 211 except for the input amplifier board,
which now had to contain two channels, and the rear-
panel probe carrier, which had to have space for two
probes.

The only real problem encountered during the model
212 development project was getting all of the necessary
input and control circuitry on one printed-circuit
board—and doing it in such a way that the two vertical
deflection controls and the horizontal deflection control
would be visible to the scope’s user. In the end, the two
vertical deflection controls were mounted in the same
locations as the horizontal and vertical controls in the
model 211, and the 212’s horizontal deflection control
was located near the back of the instrument’s side
panel. This led to crosstalk problems between the ver-
tical and trigger circuits as signal paths ran the length of
the board, but these were eliminated by careful shield-
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ing and layout—accounting for printed-circuit runs that
aren’t connected on one end.

The extra circuitry was fit onto the board first by
making the board longer. On the 211, there was about
an inch of space between the end of the board and the
back of the cabinet which meant about two square
inches of pc board space could be squeezed into the 212.
Components were mounted on the board standing up
rather than lying flat, and they were mounted on both
sides of the board. In addition, the four op-amps of the
vertical amplifier were now all used, two for each chan-
nel, and the amplifiers were redesigned to eliminate the
need for current sources.

Model 214, the storage scope, took advantage of these
changes. Also, a new, low-current storage CRT, capable
of operation from a battery, was developed. Careful de-
sign of the cathode cut power consumption from the %
to 2 w of standard storage CRTs to about 250 mw in the
214 storage CRT. Small push buttons, with extenders to
reach the front panel, actuate the storage feature. The
instrument was introduced in August, 1973.

While the model 211’s bandwidth was 500 kHz, 10
times the 50-kHz design goal, some customers needed
response to 5 MHz. The model 221, as the 5-MHz scope
was named, required a higher-capacity power supply
and more sensitive CRT to operate at higher frequencies.
The new CRT achieves a sensitivity of 13 volts per cen-
timeter while using many of the same mechanical parts
as earlier units. The power supply, though, was a com-
pletely new design, in which the power-line voltage is
rectified and used as the power source for an isolated
power inverter. The output of the power inverter is used
to charge the battery and supply the instrument’s inter-
nal power supply. This contrasts with earlier designs,
which had the battery charger and batteries floating on
the power line. The design also permits operation from
dc power sources.

New input amplifier circuits also had to be designed

4. Prime movers. Tektronix board chairman Howard volium (seated
left) suggested that the advanced circuit and techniques develop-
ment group, then headed by Hiro Moriyasu (standing right), work on
a small, battery-operated oscilloscope, which led to the 200 series.
Bill Walker, (left), group vice president in charge of engineering, first
conceived of a DMM/scope combination, and David Allen headed
development of the five 200 series instruments.
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to operate at the higher speed, and Tektronix decided to
go with discrete components because new large-scale
ICs would not have been developed quickly enough, ex-
plains Allen.

The DMM/scope

With the 221’s introduction in October, 1973, the 200
series design team could again pick up on the
DMM/scope. To the user, model 213 is a DMM added to
a 211 with double the bandwidth. Internally, however,
the 213 is much different from the 211 (Fig. 5).

Because the instrument has current and resistance
measuring capabilities, the input circuitry has to per-
form conversion functions not necessary in an oscillo-
scope, which only displays voltage waveforms. To
handle the input range switching for all three functions,
Tektronix abandoned the wafer-type switch of earlier
200-series instruments in favor of a cam switch con-
trolled by a front-panel knob and actuating contacts on
the input board. More switch functions can be per-
formed by this design because an increase in the num-
ber of switched circuits increases only the length of the
cam and board space required, rather than increasing
the radius of the board space taken up by the switch.

This flexibility also permits wider pc-board line spac-
ings, so the resistance between runs does not drop so
drastically as humidity increases. This was a major fac-
tor in improving the 213’s input impedance from | meg-
ohm to 10 megohms, as previously attempted but aban-
doned for the 211. In the 213, higher input impedance

Product development profiles

Unusually successful products and product lines do
not succeed without the perception of a real need,
without a well-thought-out and sustained design effort,
and without a record of problems either solved or cir-
cumvented. Because that kind of development history
has ideas to offer other engineers, Electronics here
offers the latest in its continuing series of ‘‘Product de-
velopment profiles."

The story of Tektronix' 200 series of miniature oscil-
loscopes begins with the imaginative conception of a
‘‘pocketable” scope and ends with a whole range of
precise, portable instrumentation that fits an increas-
ingly electronic society’s growing need for on-the-spot
troubleshooting.

Other articles in the series have covered the HP-35
scientific calculator [Electronics, Feb. 1, 1973, p.
102]; the Intel 1103 MOS random-access memory
[April 26, 1973, p. 108]; the HP 5345A counter [Feb.
7, 1974, p. 114]; and the Cambridge Research and
Development Group's variable speech control system
[Aug. 22,1974, p. 89].
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5. Paths. In the model 213, an input signal is amplified, then
switched to either scope or DMM circuitry. Either the voltage or cur-
rent waveform, or the numerical value of a voltage, current, or resist-
ance input, can be displayed on a six-by-10-division CRT.
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was a must: customers would expect the 213 to have as
high an input impedance as other DMMs.

Following the input attenuator, the signal is ampli-
fied by an input buffer amplifier, then switched to either
the oscilloscope preamplifier or to the DMM circuitry. In
the scope mode, it is fed to the trigger/sweep circuits,
which drive the horizontal output amplifier, and to the
vertical output amplifier. In the DMM mode, the signal
is routed to an integrating converter and a Mostek MK
5007 4-decade counter to determine its value in BCD
form. A Tektronix-made BCD-to-seven-segment de-
coder/character generator, the only new Tektronix IC in
the 213, provides X-, Y-, and Z-axis outputs to the hori-
zontal, vertical, and blanking amplifiers. Since both
DMM and scope inputs are required in the output ampli-
fiers, and earlier 200-series output amplifiers did not
have two inputs, new circuits had to be designed. Be-
cause of the simplicity of the circuits, discrete compo-
nents were used for most of the amplifier functions.

The one IC in the output stages is a differential ampli-
fier with potentiometer-controlled gain. This permits dc
control of the variable horizontal magnifier rather than
routing the signal itself through a potentiometer.

The 213’s voltage-deflection factors range in 14 steps
from 200 mv/div to 100 v/div over its full-rated band-
width, and down to S mv/div at a 400-kHz bandwidth.
As a spin off from its DMM mode, the instrument can
also display current waveforms: the 14 deflection factors
here go from 5 microamperes to 100 ma/div on band-
widths of dc to 200 kHz on the 5-pA/div and 10-pA/div
scales, dc to 400 kHz for the other scales. Horizontal de-
flection factors are 2 microseconds to 500 milliseconds
per division in 17 steps, and sweep rate can be increased
up to five times by a variable sweep magnifier.

As for the 213’s DMM mode, the full-scale voltage,
current and resistance ranges run from 0.1 to 1,000 v
rms or dc, 0.1 mA to 1 A rms or dc, and 1 kilohm to 10
megohms. O
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Eight ways to better

radio receiver design

By harnessing the latest accumulation of electronic innovations,
lower distortion, better linearity and image suppression attainable;
separate stages for agc and amplification provide one of the keys

by Ulrich L. Rohde Rohde & Schwarz, inc., Fairtild, N.J

(J Radio receiver design, while perhaps the oldest of
the electronics arts, is still susceptible to improvement.
New components such as very-high-frequency crystal
filters, p-i-n diodes, and high-power rf transistors are ca-
pable of changing many of the basic, time-honored con-
cepts, enough to yield receivers with lower distortion,
better image suppression and better linearity.

The most benefit can accrue to receivers operating in
the high-frequency band—2 to 30 megahertz—but many
new concepts can be applied equally well to receivers
operating at any frequency.

The preliminary step in designing a receiver is the
sketching of a block diagram in which expected noise
figures and losses (which also produce noise) are as-
signed for each of the sections. This will allow calcu-
lation of the receiver’s noise figure. For example, in the
block diagram in Fig. 1, if the noise contributions and
losses are added up, the cumulative figure is 8 dB.

Each stage also has to be optimized for dynamic
range as well as for noise figure. Generally, the broadest
dynamic range will be obtained if the gain of the rf and
i-f sections is held to a level just sufficient to compensate
for the losses. In the block diagram, for instance, the
losses—0.5 decibels in the input filter and automatic

gain-control attenuator, 6.5 dB in the mixer, and 4.5 dB
in the i-f filter—are compensated by the approximate
11-dB gain of the rf amplifier. But note that the second
mixer, because of the vhf crystal filter’s minimum band-
width of *3.5 kHz, is the receiver’s most vulnerable
stage with respect to overloading; here, higher voltages
are concentrated in a narrow bandwidth.

With the block-diagram parameters set, the designer
then can move on to the individual stages. This is where
the new components allow new design approaches. Let’s
now consider each of the eight steps that can be taken
to improving receiver design.

Set the intermediate frequency higher than the receiver

band to ease image suppression.
In the past, two or three intermediate frequencies, each
lower than the received band, were used in double- or
triple-conversion schemes, with the receiver’s selectivity
being set primarily by the circuits operating at the low-
est i-f (often the familiar 455 kilohertz). This was be-
cause the components available made it easiest to
achieve the necessary selectivity at low intermediate fre-
quencies. However, a low first i-f accentuates the prob-
lem of suppressing image frequencies in a receiver. Un-

40.535 ~70.525 MHz
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10 kHz - :
30 MHz g TIE 3 A ?» E 35:“ - o
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NOISE FIGURE (NF) =8 dB kg NF =35 8
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1. The block. A receiver's block diagram can be used to analyze the needed gains and to find the receiver noise figure. Stage noise figures,
gains, and losses (in dB) are added directly for over-all noise figure. Gains should also balance losses for wide dynamic range.

Electronics/February 20, 1975

87



0iuF D D D 0.1uF

—o0 OQUTPUT

D=5xhp5082 - 3081

R.
CHOKE TG
]
150 uH | 1150 uH
+H2V
IZ7nF
33k 2x 356k

2N2222

age

1200 150 2

2. Attenuator. Five p-i-n diodes in a double-T configuration act as
attenuator. The sum of the transistor collector currents should be
maintained constant to hold input and output impedances constant.

7 TURNS
2N5109

wanted incoming frequencies, when mixed with the
local oscillator output, can also fall within the i-f band.
If a 1-MHz i-f is used, the image suppression, although it
may start at 80 dB at the lowest input frequency (2
MHz), will drop to about 30 dB at 30 MHz. For example,
for a received frequency of 30 MHz, the image would be
32 MHz—which is near the received frequency—and the
input filter has little effect. But at 2 MHz, the image is at
4 MHz, or twice the input frequency where enough se-
lectivity is provided. To reduce the effect of image fre-
quencies that are close to received frequencies, design-
ers have had to turn to tracking bandpass filters at the
radio-frequency input, which added to the expense.

The local oscillator also had to be tunable over a
range essentially equal to the receiver input range. For
a receiver covering 2 to 30 MHz, for example, the
tunable ratio has to be 1:15. This ratio calls for a diffi-
cult mechanical design to compensate for local oscilla-
tor variations in tracking the input frequencies.

Now that vhf crystal filters (30 to 120 MHz) are avail-
able for the i-f circuitry, designers can eliminate such
problems, If the i-f is set higher than the incoming re-
ceiver band, an elliptical low-pass filter with a cutoff,
say, of 31 MHz for a receiver of 2 to 30 MHz, can be used
to give as much as 80 dB suppression to frequencies
above the desired received band. This also makes the
image suppression constant, and independent of the re-
ceived frequency. The same filter will also help reduce
the radiated power from the local oscillator, so that sev-
eral such receivers can be operated close to one another.
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3. Push-pull. Two high-power rf transistors can provide an amplifier with goed linearity. Feedback from unbypassed emitter resistor, collec-
tor-to-base resistors, and collector-to-base transformer linearize the circuit. Curve shows reduction in distortion levels.
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And with the i-f at, say, 40 MHz, the local oscillator need
only cover a range of about 42 to 70 MHz (for a receiver
of 2 to 30 MHz), a ratio of less than 1:2. This considera-
bly eases the oscillator design task and reduces the pos-
sibility of oscillator harmonics mixing with incoming
signals to produce unwanted signals in the passband.

Use separate agc and amplification stages to allow

more precise control of distortion.
In the past, vacuum tubes were used for both amplifica-
tion and agc. But the tube’s nonlinear characteristic
meant that as soon as an agc voltage was applied, inter-
modulation distortion appeared. The same is true for
bipolar and field-effect transistors. If, however, the two
actions are performed in separate stages, each can be
optimized. For example, a p-i-n diode attenuator can be
placed between the input low-pass filter and the r-f am-
plifier and used for agc as in Fig. 1. The diode attenua-
tor must provide constant impedance at its ports, since
any change in load impedance will disturb the filter’s
characteristic, and any change in source impedance for
the amplifier will change its noise and distortion per-
formance. Figure 2 shows a convenient double-T sec-
tion p-i-n-diode attenuator which maintains its input
and output impedances constant. The differential am-
plifier provides a current distribution on the two leads
into the attenuator to achieve this (the sum of the col-
lector currents must be constant).

3Use rf power transistors with heavy feedback in push-
pull arrangement to suppress distortion.

In most earlier receivers, only certain vacuum tubes
were considered linear enough for use in class-A rf front
ends. Designers accepted the liabilities of vacuum tubes
to achieve low intermodulation distortion. Today, high-
power linear rf transistors are being produced, which, if
run at high dc current and with substantial voltage and
current feedback (which is not usually done), can give
better linearity than any vacuum tube. Such a circuit,
using highly linear uhf power transistors, is shown in
Fig. 3 together with its performance curve.

The amplifier, when designed in a push-pull arrange-
ment, can provide almost 40 dB more suppression of
second-order distortion products than a single-stage
setup. The amplifier gives about 11 dB gain (which is set
by the amount of feedback). Actually, the amplifier can
give up to about 40 dB more gain without feedback, but
the reduction in gain is directly transferred to the dy-
namic range. Three types of feedback are used: the 6.8-
ohm unbypassed emitter resistor provides the current
feedback; the unbypassed 330-ohm collector-to-base re-
sistor provides the voltage feedback; and since these
two feedbacks will change input and output impedance,
a third type—transformer feedback—is used to provide
50-ohm input and output impedance. The result is that
the amplifier’s standing-wave ratio will be less than
1:1.2 from 100 kHz to almost 200 MHz.

The performance curve, as in Fig. 3, best describes
the possibilities of this new type of rf stage. With an in-
put of -27 dBm (a two-tone signal of 20 millivolts each),
the gain is 12 dB. At this level, the second order inter-
modulation distortion (IMD)—(f1 *fz)—is 65 dB down
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4. Mixers. Dynamic range is preserved in mixer at high signal levels
by putting resistors in series with push-pull, bridge-connected diodes
(a). Transformer in lower circuit suppresses spurious signals.

(single stage) and the third order IMD (f; *2 f2) is 100 dB
down. The push-pull arrangement will further reduce
the second order IMD to -105 dB. The intercept point
occurs at an input of about 22 dBm.

Use easier-to-match hot-carrier-diodes in double-bal-
anced, high-level mixers.
Most designers are aware that push-pull mixers have
certain advantages over the single-stage variety (in sen-
sitivity and distortion suppression), but cost has often
discouraged their use. Now, reasonably priced, low-
noise, hot-carrier (Schottky) mixer diodes are available.

It is worth noting here that double-balanced mixers
with FETs have also been recently proposed. Such cir-
cuits give excellent suppression of third-order inter-
modulation distortion, but because the FETs cannot be
matched closely enough, the second-order distortion
suppression is usually poorer (about 20 to 30 dB less)
than can be obtained with hot-carrier diodes. The FETs
also introduce a limiting action at a lower signal level
than do the hot-carrier diodes.

The main advantage of the hot-carrier mixers is the
better matching than is possible with the conventional
silicon or germanium diodes. They also will accept
higher local oscillator (LO) drive. In addition, these hot-
carrier diodes do not show the 1/f2 noise which elimi-
nates silicon diodes at low frequencies.

Special circuits, as shown in Figs. 4(a) and 4(b), have
been developed to optimize the mixer performance. In
some cases, as many as 16 diodes per section—64 diodes
altogether—have been used. The second mixer shown in
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the block diagram (Fig. 1) will receive stronger signals
than the first one and must, therefore, have a wider dy-
namic range. This is accomplished as in Fig. 4(a), by
putting resistors in series and using two mixer stages in
push-pull. The resistors, however, increase losses from
6.5 to 8 dB. The high level mixer of Fig. 4(b) uses a hy-
brid transformer to suppress spurious signals.

Use low-loss vhf crystal filters in i-f stages for high

selectivity and image suppression.

Until recently, it was not possible to mass produce crys-
tal filters and still obtain high selectivity with low inser-
tion loss. Figure 5(a) illustrates the typical response of
today’s crystal filters. Since the image suppression from
the first i-f to the second i-f depends upon the slope of
the filter, 80 dB suppression can be achieved easily.
These filters, which recently were selling for $400 each,
have dropped to $50 in production quantities.

Earlier mechanical filters (of magnetostrictive design)
showed rather high IMD at the input because of the non-
linear action of the transducer. Modern mechanical fil-
ters now use piezoelectric transducers to reduce non-
linear action. However, similar effects can also occur
with crystal filters if the input transformer uses iron that
saturates at low levels. Therefore, a configuration as in
Fig. 5(b) should be used to reduce this effect. Actual
tests should also be made by applying two signals of 1
volt each to the 50-ohm input of the filter; the spurious
signal developed should be more than 80 dB down.

Use a double-conversion i-f with fixed low-pass filters
to give variable bandwidth and constant slope.
It has always been a problem to maintain steep edges in
the i-f circuit bandpass characteristic when using nar-
row-band i-f bandpass filters. However, with a new
scheme that twice inverts the incoming signal in the fre-
quency domain, low-pass filters can be used with steep

edges that remain constant regardless of the narrowness
of the pass-band. One additional advantage of low-pass
filters is that they have a transient time that is half that
of the band-pass units. This avoid unnecessary ringing
in the filters when pulsed signals are being received.

The concept can be explained from the diagram in
Fig. 6. The main selectivity circuit is located in the sec-
ond i-f, at 525 kHz. The bandwidth of the second i-f
(and thus of the overall receiver) is selectable between
150 Hz and 12 kHz. With this method, the bandwidth is
selected not by changing the filter, but by changing the
frequency offset between two local oscillators.

The 525-kHz signal with, for instance, a maximum
bandwidth of +6-kHz (510 to 531 kHz), is first mixed
with a 467-kHz local oscillator signal to produce a signal
between 52 kHz (525 - 6 - 467) and 64 kHz (525+6 -
467). This signal is applied to a low-pass filter designed
with crystals to give a steep characteristic on the 64-kHz
side (this edge will form one of the edges of the eventual
i-f bandpass characteristic). This is a fixed-frequency fil-
ter and thus can be tuned and set once.

Then the 52-64 kHz signal is returned to the 525-kHz
center frequency and mixed with a local oscillator fre-
quency of 583 kHz to bring it back up to 52-64 kHz, but
the frequency spectrum is reversed from that of the first
situation (frequency components that were at the 64-
kHz edge are now 12 kHz below the edge). A filter with
a steep slope on the 64-kHz side cuts off the signal com-
ponents that were on the 52-kHz side in the first step.
Finally, the resulting steep-sloped signal is brought
back down to 525 kHz and demodulated.

Note that the passband edges are fixed and the band-
width is narrowed simply by adjusting the offset be-
tween local oscillator frequencies. For example, for a
2-kHz bandwidth, the local oscillators would be set at
462 kHz (525+1 - 64) and 588 kHz (525 - 1+ 64). Since
the edges are set by the low-pass filter, this gives steep
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5. Fliter. Low losses and steep slopes can be achieved with crystal
filters (lower curve is expanded to show detailed performance
around center frequency). In the circuit shown here filters with iden-
tical subscripts are set for the same operating frequency.
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6. Conversilon. Receiver i-f bandwidth is set by frequency offset between two local oscillators in second i-f. Incoming signal is converted
twice to the 52-64 kHz range, where filters with steep 64-kHz edges shape the over-all characteristic.

edges even at passbands as narrow as 150 Hz. This tech-
nique also gives a phase or delay characteristic sym-
metrical with respect to the center frequency. Crystal or
mechanical filters normally used in the i-f are of Chebi-
shev design, which results in nonlinear phase character-
istics. However, the low-pass filters can be Bessel-type,
which do provide the necessary linearity.

Consider the oscillator sideband noise in determining

negative effects on receiver’s dynamic range.
Oscillator sideband noise can significantly degrade the
receiver dynamic range through an effect called block-
ing. Oscillator noise can mix with a strong incoming sig-
nal, close in frequency to the desired signal, and pro-
duce a noise in the i-f passband that interferes with the
desired signal (by reducing signal-to-neise ratio). Heavy
distortion due to blocking can occur at signal levels well
below the 3-dB compression point (another term often
used to describe dynamic range). The 3-dB compression
point describes the start of cross-modulation and usu-
ally occurs at higher signal levels than the blocking ef-
fect. For example, as shown in Fig. 7, with sideband
noise of 145 dB/Hz, at 20 kHz off the center frequency of
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{10 KTg = 10 dB)
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7. Sideband noise. Input voltage level that produces 3-dB blocking
is related to local oscillator sideband noise, which mixes with incom-
ing signal. and also to over-all receiver noise factor.
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8. Gain. Agc circuits increase output signal-to-noise ratio (vertical
difference in dB between two curves). When ratio exceeds about 48
dB, input attenuator agc is activated for wde dynamic range.

the local oscillator and with a receiver noise figure of 10
dB, an input voltage of roughly 50 millivolts will cause a
3-dB blocking of the receiver, while the 3-dB compres-
sion point may not be reached until the input signal
reaches a level as high as 1 volt. Also note that if a syn-
thesizer is used for the local oscillator, spurious signals
must also be avoided, because they, like the noise side-
bands, will degrade performance.

Use proper agc distribution in the receiver for widest

possible dynamic range.
The dynamic range is affected by the lowest signal level
at which the agc is applied to the rf attenuator. Age
should be first used in the i-f circuits, until the antenna
signal reaches a level equivalent to a signal-to-noise ra-
tio of about 48 dB (see Fig. 8). Then, to protect the sec-
ond mixer from stronger signals, the attenuator agc
should be activated. Too-early activation of the at-
tentuator agc not only reduces the S/N ratio, but may
also produce instabilities in the agc circuit. Since the age
circuit is a closed-loop feedback system, it must be care-
fully analyzed; a Nyquist diagram, for example, should
be calculated to optimize its performance. O
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Designer’s casebook

Optically coupled ringer
doesn’t load phone line

by William D. Kraengel Jr.
Valley Stream, N.Y.

If passed through an opto-coupler, the ringing signal on
a telephone line can be made to operate a remote ringer
without overloading telephone-company lines, without
interfering with company service, and without degrad-
ing operation of the line receiving the signal. The opto-
coupler can also be used to operate other equipment,
such as a telephone message recorder. The arrangement
imposes only a 10-milliampere load on the ac ringing
signal and no load at all on the dc voice signals.

In this arrangement, the opto-coupler transfers the
ringing signal to the rest of the remote-ringer circuitry
and also isolates that circuitry from the telephone line.
The output current from the opto-coupler activates a
555 timer that is configured as an astable multivibrator;
the audio frequency from the multivibrator, amplified
and fed to the remote loudspeaker, then sounds when-
ever a ringing signal comes in on the telephone line.

As indicated on the circuit diagram, the telephone
ringing signal of about 100 volts at 20 hertz has a cycle
of 2 seconds on and 4 seconds off. This signal is applied
to the light-emitting diode of the opto-coupler through
a l-microfarad capacitor; the capacitive reactance at 20
Hz is about 10 kilohms, which limits the current of the
light-emitting diode to 10 mA. The frequency is doubled
by the full-wave bridge simply because a 40-Hz gating
rate in the sound from the loudspeaker is more pleasing
to the ear than a 20-Hz rate.

The 40-Hz output from the coupler is applied to the
reset input of the 555 multivibrator. The free-running
frequency of the multivibrator is set at a nominal 440
Hz, which is the frequency of the ring-back tone in a
telephone, or at whatever frequency is most pleasing to
the listener. The frequency can be adjusted by the 250-
kilohm resistor. The free-running duty cycle, which
would be fixed at 50% by the 1-kilohm resistor, is ap-
proximately 35% here because of the 40-Hz modulation
of the gating signal.

