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Experience?k.
Proves:

Rantec Absorber Ha’s i
Locked-=in Performance’

Anechoic chambers designed and
built by Rantec provide these sig-
nificant benefits:

e Absorber with extra-high, locked-
in performance.

e No absorber carbon fallout.
e No absorber carbon washout.
e All absorbertested and serialized.

e All absorber dimensionally
inspected.

e Complete RFI/EMI turn- key
installation available.

e Certified RFI/EMI testing available.

Call (818) 704-6944 or circle the
reader service number for more
information.

rdagngtfedcy
Anechoic/EMI| Systems

-
E 7659 Alabama Avenue. Canoga Park. California 91304
HMIFREON (818) 704-6944 o TWX:910-494-1218
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The new 2022 Signal
Generator from Marconi
Instruments offers a
giant step forward in
overall perfarmance.

For $3950 you get full
10 kHz—1000 MHz

frequency
coverage,
$ comprehensive
modulation—
AM, FM and
phase and true
, non-volatile

@ g
GIANT

memory for 100 settings.

With a panel width of
only 8%2" and weight,
Jjust 16%2 Ibs., it's ideal
for bench or field use.

10 Hz resolution permits
precise SSB measurements
and 0.1 dB accurate level
setting.

Easy to use controls
provige fast data entry, and
combined with memory
sequencing, significantly
reduce test times.
Incrementing functions
speed and simplify
bandwidth and other
receiver checks.

Costly attenuator repairs
are avoided with built-in
reverse power protection
which is fail safe, even
with supply off.

A lalker/listener GPIB
option allows full
programmable control of
all functions in low cost
ATE applications.

Call us to put a giant
on your bench now.

marconi B

instruments

MARCONI INSTRUMENTS
3 Pearl Court

Allendale, New Jersey 07401
Telephone: (201) 934-9050
West Coast: (714) 895-7182
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OING IHE DISTANCE

he date: February 1,
1925—Togo, a 10-year-
old Siberian husky, led
his team in the desperate
drive to carry diphtheria anti-
toxin to the children of Nome
Alaska—going the distance for an
incredible 340 miles, non-stop,
in the face of 80 mph winds and
50-below-zevo temperatures.

B
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ACRIAN COES™ “Acrianisaworldleader  making the 0105-100 an out-
“7In high power, high-reliability  standing example of the

THE DlSTA NCE RF and microwave broad- Acrian communication
band power devices. We got transistor series.
lN BRO ADB AND there by going the dis- Call us for complete
tance—meeting a diversity specifications on the 0105-
of telecommunications 100, or any of more than 500
COMMU Nl ’ needs with a non-stop com- Acrian products that go the
mitment to engineering and distance in communications,
CAT'ONS manufacturing teamwork, radar, and avionics. Call or
no matter how tough the Telex: (408) 996-8522
TECHNOLOGY chalienge, or how basic. TWX (910) 338-2172.
Take a hard look at the
PRt b i 0105-100, an internally in- Acrian Inc. 10060 Bubb Road
put-matched balanced NPN Cupertino, California 95014
power transistor, with 100
watts output for 100-500
P MHz broadband applications.
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This month’s cover features a GaAs monolithic VHF/UHF amplifier currently
being developed by M/A-Com Advanced Semiconductor Operations, Lowell,
Mass. This feedbacked, three-staged amplifier outperforms conventional silicon
monolithic amplifiers in terms of gain and noise. It is one of a series of broad-
band and narrowband GaAs MMIC circuits currently under development at
M/A-Com.

Features

Special Report: The New Look in RF Circuits —
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The trend is to smaller and lighter circuits in RF as it has been in microwave.
Because of the greater volume of RF manufacturing, it is automated surface
mounting that is making miniaturization practical. This month we look at sur-
face mounted RF devices and other aspects of circuit miniaturization.
— James N. MacDonald.

| An Ultra-Lightweight HF Transmitter Using High
46 voltage MOSFETs
S L 6440 Here is an RF amplifier with a transformerless power supply driven by a one-
pound heterodyne VFO. The complete transmitter weighs four pounds and
M/x ER can be carried in an attache case. This article examines several myths about
MOSFETs. — Robert W. Vreeland.

The Surface Acoustic Wave Filter

Because of the interest generated by previous articles on SAW design, the
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minology in common use. — Jeff Schoenwald.
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When you need more crystal
filter performance in less space,
we re-think basic assumptions.

For instance, we've packed four-
pole response--two networks--into
a single can. (15-250 MHz, as
small as .450"'H. x .420"°W.). It
gives you the bandwidth selectivi-
ty and performance you need. In
half the space.

Then there's our HC45 package,
meeting or beating fundamental
filter specs at one-

third the usual

size. And our I]
sub-mini tubular

(17-250 MHz,

127°D. x .32"'H.).

And our

matched filter sets,

smallest in HIC#6;Sub-mini
the industry. Actual size

Two minus one equals two.
When you need more perfor-
mance in less space, call on us.
Our new formula

can’t be equaled.

Crystal Products, Inc.
**Where the Impossible Becomes the Ordinary.
121 Water St.

Mineral Point, WI 53565
(608) 987-3363, Telex 467581
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»rF editorial

A Technology Whose
Time Has Come

James N. MacDonald
Editor

n this month’s Special Report we

mention a company with a vision of in-
credibly tiny electronic devices for con-
sumer use. This is just one of many com-
panies we have visited with amazing R&D
projects for components and devices. Pro-
ject managers will only talk in the vaguest
terms, of course, since much of the work
is experimental, but the excitement and
optimism are apparent.

Also apparent is a healthy caution
about raising public expectations for ad-
vances that might not occur. As one exec-
utive put it, “We try to avoid the ‘magic
dust’ syndrome — the new development
that is supposed to solve everybody’s
problems but turns out to be another five
years down the road.”

With this realistic attitude, RF designers
and manufacturers will avoid the situation
the computer industry finds itself in. The
home computer market that showed such
great promise is now floundering. There
are many theories for this slump, but the
underlying problem is that the mass
market has not materialized. Although
small computers are a big help in small

businesses, they have not proved very
useful in the home. Ordinary people with
an interest in technology and those who
like to be among the first to have new
gadgets have bought them. Those without
the time and inclination to learn how they
work have avoided purchasing them.

It seems likely that home computers are
a technology ahead of their time. Carried
along by rapid advances in miniaturiza-
tion and reductions in cost, manufacturers
began producing home computers as
soon as they were able. They knew the
amazing power and capability of these
little machines and, apparently, expected
the average consumer to see quickly how
useful they could be. What they did not
study thoroughly enough was whether the
average consumer needed a computer.

Some critics saw this problem. One
columnist wrote sarcastically that soon
there would be a computer in every closet.
“Necessity is the mother of invention,” but
in the case of computers for the mass
market the invention came before there
was a need for it. The RF industry could
make the same mistake.

The major companies we have talked
to lately seem to be determined to avoid
producing for markets that are not there.
We hope all RF companies will learn from
the experience of the home computer in-
dustry and avoid a competitive rush to
bring electronic devices on the market just
because they have learned how to make
them.

Two important points can be learned
from the experience of the computer
manufacturers: there has to be a need for
the new technology and it has to be easy
to use. Thanks to the cumulative ex-
perience of RF design engineers, new
consumer devices are easy to use. Let’s
also be sure the consumer wants them.

Foila
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rF publisher’s note

Let’s Hear It
For The Radio

Keith Aldrich
Publisher

was born in 1929 — just 56 years ago,

July 29. While that year may be better
known as the year of the crash that
launched the Great Depression, | prefer
to think of it as the eve of the era of
radio. . .a golden, miraculous new med-
ium that informed, entertained and even
bolstered a beleaguered people for free,
when they couldn’t afford nothing else
noways.

The first round-the-world broadcast was
heard in 1930. It would be difficuit for
younger readers to appreciate how quick-
ly and completely after that the little
broadcast box became the focal point of
world civilization. One might be inclined
to say | was a little young to remember
that myself, but that’s just the point. Even
the haziest memories of the thirties are
replete with radio references: Fiorello
LaGuardia, New York City’'s Mayor,
reading the Sunday funnies to me, a kid
in Shawnee, Oklahoma; the family com-
ing together as if for prayer to hear
Franklin D. Roosevelt's latest, tender,
Fireside Chat; a news announcer,
McLuhan-cool, suddenly shrieking in
anguish when the Hindenburg bursts in-
to flames; the careful reading of code
messages on Orphan Annie, invariably
decoded as “Drink your Ovaltine.” The
pervasiveness was more complete, |
think, than that of TV, since all this brave
new world went with you in your car,
stayed with you on the job: | shall never

8

forget the muted, bitter, on-the-spot ac-
count of the Nazi occupation of Vienna
after the Anschluss, heard during a Satur-
day afternoon drive in the country.

A favored hobby among scientifically-
minded youths of the time, | remember
well, was building “crystal sets,” or radios,
and operating them as radio “hams.”
Such enthusiasts were the closest approx-
imations at the time to today’s electronics
engineers. The word “electronics” itself
did not exist. It was invented after World
War Il by McGraw-Hill to re-title its
magazine called, till then, The Radio
Engineer.

This experience, nostalgic to older
readers, may seem quite foreign to
younger ones. Instead of a crystal set,
they may have fooled around as young-
sters with a computer kit. And instead of
trying to reach China by short wave they
may have been writing programs to
balance Mom’s checkbook.

Ironically, those same computer kids
may now be working as RF engineers,
developing incredibly sophisticated ver-
sions of the old crystal sets. As Levy-
Strauss observed, history has a way of
moving in cycles, not in a linear progres-
sion — and today, radio is in again, not
to bring us Jack Benny, but to give us cor-
dless phones, pagers, over-the-horizon
radar and sonobuoys. It is probably no ex-
aggeration to say that RF technology to-
day is the most flourishing market in the
entire electronics industry. It is certainly
no exaggeration to say that the computer
sector, so long and so recently the star of
the show, is not.

| have noticed a slight tendency, on the
part of some high-tech people, to look
down on hams and ham activity — as if
such a hobby somehow lessened the pro-
fessionalism of those whose livelihood is
RF engineering. | challenge that notion.
Quite to the contrary, experience as a
practical operator cannot but deepen
one’s understanding of electromagnetic
wave generation and propagation. In fact,
if there are any computer kids among our
readers who are not hams, we urge you
to give it a try. It will give you much of the
education, in this strange “new" field, that
you're looking for.

In the meantime, old and young alike,
let’s hear it for radio. Guglielmo Marconi’s
invention has come into its own. Again.

t
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These proven CTS Ovenized Oscil-
lators provide fast warm-up, low
power, excellent stability and low
phase noise. When you need pre-
mium quality, state-of-the-art preci-
sion oscillators for industrial and
military applications, you can depend
upon CTS. With the largest staff of
engineers in the industry, we've been
building premium crystal products for
40 years. Because we manufacture our
own precision crystals, you are assured of
consistent oscillator performance

wsC” Ovemze —

Oscillato

and quality. With extensive design
and manufacturing capabilities, CTS
Knights Division crystal products
have become the choice when reli-
ability cannot be compromised.

WRITE TODAY for complete specifi-
cations on these CTS
Ovenized Oscillators.
Contact: CTS Corpora-
tion, Knights Division, = .= .
400 Reimann Ave,, Sand- - -
wich, IL 60548. Phone:

(815) 786-8411.
INFO/CARD 6
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General Specifications
JKSC-127 Ovenized Oscillator {Stress Compensated)

Center
Frequency 100 MMz and 10230 MHz
@ -55°C +5x 1077 n 7 minutes
Warm-Up @ -32°C +5«x 10‘9 in 5 minutes
@ +25'C +5x 107 in 3 minutes
Oven @ turnon 12 A maximum @ +28 V
Input Oven @ 25°C 125 mAtymcal @ +28 V
Power Oven @ —~55°C 240 mA typical @ +28 V
Oscillator 20 mA maximum @ +15V
Frequency :
Stability Vs.  +5x 10" from —55°C to +71°C
Temperature
1 Hz BW) @ 10 Hz offset - 120 dbc
Phasailioise ( } @ 100 Hz offset -140 dbc
@ 1 KHz offse! —-150 dbc
@ 100 KHz offset —150 dbc

CTS. MEANS RELIABILITY

CTS CORPORATION e ELKHART, INDIANA

Voltage Controlled
Crystal Oscillators

Standard and hybrid designs.

Phone: (815) 786-8411
INFO/CARD 60

Temperature Compensated

Crystal Oscillators

High stability and reliability.

Phone: (815) 786-8411
INFO/CARD 61

Connectors

Custom PC board and

military styles.

Phone: (612) 533-3533
INFO/CARD 62

Memory Systems

Ruggedized. non-volatile

data storage.

Phone: (612) 941-9100
INFO/ICARD 63



RF/microwave CAE/CAD integrated workstation

ONLY
EEsof

begins before the others start—
and after they finish keeps on going

Only EEsof takes you from graphic representation of your circuit through
simulation, artwork preparation, documentation-all the way to test and
comparison with your original design. We free you from tedious details, liberate
your creativity. Your own engineering sawvy is still indispensable.

But now EEsof takes care of the rest-before others start, after they quit!



EEsof’s TOUCHSTONE the new industry
standard of RF/microwave computer-aided
engineering, gives you a combination of
speed, power and accuracy unmatched by
any other microwave CAE program.

it's like sitting at the bench-only
infinitely faster. Change a value, hit one
key, and instantly see the new response
overlaid on the old. You quickly perfect
your circuit-on your choice of personal
computers: the IBM PC, XT and AT, plus
compatibles, Hewlett-Packard series 200
(Touchstone/200™), Tl Professional Com-
puter and the Daisy Personal LOGICIAN™

For work exclusively in the RF range,
Touchstone/RF™ gives you everything
you need at less than half the cost.

When you've built exactly the
circuit you want...

EEsof‘s MiCAD™ takes over. MiCAD
automatically processes your Touchstone
circuit file and pictures it in as many
layers as you like, in up to 16 colors.
Make a change in one level-and
see it ripple through all higher levels.
Then re-analyze with Touchstone.
Massage your layout until it’s just
right. Then MiCAD automatically turns
it into camera-ready artwork. On
coordinatographs, of course, but also
on low-cost drafting plotters. And there’s
more! Replace the pen on an HP plotter
with EEsof’s MICKnife™
diamond stylus and MiCAD
drives the plotter to cut
rubylith for prototype and
production masks.

For microwave
CAE/CAD,

only EEsof takes
you all the way!

NEW FROM EEsof

All are important; most are EEsof exclusives.

Pt - SV - 9T - BONWTR

wa) , wan: mosu)
Biaz o e

HP 8510 Network Analyzer Interactive
Interface. Only EEsof has it! With just an
IEEE-488 card, under $400 at your local
computer store, Touchstone controls
the HP 8510, and you read data from
the analyzer directly into Touchstone.
For example, measure a transistor on
the 8510 and plug it into an amplifier
circuit that you've modeled with
Touchstone. Change the bias and see
the new gain response overlaid on the
old. Others give you a data dump-
through an additional computer. EEsof
gives you complete interactivity. What
makes the difference is EEsof
engineering strength.

LineCalc Another EEsof exclusive!
This program lets you quickly
determine and adjust single and
coupled transmission line values.
Specify the physical parameters and
LineCalc automatically displays the
corresponding electrical parameters.
Specify the electrical parameters and
LineCalc synthesizes the physical
parameters. Change some values and
LineCalc automatically shows you the
resulting changes in all others-

just like a spread sheet!

Monte Carlo Analysis. Now available
from EEsof-but with an all-important
difference. Only Touchstone MC™ lets
you vary substrate parameters and
S-data, as well as all the other parts.
You specify parts tolerances and
performance requirements, plus the
number of circuits to build, and
Touchstone MC predicts production
yields. You need the ability to vary all
the parameters that affect your circuit.
Only EEsof’s Touchstone MC gives

it to you.

Schematic Capture. Only EEsof gives
you this feature that digital designers
have long enjoyed. You put your circuit
on the screen graphically, selecting
pre-drawn elements from Touchstone
menus. You easily position and connect
them just as you wish. No more
numbering or labeling nodes; no more
entering net lists line by line. The
program does it all automatically-

and that includes most of your
documentation! So EEsof saves you
time and trouble before any other
program even starts.

EEsof has changed the microwave
industry’s concept of CAE/CAD
software. We have already delivered
what others only now are promising.
They are trying desperately to catch up.
But they can't-because we keep
forging ahead with new releases, new
products, new enhancements, all part
of our unshakable commitment to
customer support. Call or write EEsof
for the latest.

€€sof

31194 La Baya Drive, Westlake Village, CA 91362
(818) 991-7530

INFO/ICARD 7



rFletters

Editor:

Thanks for publishing my article *Smith Chart Calculations
on Your Microcomputer” in your June issue. l've had my
magazine only one day and already have received three inquiries
about copies of the program. To save unnecessary phone calls,
please inform other readers who may be interested in the pro-
gram but do not have Simons’ BASIC that | have a version which
will run on a standard Commodore 64 (stated in my manuscript
but edited out).

Thank you.

L.A. Gerig

Editor:

In addition to comments | sent on a recent issue of R.F. Design,
there are two additional comments | wish to offer on the May
issue.

The first is that amateurs in the 1920s learned the importance
of use of BFOs as a consequence of the use of regenerative and
super-regenerative detectors. But the spectrum analyzer
engineers still don’'t understand the importance of BFOs. | tried
to get the message across to the Hewlett-Packard design
engineer on the design of their first spectrum analyzer in the
1960s, but was unsuccessful. Neediess to say, deep-space
probes would be useless without the product detectors that are
vital to the basic BFO principle.

The second is that the central location of the Y’ parameters
in the drawing on page 49 in the May issue is not accidental.
Only Y parameters are basic with bipolar transistors, as well as
FET devices and electron tubes, as was shown on page 287, Lo
et al, “TRANSISTOR ELECTRONICS,” published in 1955. The

H parameters, both hf and hi, depend on the small difference
in emitter and collector currents, whereas device transconduc-
tance is a direct function of either the collector current {common-
emitter configuration), or the emitter current (common-base con-
figuration). One almost always can discard H parameters, Z
parameters, and A parameters. The small-difference of large cur-
rents is endemic in the H parameters, and has caused continu-
ing difficulties in circuit design over the years. My books point
this out clearly, and they also present the basics for the parameter
relations given by this author.

All active device conductances take the form:

y=K*(q/KT)*|

Where the kappa(K) has the value unity with bipolars under
low-current conditions (this is also true with FET devices at very
small currents, and also for electron tubes under similar condi-
tions), and may have a value as high as 1.6 for NPN transistors
and 0.6 for PNP transistors under high-injection conditions.

I published the conversion formulae for all but the S parameters
in my Handbook of Transistor Circuit Design (1962, Prentice-Hall)
and in Reliable Military Electronics. The former was published
before the S parameters were developed, but | didn’t add them
to the latter. It is evident from the chart that the Y parameters,
if used properly, usually will meet one’s needs in RF applica-
tions. The principal point is that for stability, voltage gain must
be limited, typically to less than 10, and the only way it can be
assured is through the use of the Y parameters.

Keats A. Pulien, Jr.
2807 Jerusalem Road
Kingsville, MD 21087

High Performance/Low Leakage Units
for Switching Power Supply Emissions

12 4315

INFO/CARD 8

F1400/F1600 SERIES RFI POWER LINE FILTERS

© High peak current design for high insertion loss.

o F1600 Series features efficient T-section dual-coil,
low-leakage design.

Space-saving compact design and high performance
characteristics make Curtis F1400/F1600 Series RFl filters the
ideal choice for efficient control of switching
power supply emissions. 3, 6, and 10-amp
models provide top attenuation performance
for both common-mode (line-to-ground)
and differential-mode (line-to-line) noise.
Choice of PC-pin, quick connects, wire
leads or IEC connectors. Fusing and ON/
OFF switch options, too.

Call today for details or send for new &
32-page engineering manual loaded
with useful information on RFl filters.

9 CURTIS “We Build Confidence!”

INDUSTRIES, INC.

8000 W. Tower Avenue, Milwaukee, Wi 53223, Phone 414/354-1500, Twx 910-262-3035
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WE CAN DO THINGS
WITH A SIGNALTRANSFORMER
YOU NEVER DREAMED POSSIBLE!

We can accommodate
signals from 3.5 Hz to 1000

MHz! We can provide over 140
\ ‘ dB noise isolation in video,

high-speed data, and

: . process control linesl
We can minimize signal

distortion, with less than
1 dB fiat loss from 0.2 to

We can match impedance

We can handie a 1 kW ratios of up to 25:1 with al
signal over a 2 to 32 MHz\ kHz to 5 MHz bandwidth!
rangel /

Let’s face it. Even in a digital world, many of your Isolation—To eliminate transmission problems
design problems are still analog. Like the need to due to differences in ground potential or induced
match transmission lines of different characteristic common-mode Noise.

Power Combining/
Dividing— For low-loss
distribution of signals to or from
multiple isolated ports.

Data Bus Coupling—To
protect data networks or signal
busses from shorts and spikes at
each port per MIL-STD-1553 or
IEEE 802.5 LANS.

impedances. Or to eliminate
ground-loop currents in video '
lines. Or to filter out common-
mode noise in data lines. l

Applications like these call for B
specialized signal transformers.
That's where we come in.
\Wideband transformers are our

business. We cffer over 400
models. All available from stock. Pulse Transmission— 10
All 100% tested to insure ‘ insure clean, high-speed data.
specified performance for any of X ’ Nobody offers a wider choice
the following applications: of off-the-shelf wideband transformers. Nobody!

