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In advanced RF products, -
one name stands out.

Amperex produces RF small signal transistors,
standard linear wideband amplifiers, and custom
RF hybrids for communications, instrumentation,
and military applications.

For over two decades, we have been a leader
in the advancement of low noise semiconductor
technology utilizing ion implantation, silicon nitride

passivation, and titanium-platinum-gold metallization.

Amperex RF small signal transistors are avail-
able in metal cans, stud packages, ceramic X-paks,
plastic X-paks, plastic T-paks and ceramic LID's.

Our linear wideband ampilifiers and RF
hybrids are designed for optimum high frequency

AMmMperex

performance. Backed by 15 years of thin film hybrid
experience, our RF circuits are designed and manu-
factured to meet the requirements of all types

of high reliability applications.

When your communications, instrumentation
and military applications require RF products, ook
to Amperex, a name that stands out. Amperex
Electronic Corporation,
Slatersville Division, a North
American Philips Company, E
Slatersville, R 02876.

Phone (401) 762-9000.
TWX: 710-382-6332.
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WE’'VE GOT THE SOURCES YOU NEED...
with The Best Price/Performance

Availahle

comstron/odre

comstron corporation

200 East Sunrise Highway, Freeport, New York 11520

i

(516) 546-9700—TWX 510-225-3699

INFOICARD 2

OSCILLATORS, OEM SYNTHESIZERS, PHASE LOCK SOURCES
AND SYNTHESIZED SIGNAL GENERATORS

Model 730A:

300 Hz to 180 MHz;
1Hz Resolution;

AM, FM, and

phase modulation;

FM stereo capability;
IEEE-488 programming;
— under $7,000.

Model 740A:

0.1 to 1120 MHz;

AM, FM, phase

and pulse modulation;
|IEEE-488 programming;
— under $10,000.

Model 7100:

0.1 to 1300 MHz;

phase noise: — 136 dBc
@6.5 kHz offset;

+20 dBm output level;
AM, FM, phase

and pulse modulation:
|IEEE-488 programming;
— under $15,000.

Model 7200:

0.1 to 1300 MHz;

phase noise: — 136 dBc
@6.5 kHz offset;

keyboard and spinwheel entry;
full sweep of all parameters,
memory for 40 configurations;
best level accuracy available;
IEEE-488 programming;

— under $20,000.

Send for our complete

See us at Wescon Booth 5722-24
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ACRIAN GOES©

THE DISTANCE

IN BROADBAND

COMMUNI-
CATIONS
TECHNOLOGY

BROADBAND CIRCUIT PERFORMANCE
P -

L

POWER GAIN-dB
-3 )
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" “Acrian is a world leader

RF and microwave broad-
band power devices. We got
there by going the dis-
tance—meeting a diversity
of telecommunications
needs with a non-stop com-
mitment to engineering and
manufacturing teamwork,
no matter how tough the
challenge, or how basic.
Take a hard look at the
0105-100, an internally in-
put-matched balanced NPN
power transistor, with 100
watts output for 100-500

MHz broadband applications.

~ Gold thin-film metaliza-
tion and surface passivation

“In high power, high-reliability

he date: February 1,
1925—Togo, a 10-year-
old Siberian husky, led
his team in the desperate
drive to carry diphtheria anti-
toxin lto 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-zero temperatures.

making the 0105-100 an out-
standing example of the
Acrian communication
transistor series.

Call us for complete
specifications on the 0105-
100, or any of more than 500
Acrian products that go the
distance in communications,
radar, and avionics. Call or
Telex: (408) 294-4200
TWX: (910) 338-2172

Acrian Inc. 490 Race St.
San Jose, California 95126

W KIAN
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Cover

This month’s cover shows a test engineer at R&B Enterprises making final
preparations for a high-power sweep frequency test of RFI susceptibility. On
the lower right is a 2000 watt power amplifier manufactured by Amplifier
Research, Souderton, Pennsylvania. The inset photograph shows a postage
meter inside the test chamber and the Cavitenna radiator described in the
Special Report.

Features
- § 29 Special Report: The New Uses of RF
The Cavitenna — p.29 EMI Susceptibility: Update on Test Methods
Government regulations and industry standards require testing of equipment
AR for EMI susceptibility. This Special Report focuses on the techniques and

equipment used in susceptibility testing and their relationship to the regula-
tions and standards. — Gary A. Breed

Excess Insertion Loss at the Input Ports

Z“ 43 of a Combiner Hybrid
v SOlT2 Combined amplifiers may exhibit losses greater than the sum of the insertion
7 29/ V2 losses of each component. The author shows how imbalance in the combin-
AR ing circuits results in these excess losses. — Earnest A. Franke
vq * & 4
ko 2 22 gzo The Close-Field Probe:
50 A Powerful EMI Troubleshooting Tool
20/ v2

The Hewlett-Packard 11940A Close-Field Probe is analyzed, examining its con-
NPUT struction and practical use in EMI troubleshooting of new designs.