The output from a 555 timer is sufficient to drive a
small speaker through a current-limiting series capaci-
tor with no further amplification. In most applications,
however, power-amplification is required. The amplifi-
cation need only be of the switching type because of the
rectangular output of the 555. At current levels below

—

TELEPHONE LINE

RING SIGNAL - 100 Vac, 20 Hz
(2SECONDS ON_ 4 SECONDS OFF}
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Remote ringer. Opto-coupler flashes telephone-ringing signal to remote-ringer circuitry and isolates that circuitry from phone tine. Circuit
puts 10-mA load on ac ringing signal, and no load on dc voice signais. Frequency and volume at remote loudspeaker can be adjusted.
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50 maA, the 555 1s more effective as a current sink than
as a current source; for maximum efficiency and power
output, therefore, a pnp switching transistor is used.
The component values shown produce an output
power of about 5.5 W, which is almost the theoretical
maximum that can be obtained with a single 8-ohm
speaker, a Vec of 12 v, and a 35% duty cycle. Higher
output-power levels can be achieved by greater amplifi-
cation or lower speaker impedance. At higher levels,
multiple speakers can be used in a series-parallel ar-

Regulated power supply is
adjustable from 0 to 38 V

by Frank P. Miles
Rochester, N.Y.

Through careful biasing of the error-sensing and the
output driver for a 723C voltage regulator, a power sup-
ply that is variable from 0 to 38 volts can be designed.
The stability of the circuit over both time and tempera-
ture is excellent, depending only on the internal refer-
ence of the chip and being essentially independent of
output level. And finally, the circuit requires few com-

rangement, with each speaker using a matching L-pad
for individual level control.

This circuit draws a standby power of about 120 mw
from the 12-v dc supply. To reduce standby power to al-
most zero, a dual opto-coupler can be used. The second
isolated and synchronized output is used to gate a triac
static switch that turns on the power supply.

Even though this optical-coupling technique avoids
severe loading of the line, the telephone company
should be consulted before the ringer is installed. 0

ponents; most notably, it requires no zener diodes exter-
nal to the 723C.

The schematic shows how simple it is to custom-de-
sign the supply. R3 is a 2.5-kilohm potentiometer, cho-
sen to keep the reference current below 5 milliamperes.
R; = Ry and R; = R; for best bias stability and out-
put-range swing. The leakage-limiting resistor Rg has a
value of 47 ohms; it increases the safe operating area of
Qu.

The maximum output voltage is given by
Vourmax = (Rz2/Ry)Vrer

where the reference voltage Vrgr, a characteristic of the
723C, is typically 7.15 v. Resistor R, is picked to be
high enough to minimize loading of Rj, but small
enough to avoid bias-current problems at the error-am-

Q
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Regulated power supply. Setting of R; gives output voltage as low as 0 V, or as high as V;x minus small drop across Q,. Value of Vix must
not exceed 40-V limit of the 723C. Components shown here are for 0-20-V, 2-A supply.
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To measure lower distortion

MEASURE DOWN TO .002%

Here is an important new system for measuring
distortion.

This new Sound Tech 1700A is both an ultra-low-
distortion signal source and a total harmonic distortion
analyzer.

It's an instrument that’s fast and easy to use. You
can make a measurement in 5 seconds — because
both source and measuring circuits are tuned by the
same pushbuttons. Even non-technical production per-
sonnel can measure with it. And that can save a lot of
test dollars in the plant and lab.

than ever
before

-- Just
push a
button

AUTOMATIC NULLING

In the audio range you can typically measure down

to .002%. Full frequency ra..gc¢ is from 10 Hz to 110

kHz, all pushbutton-controlled for fast selection and

high repeatability.

Other important features:

¢ Fully automatic nulling — just push a button for
frequency at which you want the measurement.

¢ Is a high-sensitivity AC voltmeter — 30 microvolts
to 300 volts.

® Measures signal ratios up to 100 dB.

* Has differential input.

¢ Reads power in 8-ohm loads.

ECONOMICAL
The 1700A truly saves on initial outlay, too. It’s
only $1625 (other models only $1340). That’s less
than the cost of much lower performance oscillators
and distortion analyzers.

MAKE PROFIT HAPPEN — CALL NOW
So don’t get caught short. Make profit happen. Call
Larry Maguire or Bob Andersen and get full perform-
ance data on this important new development.

SOUND TECHNOLOGY

1400 DELL AVENUE

I CAMPBELL, CALIFORNIA 95008

(a08) 378-6540

DEVYELOPERS OF THE INDUSTRY-STANDARD 1000A STEREO ALIGNMENT GENERATOR AND 1400A ULTRA-LOW-DISTORTION OSCILLATOR

Circle 94 on reader service card



plifier inputs. Resistor Ry is then calculated from
Rz = (Voutmax/ Vrer)R4

The other resistors are calculated from straight-
forward circuit considerations. Resistor R; limits the
output drive of the 723C to about 10 mA because the in-
ternal zener diode is used. Its value, in kilohms, is

R7 0.1 Vn\' -0.62

where V)x is the unregulated voltage out of the rectifier.
(The value of Viy must not exceed the 40-v limit of the
723C.) Rg, calculated in ohms, provides the proper cur-
rent-limit point:

R8”0-65/1LIMIT

where Ipimpr is the maximum output current (in am-
peres). The pass transistor characteristics and heat sink
are also determined by the value of Ipivit. Resistor Ry,
calculated in kilohms, maintains zener regulation for
low output currents:

Ro& 5V - 31

The output voltage from this supply can be as low as
0V, or as high as V;y minus a small drop across the pass
transistor. The component values shown in the circuit
diagram are chosen for a 0-20-v, 2-A supply. O

Comparator and D-MOS switch
rectify small signals linearly

by Tom Cooper
TRW Systems, Redondo Beach, Calif.

Rectifying low-level signals with conventional silicon
diodes has always been cumbersome. The reason: input
signals lower than the diode’s turn-on voltage of ap-
proximately 0.6 volt result in a nonlinear output that is
generally made linear by the addition of one or two op-
erational amplifiers. But if an analog comparator and a
two-FET switch are used instead of the silicon-diode-
and-amplifier combination, it’s possible to rectify wave-
forms with amplitudes as low as 6 millivolts at fre-
quencies as high as 3 megahertz, while providing an
output that can be filtered to yield a dc value directly

proportional to the amplitude of the input signal.

The circuit is shown below. In this precision half-
wave rectifier, the input signal is applied to field-effect
transistor Q; and also to the NE529 high-speed com-
parator (20-ns propagation delay), which senses the zero
crossings of the input voltage. The output from the
comparator passes through a level-setting zener diode
and drives a high-speed analog switch (2-ns turn-on
time) that consists of double-diffused metal-oxide-semi-
conductor (D-MOS) FETs Q; and Q.. The comparator
and Q, drive Q: into the on state at each positive zero
crossing of the input waveform that is to be rectified,
and into the off state at each negative zero crossing.

Because Q2 is on when the input signal applied to its
source terminal is positive and is off when the input is
negative, the output from Q is a half-wave-rectified
version of the input waveform. O

Designer’s casebook 1S a regular feature in Electronics. We invite readers to submit original
and unpublished circuit 1deas and solutions to design problems. Explan briefly but thor-
oughly the circuit’'s operating principle and purpose. We'll pay $50 for each item published

Half-wave rectifier. Analog switch Q is driven on and off at the zero crossings of the low-level input signal, producing a precise half-wave-
rectified version of the input waveform. Amplitude can be as low as 6 mV and frequency as high as 3 MHz.
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Cost barrier cracked
in two-way cable TV

Remote rf-actuated switch is said to solve interference problem
and to pave the way for home services the consumer can afford;
test tryouts included 1,000 hookups in Columbus, Ohio, vicinity

by D. Stevens McVoy and Richard Reynolds, Coaxial scientific Corp., Sarasota, Fla.

0 Cable television equipment manufacturers a few
years ago were rushing to develop prototype hardware
to demonstrate a wide array of novel consumer appli-
cations for two-way CATV. These applications included
everything from traditional TV fare to such things as
automatic utility meter reading, computer-assisted tu-
toring, home shopping, and a host of other services.
Then something put a damper on things: it was recog-
nized that the expense of eqipping the consumer market
with any of the home terminals then available would be
prohibitive. Not only that, but technical problems
caused by rf interference were plaguing experimental
two-way transmissions. The total effect was to slow
down developmental work considerably.

Now a device patented by Coaxial Scientific Corp.
(¢csc), Sarasota, Fla., promises to remove these road-
blocks. CSC’s objectives have centered around building
a practical and low-cost home terminal system, and
minimizing the signal intrusion coming “upstream,”

that is, along the subscriber network to the CATV trans-
mission center. CSC believes that both objectives have
been met with the development of the code operated
switch (COS).

The cos is a remote switch controlled by command
from a minicomputer located in the CATV “headend”
transmission center. As illustrated in Fig. 1, the mini-
computer commands any COS to open or close, thereby
either passing or halting signals from going upstream
from that particular network branch. Digital signals
from home terminals through the code-operated
switches inform the transmission center of what TV
channel each subscriber is tuned to. The Cos also en-
ables the system to block rf interference, and it makes
feasible a relatively inexpensive home terminal using a
modified cable converter.

CSC is convinced that the system described here is the
breakthrough to successful two-way CATV (Fig. 1). The
company has conducted two years of small-scale testing
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1. Polling. in a pay-CATV operation, the minicomputer sends coded digital signals "“downstream’’ on a midband frequency, causing the
code-operated switch on a network branch to close. Subscribers’ two-way terminals in that branch are then polted.
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and 18 months of field operations. The latter included
operation of 1,000 home terminals in a pay-TV system.

In an operational system, only one COS is active at
any one time; in effect, only one branch out of many is
being polled at any one time (Fig, 2). All other COS
units are in the off mode. By switching on one COS at a
time, signal intrusion problems are greatly minimized.

Figure 2 shows where COSs are placed in a typical
CATV plant—generally at the output of each bridger am-
plifier, which typically serves 100 to 200 subscribers
hooked up along two to five miles of cable.

How It works

Each cos consists of band-splitting filters which sepa-
rate the downstream (50 to 300 megahertz) frequencies
from the upstream (5 MHz to 30 MHz) frequencies (Fig.
3). Downstream signals pass through the COS contin-
uously, without interruption, while the upstream fre-
quencies are either passed or blocked as directed by the
minicomputer.

The cos addressor, under the control of a mini-
computer at the operator’s headend, generates a serial
data stream that simultaneously frequency-shifts two
crystal oscillators, one normally operating at 10.70 MHz
and the other at 10.75 MHz. The frequency difference
between the two oscillators for a logical 0 is 50 kilohertz
and for a logical 1 is 54 kHz. These two carriers are then
upconverted to 113.40 MHz and 113.45 MHz and in-
serted on the CATV system.

A directional coupler on the downstream line feeds a
113.40-MHz bandpass filter which feeds a two-stage rf
amplifier and mixer. The two signals of 113.4 MHz and
113.45 MHz produce mixing products at 227 MHz and at
50 kHz or 54 kHz, The latter product, the one of interest,
is separated with a low-pass filter and fed into a reso-
nant discriminator. (This product is 54 kHz or logical 1,
as mentioned above.) The output of the discriminator is
then fed to a comparator which provides a TTL-compat-
ible data stream to the address decoder. The address
decoder recognizes its unique address and produces a
logical 1 output when the proper code is received.

An 1f switch consisting of a unity-gain amplifier stage
is inserted in the upstream path of the COs. This switch
is under the control of the address decoder and allows
upstream signals to pass through the COS when the
proper code has been received. When the rf switch is in
the off mode, the upstream signals are attenuated 50
decibels. Each COS also contains an identification trans-
mitter, located prior to the rf switch, that provides posi-
tive identification for the minicomputer that the proper
COS has been enabled.

Substantial reductions in maintenance costs and sig-
nificant increases in system reliability now can be real-
ized, thanks to the COS-minicomputer combination. A
fault in the cable system, such as a loose connector or
damaged cable sheath, is easily isolated by the mini-
computer to one small segment of the system, where
technical personnel can quickly correct the problem.
Also, the cumulative effect of signal intrusion, being
largely proportional to the amount of cable plant con-
tributing noise, is reduced by the use of the COS to sub-
divide the plant. In fact, the code-operated-switch ap-

Electronlcs/February 20, 1975

proach reduces the intrusion problem to the point
where it is no longer a serious obstacle.

Saving terminal costs

Use of the COS opens the way for an inexpensive
home terminal. A major expense in a typical inter-
rogation-response home terminal is the rf receiver,
decoder, and address-recognition circuitry. But a termi-
nal that simply reports its status, and which operates in
the frequency-division-multiplex mode (FDM), does not
require this circuitry. Such a FDM terminal requires only
a data encoder and rf transmitter circuit. Many termi-
nals operating in the FDM mode, however, occupy too
much bandwidth in a nonsegmented cable system. But
the COS approach, by segmenting the CATV system into
small areas of less than 200 terminals, makes the FDM
method practical within those areas.

Home terminals in each COS area are assigned unique
rf carriers shifted 20 kHz apart. The carriers are fre-
quency-shift-keyed (FSK) and modulated with status in-
formation from home terminals. This approach results
in a component cost of approximately $14 per home ter-
minal (Fig. 4). When combined with a CATV set-top con-
verter, the total package costs only $60, and the simplic-
ity of the terminal promises lower maintenance costs.

What's at the movies

During 1973, csc designed and manufactured 1,000
home terminals to be used by Telecinema, the pay-TV
operator in Columbus, Ohio. Telecinema offers first-run
movies, without commercials or editing, on three mid-
band channels (TV channels between channels 6 and 7).
This per-program pay-television operation is unique in
that it allows per-program billing and impulse buying
without use of telephone orders or special tickets. Since

<] FEEDER AMP
S Lo PRIMARY COS
<41 TRUNK AMPWITH
BRIOGER AMP SECONDARY COS
——~— TRUNK 0.750-IN. CABLE () END-OF-LINE
——— FEEDER 0.500-1N. CABLE OSCILLATOR

2. The route. Code-operated switches isolate segments of the CATV
net. Only one branch is turned on at a time to prevent rf noise in
other sections from filtering back to the cable trunk. Only 100 to 200
homes per isolated section can communicate *‘upstream'' at a time.
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at 50 to 300 megahertz pass continuously, but the “'upstream" signals at 5 to 30 MHz only pass through the COS when commanded.
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4. Simple reply. Because the circuit board added to the home ter-
minal does not have the rf receiver, decoder, and address-recognition
circuitry used in other more expensive interrogation/response sys-
tems, the cost is only about $14.
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the home terminal acts to monitor the channel position
and status of a subscriber’s set and reports these facts to
the headend computer, it is possible to prepare a sub-
scriber’s bill that reflects actual usage of the service.

The home terminal modified by CSC consists of a
standard CATV set-top converter of 26-channel capacity
with a small board containing the control circuitry (Fig,
5). The CSC circuit board monitors the position of the
26-channel selector, the position of a security key on the
front panel of the home terminal, whether the sub-
scriber’s television receiver is on or off, and the status of
an installation switch.

The data transmission circuitry consists of a parallel-
to-serial 16-bit data converter with a Manchester en-
coder driving a frequency-shift-keyed (FSK) modulator
and crystal-controlled transmitter frequency-shifted ap-
proximately 3 kHz by switching additional capacitance
across the crystal. A clocked 4-bit counter addresses a
data selector to provide the parallel-to-serial data con-
version. Two of the 16 bits are used as a start-of-mes-
sage marker, and 14 are available for data.

To allow the subscriber to control the use of pay-tele-
vision service, a security key is provided on the home
terminal front panel and before pay-Tv channels can be
viewed, this key switch must be on. All other TV chan-
nels are available to the viewer in either position of the
security key.

The primary winding of a current sense transformer
is in series with one side of the ac convenience electrical
outlet serving the subscriber’s TV set. The secondary
winding drives a threshold detector, thereby providing
indication of whether the TV set is in use.

To effect Manchester encoding of the serial data, the
output of the data selector and the clock output are the
inputs to an exclusive-OR gate. Because the serial mes-
sage is continously transmitted, a message marker is
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necessary to distinguish the beginning of the message.
The marker is generated by defeating Manchester en-
coding during the first data period, cancelling out clock
transitions for that period. To continue the marker pe-
riod without transition for another half period, the next
bit is set to logic 0. This provides a minimum of one and
a half periods without transition and provides the first
transition for data sampling.

A successful operation

When the subscriber wishes to watch one of the mov-
ies, he simply turns on the security key on the terminal
and tunes one of the pay channels. At the end of each
month, the subscriber receives an invoice similar to a
long-distance telephone bill itemizing his charges for
the movies viewed during the month.

The results of this 18-month test in Columbus dem-
onstrates that the technology is reliable. Subscribers
have accepted the service enthusiastically, paying an av-
erage of $7 per month for first-run movies. This revenue
is sufficient to provide an excellent return on investment
to the pay-television operator, and as a result Tele-
cinema’s parent company, Cablenet International
Corp., is planning to expand from the 1,000-subscriber
test system to the installation of approximately 10,000
home terminals, and is presently seeking the financing
to do so.

Cablenet looks beyond the present movie offering to
the introduction of live sports events, special cultural
shows, and other special-interest programing. Experi-
mentation has already begun with sports and children’s
programs produced by Home Box Office, and addi-
tional programing will be introduced in the near future.

Using the terminals, Cablenet intends to experiment
with education pay television, including college-level in-
struction for credit, vocational education, and home
self-improvement programing such as speed reading.
The operator expects that the additional programing to
be offered in the future will substantially increase the
average revenue per home from the present $7 level to
$12 a month or more. Since there are few hardware or
operating costs associated with providing this additional
programing, most of the increased revenue will go di-
rectly toward profits for the pay-TV operator.

Other applications

The establishment of a large-scale network of home
terminals for per-program pay-television service is only
the beginning. Additional data capacity is available in
the CSC home terminal so that various other input de-
vices such as intrusion and fire alarms can be connected
at little cost, simply by attaching leads to the circuit
board inside. Keyboards for opinion polling, home
shopping, and computerized data retrieval are other
possibilities—again with only a small amount of hard-
ware. Remote reading of electric and water meters is
also economically feasible. Because the incremental
hardware cost for adding these services is small, low ser-
vice charges would be sufficient to support them. And
since a large number of terminals will be available in
Columbus, the establishment of a profitable business
providing one or more of these services is feasible.
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Cable TV specs

A CATV system is based on a high-integrity network of
trunk amplifiers and trunk cable coming from the oper-
ator's headend transmission center. The trunk is de-
signed to deliver signals to bridger amplifier areas with
a minimum of degradation. Bridger amplifiers tap sig-
nals from the trunk for use in the bridger service area
comprising about 100-200 subscribers connected by
two to five miles of feeder cable.

Feeder ampliflers in turn maintain signal levels
within the feeder network. The feeder cable system
delivers signals to tap-offs located near subscribers’
homes. From these tap-offs, signals are routed to
home Tv receivers on RG type coaxial cables (drops)
usually shorter than 150 feet. The tap off takes enough
signal from the feeder cable to serve four homes.

Trunk cables are of larger diameter (0.750 inch)
aluminum solid 'sheath for lower attenuation than
feeder cable (0.500 inch). Economy dictates smaller
cables for the feeder.

Signals flowing in the downstream direction, from
the headend to subscribers, use the vhf band from 50
megahertz to 300 MHz; signals in the upstream direc-
tion, from subscribers back to headend, use the sub-
band from 5 MHz to 30 MHz. Amplifiers in two-way
systems actually use an amplifier for each direction
with band splitting/combining filters, as shown in the
illustration.

DOWNSTREAM
“ 50 - 300 MHz >

—]AMP,

<+— HEADEND /A \

AMP

SUBSCRIBERS —

BAND-SPLITTING
FILTERS

UPSTREAM ___
5 — 30 MHz

The €SC home-terminal system, not limited solely to
cable television systems, can handle a variety of tasks in
any broadband coaxial network. A variation of the CSC
terminal system is presently being developed for use in
motels, for example. The system consists of a home ter-
minal similar to the one in the Columbus CATV system,
but considerably simplified and offering fewer television
channels. Microprocessor-based systems are under de-
velopment to allow the installation of a complete pay-
television system inside small and medium-sized motels
and hotels. In addition to providing pay-television ser-
vices, the terminal can also communicate room status,
maid request, and television theft attempt. A stand-
alone microcomputer terminal at the hotel desk con-
nected to the room terminals will provide this informa-
tion on a printout machine. Development is well along,
with test installation anticipated early this year.

The CSC system has educational applications, too. In
one situation, using a school’s master-antenna TV
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5. Alteration. By inserting a 2%-by-4%-in.
circuit board (top) into a standard cable
converter, the operator is able to obtain two-
way communication via a frequency-shift-
keyed transmitter and data selector designed
into the adapter board.

(MATV) system, students have a small terminal
equipped with a row of push buttons and an “enter”
key. The instructor may use this arrangement to admin-
ister multiple-choice tests for grading purposes or for
Judging student comprehension of his lectures, and get
an immediate computer printout of the students’ re-
sponses. (The same technique can be used for opinion
polling of subscribers over a CATV system.)

Television viewing surveys are possible with the Csc
terminal, since it monitors the use of all the television
channels available to subscribers. In the Columbus sys-
tem, the computer generates a report every 15 minutes
indicating the percentage of TV sets tuned to each of the
television channels at that time. However, for a future
audience appraisal plan, the CSC system can provide
much more detailed and reliable viewing information
than the present methods of testing over-the-air viewing
because of the much higher percentage of homes sam-
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pled at more frequent intervals by the cable network.
The interactive TV system is also useful in industrial,
hospital, and business office applications where very
inexpensive data-entry terminals are required. CSC ter-
minals combined with a small television monitor, for in-
stance, could provide a complete interactive data link
with a local minicomputer for inventory control or ac-
counting purposes. Since the terminal costs would be in
the $100-$200 range, units could be available at many
locations. O

ADDITIONAL READING
D Stevens McVoy, “A Low-Cost Two-Way Home Terminal for CATV," TV Communications,
October, 1974
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Patent No. 3,786,424

D. Stevens McVoy, et al., "'Communications System Encoder-Decoder for Data Trans-
mission and Retrieval,”' Patent No. 3,832,690.

Ernest K. Smith, "Pitot Two-Way CATV Systems," IEEE Transactions on Communications,
Vol Com. 23, No. 1, January, 1975
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Op amp stabilizes zener diode
in reference-voltage source

The operational amplifier’s isolation characteristics can be used to
buffer a reference zener against the supply and load variations that
would otherwise downgrade the diode’s temperature and voltage stability

by William D. Miller and Richard E. DeFreitas, Hybrid Systems Corp., Burlington, Mass.

O On its own, a reference zener diode can produce a
reasonably stable voltage. But in conjunction with an
operational amplifier, a reference diode of selected
quality can be made to provide a voltage temperature
stability as good as | part per million per degree cel-
sius—precise enough for applications like data conver-
sion and instrumentation.

To obtain a zener voltage and temperature coefficient
as stable as this, the current through the zener must be
kept constant and prevented from fluctuating with
changes in power-supply voltage and in load conditions.
The op amp does not cancel zener imperfections, but its
excellent isolation characteristics can be used to create
nearly ideal circuit conditions for the diode, buffering it
against both supply and load variations.

A third factor affecting zener current is operating
temperature, and of course it also must be kept con-
stant, by appropriate thermal management, which
might even involve thermostatic control of the environ-
ment or a constant-temperature oil bath.

Back to basics

The transfer characteristic of a zener diode is shown
in Fig. 1(a). Since the curve is not parallel to the current
axis in the reverse breakdown region, where a zener is
operated, the zener dynamic impedance (rz) is finite,

Vz
= t > V

l

7

-MZ F ———————— -z
- DYNAMIC IMPEDANCE
AV, t7 = AV; /Al
) Y

—

usually on the order of 10 ohms. Because of this finite
impedance, a zener cannot function as a perfect voltage
source, supplying the same output voltage no matter
what the size of the load. The intrinsic zener impedance
and the load impedance always form a voltage divider
that attenuates the zener output.

The zener current also influences the zener’s voltage-
temperature coefficient. Typically, this parameter rises
or falls approximately 4 ppm/°C for each milliampere
of increase or decrease in operating current. A zener
diode, therefore, is most stable when operated at a con-
stant current level. (In practice, the operating current
that minimizes the temperature coefficient will vary
slightly from device to device.)

The simple single-polarity reference source of Fig.
1(b) illustrates how load and supply variations affect ze-
ner current and, hence, zener voltage. Without the load
connected, the zener current is 7.5 milliamperes, and
the zener voltage is 6 volts. But when the load is put
across the zener, it pulls 1 mA from the diode so that ze-
ner current drops to 6.5 mA and zener voltage is re-
duced by 10 millivolts. This output voltage change cor-
responds to a load regulation of 0.16%, which is too
poor for many applications. Also, because the zener cur-
rent has varied by | mA, the zener’s voltage tempera-
ture coefficient will change by 4 ppm/°C.