Impedance Matching—Balun and unb/unb AnNd, if necessary, we’ll custom design to meet your
designs for maximum signal strength and minimum  specific needs.

distortion when connecting circuits of different Just call Sales Engineering: 516-671-5700. Or
impedances. write for our free catalog.

slaNorth Hills “Electronics. Inc.

1 Alexander Place, Glen Cove, NY 11542-3796 (516) 671-5700 Telex: 46-6886  INFO/CARD 9
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DALE

MEASURES UP
to your

TCX0 NEED

Check our expanded line of temperature
compensated crystal oscillators. It includes both
military and commercial models in frequently
specified styles — with stock frequencies available
fast! Here's a quick look at our lineup, including the
new hermetically sealed TCX0O-30 and TCX0-32
now in production.

Model No. | TCX0-22 | TCX0-24 | TCX0-26 | TCX0-30 | TCX0-32
Freq. Range 3 MHz to 15 MHz
 Stock Freq. T TRy S X |-
- R TR L
(PPMC) | 7“’2:55 P X +70 C)‘L+85 ) J 850
Case Style Epoxy A‘ Metal with Hermetic Seal

Contact Dale today for complete price and delivery
information, plus assistance with custom models.
Phone 602-967-7874

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282
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D‘ ’ Etter S Continued

Editor:

As per our telephone conversation, may | point to a misprint in
the Transistor Parameter Conversion Program.
Line 2160 should read:

2160 PRINT INT (R(K)*E)/ETAB(10)INT(I(K)*E)/E,INT(M(K)*E)/
ETAB(30)INT(A(K)*E)/E

Keep these beautiful RF programs coming for the Commodore
64. We enjoy them very much.

Al Goldberg
Circuit Designer
Spectrum Enterprises, Miami, Fla.

Editor:

Two subjects here: first, in response to Keith Aldrich’s note
regarding advertising — | agree that ' . . . advertising is one of
the most useful aspects of a magazine. . ” However, there is one
aspect of your advertisements that | find both frustrating and inde-
fensible — the omission of PRICE information in both the adver-
tising and New Products areas.

Second, | would really like to see an in-depth (or a series) ar-
ticle on practical spread-spectrum pulse techniques using SAW
devices. | would like such an article to:

1) be written in practical, working level terms

2) discuss (with figures and photos) both time and frequency
domain signal characteristics

3) give examples of pulse compression, expansion

4) use simple math (save the triple-integrals and the exponen-
tials of the exponentials for the IEEE transactions)

5) discuss trade-offs in choosing a SAW device

6) present a complete design example for a simple compres-
sion, expansion.

Thank you for listening.

Sid G. Knox

Pacific Missile Test Center
Code 3421

Point Mugu, CA 93042

ERRATUM:

Lines 650 and 660 were accidentally left out of the article
“Helical-Resonator Filter Design — A BASIC Program” in the
July issue. They are:

650 QD=5"Q1*(FO/BW3)::RZ=(PI/4)*((1/QD)-(1/QU))

660 SN=SQR((RZ/2)*(RT/Z0))::RAD=180/PI|

RF Design regrets the omission.
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—1c—— QUALITY & RELIABILITY
—)  that stand the test of time

FREQUENCY SYNTHESIZERS

AROUND THE GI.OBE...

Along with offering the best performance/price in the industry, our goal at
PTS has always been reliability. We believe, that with a yearly failure rate
of 4%, we do indeed produce the most reliable synthesizer line.

It’s easy to talk about a commitment to quality; at PTS we are actually
doing something about it. We are backing that commitment by extending

our warranty . . . NOW T'WO YEARS!

Models covering 40MHz, 160MHz, 250MHz, 500MHz
Choice of resolution; low phase noise, fast switching,
fully programmable, BCD or IEEE BUS

NEW: Choice of table-
look-up resolution with
steady-phase switching.

PTS 500 shown with 0.1 Hz resolution,
frequency standard, 3 x 10-%/day: $7,750

—[=

PROGRAMMED TEST SOURCES, INC. Littleton, MA, (617) 486-3008
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Turn to Alan
for high power
microwave components

Maximize the performance of your high power
microwave applications with our fixed attenu-
ators and terminations. These precision built prod-
ucts have excellent electrical specifications and
are qualified under MIL-Q-9858A and MIL-STD-
45662. We assure you of thousands of hours of
accuracy, low VSWR and flat frequency
response.See the specs below.

Alan Industries, Inc.
Condensed Specification List

Power Peak Power Frequency  Attenuation
Series Average |Watts) Range Range
HP, Attenvator 10 Watts 5,000 1-30dB

25 Watts 5,000 DC-2 GHz  3-30dB
LH, Termination 10 Watts 5,000

25 Watts 5 v DC-1.5GHz

MHP, Attenuator 5 Watts 3,000
MP, Attenuator 2 Watts 100
SP, Attenuator 1 Watt 750

DC--18GHz  1--40dB
DC--18GHz  1--40dB
DC--2GHz  1--20dB

For quality, competitive prices and prompt deliv-
ery of high power attenuators and accessories
contact us.

Alan

INFO/CARD 12

Alan Industries, Inc.
P.O. Box 1203
Columbus, Indiana 47202
Phone: (812) 372-8869

»F calendar

August 27-29, 1985
Quartz Devices Conference & Exhibition

The Westin Crown Center
Kansas City, Missouri

Information: Convention Manager, Westin Crown Center,
Kansas City, MO.

September 10-12, 1985
Midcon/85 High Technology Electronics Exhibition and
Convention

O’Hare Exhibition Center
Rosemont, lllinois

Information: Electronic Conventions Management, 8110 Air-
port Bivd., Los Angeles, CA 90045; Tel: (213) 772-2965.

September 11-12, 1985
Mid-Atlantic Electronics Design & Production Exhibition

Valley Forge Convention Center
King of Prussia, Pennsyivania

Information: International Mktg. Services Ltd., 1719 S. Clinton
St., Chicago, IL; Tel: (312) 421-7000.

October 8-10, 1985
Electronic Imaging Expo
Sheraton Boston

Boston, Massachusetts

Information: Kathie Haliberg, IGC, 375 Commonwealth Ave.,
Boston, MA; Tel: (617) 267-9425.

October 22-24, 1985
Northcon/85 High Technology Electronics Exhibition and
Convention

Portland Memorial Coliseum
Portland, Oregon

Information: Electronics Convention Management (see
Midcon/85).

November 19-22, 1985
Wescon/85 High Technology Electronics Exhibition and
Convention

Moscone Center, Brooks Hall
Civic Auditorium
San Francisco, California

Information: Electronics Convention Management (see
Midcon/85).

January 21-23, 1986
Electrical Overstress Exposition

Anaheim Hilton and Towers
Anaheim, California

Information: Jim Russell, EOE, 2504 N. Tamiami Trail,
Nokomis, FL 33555; Tel: (813) 966-3631.

January 30-February 1, 1986
RF Technology Expo 86

Anaheim Hilton and Towers
Anaheim, California

Information: Kathy Kriner, Cardiff Publishing Co., 6530 S.
Yosemite St., Englewood, CO 80111; Tel: (303) 694-1522.
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80 Cambridge Street, Burlington, MA 01803 (617) 273-3333 TWX 710-?332-0258
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Telonic Berkeley has been
designing and manufacturing attenu-
ators since the early 1960°s. Since
then, we've developed a diverse
range of attenuators for virtually every
application. All feature solid state
thick film resistive elements for high
precision, repeatability and extended
life.

Looking for a modestly priced
attenuator for applications under
1GHZz? Our new Model 2100 low
cost rotary step attenuators with
ranges from 0 to 70dB in 1.0 or 10.0dB
steps are priced as low as $95. They're
ideal for use in signal synthesizers,
signal generators, sweep
generators, spectrum
analyzers, receiver test sets
and similar applications.

Need a bench-type
rotary step attenuator for the
electronics lab, intermediate
testing or QA? The full
line of Telonic Berkeley
bench-type attenuators
are designed as discrete
instruments and operate in

|

SEminiature and Miniature
Ratary Step Attenuators

a frequency range from dc to 2GHz,
with attenuation ranges from 11dB to
100dB in 0.1dB or 1.0dB steps.

Is lack of space your problem?
We build a host of dc to 2GHz
subminiature and miniature rotary
step attenuators with ranges from | to
100dB in steps of 0.1 to 10dB. They're
designed to reduce the panel mount-
ing and back panel space needed
and can also be mounted in tandem
for applications requiring higher dB
ranges with finer step divisions.

Can

Telonic Berkeley

meet your

attenuator needs?
.=« 1 hat we can!

Model 8300
. Programmable Attenuators

(A
Bt %

Controlling signal attenuation
levels in remote or automatic test sys-
tems? Telonic Berkeley Model 8300
programmable attenuators precisely
control signal level while maintaining
a constant impedance during
switching. Composed of either three
or four attenuation sections, specific
sections of the attenuator can be
selected in any order desired to pro-
vide ranges from 0dB to 110dB in 10dB
steps at frequencies from dc to 4GHz.

Whatever your application,
chances are that we have an attenua-
tor for you. Give us a call or write
today for information on our attenua-
tors and the complete line of

Telonic Berkeley RF and
microwave products.

TELONIC BERKELEY INC.
2825 Laguna Canyon Road
PO. Box 277,
Laguna Beach, CA 92652
TLX 18-2720 Domestic
TLX 47-20277 Foreign
Qur Toll Free Telephone
(800) 854-2436 (Except CA)
In California (714) 494-9401

Model 2100 Low Cost ;
Rotary Step Attenuators i

I’ TELONIC/BERKELEY

INFO/CARD 14




IWhat Good Are Good Electricals
If They Don’t Stay That Way?

INSULATION RESISTANCE
35°C, 95% R.H.

Log Avg.

Milacron

This test dlustrates the results obtained using specific samples of one manutacturer s FR-4. Tests using other
FR-4 samples may produce varying results. We suggest running your own long-term Insulation resistance tests.




MIS CHIP CAPACITORS

Up to Millmeter Wave.

A wide selection of high-Q, space-qualified devices, from .1 pfto 1000 pf. Applications include. . .
amplifiers, mixers, detectors, switches, filters, and synthesizers.

General Features

+ Dissipation factor—.04db in a 50}
system, typical.

+ Insulation resistance—10° M(), typical.

« Capacitance temperature coefficient—
50ppm per °C, typical.

Millimeter Wave Beam Leads

*» Low inductance (.02nH) assures ripple free,
broad-band response, up to 100GHz.

» Narrow beam width (.003 inches)
compatible with thin microstrip.

+ Symmetrie construction permits easier
mounting. Suitable for mounting on
sapphire circuits.

Beam Lead MIS

+ Low inductance assures ripple free broad
band response.

+ Easily mounted on microstrip.

Binary Trimming

+ Four devices on a single chip in a binary
weighted configuration that produces 15
different capacitance values.

+ Ideal for research as well as production for
those finicky cireuits.

» Wide range from 0.25pf to 90.0pf.

Chip MIS

* Low cost for DC blocking and RF bypass
applications.

+ Ideal for hybrid microelectronic
applications.

+ Round and rectangular contacts for
minimum chip size and low inductance.

+ Low capacitance temperature coefficient.

FET Chip Mounting

+ Serves as a carrier for FET amplifier chips.

« Maximum packaging benefit permits use
of short wire lengths to minimize lead
inductance.

Send for your free capacitor brochure including application notes and specifications.
Give us a call today to discuss your application.

i Alpha

Alpha Industries, Inc. 20 Sylvan Road, Wobum, MA 01801 Phone: 617-935-5150 « Twx: 710-393-1236/Telex: 949436 | Ne Microwave People
INFOICARD 16



NOW, THE COMPLETE, 600-PAGE “PROCEEDINGS”
OF THE HISTORIC RF TECHNOLOGY EXPO '85. . .

Proceedings ot

On January 23, 1985, close by the speakers in their be purchased for only $95.

to 1,300 RF engineers from presentations. Measuring Only a limited number re-
around the globe converged 82 x 11”, over 2" thick and main, so send your check
on the Disneyland Hotel in weighing three pounds, the or money order today, with
Anaheim, California, for an volume is “worth its weight the coupon below, to RF
historic first: a two-and-a- in gold” to engineers and EXPO. . .and make sure this
half-day conference and ex- engineering departments historic volume finds its
hibit by and for “RF who need to know the latest place in YOUR engineering
engineers only.” in RF technology. . .but may library.

Here) fma”)’, were the papers (Except for Les Besser's 4-hour course in Small Signal Amplifiers.

and d|SCUSS|OnS on the The other four papers in the “Fundamentals of RF Design' course are included.)

techniques and products that
have been so thoroughly ig-
nored by the big electronic
media and trade shows.

Practical, how-to-do-it papers
on everything from amplifiers
to antennas. . .surface moun-
ting to cellular

modules. . .EMI to CAD.

Now, all* of the fifty-eight
papers presented in
Anaheim are published in

RF Design
6530 Yosemite Street
Englewood, Colorado 80111

Please send me copies of PROCEEDINGS OF
RF TECHNOLOGY EXPO '85 at $95 per copy (shipping included. $100
if outside continental U.S.). My check or money order for
$ is enclosed. (Payment must
accompany order.)

Please mail the proceedings to:

this one, durably bound, Name:

600-page volume, complete

with the illustrations and iy

engineering graphics used City  _ State_ Zip




»rF news

Tektronix to Sell Microwave
Technology Components

The Microwave Technology Organiza-
tion of Tektronix, Inc’s Frequency Domain
Division has begun to sell components to
customers outside the company. The
decision to make Microwave Components
available to outside customers through
outside sales representatives, Tektronix
announced, is predicated on the belief
that application of this technology extends
far beyond the company’s own instrument
lines.

Components to be marketed include a

500 MHz surface acoustic wave resonator
and resonator oscillator, a DC to 40 GHz
4-port coaxial switch and custom high to
medium performance surface acoustic
wave transversal filters.

Tektronix, Inc., headquartered in
Beaverton, Ore., is a leading manufac-
turer of high performance test and
measurement equipment and has been
heavily involved in Microwave Component
design and manufacture for over ten
years.

Air Force Lifts Alpha Suspension

The Air Force has agreed to terminate
the suspension it had imposed on Alpha
Industries on February 1, 1985, having
concluded that Alpha is a responsible
contractor and that there are compeliing
reasons for continuing to do business with
the company. The Air Force has also
agreed not to initiate debarment pro-
ceedings against Alpha based on the cir-
cumstances involved.

The company and one of its vice
presidents had been charged with viola-
tions of the Federal Anti-Kickback Act and
related statutes in the purchase of a
marketing study from A & H Associates,
a California firm controlled by an em-
ployee of a government contractor, which
was also a customer of Alpha.

Under the settlement, Alpha has
agreed to continue certain measures and
to institute additional procedures to
ensure full compliance with federal law
and government procurement reguiations,
including internal and external audits of
its contracting activities and a com-
prehensive employee training program.
The company has also agreed to ter-
minate the vice president who was
charged.

Andrew S. Kariotis, president and chief
executive officer of Alpha, has been
granted a one year leave of absence from
the company and has resigned as an of-
ficer and director. This action was part of
the conditions for settling the suspension.
The resignation was accepted with “deep
regret” by Alpha’s board of directors, who
felt that they had no reasonable alter-
native but to agree to the Air Force re-
quirement. Alpha's new order rate for
government contracts has dropped sub-
stantially since the suspension and a set-
tlement was necessary to protect the in-
terests of shareholders and employees.

22

Andrew S. Kariotis plans to return to Alpha
when his leave of absence is over.

George S. Kariotis, Alpha’s founder and
chairman of the board, has assumed the
additional responsibilities of chief ex-
ecutive officer. Martin J. Reid, senior vice
president, has been elected president and
chief operating officer.

As a result of this settlement with the
Air Force, Alpha is now free to participate
in unclassified government contracts and
subcontracts without restriction. Alpha ex-
pects that its security clearance, which
was invalidated based solely on the sus-
pension, will be promptly reinstated.

In a related agreement, the company
also announced that it had reached an
out-of-court settlement with the U.S. At-
torney in the case pending in the Federal
District Court for the Central District of
California. Under the terms of the settle-
ment, the company has agreed to plead
guilty to one count of violating the Federal
Anti-Kickback Act.

Alpha expects to pay a fine of $10,000
and a civil settlement to include restitu-
tion and punitive damages totaling
$87,000 as a result of the plea.

Boeing Consolidates Electronics
In New Division

The Boeing Company has consolidated
its electronics operations into a new
operating division of the company, the
Boeing Electronics Company. Boeing
senior vice president Robert W. Thar-
rington was named president of the new
operating unit.

The nucleus of the new electronics
organization, according to Tharrington, is
made up of employees from the former
Boeing Electronic Systems Division,
Boeing's Dallas, Texas, electronics
manufacturing subsidiary, Boeing Elec-

tronics, Inc., and elements of Boeing’s
commercial and military airplane com-
panies.

The new division operates military and
commercial/industrial electronics fac-
tories, a printed wiring board fabrication
facility, a hybrid microelectronics manu-
facturing plant and complete develop-
mental electronics support facilities.

“We're structuring Boeing Electronics
to serve the aerospace and industrial
markets,” Tharrington said.

The hybrid circuits designed and manu-
factured by Boeing Electronics can incor-
porate up to 200 chips on a single multi-
layered substrate and are manufactured
to military specifications. According to
Boeing Electronics’ microelectronics pro-
duct manager, Bette Zimmerman, the
company will provide circuit, packaging
and software design as well as manufac-
turing for hybrids or will build to a
customer’s design.

Raytheon Wins Air Force
MILSTAR Contract

Raytheon Company has been awarded
a $256,049,166 contract by the U.S. Air
Force for the full-scale development of
communication terminals for the military
communications satellite program known
as MILSTAR. The contract was awarded
to Raytheon by the Air Force System
Command’s Electronic Systems Division
located at Hanscom Air Force Base,
Mass.

Rockwell International (Collins Defense
Communications) and BELL Aerospace
are subcontractors to Raytheon and will
participate in a leader-follower type pro-
gram. Under this concept, the follower
becomes fully qualified to compete for
subsequent terminal production with an
estimated value of over $1 billion. The
Raytheon/Rockwell/BELL team recently
completed a competitive 18-month en-
gineering development program and was
selected for the full scale development ef-
fort over a team headed by Hughes
Aircraft.

The MILSTAR satellite communications
system will provide secure and survivable,
jam-resistant, wartime communication
capability for the strategic and tactical
forces of all U.S. military services. The ter-
minals to be developed under this con-
tract are intended for use in airborne com-
mand post aircraft as well as in bombers,
Air Force ground command posts and at
tactical warning and attack assessment
sites. MILSTAR is scheduled to be opera-
tional in the 1990s.

Work on the program will be performed
by Raytheon’s Equipment Division, head-
quartered in Wayland, Mass.
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Paperback Book Overview of
Microelectronics From Varian

Welcome to Lilliput: A Microelectronics
Overview, by Dr. Ronald A. Powell,
associate director of the Varian Research
Center’s Materials and Equipment Labor-
atory, describes the fast-moving field of
semiconductors. Written for a general
audience, the book provides the lay
reader with a brief and entertaining look
at the emergence of microelectronics, the
building of high-performance integrated
circuits (ICs) and the challenges faced by
the semiconductor industry as it enters
the era of very large scale integration
(VLSI).

The 60-page paperback highlights
some of the problems the IC industry
must overcome as it builds increasingly
more complex chips. It also previews
things to come, both for the technology
and for consumers.

A copy of the handbook can be ob-
tained from a local Varian Semiconduc-
tor Equipment Group sales office by
writing on company or university let-
terhead to: Varian Semiconductor Equip-
ment Group, Box J-105, 611 Hansen Way,
Palo Alto, CA 94303

K & L Microwave, Inc. Acquires
Oscillatek, Inc.

K & L Microwave, Inc. acquired the
business assets of Oscillatek, Inc. in a
cash purchase transaction in May. Oscil-
latek is an emerging leader in the manu-
facture of high quality TCXOs and custom
hybrid clock oscillators primarily serving
the military market. The acquisition will
complement K & Ls crystal and crystal
filter operation — K & L Quartztek.

Oscillatek will continue under the
leadership of its president and founder,
Abdul Ghafoor. Oscillatek will function as
a division of K & L Microwave and con-
tinue to operate at its present location in
Olathe, Kan. The acquisition provides
Oscillatek a ready source of funds for con-
tinued growth and expansion.

Business Use of Government
Procurement Information Increases
The Federal Procurement Data Center
(FPDC) is gaining wider use across the
country as more businesses learn about
this invaluable information resource.
Created by an act of Congress in 1974, the
FPDC has been collecting data on nearly
every item the government buys with ap-
propriated funds since 1979. The FPDC
master file now contains detailed informa-
tion on contracts awarded for goods and
services by over 60 federal agencies for

RF Design

the past six years. All individual contracts
over $10,000 ($25,000 for the Department
of Defense) are included in the system.