2y z
K : — Mark Terrien

Eﬁ>_$. °§’§0 Departments

4] 2

The Digital Connection — The Sciteq SCX-256:
A 100 MHz Accumulator
Combining RF Power Hybrids — p.43 33 With applications in direct-digital frequency synthesis, digital filters and fast

Fourier transforms, this high-speed integrated circuit puts top performance
in a small package. — Gary A. Breed

HP11940A
] RFI/EMI Corner — ANSI Committee Studying Voluntary
EMI Susceptibility Standards to Release First Report on
TV/VCR Immunity
36 In response to laws establishing federal regulation of EMI susceptibility, the

FCC regested that voluntary standards be developed by industry. The first of
those standards is about to be released. — Gary A. Breed

DUAL LOOPS ~

6 Editorial 39 Info/Card

8 Viewpoint 54 New Products

13 Letters 67 New Literature

15 News 72 Classified Advertising
The Close Field Probe — p.50 22 Calendar/Courses 74  Advertisers Index

R.F. DESIGN (ISSN: 0163-321X USPS: 453-490) is published monthly plus one extra issue in August. November 1985, Volume 8, No. 12. Copyright 1985 by Carditf Publishing Company, a sub-
sidiary of Argus Press Holdings. Inc., 6530 S. Yosemite Street, Englewood, CO 80111 €03) 694-1522. Contents may not be reproduced in anétorm without written permission. Second-Class
Postage paid at Englewood, CO and at additional mailing offices. Subscription office: 1 East First Street, Duluth, MN 55802, (1-800-346-0085). Domestic subscriptions are sent free to qualified
individuals responsible for the design and development of communications equipment. Other subscriptions are: $22 per year in the United States; $29 per year in Canada and Mexico; $33 (surface
mail) per year for foreign countries. Additional cost for first class mailing. Payment must be made in U.S. funds and accompany request. If available, single copies and back issues are $5.50
each (in the U.S.). This publication is available on microfiim/fiche from University Microfilms International, 300 N. Zeeb Road, Ann Arbor, Ml 48106 USA (313) 761-4700.

POSTMASTER & SUBSCRIBERS: Please send address changes to: R.F. Design, P.O. Box 6317, Duluth, MN 55806.

RF Design



SWB-0070 SERIES HIGH
SPEED |.F. SWITCHES
WITH TTL DRIVERS
50-90 MHz

SERIES SWB-0070 SWITCHES ARE
HIGH SPEED, HIGH ISOLATION,
LOW VIDEO TRANSIENT UNITS
WITH TTL DRIVERS, AVAILABLE IN
SPST THROUGH SP8T CON-
FIGURATIONS, AND SUITABLE
FOR HIGH SPEED COMMUTATION
AT |.F. FREQUENCIES.

CHECK THESE SPECIFICATIONS:

FREQUENCY: 50-90 MHz
INSERTION LOSS: 1.5 dB, MAX
ISOLATION: 70 dB, MIN
80 dB, TYP
SWITCHING SPEED:
TTL DELAY: 15 NS, MAX
10% - 90% RF: 10 NS, MAX
90% - 10% RF: 10 NS, MAX
VIDEO TRANSIENTS: 50 MV, MAX
RETURN LOSS:
INPUT: —17 dB, MIN
OUTPUT (ON): —17 dB, MIN
OUTPUT (OFF): —14 dB, MIN
INTERMODULATION:
3rd ORDER: 2 TONES AT
+7 dBm, -50 dBc
AVAILABILITY:
STOCK TO 30 DAYS
DEPENDING ON QUANTITY
AND CONFIGURATION
CONFORM TO MIL-STD-202C

FOR IMMEDIATE DELIVERY ON
STATE-OF-THE-ART SWITCHES
CHECK US OUT.

A\

7311-G Grove Road
Frederick, Maryland 21701
(301) 662-4700

AMERICAN
MICROWAVE
CORPORATION
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»rF editorial

The Glamour Job

Of The Future

‘.t*v-;:“‘m-v—r- %
'. s .

James N. MacDonald
Editor

omeone in the office wondered what
the glamour job of the future would
be.

For about the past decade it seems
most young people have wanted to be
computer programmers or systems ana-
lysts. Before that they wanted to be natural
scientists and before that engineers. Of
course, people respond to public attention
directed at certain professions, but there
is also a trend toward jobs that seem to
be able to solve significant problems and
contribute to the improvement of life in
general.

The question assumes that computer
programming is no longer a glamorous
job, and this seems to be the case. It
usually takes a few years for a career to
lose its glamour. First, the field becomes
crowded and jobs are no longer plentiful.
Then come reports from new employees
that the career is not what they thought
it would be and advancement is slow. It
is usually a simple case of supply and
demand.

Recent glamour jobs have suffered in
another way — the conditions that created
them have changed suddenly. Engineer-
ing students were going to build a better
America, then came the reaction against
technology in the “back to the basics”
movement. Natural scientists were going
to save our forests and clean up the en-
vironment, but they came up against the
reality of economics and a growing popu-
lation. Computer specialists saw this
amazing device as a way to reduce the

complexity of the modern world, but it has
not gained the necessary wide accep-
tance. In fact, we may be seeing the be-
ginnings of another anti-technology trend.