1N829

1. The problem. Because of the finite slope of the zener diode's transfer characteristic (a) in the reverse breakdown region, zener current is
affected by both supply and load variations. In circuit (b}, for instance, without the load, the zener current is 7.5 mA, producing a zener volt-
age of 6 V. When the 1-mA load is connected, however, the zener voltage drops by 10 mV, corresponding to a load regulation of 0.16%.
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2. A helping hand. |f a zener is buffered by an op amp, it will be iso-
lated from load fluctuations. For both circuits shown here, the zener
current is independent of the load current, which is supplied by the
op amp. [n (a), the op amp acts as a high-impedance buffer for the
zener. In (b), because of the virtual ground, the input current, how-
ever derived, determines the zener current. If the input current for ei
ther of these circuits is obtained from an op amp, then the zener will
also be isolated from supply variations.

In contrast, quite a large change in the supply volt-
age, about 1.2 v, is needed to produce the same 10-mv
output change. But the supply regulation becomes more
important if the loading is lighter, say 10 microamperes
instead of 1 mA. For example, a 10-¢A change in the
load will produce an approximate output change of
only 0.1 mv. However, with a 10-pA load, a supply vari-
ation of just 12 mv will now cause a 0.1-mv output
change.

An op amp, along with an appropriate feedback net-
work, can isolate a zener from the adverse effects of
both line and load variations. When a zener is properly
buffered, its current will remain essentially constant so
that changes in zener voltage and temperature coeffi-
cient can be held to a minimum.

The op amp’s advantages

Basically, an op amp is a differential amplifier that
rejects equal in-phase signals if they are common to
both its inputs. Since power-supply variations are such
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signals, they are rejected, and the op amp does not re-
spond to them. Therefore, if the output of an op amp,
which is inherently isolated from supply fluctuations, is
used to drive a zener, that zener will also be isolated
from line variations. The power-supply rejection of to-
day’s op amps is very good, frequently 80 decibels or
greater.

Isolating a zener from load variations is another mat-
ter. To Go this, some of the other characteristics of an
op amp—such as high gain, low output impedance, and
high input impedance—must be exploited. Figure 2
shows two circuit techniques that use these op-amp
properties to make zener current independent of load-
ing demands.

In the circuit of Fig. 2(a), the op amp simply acts as a
high-impedance buffer for the zener. No matter what
the load current is, very little current is drawn by the op
amp, so that the zener current remains fairly constant.
The current required by the op amp is:

I, = Ep/Rp (D

where Rp is the op amp’s differential input impedance,
and Ep is the voltage between the op amp’s inverting
and noninverting inputs. This voltage can be expressed
as:

Ep = E,/G 2

where E, is the output voltage, and G is the gain of the
op amp. Since G is usually very large, on the order of
104 or more, differential voltage Ep is approximately
equal to zero, and the output voltage is essentially the
zener voltage:

EQ S Vz
Substituting Egs. 2 and 3 in Eq. | yields:
Ii S EO/GRD = Vz/GRD

which is a very small number. Effectively, differential
impedance Rp appears to be G times greater than its
nominal value, so that it draws G times less current.

However, it should be noted that the common-mode
impedance (Rcy) of the op amp is what actually limits
the input impedance of this circuit. Since impedance
Rewm s grounded, it shunts the zener, as well as differ-
ential impedance Rp. Fortunately, for all op amps, Reu
is much greater than Rp, so that Rcy itself never unduly
loads the zener. If zener loading must be kept to a min-
imum, then a FET-input op amp, because of its excep-
tionally high input-impedance levels, becomes a logical
choice for the amplifier.

This circuit (Fig. 2a) offers a straightforward method
of developing a single polarity reference source. How-
ever, the circuit of Fig. 2(b) makes possible even tighter
control of zener current. Here, the zener diode is placed
directly in the feedback loop of the op amp. Further-
more, this circuit (Fig. 2b) is useful for deriving both
single-polarity and dual-polarity reference sources.

The high gain of the op amp and the feedback action
combine to create a point that is very close to zero volt,
or ground potential. This virtual ground permits the in-
put current (I;) to determine the feedback zener current
(Iz) precisely and independently of the load, regardless

(3
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of how the input current is derived. Therefore, because
of the virtual ground:

Ii = —Iz

Furthermore, the input current is not affected by the
level of the output voltage:

Ii = Ei/Zi
where E; is the input voltage, and Z; is the input imped-

ance. Again, as with the circuit of Fig. 2(a), the differ-
ential voltage, Ep, is about equal to zero, because:

ED = EO/G
where G, the op-amp gain, is very large.
A single-polarity reference

One way to implement a single-polarity reference
source, using the inverting circuit of Fig. 2(b), is shown
in Fig. 3. In order to take advantage of the power-sup-
ply rejection of the op amp, the zener driving voltage is
derived from the op amp by the addition of a small
amount of positive feedback, through resistors R, and
Rs. The destabilizing effect of this positive feedback is
minimal since negative feedback predominates.

The positive feedback factor can be written as:

Bp = R2/(R1+Rg)
which is less than 1. The negative feedback factor is:
Bx = R3/(R3+rz)

where rz is the zener impedance. Since rz is small com-
pared to R, Bx is approximately unity, so that:

B is greater than Bp
The op amp’s differential input voltage is given by:
ED = EOBP - (Eo - VZ)BN

Since:

Ep = EJ/G
then:

E, = GEp

E, = G{E.Bp ~ (E, - Vz)Bx]
Eo = GEo(Bp - Bx) + GVazBx
Eo, = (BxV2)/[(1/G) - (Bp - Bx)]
where G is the gain of the op amp. Since G is much

greater than 1, By approximately equals 1, and Bx is
greater than Bp, then:

E, = VZ/(I _BP)
E, = Vz(R1+ Rz)/ Ry
Eo CS Vz[[ + (Rz/Rl)]

The load regulation for the circuit can be expressed as:
regulation = ro/[RLG(Bx - Bp)]

where 1, is the output impedance of the op amp, and Ry,
is the load resistance.

Since the output impedance of an op amp is quite
low, ranging from milliohms to ohms, depending on the
type of amplifier being used, the op amp acts much like
an ideal voltage source, supplying a constant output
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3. Unipolar reference. Here, the inverting circuit of Fig. 2(b) isolates
the zener from load variations. A small amount of positive feedback
permits the zener to derive its driving voltage from the op amp and
thus take advantage of the op amp’s power-supply rejection.

voltage that is independent of the load. This means that
the circuit’s voltage regulation can be very good—any-
where between 0.001% and 0.01%, depending on the op
amp and zener diode selected. Also, the voltage tem-
perature coefficient of this circuit can be that of the ze-
ner itself, as long as the resistors used for the circuit are
closely matched.

The op amp chosen must be able to supply all circuit
operating currents, as well as the load current. In addi-
tion, since the noninverting op-amp input is above
ground potential, the common-mode capability of the
op amp must be adequate for desired circuit operation.
Of course, the op amp’s power-supply rejection and off-
set voltage drift are also important. Typical circuit val-
ues and device type numbers are indicated paren-
thetically in the diagram.

Dual-polarity references

The requirements of a dual-polarity voltage reference
can be even more demanding than those of a single-po-
larity source, especially if both the positive and negative
voltages must be maintained symmetrically about
ground. The inverting circuit of Fig. 2(b), because of its
inherent virtual-ground point, is particularly adaptable
for such an application.

In the dual-polarity source of Fig. 4, a single zener
diode is made to generate precise ground-referenced
bipolar output voltages. The zener voltage is the differ-
ence between the two outputs:

Vz="Va-Vs (4)
where V, is the positive output, and Vg is the negative
output. Since the virtual-ground point is the node to
which all circuit voltages and currents are referred, the
output voltages are merely scaled by resistors R; and
Rz:

VA/Rl i VB/Rz
Rearranging the terms of this equation yields:
VA = —(VBRl)/Rz (5)
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Since V4 = Vz + Vg (from Eq. 4), Eq. 5 can be rewrit-
ten as:

Vz + Vg = —(VeR1)/R2
or:
Ve = -(VzRz)/(R1+ R2)

Similarly, since Vg = V4 - Vz (from Eq. 4), Eq. 5 can
again be rewritten as:

Va = -[(Va-Vz)Ri)/R2
or:
VA = (Vle)/(Rl +R2)

When resistors Ry and R; are equal to each other, posi-
tive output V4 becomes +V3z/2, while negative output
Vg becomes -Vz/2.

The load current for the negative output is supplied
directly by the op amp. Therefore, any variations in the
negative load current will not affect the zener’s current
or voltage. A load variation on the positive output, how-
ever, will directly reduce zener current, thereby chang-
ing the zener voltage. But, because of the virtual ground
created by the op amp, this change in zener voltage is
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4. Bipolar reference. Because of the virtual ground in the circuit of
Fig. 2(b), a single zener can be made to produce positive and nega-
tive outputs that remain symmetrical with respect to ground. How-
ever, since the op amp supplies only the negative load current di-
rectly, a change in the positive load current still affects the zener.
The resulting voltage reduction is divided equally between the out-
puts, so the symmetry about ground is preserved. Also, the zener,
being driven by the supply, is subject to line variations.

divided equally between the two outputs, so that both
positive and negative outputs remain symmetrical with
respect to ground.

With this circuit, however, the zener, being driven di-
rectly by the supply and not by the op amp, is not iso-
lated from supply fluctuations. As a rule, though, a sup-
ply having adequate regulation for an op amp will pose
no problems for the zener.

A current-booster transistor, Q, is included here to
permit the use of an op amp having only a moderate
output capability. The op amp must be able to sink all
of the circuit’s operating currents, except for the positive
load current, and this can add up to a heavy demand
and a costly amplifier. The transistor is an inexpensive
way to save money on the op amp. Diode D, is included
to assure that the amplifier turns on properly. Typical
circuit values and device type numbers are noted par-
enthetically in the figure.

To build a dual-polarity reference that is immune to
line fluctuations, as well as load variations on both the
positive and negative outputs, requires a second op
amp. In the circuit of Fig. 5, amplifier A, supplies the
negative load current, while amplifier A, supplies the
positive load current. The zener current then will not be
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5. Improved bipolar reference. Adding a second op amp to the cir-
euit of Fig. 4 enhances output stability considerably. Since amplifier

A, supplies the negative load current and amplifier A, supplies the
positive load current, the zener is immune to load variations on either
output. The zener is now also isolated from line variations because
its driving voltage is obtained through the op amps.

affected by a change in the load for either output.
Moreover, since the driving voltage for the zener is de-
rived from the op amps, the zener is isolated from sup-
ply variations by the power-supply rejection of the op
amps.

Both outputs are maintained symmetrically about
ground because each amplifier creates its own virtual-
ground point. The negative output voltage is simply an
inverted version of the zener voltage:

VB E —Vz

The positive output voltage, on the other hand, is scaled
by resistors R; and R, permitting it to be an amplified
or attenuated version of the zener voltage:

Va = (VzR1)/R2

If resistors R, and R; are equal, then V4 is simply + V3.
As with the dual-polarity reference of Fig. 4, the two
output voltages are related to each other by:

VA/Rl e VB/Rz

Transistors Q, and Q2 act as economical current
boosters, while diodes D, and D; provide the gating ac-
tion necessary for turning the amplifiers on properly. If
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chopper-stabilized op amps are chosen for amplifiers A,
and A, the circuit’s thermal and long-term stability will
be quite good. Typical device type numbers and circuit
values are shown parenthetically in Fig. 5.

Both of the dual-polarity references described here
permit a line and load regulation of 0.001% to 0.01% to
be achieved. And the temperature stability of both cir-
cuits can be as good as that of the zener diode being
used. For example, the temperature coefficient of the
popular type 1N829 reference diode can be as low as 4
ppm/°C.

Naturally, any reference source must operate in an
appropriate thermal environment if circuit stability is to
be maximized. Remember that the circuitry associated
with the zener diode can dissipate significant amounts
of power. An obvious way to minimize the unwanted
heat this generates is to choose a low-current reference
diode and low-power op amps. C
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Why are other

~ computer companies
refusing to run

benchmarks against
the Eclipse?



Apparently, theyve seen some of the results.
Eclipse has been running Fortran benchmarks fasterthanan

IBM370/155.

Andmorethantwiceasfastasthe PDP-11/45.

Its evenbeaten out a Xerox Sigma 9.

Andthose benchmarks were not ones we designed to make
Eclipselook good. We only ran programs that prospects asked us
torun.

Not only that, the Eclipse they were run on was using core
memory. If we had used semiconductor memory with cache, you
canimagine what would have happened.

Eclipse may have caught the competition off guard, but that’s
just what we expectedit todo.

That's why we built Eclipse around a new microprogrammed
architecture andaninstruction set designed for highlevel languages
and real time operating systems.

Andthat’s why we gaveit the fastest Floating Point Processor
intheindustry.

But making a computer fast is one thing. Gettlng all that speed
out of itis another.

So we also came up withasophisticated new set of Eclipse
software: A Fortran 5 package, and anew Mapped Real Time Disc
Operating System withfeatures like virtual overlays and window
mapping. ( Which you may not have heard about because we just
invented them. )

Whichmeans if you don’t want to end up witha computer

that's been eclipsed, youre goingto have to do something aboutiit.
Call(617)485-5467.

DataGeneral

The computer company you can understand.

4o Daia General Corporation Southboro, Massachusetts (M77 2. (617) 4859100
Data Gen of Canada. Data General Europe, | 16 Rue de la Tour. Paris 75016 France
Data General Australia, Melbourne (03) 821361 'Sydney (02) 908-1366
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Engineer’s notebook

Two-color LED pair conTRoL
is digital status indicator e =

by Bill Schweber
GTE Sylvania, Needham, Mass.

A red-and-green LED pair in a single package, such as ENABLE
the Monsanto MV 5491, can serve as a status indicator —
for digital levels with a single supply-voltage circuit.

The polarity across the LED is reversed by changing the = =
relative potentials at the two LED terminals, rather than L I
by having one of its terminals at ground and putting Logic probe. A red-and-green Leo packaged pair, such as the Mon-
positive and negative voltages on the other. santo MV 5491, can serve as a status indicator for digital levels.

An on/off line enables the entire indicator. Transis-

tors Q; and Q: serve as LED drivers. When the glows green with R, limiting current. Note that R, and
red/green control line is high (and the enable line is Ry are of different values because of the different for-
high), the output of gate A is low, turning Q; off, while ward drop across the LED, depending on which way it is
gate C’s output is high, so Q2 is on. Current goes biased. Pulling the enable line low causes the outputs of

%7400 1.5k2

through limiting resistor Ry, and the LED glows red. gates A and C to go high, so Q; and Q2 turn on, putting
When the control line is low, the situation reverses, as  both ends of the LED at the same potential; therefore
does the difference of potential across the LED, which the LED stays off. O

terminals are connected to finger-tip-size touch pads.

During scanning of the 16 multiplexer inputs, which are

-I—rL IC SErves as actually NAND-gate terminals, apnumberPi)s generated at

tOUCh keyboard the output only when the corresponding pad is touched
) by an operator’s finger.

by David Cockerell The transistor-transistor-logic NAND gate in Fig. 1 il-

Electronic Music Studios (London) Lid., London, England lustrates the operating principle of this keyboard. If one

input of the gate is pulsed high while the other input
terminal is allowed to float, the stray capacitance of the
The terminals of a $2 multiplexer IC can be used as a floating terminal (typically 3 picofarads) is charged by a
contactless keyboard to produce binary-coded output. current of about 1 milliampere. This makes the floating
The i1C is mounted on a printed-circuit board, and its terminal also go high, and the two high inputs result in

FINGER v
ON PAD cc
PAD NOT - v U\lho
TOUCHED PAD NOT - GATE
| —_— TOUCHED e &
st s e M T .
in |
l || DUTPUT
| ‘
| TOUCH PAD | \ .....
|
; F W ¥
| e GND
|
DUTPUT | | ; (I,
| [ | l]

1. Touch control. Operator's finger on terminal of TTL NAND gate makes output stay high when other input is pulsed. Output is generated
by addition of capacitance from finger—no switches or leads are required. Using this technique, 16-terminal IC can be contactless touch-
control keyboard for BCD output. External diodes protect against positive voltage spikes, and internal diodes protect against negative spikes.
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a low output. If the operator touches a 30-pF finger to
the floating terminal, however, that terminal charges
more slowly; it does not have time to reach the thres-
hold voltage (unless the pulse is very long), and there-
fore the output stays high.

The complete circuitry for the capacitive touch key-
board is shown in Fig. 2. The pulse that strobes the mul-
tiplexer also clocks the scanning counter, which delivers
A,B,C, and D inputs to both the multiplexer and the
parallel-load shift register. During 16 successive clock
pulses, the counter scans the 16 possible 4-bit combina-
tions at ABCD, and, at the 4-bit word corresponding to
the pad that is touched, the multiplexer produces an
output pulse to the shift register. This pulse (into S1 and
S0) loads 4-bit word ABCD into the shift register on the
trailing edge of the clock pulse.

The shift register can be loaded only if the multi-
plexer output has been high during the last 20 ns of the
clock pulse. This requires that the duration of the clock
pulse be more than 20 ns (to let untouched terminals
charge up to threshold voltage), but not long enough to
let the touched pad charge. A pulse duration of 50 ns
has been used successfully.

If the input current to a pad were unusually low, the
pulse might have to be longer. Manufacturers of TTL
specify only a maximum value for input current, but in
fact, the spread in values is less than two to one from
one device to another, and is even less between termi-
nals on the same chip. To minimize the effect of this
spread without having to adjust each circuit, fixed ca-
pacitance of the touch pads should be kept low.

The clock frequency is not critical. It merely must be

SHIFT
MULTIPLEXER REGISTER u
74150 74194 | -
Anf—e »—JAin Al—1] 2
TOUCH B in f—e »—8in Bl— | 5
PAODS Cin f—e Cin C— S
| | 0 0m <9 »—4 Oin U?fv— f
T CLK 5o 51
D—I D C A (1 }
, ! COUNTER
i .: 74161\ o §
1
s b -
STROBE
PULSE i

50 ns, 10 kHz

2. Keyboard. Complete circuit for contactless touch-control key-
board uses multiplexer, counter, and parallel-load shift register.
Pulse that strobes multiplexer also clocks scanning counter into shif:
register on its trailing edge. Output from register is 4-bit word.

low enough to allow 10-nanoampere inter-emitter leak-
age to discharge the touch pads between scans. A clock
frequency of 10 kilohertz has operated satisfactorily.
The wise designer will add diodes to clamp the pads
to Vece because rubber shoes on nylon carpets can pro-
duce some horrifying voltages—as high as 10 kv for a
man, and 20 kv for a woman—that can easily destroy
the emitter junction of a gate. These diodes, included in
Fig. 1, protect against positive voltage spikes. The inter-
nal ground-clamping diodes provide protection against

Designing with preferred
component values cuts costs

by Nathan O. Sokal

Design Automation Inc., Lexington, Mass.

Designing with a minimum number of component val-
ues--so-called “preferred” values—can reduce materials
and administrative costs for both manufacturing and
engineering functions. The practice is no longer as com-
mon as it used to be, but it deserves to be revived now
in updated form.

The accompanying tables suggest an order of prefer-
ence to be followed in selecting values of resistance, in-
ductance, capacitance, zener-diode voltage, field-effect
diode current, and the like. Such components are avail-
able in sets of values that result from rounding to two
(or three) digits the values obtained from 10724 (or
107/%6), where n ranges from zero to 23 (or 95) for each
decade.

Tables 1 and 2 show the values in each of these series
arranged into four columns to indicate the preferred or-
der of component selection. Column one contains the
first value and every eighth succeeding value. Column

Electronics/February 20, 1975

negative spikes. ]
20% SERIES 10% SERIES 5% SERIES
First Second Third Fourth
Preference Preference Preference Preterence
1.0
1.1
1.2
1.3
1.5
. 1.6
) 1.8
\ | 2.0
2.2 |
| 2.4
| |~
3.0
‘ 33 ‘
36
39
4.3
47
5.1
5.6
6.2
6.8
75
8.2
9.1

two contains values that are half way between two val-
ues in column one. Column three contains values that
are half way between values in columns one and two,
and column four contains all the rest. The order of pref-
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Lisfeners maintain
a low protile

Even in the solitude of the forest depths, from rooftops,
arctic tundra, swamps to sweltering tropics, 'neath snow,
sand or ice,

the Hermes Loop antenna keeps an ear to the sky.

The amazing aperiodic antenna does away with vast log
periodic and rhombic arrays - those towering antenna
‘arms.

Excellent directional characteristics in rosette
configuration, the Hermes loop antenna provides an
omnidirectional broadband receiving array in space
merely 1/100th that of the traditional antenna farm.

More than 53 government agencies around the world have
pressed the loop antenna into service. 2.32MH
A new, even more compact version is available. B z
Only Hermes Electronics makes it. BROADBAND

ASK US Send for our Brochure
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erence in Table 1 may be familiar to engineers with
long memories, but extension of preferred values to in-
clude the three-digit series is an update of this concept.

2% SERIES % SERIES No restriction is placed on the values available to the
. Second Third Fourth designer; if a certain value must be used, it can be used.
Preference Preference Preference Preference However, when a particular application requires a re-
sistor that can have any value in the range between 100
and 1,000 ohms, for example, a 470-ohm, 20% resistor
1.00 1.02 should be used rather than one rated at 510 ohms with
1.05 e 5% tolerance.
\ 1.10 oy All of the values in Table 1 are available with 5% tol-
‘ 1.15 erance. The 5% series are available only with 5% toler-
1.21 : ks ance; the 10% series are available with either 5% or 10%
| 1.27 1.24 tolerance, and the 20% series are available with 5%,
‘ 433 1.30 10%, or 20% tolerance. Similarly, all of the values in
a0 137 Table 2 are available with 1% tolerance. The preferred
e f 1.43 tolerance (and temperature coefficient spread when a
i i 1.50 choice exists) is the loosest available one that does the
: 1.58 job reliably. The purchasing or manufacturing depart-
1.62 165 ment can always substitute a smaller tolerance or tem-
i 174 perature coefficient if that is advantageous for purchas-
1.78 | 1.82 ing or stocking reasons.
1.87 - Using preferred values results in equipment designs
1.96 oy that require a smaller variety of components, and since
2,05 2']0 larger quantities of each component are used, they can
2.15 ‘ be purchased at lower prices. Common use of the pre-
221 ferred values in different projects and equipments also
2.26 Nt proje qv
237 2 reduces overhead costs in placing and tracing orders for
2.49 &8 fewer kinds of items, in receiving and inspecting fewer
561 2.55 kinds of items, and in stocking and kitting fewer kinds
i 267 of items for use in manufacturing. Field-service costs
2.74 X .
2.80 are reduced, too, because fewer different items are
87 294 needed to be distributed, stocked, reordered, and ac-
9 counted for in field locations.
3.09 )
3.16 394 The standard range of values for components is gen-
3.32 5 erally the same in specifications for industry as for the
3.48 — military. As an example, Table 3 shows the standard
3.65 3'74 ranges for carbon-composition resistors. Components
3.83 3'92 selected from the standard range are readily available
4.02 ) from more sources and at lower cost than are nonstan-
4.22 42 dard components. O
o 4.32
2 453 Engmeer>s Not—ebook 1S a regular teature In Electronnc—s \7Ve invite readers to submit onginal
464 design shortcuts, calculation aids, measurement and test technigues. and other deas for
4.8 4.75 saving engineering time or cost. We'll pay $50 for each item pubhshed
j 4.99
5.11
5.23
536
5.49
5.62
56 5.76 -
- : Minimum aximum
6.19 6.04 Pow(/v:;trtesl;mg Type Resistance Resistance
: 6.34 (ohms) (megohms)
6.49
6.65
St 6.98
7.16 1/8 RCROS 27 22
7.32
G 7.68
o : 14 RCRO7 27 22
8.06
S 8.45 12 RCR20 27 22
8.66
9.09 &8 1
: . RCR32 27 22
953
9.76 ‘ 2 RCR42 10 22
[ l
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How reliable are
beam leads?

Figure out
your pay

Inverting integrator
does better
in closed loop

Methods of testing
audio amplifiers

Engineer’s newsletter

When, if ever, will beam-lead devices really make it? Not for a while, if
you accept the conclusion of a study recently completed by Hughes
Aircraft Co. for Rome Air Development Center—*“there still are open
questions concerning the improved reliability commonly attributed to
this technology.”

According to RADC’s latest Reliability Analysis Center Newsletter,
the principal failure mechanisms, based on tests of more than 4,000
commercial beam-lead devices, are: deplating of gold when improperly
protected devices are operated in wet environments; a gold-silicon inter-
action that leads to junction shorts; and surface instability of linear de-
vices when the circuits are operated at elevated temperatures.