FPDC offers the business person two
basic products. As an overview to contrac-
ting activities in the government, the
FPDC can send a free quarterly standard
report of procurement data. It includes a
list of the top 100 contractors who sell to
the government, as well as several charts
and graphs which compare procurement
activities by state, by major product and
services, and by federal agency. For many
businesses, however, this basic data is not
enough. Many need a more detailed anal-
ysis of procurement data and trends to
assess their own chances of winning
government contracts, to identify their
competitors, to target new markets for
their products or services or to develop
marketing plans for themselves or their
clients.

Available upon request for a fee, these
special reports can be compiled in num-
erous ways. Some examples of the kind
of special information available from an
FPDC special report include:

* Who a business’s competitors are
and the volume of business they do with
the federal government. For example, a
company could request a special report
on the volume of business a competitor
did with the federal government last fiscal
year, broken down on an agency-by-
agency basis.

* Which agencies are buying the pro-
ducts or services offered by a company
and from whom. The FPDC system has
more than 5,000 codes for services and
products and is capable of compiling con-
tracts by product in a given geographical
area. This information can be further
broken down by agency, contract number,
and purchasing office that made the
award.

* The amount and percentage of con-
tracts awarded to small, minority, women-
owned, or non-profit businesses.

¢ Whether a contract was formally
advertised or negotiated, competitive or
non-competitive, and which statutory re-
quirements apply.

* Extent of competition in negotiation
(e.g. small business or labor surplus
set-aside).

In addition to the popular special report,
the FPDC also provides, on a reimburs-
able basis, other information useful to the
business person. For example, mailing
lists of contractors who sell to the govern-
ment purchasing offices and their ad-
dresses.

The FPDC is an invaluable tool for com-

panies which do or would like to do
business with the government. For infor-
mation call (703) 235-1326 or write Dept.
GB, Federal Procurement Data Center,
Suite 900, 4040 N. Fairfax Drive, Arl-
ington, VA 22203.

Gentner Electronics Corp.
Acquires Leonine Technology

Russell Gentner, president of Gentner
Electronics Corp., Salt Lake City, Utah,
and John E. Leonard Jr., president of
Leonine Technology of San Jose, Calif.,
have jointly announced the acquisition of
Leonine Technology by Gentner Elec-
tronics Corporation. Leonine Technology
has been renamed Gentner RF Products
Division and will be headed by Leonard.

Leonine Technology was founded in
1984 by Leonard to design and manufac-
ture innovative RF related products for the
broadcast and communications indus-
tries. Leonard, former president of
Moseley Associates and M/A-COM Land
Mobile Communications, has been as-
sociated with these industries for 26
years.

Gentner Electronics Corporation is a
Utah-based, publicly held corporation
specializing in the broadcast and teiecom-
munications industries. A wholly owned
division, Gentner Engineering Company,
Inc., is a leading manufacturer of
telephone interface and audio routing
equipment for these industries.

Contact: Russell Gentner, president,
(801) 268-1117. Salt Lake City, Utah.

Business Guide to Silicon Valley
Lists 2300 High Tech Companies
The 1985 edition of Rich’s Business
Guide to Silicon Valley contains the latest
facts about more than 2300 manufactur-
ing and service firms in 32 cities. Index-
ed alphabetically, by product, by city and
by names of individuals, the guide simpli-
fies search for high tech companies.
Details about each firm include the ad-
dress, phone, year established, product
description, number of employees and
the names of key executives. More than
65 detailed street maps show the location
of each firm as well as conveniently
located restaurants, hotels and motels.
This 3rd edition of Rich’s Business
Guide to Silicon Valley is the most up to
date and complete “source” of informa-
tion on Silicon Valley, according to the
publishers. For information contact Busi-
ness Directories, Inc., 101 First Street,
Suite 426, Los Altos, CA 94022, (415)
949-1471. ]
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A New Dimen ..
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, Digital Spectrum Analyzers!
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The A'7550 Spectrum Analyzer

The A-7550 Spectrum Analyzer by

IFR is the most advanced, low cost,

portable spectrum analyzer on the

market today.

Two powerful microprocessors, menu driven dis-
play modes and single function keyboard entry aid the
user in the operation of all analyzer functions.

To further enhance the operational simplicity of the
A-7550, the microprocessor system automatically selects
and optimizes the analyzers bandwidth, sweep rate,
center frequency display resolution and the rate of the
frequency slewing keys. An operator override is also
provided when non-standard settings are required.

Features...Performance...Dependability...The
A-7550 portable Spectrum Analyzer by IFR—innovative
accomplishments in design.

? -
A Subsidiary of eq%o_g ELECTRONICS, INC

Impressive Standard Features Include:

= 100 kHz to 1 GHz frequency coverage ® VRS™ (Vertical Raster
Scan) CRT display = Single function keyboard entry = Menu
driven display modes = Automatic amplitude calibration

= Selectable linear/log display modes ® Digital storage of all
displayed parameters = 70 dB dynamic range = 300 Hz
resolution bandwidth = 16 selectable scan widths = Accurate
center frequency readout = Direct center frequency entry

= Automatically scaled electronic graticule ® Variable top scale
reference (+30to -95in 1 dB steps} ® IF gain in 1 dB steps

= Line, bar, average and compare display modes ® 300 Hz and
30 kHz video filters

Optional Features Iinclude:

= Internal rechargeable 5 APH battery for portable operation

= Tracking generator with 10 dB step attenuator ® Tracking

generator with 1 dB step attenuator = FM/AMISSB receiver

= [EEE-488 interface bus ® RS-232 interface bus = 75Q adaptor
= Quasi-peak detector

Contact your local IFR authorized
distributor for a demonstration.

10200 West York Street / Wichita, Kansas 67215 US.A.
316/ 522-4981 / TWX 910-741-6952




When you want
custom hybrids to
shape up and ship out on-time,
one name stands out.
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From initial design 1o volume production, Amperex pro-
vides rapid, consistent response for hybrid military appli-
cations. We have over 15 years of production experience
in thin and thick film linear, digital, and RF hybrid circuits.
Amperex hybrids have proven reliability on Copperhead,
Sonobouy, C-Sparrow, MK-48, Sgt. York, and B-1, to
name a few.

Our engineers will competently and professionally guide
your hybrid applications through the transition from sche-
matic design to hybrid prototype in 8-12 weeks. Production
of 100’s or even 1000’s of hybrids per month can com-
mence in our modern 15,000 square foot clean room
facility within 12-16 weeks after approval of prototypes.

Amperex recogn zes the importance of your schedule

AMp

and cost constraints and places heavy emphasis on
on-time deliveries.

When you need custom hybrids for volume, cost-
effective military applications, Amperex is the one name
that stands out for on-time delivery, proven quality,
and dependable performance. For more information,
or to request a quotation, write or call Amperex
Electronic Corporation,

Slatersville Division, NN

A North American Philips = ‘&V
Company, Providence Pike, ﬁ% &
Slatersville, Rl 02876. A
Phone (401) 762-9000. g S
TWX: 710-582-6332. Amperex

erex
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| @2 \ . MAKE THE CONNECTION. ..

QUALITY
Quality is our #1 Component. Omni Spectra maintains a consistently
high level of quality with stringent workmanship standards and in-
process controls. Omni adapters meet or exceed all requirements
of MIL-A-55339.

DURABILITY
w Stainless steel construction and MIL-SPEC plating means that
Omni adapters survive continuous exposure to harsh environ-
ments and maintain consistent performance with repeated
matings.

z . TECHNOLOGY
A Omni Spectra has a commitment to R&D to pro-
| vide products in step with today’s rapidly
changing technical environment. New adap-

ter productsinclude: OSP™ modular blind

mate to OSM® (SMA) and 7mm; 3.5 to

%\ 7mm; TNC (mode free to 18.0 GHz) to
3 7mm and OSM (SMA); and TNC to

OSM (SMA) in flange mount and
keyed adapters.

M/A-COM Omni Spectra, Inc.
21 Continental Boulevard
Merrimack, New Hampshire 03054
(603) 424-4111
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WITH OMNI SPECTRA ADAPTERS

CUSTOM DESIGNS

Omni can meet your custom design requirements. With our strong
engineering and development support team, we can adapt to i
your every need . ..

AVAILABILITY

Delivery from stock. Omni Spectra is the leading supplier of high
performance coaxial adapters. We have the adapters you need . ..
fast delivery from our worldwide network of distributors or
factory direct.

Write for free Adaptor Selection Guide
listing over 375 adapters.

uality...

Our1 Component!



Until now, you had to go to great lengths

to produce an oscillator this good.

Now you can simply buy a
source-on-a-chip.

That's what an Andersen
SAW oscillator is: a compact
fundamental-mode device that
operates from 100 MHz to 1.1
GHz without the need for multi-
plier chains. As a result you get
superior performance in a frac-
tion of the space, often at a
lower overall cost.

Fundamentally Better

Since Andersen SAW
oscillators are fundamentai-
mode devices, they produce a
spurious-free signal. They are
also alignment-free. No tuning
or optimization is required.

These compact devices are
also more rugged than any

comparable source. Just plug
them into your system. They're
available in standard industry
packaging for PC mounting.
Andersen SAW oscillators
are the perfect source for hun-
dreds of applications. They're

Frequency spectrum of Andersen
Model SO-314-600-V Oscillator over 0 to
1 GHz range. Fundamental frequency is
314 MHz. Second harmonic is —65dBc,
third harmonic is — 55dBc. Spurious
responses are essentially nonexistent.

also capable of functioning as
VCO's. The output frequency
can be modulated or locked to
another reference for applica-
tions such as a PLL.

Make It Easy On Yourself

We'll supply oscillators to
your specific frequency require-
ments without a tooling charge.
We can do that because of
our unique CAD SAW design
facility—and the versatility of our
oscillator design.

Save money, save time,
simplify your circuit design.
Incorporate an Andersen SAW
oscillator in your system today.
Send for more information right
now. Or give us a call at (203)
242-0761.

@ ANDERSEN LABORAIORIES

Andersen Laboratories, Inc., 1280 Blue Hills Avenue, Bloomfield, CT 06002 Telephone (203) 242-0761/TWX 710-425-2390
Andersen SAW products are available in the United Kingdom and Europe through our sister company, Signal Technology Ltd., Swindon, Wiltshire, UK.
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rF specialreport

The New Look in
RF Circuits — Miniaturization

By James N. MacDonald

hose of us who built crystal sets and

read Dick Tracy when we were young
used to dream about someday having a
wrist radio like his. Looking at the oatmeal
box on the breadboard it didn't seem
possible that a radio ever could be con-
tained in something the size of a wrist-
watch. Today, engineers at Avantek, Inc.,
Santa Clara, Calif., are talking seriously
about putting a receiver in the button of
a wristwatch. It doesn’t take much im-
agination to combine the recent accom-
plishments in miniaturization with the
cellular radio concept and foresee the day
when we will have individual pocket or
wrist radios for world-wide, two-way
communication.

This is only one of the fascinating pro-
mises of RF technology. As the quantum
leaps in microprocessor technology show-
ed us, it is almost impossible to predict
the rate of technological advancement in
electronics. One thing can be safely pre-
dicted: we are about to enter a very ex-
citing era for RF dssign.

While computer companies are having
to adjust to a softening of sales RF com-
ponent manufacturers are talking about
expansion and new products. Any RF
companies that are not looking toward the
future and planning how to be part of the
changes taking place may find them-
selves part of the past.

The changes taking place can be
summed up in the word “miniaturization,”
but the driving force is not just to make
things smaller and lighter. After all, a one
cubic inch television set would have little
appeal. The most important result of
miniaturization is being able to put more
functions in a given space. The telephone
is a good example of how this has hap-
pened in another technology.

Last month we wrote about some of the
new materials contributing to the miniatur-
ization of RF circuits. One of them is
gallium arsenide, used for quite a few
years in microwave integrated circuits. A
few companies have brought this

RF Design

technology into the RF frequencies.

This month’s cover features a new
GaAsFET monolithic amplifier designed
by M/A-Com Advanced Semiconductor
Operations, Lowell, Mass. The major ad-
vantage of GaAs is low noise compared
to silicon, making GaAs semiconductors
attractive in receiver front ends.

M/A-Com ASO sees this GaAs RF
amplifier as a meeting of the minds be-
tween microwave and RF. Cost is still an
important factor with GaAs, of course, but
the company thinks this may be balanc-
ed by the advantage of putting more func-
tions on a chip, lowering the unit cost.
Generally, the volume is much higher in
RF manufacturing, which is primarily
commercial, than it is in microwave
manufacturing, which is more military
oriented.

A major factor in volume production of
RF devices is surface mounting, which
allows high-speed automated assembly.

Surface mounting devices, now mostly
resistors and capacitors, can be picked up
with suction heads and placed on printed
circuit boards. Type 2 circuit boards have
surface mounted devices (SMD) on both
sides, combining both active and passive
components. Type 1 boards use SMD only
and only on one side.

SMDs are held in place with adhesives
until they are soldered, usually by either
acrylic or epoxy based adhesives. Using
acrylic based adhesive requires that some
of the adhesive project out from under the
SMD so it can be cured by ultraviolet light.
This requirement can be troublesome as
SMDs are mounted closer together. Emer-
son & Cuming Inc., a Canton, Mass.
adhesive manufacturer, reports that their
customers by a wide margin prefer epoxy-
based adhesives.

Epoxy adhesives can be contained
completely under the SMD because they
are heat-cured by infrared radiation. The

Microwave Chip Terminations
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Surface mounted chip resistors made by TRX, Inc., Attleboro, Mass. Shown are chip

resistors, attenuators and terminations.
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major disadvantage of epoxy adhesives
is a lengthy curing time, as long as five
minutes at 150-160° C. However, Amicon
Corp., Lexington, Mass., has developed
an epoxy adhesive that cures in as little
as 90 seconds at 150° C. Amicon D124
has the proper consistency to flow
through a syringe at 3-5 drops per se-
cond, for fast application, but will not flow
out of place on the board. It was devel-
oped for the high volume commercial
market.

Amicon and others are working on sili-
con adhesives, which would have the ad-
vantage of a thermal expansion nearly
identical to silicon semiconductor chips
and would be conductive. The biggest
problem to be overcome so far is unac-
ceptably long curing times of 15-20
minutes. Looking farther in the future,
researchers hope to develop conductive
adhesives that can replace solder, holding
devices as firmly and curing in less time
than that required by solder.

The most common surface mounted
RF components are leadless chip
resistors and capacitors. These leadless
devices are encased in a variety of ways
to make contact with printed circuits. TRX,
Inc., Attleboro Falls, Mass., produces
standard resistors for inline connections
and a line of chip terminations and at-
tenuators. Harvey Smith, vice president
for marketing, says TRX makes the
smallest chip resistors available, as small
as 2 mils square.

Thick film chip resistors are the SMDs
most likely to be used in RF circuits. They
are often used to dissipate high power
levels in a small area. Because a large
area of the chip is in contact with the
substrate, heat is dissipated more readi-
ly than from leaded resistors, an impor-
tant factor in device miniaturization.

Chips are made in a wrap-around or flip
chip configuration. In the wrap-around
configuration metal is wrapped around
each end of the chip to provide solderable
terminations. In the flip chip configuration
metal is attached to each end of the chip
but does not wrap around the ends of the
chip. This gives the designer flexibility in
coupling the resistor with other com-
ponents, either placed on circuit termina-
tion pads on the surface or flipped so
leads can be wire bonded.

Chip components like these can
simplify circuit design, since the shapes
are simple and relatively standardized.
They are well adapted to computer aided
design techniques.

Chip capacitors have similar geomet-
ries, with metallization on both sides,
either solid or split. A chip capacitor can
also be made as a capacitor array, with
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various capacitance values provided by
various sized electrodes on the top side
of the chip. Chip resistors and capacitors
can be used in stripline, printed circuit or
bonded lead connection designs.

As miniaturization techniques have
allowed designers to produce smaller and
smaller circuits more complex devices are
being packaged for surface mounting.
Midland Ross Corp., Burlington, Wis.,
manufactures surface mounted oscillators
from 244 Hz to 100 MHz and crystals from
1 kHz to 100 MHz. Product Manager
Hank Nechvatal said his company is one
of the first to build surface mounting
oscillators. He believes the whole industry
will eventually produce only SMDs.

Nechvatal explained that SMD design
costs less and is more easily automated
even for devices mounted on feet
because more precise alignment is

necessary to insert leads through holes
than to place feet on pads. The manufac-
turing process costs less, he said,
because it is not necessary to flip the
board and solder leads.

It is generally accepted that devices us-
ing surface mounting give superior elec-
trical performance, Nechvatal said,
because SMDs can be placed closer
together than through-hole components.
This means shorter paths between com-
ponents and faster operating speed.

Synergy Microwave Corp., Paterson,
N.J., recently announced what they call
the first true surface mounted mixers. The
company calls them true SMDs because
they are leadless devices that do not re-
quire holes, cutouts or special lead handl-
ing. RF, LO and IF ports are available as
wrap-around contacts.

(continued on page 32)

//

(1) Through-hole SMDs require precisely aligned holes and pins and must be soldered

on the other side of the board.

BENDING CAUSES STRESS
ON GLASS-TO-METAL SEALS

(2) Flatpack SMDs with leads projecting from the side require the leads to be bent for

soldering to printed circuits.

(3) Flatpacks can be mounted so leads are flush if a cutout is made in the board. (Il-
lustrations courtesy of Synergy Microwave Corp., Paterson, N.J.)
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Jowrd A low-compression
electronic gasket that also

provides environmental protection!

New Instrument Specialties strips shield
RFI/EMI; control noise, dust, moisture

and chemical contaminants!

These new Sticky Fingers® electronic gaskets combine
beryllium copper finger strips with a neoprene rubber
seal. Providing shielding characteristics comparable to
other Instrument Specialties shielding strips, they also
serve as an environmental seal. Thus, they are especially
suited to applications where protection against noise,
dust, moisture, and chemical contaminants is required
as well as electronic interference protection.

The unigue design of these sealing strips permits the
use of extremely low compression forces, compared to
conventional elastomers, to make contact with the sur-
face of both the environmental and electromagnetic
shield.

Complete continuity of the neoprene gasket is assured
by using a straight joint coupler, or mitering or butting at
corners. No special tools or soldering required. And as
with all Instrument Specialties Sticky Fingers strips,
installation is fast and secure with the strips’ self-
adhesive backing. The flexible series provide the same
advantages, for use where a continuous shield must
conform to irregular shapes and turn tight-radius corners
in either direction.

Catalog E3-58 provides complete information, including
exact specifications, dimensional drawings, etc., on
these and other Instrument Specialties shielding strips.
Use this publication’s Reader Service Card, or write to
us directly at Dept. RFD-19.

Flexible series: .345 and .458 wide.

Straight strips available:
.312, .450, .650 and .950 wide.

(measured in relaxed position)

PO. Box A e Delaware Water Gap, PA. 18327

é INSTRUMENT SPECIALTIES COMPANY, INC.

Phone: 717-424-8510 e TWX: 510-671-4526

Specialists in beryllium copper since 1938
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Howard Levine, sales manager, says
true surface mounting is superior to flat-
pack design. The flatpack has eliminated
the operations required by through-hole
connections but requires cutouts in the
substrate or board so leads, which project
from the sides of the package, can sit
flush on the surface. The alternative is to
bend the leads, which causes stress on
the glass-to-metal seals where the leads
enter the package.

One of the largest manufacturers of chip
components is Murata Erie North Amer-
ica, Inc., Marietta, Ga. The company has
developed a variety of components in
“square” chip configurations for high den-
sity surface mounting, including capaci-
tors, resistors, trimming potentiometers
and capacitors, inductors and piezoelec-
tric filters and resonators. The company
has produced a Surface Mounted Device
Application Guide to share the experience
they have gained in the application of sur-
face mount technology by building con-
nectors, tuners and hybrid ICs with chip
components.

SMDs must be connected to other devi-
ces on the board or substrate. A common
method for laying RF circuitry on a cera-
mic substrate is thick film screening. This
involves forcing a metallized ink through
a fine-mesh, stainless steel or polyester
screen onto the surface of the substrate.
Solvents in the ink evaporate, usually
under heating, leaving a resin and metal
filler residue. The method works well but
has some problems. As the solvent dis-
solves the volume of the ink decreases,
so the line becomes thinner. This is com-
pensated for by laying a thicker line to
begin with. Another problem is that the ink
tends to dry on the screen unless precau-
tions are taken, and the ink cannot be left
on the screen long.

Sealed cermet chip potentiometers for
surface mount devices.
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Three-dimensional circuitry by the Konec process. At left is the injection molded Radel
PCR 3-D printed circuit board substrate. Behind it is the circuit pattern as screened
by the Konec process on special release paper. At right is the completed board with
circuitry transferred. With an electroless copper plate to enhance conductivity. The board
at top center has an additional nickel plate for added durability.

Researchers at W.R. Grace’s Washing-
ton Research Center are investigating
solventless, radiation curable conductive
inks that avoid these and other problems
of solvent based inks. They are based on
polymer thick film (PTF) technology and
cure by chemically linking the molecular
components of the ink's resin system
under ultraviolet radiation or heat.