There is a pattern in these movements
from one career field to another. It is like
a pendulum swinging between technolo-
gy and social service. After WWII a doc-
tor was the thing to be, or a lawyer. In the
mid-50s the engineering boom started.
The environmental movement got under-
way in the mid-60s. Computer science
took off in the mid-70s.

If the pattern continues, we are ready
to start another social service trend. It is
logical to expect the pattern to continue.
Obviously, past emphasis on either tech-
nology or social service has not solved the
world’s problems, and as disillusionment
with one emphasis has set in people have
tended toward the other. Perhaps we
could combine the two.

What we have needed since the begin-
ning of the Industrial Age is a way to use
the products of technology with an under-
standing of social needs. RF technology
may be the way we will do it. Recently, as
in so many similar cases, radio communi-
cations were the only contact between
earthquake stricken Mexico City and the
rest of the world. Ham operators passed
messages diligently, for days, asking for
no compensation and knowing they couid
not accept any if it were offered. Their ac-
tions demonstrated an outstanding combi-
nation of technology and social service.

We see many examples of such a com-
bination. Last month we reported on medi-
cal uses of RF technology, uses with as-
tounding possibilities for prolonging
health. A news item in that issue noted
that drivers with car telephones often re-
ported road hazards, accidents and other
serious incidents. Our readers probably
know of a number of ways RF technology
serves a social need.

RF is a mature technology with a long
history of public service. As it expands
beyond communications to other uses,
RF probably will continue to be guided by
that same motivation.

The glamour job of the future? You may
be in it.

e,
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ATTENUATORS
TERMINATIONS
MATCHING PADS
DETECTORS

FIXED ATTENUATORS
DC-2 GHz BNC, TNC, SMA or Type N
DC-18 GHz SMA or Type N

TERMINATIONS

DC-2 GHz BNC or SMA
DC-8GHz Type N
DC-18 GHz SMA

PUSHBUTTON ATTENUATORS
DC-750 MHz BNC, TNC, SMA or Type F

DETECTORS
100 KHz - 1000 MHz

Units available 50 or 75 Ohm

JFW iIndustries, Inc.

5134 Commerce Square Dr.
w Indianapolis, IN 46237
317-887.1340
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»F viewpoint

Will Voluntary

Standards Work?

By Gary A. Breed

e are witnessing a grand experi-

ment: voluntary regulation of EMI
susceptibility in consumer and commer-
cial electronics. (See this issue’s RFI/EMI
Corner for a report.) Many of us have
reacted with joy at the thought of avoiding
government intervention. However, further
reflection should remind us that we are
not just involved with the electronics in-
dustry but we are also consumers, tax-
payers and concerned citizens. it is easy
to be skeptical with millions of consumers,
300,000 ham operators, and hundreds
(thousands?) of manufacturers involved in
the effort. How can they possibly get
together for a project of this scale? Can
self-requlation really protect our TVs,
VCRs and cordless telephones from
interference?

Voluntary regulation is nothing new.
Government arm-twisting has been used
many times instead of legislation. We can
learn from past mistakes such as the at-
tempt at voluntary school desegregation,
and the lack of cooperation that resulted
in its failure. We must accept, not ignore
or fight, our industry’s voluntary stan-
dards. No one wants the courts to tell the
electronics industry how to design their
products.

Most of us want this plan to work and
our skepticism is tempered with optimism.
Electromagnetic compatibility is a young

science with few preconceived notions to
overcome and all of our accumulated
knowledge to help it grow to maturity.
Unlike civil rights, EMI susceptibility is
principally a technical matter with political
and social considerations secondary.
There can be no argument about the
need for regulation. With so much elec-
tronics equipment in use, interference
problems cannot be ignored. We have
known for a long time that most in-
terference could be eliminated by better
design, and Congress finally made it law.
Now we need to take the opportunity
presented by the FCC’s “passing the
buck” and use it to develop standards
everyone can live with, avoiding the dif-
ficult FCC rulemaking process.

Can we predict the success of volun-
tary standards? Take a look at the pros
and cons: Voluntary regulation avoids
government bureaucracy but lacks gov-
ernment enforcement; it inspires cooper-
ation among those invoived but they have
conflicting interests; industry pays the bill
but the consumer may lack representa-
tion; the high visibility of consumer elec-
tronics is an incentive to succeed but the
concept remains unproven. With no clear
indication of success from this analysis
we are left with only one way to make it
work — the will and commitment of the
people involved.

All of us in the industry need to do our
part to keep the commitment alive, to keep
compromise ahead of confrontation. The
research for this month’s Special Report
and RFI/EMI Corner made it clear that
there is commitment to succeed with vol-
untary standards. We have been given a
chance to show what can be done without
the government. Just remember the ver-
sion of Murphy’s Law that says, “Once a
job gets screwed up, no amount of patch-
ing and fixing will ever make it right.” Let’s
do it right the first time with EMI standards.
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TODAY’S MILITARY
ELECTRONICS HAVE CHOMERICS
WRITTEN ALL OVER THEM.