Wondering if your pay check is right for your experience and position?
There’s a new booklet just out to help you figure what your salary
should be. Prepared by the Engineering Manpower Commission of the
Engineers Joint Council, the 24-page publication contains a worksheet
and a series of median salary progression charts keyed to degree and
year of graduation. There’s also an adjustment table to add or subtract
from your median salary for supervisory status, employment field, and
geographic region. Once you’ve worked out the numbers yow’ll know if
your 1974 salary was better or worse than median pay. The “kit” costs
$5, prepaid, from the Engineers Joint Council, Dept. PK, 345 East 47th
Street, New York, N.Y. 10017.

When you need an integrator in a closed-loop system, like the auto-
matic-slope-and-gain-control loop of a cable-TV system, don’t auto-
matically decide on a noninverting integrator because you like its high
input impedance. Remember that its amplitude response is peaked,
says Roland J. Turner of General Electric Space Division in King of
Prussia, Pa. This means the device has a poor transient response, could
start oscillating, and recovers slowly after a step input.

An inverting integrator, on the other hand, has a critically damped
transient response, so that its settling time is short. It is also inherently
more stable than the noninverting type, and more immune to high-
level noise jamming. But what about its low input impedance? Well, it
won’t load your signal source if you put a series resistor between source
and integrator. Of course, the maximum value of this resistor is limited
by how much signal loss your system can tolerate.

The performance of audio amplifiers gets harder to measure accu-
rately as it comes closer to the ideal—really wide bandwidths and min-
imal distortion. So a free 24-page cookbook, called Standard Audio
Tests, should be useful. It describes simple but precise methods for de-
termining 12 audio amplifier parameters, including power output fre-
quency response, harmonic and intermodulation distortion, damping
factor, and signal-to-noise ratio, using a spectrum analyzer. Write Tek-
tronix Inc., P.O. Box 500A, Beaverton, Ore. 97077. Stephen E. Scrupski
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Announcing A
Bell & Howell
Price/Performance
Breakthrough!

Po-

Improved
Silicon Photo

(5 29 DETECTOR
Ad: O. 8 M‘

Hir 7T Ax

4 (Hn*

Detectors with

integral Ampl

Bell & Howell can save you some real money
on your photo detector circuits. Consider that
one of our 529 detectors costs less than the
photo diode, op amp, gain determining
network and circuit board you'd need to
perform the same functions . . . and it’s all
hermetically sealed in a miniature TO-99
transistor package.

We're tooled up to produce these high
reliability units in volume to assure prompt
delivery for your production requirements.
So figure it out for yourself. When you can get
guality units, in a compact size, at a low cost,
delivered on schedule, why not contact

Bell & Howell now. We'll send you some
convincing specifications and prices.

Modification of these units can be made to
meet specific requirements on volume orders.

* for quantities of 1000

ifier
... NOW under #10*

Performance and
Design Features

Integrated Photo Diode, Op Amp and
Gain Network for lowest noise . . .
highest stability and reliability

Sensitivities to 107'2 watts

Lower Dark Offset Voltages
Spectral Range 0.35 to 1.12 microns
7 Decade Linear Dynamic Range

Programmable Sensitivity and Bandwidth
with 2 low value External Resistors

Bandwidths to 10 MHz
NEP's to 10712 watts/ \/ Hz

Two standard detector active areas,
0.8 mm? and 5 mm?

CONTROL PRODUCTS DIVISION

706 Bostwick Ave., Bridgeport, Conn. 0605 (203) 368-6751

¥ BeLLsHowELL
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“It combines the performance of a
minicomputer with the size and cost
of a microcomputer.” That's how
Digital Equipment Corp. attempts
to define its LSI-11 microcomputer,
which is, in fact, an addition to the
company’s PDP-11 minicomputer
family.

The LSI-11 is a complete 16-bit
processor, with 4,096 16-bit words of
semiconductor random-access
memory on a single printed-circuit
board measuring 8% by 10 inches.
The computer is compatible with
other PDP-11 computers and runs
the basic instruction set of the PDP-
11/40, which ranks about midway
up the family hierarchy in comput-
ing power (below only the 11/45
and the new 11/70 system). Execu-
tion speed of the LSI-11, the com-
pany says, is faster than that of the
11/05, which does register-to-regis-
ter additions in 3.6 microseconds.

The LSI-11 uses four n-channel
MOS LSi chips developed by Western
Digital Corp. [Electronics, Oct. 31,
1974, p. 25]: a data chip, a control
chip, and two microprogramed
read-only memories called Mi-
croms, which contain the actual in-
struction set. The basic board (see
photo) has one empty socket, which
will take an optional fifth Lsi chip to
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New products

Microcomputer wields
power of a mini

Four-chip LSI-11, with 16-bit processor
and 4,096 words of memory on one board,
joins DEC PDP-11 family; beats 11/05 speed

by Stephen E. Scrupski, Computer Editor

allow floating-point calculations. A
16-bit parallel bus handles input-
output functions and the computer
can directly address up to 32 kilo-
words of external memory (either
semiconductor RAM, ROM, oOr core).
The LSI-11 microcomputer fam-
ily actually comprises several
boards:
s The KDI1I1-F processor module
(shown in the photo).
® DLV-11 serial line unit, which
has a 40-pin MOS UAR/T chip for
asynchronous serial interfaces.
@ The DRV-1l parallel-line inter-
face module.
s The MSV-11A RAM, a 1,024-by-
16-bit random-access memory.
m The MSV-11B RAM, a 4-k-by-16-
bit random-access memory.
m The MRV-11AA programable
ROM of 4-k by 16 bits.
® The MMV11-V 4-k-by-16-bit core
memory with a 1.2-ps cycle time.
The Microms also store several
features that make the system easy
to use, according to DEC. For ex-
ample, it holds an ASCII console rou-
tine that eliminates the programer’s
panel, and thus the most unreliable
part of most minicomputers—the
electromechanical switches. The
ASCIHI routine allows the programer
to debug a program using a key-

board and cathode-ray-tube display.
An octal debugging routine also is
stored in the Microms, thus elimi-
nating the need to load the routines
from an external source, such as pa-
per tape.

The LSI-11's power-fail/restart
feature allows it to sense when the
ac line voltage drops below a mar-
ginal value. In the few milliseconds
remaining before power fails com-
pletely, it can enter a power-down
routine that stores data on disks so
that when power returns, the ma-
chine will be ready to continue its
operations. A real-time clock allows
the machine to be synchronized
with external operations, and a spe-
cial input allows synchronizing the
clock with inputs from a 60-hertz ac
line and others up to about 50
kilohertz.

A backplane also is available to
tie four boards together in a four-
slot cage assembly. The company
says it will announce, on March 30,
a ‘“boxed” version of the LSI-11,
which will have a cabinet and power
supply. The LSI-11 main micro-
computer board (KD11-F) will sell
for $634 in quantities of 100.
Components Group, Digital Equipment
Corp., One Iron Way, Marlborough, Mass.
01752 [338]
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Interchangeable with competitive 7/8-inch dials — and much
easier to read — it’s a fitting mate for our Model 534,
the industry’s best low-cost multi-turn pot.
Call or write for more information.

spectrol

SPECTROL ELECTRONICS GROUP

UNITED STATES Spectrol Electronics Corporation 17070 E. Gald Avenue, City df InQustry, Calif. 91745, U.S.A. « (213} 964-6565 + TWX (910) 584-1314
UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Willshire, England ¢ Swindon 21351 » TELEX: 44692
ITALY SP Elettronica spa Via Carlo Pisacade 7, 20016 Pero {Miian) italy + 35 30 241 » TELEX: 35091
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Particularly if the resistor comes from Piher. needs, quickly, and help give a bigger share of
There's 25 years experience for a start. European production to Europeanmarkets.

Which is why we are - Find out about the
one of the world's ’ - = Piher resistor range

leaders in the carbon film resistor field. —and all the other products that have
With an output of 10 million resistors per day, made us a leader in component technology.

they are obviously in demand. Everywhere. Fill in the magazines reader reply card, or write
Which is why we have opened a manufacturing direct to the office in your area for our technical

plant in the USA to help satisfy North American literature. We're worth knowing.

USA - PIHER Corporation, 399 Washington Street, Woburn, Massachusetts 01801. Tel: 617 935 8750
'v? PI H E R Germany - PIHER International GmbH, 85 Nurnberg, Tuchergartenstrasse 4, Tel: 0911 533 051
&] France - PIHER International SARL, 83 Rue Etienne Dolet, 94230, Cachan, Tel: 656 8484

italy - PIHER International SPA, Via Cenisio 34, 20154 Milan, Tel: 314 532/316 213

Circle 116 d . d UK - PIHER International LTD, Romar House, The Causeway, Staines, Middlesex, Tel: Staines 56157
RCe Ol el o ey Spain - PIHER SA, Riera Canado, s/n. Apartado de Correos, 53 Badalona (Barcelona), Tel: 389 03 00




New products

Tester checks C-MOS watch circuits

Dedicated microprocessor-controlled system permits variety of
configurations for different levels of circuit and module complexity

by Bernard Cole, San Francisco bureau manager

To meet the exacting demands of
watchmakers, some semiconductor
companies have had to use auto-
mated testing systems costing
$250,000 to $500,000 and originally
purchased to speed up production
of standard circuits. And because
test cycles for the complementary-
MOS watch circuits require at least 2
to 10 seconds, testing with these
large units ties up expensive assem-
bly lines.

In a bid to speed up production,
ALMA, a division of Develco of
Mountain View, Calif., is introduc-
ing a microprocessor-controlled
automatic tester, the model 720,
dedicated to watch circuits and
modules. Tests include continuity,
output breakdown voltages, input
leakage, static and dynamic supply
current, oscillator gain, functional
checks, output-drive parametric
evaluations, and time intervals.

The model 720, priced at $30,000
to $40,000, implements micro-
processors in a way that differs from
other systems in which they merely
replace hard-wired logic. The ALMA
tester takes advantage of the full
computational and peripheral re-
sources of the Motorola 6800 micro-
processor, which controls the pin
electronics and also generates test
programs and program sequences
via programable interface adapters
and the data-bus architecture. Both
the control architecture and the in-
terface with the unit under test are
bus-oriented for modular expanda-
bility. The bus structure, an exten-
sion of the Motorola XC6800 micro-
processor-family bus, provides real-
time system control.

Glenn Patterson, ALMA’s director
of marketing, says the general archi-
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tecture is effective in the control of
functional and parametric-test elec-
tronics for evaluation of quartz-crys-
tal time-keeping circuits. These test
requirements include a dynamic
range for current-sensing from a few
nanoamperes to hundreds of mil-
liamperes, test rates from hertz to
megahertz, and more than 64 pins
for interfacing with units under test.

The system also permits optimum
configurations for different levels of
watch-circuit complexity, from 4-
digit multiplexed watches to circuits
with eight or more parallel digits
and such complex features as the ca-
pability to test chronometers. A
fully equipped 720 includes a con-
sole-mounted electronics section, a
cathode-ray-tube display with key-
board and hard-copy printout, a
control module, a high speed 16-

Test control. Drawer in system contains mi-
croprocessor and associated electronics.

track, 128,000 byte floppy-disk
memory and the microprocessor
unit with 8,192-bits of static MOS
random-access memory—a configu-
ration optimized for generating en-
gineering evaluation.

Dual-pin cards are provided for
signal conditioning and sensing the
device under test. The basic system
has 24 pins and is expandable in
two-pin increments to 64 pins. The
pin cards perform both functional
and parametric tests in parallel to
minimize test time. Plug-in resistors
on the cards permit the customer to
select the dynamic ranges required
for different watch-display tech-
nologies such as dynamic-scattering
liquid-crystals, field-effect liquid-
crystals, and light-emitting-diodes.

Quad digital-to-analog-converter
modules provide reference values
for driver and current-sensing, com-
parator, 0 and 1 levels, device-
under-test bias supplies and supply-
current comparator limits. The stan-
dard system contains 12 reference
levels, and an optional four addi-
tional levels can be assigned for
multilevel drive requirements or
other unique bias/reference appli-
cations.

The dual-pin cards plug into a
mother board containing 15 boards
(or 30 pins) per row. Space is pro-
vided for up to 32-dual-pin cards or
64 pins. An additional row contains
the microprocessor, its clock,
memory, programable interface-
adapters and reference digital-to-
analog converters. An interface
board unique to the device under
test plugs into the pin electronics to
allow pin-scrambling.

ALMA Corp., 530 Logue Ave., Mountain
View, Calif. 94043 [339]
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New products

Semiconductors
CCD memory
stores 16-k bits

Unit with 64 256-bit
shift registers aimed at
low-cost applications

The race to begin production of the
first family of charge-coupled-de-
vice memories is heating up consid-
erably. Intel Corp. this month intro-
duced a 16,384-bit cCcD serial
memory, designated the 2416. This
device follows a similar—but
smaller—9,216-bit CCD memory in-
troduced last month by Fairchild
Semiconductor [Electronics, Jan. 9,
p. 30].

Organized into 64 recirculating
shift registers of 256 bits each, the
Intel 2416 is designed for low-cost
memory applications requiring av-
erage access times in the range of
100 microseconds to 1 millisecond,
says Mike Markkula, North Ameri-
can marketing manager. Any of the
64 shift registers can be accessed by
applying an appropriate 6-bit ad-
dress input. The shift registers re-
circulate data automatically as long
as the four phase clocks are contin-
uously applied and no write com-
mand is given.

A 1-bit shift is initiated in all reg-
isters following a low to high clock
transition. After the shift operation,
the 64 accessible bits (whether mod-
ified or not) are transferred forward
into the respective registers, and the
contents of the next bit position of
each register become accessible. No
input/output function, says Mark-
kula, can be performed during the
shift operation itself.

The Intel 2416 generates and uses
an internal reference voltage that
requires some time to stabilize after
the power supplies and four-phase
clocks have been turned on. After at
least 2,000 cycles with power sup-
plies at operating voltages, no spe-
cial action is needed to keep the in-
ternal reference voltage stable.
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The 2416, fabricated by means of
Intel’s high-voltage n-channel sili-
con-gate MOS process, is available in
a standard 18-pin package. Max-
imum serial data rate is 2 megabits
per second. Average access time to
any bit is about 100 microseconds at
a 64-kilohertz shift rate and 64 mi-
croseconds at 1 megahertz. Using
standard -12 and + 5-volt power
supplies, the 2416 has combined
read/write cycles. Power dissipation
is 200 milliwatts at the 2-megabit
data rate.

Die size is about 33,000 square
mils. This was achieved, says Mark-
kula, by the addition of a second
layer of polysilicon to Intel’s stan-
dard process, allowing much greater
density because it permits the use of
three layers of interconnect rather
than two. Available now in sample
quantities, the 2416 is priced under
$60 each in quantities of 100.

Intel Corp., 3065 Bowers Ave., Santa Clara,
Calif. 95051 [411]

4,096-bit PROM uses
only 4 mW in standby

Using a silicon-gate p-channel pro-
cess with the floating-gate avalanche
MOs (Famos) technology, National
Semiconductor will be supplying
production quantities of a 4,096-bit
programable read-only memory by
the end of the month. Previously
offered only in a 2,048-bit format by
Intel Corp., which developed
Famos, the denser part—designated
the MM5204—is organized as 512
words by 8 bits. Maximum access
time over the temperature range

from 0° to 70°C is 1.5 microseconds.

The MM5204 has a maximum
programing time of under one min-
ute, and typical programing time is
20 to 30 seconds, says Bruce Moore,
product marketing manager. Oper-
ating from power supplies of +5
and -12 volts, the 4-k PROM has Tri-
State outputs for easy expansion
and is TTL-compatible. Housed in a
24-pin dual in-line package, the
MM5204 typically draws about 20
to 28 milliamperes while operating.
This is roughly translatable into
about 0.1 milliwatt per bit. Most im-
portant, Moore says, the PROM uses
only 4 mW in its power-down mode.
This is achieved by a “power saver”
logic input. When a logic 1 or TTL
“high” is applied to this pin, it
deactivates portions of the chip not
in use. Typical applications of the
4-k PROM, says Moore, are code
conversion, random-logic synthesis,
table lookup, character generation,
microprograming, and electronic
keyboards. Price is $75 each in
quantities of 1-24, $60 each for
25-99 units, and $50 each for 100.
National Semiconductor Corp., 2900 Semi-
conductor Dr., Santa Clara, Calif. 95051
[412)

Field-programable ROMs
offer fast access time

Two high-speed bipolar read-only
memories have large storage capac-
ities and are instantly programable
by the user. The model 82S114 is a
2,048-bit programable ROM orga-
nized as 256 8-bit words, and the
82S115 is a 4,096-bit PROM consist-
ing of 512 8-bit words. Typical ac-
cess time for each model is 35 nano-
seconds. The large-scale PROMs are
suitable for bus-organized data sys-
tems, specifically for micropro-
grams, hardwire algorithms, char-
acter generation, control storage,
and sequential control. Features in-
clude buffered address lines, on-
chip decoding, on-chip storage
latches, three-state outputs, and in-
put currents of less than 100 micro-
amperes. In lots of 100, the PROMs
are priced at $65 each. Factory pro-
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Compare TI's NEW SR-51....

Mean, variance and standard deviation.
Automatic linear regression. 20 programmed
conversions. Percent and percent difference.

FUNCTION

Random number generator. Lo

. . Trig (sin, cos, tan, Inv)
3 accessible memories. And bl R
eg/rad mode seiection

for Only Decimal degrees — deg-min-sec

Polar-rectangular conversion

\$224

Vx
Wy
1/x
x!
Exchange x with y
Metric conversion constants
% and A%
Mean and standard deviation
Linear re?ression
Trend fine analysis
Slope and intercept
Store and recall
Y to memory
Product to memory
Random number generator
Automatic permutation
Preprogrammed conversions
Digits accuracy
Algebraic notation (sum of ﬂroducts)
emory {other than stack)
Fixed decimal option
Keys
cond functionkey
Constant mode operation

More mathS . ' ~ Test the SR-51 at no
' , o b ri§k. Full rgfgnd

and hoperbolie if not satisfied.
and functions of S Master Charge
. the SR-51 ha d or Bank

/ Americard
accepted.

;

. 0

7
,’ If Master Charge is used indicate |
7 4-digit Bank Number appearing on

/’card just above your name: Dj:lj |
/, !

statistical functions..?
like mean, variance an
standard deviation, ran
dom numbers, factorials;
permutations, slope and inter-
cept, and trend line analysis.
Check the chart above —compare
it. With the HP-45 or any other
quality calculator. Then try it—at
no risk. We’re sure you’ll agree that
the SR-51 offers extraordinary value.

TO: Texas Instruments Incorporated
P.0. Box 22013, M/S 358, Dallas, Texas 75221

|

|

|

: Try it 15 days. Return with all accessories if not satisfied. \ ,/

| Enclosedis my D check D money order, D company w N v\a,\l“ S
| purchase order for $ for the purchase of ___5R-51is}. \\ )c}“ City State 2Ip
|

|

|

|

I

Please add state and local taxes where applicable.* \/
Please charge this order to my[ ] Master Charge. Or, |_] BankAmericard Authorizing Signature (Ifbiled to Credit Card Must be signed by card nolder) |

My Card Number is: [T T ] [ ] (TT] 0111 i

. » "AL.AZ.CA. €O, CT, FL, GA. 1A, IL, IN, KY, MA, MO. MI. MN. MO, NC. NM. NJ. Y. PA, |
l_WIth the expiration date: TN, TX, UT. VA, WA, Wi. Offer good only n U.S _,

© 1975 Texas Instruments Incorporated TE x A S l N S T R U M E N T S

13500 North Central Expressway
Dalias, Texas INCORPORATED 82016
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RF switching
to 500 MHz
in a TO-5 package

RF circuit and packaging engineers
are discovering that Teledyne TO-5
relays make excellent subminiature
rf switches for frequency ranges
up through UHF. Their reasons
are: inherently low inter-contact
capacitance and low loss contact
circuit geometry. Typical rf per-
formance: Isolation —45db at

100 MHZ, 35db at 500 MHZ;
Insertion Loss — 0.2db at 100 MHZ, 0.4db at 500 MHZ.

And Teledyne Relays offer the widest possible selection:
MIL relays in SPDT & DPDT standard, sensitive, and
maglatch types, all available with internal diodes;
commercial models in DPDT standard and sensitive types,
also available with internal diodes. All Teledyne TO-5
relays feature hermetic sealing, gold plated contacts,

and all welded construction for high reliability.

For Transmit/receive switching in hand-held transceivers
or any low power remote band switching application,
Teledyne TO-5 relays are an excellent choice. No other
relay offers this combination of rf performance, low

coil power dissipation, and small package size.

And they’re in stock at your local Teledyne Relays
distributor. Call your nearest Teledyne Relays office
for location of your local representative or distributor.

‘) TELEDYNE RELAYS

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

Burgstrasse 6-8, 62 Wiesbaden, West Germany Heathrow House, Bath Road, Cranford, Hounstow, Middlesex, U. K.
Telephone: 06121-30231/2 Telex: 04-186851 (Trel-D) Telephone: 01-8972501 Telex: 935008
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New products

graming is available at $12 per pat-
tern and 50 cents per PROM,

Signetics, 811 E. Arques Ave., Sunnyvale,
Calif. 94086

Timing circuit introduces
silicon-on-sapphire line

The first device offered in RCA’s
projected series of silicon-on-sap-
phire cos/MOs devices is the
TA6778 timing circuit, a ripple-
counter circuit for high-speed, low-
power (single-power-cell) appli-
cations. The voltage range is speci-
fied as 1.1 to 5 volts for use as a
counter, but the device is designed
for operation in watches between
1.45 and 1.6 V using a 4.195-mega-
hertz AT-cut crystal, or between 1.1
and 1.6 v with a 1.048-megahertz
sL-cut crystal. Although the design
is optimized for a 4-MHz crystal os-
cillator operating at 1.5 Vv, the circuit
is capable of operating at 80 MHz
for a power consumption of 1.6 mil-
liwatts at 5 v. The TA6778 is avail-
able in sample quantities. SOS ver-
sions of four standard COS/MOS
circuits will be available during the
second half of 1975.

Rca Solid State Division, Box 3200, Som-
erville, N.J. 08876 [414]

Low-cost op amp
is programable

A low-priced, programable oper-
ational amplifier permits tailoring
the electrical parameters to the
user’s needs. Programing is achieved
by choice of an external-resistor
value or a current source applied to
the Ige: input pin. This allows opti-
mization of dc characteristics such
as input current, power consump-
tion and bias current, and ac charac-
teristics such as open-loop voltage
gain, slew rate and gain-bandwidth
product. The op amp, type MC3476,
operates over a supply voltage
range from +6 volts to =15 v. Its
low power consumption of 4.8 milli-
watts (typical) makes it useful in
battery-operated equipment. Other

Electronlcs/February 20, 1975

features include low input offset and
bias current (a maximum of 25 and
50 nanoamperes, respectively) and a
high input resistance of 5 megohms,
typical. The amplifier requires no
frequency compensation and has
offset null capability and short-cir-
cuit protection. Price in a plastic
package is $1.25; in a metal hous-
ing, $1.50.

Technical Information Center, Motorola Inc.,
Semiconductor Products Division, P. O. Box
20924, Phoenix, Ariz. 85036 [416]

Low-power op amps
have high slew rate

Offering low power consumption at
high slew rates, the series 1011 mo-
nolithic operational amplifiers are
packaged in TO-99 cans with the
standard op-amp-lead configura-
tion. Power-supply quiescent cur-
rent of the units is 150 micro-

amperes, slew rate is 20 volts per’

microsecond, and output current is
22 milliamperes. These features, to-

gether with a high open-loop gain of
160 dB, high common-mode rejec-
tion, typical low offset voltage of 0.5
millivolt, and an offset current of 5
nanoamperes bias current, make the
devices suitable for a variety of
high-speed and precision instru;
mentation applications. The op
amps are frequency-compensated
internally. Price of the model
1011CT, which is guaranteed for op-
eration from 0 to 70°C, is $9.45
each; and of the 1011, which oper-
ates over the range from -55° to

Flatpacks

Dual In-lines

Plug-Ins
Microelectronic Headers
Power Packages
Microwave Modules

They're all from Isotronics...
the widest assortment of
microelectronic packages you can
find anywhere. And they're all
manufactured with uncompro-
mising care to meet your high
standards of quality. For
engineering ability and

product reliability in microcircuit
packaging, call Isotronics.

the microcircuit
packaging specialists

Isotromcs

Isotronics, Inc.

12 Coffin Ave.

New Bedford, Mass. 02746
(617)997-4575 TWX 710 344 1961
Cable—ISOTRONICS
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CABLE-BILITY

WOVEN'S FLAT GOT IT!

122

Ribbon Cable
IC Interconnects
Custom Harnesses

A total source for flat intercon-
nect systems, Woven Electronics
offers unlimited design capabilities
combining signal/power transmission
with specialized functions. Indepen-
dently insulated conductors give
tighter transmission control, more
protection, allow easy lead exposure.

Specity sizes, color coding,
insulations, custom break-outs without
restrictions of other cable forms.

Cable and ability. Get the best of
both from one source.