The lack of a solvent to evaporate has
a number of advantages: PTF ink does
not dry on the screen, saving time and ink
during production line stoppages; it cures
more rapidly and the UV-radiation curing
units are smaller than conventional hot air
ovens; PTF ink has less tendency to flow
out at the edges before curing, allowing
lines and spaces as narrow as four mils;
the lines do not shrink as they cure, allow-
ing more precise control over thickness;
and the cured ink is not susceptible to sol-
vent in subsequent layers of circuitry. This
last advantage makes additive muitilayer
circuitry a practical alternative to etched
multilayer circuitry for many applications.

Methode Development Co., Chicago,
Ill., a subsidiary of Methode Electronics,
Inc., is testing PTF materials especially for
multilayer circuitry. The company has
developed a method of connecting levels
of circuitry with vias. They have shown
that any two adjacent layers of printed
polymer circuitry can be interconnected
by designing a via in the separating
polymer dielectric print. Non-adjacent
layers can be connected by a combina-

tion of pads in conductive prints and vias
in dielectric layers.

Methode has shown that base metal
can be used as the filler for PTF ink, if the
ink is plated. It is necessary, however, to
strip away the surface polymer and ex-
pose a metal rich surface to allow a good
plating bond. The circuit then can be
plated with standard electroless materials
and equipment. The plating and subse-
quent solder are the conductive path.
Since electroless plating will print
whatever is printed and is not restricted
to a continuous circuit, Methode believes
PTF circuitry shows significant promise
for additive circuitry. It is solderable, can
be wire bonded and is relatively inexpen-
sive.

Another approach to additive thick film
circuitry was announced recently by
Union Carbide Co., Danbury, Conn., and
Chomerics, Inc., Woburn, Mass. The pro-
cess, called Konec, uses a new family of
resins developed by Union Carbide and
highly loaded conductive inks developed
by Chomerics. In this process the circuitry
is printed on a special release paper and
coated with adhesive. The circuitry is then
inverted and transferred to the substrate.
This brings the metal rich bottom of the
circuit trace to the top for electroless
plating or soldering. The circuit can be
directly wave or vapor phase soldered.

The companies say the Konec process
is particularly well suited to 3-dimensional
circuitry applied to molded thermoplastic
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substrates. Leadless plastic chip carriers
can be manufactured with the same resin
system, with conductors applied by the
transfer process. This means chip carriers
and PCBs have the same coefficient of
thermal expansion, helping to avoid the
breakage problem of using ceramic chip
carriers.

As circuits become smaller, finer line
geometries can be achieved by etching.
This is usually done by metallizing the
surface of the printed circuit board with
copper and etching away everything but
the desired connecting lines. Etching,
however, tends to remove some of the
desired circuit as well as the undesired
metal, etching horizontally as well as ver-
tically and leaving circuit lines with
somewhat of a trapezoidal cross section.
This is especially troublesome where cir-
cuit lines are plated with several layers of
different metals. Each develops the trape-
zoidal shape and the overall cross-section
resembles an oriental pagoda.

As circuits grow smalier, line thickness
becomes increasingly critical. Manufac-
turers have developed several methods of
achieving thinner lines than chemical et-
ching will allow. Materials Research Cor-
poration, Orangeburg, N.Y., is one of the
oldest. The company began by making
evaporation deposition equipment to lay
thin film circuits on masked boards. Now
they produce plasma sputtering equip-
ment for the same purpose.

Irwin Drangel, director of product mar-
keting, said there are two ways, other than
sputtering, to overcome the problem of
chemical etching. One is to use spray
etching, where the substrate is held ver-
tically and the etchant sprayed onto it.
Since the chemical runs off the substrate,
the primary etching is done in the direc-
tion of the spray. The other method
recently developed is plating up, rather
than etching down. With this method the
desired circuit is masked and the surroun-
ding area etched away slightly. Then the
surrounding area is masked and the cir-
cuit is plated up. The edge of the mask-
ing acts as a wall to help provide straight
sides for the circuit.

For the thinnest circuitry, sputtering
seems to be the method of choice. Sput-
tering metal onto the substrate in the
presence of a plasma causes the metal
to react with the substrate and produce
a stronger bond than plating can achieve.
This characteristic makes the technique
attractive for flexible substrate circuitry.
Southwall Technologies, Palo Alto, Calif.,
manufactures a sputtered copper conduc-
tor called “Etch-A-Flex,” that the company
says allows the finest line resolution ob-
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Daico Industries, Inc., Compton, Calif.,
uses in-house thin film technology to pro-
duce SMDs like this SP4T switch with in-
ternal TTL driver and 50 ohm termination.
Construction consists of thin film nickel,
gold and Nichrome deposition on alumina
substrate. Components include PIN di-
odes, IC drivers and chip capacitors. Ac-
tual size is 1.17 inch by 057 inch.

Piezo Technology, Inc., Orlando, Fla., has
developed what they believe is the smal-
lest temperature-controlled crystal
oscillator on the market. Called the TMXO
(tactical miniaturized crystal oscillator) the
PTi device is designed for military use but
has commercial possibilities. It is a
ceramic hybrid package containing an
oscillator, heater, heater controller and
regulator. A key feature of this miniature
design is a high internal vacuum for fast
warm-up and low power consumption.

Miniaturization of hybrid circuitry requires
intricate planning. The visual sensing
device pictured above is a custom hybrid
made by Hitek Microsystems, Inc., Los
Gatos, Calif. Christine Sorensen, director
of corporate communications, said the
unusual shape of the device is possible
because of the company’s CO, laser
machining capability.

itiated new manufacturing processes for
type BC chip resistors to add mechanical
environmental protection. The new pro-
cesses provide an edge termination of
silver-bearing organic material, replacing
the silver-bearing cermet material, and a
two-layer protective coating of gold
organic over a fired glass glaze, replac-
ing the single layer of fired glass. Shown
above are A-B Type BC chip resistors sur-
face mounted on a printed circuit board.
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tainable. The company says their magne-
tron sputtering process produces ex-
tremely uniform thin film coatings of alloys
and compounds, as well as pure copper,
that will not crack or craze under repeated
flexing. Flexible circuitry can save space
and weight to help achieve
miniaturization.

As circuit lines become finer, the
substrate surface must be smoother and
free of defects. When lines are less than
1 mil, as they often are today, surface im-
perfections can easily cause an open cir-
cuit. MRC produces a high purity “as
fired” substrate called Superstrate 996.
The substrate is called as fired because
it is not lapped and polished after
manufacture. The 99.6% alumina is cast
from a slurry onto a Mylar tape and bak-
ed hard. The Mylar surface is the smooth
surface upon which circuitry is sputtered.
MRC claims a smoothness of 3 uin
average deviation from centerline for their
highest grade.

More commonly, substrates are polish-
ed to maximum smoothness, especially
where ultra-thinline microwave circuits are
intended. Accumet Engineering Corp.,
Hudson, Mass., recommends polished
thick film substrates for less variation in
thickness, camber and parallelism. This,
they say, will improve ink disposition by
diminishing the variable introduced in the
squeegee pressure. It also will provide
better adhesion, they say.

John Snook, Accumet’s vice president
for marketing and sales, believes fused
silica has been unjustly ignored as a
substrate. It is amorphous silicon dioxide,
and Snook says because it is amorphous
the surface finish attainable is 0.1 pin, far
superior to anything that can be attained
with alumina or any polycrystalliine mat-
erial, which may have microvoids.

There is a handling problem with fus-
ed silica. Essentially glass, the substrate
is very fragile. Metal adherence can be a
problem because it depends on substrate
surface cleanliness. Snook believes when
manufacturers have learned to overcome
these handling problems, as Accumet
has, fused silica will provide engineers
with another dimension in miniaturization.

Looking again at the larger scale, Cin-
cinnati Milacron, Blanchester, Ohio, pro-
duces several all-glass laminate printed
circuit boards because of the superior
electrical characteristics. The company
has just introduced ECM-85, built for
double-sided use but well suited for
single-sided use, the company says. Ed
Ferrara, sales and marketing manager,
says ECM-85 produces smooth, smear-
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Coilcraft, Cary, Ill., has introduced a line
of tuneable surface mounting inductors
with ranges from 0.1 1H to 10 uH and Qs
up to 40. They are compatible with
automatic placement equipment and
most attachment methods, including
vapor phase, reflow and wave soldering.

free holes with low tool wear, whether drill-
ed or punched. He says the new material
has excellent plating characteristics
because of its smooth surface and a lower
Z-axis coefficient of expansion than FR-4
epoxy/glass laminates, virtually elimin-
ating barrel cracks.

Summary
The trends in miniaturization include

The “small outline” configuration is now
being used by Dale Electronics, Inc., Col-
umbus, Nebr., to provide thick film resistor
networks for surface mounting in a dual-
inline molded package. The Dale SOMC
networks are compatible with automatic
surface mounting equipment.

smaller components, easily mounted with
automatic equipment, using materials
with superior mechanical and electrical
characteristics so devices can operate
closer together. Next month, in the final
part of this series, we will examine some
of the ways manufacturers are packaging
and connecting these miniature devices
for maximum physical stability, electrical
performance and heat dissipation.
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Integrated Assemblies and Discrete Components Designed and Tested
to Meet Hi-Rel and MIL Screened Requirements

Whether you are involved in the Stealth technology, airborne electronic warfare systems as INEWS or
other advanced and complex programs such as J-Stars, Merrimac’s experience can help. We offer you
either custom integrated networks or discrefe circuit elements to the MiL-screen or Hi-Rel standards
needed and in the configuration you require.

Merrimac provides integrated networks such as beam formers, up and down converters, 1&Q and
quadrapole networks, as well as discriminators, phase shifters, phase comparators and-modulators.
Available also are broadband, high level mixers, power dividers, quad hybrids, hybrid junctions and
directional couplers.

With 30 years experience in signal processing and 19 years in Hi-Rel devices and integrated
assemblies, Merrimac is the experienced, dynamic company to serve your RF and IF signal processing
requirements. Most of Merrimac’s broad range products are available in a variety of configurations; flat
packs, TO cans, platforms and discrete connectorized, SMA and OSP low profile packages.

Call us on your next project. We can help.

1&Q NETWORKS IMAGE REJECT MIXERS

® Frequency from 10 MHz to L-Band M Frequency up to 4 GHz

@ Phase range from 0 to 360° B Octave to decade bandwidths

B TO-8 package or flat pack M IF up to 500 MHz/octave to 5:1 BW
HI-REL POWER DIVIDERS | BEAM FORMERS

B Frequency up to 125 GHz | @ Frequency up 10 1.5 GHz

W Bandwidth to 1 GHz B Amplitude balance to +~0.25 dB

B MIL-STD-S-45743/MIL-WS-6536D | m Bandwidth from 10 MHz to multi-octave

e Mermimac hd

specifications. P.O. Box 986, 41 Fairfield Place, West Caldwell, NJ 07006
INFO/CARD 23 201-575-1300. TWX 710-734-4314. TELEX 6853128




MONOLITHIC ICS—1985

Significantly Reduced Size

Analog/Digital

EW and Phased Array Radar
applications

HYBRID ICS-1980
CATV Modules
Cellular Radio Power Modules
Ku-Band Satellite Earth Station
Modules
Low Noise Amplifiers
Power Amplifiers
Local Oscillators
Mixer Modules

GaAs FETS-1975

Low Noise and High Power

High Frequency beyond 18 GHz

Power (50 ohm matched,
semi-matched)

Low Cost Packages

BIPOLARS-1945
Small Signal

Power

Pulse Power

DIODES-1930

IMPATT, GaAs Varactor
Si/GaAs Schottky

Beam Lead PIN and Schottky
Low Cost Packages




The culmination of
experience and skill over time

VEC...for masterfill perforinances in microwave

CALIFORNIA FASTERN LABORATORIES .

3260 Jay Street - Santa Clara, .CA 95054 - (408) 988-3500

Western (408) 988-3500 - Midwestern (214) 437-5487 - Eastern (301) 667-1310
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50 watts minimum is a lot of rf
power throughout a bandwidth of
1 to 1000 MHz. But that’s what our
new Model 50W1000 delivers for
all your broadband test needs.

As your hunger for power plus
bandwidth grows, this year and
next, our all-solid-state “W” series
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of 100-kHz-to-1000-MHz linear

amplifiers should become more and
more importantin your plans. Today
you may need only 1 watt (the little
portable on the top of the pile), or 5,
or 10—all with that fantastic band-
width instantly available without

tuning or bandswitching—the kind

of bandwidth that lets you sweep
clean through with no pausing for
adjustment.

And next year?

But chances are good that next
year you'll be moving up into higher-
power work in the same bandwidth.
Then you'll be glad you have a 50W,
the only rf power ampilifier in its
power-to-bandwidth class. At that
point, your smaller “W” series
ampiifiers can be freed for lower-
power work around your lab.

What you can't see in the
performance curves shown below
is the unconditional stability of
all Amplifier Research amplifiers
—immunity to even the worst-
case load mismatch or shorted
or open cable with no fear of
damage or system shutdown.

The “W” series is part of a
complete line of amplifiers
offering rf power up to 10,000
watts cw, for such diverse
applications as plasma/fusion
research, NMR, RFI susceptibility
testing, and a host of other test
situations that demand the very
finest in broadband rf power.

Send for our free booklet,

“Your guide to broadband
power amplifiers.”

- AMPLIFIER
RESEARCH

160 School House Road, Souderton, PA 18964 USA
Phone 215-723-8181 « TWX 510-661-6094
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HIGH PERFORMANCE

POWER DIVIDERS
- ':@\

Janel offers a wide variety of standard power
dividers. The chart below shows a sampling of
what's available. All feature high guaranteed
performance and yet are competitively priced.
Many models are available from stock.

Model Outputs  Frequency

Isolation

GST-MC2
Shielding Laminates

When it comes to direct shielding
of printed circuit boards, Glasteel
Industrial Laminates will help keep
you covered with GST-MC2
shielding laminates.

Applications include die cut
forms to reduce RF! in disc drives,
card cage PC board radiated
interference, or aesthetic coverings
for walls to effect shielding to E fields
of greater than 120dB at 1 MHz to 70
\ dB at 500 MHz.

PC Board

GST-MC2
Shielding Laminate

VSWR

PD7724 2 20-512MHz
PD7725 4 20-512
PD7726 8 20-512
PD7852 2 2-512
PD7905 2-50
PD7848 800-960

In addition to Power Dividers, Janel manutactures a wide ronge of
standard Amplifiers and other rf components. Custom designs can be
provided for unusual applications. For detailed information, coll or
write Jonel Laboratories, Inc., 33890 Eastgate Circle, Corvallis, OR

97333. Telephone (503) 757-1134.

@JANEL LABORATORIES
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Disc Drive

Features

1.35
1.35
1.35 |

5
2 \)
.35 ¥ )

= Excellent
J fabricating
{ qualities

| May be diecut
to almost any
size and shape

Inquire for your special requirements

Glasteel Industrial Laminates

A DIVISION OF THE ALPHA CORPORATION
PO BOX 217 » 1727 BUENA VISTA « DUARTE. CA 91010

(818) 357-3321
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New MLCs with negative TC available from
SFE Technologies combine excellent stability
and tight tolerances with a wide choice of packaging.

With a temperature coefficient of

-80 ppm/°C and -150 ppm/°C, our
negative TL MLCs span a capacitance
range of | pF to .056 uF with tolerances
to 1%, working voltages from 25 to 500
VDC, and have all other characteristics
of standard NPO series ceramics. Their
stable performance compared to plastic
film capacitors makes them ideal
replacements for polystyrene,
polypropylene and polycarbonate
components, in filters for modems,
cable TV, RF amplifiers and other
telecommunication applications. They
are unaffected by high production
methods of solder attachment such as
wave solder. Available in leadless

chips, 2-pin DIPs, molded axials and
radials, glass encased axials and con-
formal-coated radials. In all standard
packaging methods including bulk,
tape-and-reel for pick-and-place and
automatic insertion.
Check these additional advantages:
¢ Cost effective —eliminates multiple
capacitor trimming.

* Compensates for positive TC of
inductive components, giving
superior filter performance over
temperature changes.

£ NO080 & N150

Capacitance
Change (%) vs.
Temperature (°C)

% bt Lok

F2arhobbllbonsondia

*C -60 -30 -0 10 30 50 70 90 110 130
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e Capable of high-density packaging in
thick-film hybrid or printed circuits.

For more information, call Steve
Klein at (818) 365-9411. Or write to
SFE Technologies, San Fernando
Electric Division, 1501 First Street,
San Fernando, CA 91340-2793.

TECHNOLOGIES
San Fernando Electric Division

. ~
-
=

LS

Masmsasi



The Simmons family
swam across

Long Island Sound
One of them has epilepsy.

CERAMIC CAPACITOR CHIPS

Featuring a single layer dielectric construction with
associated low series inductance, this family of capacitor
chips are ideal for applications ranging from DC to
microwave frequencies.

Available in capacitance ranges from 0.25 pf to 15,000pf
voltage ratings to 15KV, their high dielectric strength
makes them resistant to damage from static discharge.
Precious metal terminations are compatible with epoxy,
solder or wire bonding assembly techniques.

JOHANSON
DIELECTRICS &2 )))

2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505
(818) 848-4465 TWX 910-498-2735
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President's Committee on
Employment of the Handicapped
Washington, D.C. 20210

‘The School of Visual Arts

Public Advertising System

CAE for

Analog Circuit Designers

~TIM

uit
Circ ) 8

+ COMPONENT SENSITIVITY
PLUS: - OUTPUT WAVEFORM for any INPUT

* OPTIMIZATION + IMPROVED ALGORITHMS

* 98 NODES + COMPATIBLE with HP DATA FILES

* TIME DOMAIN + INTEGRATED with FFT and

+ GROUP DELAY MEASUREMENTS with HPIB
- RELATIVE PHASE - 6 YEAR TRACK RECORD
- NEGATIVE COMPONENTS + 30 DAY TRIAL

MR I o i ALSO: FFT WAVEFORM ANALYSIS

I + 4 TIMES FASTER than HP !

* INTEGRATED into ONE FILE

r TTTH N T THREE INTEGRATED MODULES:

AC-CAP
.o p - el AC Circuit Analysis with OPTIMIZATION ~ $750.00
- Air-Plate and Tubular Trimmers from Trim-Tronics are FFT Waveform Anaysis or Time Domain ~$750.00
designed for stability and reliability. With our operating o TLCTETE N s
temperature range of -55°C to +125°C and a near zero TC, PINSS SRRV} B AT R Colcly St 5 T
these miniature air dielectric variable capacitors feature High
Q and are your ideal choice for RF to microwave frequency DEMO DISK AVAILABLE
applications.
e A : . COMTRAN INTEGRATED SOFTWARE
® 2-Way Communications ¢ Satellite Communications FROM
® Security Systems ¢ Filter Tuning & Crystal Trimming
AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS |ensen gggnﬁormers !
TRIM-TRONICS | N: 10735 Burbank Boulevard « North Hollywood, Calulorn{a 91601
W 67 Albany Street, Cazenovia, New York 13035 Contact Deane Jensen (213) 876-0059 « Closed Fridays
Tel: (316) 655-9528 TWX: 710-541-1530 INFO/CARD 33

Outside USA and Canada contact Ajfred Tronser, GmbH 7543 Engelsbrand, W-Germany

INFO/CARD 31




An Ultra-Lightweight

HF Transmitter Using

High Voltage MOSFETs

By Robert W. Vreeland
University of California
Research and Development Laboratory
Modern solid state transceivers are
ideal for battery powered applications.
However, the extremely heavy power sup-
plies required make them unsuitable for
lightweight, portable AC powered use.
We have taken a lesson from the AC-
DC vacuum tube radios of the World War
Il era and have utilized high voltage
MOSFETs in a two pound RF amplifier for
the 35, 70 and 14.0 MHz amateur bands.
The transformerless power supply weighs
an additional pound and runs on either
220 volts or 117 volts AC. The amplifier is
driven by a one pound dry battery
powered heterodyne VFO. By using tuned
push-pull operation we have reduced all
harmonics sufficiently that no low pass
output filters are needed. We have used
this transmitter to work Japan from San
Francisco. The complete station can be
carried in an attache case or in a camera
gadget bag.

Traditionally. AC-DC receivers have
used a half wave rectifier in a
transformerless unregulated power sup-
ply. The supply bridge is usually in the 150
to 170 volt range. By using a bridge rec-
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tifier on 220 volts or a voltage doubler
from 117 volts it is possible to develop suf-
ficient voltage to run a simple linear
voltage regulator with an output of 200
volts. This is an ideal power supply for an
RF amplifier using a pair of 450 volt
MOSFETs. The allowable drain to source
voltage swing is zero to 400 volts leaving
a 50 volt margin of safety.

Some of the older vertical power MOS-
FETs have a rise time as short as five
nanoseconds, making them suitable for
use in the 14 MHz amateur band. Unfor-
tunately, the present design trend is
toward higher power, lower frequency
MOSFETs.

There are obvious safety problems
resulting from transformerless design.
The amplifier must have RF link coupling
in and out. All circuits must be insulated
from the metal panel and the panel must
be grounded. Since the amplifier cannot
be safely keyed, we must key the VFO.
The VFO must be dry battery powered
because a safe isolated power supply
would add unnecessary weight.

These safety requirements were easily
satisfied by building the RF power
amplifier into a 2 x 4-1/2 x 6-1/2 inch plastic
box with a grounded aluminum panel.