Our Molded-in-

place EMI/EMP [
cover seals com- &

bine design freedom
with serviceability
and cost effectiveness.

"
72

& o
&

«»

Our custom engineered lami-
nates: multilayered conductive/
non-conductive materials
including ground-straps, cable
and PC board shields.

Chomerics’ shielded
windows and optical
filters provide EMI
shielding and reduce
glare.

For today’s demanding,
high-rel military/aerospace
electronic systems, nothing
less than fail-safe performance
will do.

At Chomerics, we realize
Design Engineers responsible
for packaging these critical
systems need suppliers with
correspondingly high perfor-
mance products.

Over the past 25 years our
full line of materials and prod-
uct forms has been specified
for such programs as the
Apollo lunar modules, F-16

CHO-SEAL® 1215 and
corrosion resistant 1285
conductive elastomers
provide superior EM1/
EMP shielding — molded,
extruded, and die-cut.

and F-14 fighter jets, AWACS
aircraft, Poseidon, Sea Sparrow,
TOW and Harpoon missiles.

To help guarantee the
performance, integrity and
survivability of your next C’I
design, make sure your EMI/
EMP shielding, sealing, bond-
ing, grounding and heat
transfer components have
Chomerics written all over
them.

Circle the number or call
(617) 935-4850 for additional
information.
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One-component CHO-
THERM?® 1671 materials
offer significant advantages

| over mica and grease for heat
dissipation.

Ready-to-mount ventila-
tion panels provide effec-
tive EMI shielding.

Conductive caulks and adhesives seal
joints in fabricated enclosures for
assured electrical continuity.

CHOMERICSK

QGRACE company

THE LEADER IN SHIELDING
INNOVATION, DESIGN, AND
TESTING TECHNOLOGY.

77 Dragon Court

Woburn, MA 01888
TEL: (617) 935-4850
TWX: 710-393-0173

Chomerics Europe, Inc.
First Avenue

Globe Park Estate
Marlow, Bucks

SL7 1YA ENGLAND
TEL: (06284) 6030



CONFIDENCE

From design through compliance testing,
HDPs Spectrum Analyzer/EMI Receiver delivers
unprecedented versatility and

Your complete EMI
measurement solution.

HP’s new Spectrum Analyzer/EMI
Receiver delivers fast, accurate
EMI compliance measurements
and complete EMI diagnostic
capabilities—all for the price
of an EMI receiver alone.

Featuring the new HP 85685A
RF Preselector— with improved
sensitivity and overload pro-
tection—this versatile spectrum
analyzer-based EMI receiver is
designed to CISPR* Publication
16 recommendations and meets
the measurement requirements
for military and commercial
standards, including FCC and
VDE. Which makes it the ideal
instrument to conduct your final
open-site EMI compliance tests
with complete confidence.

accuracy.

And unlike EMI receivers that are Receiver is also an indispensible EMI
dedicated solely to compliance testing, diagnostic aid throughout your prod-
uct's design and evaluation stages.

the HP Spectrum Analyzer/EMI

CISPR receiver

The ideal EMI diagnostic tool.
Using the HP8566B or 8568B Spec-
trum Analyzer and simple probes, you

can quickly locate problem emis-
sions and evaluate potential
solutions. These powerful analy-
zers sweep quickly over a broad
100Hz to 1.5 GHz or 22 GHz
frequency range, instantly dis-
playing measurement results on
the easy-to-read CRT, or as hard
copy plots. Built-in capabilities
include: multiple-trace digital
storage for instant A vs. B com-
parison, frequency and ampli-
tude markers, maximum hold
for capturing elusive inter-
mittents, and direct plotter
control —to name just a few.

Perform open-site tests
with confidence.
When its time for final com-

pliance testing, the same HP spectrum
analyzer used during the design and
evaluation stages can be combined with



the HP85685A RF Preselector and the

HP85650A Quasi-Peak Adapter.

The result is an EMI receiver system

with the sensitivity, overload
protection and *2 dB amplitude
accuracy you'll need for both
indoor and outdoor compliance
testing.

System features include
multiple detection modes with
peak detection for the fastest
possible measurement time,
quasi-peak detection for com-
pliance with CISPR Publication
16 recommendations, and
average detection for discrim-
ination between narrowband
and broadband signals.
Automate your EMI
measurements for
increased productivity.

With the HP85864B EMI

Measurement Software, featuring an
easily understood menu structure, you'll

be able to quickly automate your

commercial and military emission
measurements. Choose from a library
of FCC, VDE and MIL-STD emission

tests, or design your own. Test results
can be annotated and notes generated
as part of the test documentation.

HEWLETT
PACKARD

INFO/CARD 7

Consider the HP advantage.
Now is the time to discover the
distinct advantages of HP's Spectrum

Analyzer/EMI Receiver, a total
solution for EMI measurements.
Atfter all, why invest in both an
EMI receiver for compliance
testing and an additional spec-
trum analyzer for design/evalu-
ation, when you can accomplish
both tasks confidently with a
single, versatile system that
costs far less?