WOVEN ELECTRONICS

P.O. Box 189 Mau.din, South Carolina 29622
803/963-5131

Circle 122 on reacer service card

New products

+125°, it is $21.80 per unit,
ILC Data Device Corp., Airport International
Plaza, Bohemia, N.Y. 11716 [415]

$29 sample-and-hold unit has
5-ns aperture uncertainty

Carrying a price tag of $29 in
small quantities, the SHM-IC-1 is a
monolithic sample-and-hold mod-
ule with an aperture-uncertainty
time of 5 nanoseconds, an acquisi-
tion time of 4 microseconds (to ac-
quire a 10-volt step to within 0.1%),
and a small-signal bandwidth of 2
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megahertz. The unit is self-con-
tained except for its holding capaci-
tor, which would typically be a
1,000-picofarad unit. The module
has a maximum hold-mode feed-
through of 0.01% of output, and can
operate over the temperature range
of 0° to 75°C. Delivery is from stock.
Datel Systems Inc., 1020 Turnpike St., Can-
ton, Mass. 02021 [417]

1-GHz counter and 750-MHz
flip-flop head ECL family

A l-gigahertz divide-by-four
counter and a 750-megahertz type
D flip-flop are two of five products
that make up Fairchild’s F11C00
family of emitter-coupled logic com-
ponents for instrumentation and
communications applications. In
quantities of 1,000 pieces, the model
11CO5 counter sells for $54.95 while
the 11C06 flip-flop has a price of
$13.70. The other units are the
11C44 phase/frequency detector
and a pair of voltage-controlled
multivibrators.

Fairchild Camera and Instrument Corp., 464
Eliis St., Mountain View, Caliif. 94042 [418]
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Super grids
for superpower tetrodes

There is still nothing like these patented Pyrobloc® grids
for an unmatched combination of performance,
size and reliability.

Check out our complete line of highly stable new superpower tetrodes,
for broadcast transmitters rated up to1 MW!

e SUPER or HYPERVAPOTRON" anode cooling
e Field proven during more than 5 years of operation
e Now more than 100 tubes in use
e Life far in excess of conventional high power tetrodes.
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TH 548 500
SUPERVAPOTRON HYPERVAPOTRON

e
TH 558 500 kW carrier

THOMSON-CSF

THOMSON-CSF ELECTRON TUBES, INC. / 750 BLOOMFIELD AVENUE / CLIFTON'NJ 07015 / TEL. (201) 779.1004 / TWX: 710989 7149
France - THOMSON-CSF Groupement Tubes Electroniques / 8, rue Chasseloup-Laubat / 75737 PARIS CEDEX 15/ Tel. (1) 566 70.04
Germany - THOMSON-CSF Elektronenrohren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT/MAIN / Tel. (0611) 70 20.99
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71/ ROMA / Tel. (6) 38 14.58
Japan - THOMSON-CSF .Japan K. K./ Kyosho Building /1. 9. 3. Hirakawa-cho / Chiyoda-ku / TOKYO / T 102/ Tel. (03) 264.6341
Spain - THOMSON-CSF Tubos Electronicos SA / Alcala 87 / 7° Dcha / MADRID 9 / Tel (1) 226 76.09
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. (08) 22 58.15

United Kingdom - THOMSON-CSF Electronic Tubes Ltd. / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 / OQG / Tel. (0256) 29.155
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design

There's more to it than just counting your chips.

Here.is scme new nformaticn to help
you win at the product design game.
Microcomputer Design, @ new book by
Martin Research, can shaw you how to
cut the chip count on your 8008-based
CPU by 20-50%. This is zhe first major
source or cost-e’fective design with
microprocessors. It shows ycu how to
build increased performence and fower
COST .NTO your MICroprecessor system
thtough the efficient use of your chips.

You'll find systems covered from the-
ory to practice — from lage to small.
Plus important features on . . .

® What should go into the peripheral,
and what goes into the micro-
computer.

® The most efficient bus structure for
tha 8008 yet published.

8 A complete communications con-
troller with keyboard, only 19 chips
including 8008, ROM, RAM, and
interface.

® Over 40 pages on interrupt handling
with the 8008.

8 Most design concepts applicable to
any 8-bit microprocessor.

® Over 300 pages, dozens of sche-
matics, and an easy-to-use lay-flat
format.

Circle 124 on reader service card

tf you ar2 working with microproces-
sors, you need Microcomputer Design.
The book wan't f t up your sieave, but
when you're designing for high stakes,
it's like having amn extra ace

BLUE-CHIP SPECIAL

Because of the success of our pre-
publication oromotion, we ¢ontinue
offering one BOO8 microprocessor with
each book for $100.00.

Or, try the blue-chip special $110.00
for the book plus-one 8008-1, tactory-
tested for 125 microseconas cycle
time (60% faster than the s:andard
8008).

And contact us for information on
our economical Microcompuater mod-
ules, available scon!

With deals like thiese — you can’t lose.

WITd

M ¥ o

MR

Suite 220
1825 S. Halsted St.
Chicago, IL. 60608

(312) 829-6932

M @
Jol__ 0

| Address

mecroc ter
£l Send e
Microcomputer Cesign
O with BoO8 microproces
sor for $100.00.°

O Bluetr p wecial book
with BGOB 1, $110.00 *

O Book atons, $7500 *

O Chect encloses

(shipping free}

D Purchase order enclused. :
Bl my company for Y .‘
goocds plus shipping i s

O Send more informmtion.

Name
Title
Company
City “State  Zip

Signature

I:JSA prices. Illinois: add §%.

1
|
i
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~ New products

Components

Tubular heaters
trigger controls

Hollow glass resistive units
reach temperature peak
at midpoint of length

One simple way of protecting de-
vices from overvoltage or over-
current conditions is to use a ther-
mally sensitive fuse that is heated
by a resistive element. These resist-
ive heaters are usually wirewound
ceramic-core devices whose tem-
perature distribution is fairly uni-
form throughout their length. How-
ever, Corning Glass Works has
developed a line of resistive heaters
that exhibit a nonuniform tempera-
ture distribution—the temperature
peaks at midpoint in their length,
thereby providing highly reliable
temperature-triggering.

Corning calls its new devices
glass-tube heaters. They are hollow
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glass tubes with a tin-oxide resistive
film on their outer surface. The glass
substrate is what gives the tubes
their peaked temperature distribu-
tion. The outer tin-oxide resistive
film is continuous—it is not trimmed
for resistance value so that each
part’s current density remains uni-
form across the entire length.

A variety of thermally sensitive
control elements can be placed in-
side the tubes, including: thermal
cutoffs, thermally sensitive reed
switches, bimetals, fusing alloys,
and thermistors or other resistive
devices having large temperature
coefficients. Initially, the glass-tube
heaters are expected to be used as
fuse elements in appliances, says
Prabodh Shah, a senior market
analyst at Corning. Other possible
application areas include television,
thermostatic controls, automobiles,
and circuit protection.

At first, Corning will be selling
two standard tube lengths: part
number GTH801, which is 0.850
inch long; and part number
GTH802, which is 1.000 in. long,
Both parts have an inside diameter
0f 0.168 in. and an outside diameter

g
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Heat and power. For one-time applications,
these curves show the temperature (Graph
1) and power (Graph 2) performance of a
new line of glass-tube resistive heaters.

of 0.258 in. Nominal resistance val-
ues for the 0.85-in. units are 3, 6.5,
or 10 ohms, with a tolerance of
+20%. The l-in. devices can be ei-
ther 6.5, 100, or 150 ohms, and tol-
erance is also +20%. At 70°C, con-
tinuous power rating is 3 watts for
the 0.85-in. version and 4 W for the
l-in. version.

For best results, the control ele-
ment should actually be in contact
with the inner surface of the tube.
Since this surface is electrically iso-
lated, the control element can even
be packaged in a metal case. Addi-
tionally, because the tubes are vir-
tually noninductive, they will not in-
terfere with control elements having
a magnetic field.

The graphs given here illustrate
the temperature and power charac-
teristics of the glass-tube heaters for
one-time applications. When the ap-
plied power equals or exceeds the
continuous power rating, the tubes
will crack and cannot be used again.
But in many applications, the con-
trol element, together with the tube,
will be replaced.

Graph 1 shows the steady-state
midpoint temperature versus ap-
plied power level, while Graph 2
shows how long the tubes can with-
stand step power levels.

In quantities of 1,000, the two
standard lengths are priced at about
15 cents each, and delivery time is 8
to 12 weeks. Special lengths of 1.49,
1.677, and 1.99 in. are also avail-
able. The tubes are supplied with
silver-banded ends for mounting in
fuse clips or clamps.

Corning Glass Works, Electronic Products
Division, Houghton Park, Corning, N.Y.
14830[341)

Mercury-wetted relay in DIP
can switch 1 ampere at 25 VA

Housed in a dual in-line package, a
mercury-wetted reed relay can
switch up to 1 ampere at 25 volt-
amperes. Boasting a minimum life
of 40 million operations, the mer-
cury switch is intended for appli-
cations where stable switching char-
acteristics must be maintained over

125



Here’s a recording
swept-frequency-
response system
you can expand

to include:

¢ narrow-band-wave analysis
¢ 1/3-octave-band analysis
¢ level-vs-time recording

-P2 Sweep Oscillator
o filter-and network-response testing

e loudspeaker, amplifier, and tape-
recorder evaluation

¢ performance tests for microphones,
hydrophones, and hearing aids

-P3 1/3-Octave Analyzer

e speaker testing

e auditorium frequency-response
measurements

‘P4 Wave Analyzer

o swept-frequency-response
measurements

e distortion measurements
¢ noise-floor measurements

-P1A Level-vs-Time Recorder
o reverberation decay measurements
e general level-vs-time recordings

il
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GR’s 1523 plug-in approach lets you put together a
complete graphic-level measurement system as your
needs and budget dictate. Start with the mainframe/
recorder and the plug-in that satisfies your immediate
measurement requirements, the 1523-P2 Sweep
Oscillator, for example. Other plug-ins can be added
anytime in the future.

For full particulars call your GR sales engineer.

@General Radio

300 BAKER AVENUE, CONCORO, MASSACHUSETTS 01742

NEW YORK (N.Y.} 212 964-2722, (N.J.) 201 791-8990 « BOSTON 417 646-0550 « OAYTON 513 294-1500
CHICAGD 312 992-0800 « WASHINGTON, 0. C. 301 948-7071 « ATLANTA 404 394.5380
OALLAS 214 234-3357 « LOS ANGELES 714 540-9830 « SAN FRANCISCO 415 948-8233

TORONTO 416 252-3395 « ZURICH (01) 55 24 20

GR COMPANIES « Grason-Stadler « Time, Oata
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New products

a long period. The unit comes with
one form-A contact and with a
choice of four coil voltages: 5, 6, 12,
or 24 v. Internal diode clamping is
available as an option on all models.
Magnecraft Electric Co., 5575 North Lynch
Ave., Chicago, |Il. 60630 {344]

0.75-watt resistor
is only 0.1 inch thick

Measuring only 0.3 inch square by
0.1 in. thick, the model MK 132 pre-
cision film resistor can dissipate 0.75
watt at 125°C and can operate at re-
duced power levels at temperatures
up to 175°C. The devices are manu-
factured in values from 10 ohms to 5
megohms and encapsulated in a

o

OO\
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o

standard CKO06 package. Standard
resistance tolerance is *1%, and
maximum temperature coefficient is
50 ppm/°C up to 105°C. This, the
company points out, makes the re-
sistor useful in critical'analog ampli-
fier and control circuits. Prices, in
lots. of 1,000 pieces, range from 47
cents to 61 cents each. Delivery time
for large-quantity orders is four to
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€signjust became

three-layer piece of cake.

Augit ECL Bourd with 2 volt
bus ter tenminating

singl= m-line package (SIP)
resistor network.

Innan — Kvokiites Rew ki

Earope~Augat N.V., B()ulcv_.'ard A. Revers) 1030 146 Brussels, Belgium, Tel. (02) 7369399

A

Compared to methods of the past, the Augat series of
socket, Wire-Wrap' ECL boards makes ECL design a picce
of cake. Even for circuits in the 125 to 500+ MHZ range.
They can save you 90 percent or more in breadboarding
and prototyping time. Tens of thousands of dollars in start-
up costs. And many costly hours in field maintainability.
With this proven advance in three-layer intcrconnection
technology you don’t have todesign in controlled imped-
ance interconnections, mess around with transmission
lines, or commit power connections for different ECL logic ,
modules. All of which frees you to concentrate on the
partitioning of logic fur.ctions and the preparation of a
wiring list.

And unlike a multi-layer P.C. board, there isno loss in
planar density. Two 16-pin ECL and associated pull down
and decoupling components fit into one square inch on
every Augat ECL board.

The nice thing, too, is that Augat ECL boards are standard
catalog items available in any quantity at any time from
Augat distributors around the world. You can contact them

directly or write Augat, Inc., 33 Perry ®
Avenue, Attleboro, Mass. 02703. Tel.
617-222-2202. TWX 710-391-0644.

Registered TM of Gardnee-Denver Company Circle 127 on reader service card
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DELEVAN ==
DEPEND

DOESNT
cosT

There's a lot morethan meets
the eyein 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.

BILITY

i

Remember . . . the proven
reliability of these superior
made-in-U.S.A. inductive
devices means greater
reliability for the products and
assemblies made from them.
Sure, you can save a few
pennies by using cheaper
components. Butthiscould be
expensive in terms of
premature failure of the
finished product. When your
company's reputationisonthe
line, you can't afford not to
use Delevan components.
Their premium performance
morethan justifiestheir use

. .. because Delevan
dependability pays foritself.
Why not prove itto yourself!

AMERICAN
®§ pRECISION
INDUSTRIES INC.

270 QUAKER RO./EAST AURORA, N.Y. 14052

TELEPHONE 718/852-3800 TELEX 091-293

OTHER OIVISIONS OF AMERICAN PRECISION INOUSTRIES INC
BASCO*OUSTEX

Delevan

Division

New products

six weeks. Evaluation samples are
available from stock.

Caddock Electronics Inc., 3127 Chicago
Ave., Riverside, Calif. 92507 [346]

See-through trimmer
speeds production

A transparent case is being offered
as an option on two popular lines of
trimming potentiometers so that
users can preset the units visually
before inserting them in printed-cir-
cuit boards. This cuts down the time
needed for functional trimming af-
ter assembly. The transparent case
is obtainable on the 3006 and 3009
0.75-inch trimmers. In large quan-
tities, the 3006 sells for less than 90
cents each; it has a standard resist-
ance range of 10 ohms to 2 meg-
ohms and a power dissipation of
1.25 watts at 25°C.

Bourns Inc., 1200 Columbia Ave., Riverside,
Calif. 92507 [345]

Pressure transducers stay
accurate from -25to + 75°C

An internal thermostat makes the
LX3700 series of pressure trans-
ducers very stable over both long
periods of time and large changes of
temperature. For example, when
operated between -25° and +75°C,
the units will settle to within 150
millivolts of the specified output
value in 30 seconds. After a two-
minute warmup, the unit will drift
less than 25 mv—even after full-
range temperature and pressure
cycling. Further, after storage for
any length of time, if the transducer
is given a two-minute warmup, it
will reproduce the performance of
its previous powered-up period to a
tolerance of 50 mv. The LX3800
series is essentially identical to the
LX3700 series except for an outer
casing that extends its low-tempera-
ture limit to -40°C. Both units cost
$66.67 each in hundreds.

National Semiconductor Corp., 2900 Semi-
conductor Drive, Santa Clara, Calif. 95051
[347]
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For putting it together, VACTEC
Is second only to RODIN®,

Vactec Optical Couplers (T.M. Vactrols) put together incan-
descent lamps, neon lamps or LEDs with photoconductors or
phototransistors in a wide variety of packages and capabilities.

Couplers using photoconductive cells are useful for isolation
where speed requirements are in the order of milliseconds. Appli
cations include noiseless switching. noiseless potentiometers.
signal modulaters for audio. triac firing. and low cost RMS
regulators.

Couplers using LEDs and phototransistors or photodarlingtons
provide higher specd for output sensing. input driv-ng, interfacing
and coupling, solid state relays. and switching.

VACTEC really does put them together——we make our own
photocenductive cells, phototransistors and phetodarlingtons and
do the assembly at our only factory near St. Leuis. Write for
all Vactrol bulletins.

*Reproduction of The Kiss by Rodin.
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Instrument rental...besides the
obvious economy and capital dollar
savings, service is a big, big factor.
GE has over 100 major city
sales/service centers...with
the world’s largest inventory of
test instruments. ..over 5,000
from many different manufacturers,
So, when you need an instrument,
call the GREAT Rental Program
(518-372-9900 collect) for your
nearest sales/service center and a
FREE Rental Catalog. We could be
the only source you'll ever need.

(((Quick-renl?‘l*
instrumen

*Trademark General Electric

GENERAL @D ELECTRIC

New products

Packaging & production
2-in-1 system
for LSI masks

Combined pattern generator
and image repeater built
for low-volume work

The trend among systems com-
panies toward setting up their own
semiconductor “model shops” has
spurred the development of fabrica-
tion equipment specifically for this
use. An example is a combination

pattern-generator/image-repeater
made by Electromask Inc. for users
of large-scale integrated circuits
who do not need the high-volume
throughput of two individual sys-
tems. This unit first generates from
digital data the complex images for
each individual layer in one cell,
which are enlarged 10 times and
then reduced to the finished size and
repeatedly flashed in sequence to
make a photomask. The system,
plus a small photographic-process-
ing area and computer-aided-design
equipment, can produce finished
mask sets for fabrication in-house or
by an external facility. Further, the
capability avoids delays for custom
circuits. The model 2500 includes
capabilities from image-repeater
and pattern-generator systems that
Electromask has been supplying, in-
cluding air bearings, a servo system,

and a laser interferometer for accu-
rate positioning of the plate stage.

As an image repeater, resolution
of 0.1 micrometer and absolute ac-
curacy within 0.5 um are achieved.
The absolute accuracy is especially
important in surface-wave acoustic
devices where dimensions deter-
mine center frequency. As a pattern
generator, the unit produces accu-
rate rectangles as large as 0.600 inch
on a side (0.06 at the image plane),
with stage-position resolution of 10
microinches, and stage precision ac-
curate to +10 microinches over an
area 5 by 5 in. The aperture can also
be rotated through 90°. Stage speed
is 2.5 inches per second. The unit is
changed from pattern generator to
repeater image by moving a single
reflector. The equipment is built on
a large granite block that provides a
stable seismic mass isolated from vi-
bration by three pneumatic mounts.
The air bearings which ride on the
top and one side, deviate from the
flat plane less than 50 microinches.
The system is under control of a
Hewlett-Packard 2100A computer
with peripherals. Use of the com-
puter permits unusual versatility;
the unit can save 20% of the image-
repeating exposure time by omitting
the corners of a mask, making it cor-
respond to the round substrates
used for most applications. Like-
wise, different cells can be placed on
the same substrate for large-scale
integration or for experimental pur-
poses.

The model 2500 is priced at ap-
proximately $290,000, about two
thirds the cost of the individual sys-
tems.

Electromask Inc., 6109 De Soto Ave., Wood-
land Hills, Calif. 91364 [391]

Machine forms, cuts,
and ties wire harnesses

A computerized numerical-control
machine forms, cuts, and ties wire
harnesses at many times manual
wiring speeds. The machine, called
the Wirewriter, selects wire of a
specified color and gauge from a
bank of reels, forms it to the re-
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a ﬁelﬂ recording job
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that demands laboratory performance.

-
N - Not all high
y performance
recorders
¥ are big, bulky
lab consoles.
One is different:
HP’s 3960 Portable
Instrumentation Tape Recorder.
The compact 3960 goes virtually
anywhere. Yet it's still designed to
come through when you've got one

Circle 131 on reader service card

chanice to get it right. And that's the
kind of confidence you need whether
you're gatherinig data across the
raom or across the desert.

Operable on either AC or DC, the
rugged 3960 has a built-in DC calibra-
tion source and high accuracy DC or
AC peak meter for input or outpat
moritoring. Signal to noise ratio s
outstanding. And HP reliability helps
insure that what goes in is exactly
what comes out.

P’ 3960, you can carry it off.

Ample options are available to let
you customize your recorder to exactly
the kind of work you do. The choice
includes voice channel, DC-AC
inverter, remote control, tape speeds
and more.

Gert complete details on HP's high
performance 3960. The portable
recorder built to carry it off beth in
the field and in the lab. Write
Hewlett-Packard, 1501 Page Mill
Road, Palo Alw, California 94304.

11410

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill #oad Palo Alto Cahlornia 94304
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Tough infrared measure-
ment problems are no match
for The Detectors . . . Sensors’
rugged, reliable, low cost ther-
mopile detectors.

"Whatever your application
. . . from temperature monitor-
ing, spectrophotometry or pollu-
tion monitoring to intrusion and
fire detection, horizon sensing
instrumentation or laser power
measurement, The Detectors are
ready to help you solve it.

One of The Detectors has
the precise combination of high
D*, convenient resistance range,
excellent responsivity, fast time
constant and broad spectral res-
ponse for your specific applica-
tion.

Learn about the entire Sen-
sors’ line ©f thin film thermopile

detectors. Ask for the free
brochure now.

Sensors,inc.

3908 VARSITY DRIVE
ANN ARBOR, MI 48104
TEL: (313) 973 - 1400
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New products

quired configuration, and cuts it to
the required length—all under com-
puter control. Slew speeds range
from 20 inches per second for a
standard model to 50 in./s for a
high-performance machine.

The Wirewriter works in conjunc-
tion with special wire-gripping de-
vices called combs, removably
mounted onto the harness form-
board, which maintains manufac-
turing integrity through terminal at-
tachment, connector insertion, test-
ing and installation.

In addition to harness-forming,
the Wirewriter can produce its own
formboard. An accessory plotting
pen plots the layout paths and
shows where to locate combs and
contouring pegs or nails.

The system’s modular construc-

tion makes it adaptable to various
needs. Formboards of 4 by 4 feet
and 4 by 8 feet are typical.

The machine comes in two ver-
sions—numerically controlled by
tape and computer-controlled.
Prices for the N/C version start at

$35,000. Minicomputer-controlled
versions start at $45,000. Delivery
time is 12 to 16 weeks.

Interfacing Enterprises, 10457A Roselle St.,
San Diego, Calif. 92121 [393]

Microprocessor improves
quality of vacuum coating

The model 3135 vacuum coater sys-
tem from Varian contains a micro-
processor that automatically puts

the machine through its entire oper-
ating sequence, thus improving pro-
cess control and repeatability. The
system’s Q-3500 oil-free pump mod-
ule provides high pumping speeds
and a nearly pure, hydrocarbon-free
operating environment. Because the
system operates under micro-
processor control, variables such as
operator skill and response time are
eliminated as factors in determining
the success of a coating run, al-
though an operator can intervene
when necessary. The price of the
fully tooled system ranges from
$55,000 to $60,000, depending upon
its configuration. Delivery time is
three months.

Varian Vacuum Division, 611 Hansen Way,
Palo Alto, Calif. 94303 [394]

Layered elastomer makes
convenient connector

Consisting of alternating layers of
conductive and nonconductive
elastomers, the Zebra is a flexible
connecting device that can be posi-
tioned with no alignment problem
and which requires no soldering.
Since each layer of elastomer is only
0.01 inch thick, the Zebra provides
50 independent conductive paths
per linear inch, assuring at least one
conductive path per contact with
any circuit having contact paths at
least 0.02 inch wide and a minimum
of 0.02 inch apart. The flexibility of
the connector compensates for sur-
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“Scotchflex”

Flat Cable
Connector System
makes 30 connections
at atime.

''SCOTCHFLEX'’ 13 A REGISTERED TRADEMARK QF 3M CO.

Build assembly cost savings into your
electronics package with “Scotchflex flat
cable and connectors. These fast, simple
systems make simultaneous multiple
connections in seconds without stripping or
soldering. Equipment investment is minimal:
there's no need for special train ng. The
inexpensive assembly press, shown above,
crimps connections tightly, operates

easily and assures error free wiring.

Reliability is built in, too, with “Scctchflex’
interconnects. Inside of connector bodies,
unique U-contacts strip through flat cable
insulation, grip each conductor for
dependable gas-tight conrections.

Electronlcs/February 20, 1975

“Scotchflex” offers you design freedom,

with a wide choice of cable and connectors.
From off-the-shelf stock you can choose:

14 to 50-conductor cables. Connectors to
interface with standard DIP sockets, wrap posts
on standard grid patterns, printed circuit boards.
Headers for de-pluggable connection between
cable jumpers and PCB. Custom assemblies

are also available on request.

For more information, write Dept. EAH-1,
3M Center, St. Paul, Minn. 55101.

“Scotchflex?” Your -
systems approach
to circuitry.
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NEW!