The box has a plastic cover which closes
to form a neat, easily carried two-pound
package. Separate 2 x 3-3/8 x 5-1/2 inch
plastic boxes contain the power supply
and the VFO, which weigh a pound each.
The VFO is powered by a pair of 9 volt
MN1604 alkaline batteries. This three-
package configuration makes the trans-
mitter easy to carry in a variety of
containers.

The transmitter is designed to operate
in the 7 and 14 MHz amateur bands using
14 foot long inductively loaded dipoles.
For 3.5 MHz operation we use a tuned
loop antenna formed from a 14 foot length
of RG-8/U coaxial cable.

The foregoing looks like a fairly straight-
forward design problem. Let us now look
at the real world of power MOSFETs. They
are marvelous devices when properly
used but they do present a number of
unusual problems. Unfortunately, their
true identity has been shrouded in a cer-
tain amount of mythology.

Myth Number One:

“Due to the absence of second
breakdown and thermal runaway, MOS-
FETs are virtually indestructable.”

This may be true if one adheres strict-
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ly to the manufacturer’s ratings. However,
they will blow in microseconds if the peak
current rating or the gate-to-source vol-
tage rating is exceeded. To illustrate, look
at the simple series regulator shown in
Figure 1. This is a good regulator with one
percent regulation from no load to a full
load of several hundred milliamperes.
However, the pass transistor will blow
when the switch is moved from “R” to “S.”

The charging current of a bypass capa-
citor as small as 0.02 uF exceeds the
MOSFET'’s peak current rating. Since the
source is momentarily grounded through
the capacitor, the gate-to-source voltage
rating is also exceeded, resulting in a
punctured gate. Obviously some form of
very high speed current limiting is re-
quired. This is most easily done by the
use of series limiting resistors, as shown
in Figure 2.

Excessive limiting will defeat the regula-
tion for which the power supply was
designed. It is usually possible, however,
to divide the load so that the high current
position, which does not require much
regulation, does not interfere with the low
current, well regulated loads. One must
remember that the total peak charging
current for all bypass capacitors must not
exceed the MOSFET’s peak rating. The
reverse diode (D,) is built into the
MOSFET and need not concern us for
normal  drain-to-source  voltage
excursions.

Myth Number Two:

‘Due to their insulated gate construc-
tion, MOSFETS require virtually no driv-
ing power”

While this is true for DC operation, it
certainly does not apply to RF amplifiers.
In Figure 3 the MOSFET is represented
by a resistive channel. Current from
source to drain through this channel is
controlled by an electric field set up by the
gate capacitor plate. As the driving
generator frequency is increased, the
capacitive reactance of the gate structure
goes down, resulting in an increase in
driving current into the lossy structure of
the MOSFET. Our amplifier is noticeably
harder to drive at 14 MHz than on the
lower frequency bands. The drive re-
quirements are moderate, however, when
compared to a bipolar transistor amplifier.

Myth Number Three:

“Due to their self compensating ther-
mal characteristics, MOSFETs will auto-
matically adjust to share the load equally
when connected in parallel.”

This is true only when the MOSFETs
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are selected in matched pairs. Actually the
gate threshold voltage may vary from 1.5
to 5 volts from transistor to transistor. For
this reason manufacturers print normal-
ized rather than actual transfer charac-
teristic curves. In Figure 4, curve A is the
normalized transfer curve. The actual
curve may fall anywhere in the shaded
region between curve B and curve C. Let
us connect a curve B MOSFET in parallel
with a curve C MOSFET. If we bias the
parallel combination at +4 volts, the curve
B MOSFET will carry a current of about
1-1/3 amperes, whereas the curve C
MOSFET will not even turn on. Actually,
the manufacturer is probably overly con-
servative in specifying such a wide range
of gate threshold voltage. Inspection of
Table | will show that the majority of
IVN60OOKNTs fall within the 2-3 volt
region.

In our power supply we use a parallel
pair of MOSFETs as pass transistors. The
parallel pair was selected using the cir-
cuit shown in Figure 5. The gate-to-source
voltage (Vgg) is gradually increased un-
til the drain-to source voltage (Vpg) drops
from 150 volts to 100 volts. The Vgg meter
is then read. This is then the gate
threshold voltage; Vgg (th).

We did not select matched MOSFETs
for our RF amplifier because individual
bias voltage controls were provided. The
amplifier was designed so that 10,000
ohm load resistors could be plugged into
the output transformer jacks. The bias
controls could then be used to determine
the gate threshold voltages of the tran-
sistor pair using the previously describ-
ed technique.

Drain-to-source voltage, drain current,
rise time and input capacitance are
perhaps the most important factors to be
considered when selecting MOSFETSs for
RF use. The drain-to-source voltage rating
must be high enough to allow the drain
to swing up to double the power supply
voltage with 50 volts or so to spare. The

48

drain current rating should be sufficient
for the desired power level. Also, don't
overlook the peak drain current rating, as
exceeding this value will instantly destroy
the MOSFET. Manufacturers provide safe
operating area curves that are helpful for
selecting the DC drain current operating
point.

Rise time is perhaps the most critical
factor affecting high frequency operation.
It must be less than 10 nanoseconds for
14 MHz operation. Input capacitance is
also extremely important. It can range
anywhere from about 200 to 300 pF
for a good RF MOSFET, such as the
IVNBOOOKNT, to more than 10 times that
value for the low frequency switching
MOSFETs.

How to drive an input capacitance even
as low as a couple of hundred pFs can
be a real problem if two or more MOS-
FETs are connected in parallel. In paraliel
operation the input capacitances add as
shown in Figure 6A. If, however, we use
a tuned push-pull circuit, as shown in
Figure 6B, the input capacitances appear
in series across the tuning capacitor. This
effectively cuts the input capacitance in
half. Furthermore, the series combination
becomes part of the input tuning capa-
citor, thereby serving a useful purpose.
Push-pull operation effectively reduces
the input capacitance by a factor of four
over parallel operation.

The gate-to-drain feedback capacitance
(Cgd) is important because it introduces
positive feedback that can lead to oscilla-
tion and transistor destruction. In a tuned
push-pull circuit conventional crossed
capacitor neutralization can be used as
in the case of vacuum tubes. Neutraliza-
tion must be done with the full operating
supply voltage applied because the gate-
to-drain capacitance is a function of drain
to source voltage. Neutralization is done
with an oscilloscope connected across a
dummy load on the amplifier output. The
gate-to-source voltages are reduced so

that no drain current flows. A small
amount of RF excitation is then applied
and the neutralizing capacitors are ad-
justed for a null on the oscilloscope. This
adjustment is only approximate and must
be touched up for stable operation at full
output.

Our power supply is packaged in a
small covered plastic box (Figure 7, left).
Note the cooling fins and the miniature
meter, which is shunted for one ampere
full scale. The regulated output and the
transmitter safety ground are on the four
pin connector. Separate grounded three
wire power cords are used for 117 volt and
220 to 240 volt operation. Connecting the
appropriate power cord to the six pin
connector makes the necessary circuit
changes.

TABLE |
Measured IVN60OOKNT
Gate Threshold Voltages (Volts)

4.538 3.897 2.981
4.478 3.815 2.964
4.219 3.804 2.898
3.243 2.801

3.199 2.748

3.129 2.699

3.079 2.677

2.666

2.578

2.406

2.403

2.376

2.069
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A simplified circuit diagram of the
power supply appears in Figure 8. Diodes
D, and D, form a voltage doubler with C,
and C, for 117 volt operation. For 220 volt
operation, the power cord completes the
bridge circuit via jumper J,. The triangular
symbols represent a floating common (not
ground). The safety ground is not shown,
A pair of Intersil IVN60OOKNT MOSFETs.
serve as pass transistors and the Zener
is a IN5388. The regulation is one percent
from no load to a full load of 500 mA.

Selecting diodes that would handle the
inrush current into the 160 uF capacitors
(C, and C, turned out to be a bit of a
problem. We finally chose RCA SK3051s.
it was necessary to limit the AC inrush
current with a series 5 ohm, 5 watt resistor
in order to prevent the on-off switch from
burning out. Changing the power cord
selects a 1-1/2 ampere fuse F, for 117
volts or a 3/4-ampere fuse (F,) for 220 voit
operation. Output current limiting is pro-
vided in the transmitter package

For stability we chose a heterodyne
VFO (Fig. 7, right). It is powered by two
9 volt alkaline transistor radio batteries
(Fig. 9). The signal from the variable oscil-
lator is mixed with one from a crystal oscil-
lator to produce an output in the desired
amateur band. The mixer is followed by
a tuned output amplifier. Also included is
an audio side tone oscillator.

The ground returns for all VFO circuits
except the variable oscillator are keyed.
An R-C circuit was inserted in the positive
9 volt lead to slow the rise of the keyed
signal in order to reduce key clicks. By not
keying the variable oscillator we have
avoided any chirp problems. Since none
of the harmonics from this oscillator fall
within the bands used it is left on while
receiving. It is, however, very important to
keep the harmonics low while transmitting
as they will mix with the crystal oscillator
to produce spurious outputs.

A simplified circuit of the final amplifier
is shown in Figure 10. Since the power
supply is transformerless, toroidal isola-
tion transformers T, and T, are used for
the amplifier input and the output. The
triangular symbols represent a hot floating
common (not ground).

The driver transistor (Q, is an RCA
SK3044. It is coupled via T, to a push-
pull pair of [IVNB0OOKNTs (Q, and Qj).
Both the primary and the secondary of
T, are tuned. A separate transformer (T,)
is used for each amateur band. The trans-
formers are wound on toroidal cores and
are selected by a band switch (not shown).
The positive bias on Q is increased
slightly for 14 MHz operation in order to
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compensate for the increased drive re-
quirements on that band.

The input of the push-pull pair (Q, and
Q,) is tuned by a 365 pF plastic dialec-
tric variable capacitor (C,). It is shunted
by a fixed silver mica capacitor. A two
gang 100 pF air varialbe capacitor (Cy)
tunes the amplifier tank transformer (T).
Both C, and C, are thumbwheel tuned.
In Figure 11 the thumbwheels are label-
ed “grid” and “plate”’

Separate toroidal output transformers
(T,) are used for 14 and 7 MHz opera-
tion. They are selected by jumpers J,
and J;. The jumpers are on double
banana plugs. For simplicity only one pair
of jumpers and one output transformer
are shown in Figure 10. On 35 MHz a
polystyrene fixed capacitor (Cs)is plugg-
ed into another pair of banana jacks to
bring the 7 MHz output transformer down
to that frequency.

The jack at the center tap of the primary

of T, is of special interest. It is used to
substitute a pair of 10,000 ohm, 10 watt
fixed resnators for T;. A dual trace
oscilloscope is connected to monitor the
DC levels on these resistors. The in-
dividual bias controls (R, and Rj) can
then be used to find the gate threshold
levels for Q, and Q in order to set the
desired class C operating point. For safe-
ty, an isolation transformer should be us-
ed for the above adjustments.

A pair of 15 pF air variable neutralizing
capacitors (Cy) is used. The neutralizing
procedure has already been covered. Ad-
ditional stabilization is provided by a
swamping resistor (R,;). A separate
resistor is used for each amateur band.
The negative feedback source resistors
(Rs and Rg) are each 3.3 ohms, 1 watt.

As previously mentioned, the 0.02 uF
bypass capacitor (Cg) is sufficient to blow
a pass transistor in the power supply. This
is prevented by the 100 ohm 22 watt

Drain To

Power  Source

Frequency Output Volitage
(MHz) (Watts) (Volts)
14.10 22.5 182
7.10 19.5 179
7.05 22.0 180
8875 32.5 176
3.70 32.0 175
3.65 27.0 172
3.60 22.0 173
3.55 22.0 179

TABLE 1l
Push-Pull IVN6000KNT RF Amplifier

Drain Power
Current Input Efficiency
(Milliamperes) (Watts) (Percent)
332 60.4 37.2
315 56.4 34.6
345 62.1 35.4
370 65.1 49.9
380 66.5 48.1
415 71.4 37.8
420 72.7 30.2
360 64.4 341
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resistor (R,). The resistor is a pair of 11
watt units mounted on a double banana
plug. This arrangement permits free flow
of air to cool the resistors. Careful insula-
tion of the resistor leads is required for
safety. The 1/2 ampere fuse protects the
power supply in the event of failure of Q,
or Q. It should be noted that the driver
stage (Q,) derives its power via a
separate series resistor so that its power
supply regulation is not adversely affected
by the heavy current through R;.

Output Power

The transmitter puts out about 20 to 30
watts, as shown in Table Il. The final
amplifier efficiency is typically about 35
percent. While this might not be accep-
table for high power equipment it is not
a problem for our transmitter, which re-
quires less power than a 100 watt light
bulb.

Since the transmitter is not mismatch
protected, tuning is done with a combina-
tion dummy load and antenna impedance
bridge. This also prevents unnecessary
radiation while tuning (1).

We are indebted to Frank Rittiman of
Intersil for his assistance in getting us
started.

References

1. Volpe, J. Confidential, For Antenna
Tuner Users Only;, CQ August 1983:
pp.56-59.
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The Problem Solver.

CELLULAR COMPATIBLE

The RF Wattmeter Model 81000-A
from Coaxial Dynamics, Inc. does
more than provide accurate rf meas-
urements. Testing of transmission
lines, antennas, connectors, filters
and related components can reveal
unknown problems and assure op-
timum equipment performance.

For more information on the 81000-
A Wattmeter or any of the complete
line of Coaxial Dynamics RF products
and OEM components please contact
Coaxial Dynamics, Inc. Special ele-
ments available for cellular frequen-
cies. Call factory for name of Iocal
distributor.

COAXIAL z 9

DYNAMICS, INC.

15210 industrial Parkway, Cleveland OH 44135 » (216} 267-2233
Qutside Ohio, WATS: (800) Coaxial, Telex: 980-630
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WHEN
DELIVERY &
DEPENDABILITY
ARE
FOREMOST

SPECIFY

COILS &
INDUCTIVE
COMPONENTS

For over 30 years Delevan has built
inductive components to meet the
rigid specifications of a wide variety
of end uses. The result is a com-
mitment to reliability, a quality you
can depend upon. To meet these
critical demands, we have estab-
lished a production capability to
assure prompt delivery via a net-
work of distributors located through-
out the U.S.A,, Canada and many
foreign countries. Call us for the
name of your nearest Delevan Dis-
tributor or Representative.

Delevan g menu
PRECISI N
Division " INDUSTRIES INC

270 QUAKER RO /EAST AURORA. N'Y 14052
TELEPHONE 716/652-3600 TELEX 891-293
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The Surface

Acoustic Wave Filter

By Jeff Schoenwald
Contributing Editor

hile several books, tutorial collec-

tions and journal special issues
have been published to treat this topic,
these works have mainly targeted aud-
iences of narrower and more specialized
interest than the readership of this
magazine. In keeping with the editorial
goal of serving the needs of a very broad
and varied readership, this series will
strive to take a balanced approach to the
subject. We will make an effort to provide
the relevant mathematics, philosophy
upon which design rules are based, rules
and procedures from which the design
algorithms follow, equivalent circuit prop-
erties and how they are treated and
fabrication and packaging techniques
that must be regarded as integral
elements in the successful design and ex-
ecution of a satisfactory SAW bandpass
filter.

The major portion of the discussion will
be given to the interdigital transversal
filter, although we expect to cover more
sophisticated topics such as the unidirec-
tional low loss bandpass filter and the
SAW resonator multi-pole narrow band-
pass filter, so the reader can develop
enough familiarity to recognize which
type of device is suitable, and when. In-
terested readers may go further and
develop computer aided design pro-
cedures for simulating filter behavior.

Figure 1 is a general description, or
roadmap, of the basic elements of SAW
filter engineering. It is not unique, since
other approaches will become apparent,
but it is workable and has proved very
successful, even if only as a basis for
developing more sophisticated methods
required by more sophisticated devices.

Let’s start from a neutral point of view.
Suppose the user is a systems designer
and has some idea that a SAW bandpass
filter is just the thing to clean up the signal
processing in an IF section. The user
develops a specification, calls up several
SAW fabrication houses and kicks it
around with the first SAW engineer the
operator can locate. Even more common
these days, the user’s purchasing agent
is put through to the director of marketing
at the SAW house. Since it is not unusual
for both persons to have only second-
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hand knowledge of the design options
available, some formal exchange of let-
ters, brochures, business cards and a re-
quest for quotation takes place before
things get going.

The user will generate a specification
for the device. This usually includes the
following, (summarized in Figure 2):
center frequency, bandwidth (min and
max), shape factor, sidelobe level, max-
imum insertion loss, in-band amplitude
and phase or group delay ripple, direct
cross-talk, insertion delay, and tempera-
ture dependent excursion limits of all the
properties just indicated, variation limits
at some standard operating temperature,
and, of course, the usual salt spray, shelf

Or, how to get

life, humidity and fungus (fungus?) resis-
tance requirements that often accompany
any electronic component requirement;
and quantity, naturally.

After absorbing all these details, the
SAW designer and marketing director
decide if a straightforward response is in
order. Years ago, but not so often now,
SAW designers had to invest a great deal
of time in educating prospective users,
since the device was a novelty. Andersen
Labs, for instance, periodically issues a
brochure describing performance capa-
bilities and system applications of SAW
devices in their product line. In fact, the
SAW reseach community has provided
the largest investment in time, money and
effort, redesigning systems to accom-
modate SAW devices rather than fighting
the useless argument that ‘‘one filter
should be able to replace another, so let’s
yank out the LC Butterworth and drop in
a SAW.” The first generation of SAW de-
vices had more insertion loss than con-
ventional filters and had linear phase
(fixed delay). This has become less of a
constraint as SAW technology has ad-
vanced, but problems still abound.

After the specs come in, the first deci-
sions the SAW engineer makes is
whether the center frequency presents a
problem (too high, too low) and how the
bandwidth affects design strategy. These
two issues may be easy ones about which
to make decisions, but they are still quite
important.

Low frequency devices tend to get
large, and to not reflect well the intent of
microelectronics. The purchaser certainly
would like a device smaller than the more
conventional ones he might otherwise
have to use. Substrate area and
thickness will impact the materials cost.
If the frequency is uncomfortably high,
such as beyond 1 Ghz, the imaging
capabilities of the vendor’s pattern
generation equipment may be hard
pressed, driving yield down and produc-
tion costs up.

Bandwidth requirements will dictate the
choice of substrate; large bandwidth re-
quires large coupling substrate material;
narrow bandwidth indicates lower coup-
ling efficiency is more suitable. In addi-
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tion, there are two basic approaches to
transducer design that are generally
(though not exclusively) specific to each
bandwidth domain. These two methods
are referred to as apodization (or overlap)
weighting and withdrawal weighting.

The interdigital transducer (idt)
achieves its filtering characteristics by a
weighted sampling technique. A pattern
of interleaved electrodes, like two inter-
laced combs (Fig. 3), are formed on a
piezoelectric crystal substrate. The orien-
tation of the surface and direction of prop-
agation determine several characteristics:
(a) the electromechanical coupling coef-
ficient which, in turn, affects the
equivalent circuit properties, and (b) the
velocity of the surface wave, which sets
the peak response frequency. This is
described in more detail in two articles
that have appeared in R.F. Design which
discussed the basic properties of the idt.

The frequency characteristics of a sim-
ple idt, i.e., in which the opposing elec-
trodes have a constant overlap, are de-
rived by taking the Fourier transform of
the impulse response of the idt. If a very
narrow voltage spike — ideally a delta
function — is applied to the opposing
electrodes of the idt via the bus pads
shown in Figure 3, a facsimile of the elec-
tric fields produced at the substrate sur-
face in the form of mechanical stress will
be excited under and between the elec-
trodes. A delta function is an excitation
containing all frequencies, because it
contains no time interval. Time and fre-
quency have this inverse relationship —
shorter time intervals imply larger fre-
quency bandwidths and small band-
widths imply temporal signals of large
extent.

Since the spike voltage is distributed

SPECIFICATION
RECEIVED
APODIZATION WITHDRAWAL
WEIGHTING WEIGHTING
FILTER )
DESIGN |

Y

FABRICATION |———| TEST

MATCHING i g ity

NETWORKS
Y
TEST
ASSEMBLY .| TEST
PACKAGE | & SHIP

Figure 1. Roadmap of a typical SAW transversal bandpass filter development

project.

CENTER FREQUENCY Fo+/-Af,
3 dB BANDWIDTH, MIN/MAX
SHAPE FACTOR (40 dB/3 dB) MAX
SIDELOBE LEVEL (dB), MAX
INSERTION LOSS (dB), MIN/MAX
PHASE SLOPE OR GROUP DELAY

PHASE OR GROUP DELAY
LINEARITY

OPERATING TEMPERATURE
RANGE

TEMPERATURE COEFFICIENT OF
DELAY/FREQUENCY DRIFT

Figure 2. A typical list of specifica-
tions for a SAW bandpass filter.

A —>

Figure 3. SAW delay line of two unweighted IDTs, indicating wavelength A, elec-

trode length /4, transducer aperture and insertion time delay T,,.
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Figure 4. Filter characteristics of a SAW delay line consisting of two iden-
tical interdigital unweighted transducers consisting of N electrode pairs.