For more information, call the
Instrument department of your
local HP sales office listed in the
White Pages. Or write Hewlett-
Packard, 1820 Embarcadero
Road, Palo Alto, CA 94303.

*CISPR (Comite International Special Des Perturba
tions Radioelectriques) Publication 16 is the “CISPR
specification for radio interference measuring
apparatus and measurement methods”’



New, Low Cost, Programmable
Network Analyzer System
10 Hz to 2 GHz

For:

¢ S parameters,

e group delay,

e Z and Y parameters,
e complex voltage, and
* phase measurements.

With our fully automatic network
analyzer system, operation and
programming is simple and easy to
understand (software packages
available) and test speed is ex-
tremely fast.

By combining our Model ZPV
Vector Analyzer (10 Hz to 2 GHz)
with a programmable frequency
synthesizer and controller, the
resulting system fully automates all
measurements — voltage measure-
ments by magnitude and phase,
s-parameters, impedance and
admittance measurements and
group-delay measurements.
(Shown are the R&S-Polarad
SMS-2 generator and PUC
controller; other R&S-Polarad
generators can be used depending
on the particular application).

Call or write for literature or a demonstration.

ROMORASCIMAAT  VECTOR ANALYZER - 2PV 2914012 34 smersraee

©  emsmsmn |
®

ROHDE & SCHWARZ
polarad ——

Rohde & Schwarz-Polarad, Inc., 5 Delaware Dr., Lake Success, N.Y. 11042
Tel: 516-328-1100 TWX: 510-223-0414
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Your One-Stop Source for...

ULTRA

STABLE

CRYSTAL
OSCILUTORS

Model | CO-811 | CO-207L2

T
Features |- fast warm-up| + best aging
»replacement |+ lowest noise
for HP108118

Frequency |
Standard {10 MHz 5 MHz
Optional | other frequencies available
(Vectron produces a full line
of low noise, high stability
oven controlled osciliators
|10 400 MHz) |

Aging |5x10 '0/day | 1x10 '/day |
1x10 7/year 3x10_°/year

Short-term [5x10 - *2/sec | 5x10 '2/sec

Temperature
0/+50°C [ = 1x10-° +1x10?
-55/+75°C *5x10_9_ [ =1x10-8

Phase Noise |
10Hz | - 120dBc/Hz | — 140dBc/Hz

100 Hz | — 140dBc/Hz | — 150dBc/Hz

10 kHz | — 160dBc/Hz | — 160dBc/Hz

Call The
Application
Engineering
Hot Line Today!

The Crystal Oscillator Company

VECTRON LABORATORIES, INC.
166 Glover Avenue. Norwalk, CT 06850
203/853-4433. TWX:710/468-3796
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| rFletters

Editor:

Mr. Aldrich’s “note” in the August issue
includes a very serious historical error.

The word “electronics™ was coined by
Dr. Orestes Caldwell who was the first
editor of Electronics, published by
McGraw-Hill. | believe publication of Elec-
tronics began in 1933 or 1934 — iong
before Emperor Franklin's War (WWII).

Dr. Caldwell later became a major
publisher in the electronics field, being
the Caldwell half of Caldwell-Clements
through the forties and fifties.

Another point of interest: | have been
alicensed radio amateur (presently under
the call sign K6BH) since 1932 and never
heard of a ham who used a crystal set as
a portion of an amateur radio station.
When | got into radio, in about 1930, the
vacuum tube had compiletely replaced the
galena crystal except as a curiosity.

Albert E. Hayes, Jr., Ph.D.
Consulting Radio Engineer

Editor:

I've been reading your editorials for
quite a while and appreciate your fine ef-
forts publicizing amateur radio. Being
retired and out of the mainstream hasn’t
prevented me from helping, in some in-
stances, to provide the next generation of
RF engineers as indicated by the attach-
ed news release. I've also included the in-
formation about our 1984 winners.

The Foundation For Amateur Radio is
pleased to announce the 1985 winners of
the 19 scholarships which it administers.

John W. Gore Memorial Scholarship — $300
James H. Baker, KI4YN — Alexandria, VA

Richard G. Chichester Memorial Scholarship — $900
Eugene S. Reilly, KABJIG — Cincinnati, OH

Edwin S. Van Deusen Memorial Scholarship — $350
Richard K. Soper, KA2IKV — Syracuse, NY

QCWA Memorial Scholarships — $600 each
Francis P. Horan, KA3SCJR — Drexel Hill, PA
Hai T. Nguyen, KAOALZ — Colorado Springs, CO
Carl E. Puckett, KA7BWC — Great Falls, MT
John E. Schnupp, N3CNL — Ephrata, PA
David J. Schmocker, KJ9I — Oconomowoc, Wi
John G. Sullivan, N2DYC — Haddonfield, NJ

QCWA Robert S. Cresap
Memorial Scholarship — $500
Douglas Swiatlowski, KA2KMT — Camillus, NY