ROTARY SWITCHES
UP TO 16 POSITIONS

SUBMINIATURE \%;
/S @ N "-{

. WATERTIGHT
\,V'.,//
e -
- 1OR 2 POLES S
N\

Y %,
PRESET STOPS " ~

50,000 CYCLE N\
L”:E All Shown

Actual Size

Nonshorting, low-p-ofile rotary switches with pasi-
tive detent feature low contact resistance and long
lite — ideal for hanc-held communicaticns or virtu-
aily any application tnat requires a compact, hignly
reliable, watertight switch.

Contact resistance is 10 to 50 milliohms imax). de-
pending on model. Contact rating for all models is
100 mA @ 120 VAC, and insulation resistance is
10,000 megohms (min) between adjaceni termirals
@ 100 VDC initial.

Stainless steel shaft is slotted and flatted for screw-
driver adjustment or knob. Versatile devices can be
PCB or panel mounted. For detailed information
sontact TEC or the TEC-REP nearest you.

DISTRIBUTORS:

Audio Etectronics, Inc., Canada
Bodelie Co., Inc., Chicago
Bordew-eck Co., New England
Century Aero Corp. So. Cal.
Peerless Radio Corp., Florida
Ratel Electronics, No. Cal.

(416) 495-0720
(312) 323-9670
(617) 59-4915
(213) 772-116€6
(305) 566-5966
(415) 965-2010

TEC, Incorporated

T 9800 NORTH ORACLE ROAD
TUCSON, ARIZONA USA 85704
” (602) 297-1111

TWX 910-952-1377

New products

face unevenness and offers a vapor-
tight contact seal.

The volume resistivity of the con-
ductive elastomer is 5 ohm-centime-
ters; for the insulating layers it is
1014 ohm-cm. The device’s tempera-
ture range is ~-60°F to +350°F, and
it can operate in relative humidities
as high as to 100%. Standard Zebra
parts are available from stock.
Prices start at 10 cents apiece in
large quantities.

Technical Wire Products Inc., 129 Dermody
St., Cranford, N.J. 07016 [395

Cases provide at least 60 dB
of shielding at 100 MHz

A line of three shielded cases—
blank, standard, and custom—pro-
vides from 60 to 100 decibels of
shielding at 100 megahertz. Even
more shielding can be obtained if
gaskets are placed between the cov-
ers and the case frame, and between
the connector flange and the case.
The blank case, a simple box with-
out connectors, comes in 13 sizes
and sells for as little as $6.38. The
standard series, which comes with

Electronics/February 20, 1975



Systems Supermarket

If you are in the market for a ccmputer-controiled auto- Photo above shows several systems in production at the
matic testing/troubleshooting system, GR is the place to Concord plant’s Systems Center, one of three such centers.
do your shoppirg. Here you will find a wide selection of
automatic systems for testing digital, analog, or hybrid
(digital and analog) circuits. And the new CAPS-VI| soft-
ware package that is now available is the current statz-of-the-
art for testing/troubleshooting software.

For a guide to help you compile your shopping list,
request a copy cf our new Systems Brochure. It concisely
describes and illustrates the several standard GR systems 2210-C Analog Test System ‘E
you'll find any cay being assemblec off the aisles of our \
systems supermarket.

A general-purpose
analog test system.

1792-D Logic-Circuit Test System 1793 Logic-Circuit Tester

For high-speed, parametric digital 1790 Logic-Circuit Analyzer 2210-A Analog Test System A “starter system” — provides rapid
and analog testing. A basic functional and diagnostic A low-cost dedicated digital testing of complex logic
test system for logic elements. analog test system. circuits at minimum initial cost.

@ General Radio
GR Test Systems Division

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 0)74Z

1792-8 Logic-Circuit Test System } NEW YORK N Y ) 212 9642722, (N J.) 201 791-8990 « BOSTON 617 646-0550 = GAYTON 513 294.1500
: : : 2214 Analog Test CHICAGO 312 992-0800 « WASHINGTON, D. C 301 948-7071 + ATLANTA 04 394.5380
Designed for the production 9 u Syst('am DALLAS 214 234-3357 « LOS ANGELES 714 540-9830 « SAN FRANCISCO 415 948-8233
environment, where low-cost testing A commercial-electronics TORONTO 416 252-3395 « ZURICH (01) 55 24 20
and troubleshooting are mandatory. analog test system. GR COMPANIES + Grason-Stadler » Time Data
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problem solver

Bausch & Lomb StereoZoom 7 Microscope with
Coaxial Hlluminator is the answer to your need for full
field, full aperture illumination; full color, high contrast
imaging and better resolution.

This unique form of incident illuminat‘on eliminates
surface glare from highly reflective surfaces and also
effectively illuminates low contrast objects.

You zoom over a magnification range of 15X through
280X. Field diameter ranges from 0.55 in. through 0.03
in. Working distance is 3.0 in.—0.56 in.

Send today for our catalog 31-15
and our FREE DEMONSTRATION offer.

BAUSCH & LOMB (§)

SCIENTIFIC OPTICAL
PAODUCTS DIVISION

AU TG AR 62314 Bausch Street, Rochester, N. Y. 14602

Bausch & Lomb

Circte 136 onreader service card

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,
issue by issue.

Just complete the coupon and mail to Jesse Jones.
He'll process your order upon receipt, postpaid.

ELECTRONICS BOXER
Jesse Jones Box Corporation
2250 E. Butler St., Philadelphia, Pa. 19137

Please send me: [] boxes @ $4.25 each; (] 3 boxes @ $12.00; (J 6 boxes @& $22.00.
My check or money order is enclosed.

Name:

Address:____

New products

flange-mounted rf connectors and
feedthrough filters, is offered in nine
sizes and typically is priced at
$12.15. The custom line is based on
the 13 blank case sizes. It is in-
tended for applications in which the
size, type, and locations of connec-
tors and feedthroughs must meet
special requirements. Prices for the
custom series depend upon specific
requirements. Delivery takes about
14 days.

Compac, 222 Middle Country Rd., Suite
208, Smithtown, N.Y. 11787 [398]

Flexible bus system
carries high current

Claimed to have a capacity of three
times the current of comparable bus
systems, a bus strip and clip are also
smaller, easier to assemble, and
more flexible in their ability to
make selective connections from ter-
minal post to bus, according to the
manufacturer. The system, which
can be assembled to order or pro-
vided as separate pieces for assem-
bly by the user, is made of a tin- or
gold-plated copper alloy. The bus
strip gets both its small size and
high current-carrying capability
from its low (0.075 inch), wide
(0.025 in.) profile. Standard stock
strips come with spacings of 0.100,
0.125, and 0.150 inch, but any spac-
ing from 0.100 to 2 inches can be
made without additional tooling
cost.

Electronics Stamping Corp., 13629 Alma
Ave., Gardena, Calif. 90249 [397]
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Electrical Engineering

INI-¥2l WHI

"a?,'lf}:éﬂ l:::iE . m ake
full use of latest
developments

More effectiveness of Electrical Engineering in industry, in the communizy, in commerce,
trade and management: that is just what you are expecting from the 1,620 exhibitors at the
Hanover Fair. Within the electrical energy processing section, how does one, for example. meet
the rising costs of raw materials? When distributirg energy, what can be done for smaller units?
How do household installations help the craftsman rationalise his work and in the planning of all
types of electrical installation? What progress are the lighting, ultresonic, micro-miniature
welding, spooling and winding machine groups making? Electrical Engineering can find answers

to these questions and thousands more, in the form of useful, practical, new devalopments.

One can make a survey at the Hanover Fair. Here it is not ust printed or paper, here
you can see the progress which has been made, study and have discussions with experts. Make
full use of this compact and accurate information, that only the Hanover Fair can offer you.
Make certain that all the new ideas and trends are transferred to your own field and put in‘o

action.

Electrical Engineering
Plants and Equipment
Electro-machines
Transformers
Gtatic Power Converters
Primary and Secondary Sources of
Current
Power Capacitors
High Voltage Switchgear
Low Volitage Switchgear
Wires and Conductors
Cable
(Cable-Line Equipment
Electro-Mechanical Processing
Electro-Welding and Soldering
Electro-Thermal Processing
Electro-Chemical and Electro-Physical
Processing
Zlectrical Plants and Equipment for
Production
and Industry
Electrical and Electronic
Instrumentation and Automation
Individual Units
Equipment and Systems
Apparatus and Equipment (according to
measuring methods)
Apparatus and Equipment (according to
measuring quantities)
Electrical Fittings, Household
Installations,
Electronic Entertainment
Installation Devices
Household Appliances

Electronics/February 20, 1975

Radio, Tetevision and Gramaphcnes

Receiving Aerials

Electroacoustic Equipment and

Accessories

Audio-visual Devices ard Equipment for
Commercial Use

Electronic Components

Active Components

Passive Components
Electro-Mechanical Components
Component Sub-assemblies

Information which cannot be
obtalned elsewhere

April 16-24,

Lamps, Lighting

Lighting

Incadescent (Filament) Lamps
Discharge Lamps

Telecommunications
Telephony and Telegraphy
Radio Communications
Signalling and Security Control
Timing Devices

Conferences — Meaningful Complement
to the Display

Trade conference deepen and intensify
the quality of information obtained at the
Hanover Fair. For your particular field the
following event has been planned: "ETG
Conference 1975".

General theme: Small and miniature
motors.

Organisers: Energietechnische
Gesellschaft im VDE, Harnover, together
with the Mess2-AG.

Dates: Tuesdey 22. 4 and Wednesday
23.4.75

The complete conference programme
and registration documents can be
ordered.

Contact the Dautsche Messe- und Aus-
stellungs-AG, D-3000 Hannover-
Messegelédnde, Tel. (051%) 8 91,

Telex 09 22 728, for the list of exhibitors
and any further information you may
require.
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Electronics manufacturers are

Electronics Firms finding special advantages in locating

new plants in Utah. For example:

Choose utah for annm Utah is Key Energy Center

The most recent major firm to choose
Utah came for "‘energy'’ reasons.
There are no critical energy problems
in Utab now, and probably no area
has more going for it in the future.
Utah is destined to play a vital role in
solving the country's energy needs
with its vast coal, oil, oif shale, gas,
and uranium resources as well as

its hydroelectric power and promising
geothermal testing. Utah is a key
energy source for all America.

Utah People Are Productive

Companies that have plants in
Utah and other locations have proved
the productivity of Utah's labor
force by comparative tests. Maybe
it's a tradition from the staunch
pioneer stock that settled the State.
Maybe it's because Utah is still
unspoiled industrially. At any rate,
Utahns believe in an honest

day's work, and they are well
educated and easy to train. What's
more, Utah has the facilities to
train them.

FREE Research Study

A research study of critical cost factors

of a hypothetical electronics manufacturer
in eleven major cities of the United States,
coast to coast, showed a potential

10% higher profit in Utah than the
average of all the others

The survey results are outhned in an easy-
to-read 24-page executive summary,
availabte to you for the asking. Just drop
your business card in an envelope and
mail to

John Rencher, Director

Utah Industrial Promotion Division
#2 Arrow Press Square

Dept. E-1

Salt Lake City, Utah 84101

UTaH!

A Great Place
to Work...and LIVE!
Especially for
Electronics!
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New products

Microwave
Power meter
tests to 0.5%

Autoranging digital unit

is bus-programable, has an
auxiliary analog indicator

In today’s cost-conscious environ-
ment it isn’t enough for an instru-
ment to make accurate measure-
ments. It must be low in price, or
else offer the user enough added
convenience for his increased pro-
ductivity to justify its price.

Hewlett-Packard’s latest micro-
wave power meter, the 436A, falls
into this latter category. An auto-
ranging four-digit machine, the me-
ter has built-in firmware to recog-
nize which of several sensors is
connected to its input. The firmware
also allows it to read in watts, in
decibels referred to 1 milliwatt
(dBm) or in decibels relative to a
user-settable reference level. In ad-
dition, the firmware enables it to
switch automatically among its five
power-measuring ranges and to zero
itself at the touch of a button.

Both a systems-oriented instru-
ment and a convenient bench tool,
the 436A is fully programable, yet it
includes an uncalibrated analog me-
ter on its front panel to facilitate
peaking adjustments. Programing

Electronics/February 20, 1975

inputs and digital data outputs may
be handled through an HP Interface
Bus or by a TTL-compatible binary-
coded decimal interface. Both of
these features are optional and
retrofittable.

The frequency range of the unit is
about 100 kilohertz to 18 gigahertz,
depending upon the power sensor
used. With its low-power sensors,
the 436A has five power ranges
varying from 10 microwatts (-20
dBm) to 100 milliwatts (+20 dBm)
full scale. With high-power sensors,
the meter has full-scale ranges from
] mw (0 dBm) to 3 watts (+35
dBm). Maximum error in the watts
mode is 0.5% of reading. In the dB
mode it is 0.02 dB + 0.001 dB/°C.
Resolution is 0.01 dB.

A novel feature of the 436A is its
dB REF button. Push it and sub-
sequent readings will be in dB rela-
tive to the level currently applied to
the meter. This feature should prove
especially valuable in frequency-
response testing.

Front-panel readout on the meter
is by means of an array of four large
(0.375-inch) light-emitting-diode
displays. Illuminated annunciators
also indicate over- and under-
ranging, instrument operating
mode, and measuring units.

The meter will be introduced at
the IEEE show in New York in April.
It has a domestic U.S. price of
$1,800. Delivery time is eight weeks.
The HP Interface Bus input/output
option adds $375 to the price, while
the BCD input/output interface costs
$275. A typical power sensor, the
model 8481A, which has a fre-
quency range of 10 megahertz to 18
GHz and a dynamic range of 30 uw
to 100 mw, sells for $400.

Inquiries Manager, Hewitett-Packard Co.,
1501 Page Mill Rd., Palo Alto, Calif. 94304
[401]

Transistor produces 200 mW
at2 GHz; 175 mW at 4 GHz

An npn silicon power transistor, de-
signed for use as a linear microwave
amplifier, has a typical output
power of 200 milliwatts at 2
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AMERICAN

MADE

Tolerance

SCHAUER

1-Watt

| ZENERS |

Immediate Shipment

Low Prices

ANY voltage from 2.0 to 16.0

Quantity Price each
1-99 $1.07
100-499 97
500-999 91
1000-4999 86
5000 up 82

All welded and
brazed assembly

No fragile
nail heads

Write for complete
rating data and other
tolerance prices.

Buy the kit-

;. Save

Kit contains a 51-piece assortment
of SCHAUER 1% tolerance 1-watt
zeners covering the voltage range
of 2.7 to 16.0. Three diodes of each
voltage packaged in reusable poly
bags. Stored in a handy file box.
Contact your distributor or order
direct.

A $54.57 value for

ONLY $245£

Semiconductor Division

SCHAUER

Manufacturing Corp.
4514 Alpine Ave. Cincinnati, Ohio 45242

\ Telephone: 513/791-3030 /

139




ROCKI.RAND

Rockland Systems Corporation 230 W. Nyack Road, West Nyack, N Y. 10994

Circle

. Full Programmahility %S'SSB
« No Switching Transients
« Direct Digital Technigues

NO MIXING OR PHASE LOCKING
* High Spectral Purity ~1::% 7550
* High Stability 255 < o
« Precision Attenuator

0 TO 85d8 IN 1dB STEPS PLUS CONTINUQUS CONTROL
(PROGRAMMABLE ATTENUATION OPTIONAL)

* High Output Voltage

10 VOLTS P-P, 50-O0HM SOURCE IMFEDANCE

(914) 623-6666 « TWX 710-575-2631

“40 on reader service card

Fight
Them All

Heart Attack, Stroke
High Blood Pressure
Rheumatic Fever

Help your Heart...Help your Heart Fund

New producté

TR

gigahertz and 175 mw at 4 GHz
when measured at the 1-decibel
compression point. Typical linear
power gain of the MS250JE is 10 dB
at 2 GHz and 4 dB at 4 GHz. Housed
in a type J hermetic strip-line pack-
age, the transistor, when used in a
50-ohm system, has an extremely
flat gain-versus-current curve. It is
well suited for use in the output
stages of low-noise amplifiers, tele-
communications, and electronic-
countermeasures equipment. The
MS250JE is priced at $18 each in
lots of 100 pieces. Delivery time is
from stock to three weeks.

Texas Instruments Inc., P.O. Box 5012,
M/S 19, Dallas, Texas 75222 [403]

Millimeter-wave antenna
has 90% beam efficiency

A dual-polarized lens-corrected
conical horn antenna that operates
between 33 and 40 gigahertz has a
nominal half-power beamwidth of
4" and a beam efficiency in excess of
90%. Side lobes of the model A858-
6/881/884 are 25 decibels down,
and VSWR is less than 1.3 across the
band. The antenna has a nominal
gain of 32.5 dB. It accommodates
standard TRG TE;; circular wave-
guide components so that switch-
able linear/circular polarization
may also be obtained by the inclu-
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Introducing

the new 42-digit DPM

Weston, the first to introduce
DPM’s, completes their third
generation product line.

Users of the Weston 22 and
3'2 digit units are well aware of
Weston quality. The new Model
1234 provides the same out-
standing price/performance,
this time with 4!2 digits and 10
microvolts sensitivity.

Outstanding accuracy and
stability are provided through
use of the Weston patented
Dual Slope Integration* tech-
nique. Accuracy and stability
specifications extend over oper-
ating temperatures of 0to 50°C.

Display readout is a seven
segment gas discharge planar
packaged in the Weston “indus-
try standard” high impact glass
reinforced case.

Circle 141 onreader serviceizard
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WESTON

Basic ranges are 100 mV
through 1000V with sample
speeds variable to 30 per secend.
Other standard options are BCD,
remote decimal pcint position-
ing and line voltage operation
for worldwide use If vou have
been looking for a 4% digit
DPM, it will be worth your time
to take a minute and return the
coupon. We will send vou every-
thing vou need to know about
our new Model 1234. For the
sales office closest to you, dial
toll free (&00) 645-9200, or in
New York State, call collect
(516) 294-0490.

In Europe: Schlumberger In-
struments and Sysiems, 12
Place Des Etats Unis, 92120
Montrouge, France.

U8 Patant =3,051.93¢

4
’

4

Weston Instruments
614 Frelinghuysen Ave.
Newark, N. J. 07114

Tell me more about Weston Model
224 DFM.

I aiso want to know about

[ ] Weston APM’s

[] Other Weston DPM's

[] Wes'on DMNM’s

[_] Weston VOM's

[[] Weston Frecaeney Counters
Name - - -

[ ompany —
Address _ -
City___ State _Zip.

Phene :
] Have a salesman call.

:We're either first or be§t. Or both

Schiumberge




enjoy

micro-computer
advantages

The appli-
cation of the
micro-computer
is an exciting
business today.
It offersameans
of getting
greater productivity out of new pro-
ducts...and production lines.

But, the knowledge required to
execute designs using micros is
mind-boggling. it's a whole new de-
sign ballgame, formidable enough to
discourage even the most experi-
enced design engineer.

MYCRO-TEK offers a
cost-effective alternative

Utilizing our team of micro-
computer specialists enables your
company to spend the lion's share of
development dollars working directly
on the application. You eliminate
paying for costly in-house learning
curve and false starts.
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With us on

..without paying for Vi v %
costly leamning curves
and false starts.

consultants, our
micro-computer
experience and
lab equipment
is available to
your design department during the
critical phases of your product de-
velopment. As a result, your product
is developed rapidly with minimum
capital investment in equipment and
training costs.

Sound interesting? We'd like to
provide all the details. Call us—or
write for our complete brochure out-
lining our unique capabilities.

Ad-] .
MYCRO-TEK, INC.

MICRO-COMPUTER
SYSTEMS SPECIALISTS

6631 E. KELLOGG [0 SUITE 214
WICHITA. KS. 67207 [ 316-6B6-3311

noise e High reliability e
e Plug-in modular construction

( CUSTOM DESIGNED
power supplies to your specs

e Smallsize e Lightweight e High efficiency e Low output

j

Short and overload protection

TerraCom has developed high performance power supplies for use in criti-
cal applications. If your requirement is for a high frequency, low noise,
lightweight and small power source, a TerraCom supply is the solution.
TerraCom specializes in supplies for use in extreme environments where
high reliability and excellent performance are important. Contact TerraCom
for successful custom designs of the right supply for your requirement,

WRITE OR PHONE:
for data sheets on
typical power supplies
TerraCom

9020 Balboa Ave.

San Diego, CA 92123
(714) 278-4100
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New products

sion of a model A883 switchable po-
larizer. The antenna is characterized
in a 64-page catalog that contains
design aids for millimeter-wave sys-
tems.

TRG Division of Alpha Industries Inc., 20 Syl-
van Rd., Woburn, Mass. 01801 [405]

Ultraflat directional
couplers span 1 to 18 GHz

A series of directional couplers
with extremely flat frequency re-
sponses are well suited for power-
leveling applications. The seven
models in the series cover the fre-
quency range from 1 to 18 gigahertz
with a maximum deviation from
flatness of 0.2 dB for the 1 t0 2, 2 to
4, 4 to 8, and 8 to 12.4 GHz units,
and 0.3 dB for the 2.6 t0 5.2, 1.7 to
4.2, and 12.4 to 18 GHz couplers.
The devices, which vary in price
from $125 to $150, have an average-
power rating of 2 watts, and a peak-
power rating of 250 w. Delivery is
from stock to 30 days.

Weinschel Engineering Co., Inc., Gaithers-
burg, Md. [404]

Solid-state osciliators
are stable and quiet

A line of solid-state oscillators
that cover the frequency range from
0.5 to 18 GHz drift less than 0.05%
over the temperature range from
-30 to +65°C. The manufacturer
claims the oscillators have less a-m
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Norplex multilayer laminates—the
heart of today’s high-density circuitry.

In applications where space is
critical, multilayer circuits can
replace two or more single
boards, allowing you to increase
circuit density without sacrific-
ing finished exterior dimensions.

Norplex glass laminates and
prepregs are available with
either epoxy or polyimide resin.
They continually meet (and
generally exceed) all customer
specifications. We provide not
only the materials but the tech-
nical services to go with them,
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Norplex Division, UOP

(Universal Oil Products Company)
Norplex Drive,

La Crosse, Wis. 54601

Please send me your brochure on
multilayer laminates.

Name

Title

’___—_-—__~

working closely with you to at-
tain maximum benefits for your
product line and increased fin-
ished product yield.

We have a separate group
devoted exclusivelytothe man-
ufacture of multilayer materials,
working with specialized
Norplex-designed equipment
for optimum production capa-
bility and quality assurance.

No one else can offer you the
in-depth experience and tech-

Company

Address

State

Zip.

City

C A N & __§N _§B N N |

~____—-—_—‘

|
|
l
A . . SE W e

nical expertness of Norplex,
where laminate manufacture
has been our only business for
more than 25 years.

Send coupon for our new
brochure which explains the
advantages of Norplex multi-
layer laminates. Or phone:
608,/784-6070.

Norplex laminates

byuop




VERSATESTER |

Lanw 44

-2 0:0::6:0: 660

Whatis it?
Nlabstrument”

VERSATESTER | O Generates Pulses, Sine waves and Square waves
to 20MHz [ Supplies dc power at --5v, -15v, —15v, =30v O Digitally
Measures frequency from 20Hz to 20MHz, with autoranging; DC and AC
volts, 0-500v; Resistance to 5 Megohms. [J Complete for only $1,650!
[J Contact your nearest Scientific Devices Office for specs or demo or
Systron-Donner at 10 Systron Drive, Concord, CA 94518. Phone (415)
682-6161.

*lab-stru-ment \'lab-stra-mant\ n 1: a complete test lab in one lightweight, port-
able, 3%2 “ panel height Systron-Donner instrument.

SYSTRON 9 DONNER

New products
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Yt~ KLIP-BLOKS

FOR BREADBOARDING

®NO SOLDERING
...dust Push In

® DIPS, transistors,
components
patch with
ordinary

wire

e

" ®Buy only

oz sockets needed
and — save money!

® Exclusive thru-holes open

top and bottom give greater
component density. 4 connected
contacts per strip with 1 to 24 strips
per block -- all on .1" grid. FAST! EASY!

® Avaitable From Vector Distributors or Factory ®

12460 E. Gladstone Ave

¢
V—m ELECTRONIC @ Syimar, Cali, 91342
8(/) COMPANY, INC. \ ¥ _“ (213) 3659661 Twx (910, 396 1539
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and fm noise than other available
units. Incoporating both fundamen-
tal cavity oscillators (series CO) and
oscillator-multiplier ~ combinations
(series COM), the devices can be
easily tuned mechanically, even in
the field. Available options include
military packaging, improved stabil-
ity of 0.02% drift, an afc input, inter-
nal isolators, fm capability, and
auxiliary outputs.