(@) N =5, (b) N =10, (¢) N = 20, (d) N = 40.

over the entire area of the idt, and
therefore has a finite spatial extent along
the direction of propagation (both forward
and backward), the very short voltage
spike is transformed into an impulse of
finite time duration. The stress field in-
duced will now propagate away from the
electrode pattern and travel as two pulses
of time duration (Td) determined by the
time length of the idt:

(1)
Td = N*L/V, where

N is the number of electrode or finger
pairs, L is the spatial period (pitch) of the
electrode pattern — in effect the wave-
length (A,), and V is the velocity of the
surface acoustic wave, which for all prac-
tical situations is constant, independent
of frequency. The frequency of the wave
(f), is, to first order, given by the relation-
ship fA = V. In fact, since the transducer
is finite in length, the frequency response
is not a single frequency, but spread over
a range. We may see this from the follow-
ing mathematical development.
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The Unweighted
Interdigital Transducer

Each electrode in the transducer has
an excitation or detection strength of
magnitude unity and sign + or —, depen-
ding on which bus bar (pad) it extends
from. This means that the phase of the
excitation voltage flips 180 degrees from
one electrode to the next. The designa-
tion of sign is arbitrary and is usually
defined with respect to which pad is wire
bonded to electrical ground. If we locate
the origin of the X axis at the center of the
first electrode, the position of each elec-
trode is located at

@
X =1, n/2 n=01,...2N-1
If we define the frequency dependent
wave vector, K (f) = 2n/A, then the function

: ®)
U = exp[jKXn]= exp[jrni,/i]

contains enough information to determine
the magnitude and phase of the excita-

tion strength at each of the electrode posi-
tions. Note that f,A, = f A = V, the SAW
velocity and f, is the frequency corres-
ponding to the pitch, or period of the elec-
trode pattern. Staring at equation (3) for
a few moments should convince us that
this excitation structure should generate
a wave even when f is not quite equal to
f,. This statement will be made explicit
later.

At synchronism, when f = f,

(4)
U = exp|jnn] = +1 n=0,2,...2N-2
= -1 n=1,3...2N-1

To determine the frequency response
(for both excitation and detection) it is
necessary to take the inverse Fourier
transform of the time domain of this struc-
ture. The time domain of the transducer
is related to the spatial structure in a sim-
ple way. A crest of a stress wave (SAW)
excited under one electrode will pro-
pagate to an equivalent position under the
adjacent electrode (one half wavelength
away) in a time t, such that

(®)
Xn =V, = ni/2

Taking the inverse Fourier transform of the
time domain of the transducer (which ex-
tends from t=0 to t=T, the time length of
the idt) will result in an expression for the
frequency domain response:

| =T ©
A= + {(= % explj2nf,t]exp[-j2nft)dt

: sin[n(f,~NT]
=exp[12"(fo-f);] SEEC N

Since T =NA/V = N/f,, A(f) takes the
simpler form

@)
A() =explin (,-ON |

4]
sin[Nn “‘;_'f) ]
Nn ‘(Jfo—f)

fo

A(f) is the amplitude response of the idt
and is complex, with the phase given by
the exponential factor. The relative power
(or gain) is given by the square of the
magnitude:
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sin2(x)

A(f) = , X =Nn(t,~f)/fo (8)

This is the celebrated sin (x)/x depen-
dence of a SAW idt of uniform electrode
aperture, i.e., unweighted. Figure 4
shows the frequency response predicted
for a succession of transducers with in-
creasing numbers of finger pairs.

Several features of this set of curves
should be appreciated. First, whenever
the argument x, as defined in equation
(8), is an integer multiple of n, but not
equal to zero, a null in the response oc-
curs. The first null occurs at f = f(1 +
1/N). Second, whenever x is nearly equal
t2 an odd half-integer multiple of n, a local
peak (sidelobe) occurs. The exact value
of x can be found by taking the first
derivative of equations (7) or (8) with
respect to frequency, setting them equal
to zero and solving for the value of f at
which this occurs. This locates the true
maxima. Using the approximation,
however, is quite satisfactory. The result
is that the first sidelobe is found to occur
at -13.45 dB relative to the main signal.
Any SAW filter consists of two
transducers. The power versus frequen-
cy response is the product of the in-
dividual idt power curves:

P (f) ~ |AT (B2.|A2 ()2 9)

For two identical transducers, the first
sidelobe is then found at -27 dB.

The third feature is the bandwidth. The
change in frequency from the band center
to the first null is f/N. This is the number
usually quoted as the 3 dB bandwidth, but
is not correct, strictly speaking. For a
single transducer, the frequency band
centered around f,, of extent f/N falls to
-3.9 dB at the band edge. For transmis-
sion between two transducers, the roll-off
is -7.8 dB.

These three factors — the lack of
monotonic roll-off in filter response away
from the central response, the limiting of
the first sidelobe to -27 dB and the lack
of flatness in the response within any
reasonably defined bandwidth — are the
basic motivations for developing design
techniques that may be applied to im-
prove the filtering capability of SAW
devices.

The Fourier transform of the unweight-
ed (rectangular) transducer is a sin(x)/x.
Since the inverse transform will return the
rectangular time domain (impulse) re-
sponse, the Fourier transform of a time
domain excitation function weighted as
sin(x)/x will produce a frequency re-
sponse that has a rectangular appear-
ance, i.e., flat within a given frequency
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band, dropping off sharply outside of it.
(In this context, x does not refer to any
spatial position. It is only the argument —
in radians — of the trigonometric sine
function.)

Once we accept this mathematical
symmetry, a second feature must be at-
tended to. The finite impulse response
results in a frequency domain which ex-
tends to all values of frequency, albeit
with decreasing strength. So a transducer
that has a truly finite and rectangular fre-
quency response — constant in some
bandwidth, zero elsewhere — must be in-
finitely long.

This defines the fundamental art and
skill of SAW transducer design: How to
achieve sufficient bandwidth limited filter-
ing with good sidelobe suppression and
sharp transition skirts beyond the band
edge, all within a device structure of
manageable size.

When we simply weight a SAW idt with
a sin(x)/x function and truncate the device
to a finite length, something undesireable
happens. Refer to the series of examples
illustrated in Figure 5.

Column 1 of Figure 5 is a schematic of
the actual SAW transducer for each
specified transducer length (i.e., number
of electrode finger pairs or, equivatently,
number of wavelengths). Column 2 is the
frequency response of the power trans-
mission efficiency between two such
identical transducers. In column 1 the
horizontal scale is reduced by 2x between
Figures 5c-1 and 5d-1 to accommodate
the entire image as it grows longer. In col-
umn 2 the vertical scale is in decibels,
with tick marks indicated every 10 dB.
The filter response is measured relative
to the response at band center (100 MHz),
which is 0 dB. The scale has an upper
limit of +10 dB to allow for an in-band
response that may ripple above 0 dB. The
horizontal scale shown spans 40 MHz
about the center frequency and has tick
marks every 10 MHz. The nominal band-
width specified for this filter is 10 MHz.

Just how is the desired bandwidth
specified mathematically so that the
transducer apodization is correctly gen-
erated? The most straightforward ap-
proach is to go back and use a method
parallel to that shown above for the fre-
quency response of a rectangular (un-
weighted) idt time domain. This time, the
frequency domain is specified as rec-
tangular, with the bandwidth B and the
center frequency f, as the only important
parameters. Following the development
above, we can obtain a function which
specifies the relative overlap between ad-
jacent electrodes spaced every half wave-
length (at center frequency):

Lock your UHF

and microwave oscillators on

frequency with fundamental-

mode SAW resonators. ..

@ Quartz stability from 200
MHzto 1.3 GHz

B Typical phase noise—

140 dB./Hz at 10 kHz

Compact TO-39 packages
Low cost

Large selection of
standard models

Fast turnaround on
custom designs
For information on your
special requirements
call or write to:

Crystal Technology
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1035 East Meadow Circle
Palo Alto, CA 94303
415/856-7911, TWX: 910-379-6625
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(10)
sin[(n-N)rB/2f,] .
A(n) = W exp(jmn]

n=0,1,...2N

The function changes sign every elec-
trode with the term (-1)" =exp[jnn] to ac-
count for the 180°phase reversal every
half wavelength. The entire function has
the sin(x)/x behavior. The product results
in @ main lobe with a set of monotonic-
ally decreasing lobes that string out until
arbitrarily truncated at some value N1 to
limit the extent of the idt. A phase reveral
occurs when the sine function goes
through zero. This can be seen in Figure
5c-1, where two adjacent electrodes sud-
denly appear to emerge from the same
pad. This is because two sign reversals
take place simultaneously between two
consecutive electrode positions — one
from the term in (-1)» and one from the
change in sign of the sine term (no play
on words intended).

Now let’s look at what happens as we
let the idt get longer. Compare Figure 5a
to Figure 4b. Both idts have 10 finger
pairs, but now the sin(x)/x function is
weighting the apodization. Both look
pretty much the same, except that now
the first set of sidelobes are lower by
about 4 dB. By tapering off the excitation
strength of the electrodes at each end of
the idt, we have made some improvement
in lowering their ability to generate a
signal in the frequency domain beyond
the first null. However, notice a small
trade-oft: the first pair of frequency nulls
in 5a-2 have spread slightly compared to
4b. Apparently the idt is behaving as if,
in this respect, it had slightly fewer
electrodes.

In Figure 5b-1 the idt extends out to the
first spatial nulls, or phase reversal points.
Now, clearly, because there are more
electrodes (i.e., finger pairs) the fre-
quency response has narrowed con-
siderably, both at the null points and at
the 3 dB level. Even more remarkable, the
first sidelobes have dropped below -50
dB, in continuation of the process noted
in the last paragraph.

Extending the idt another 10 wave-
lengths, as shown in Figure 5c-1 results
in interesting new behavior. Now that a
phase reversal has occurred and there
are several electrodes generating waves
out of phase with those in the main lobe,
in-band the transducer tends to act as if
it had fewer electrodes. Indeed, the 3 dB
bandwidth has broadened and the posi-
tions of the first nulls have spread out. Un-
fortunately, the sidelobe level has jumped
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back up, as if the outer electrodes, with
their corresponding phase reversal, are
suitably positioned to generate more
acoustic energy out-of-band.

The most impressive things to happen,
however, are the flattening of the
response in-band and the somewhat
precipitous drop-off in response outside
the central frequency domain. These are
features that we like, although they have
occurred at the expense of undesireably
degraded sidelobe levels out of band.

When the first pair of idt sidelobes are
completed, a new phenomenon occurs.
The sidelobe level again subsides, as in
5b-2 when the main lobe was complete,
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but rather noticeable ripple is introduced
in the main response. What we had ac-
complished in the last figure has clearly
been overdone here.

As we proceed through the remaining
cases in Figure 5, it is evident that when
the idt lobes are complete, the frequency
sidelobes are lower, but the in-band rip-
ple is large. When the outer idt lobes are
half of a full lobe length, the in-band
response is much flatter but frequency
sidelobes rise. Throughout the progres-
sion, however, the transition skirts — the
frequency bands on either side of the
main response between the inband and
out of band regions — become increas-

ingly steep, which is one of the features
we want most.

It would seem that, in principal, if we
could simply let the transducer continue
on to infinity, the sidelobes should drop
off altogether, the passband should go
flat and the transition skirts should
become vertical. This will never happen.
Instead, the sidelobes stay with us, the
in-band ripple gets more bothersome
(Gibbs phenomena) and the filter would
have to get unpractically large. Why this
happens is related to the discrete samp-
ling nature of the design method. Note
that the behavior of the filter is the result
of a discretely sampled function, not a
continuum.

To close this installment, the reader is
given a taste of the technique used to op-

(a) Hamming function.

(b) IDT weighted by sin(x)/x and
Hamming.
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Figure 6. Influences of a Hamming
function window on the filtering
characteristics of a SAW device.
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timize all of the features simultaneously
that seem to evade us — low sidelobes,
flat in-band response and steep transition
skirts, within a device of practical size.
Like a set of syncopated bellows, just
when one undesireable characteristic ap-
pears to deflate another breathes full of
life.

The method that has received much at-
tention, and achieved much success, is

called windowing. It is a well known
technique used in radar to weight the fre-
quency spectrum in pulse compression
transceivers to suppress time domain
sidelobes and thus improve range accur-
acy. We use it the opposite way — the
time domain waveform is windowed to
suppress sidelobes in the frequency
domain.

There are many types of window func-
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tions, and we will discuss several of them
in the next part of this series. Right now,
an example is given of one called the
Hamming function. It physically applies
a scale factor that modifies the sin(x)/x
function for each electrode, and is itself
dependent on position along the trans-
ducer. Figure 6a is a plot of the Hamming
function. It has maximum value (set at
unity) in the center and tapers off at the
ends. In fact, it is a cosine function on a
pedestal, with one full cosine wave cycle
across the length of the idt.

If we apply this window function to the
transducer in Figure 5f-1, which is 60
wavelengths long, we get the transducer
in Figure 6b. Notice how the transducer
sidelobes are strongly attenuated. The fre-
quency response for a pair of such idts
is shown in Figure 6¢c. The change is
dramatic. No sidelobes are observable
above -60 dB, and the in-band response
is devoid of ripple. We have reached a
milestone; a technique is available which
allows us to overcome the limitations of
the (discrete) digital sampling approach
used in designing a SAW transversal filter.
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ment Testing Turntable.
Both are suitable for out-
side or indoor use, come
with a standard Digital §;
Readout Controller and are {
available with IEEE-488 | .
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For Conducted
Emissions Testing,
EMCO manufac-
tures Line Imped-
ance Stabiliza-

Bus Option.

nd are looking for Helpful Ans

echanic

tion Networks to satisfy FCC and
VDE requirements. Our unique design
allows production of as many as 4
separate lines (three phase) in one
unit.

Other Related
Equipment in-
clude: Signal Re-
jection Networks, [
Acceptance Net-
works, Magnetic
Field Intensity
Meters, Magne-
tometers and
Systems.
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The Electro-Mechanics Company is
more than just another manufacturer.
We realize that in order to grow and
help improve EMI/RFI Testing we
must constantly forge ahead . .. not
live in the past.

As the FCC moves toward better
and more Standardized Test Proce-
dures, EMCO is staying close to ANSI
(American National Standards Insti-
tute), NBS (National Bureau of Stan-
dards) and other standards groups so
we can keep improving our equip-
ment. Involvement with current and fu-
ture industry needs also helps us plan
for design of new equipment . .. an
ongoing process at EMCO.

EMCO is committed to offering
Technical Assistance, as well as Test
Accessories, to help solve EMI Testing
Problems. Part of that Technical Assis-
tance is advice on purchasing only the
equipment needed, not kits or systems
with unnecessary items. We can also
advise on various manufacturers of
other complimentary test equipment.

s Company

P.O. Box 1546/Austin, Texas 78767/ Telex 767187
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Designing Unintentional Jammers

By Kenneth J. Grymala
Technical Consultant
GC Technologies, Inc.

very year it costs our military a lot of

money to track down unintentional
jamming systems inadvertently designed
with passive components. These devices
were never meant to radiate. In fact, some
of them have been through full
EMI/TEMPEST testing and have been
proved to be non-radiating. Yet these
“non-radiating passive jammers” can very
seriously degrade the communications
capability of an entire military platform,
such as a ship or aircraft.

The circuits are radio receiving front-
end components. The worst offenders are
the “protection circuits” used for wide-
band intercept receivers and wideband
receiving multicouplers. Most use some
type of diode limiting, and some also use
light bulbs, fuses, spark gaps, gas fired
tubes or a myriad of other non-linear
devices. Figures 1A through 1C show
typical overload protection circuits that
can cause problems.

The protection circuit in Figure 1A may
be low capacitance switching diodes that
act together as a conventional limiter. It
also may be a hot carrier diode that acts
as a detector to bias a pin diode into at-
tenuation. In either case, levels sufficient
to produce intermodulation products or
broadband white noise can occur easily
in a typical overload situation.

Figure 1B has a fusible link. These were
originally meant to protect signal genera-
tors from accidentally being burned out
during transceiver testing. However, they
have frequently found their way into
receiver and multicoupler circuits. They
are probably the safest from the re-radia-
tion standpoint, but they are quite non-
linear. As a consequence, these fuses will
lower the second and third order intercept
points of most equipment they are meant
to protect.

The circuit shown in Figure 1C is similar
to 1B, except a light bulb is used instead
of the fuse. The bulb’s increasing resis-
tance as it heats up works against the
diode limiter. This allows a higher level of
overvoltage protection than can be
tolerated by the limiter alone. This circuit
is one of the worst offenders. Frequently,
the bulb and diode combination are just

RF Design

Figure 1A. Coaxial diode limiter
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Figure 1B. Coaxial RF fuse

e

Figure 1C. Coaxial overload protector
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Figure 1. Protection Circuits

right to turn the limiter into a white noise
generator. In this case, only one strong
signal is needed to activate the circuit and
cause serious re-radiation problems.

Problems begin to occur when just a
few hundred milliwatts are applied to
these devices. In the case of a ship or air-
craft, it is common to have watts of
transmitter power, from more than one
transmitter, coming down a receive anten-
na line. In a typical military system, such
as a ship or aircraft, the separation bet-
ween MF/HF transmit to receive antennas
will be much less than 60 dB. Receive
antennas are frequently grouped together
and may have as little as 10 dB of isola-
tion from each other. Figure 2 illustrates
a typical military system composed of
communications and intercept equip-
ment.

If such a protection device is hooked
directly to the antenna it normally will pro-
vide the needed protection to the equip-
ment it’s supposed to protect. However,
it will also generate a very strong level of
broadband noise or thousands of inter-
modulation products that go right back out
to the antenna. From here, these spurious
signals are propagated to other nearby
receiving systems where they cause

serious interference. Under “ideal’ con-
ditions, the generated interference can be
60 to 80 dB higher than signals of interest.

The protection devices often are exter-
nal to equipment and have been added
by a well meaning technician or engineer
who wanted to protect sensitive equip-
ment from burnout whenever a nearby
high powered transmitter was turned on.
The problems often are just brushed off
as “bad atmospherics” or excellent pro-
pagation (“just listen to all those
signals!”).

What is really happening is re-radiation
of intermodulation products caused by the
mixing of two or more high powered trans-
mit signals within the protection device.
It’s kind of like the old rusty bolt, but it is
intentionally designed to be highly effi-
cient. The antennas are well matched and
the diodes are of the highest quality. To
make matters worse, the culprits are
usually impedance matched to the anten-
na system. They have their most detri-
mental effect when connected to anten-
nas that are co-located with other receiv-
ing antennas whose systems are capable
of operating within high power fields. This
problem can occur from active antennas,
varactor tuned preselectors, pre-amplifiers
and receiver first converters.

Solutions and recommendations

In cases where LC filtering is not possi-
ble, the devices to be protected must be
removed from the antenna line, or the
strong transmit signal amplitudes must be
attenuated to a point where they no longer
cause a problem. As a minimum, a good
RF overload protection circuit should have
the following characteristics: non EMI-
radiating during overioad; low insertion
loss and low VSWR,; protection whether
equipment power is on or off, protection
against short duration, high power bursts;
and protection against long term, high
power overload.

Figure 3 illustrates how a typical well
designed protection circuit works. When
the device to be protected is not in use,
a relay at the input is normally opened to
protect against an RF overload. When the
unit is in operation, the relay is closed.
The relay should provide low insertion
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Figure 2. Typical Military Communications and Intercept System.
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loss and low VSWR at the frequencies the
circuit is designed for. It must also be
capable of withstanding the anticipated
power levels.

The protection circuit has a very high
impedance detector that does not disturb
the impedance characteristics of the
equipment. Its output feeds a relay driver.
Whenever an RF overload is sensed, the
relay opens the circuit between the high
incoming power and the sensitive cir-
cuitry. The relay driver usually contains a
release timer circuit of 1 to 10 seconds.
This circuit serves two purposes: One is
to save the operators’ nerves if the
overload is from a non-CW signal, such
as an SSB voice signal, and to hold the
protection circuit on between overload
dips and peaks. The other is to reduce
chatter if the feedline length between the
antenna and the overload protector hap-
pens to be an appropriate % wavelength
multiple. It is possible that the input to the
protector will drop to zero when the cir-
cuit opens the line, causing the circuit to
deactivate and begin chattering. With the
timer circuit in place the relay will still cy-
cle on and off but at a much lower rate.
(A second alternative to the chatter pro-
blem is the addition of an external high
power, matched dummy load).

Most protection circuits also employ
limiters behind the relay. The purpose of
the limiter is to provide protection to the
sensitive circuits during the reaction time
of the relay, which is typically 15-25
milliseconds. At low level signal inputs the
limiter does not cause any problems, and
at high overload levels the limiter is only
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in the circuit for a very short time.

Numerous other variations can exist.
For example, a multiple stage attenuation
circuit can be added. With this method
the receiving system is not fully disabled
except under severe overload. Instead,
fixed attenuators are placed in series with
the line. In most MF/HF receiving systems,
as much as 20 dB can be added without
seriously affecting sensitivity. This is
because in a well designed MF/HF system
the sensitivity should be based on
minimum atmospheric and galactic noise
levels that are external to the antenna
system.

Lightning and EMP protectors also can
be designed into the circuit, but if they are
used ahead of the relay they must not
cause any non-linear action with typical
overloads. If a lightning or EMP protec-
tion device is used ahead of the relay cir-
cuitry it should be thoroughly tested to en-
sure that it does not cause problems.