Radio Club of America Scholarship — $500
James W. Healy, NJ2L. — West Hurley, NY

Edmund B. Redington Memorial Scholarship — $500
David Swiatlowski, KA2KLM — Camiflus, NY

Young Ladies’ Radio League Scholarship — $500
Diane E. Willemin, NBCAY — Elyria, OH

Amateur Radio News Service Scholarship — $500
Michael Krensavage, KA3CUP — Marietta, GA

Columbia (MD) Amateur Radio
Association Scholarship — $650
Christine L. Gray, KASNAK — Elkton, MD

Baltimore (MD) Amateur Radio
Club Scholarship — $500
Eric J. Smith, KABKJO — Silver Spring, MD

Dade Radio Club Tropical

Hamboree Scholarships — $500 each
Christopher A. Atkins, KA2QWC — Fort Pierce, FL
David R. German, N4FAD — Sarasota, FL

Lewis W. Wilkinson Memorial Scholarship — $500
Wayne F. Poole, KC4XL, Surfside, FL

These scholarships were open to all
Radio Amateurs meeting the qualifica-
tions and residence requirements of the
various sponsors. The foundation is a
non-profit organization representing fifty
clubs in Maryland, the District of Colum-
bia and Northern Virginia. It is devoted ex-
clusively to the scientific, literary and
educational pursuits that advance the pur-
poses of the Amateur Radio Service.

Announcements of the 1986 awards will
appear in the April or May issues of the
major amateur radio publications. Addi-
tional information regarding the founda-
tion’s scholarship program can be ob-
tained from FAR Scholarships, 6903
Rhode Island Avenue, College Park, MD
20740.

Hugh Turnbull W3ABC
Director Atlantic Division, ARRL

Editor:

Your September issue gave me a
chuckle when | read every page and ar-
rived at page 42.

On page 14 in the continuation of your
“RF News" brief, you announced the sur-
prising demise of Compact Software of
Palo Alto, Calif. But, on pages 42 and 43
we are presented with a beautifully styliz-
ed advertisement from — guess who?

A telephone call to their advertised
number — (415) 966-8440 — brings the
interrupt operator!

| hope they gave you a current billing
address!!

Another subject: When will the Expo
have their speaker lineup ready and have
the program ready for mailing? This time
| hope to be there!

Ed Oxner
Staft Engineer
Siliconix, Inc.

Compact Software is with us again. See
the News section. The Expo ‘86 program
has been mailed and you have probably
received it by now. We hope to see you
there, Ed. — editor.
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Jowt 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 unique 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-23.

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

relaxed position.
Perfect for sealing square
and rectangular enclo-
sure/door interfaces.

Ideal where a continuous
shield must conform to
irregular shapes and turn
tight-radius corners.

Flexible series:
.345 and .458 wide,
relaxed position.

INSTRUMENT SPECIALTIES COMPANY, INC.
PO. Box A e Delaware Water Gap, PA. 18327

Phone; 717-424-8510 e

TWX: 510-671-4526

Specialists in beryllium copper since 1938
INFO/CARD 10



»F news

Communications Consulting
Buys Compact Software

Communications Consulting Corp., Up-
per Saddle River, New Jersey, has pur-
chased Compact Software from Comsat
Technology Products. Ulrich Rohde, Pres-
ident of Communications Consulting, said
Compact Software became a division of
that company Nov. 7. The name will not
change.

Rohde said Communications Consult-
ing will support all existing Compact Soft-
ware products and will continue to devel-
op a Version 1.8 of Super Compact. He
plans to introduce new models into the
program later this year.

“A major drawback with available soft-
ware is that no new models for microwave
components have been introduced in
1984 and 85, Rohde said.

He said Communications Consulting
has entered into an agreement with
MCAD, a German company, to introduce
a new generation of programs. Professors
Jansen and Wolff, of the University of

Duisburg, are helping to develop a library
of mathematical models that the user can
draw upon as required while running a
program. This building block concept,
Rohde said, provides powerful program-
ming capability and unlimited growth
potential since modules compile them-
selves as they are called up. It represents
a new generation of computer program,
he said.

Communications Consulting Corp. may
discuss with Les Besser Associates,
Foster City, Calif., an arrangement for that
company to provide users support for
Compact Software’s programs. Besser
developed COMPACT and was president
of the company that developed SUPER
COMPACT. That company, Comsat Gen-
eral Integrated Systems, became Com-
pact Software in 1983.

Compact Software’s new address is 52
Hillcrest Drive, Upper Saddle River, NJ
07458.

Japan and US are Leading
Electronics Exporters

Recent statistical studies show Japan
was the largest exporter of electronic
communications equipment and compo-
nents in 1983, with exports totaling $3.6
billion. The United States was second
with $2.8 billion. The nearest European
country was West Germany, with almost
$1.2 billion, followed by France, the United
Kingdom and Sweden.