Communication Techniques Inc., 1279
Route 46, Parsippany, N. J. 07054 [406]

Sweeper provides 20 mwW
from 1 to 18 gigahertz

Sweep oscillator 9514ES/9515ES
has a leveled power output of at
least 20 milliwatts over the fre-
quency range from 1 to 18 gi-
gahertz. In addition to full-range
sweep, the unit provides push-but-
ton selection of standard microwave
bands. Full-band, marker, and delta
f modes of sweeping are possible,
making it easy to select the opti-
mum sweep for broad-band or nar-
row-band testing. A p-i-n diode
switch multiplexes the outputs from
several solid-state oscillators to a
common output to provide the
sweeper’s wide frequency coverage.
Singer Instrumentation, Palo Alto Operation,
3176 Porter Dr., Palo Alto, Calif. 94304
[407]

Rf power transistors
are characterized at 22 V

A family of internally matched
broadband microwave power tran-
sistors is characterized at 22 volts.
The model PH2310 driven by the
PH2304 will produce 10 watts of
output power over the band from
2.0 to 2.3 gigahertz with an input
drive level of 500 milliwatts. The
PH2012 driven by the PH2304 will
deliver more than 11 watts from 1.7
to 2.0 GHz. The PH2304 sells for
$100 in small quantities, and the
other two units are priced at $175.
Delivery is from stock to two weeks.
Power Hybrids Inc., 1742 Crenshaw Bivd.,
Torrance, Calif. 90501 [408]
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New products

Subassemblies
A-d converter
handles ratios

Module makes ratiometric
conversions and can run
from digital logic supply

Operating directly from a S-volt
logic supply, a new series of modu-
lar dual-slope analog-to-digital con-
verters can be used to make ratio-
metric measurements. The units,
built by Datel Systems Inc. of Can-

DRTEE

SYSTEMS, INC

A/D CONVERTER

ton, Mass., also have a power output
that provides a regulated voltage of
-5 v dc at 5 milliamperes.

Applications include instrumenta-
tion and computer-controlled sys-
tems. The converters are partic-
ularly suited to working alongside of
transducers at remote locations be-
cause they can power the trans-
ducers themselves. Also, since the
converters can be plugged directly
into a digital board and run from
the supply there, analog-measure-
ment circuitry can be completely
separated from digital circuitry.

The four-wire ratiometric inputs
of these series ADC-ER units per-
mit accurate measurements to be
made from bridge-type transducers.
For ratiometric operation, two of
the wires accommodate the signal
input, while the other two wires are
tied to an external reference voltage,
which is at a different common-
mode level than the input signal. To
operate the converter in a nonratio-

Electronlcs/February 20, 1975

metric mode, these latter two wires
are simply connected to its internal
reference source.

Five models are available. Two
have binary-coded-decimal outputs,
either 2% digits or 3% digits, and
three have binary outputs—8§, 10, or
12 bits. Total conversion time is 43
milliseconds for the 3!%-digit BCD
model and 77 ms for the 12-bit
binary model. All the models mea-
sure 4 by 2 by 0.4 inches.

When the signal-integration time
is a multiple of the ac line’s period,
the converter provides a minimum
noise-rejection ratio of 40 decibels.
An external adjustment permits the
unit to be set for line frequencies of
either 50 or 60 hertz. There are also
external adjustments for zeroing the
converter, as well as for adjusting
gain and clock frequency. Addition-
ally, a reset-pulse output allows the
device’s internal counter to be syn-
chronized with an external counter.

When its internal reference is
used, the converter is accurate to
within 0.05% of reading at 25°C. Ac-
curacy-temperature drift is *35
ppm/°C, while offset-voltage drift is
+30 microvolts/°C. Input imped-
ance, across the differential signal
wires or between one signal wire
and ground, is 100 megohms.

Price ranges from $79 to $99, de-
pending on the model, and delivery
time is four weeks.

Datel Systems Inc., 1020 Turnpike St., Can-
ton, Mass. 02021 (381]

12-bit d-a converter
contains thin-film ladder

Unlike many competitive units that
use a thick-film ladder network, a
new 12-bit digital-to-analog con-
verter is made with a ladder net-
work of thin-film nichrome resistors,
giving the device excellent long-
term stability. Typically, a
nichrome-resistor element changes
only 0.1% after 6,000 hours of oper-
ation at 125°C.

Manufactured by Hybrid Systems
Corp., the new model DAC-12QZ is
intended as a pin-for-pin replace-
ment for Analog Devicess DAC-

12QZ, which has been available for
some time. The two competing
modules are equivalent, both elec-
trically and mechanically.

The Hybrid Systems converter
holds linearity error to 0.01% and
can slew at 20 volts per micro-
second. It can settle to within 0.01%
of its final output value within 5 ps.
Gain stability is 30 ppm/°C, offset
voltage drift is 50 microvolts/°C,
and differential nonlinearity drift is
10 ppm/°C.

Package size is 2 by 2 by 0.4
inches. Three digital-input codes are
available: complementary binary,
complementary offset binary, and
binary-coded decimal. The unit’s
output-voltage range can be either
unipolar or bipolar: +5, +10, +2.5,
5. or £10 v. Power-supply require-
ments are +15 Vv at 25 milliam-
peres, -15 v at 30 mA, and +5 V at
35 mA.

The unit is tentatively priced at
$75 each in lots of one to nine. Lead
time for sample quantities is from
stock to four weeks.

Hybrid Systems Corp., 22 Third Ave., North-
west Park, Burlington, Mass. 01803 [382]

FET-input op amp has
290-volt output swing

The 3580 series of FET-input oper-
ational amplifiers is believed to be
the first IC-packaged family to offer
output voltage swings as high as
145 volts—that’s 290 v peak to
peak from a TO-3 can. Further,
these units are thermally protected
against overloads: if an excessive
load is applied they automatically
turn off; when the load is removed
they turn back on. The family con-
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CMOS
2-for-

sale!

Our 512-bit CMOS RAM
sells for about the same
price as those other 256-bit
RAMs. Twvo bits for the
price of one!

In 100-999 quantitics,
our silicon-gate S2222A will
run vou $15.36 a picce or
just 3 cents a bit. 1000-4999
quantities really knock the
price down—to $10.75 cach.

The price isn't the only
thing that's low. Standby
power is less than 20 nano-
watts a bit. and operating
power 15 microwatts a bit.
With that little power. just
think what you can do with
our RAMs in terminals.

buffers, batterv operated
svstems, portable calculators.
time clocks. and military
systems.

Thisis how our dense new

CMOS RAM stacks up:

Access time: 400 ns

Cvcle time: 940 ns

Single supply voltage: + 10V
Standby voltage to sustain
data: 3.5V

Static memory: no refresh
"Temperature range: 0° to 70° C
Single read/write control line
Simple memory expansion:
chip enable

16-pin dual inline package

The S2222. a higher
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performance version, is also
available with standby
power of less than 4 nano-
watts a bit. 200 ns access
time and 470 ns cvcle time.
These davs. vou need to
save everv bit you can.
Frank Rittiman will show
vou how. Call or write him
at AMI. 3800 Homestead
Road. Santa Clara. CA 95051.
Phone (408) 255-3651.
Or contact vour P
distributor. e p—

its ~~
standard -
at AMI

AMERICAN MICROSYSTEMS. INC.
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Here’s
M

SALES ORHICES:

1104 Highland Avenue, Suaite 1
Maphattan Beach CA 90266
(213) 379-2452 ’
1928 A Old Middletield Way

Mountain View CA 94040

(415¥Y969-0610

Altamonte Centre

249 No. Maitland Avenue, Suite 317 l
Altamonte Springs FL 32701

{305) 830-B889

500 Higgins Road |
Elk Grove Village 11 60007

(312)437-6496 |
1420 Providence Turnpike, Room 220

Norwaod MA 02062 [
(617)762-0726

29200 Vassar Avenue, Suite 214

Livonia MI 48152 |
1313)178-9339

Fox Meadows Office Building

3030 Harbor Lane North, Suite 101

Minncapolis MN 95441 |
(612) 546-3354 |
20 Robert Pitt Drive, Room 212 |
Monsey NY 10952

(91-4) 352-5333

Axe Wood East l
Butler & Skippack Pikes, Suite 3A

Ambler PA 19002

(215)643-0217

735 S. Central Expressway, Suite C-5

Richardson 1°X 75080

(214 231-5721.(21:9) 231-5285

DISTRIBUTORS:

ARROW ELECTRONICS:

Minnesot Bloomington (612) 888 9522
DIPLONMAT ALTA, ENC

Utah - Salt Lake City (B01) 486 7227
INTERMARK ELECTRONICS:

Washington  Seattle (206) 767-3160
SCHWEBER ELECTRONICS:

Calitornia- Costa Mesa ( 213) 924-5594
Connecticut — Danbury (203) 792-3500

Florida - Hollvwood € 305)927-0511

Georgia — Atdanta (104)149-9170

Ihinois - EIk Grove Village (3123 5932740

lowa — Cedar Rapids “Lorenz Sales™ (319) 393-9125
Marviand - Rockville 1 301) 881-2970
Alassichusetts
Michigan
Minnesota
New Jersev
New York

|
Waltham (617) 890 8181
Troy (313) 5839242 ‘
dina (612) 941-5280
Somerset { 201) 469-6008
Rochester (716) 461-4000 '
Westbury t516) 3347471
North Carolina- Raleigh (919) 832 8881
Ohio -~ Beachwood (216) 464 29070 ‘
Texas - Austun (51218372890
Dallas (21 1) 661 5010
Houston (713) 7843600
Canada — Mississauga, Ont. (416) 678-9050
STERLING ELECTRONICS:
Arizona— Phoenix (602) 298-4531
Calitornia- San Carlos (415) 592-2353 I
San Dicgo(7144) 565-21-11
Sun Valley (213) 767-5030
Louisiana  Metairie (504) 837 7921
achusctts — Wiatertown (617)926-97 20
New Jersev— Perth Ambov ( 201) 4442-8000
New Mexico - Albuguerque £5095) 345-6601
Peansvivania - West Chester “West Chester
Electric Supply Col {2151 696-7 500
Dallas (211) 3579131
Houston (713} 623-66(0
Virginia— Richmond “Meridian™ (804) 335-6521
Washington - Scattle (200) 762-9100 l
R.V. WEATHERFORID CO.
Arizonia - Phoemx' (602) 272-7144
Calitornia ~ Anaheim (714) 547-0891 ’
Glendale (213) 849-3451
Palo Alto 1415)493-5373
Pomona (714)623-1261
San Dicgo (714) 278-7400

Texas

Colorado Eaglewood (303) 761-5432 l
New Mexico — Albuguerque (505) 265-5071 |
Texas

Dallas (214) 243-1571 l
Houston (713) 688-7106
Washington - Scattle (206) 243-6340
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sists of three op amps with max-
imum supply voltages of *35, +75,
and +150 v dc. Pricing on them, in

lots of 100 pieces, is $27, $43, and
$53, respectively. Small-quantity de-
livery is from stock.

Burr-Brown Research Corp., International
Airport Industrial Park, Tucson, Ariz. 85734
[384]

Instrumentation amplifier is
linear to better than 0.002%

Featuring a maximum nonlinearity
error of less than 0.002%, a max-
imum input offset drift of 0.5 micro-
volt per degree celsius, and a min-
imum common-mode rejection ratio
of 90 dB, the model 606 instrumen-
tation amplifier is intended for med-
ical, aerospace, and industrial appli-
cations in which low-level signals
must be recovered from noisy envi-
ronments. The device has a gain-
bandwidth product of 10 megahertz,
making it fast enough for many
data-acquisition applications. Its 75-
milliwatt power consumption and
small size (2 by 2 by 0.4 inches)
make it well suited for portable
equipment. In addition to the model
606L, which has a maximum tem-
perature drift of 0.5 uv/°C and sells
for $98 in small quantities, two
lower-cost versions are available.

The 606K has a maximum drift of
1 uv/°C and is priced at $85, while
the 606]J has a drift rating of
2 pv/°C and carries a $69 price tag.
The units are identical in all other
respects than temperature drift. All
three models are rated from 0 to
70°C and are available from stock.
Analog Devices Inc., P.O. Box 280, Route 1
Industrial Park, Norwood, Mass., 02062
[385]

$43 sample-and-hold has
12-bit accuracy at 2.5 kHz
One way to convert fast analog sig-

nals to digital form is to use a fast
analog-to-digital converter. A

cheaper approach that will often
suffice is to use a slower a-d con-
verter preceded by a sample-and-
hold amplifier. A moderate-per-
formance general-purpose sample-
and-hold module with a single-unit
price of $43 and 12-bit accuracy is
suitable for a wide range of such ap-
plications. The model 4854 main-
tains its full accuracy (within 0.01%)
at speeds up to 2.5 kilohertz. At 5
kHz, the maximum error increases
to 0.05%, and at 10 kHz it’s 0.2%.
Claimed to be about 10% cheaper
than competitive devices with simi-
lar specifications, the 4854 has an
aperture time of 20 nanoseconds, an
aperture-time uncertainty of 2 ns,
and a maximum feedthrough of 1
millivolt. The 2-inch-square module
has an input impedance of 10°
ohms, an output slew rate of 1.5 v
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AUTOTRACK ANTENNA
SCR-584 RADAR SYSTEM

360 deg AZ 210 deg EL. | mil. ac
curacy. Missile vel. accel. and slew
rates. Amplidyne conrol. Handle up
to 20 ft. dish. Compl. control chassis
ALSO in stock 10 cm. van mounted
rad. system. Conical scan. PPIL. 6 ft
dish. 300 pg. instr. bk. on radar $25

RF SOURCES
CW: 300-535K Hz S00W; 2-30MHz 3KW; 4-21MH, 40KW;
24-350MHz, 100W; 385-S85MH. 1KW; 750-985MH.
10KW; 95-8 8GHz 150W; 1-1.5GHz 110W; 1.7-2.4GH,
10KW; 3.4-5GHz 1KW; 8.8-11GHz 200W. Many more

UHF: 1 Megawatt 210-225MH: Susec 180 PPS; 14KW
400-420MHz .0002DC; 1KW 400-700MH £ .002DC
L BAND: IKW 1-1.5GHz .IDC. 500KW 1.2-135GHz

2usec 400PP.
S BAND: le 2.4-2.6GHz T5usec 1200PPS, 250KW
2.7-33GH: 8usec  1600PPS; S00KW 2.7-3.1GH.

8usec 1600PPS: 1 Megawatt 2.7-2.9GH: lusec
1200PPS; 5 Megawatts 2 75.2.85GHz 2.5usec 400PPS

C BAND: 225KW 6275-6575MH .dusec 680PPS: 250KW
5.4-58GHz Susec 680PPS. 1 Megawatt 6GH. lusec
1000P PS

X BAND: 100W 9.2-9.5GH:z S5usec 1000PPS: 1 KW
89-94GH, .00!DC:. 65KW 8.5-9.6GHz .001DC
250KW 8.5-9.6GHz .0013DC: 400KW 9.1 GHz | . 8usec
450PPS

Ku-K BAND: SOKW 16.4-16.6GHz .00IDC. 135KW
15.5-17.5GHz 0006DC; 40KW 24GHz 0007DC: 40KW
35GHZz .0004DC

PULSE MODULATORS + H.V.P.S.
245 KW LINE Output 16 KV 16 A. .25 us 4000 PPS
405 KW FLOATING DECK Output 20 KV 20 A § psto
10 millesec pulse
500 KW LINE Output 22 KV 28 A .4/1.75/2.25 us
2500/550/300 PPS
1 MW HARDTUBE MIT MODEL 9 Output 25 KV at 40
A..252us 002D.C
20MW LINE 30KV 70A. 1 /2 us 600/300 PPS
IMW LINE Output 39KV 75 A, .25/ us 500 PPS
I0OMW LINETORKY 135A. 25 us 350 PPS
17MW LINF 17KV 1000 A, 2-5 gs 150-2000 PPS

SEND FOR FREE 24 PG. CATALOG
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First Ever.

RF-PACKAGES—MICROWAVE SYSTEMS

WORLD'S LARGEST RADAR & MICROWAVE INVENTORY

MOD IV HI-RES MONOPULSE TRACKER
Instrumentation radar: freq. 8.5-9.6 GHez, Pwr: 250 KW
I mil accu Trk. Rng. 50 or 200 mu

RADAR SYSTEMS

K BAND MONOPULSE 40KW E-34
KU BAND SEARCH 135KW B-58 |
X BAND MISSILE CONTROL NIKE AJAX/HERC
X BAND FIRE CONTROL 250KW M-33
X BAND WEATHER/SEARCH 250KW AN/CPS-9 I
X BAND AIRBORNE TRACKER S0KW B-47
X BAND MOBILE TRACKER 40KW AN/MPQ-29
X BAND WEATHER/SEARCH 40KW AN/SPN-5
X BAND TRANSPONDER 100W AN/DPN-62
C BAND HGT. FOR. SMW FPS-26; 1MW TPS-37 |
C BAND SEARCH 285KW AN/SPS-58/D
S BAND HEIGHT FINDER 5MW AN/FPS-6
S BAND SEARCH COHERENT 1MW AN/FPS-18 |
S BAND ACQUISITION 1MW NIKE AJAX/HERC !
S BAND TRACKER 10’ DISH 500KW AN/MPQ-18
S BAND MORTAR LOCATOR 250K W AN/MPQ-10A
S BAND TRACKER 250KW AN/MPS-9
L BAND SEARCH 40’ ANTENNA 500KW AN/FPS-75 |
L BAND SEARCH S00KW AN/TPS-1D/GSS-1
UHF SEARCH 1MW TPS-28

DRONE CONTROI. SYSTEMS
UHF COMMAND SYSTEM AN/
X BAND DATA LINK AN/UPW- 1
X BAND TRACKER AN/MPQ-29
X BAND TRACKER AN/MSQ-51

SHORAN Type CPN-2A Freq 290-330 MH:z
Pwr 30K W consists of Lrans., recv., monitor, etc

SPARE PARTS IN STOCK ‘

Nike Apav, Nike Hercules, M 33, MPS-19 TPS-1D TPS
10D FPS-6, SPSX. SCR-S84, HIPAR  Many more. wnite

. Radio
R Research
) 34 Instrument
Co., Inc.

3 QUINCY ST, NORWALK, CONN. 06850
(203) 853-2600

A Point Plotter Module |
For Generating GRT Displays.

Easily display digital information on CRTs or pen plotters ..

any computer or microprocessor.
all ...

it interfaces directly to Tektronix, H-P, and DEC scopes . ..

.from
The DT212 Point Plotter does it

also to analog instrument or control devices.

Imagine, for $245 in 100’s you get a
complete point plotting system that:
o Displays graphics and alpha-
numerics
« Yields more flicker-free data with
high speed X, Y, and Z drive
e Provides accurate position place- |
ment with dual 12-bit D/A ,
converters

o Interfaces directly to computer 1/0

DATA TRANSI..ATIC')':E |
—— e

109 CONCORD STREET

FRAMINGHAM MA 01700

Call us at 617/879-3595 for a complete set of applications data. Or call your local representative below.

o7 8334411 303-934-5505 904-243-6424 504-366-5766 215-337-1573 9194891546 713-688-9971 ’
305-425-5505 305-723-0766 301-953-3724 509-299-7658 216-585-8421 214-231-2513

305-776-4800 404-939-1674 314.997-1515 201-569-2230 615-584-2614 7035273262 |
) 913649-4000 716-334-2445 206-454-0900
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New products

per microsecond, and an operating
temperature range of 0 to 70°C. Its
price, in lots of 100 pieces, drops to
$29. Delivery is from stock.

Teledyne Philbrick, Allied Drive at Rte. 128,
Dedham, Mass. 02026 [383]

$39 sample-and-hold unit
has *1-ns aperture error

The MP240 sample-and-hold mod-
ule has a maximum aperture time of
20 nanoseconds, a maximum aper-
ture-time uncertainty of 1 ns, an ac-
quisition time of 5 microseconds (to
capture a l0-volt step to within
0.01%), and a 100-piece price of $39.
This combination of performance
and price specifications makes the
unit ideal for data-gathering sys-
tems in which good performance
must be obtained at low cost. In ad-
dition to its performance specifica-
tions, which include a hold-mode

feedthrough of -90 dB and a max-
imum transfer error of 0.01% at
unity gain, the MP240 has the ad-
vantage of being a complete system.
It includes a high-impedance buffer
amplifier, DTL/TTL/C-MOS-compat-
ible switching controls, a pro-
prietary signal-acquisition circuit,
and a high-speed output buffer. The
MP240 is said to be especially useful
for economical wideband-signal
data-acquisition systems with
throughput speeds up to 20 kilo-
hertz. A 16-channel, 12-bit analog
data-acquisition and conversion sys-
tem will cost OEMs less than $200 if
they use the MP240 along with stan-
dard modules, the company says.
Analogic, Audubon Road, Wakefield, Mass.
01880 [386]
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and
EXCLUSIVE

A/D Converter

features

HIGH SPEED: 4 psec.

(250,000 conversions per sec.)
HIGH RESOLUTION: 15 bits

HIGH ACCURACY:
0.0065% of FSR

New Model ADC1215F converter from
Phoenix Data is avaiable in “wo basic

models Single-ended and ditferential

Phoenix Data's new Model ADC1215F
A D converter has a resolution cf 15
binary bits and a total conversion
time of 4 microseconds (250,000
conversions per sec). Accuracy of
0.0065% of FSR is guaranteed in
addition to complete monotonicity
Analog dynamic range is In excess
of 86 db

If it's stability. accuracy. speed. or
all-around quality you need in Data
Conversion. contact Phoenix Data

now!'
Cabamda. s

PHOENIX DATA,INC.

3384 W. Osborn Rd. Phoenix, AZ 85017
Ph. (602) 278-8528, TWX 910-951-1364

Circle 172 on readerservice card
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~ New products/materials

A clear, flexible epoxy with proper-
ties making it well suited as a cable-
junction and connector-potting
compound has excellent adhesion to
rubber, neoprene, PVC, and nylon.
Called TC-447, the two-component
formulation is highly resistant to
age-hardening, oils, JP fuel, and
most common solvents. Cure time is
approximately 2.5 hours at 150°F.
In addition to the clear TC-447, a
similar, but black, formulation des-
ignated TC-459 is available for ap-
plications where the need to see the
connection or cable junction is not a
factor.

Techform Laboratories, 215 West
Street, Los Angeles, Calif. 90061 [477]

131

Synthetic hydrocarbon greases
made from mixtures of synthetic hy-
drocarbons and lithium soaps are
intended for applications in appli-
ances and other lubed-for-life
equipment. The Rheolube 723
grease series functions over the tem-
perature range from -40°F to at
least +275°F. It is especially valu-
able where ester-vulnerable plastics
are present. Variations on the basic
grease include fluorocarbon, molyb-
denum disulfide, and other addi-
tives for high loads, delicate metals,
and other special needs.

William F. Nye Inc., P.O. Box G-927, New
Bedford, Mass. 02742 [479]

Liquid polyurethane resins for
casting electrical insulation have the
advantage of combining low toxicity
with room-temperature curing. The
two-component system consists of
Vorite prepolymer and Polycin cur-
ing agent. When cured, the mixture
forms a solid elastomer which shows
better resistance to heat and humid-
ity than do conventional polyesters
and polyethers. Applications for the
material include potting, filling, em-
bedding and encapsulating circuits
and components. In addition, the
material’s small heat rise and good
dimensional stability while curing
make it suitable for encapsulating
toroidal-core transformers, reed and
mercury switches, and selenium rec-
tifiers.

Vorite/Polycin, N L Industries Inc.,
Box 700, Hightstown, N. J. 08520 {480]

P.O.
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WITH THE NEW

LR INNOVATOR

SERIES FROM
E&L INSTRUMENTS

The LR Innovator Series introduces you
to a radically new apprcach to the
learning of digital electronics.

You ercounter hardware on the very
first day. The software (over seven
hundred pages — over 90 experiments)
is designed for both formal instruction
or for self-programmed learning. You
learn through the use of the actual in-
tegrated circuit chips. The hardware has
been designed “open ended.” As elec-
tronics industry changes and evolves,
the Innovator system allows the user
full access to new IC technology.
Write today for full details of this ex-
citing new system.

.l E&L
EI I INSTRUMENTS,
INC.

61 First Street, Derby, Conn. 06418
Phone (203) 735-8774
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the
450 SERIES

Featuring
0.1dB amplitude stability
0.1% distortion
1 to 20V p-p adjustable
100Hz to 10kHz range
1% accuracy {adj. +5%)
.02%/°C stability
Low Profile
(1.5 x20"x0.4")
Also Available:
Fixed + Resistive Tuneable
Precision Quadrature
Oscillators
Low Cost + Stable freq.
include:

400 SERIES

440 SERIES
for

stable frequency reference/distortion
testing/production testing/resolver
excitation/quadrature Mod-Demod/
arbitrary reference angle gen./
computer controlled oscillator

Frequency Devices Inc. also carries a
broad line of active fixed frequency,
tuneable and programmable filters.