Since these devices are typicaily high im-
pedance devices, they should be tested
to levels of several hundred volts. This will
simulate the effects of the unmatched im-
pedance transformations caused when
the conventional overload protection cir-
cuit opens the line.

Conclusions

When designing new equipment or
systems that are likely to be subjected to
multiple high levet inputs, adequate atten-
tion must be paid to overload protection.
The circuits must adequately protect
equipment from burnout. They must also
provide a high degree of compatibility with
other systems. In recent years a few
receiver manufacturers and most of the
test equipment manufacturers have
begun to install very good reverse power
protectors in their equipment. The rest of
us should build them into our new equip-
ment and systems. =
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Quick Disconnect Pin-and-Socket

“Latch-N-Lok” modular interconnec-
tion, a shielded, pin-and-socket quick dis-
connect interface assembly for computer
and other electronic systems, has been
introduced by Du Pont Connector Sys-
tems. The assembly includes a receptacle
and a plug joined to a cord or cable. It
features positive plug-to-receptacle lat-
ching with an audible click, EMI/ESD
shielding, quick disconnect and attractive
appearance. In addition. “Latch-N-Lok”
assemblies cost less than the round DIN-
type interconnections.

Based on the patented “PV” recep-
tacle, and “BergStik” header, the new in-
terconnection assembly has up to 20 I/O
positions. Both plugs and receptacles
come with straight, right-angle or com-
bination configurations. Du Pont Connec-
tor Systems, Wilmington, Del., please
circle INFO/CARD #176.

Computer-Controlled VHF
Frequency Synthesizer

The AT-FS2574 frequency synthesizer
provides 1000 discrete frequencies in 10
kHz steps by computer-control with TTL
logic level signals. An internal switching
power conditioner assures reliable opera-
tion over varying DC input voltages.
Specifications include: Frequency range,
248 to 258 MHz, output power, 0 dBm +
1 dB over temperature and frequency;

RF Design

operating temperature (baseplate), —20°C
to +60°C; settling time, 1 ms; spurious
signals, —60 dBc typ; harmonic, —30 dBc
min.; SSB phase noise, —65 dBc/Hz at 1
KHz from carrier, /90 dBc/Hz at 10 KHz
from carrier; external reference, 10 MHz,
1V P-P into 50 ohms. AD-TECH Micro-
wave, Inc., Scottsdale, Ariz., please cir-
cle INFO/CARD #175.

DIP Style Resistor/Capacitor
Networks

Resistor/capacitor networks for ECL
and Thevenin equivalent termination are
now available from Dale Electronics.
Designated as Model MDRC, the molded
DIP networks have a .190” maximum
seated height and are compatible with
automatic insertion equipment. Current-
ly, three models are available in the follow-
ing configurations: Model MDRC-1641 —
for 20 V ECL termination, contains 11
resistors of equal value and a .01 uF
decoupling capacitor for bypassing tran-
sients between supply voltages, Model
MDRC-1642 — for ECL pulldown to a 5.2
V buss, contains 12 resistors plus a 0.1 .F
capacitor for bypassing transients on the

voltage bus. Model MDRC-1643 — for
Thevenin equivalent termination, contains
four series pairs of resistors; a divider bet-
ween the pairs provides a Thevenin equi-
valent voltage of 20 V and a 01 uF
decoupling capacitor bypasses the VEE
buss. Dale Electronics, Inc., El Paso,
Tex., please circle INFO/CARD #174.

150 MHz Oscilloscope

A quad input, dual independent time
base 150 MHz oscilloscope featuring
+2% vertical accuracy, 500 uV/div vertical
sensitivity and 20 kV accelerating poten-
tial has been introduced by B&K-Preci-
sion, Industrial Electronic Products Group
of Dynascan Corporation. Designated Mo-
del 1596, the instrument’'s low profile

150 WATT
ATTENUATOR

DC TO 8.0 CHz

Nominal Impedance:
50 ohms

Deviation (dB):
(Dependent on value
of attenuation)
DC-4 GHz:
+0.4to £0.5dB

4-8 GHz:
+.75t0 +1.00dB

Standard Nominal
Values (dB):
3, 6, 10, 20, 30, 40

Maximum VSWR:
At 4 GHz - 1.25
At 8 GHz - 1.35

Type N Connectors

Compact Size:
3 x5 x 7 inches

Power:
150 watts average
5 KW peak

Temperature Range:
-55°C to +125°C

WEINSCHEL
ENGINEERING

One Weinschel Lane
Gaithersburg, MD 20877
(301) 948-3434

Telex: 1TT440702

or WU89-8352
800-638-2048

MODEL 49
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design and light weight (16.28 Ibs.) fill field
service as well as “on the bench” R&D
applications. Model 1596 features 500

uVidiv sensitivity to 70 MHz (cascade
channel 1 to channel 2), 1 mV/div sensitivi-
ty to 100 MHz and 5 m/div sensitivity to
150 MHz. Waveforms are viewed on a 8
div x 10 div (1 div = 1 cm) rectangular CRT
with internal graticule, scale illumination
and 20 kV accelerating voltage. Model
1596 features A Only, ALT, A-INT-B, B
DLY’D and DUAL mode sweep operation.
B&K Precision/Dynascan Corporation,
Chicago, lll., INFO/CARD #173.

Compact 150-watt RF Amplitiers
for NMR Research

Considerably smaller and lighter than
other RF amplifiers in their power range,

the new Models 150LB and 150LC from
Amplifier Research are rated at 130 watts
minimum, 150 watts nominal power,
through 120-210 MHz and 200-290 MHz
respectively. They will continue to operate

=

\

You Demand Precision . ..
We Build It!

High precision ovenized crystal oscillators for use in counters,
synthesizers and communications systems.

« Up to 1x10 '°/24 hr. aging

» Single side band phase noise (BW-1Hz) at 1 KHz-160dB

» Frequencies from 1 to 120 MHz

« MIL-SPEC, JANTX Radiation-hardened capability

« = 5x10 ' from 0 to 50°C

» MIL-SPEC temperature ranges

« Fast warm-up options available

* Various mechanical configurations

Call or write with your oscillator requirements!

@ AUSTRON nmc

P.O. Box 14766 - Austin, Texas 78761 - (512) 251-2313 - TWX 910-874-1356
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MICRO PROCESSORS
AND COMPUTERS
APPLICATIONS

TTL, ECL, CMOS
COMPATIBLE
STANDARD SERIES

DIMENSIONS

TEMPERATURE
TTL ECL CMmos STABILITY, FREQUENCY RANGE

0C 70 70C
TM1100A EM1100A CM1100A i .01% TTL = t HZ to 120 MHZ
TM1114A EM1114A | CM1114A + .05% ’
TMI115A | EM1115A | CMIT15A | ¢ 1% Sl i
TM1116A | EM1116A | CM1116A + 1.00% CMOS = 1 HZ to 25 MHZ
TM1144A EM1144A | CM1144A + .0025%
TM1145A | EM1145A | CM1145A + .005%

NOTE 1: Specify operating voltage
for CMOS Oscillators

EXAMPLE:

TM1100A[-[500 MHZ

EXAMPLE:
CM1100A - 5 MHZ at 5VDC

OSCILLATEK

Oy A ] T
S

e

o7

64

-
A DIVISION OF
K & L MICROWAVE, INC.

620 N. Lindenwood Drive
Olathe, Kansas 66062

NOTE 2: Consult factory for
Screening to MIL-STD-883B,

MIL-0-55310 Qualification

and Custom Design
Requirements.

PIN CONNECTION
1 N.C.
7 GND
OUTPUT
14 + V. dc

INFOICARD 45
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regardless of magnitude or phase of
source and load impedance without
oscillation, shutdown or damage. Their
selected bandwidths provide a comfor-
table range of frequencies for varied
clinical and research purposes, particular-
ly in NMR. The new amplifiers combine
solid-state low power stages with a
vacuum-tube final amplifier, providing in-
stantaneous bandwidth (full power at any
frequency in their operating spectrum,
without need for tuning or bandswitching),
and exceptional pulse and blanking char-
acteristics for NMR experiments. A typical
RF envelope exhibits pulse droop of less
than 1%. Amplifier Research, Souder-
ton, Penn., INFO/CARD #172.

Wide Range Dual Rotary
Attenuator

JFW Industries, Inc. introduces their
model 50DR-001, a 50 ohm dual rotary at-
tenuator. This low cost unit has an at-
tenuation range of 0-110 dB. It is dual con-
centric with 0-100 dB in 10 dB steps add-
ed to 0-10 dB in 1 dB steps and can be
mounted using limited panel space. The
50DR-001 has a frequency range of
DC-1000 MHz. It is available with RF con-
nectors that include BNC, N, SMA and
TNC. JFW Industries, Inc., Indianapolis,
Ind., INFO/CARD #171.

RF Patch Cords

A new line of RF patch cords in a wide
range of connector styles, including mini-
hook grippers, dual stacking banana
plugs, alligator clips and BNC connectors,
has been introduced by E.F. Johnson
Company Components Division. Johnson
RF patch cords are available with more
than a dozen termination configurations,
with three cable types, and cable lengths
from 12 inches to five feet. Molded break-
outs with twisted pair cables that convert
coaxial connections to twin test leads are
available with male or female BNC con-
nector to dual grippers. Patch cord
assemblies are available in dual banana
plug-to-dual banana plug configurations
with either RG-58 coaxial cable or twisted
pair cable. Banana plug-to-alligator clip
configurations are available with RG-58
or twisted pair cable, and dual banana
plug-to-grippers or BNC connector are
available with RG-58 cable. BNC-to-BNC
patch cords are available with either
RG-58 or RG-59 cable in male-to-male
and male-to-female configurations. A
BNC-to-grippers patch cord assembly
with RG-58 cable aiso is available. E.F.
Johnson Company Components Divi-
sion, Waseca, Minn., INFO/CARD #159.

RF Design

EMI CAN BE FOILED

with
AD-MU-80 FOIL IN CUSTOMIZED SHAPES

High Permeability Shielding Alloy Foil
in thicknesses of .002", .004", .006"
and .010" can be fabricated by
Ad-Vance Magnetics for your spe-
cific requirements.

e CNC Punch Press Capability.

¢ AD-MU-80 Alloy requires no
painting or plating.

¢ Tooling charge minimal, if any.

¢ Time saving and cost effective.

¢ Design assistance available.

A small AD-MU Foil Shield may solve a
large PROBLEM.

AD-VANCE

bt

Gives major designing
procuring guidelines. 2/3 of
84-page book contains
valuable technical
engineering information
about the entire magnetic
shielding field. 1/3 is catalog
data. Yours for the asking

AD-VANCE MAGNE TICS,INC.

The Problem Solving Magnetic Shielding Specialists

o == 625 MONROE STREET, ROCHESTER, IN 46975
(219) 223-3158 TWX 810 290 0294
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SPECIFY
THE BEST-
SPECIFY

STETTNER
TRIMMERS

Just in case you haven't ceramic capacitors for prompt
heard: Stettner Electronics is delivery, and can cross refer-
recognized as one of the most  ence to most manufacturers.
versatile manufacturers of vari- |
able ceramic capacitors
(trimmers) in the world. In ‘
Europe Stettner is Number |

One! STETTNER
] ELECTRONICS, INC.
Stettner stocks a wide var- 6135 Airways BIvd. |
iety of variable and fixed Chattanooga, Tennessee 37421 l

Phone: (615) 892-0291

tf Call Toll FreE 1-800-251-4558 |
INFO/CARD 47
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five complete adapters can be assembl-
ed at any one time. This permits 28 com-
binations between series or with male/
female of the same series. The two addi-
tional N connectors also permit assembi-
ing adapters with male N/male N and
female N/female N functions. Bird Elec-
tronic Corp., Cleveland (Solon), Ohio,
INFO/CARD #170.

RF Interseries Adapter Kit

With this kit it is easy to assemble com-
pact, precision 50-ohm adapters for 30 dif-
ferent matching requirements between
four popular coaxial RF connector series.
The four series included in this kit are N,
UHF, BNC and TNC connectors, one
male and one female each — except
there are two male N and two female N.
Also included are five couplers, so that

Audio Analyzers for Broadcast
and Transceiver Testing
- ' Two new products for audio analysis
q from Hewlett-Packard Company, the HP
8903B audio analyzer and HP 8303E dis-
tortion analyzer, enhance measurement
capabilities in the broadcast and
transceiver-test marketplace. Like their
predecessor, the HP 8303A, but at a lower
price, these programmable offerings com-
bine many instruments into one. Includ-
ed in both analyzers are the same func-
tions available from high-performance AC
voltmeters, fully automatic distortion

RF AMPLIFIERS
by AYDIN VECTOR

Fthe Joasl o/ the Jown...

&O 4, analyzers, DC voltmeters, SINAD meters
Available in frequencies of 5MHz to 1 GHz, single and A los iy and audio-frequency counters. Not only
multi-stage T0-8, T0O-12 and 4 pin DIP packages; N '/04 » g an analyzer, the HP 8903B also has an

audio source capable of swept measure-

standard and custom cascaded assemblies with
ments down to —90 dB. The analyzer can

varying gain, NF and power output options
and a variety of connectors.

CUSTOM RF AMPLIFIER ASSEMBLIES . ..
to meet your specific need, backed by the
engineering skill, manufacturing facilities
and guality assurance ex-
perience to meet your ex-
act specifications and the
requirements of MIL-
STD-883B and MIL-
Q9858A.

VOLTAGE CONTROLLED
ATTENUATORS. . .ranges
to 40 dB within a 5-1000
MHz frequency range.

Running out
of Real Estate?

Consider our
HC-44
sub miniature crystal
— 12MHZ-200 MHZ.
" ——— Fundamental, third, fifth,

Accept no substitute for high

quality, tow cost, speedy delivery

and guaranteed specifications. Specify ﬂ seventh and ninth overtones.
Aydin Vector RF amplifiers T ER\ Same quality and electrical
and attenuators. ' mf' | characteristics as

For a free copy of our brochure, B¥Y P standard sizes.

P TOLL-FREE CRYSTAL HOT LINE
e 4 800-433-7140

)

*“8:00 am-5:00 pm Central Standard Time

AYDIN }X VECTOR UMITED STATES CRYSTALL

In the United States — Aydin Vector Division, POB 328, Newtown, PA 18940 (817) 921-3014  TWX 910-893-4084
Tel 215-968-4271, TWX 510-667-2320
In Europe — Aydin International U.K., 64 Wilbury Way, Hitchin Herts, SG4 OTP INFO/CARD 49

England; Tel 011-44-462-34555, TLX 851826626
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measure swept-frequency-response
deviations as small as 0.01 dB. The more
economical HP 8903E, with only audio-
measurement functions, has been devel-
oped for customers who already possess
an audio source but are in need of sen-
sitive test capabilities. Hewlett-Packard
Company, Palo Alto, Calif., please cir-
cle INFO/CARD #168.

Electronic Gaskets

Electronic gaskets that protect against
noise, dust, moisture and chemical con-
taminants, in addition to shielding
RFI/EMI, were announced by Instrument
Specialties Company, Inc. Two basic
models are available: straight and flexi-
ble. The new Sticky Fingers® straight
electronic gaskets, designated as Series
97-842, -841, -821 and -815, combine
beryllium copper finger strips with a
neoprene rubber seal to provide en-
vironmental protection as well as superior
RFI/EMI shielding for applications where
control of noise, dust, moisture and
chemical contaminants is also required.
Instrument Specialties Company, Inc.,
Delaware Water Gap, Penn., please cir-
cle INFO/CARD #167.

IMAGINE!

Everything you’ll ever want -

or need-in circular
connector accessories.

Glenair has the widest choice
available in the industry.
Every feature. Every design
option. Every application. Glenair,
the leader in connector accessories
for over 25 years, has developed
and tooled thousands of accessory
designs — from simple wire bundle
strain reliefs, backshells, dummy
stowage receptacles and protective
covers to advanced devices for
EMI/RFI shielding, and more:
+ MIL-C 85049 backshells
« Shrink boot adapters, w/wo
EMI/RF! shield termination
+ Extender backshells ‘
» Pipe thread adapters 4

GLENAIR, INC.

1211 Air Way - Glendale, California 91201-2497 - (818) 247.6000

« Shorting cap backshells

« Non-environmental backshells
w/wo EMI/RFI shield
termination

» Cable sealing backshells with
immersion capability, w/wo
EMI/RFI shield termination

+ TAG Ring® backshells for shield
termination

« Conduit backshells

.+ Crimp ring backshells
|+ QwikTy= strain reliefs

« EMI/RFI G-spring backshells

\d If you're having trouble making

\#j \‘ an existing accessory fit your needs,

¥

Y Glenair will design and produce a
i solution. Call or write:
OReg:stered trademark of Glenarr,
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For a power resistor that
stays non-X up to vhf,

there’s only one choice.

The Carborundum® Type SP. Only the
Carborundum ceramic power resistor
behaves like a pure resistance rather
than an inductor and/or capacitor. It

operates from low audio frequencies up

into the vhf range. Each unit is a solid
body of resistive material. No wind-
ings, no film. Ideal for frequency-
sensitive rf applications like feed-
back loops.

And it gives you extremely high
power density, with great surge-
handling capability because it's solid.

Our Type 234SP, for example. is
about the size of a 2-watt carbon comp,
but dissipates a full 10 watts in 40°C
ambient air. Moreover, it can consis-
tently absorb surges of over 10X rated
power for several seconds and come
back for more with very little AR.
Forced-air-cooled, water-cooled or

RF Design

immersed in oil, it will handle even
greater power overloads.

Other Carborundum Type SP resis-
tors—including high-power, water-
cooled configurations—are rated from
2.5 to 1000 watts. For further details,
call or write us today.

INFOICARD 53
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Sohio Engineered Materials Company
Refractories Division

Electric Products Plant, P.O. Box 339
Niagara Falls, New York 14302
716/278-2553

CARBORUNDUM
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SWITCHES

PLANAR PACKAGED

SP21 MIC

actual size*

SP4T MIC

= vo £} Gl-z

THIN-FILM MICS

- Hermetically Sealed
- 883 B Screening Available

SPECIFICATIONS

Frequency 2-4 GHz

Switching Speed 500 nanoseconds max

Isolation 50 dB minimum

Insertion Loss 1.2 dB maximum

RF Power +10 dBm maximum

VSWR 1.3/1 typical

Impedance 50 ohms

Size* 625x.750x% .136 inches
SP2T/PN DS0379 | SP4T/PN DS0378

Control 2 line TTL 4 line TTL

DC +5V at 25mA max | +5V at 40mA max
Power —5V at 18mA max | —5V at 30mA max

2300 varieties of MIC &
Connectorized Solid-State
Switches, RF Relays,
Delay Lines, Step
Attenuators & Voltage
Control Attenuators...

DAICO INDUSTRIES, INC.

2351 East Del Amo Blvd., Compton, CA 90220
Telephone: (213) 631-1143 - TWX 910-346-6741
©1983 Daico Industries, Inc mp83426K
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»F literature

RF Coaxial Connector Catalog

Ava Electronics announces the availability of the new 85-3
catalog which concentrates on BNC, TNC, N (the newest addi-
tion to the line), and Twinax connectors, adapters, and cable
assemblies. The catalog includes information on features,
materials and electrical characteristics of the products. UG type
connectors are cross-referenced where applicable. Standard
cable assemblies are provided in 3, 6, and 12 foot lengths. Shown
on the back cover of the catalog are crimp tools and a represen-
tative sampling of custom connectors and cable assemblies.
Ava Electronics Corp., Drexel Hill, Penn., please circle
INFO/CARD #140.

Switches

Midland-Ross Corporation, Electronic Connector Division, an-
nounces a new 22-page switch catalog that describes its line
of thumbwheel, DIP and Strip-Pak™ rotary PCB switches. Also
included are a complete line of shorting jacks with .100 or .200
inch spacing between the contacts. Complete specifications for
the AttenuSmart™ digital attenuator are given. The catalog has
complete truth tables for thumbwheel switches and the Strip-
Pak™ rotary printed circuit board switches. Midland-Ross
Corp., Cambridge, Mass., INFO/CARD #139.

Keene Laminates

Keene Laminates’ 16-page, four-color brochure covers its pro-
duct offerings for industrial, electrical and electronics markets.
The literature highlights three main standard product areas: flex-
ible products, Di-Clad® PTFE/FEP microwave circuitboard pro-
ducts and silicone products. It also details their capabilities to
supply custom laminated, coated and treated materials for ap-
plications ranging from printed wiring to sailcloth. Each product
section itemizes typical applications, key product features, and
the technical support team behind them. Full color photos show
applications in flexible circuitry, electrical insulations, computer
memory core substrates, laminating presspads, and high-
performance sailcloth. Keene Laminates, East Providence, R.l.,
INFO/CARD #138.

Precision Instruments

Esterline Angus Instrument Corporation announces the
availability of the A1000SF short form catalog. This catalog
outlines Esterline Angus’s full range of products, including,
Miniservo® strip chart recorders, power survey demand
recorders, direct writing recorders, the MRL multipoint recorder/
logger, plotter/printer, hand-held multimeters, charts, accessories
and more. The catalog concisely identifies, defines and explains
each product. Available options are noted in each description.
Esterline Angus Instrument Corp., Indianapolis, Ind.,
INFO/CARD #137.