These figures were announced by
Benn Electronics Publications as the re-
sult of a new series of statistical studies
highlighting export opportunities for elec-
tronic equipment and components in 30
major trading nations. The Electronics Im-
port Export Data Companion Series pro-
vides detailed matrix tables of world trade
in 11 major categories of electronics
equipment and three major categories of
electronic components, the company
said.

Benn Electronics Publications said the
reason for the relatively poor European
performance compared with Japan is
readily apparent from the detailed coun-
try by country data, which show the na-
tional origin of imports into each country
and the destination of exports. The largest
import market, the USA, imports primari-
ly from Japan and such other non-Euro-
pean nations as Taiwan, Canada, Hong
Kong and South Korea. The company

RF Design

concludes that Europe is its own major
market, while the rest of the world is rapid-
ly being carved up between Japan and
the USA.

BEP said the electronics import-export
data companion volumes assist in analy-
sis of specific national market opportuni-
ties in individual product sectors. For ex-
ample, the company said the United King-
dom, France and ltaly have gained signifi-
cant shares of the market for radar and
navigational aids in the Middle East, with
Japan and the US unable to dominate in
that region. West Germany and France
are the main European transceiver export-
ers, BEP said, with West Germany sup-
plying Europe and France exporting to
Brazil, Malaysia and Singapore.

Japan dominates the world market for
radio transmitters with total exports of
$445 million in 1983. Its nearest rivals are
South Korea, France and the USA, in that
order.

Contact Benn Electronics Publications
Ltd., PO. Box 28, Luton, LU2 OED, for in-
formation about the series. Their tele-
phone number is (0582) 417438. The Telex
is 827648.

High Technology Management
Opportunities Decline

The demand for managers in high
technology industries in general will in-
crease only slightly in 1985, according to

a survey by Christian and Timbers.
Although the 1984 demand was 4.56%
higher than in 1983, the company said,
the 1985 demand will be only 0.95%
above that of 1984. The survey shows
overall demand figures strongly affected
by retrenchment in the semiconductor in-
dustry, where the survey predicts a 12%
decrease in demand for managers. In
1984, this sector experienced a 24.6% in-
crease over 1983.

In spite of the overall week managerial
outlook, some RF companies show signs
of significant growth in the survey. Com-
panies founded since 1975 and making
modern telecommunications equipment
indicate a 21.3% increase over 1984, com-
pared to 9% last year. The defense elec-
tronics industry should have a 7% in-
crease in managerial demand this year,
according to the survey, compared to
1.7% last year. However, Christian and
Timbers says firms founded before 1975
making middle technology voice commu-
nication and two-way communication sys-
tems will experience a 7.8% decrease in
demand for managers.

The survey consisted of telephone in-
terviews with 76 high technology manu-
facturing companies with annual sales
over $50 million. For additional informa-
tion contact Christian and Timbers, Inc.,
26949 Chagrin Blvd., Cleveland, OH
44122. The telephone number is (216)
464-8710.

New Book Gives Tips for
RF Design Consultants

“How to Become a Successful Consul-
tant in RF Design” discusses locating
clients, fees, ethics, professional advertis-
ing, developing business plans and writ-
ing contracts. Author Jack Edwards de-
scribes consuiting as “the ultimate anti-
dote for overcoming job stagnation or age
discrimination”” The book is available
from Associated Technology, Rt. 2, Box
475, Estill Springs, TN 37330. Cost is $25.
For information contact Jack Edwards,
telephone (615) 967-9159, ext. 414.

Electrospace to Develop Trailing
Wire Antenna Simulator
Electrospace Systems, Inc., Richard-
son, Tex., has received a contract from the
Naval Air Development Center to develop
a trailing wire antenna simulator. The sim-
ulator will be used to test alternative mod-
els of new high power solid state TACAMO
transmitters. By accurately simulating the
airborne antenna characteristics, the de-
vice will permit extensive laboratory test-
ing of the transmitters. For additional in-
formation contact Robert Carrel, Execu-
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The solution to FCC Part 135
is right at your fingertips.

Introducing the easiest solution to FCC
Part 15 UHF transmitter requirements.

For the
many applica-
tions that use
low-power
~  UHF transmit-
ters under Part 15 —
wireless security sys-
> tems, garage door
openers, wireless remote
controls and short-range teleme-
try — RFM has developed an easy, rug-
ged, cost-effective solution to transmitter
design.

With our SAW resonator stabilized
hybrid transmitters, you just add a simple
antenna, 9V battery and digital input.

Our hybrlds do the restd e \,-:\
No need for a protracte

rf design effortpon / "‘/
your part. \,

Full operating
range.

RFM?’s hybrid trans-
mitters can be easily
adjusted to achieve full
legal radiated power
(operating range) with a
variety of wound-coil or printed -loop
antennas.

Excellent stability and signal purity.

Quartz SAW resonator frequency con-
trol assures that our transmitters won’t
drift out of your receiver’s bandpass — or
into a military “forbidden band” — de-
spite temperature or battery voltage

Hybrid
oscillators are
designed for wireless
security products and other
remote control devices.

changes, com-
ponent aging
or body capac-
itance effects.