For further information, please call or
write:
S. Ruscio, Sales Manager
Frequency Devices Inc.
25 Locust Street
Haverhill, Mass. 01830

{617) 374-0761/TWX 710-347-0314

Frequency

Devices
INC.

50 on reader service card

New literature

EMI filters. Designer’s kit No. 2,
consisting of a collection of article
reprints on electromagnetic inter-
ference and compatibility, catalog
information on the company’s fil-
ters, and a circular slide rule for the
calculation of inductive and capaci-
tive reactances, is available from
Cornell-Dubilier Electronics, 150
Avenue L, Newark, N.J. 07101.
Circle 421 on reader service card.

Hybrid-computer services. A bro-
chure describing details of hybrid
(analog/digital) computer services
and applications is available from
Celesco Industries Inc., 3333 Harbor
Blvd., Costa Mesa, Calif. 92626, At-
tention: E.P. Malone. Celesco
recently acquired a Pacer 700 com-
puter which can be used for simula-
tion of dynamic systems such as air-
craft and missiles. [422]

Rate-of-return calculator. A
paperboard slide rule that engineers
and managers can use to determine
the rate of return on an investment
can be obtained by writing to West-
ern Electric, R/R Calculator, 16th
floor, 195 Broadway, New York,
N.Y. 10007. Limit is one free calcu-
lator; larger quantities are for sale
at $1 each. [423]

Stripline components. A 64-page
catalog, No. 749, covers a line of mi-
crowave components and assem-
blies with emphasis on stripline de-
vices. Both active and passive
equipment, ranging from low-noise
rf amplifiers to directional couplers,
are covered. Lorch Devices Inc., 105
Cedar Lane, Englewood, N.J. 07631
[425]

Motor-lead wire. A bulletin on two
styles of motor-lead wire, types

EMPLOYMENT
OPPORTUNITIESN

Send New Ads to:
Electronics
Class. Adv. Dept.
P.0.Box 900, N.Y..N.Y. 10020

DIGITAL DESIGN ENGINEER. Experience with design and
development of digital subsystems. Familiar with TTL,
MOS, MSI and controt applications of PROM, RAM, and
microprocessors. Scientific Services, Geophysical Institute,
Univ. Alaska, Fairbanks, AK 99701. An equal opportunity
employer

Q. Whom do | contact or call to re-
new my classified ad or make
corrections?

A. Write Electronics, Class. Adv.
Dept., P.O. Box 900, NY, NY
10020 or call: (212) 997-4392.
Give full company name, size of
ad, & date or dates it is sched-
uled to appear.

MULTIPLE RESTRIKE

IGNITION

. LABTRONICS, INC
TPSIANTI, MICHICAN at97

MULTIPLE RESTRIKE
IGNITION SYSTEM

QQ

*5¢0 US REPETITIVE SPnRK i
*HIGH TOTAL LNERGY INPUT !
*FAST RISE TIMb |

«[JISURES PROPER COMBUSTION

*POINTS OR MAG. PICK UP TRIGGERING
*QPERATES WITH STD. COIL & LIST.
*ADJUSTAELE DURATION CONTT\OL
*LONGER POH\A; & PILU bR

*STD. & MULT.
*ONE YEAR r/\»TOPY \-nFF.mJTY

LabTRONICE® MULTIPLE RFSTRIK 4-R)
IGNITION PROLUCES A HIGH ENERGY REP-
ETITIVE SPARK 04 EACH PUWER STEOKE
TO EFFECTIVELY IGNITE THE AIR/FUEL
MIXTURE. M-T. STATISTICALLY INSURES
MORE COMPLETL COMEUSTION - RESULT-
ING IN GFEaTLh EJERGY AWl INCREASED
EFFICIENCY (FUEL ECONOMY). SENL FOR
LABTRONICS® FREE LITERATURL Ol TrL
M-R 5YS5TeM. obRTTER YET, LEXFERIENCE
M-R AND ENJOY THE PLLASURL ANL ECON-
OMY OF A WELL-PERFORMING LNGINE.

LABTRONICS. INCORPORATED

_M R Systemiiizy prs
37995 ppd cod Nome

P/N6129 Moy Ampiifiar
%50 opd cod Adds

Brochure

Encliosed ¥ Goly BO0U0
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THE
POINTER -

METER

KILLER

NLS's DIGITAL

PM-3

$49.95

In OEM aty
Features Include:

o Three full digits; 1 vdc full scale
with 0. 1% accuracy

Large LED.0. 31" display
Automatic zeroing

Low power consumption; 5V @ 0.5W
MOS/LSI construction

Unipolar with over-range and
negative indication

® Small size: 1"Hx2-1/2"Wx3-1/4"D
® Programmable decimal point

Options Include:

Ranges of 10, 100 or 1000 vdc
Operation as voltmeter/counter
BCD output; MUX or parallel
Current measurement

Ratio operation

® Display dimming/inhibit

For immediate delivery fill in below.

o Special offer of $78.50 with your
check and coupon. o F.egular price of
$85.00 C.0.D. or valid purchase order.

l One year guarantee.

Name

I Company

| Address

City State Zip
Add 6% Sales Tax - California Residents

Il 3456789101112 H 1 IuS6789101112

P
PH (714) 755-1139 @wa 910-322-1132

NON-LINEAR SYSTEMS, INC.
Box N, Del Mar, Calif. 92014

Circle 216 on readsr service card
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New llterature

DMD and DTMD, intended for
hermetic motor applications is
offered by The Anaconda Co., Wire
and Cable Division, Magnet Wire,
Glen Hill Office Park 8, Glen Ellyn,
I11. 60137 [424]

Pulse plater. A data sheet enuma-
rating advantages of using short-du-
ration current pulses instead of
simple dc for electroplating a vari-
ety of metals is obtainable from
Nova Tran Corp., 360 Fourth St.,
Clear Lake, Wis. 54005. The bro-
chure also includes catalog informa-
tion on the company’s DP 20 series
of DigiPlate pulse-plating power
supplies, which may be used in the
application of gold, nickel, copper,
and various alloys. [426]

Mask saver. A data sheet from
Electromask Inc.,, 5109 De Soto
Ave., Woodland Hills, Calif. 91364,
explains how the company’s model
7500 mask saver uses a pulsed laser
beam to remove defects from chro-
mium and iron-oxide integrated-cir-
cuit masks. [427]

Electro-optical products. Slits,
pinholes, filters, safety goggles, low-
power lasers, mirror mounts, and
other electro-optical devices are in-
cluded in a 24-page catalog offered
by Energy Technology Inc., P.O.
Box 1038, San Luis Obispo, Calif.
93406 [428]

Eastern European market study. A
forecast and commentary on the
1974-1975 Eastern European Elec-
tronics Market sells for $35 and is
obtainable from Fred Glynn/
Marketing Research, 2200 Sacra-
mento St., Suite 1206, San Fran-
cisco, Calif. 94115. The study, which
was put together without the benefit
of the large amounts of data nor-
mally used for such studies in the
U. S. and Western Europe, consists
largely of interpolations based on a
small number of known facts. The
author claims, however, based on a
few “predictions” that he has been
able to verify, that, with the excep-
tion of his figures on Albania, the
forecasts are accurate within 25%.
(429]

Circle 151 on reader sarvice card

e How do you direct 2,000 low
level transducer lines into a back-up
computer without changing 200 cables?
asy. T-Bar® 48-pole latching relays.

T-Bar makes high density switches and
relays . . . designs and fabricates special
swntchlng systems . . . reliably and
economically. |f you switch a Iot of lines —
all at once or a few at a time — write or
phone today for complete T-Bar literature.

Thar

SWITCHING COMPONE: NTS DIV.

1474 Danbury Road
Wwilton, CT 06897
Phone: 203/762-8351

|

E

|NCORPORATED
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Only Preston’s
Amplifiers Deliver

Advertising Sales Staft o < B
Balanced Precision”!

Plerre J. Braudé New York [212] 997-3468
Director of Marketing

Atlanta, Ga. 30309: Warren H. Gardner
100 Colony Square, 1175 Peachtree St., N.E
[212) 997-3617 I

8oston, Mess. 02116: James R. Pierce
607 Boyiston St. [617]) 262-1160

Chicago, Hil. 60811: |
645 North Michigan Avenue

Robert W. Bartlett (312) 751-3739

Paul W. Reiss (312) 751-3738

Cleveland, Ohio 44113: william J. Boyle
716] 586-5040

Dallas, Texas 75201: Charles G. Hubbard
2001 Bryant Tower, Suite 1070
{214]) 7421747

Denver, Colo, 80202: Harry B. Doyle, Jr
Tower Bidg., 1700 Broadway
{303]) 266-3863

Detrolt, Michigan 48202: Robert W. Bartlett
1400 Fisher Bidg
[313)873-7410

Houston, Texas 77002: Charles G. Hubbard
Dresser Tower 601 Jetferson St., [713] 224-8381

Los Angeles, Calif. 90010: Robert J. Rielly
Bradley K. Jones, 3200 Wilshire Bivd., South Tower
[213] 487-1160

New York, N.Y. 10020

1221 Avenue of the Americas
Warren H. Gardner (212) 997-3617
Michael J. Stoller (212} 997-3616

Philadeiphla, Pa. 19102: Warren H. Gardner
Three Parkway,
[212)997-3617

Pittsburgh, Pa. 15222: Warren H. Gardner
4 Gateway Center, [212] 997-3617

Rochester, N.Y. 14534: William J. Boyle
9 Greytock Ridge, Pittsford. N.Y
(716) 586-5040

San Francisco, Callf. 94111: Don Farris
Robert J. Rielly, 425 Battery Street,
(415] 362-4600

Parls: Alain Otfergeld
17 Rue-Georges Bizet, 75 Paris 16, France
I Tel: 720-73-01 |

Genaeva: Alain Offergeld
1 rue du Temple, Geneva, Switzeriand
Tel: 32-35-63

United Kingdom & Scandinavia: Keith Mantie
Tel: 01-493-1451, 34 Dover Street, London W1

Milan: Robert Saidel I
1 via Baracchini, ltaly Phone 86-90-656

Large and
medium scale

integration:
Keep up with this
fast changing technology

Now, in one comprehensive volume, a
complete working grasp at large and |
medium scale integration for electron-

ics engineers engaged in the design of
electronic systems, equipment and
products.

A wealth of practical working data on
large and medium scale integration has
been culled from the most important
articles in Electronics magazine by
Samuel Weber, Executive Editor. Em-
phasis is on design problems at the
system or subsystem level, as well as
on the economics of today’s design.

Whatever the design problem — from
partitioning a digital system to working
with a semiconductor company in pro-
ducing the best LS| design, this book
covers the full range of today's impor-
tant technologies on a practical, rather
than a theoretical, level. |

it's yours for $15.00. Keep up.

P Bm B FREE 10-DAY EXAMINATION® = |j
McGraw-Hill Book Company ., ,V I

All five models of Preston’s 8300 XWB Series
Instrumentation Amplifiers deliver exclusive
“‘Balanced Precision” performance! By improv-
ing temperature stability and rejection of ‘false’
input signals, we've siashed the effects of the
| | four biggest sources of instrumentation system
|| errors:

Common Mode Rejection — 150 db @ DC, 130
db @ 60 Hz! Preston delivers the highest CMR
available to cut 'false’ input signals by as much
as 80%!

Temperature Stability — Gain TC is only 10
ppm/°C and Zero TC is an uitra-low 0.1 «V/°C
RTI! That's 2 to 5 times better than any other
amplifier!

Pumpout Current — Stays below Y2 nanoamp
over the entire temperature range to reduce
errors by more than 90%!

Overfoad Recovery — to within 0.01% in only
30 usec.!

PLUS — these other basic advantages:

Accuracy — Models available with accuracy
from 0.1% to 0.005%!

Full Power Bandwidth — from DC to 100 kHz!

Ten New Options — including triple output,
three- and four-pole Bessel! filters, and remote
calibrate relay for verified data accuracy.

Get all the details by requesting our 12 page
“Balanced Precision” brochure that shows how
to determine your instrumentation system's true
accuracy! Write to Preston Scientific, Inc., 805
E. Cerritos Ave., Anaheim, Calif. 92805 or call
us at (714) 776-6400.

We'll put all our years of experience on the line!

Brussels: Alain Ottergeld
23 Chaussee de Wavre
Brussels 1040, Belgium

’ Tel: 13-73-95

Frankfurt/Maln: Fritz Krusebecker
Liebigstrasse 27c. Germany
Phone 72 01 81

Tokyo: Tatsumi Katagiri, McGraw-Hill
Publtications Overseas Corporation,
Kasumigaseki Building 2-5. 3-chome,
Kasumigaseki. Chiyoda-Ku, Tokyo, Japan
(581319811

Australasla: Warren E. Ball, IPO Box 5106,
Tokyo, Japan

1221 Ave, of the Americas,

New York, N.Y. 10020

Send me a copy of Large and Mednum
Scale Integration (068815-X) for 10 days
on approval. At the end of that time, | will
either remit $15.00, plus tax, postage, and

Offer good only in the U.S. and subject to
acceptance by McGraw-Hill. For prices out-
side U.S., contact McGraw-Hill Book Co.

23 K138-4018-3
B on on o an o e 55 = - ..
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Business Department

Stephen R. Welss, Man ager
[212) 997-2044

Regina Hera, Directory Manager
(212) 997-2544

O

PRESTON

handling, or return book without further Thomas M. Egan | BALANCED pRrecic
obligation. (Remit in full with this coupon, l Production Manager [212] 997-3140 = '“M‘{smx
plus any tax, and McGraw-Hill pays all . Carol Gallagher
postage and handling costs.) Assistant Production Manager [212] 997-2045

I Dorothy Carter, Contracts and Biliings |
Name [212) 997-2908 |

Frances Vellone, Reader Service Manager

Address I [212) 997-6057
City. I Electronics Buyers' Guide ‘

I George F. Wemner, Associate Publisher
State Zip [212)997-3139
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If you're low man on a company copy,
Isn't it time you got your own?

How often has ELECTRONICS
never even made it to your desk?
How often has ELECTRONICS
wound up on your desk dog-
eared and abused, with articles
clipped out and ripped out?
How often has ELECTRONICS
wound up on your desk days,
even weeks late? And you find
yourself reading a January
issue in February.

You should be getting your own
copy of ELECTRONICS right off
the press.

You need it. You want it. You
read it because it's important to
stay on top of what’s happening in
your field. And ELECTRONICS
is on top. ELECTRONICS is the
Source. It’s packed with up-to-date
information, with the breaking
news of the electronics industries

in the U.S. and worldwide.

And you can get ELECTRONICS
where you can find the time to read
it—at home. Go to the Source,
today. Just fill out the subscription
card enclosed in this issue,
and send it off.

Electronics »/;
IS THE SOURCE. K0\
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You can plan your future
to the dime. Simply sign
up for the Payroll Savings
Plan. An amount you
specify will be automati-
cally set aside each payday
to buy U.S. Savings Bonds.

With Bonds what you
save is what you get. Plus
Interest. NotKing’s more
secure and dependable.

Ask your payroll people
to get you started right
away. You'll be richer
later. And feel good. And
warm. And secure.

Join the Payroll Savings Plan.

Electronics/February 20, 1975

new

C/MOS
Logic Probes
Available Now

o
N
o &
&
«"‘Q 6}0
& °
N
New
Model LP-576

tells you everything
you need to know in
5 through 15V C/MOS
circuits: lows, highs, open

o circuits and pulses are all indi-
* o cated. Send for free literature.
For a 30 day Free trial Probe or

Special information, telephone

Tom Barth, Kurz-Kasch, Inc.,

’ Electronics Division, 2876 Culver
Avenue, Dayton, Ohio 45401,
w Telephone: (513) 296-0330.
Free KurzKasch,Inc.

es

ELECTRONICS DIVISION
2876 Culver Avenue
Dayton, Ohio 456401
Telephone 513/296-0330
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PM-100
Panel Mounts

Audio
Indicator
“Systems”

PM-101
Pane{ Mounts

Speed Up Installation...

QLC}%O series 4 add Versaﬁlity, tOO!

t

Indicators X Take your choice. Com-
“J=~5 ponents...or systems.

- tors: Rugged, reliable, steel

= encased. Rated at a very notice-

g able 76 dB at 400 Hz. Four models:

Al-101 (3 VDC); AlI-103w (3 VDC with

third wire collector); Al-105 (5 VDC); Al-

112 (12 VDC). Use panel mounts for added

versatility. PM-100: fits 1%8” opening in 8"

panel. Terminals accept .250” female discon-

nects, screws, or solder. PM-101: for %2” openings in %"

panels. Bezel, self tap screws, or adhesive mounting. Spe-
cial mounts made for OEM. What are your needs?

. &N / A1-100 Series Audio Indica-

IN EUROPE
rO eCtS 3680 Wyse Road projects unhimited/
Dayton, Ohio 45414 Europe B.P 15
6100 Mont Sur
Unhm,’[ed Tel. 513.890-1918 Marchienne
Belgium, Telex 51-390

TWX 810-450-2523 Tel (07) 36 84.86

D.l.A.L. 800-645-9200 for the name of your nearest representative.
In New York call 516-294-0990 collect.
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Get Your Project

Off The Ground
B

- 0.320" Dia.
1 E (8.12 mm)
1200 |
(30.4 mm) |

l ﬁ 5/16"
- 7.93 mm

1-18 GHz
Schottky Detector

(Shown Actual Size)

One wideband Detector with flat frequency response may
be all you need for different band applications. Aertech’s
miniature DOS118B and DOS218B Schottky Detectors
weigh only 7 grams and are available off-the-shelf to
quickly get your project off the ground.

SPECIFICATIONS

B —50 dBm min. across bandwidth. 100 mA bias,
3 dB video NF, 2 MHz BW.
11.0 dB max., £0.5 dB typ.
Matching & Tracking . . . . . ..o v v v v v o 10.5 dB, typ.

FLAT FREQ. RESPONSE . . . . ..

Operating Temp. Range . . . . ......... —65°C to +1 25°C
Input Connector. . . . . . v v v v v v v v oo 3 mm SMA {male)
Output Connector . ... ... ... .c.... 3 mm SMA (female)
Weight . . . . oo i it e e e e 7 grams
Field Replaceable and Reversible Diode Models Available
Frequency
GHz Model Price
1.0-18.0 DOS1188B $125.
2.0-18.0 D0S2188B $120.
I MNPYBSTRIES
TYART DR. « SUNNYVALE  CALIF. 94086

(408) 732-0880 - TWX 910-339-9207

Circle 156 on reader service card

Buckeye's classic cabinetry line of aluminum enclosures is
colorful, strong and budget priced. Universal 19” front panels,
with heights from 12.25” to 28”. You can also deperd on
Buckeye for other instrument-packaging needs: Designer Cases
of all types and sizes — Patented card guide modules — PCB
racks — Retractable, locking tilt-stands —and the recognized
high guality matching instrument knob line.

the BUCKEYE stamping ¢€0. write today for
55% Marion Rd., Columbus, Ohio 43207 free colortful
“QUALITY PRODUCTS SINCE 1902” _ literature!
7 =

prm L = \'Wmm]mmﬂd oy

GUIDES - CASES - KNOBS - RACK.

Circle 175 onreader service card

The New Brush 2400:
the best performing, most versatile
wide channel recorder you can buy.

It is available in 2, 3 and 4 channel configurations
utilizing combinations of 50 mm and 100 mm chan-
nels totalling 200 mm. It had a 99.65% linearity
over the full 100 mm channel. Its frequency re-
sponse is an outstanding 30 Hz at 100 mm, 50 Hz
at 50 mm and up to 125 Hz less than 3dB down. It
has a full range of plug-in signal conditioners for
just about any industrial-scientific-medical appli-
cation.

For full details on why the new Gould 2400 is the
best performing direct writing recorder you can

buy, write Gould Inc., Instrument Systems Division,
3631 Perkins Avenue, Cleveland, Ohio 44114, Or
Kouterveldstraat 13, B 1920 Diegem, Belgium.

Circle 176 on reader service card



SOLID STATE
3 WIRE SYNCHRO TO
LINEAR D.C. CONVERTER

FEATURES:

® Develops a DC output voltage linearly proportional to a synchro
angle over a + 180° range.
® Completely solid state with all of the inherent advantages over a
mechanical system such as:
® High reliability (since there are no moving parts)
® Light weight—6 ozs.
® Small size
® All units hermetically sealed

RESPONSE CURVE |
MAC 1422-1 | . »
MAC 1449-1 8}, /1 g /
MAC 145812, | A o v o
MAC 1459-18[,, [/ = N
SYNCHAD ANGLE OEGREFS 24 /
180 135 90 45 $45 90 135 180 5
2 042 .
,/ S|
= -,‘? 9 (] 90 180 270 %0
( g‘ 8 SYNCHRO ANGLE OEGREES
1 Jw RESPONSE CURVE
® Wi i MAC 1460-1
Wide temperature range operation MAG 1401

® Dutput short circuit protected

® Three wire inputs isolated from ground

® Package size may be altered at no extra cost

® Units can be altered to accept different line to line voltages or
different operating frequencies at no extra cost

® Not affected by reference voltage or power supply variations.

MAC MAC MAC MAC MAC MAC
UNIT 14221 14491 1458-1 1459-1 1460-1 1461-1
TRANSFER EQUATIDN +1v/18° +1v/18° +1v/18° +1v/18° +IV/36° +1V/36°
ACCURACY (+25°C) Y% Y% Y% %% Y% Y%
ACCURACY (-25°C-+85°C) 1% 1% 1% 1% 1% 1%
L-LSYNCHRD INPUT (VRMS) 11.8 90 11.8 90 11.8 90
FREQUENCY (Hz) 400 400 60 60 400 400
FULL SCALE DUTPUT 10V +10V +10V 10V +10V +10V
OUTPUT IMPEDANCE <1 <102 <1 <1 <12 <1
L- LINPUT IMPEDANCE >10K >30K >2K >10K >10K >30K
REFERENCE VDLTAGE (VRMS) 26 115 26 115 26 115
OPERATING TEMP. °C -25 - +85 ~25- +85 ~25-+85 —~25 - +85 -25-+85 ~25 - +85
D.C. SUPPLY +15V + 15V + 15V + 15V +15V 15V
0.C. SUPPLY CURRENT +75MA +75MA +75MA + 75MA +75MA + 75MA
BANDWIDTH 10Hz 10Hz OPT. OPT. 10Hz 10Hz
WEIGHT 6 oz. 6 oz. 6 oz. 8 oz. 6 oz. 6 oz.
SIZE 3.6x2.5x0.6 3.6x2.5x0.6 3.6x3.0x0.6 3.6x3.0x1.0 3.6x2.5x0.6 3.6x2.5x0.6

A.C. LINE REGULATION

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

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

FEATURES:

® 0.1% total line and load regulation

® |ndependent of + 20% frequency fluctuation

® 1 watt output

® Extremely small size

® |solation between input and output can be provided

Specifications: Model MLR 1476-1

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

Output: 26V * 1% for set point

Load: 0 to 40ma

Total Regulation: +0.1%

Distortion: 0.5% maximum rms

Temperature Range: -55° C to
+125°C

Size: 2.0” x 1.8" x 0.5"

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

There is No Substitute for Reliability

SOLID-STATE SINE-COSINE
SYNCHRO CONVERTER -
NON VARIANT

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

® Complete solid state construction

® Dperates over a wide temperature range

® Independent of reference line fluctuations

® Conversion accuracy—6 minutes

® Reference and synchro inputs isolated from ground

Specifications Model OMD 1508-2

Accuracy: Dverall conversion accuracy 6 minutes. Absolute value of
sine and cosine outputs accurate to * 30MV

Temperature Range: Dperating ~40°C to +85°C, Storage —55°C to
+125°C

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

OC Power: + 15V DC + 10% @ 50MA

Reference: 115VRMS + 5% 400Hz + 5%

Output: 10V DC full scale output on either channel @ 5ma load

Temperature coefficient of accuracy: * 15 seconds/°C avg. on con-
version accuracy + 1 MV/ °C on absolute output voltages

Size: 2.0 x 1.5 x 2.5"

Units are available with wider temperature ranges and 11.8V LL,

26V reference synchro inputs. Information will be supplied upon

request.

GENERAL MAGNETICS *' INC

135 Bloomfield Ave., Bloomfield, New Jersey 07003 - Tel. (201) 743- 2700
~ Circle 801 on reader




Clairex phototransistors
give you higher sensitivity
at extremely low illumination
levels...and
they cost no more.

So Light
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IRRADIANCE mW/cm?

One of our customers is using our phototransistors to detect signals from

., an LED at distances up to 60 feet.

If you need phototransistors to give you more current at lower light
\. levels, call (914) 664-6602, or write Clairex®, 560 South Third Avenue,
\ }\'Iount Vernon, New York 10550.

. CLAIREX ELECTRONICS

A DIVISION OF CLAIREX CORPORATION
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