Microminiature Connectors

ELCO Corporation has just made available a new 12-page
catalog dedicated to microminiature connectors with size 24 con-
tacts on .050" centers to MIL-C-83513. The catalog, covering all
ELCO MICROCON microminiature connectors, includes rec-
tangular “D"” connectors with and without metal shells and
jackscrews, printed circuit mountable connectors, strip connec-
tors to any length and circular connectors. All feature proprietary
one-piece springpin contacts. MICROCON microminiature con-
nectors offer intermatable but lower cost, lighter weight and lower
insertion/withdrawal force alternatives in high density computer
and medical equipment applications. ELCO Corporation, Cuper-
tino, Calif., INFO/CARD #136.
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Microwave Components and Subsystems

A 36-page catalog from American Microwave Corporation
describes the company’s RF products. Data sheets and draw-
ings describe the company’s wideband power dividers, direc-
tional couplers, diode switches, PIN diode attenuators and im-
pedance transformers. American Microwave Corp., Frederick,
Md., INFO/CARD #135.

New LID Brochure

The Slatersville Division of Amperex Electronic Corporation
has released a new six-page brochure containing the latest in-
formation on its extensive line of leadless inverted devices (LIDs)
for surface mount applications. The brochure lists 59 LID pro-
ducts, including general purpose and voltage reference diodes,
general purpose, amplifier/switching, switching, and high-
frequency transistors and linear and digital CMOS integrated cir-
cuits. The brochure lists part types in the readily recognized “1N”
and “2N” numbering system. Amperex Electronic Corporation,
Slatersville, R.l., INFO/CARD #134.

Mixers, Power Dividers and Transformers

This 48 page catalog from the Electrowave Product Division
of Triangle Microwave offers a complete array of mixers, power
dividers, couplers, transformers, modulators, attenuator/switches
and frequency doublers with detailed specifications, charts,
outlines and selection guides provided. Triangle Microwave,
Inc., Electrowave Products Division, East Hanover, N.J.,
please circle INFO/CARD #133.

CONSULTING
DESIGN
and FABRICATION

¢ EM SENSORS

Current Probes
Antennas
FCC & CISPR LISNs

e NANOSECOND TRANSIENT
SUPPRESSORS

Coaxial Lines

Power Lines

Telephone Circuits

I/0 Semiconductor Circuits

_PeC
Fischer Custom Communications, Inc.
PO. Box 581 Dept. J

Manhattan Beach, Ca 90266
(213) 642-0049
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NEED FAST LOG
RESPONSE?
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LOG TECH HAS
THE SOLUTION

DO YOU NEED HIGH FIDELITY
LOGGED RF OR IF RESPONSE?
THEN STUDY THIS ACTUAL
PHOTOGRAPH SHOWING THE
LOGGED RESPONSE OF A ONE
MICROSECOND PULSE USING THE
CLA SERIES OF LOG AMPLIFIERS.

THE CLA SERIES OFFERS STATE
OF THE ART RISE AND FALL TIMES
TO PROVIDE A ‘““HIGH FIDELITY”
LOG RESPONSE.

SPECIFICATIONS:

Frequency Range
30MHZ—1.2GHZ

Input Dynamic Range
30 to 80 db (Selectable)

Meets Environmental Requirements of MIL-E-5400

WE INVITE INQUIRIES
CONCERNING YOUR SPECIAL
REQUIREMENTS.

LOG TECH, INC.
3529 Old Conejo Rd.

Suite 123

Newbury Park, Ca. 91320
(805) 499-6462

INFOICARD 51
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PRECISION CRYSTAL

OSCILLATORS
SERIES 8000

STANDARD FREQUENCY 5.0 MHz
AGING RATE MODEL ER8001 1 x 10 — %day
MODEL ER8003 1 x 10 — %/day
MODEL ER80055 x 10 — 'Y/day
PHASE NOISE ___ SSB 1 Hz BW at 10 Hz offset
MODEL ER8001 . . . 124 db
MODEL ER8003 . . . 135 db
INPUT VOLTAGE _12 VDC == 10% STANDARD
OUTPUT SINE-WAVE 1VRMS INTO 50
ohm LOAD
SIZE MODEL ER8001 and
MODEL ER8003
2" x 2” x 4" H
MODEL ER8005
2.25” x 2.25” x 4.25"H
_______MANY OPTIONS ARE AVAIL-
ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

OPTIONS

' ’ —litel' atur e Continued

ELECTRONIC RESEARCH COMPANY SERIES 8000
PRECISION OVENIZED CRYSTAL OSCILLATORS
ARE THE ULTIMATE CHOICE WHERE PROVEN
RELIABILITY AND FREQUENCY STABILITY IS RE-
QUIRED. THESE OSCILLATORS ARE IDEAL FOR
APPLICATIONS WHERE A PRECISION TIME BASE
IS TO BE MULTIPLIED OR SYNTHESIZED RE-
QUIRING A LOW PHASE NOISE SOURCE. ALL
ELECTRONIC RESEARCH COMPANY’S OSCIL-
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC-
TURED BY ERC FOR MAXIMUM CONTROL ON
ALL PARAMETERS TO INSURE PERFORMANCE
SPECIFICATIONS. IF YOUR APPLICATION RE-
QUIRES SUPERIOR OSCILLATOR PERFORMANCE
CALL US OR WRITE FOR OUR COMPLIMENTARY
CATALOGUE.

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd Overland Park Kansas 66204
TWX: (910) 749-6477
Telephone: (913) 631-6700

INFO/CARD 55
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Microwave Components

Norsal Industries has just published a complete catalog of
microwave components covering the .5-18 GHz frequency range.
Products include passive components (directional couplers,
hybrids and power dividers), frequency translation devices (mix-
ers, single sideband modulators and QIFMs), and amplitude con-
trol devices (diode switches and attenuators). All products have
been designed for use in military airborne environments and
many have been qualified to applicable MIL-STD-202 re-
quirements. Norsal Industries, Central Islip, N.Y., please cir-
cle INFO/CARD #132.

Flexible Circuit Interconnects

The newest Interconics brochure entitled “Flexible Circuit In-
terconnects” contains information on flexible and rigid/flex printed
circuits and assemblies. A full range of products and services
from design evaluation through testing. Interconics, St. Paul,
Minn., INFO/CARD #131.

Tucker Electronics Test Equipment

Tucker Electronics Company announces publication of a free
64-page catalog featuring reconditioned and factory new elec-
tronic test equipment. A special video section lists new and
preowned NTSC video generators, vectorscopes, and other video
test equipment. Also includes over thirty special spring values
— reduced prices on popular test equipment (signal generators,
oscilloscopes, standards) from popular manufacturers (H-P,
Leader, Tektronix). All items are ready for immediate sale and
many are also available for rental. Tucker Electronics Company,
Garland, Tex., INFO/CARD #130.

D.A.T.A.Books Military Electronic Devices Guide

D.ATA., Inc. has introduced a new cross reference guide for
engineering, purchasing, receiving and other personnel using
military qualified microcircuits (MIL-M-38510) and semiconduc-
tors (MIL-S-19500) in military, aerospace and related applications.
D.AT.A’s new Military Electronic Devices Guide, compiled for
use by U.S. government agencies and contractors, contains two
major sections: Microcircuits and Semiconductors. These two
sections are further broken out into type designation, cross in-
dices, a component selection section, manufacturers’ listing,
definitions of government electronics terminology and the D.ATA.
component locator. An important feature of the new Guide is the
extensive cross referencing of specific military component
numbers by government designation, generic/industry number
and national stock number (NSN). D.A.T.A., Inc., San Diego,
Calif., INFO/CARD #129.

EEsof’s Guide to CAE with Touchstone

Touchstone, EEsof’s RF/microwave computer-aided engineer-
ing program, is described and displayed in a six-page full-color
brochure. The brochure illustrates Touchstone’s power. A balanc-
ed amplifier is taken through a design scenario, through analysis
and optimization, with clearly detailed text and reproductions of
the graphics screens that show the circuit as it develops. A cir-
cuit file is created with Touchstone’s full-screen editor using
idealized transmission line elements for the example. Also in the
brochure example, gain measurements are made and other
measurements quickly added with the sweep key. All
measurements are then optimized. The brochure reproduces
screens showing four different optimization trials in different col-
ors. The final screen shows all four OUT block measurements
at once, and the optimized balance amplifier completed. EEsof,
Westlake Village, Calif., INFO/CARD #128.
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Kathi Walsh
Classified Advertising Manager

A Cardiff Publication

6530 South Yosemite Street
Englewood, Colorado 80111
(303) 694-1522

MAKE YOUR JOB COUNT
Radio Frequency Engineer

Are you looking for the opportunity to impact the future of factory automation?
ITI can satisfy your drive to play a key role in communications network
development and to be recognized for your contributions. We'll give you the
chance to work in the communications area of factory automation, become
an expert in local area networks (even if you are not an expert now) and
be a real part of the solution to these challenges.

The Industrial Technology Institute is a three year old research group
dedicated to R&D in the area of computer integrated manufacturing. ITI assists
clients in designing network architectures and implementing local area
networks for manufacturing systems. In addition, we have been recognized
by the MAP (Manufacturing Automation Protocol) Users Group as a
developer and provider of MAP conformance testing. As our RF Engineer,
you will play a key and highly visible role in our success with these activities.
You will also have the opportunity to work with other professionals and expand
your areas of technical expertise.

Other current projects that you will be involved with include research and
advanced development of broadband and baseband coaxial cable modems
and systems. Future projects will address other coaxial cable technologies,
network access mechanisms and the application of fiberoptic components
and systems to manufacturing communication networks.

We're located in Ann Arbor, MI, home of the University of Michigan and
a unique city of 100,000. We have the dining, sporting activities and cultural
events of a large city and the atmosphere and family activities of a small town.

Do you want to play a key role in communications network technology? Do
you need the challenge that this position will offer? Do you have significant
experience in Radio Frequency Technology, an MS or BS in Electrical
Engineering or equivalent and excellent communication skills? If so, we want
to hear from you. We offer a competitive salary, comprehensive benefits plan
including a pension and the opportunity to play an important role in our future.
Please send your resume in confidence to:

The Industrial Technology Institute

Cindy Greenlaw, Human Resources Center
PO. Box 1485

Ann Arbor, MI 48106

313-763-0573

Equal Opportunity Employer
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The power to form ideas and look beyond the known is what separates men and women
from all other forms of life. Throughout history, we have seen ideas at the heart of every social and
scientific change.

Has the endpoint been reached? We doubt it. One only has to look at the relatively brief history of
our company to see there is still new ground to be covered. At RCA Missile and Surface Radar
talented men and women are putting ideas to work, developing advanced systems t% afld the
nation’s defense.

It you are an engineer, computer scientist, mathematician or physical scientist who wants to see
your ideas integrated into advanced electronic systems, we invite you to join us:

RF/IF Processor Design Engineers

BSEE/MSEE with military or commercial experience in the design of analog equipment which
spans the intermediate and microwave frequency range. Experience with product design of
Receivers, IF Processors, Frequency Synthesizers and Waveform Generators for

modern radar application.

Unit Manager, RF/IF Processor

BSEE/MSEE with 8+ years experience in the design and development of RF/IF signal processor
equipment. Experience with reducing radar system requirements to specification and functional
requirements of the RF/IF receiver and waveform generator and subsequently

to equipment design.

Unit Manager, Interface Hardware Development

BSEE/MSEE with 8+ years experience in digital hardware design of real-time systems; design of
interfaces to computer systems and analog subsystems; and hardware designs with embedded
MICroprocessors.

Senior Digital Design Engineers

BSEE or equivalent with 8+ years experience in the design,
devetopment, and testing of complex digital equipment.

Signal Processor
Systems Engineers

BSEE/MSEE with five+ years experience signal processing
Systems Design with radar systems. Experience in
analog design including IF Processors and Waveform
Generators and Digital Signal Processing.

Unit Manager, Signal
Processor

BSEE/MSEE with 7+ years experience in the design and
development of digital signal processing equipment.
xperience in reducing radar signal processor
specifications to functional concepts and, subsequently,
to digital equipment design.

RCA Missile and Surface Radar is proud of the exciting and challenging opportunities it has to
offer to creative, career minded professionals. In addition to highly competitive salaries and a
comprehensive benefits package which includes dental and tuition plans, RCA MSR has two
on-site Masters degree programs.

] _We are located in Moorestown, New Jersey, an ideal suburb just 15 miies outside of
Philadelphia and close to the shore and mountains. Interested professionals are urged to send
their resume, with salary history in confidence to:

H.S.C. Phillips, Dept. R-8
RCA Missile and Surface Radar
Borton Landing Road
Building 108-111
Moorestown, NJ 08057

U.S. Citizenship Required
“c " Equal Opportunity Employer

One Of A Kind.



RF Design
Engineers:

RF Design

303 Bear Hill Road
Waltham, MA 02154

LINKING COMMUNICATIONS TECHNOLOGY

LINK UP
WITH THE LEADER

IN IEEE 802.4 L.A.N.

Concord Data Systems is a dynamic communica-
tions company which designs, manufactures and
markets sophisticated data communications equip-
ment. We are the industry leader in IEEE 802.4
broadband products. Our growth has been
phenomenal: sales have tripled in the past 12
months, with our first generation products already
shipped and the second generation being
developed. This expansion has created the need for
qualified RF Design Engineers who seek the career
challenges and benefits unique to our rapidly grow-
ing company, as follows:

* The challenging opportunity to continue
your technical growth and receive the
recognition for your contribution.

¢ The freedom to develop individual ideas
without bureaucratic obstacles and
time-consuming proposal writing.

Concord Data Systems can provide the technical career path and salary to meet
your objectives, if:

¢ You possess 7 years experience with a proven record of design

* You enjoy and excel at the design of passive and active networks,
oscillators, modulators and demodulators in the frequency range of 5
MHZ to 450 MHZ.

Concord Data Systems is conveniently located just minutes off Route 128,
America’s Technology Highway, and is easily accessible to Boston. We will pay
relocation expenses for qualified professionals and offer excellent starting salaries
and benefits. If the opportunity to design, advance and receive competitive
salaries and benefits interests you, please submit your resume for prompt attention

to: DEBORAH McHORNEY, or call (617) 890-1394, Ext. 104

CONCORD DATA SYSTEMS

EE’s
Positions range from
$30-125K

Referral fee program —
$1000-$5000

Ask about our “Vacation
Interview Program”

Finding career positions
for EE’s is ‘our only
business’

Call (317) 848-7039 or send
resume to
I.R.A.
101 E. Carmel Dr.
Suite 214
Carmel, Indiana 46032

RF/MICROWAVE
ENGINEERS

Representing companies (in New England and National-
ly) with hundreds of opportunities for RF and Microwave
Engineers means we are the one contact necessary for
that right position, whether it be a new challenge or carear
advancement.

ENTRY TO 3 YRS. EXP 22-35K
MID LEVEL 30-45K
SENIOR AND MANAGEMENT40-70K
Professional, confidential, free resume preparation ser-

vice. Client companies assume all interviewing, employ-
ment and relocation costs.

Nationwide
Business Service

PERSONNEL CONSULTANTS
ESTABLISHED 1937
145 STATE STREET,
SPRINGFIELD, MASSACHUSETTS 01103

PUT A NEW MARKETING REP
ON YOUR TEAMI!

USE REPRINTS FROM
RF DESIGN MAGAZINE

For a cost-efficient way to reach your customers
— and potential customers — reprints are the way
1o go

WHY REPRINTS?
* Advance consumer & industry awareness
e Focus attention on your products & services
* Explain what your company does
* Position your company as an industry leader

Order your reprints now Let a low-cost solution
solve a high-cost probiem

For turther information on how to order your
reprints, call Kathl Walsh at (303) 694-1522.




RF ENGINEER
Colorado

Manutacturer of RF products for TV broadcast, CATV
and satellite TVRO needs EE’s to design new products.
Experience in RF/microwave circuit design required.

Based in Burlington, lowa and recognized as an
industry leader for 30 years, Winegard Company
develops new products at its engineering and research
division located in a scenic Colorado mountain
community within commuting distance of Denver.

Our medium-sized, stable, independent company
offers multiple benefits for its professional employees.

Phone or send resume to Jim Kluge, Winegard
R&D Lab, P.O. Box 940, Evergreen, CO 80439,

(303) 674-5576

FEES PAID

CONFIDENTIAL

&
PROFESSIONAL

WINEGARD W

=

Specializing in Worldwide
Placement of RF
Engineering & Marketing
Personnel Since 1977.

¢ RF Engineer — circuit
design. passive/active
CATV — 45K, Excellent
SW. location.

e East & West Regional
Sales Managers, SMA,
TVRO products. High $50's
— No reloc. nec.

¢ RF Design Engineer —
1 yr. + exp, converter,
receiver, $35K.

JIM YOUNG & ASSOCIATES, INC.

One Young Plaza * 1235 Ranger Hwy ¢ Weatherford, TX 76086

CALL OR WRITE FOR OUR MANY OTHER OPPORTUNITIES WORLDWIDE !
TOLL FREE »1-800-433-2160. IN TEXAS ONLY CALL (817) 599-7623 [
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The State-Of-The-Art

In Solid State Power
For RF/Microwave
Applications

RF/Microwave products for telecommunications,
defense electronics, laboratory instrumentation
and test — trequencies from less than IMHz up to
20GHz — power outputs from 1 watt up to several
kilowatts — all solid state — that's the world of
M/A-COM MPD. It's a world
that's getting wider

every day, with a constantly
growing spectrum of
commercial, industrial

and military applications:

Space Satellite Amplifiers
e ClassAlinearorClassC

e Telemetry amplifiers

¢ “Space-Qualitied” transmitters

Broadcast

e UHF/VHF color TV transmitters

e Airborne TV visual/sound

Satellite Ground Stations poweramplifiers

e GaAsFET power
amplitiers, up to 20GHz

¢ 1 and 5SMHzdistribution
amplifiers, upto 26 outputs

Missile Systems

Terrestrial Microwave

¢ Microwave LOS

¢ High powertroposcatter

¢ Microwave and UHF radiorelay

¢ Military dronetransmitters

Radar Amplitiers
e L-band transmitters

» S-band pulse driverstfor 3-Dradar

Avionics

o FAA and MILTACAN transmitter
systems—poweramplitiers,
modulators, power supplies

¢ Shipboard drivers
tor AN/SPS-48 radars

Electronic Watrtare

o L-band digitaltransmitters (JTIDS) e Communicationjammers

¢ Linear ABwideband jammers
¢ Jamming simulators

» Expendable jammers

e Datalink transmitters
e Airborne pulse amplifiers
e MLSpoweramplifiers

¢ FCCtype-accepteddriveramplifiers

¢ Command/destructiransmitiers
* Guided weapondatalink amplifiers

MilitaryCommunications

¢ Long pulse datalinks

« Communicationcommand links

¢ UHF transceiver 27
amplifiers/modulators VL

¢ MIL RF power boosters(ECCM) : y

LaboratoryInstrumentation/Test

e Linear amplifiers

o RFI/EMItest amplitiers

» Power meter calibration systems - "'9 P
¢ Commercialand MILpowersupplies e \\

g,

M/A-COM MICROWAVE POWER DEVICES, INC.
330 OSER AVENUE, HAUPPAUGE, NY 11788 (516) 231-1400  TWX 510-227-6239
INFO/CARD 56




A rugged transistor

L

[ Class "A" RF ampiifier.
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RF amplifier designers can now have a
high-power transistor that’s as tough as a
brick! TRW RF Devices Division has
introduced two new high-power Class “A”
linear transistors that are rugged enough
to hold up under the harshest operating
conditions; the MRA1000-14L and
MRAOS00-19L.

These two single-ended devices operate
Class “A” linear with oo:1 VSWR and
high-power input overdrive capability.
The MRA1000-14L is usable up to IGHz
with 14W output @ 1dB compression
point. The MRA0500- 19L delivers 19
Watts of power up to SOOMHz @ 1dB
compression point. Both transistors have

Psat
FREQ P1dB SSG min

DEVICE (MHz) (W) (dB) (W)
MRADS00-13L 500 9 ] 30
MRA10D0- 14l 1000 ) 8 2

‘e

—'r . .\

excellent gain, thermal per-
formance and are input matched.

In addition to being rugged, they are also

cost-effective. TRW utilizes a compact,
gold-metallized, .380 SOE STUD pack-
age for both transistors which makes the
price very affordable — $83.60 for the
MRAI1000-14L, $63 for the MRA0500-
19L (U.S. dollars in 100s). You could pay
up to $220 for a high-power Class “A”
linear transistor, but with less capability.

Use these Class “A”” devices for your RF

amplifier applications in electronic war-
fare, communications and instrumenta-

tion. Call today and ask for the high-power
RF transistor that’s tough, but whose cost

LOAD INPUT
OVERDRIVE

VSWR 8jc@ BIAS
&P1dB W) Tg =70°C POINT
w1 ow 15°C/W 19V, 8354
w:l W 21°0W 19V, 82454
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won'’t hit you like a ton of bricks.

Look toTRW RF DEVICES

for the latest developments in

RF POWER TECHNOLOGY.

For data sheet and samples, call or write
our Sales Engineer, Military Products:

RF Devices Division

TRW Electronic Components Group
14520 Aviation Blvd.

Lawndale, CA 90260

213.536.0888

©TRWinc. 1385 TRF-5103

-?. ¥ 4
RF Devices Division
TRW Electronic Components Group