Also, our
transmitters
feature low
harmonic out-
put and tight
modulation
bandwidth
control. Harmonic radiation above 1000
MHz is well under 125 uV/m @ 3 meters
when used with recommended antennas.
The right options. The right support.

Both pulse and FSK modulation op-
tions are available to match either super-
regenerative AM or superheterodyne FM
receivers. Matching hybrids are also avail-
able for receiver local oscillators (10.7
MHz i-f). Plus, we offer two transmitter
output power ranges — for FCC Part 15
Subpart D or Subpart E. All RFM trans-
mitters are fully compatible with CMOS
encoder chip drive levels.

At RFM we have a staff of expert rf
engineers ready to help you mtegrate ad-
vanced SAW tech- A
nology into your o
product. And you can ‘vg = e
always count on an in- AN\
novative, cost-effective
solution. We didn’t get
to be the world’s vol-
ume leader in UHF
SAW resonators and
hybrids by following
the competition.

Typical harmonic spectrum of hybrid
transmitter.

AR
Hybrid oscillators make low-cost
AMI/FM UHF-based remote
control systems possible.

IR WA

THE NEW WAVE IN RF

RFlMonoIithics, Inc. ® 4441 Sigma Rd. ® Dallas, Texas ® 75244 U.S.A.
Phone: (214) 233-2903 ® Telex: 795022 ® FAX: (214) 387-8148 ® TWX: 910-860-5474
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Electromagnetic Compatibility
Testing from 20 Hz to 40 GHz

B= 4 & PP 3 -

= -Yl':;{ e =0
A K!:i'*&'-‘\
' s -."- =
~ Electro-Meltrics CCS-750 computer-controlled system
provides faster, more comprehensive EMC measure-
men! and offers the flexibilily to handle virtually
any application. The system includes a desk-top
computer syslem, a Digital Interface Unit and three
EMI receivers to cover a frequency range of 20 Hz to

O 20 Hz to 18 GHz/40 GHz frequency coverage
O Automatic calibration for improved accuracy
O Automatic antenna selection
O Control of all test parameters

18 GHz (expandable to 40 GHz!). O Reduced data tabulation time
= ) ; ; O EMI emissions and susceptibility tests
I'he CCS-750 system displays signal strength vs. per FCC VDE/CISPR and Mil-Sid 461/462

frequency directly, with automatic correction for

) requirements
antenna factors and RF attenuation. And all data can

be stored for later use. An IEEE-488 Interface Bus ' q’
controls signal sources as well as all other test Automale vour emissions and susceplibility lesting A
paramelers, and facililates integration with other with Electro-Metrics complete CCS-750 systiem. Call
automaled equipment. or wrile today for more information.
100 Church Street e i LS = ElSS S mma eSS S ———————————"1]
Amsterdam, New York 12010 Tel.: (518) 843-2600
TWX: 710-446-4798
A PENRIL COMPANY
INFOICARD 12 :
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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 masterfil perfortnances in microwave

CALIFORNIA EASTERN LABORATORIES

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

Western (408) 988-3500 - Midwestern (214) 437-5487 + Eastern (301) 667-1310
Canada (613) 726-0626 -+ Europe 0211/650301 y
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A New Dimension

|

\\
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 Subsidhary of ;Pﬁe NCyY ELECTAONICS INC

IR

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 (+30 to —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 Include:

® Internal rechargeable 5 APH battery for portable operation

= Tracking generator with 10 dB step attenuator ® Tracking

generator with 1 dB step attenuator = FMIAMISSB receiver

® IEEE-488 interface bus » RS-232 interface bus * 75Q adaptor
* Quasi-peak detector

ey Contact your local IFR authorized
Ny distributor for a demonstration.

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

INFOICARD 14
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tive Vice President, Electrospace Sys-
tems, Inc., PO. Box 831359, Richardson,
TX 75083-1359. The telephone number is
(214) 231-9303.

Directory Lists Product
Certification Programs

The National Bureau of Standards has
published a directory of Private Sector
Product Certification Programs in the
United States. The directory contains in-
formation on 109 organizations that con-
duct product certification activities. De-
signed for federal agencies, the directory
may be helpful to manufacturers by fur-
nishing information about cenrtification re-
quirements.

Directory listings include the type and
purpose of each certifying organization,
nature of the activity, product certified,
standards used, certification require-
ments, availability and cost of service, and
other details. Individual copies of SP 703
are available for $8.00 from the Superin-
tendent of Documents, US Government
Printing Office, Washington, DC 20402.
Order by stock number 003-003-02673-5.

Les Besser, Ron Rose Form
Training Company

Les Besser, instructor for the Fun-
damentals of RF Design course at the RF
Technology Expo, and Ron Rose, co-
founder of RRD Electronics, formed Les
Besser Associates, Inc., Sept. 12. The
new company will provide RF/microwave
industry training in computer-aided de-
sign.

The company will produce videotapes
and conduct seminars, internationally on
RF and microwave design principles.
Rose said videotapes will be produced for
three levels of training. They will produce
technician level courses in cooperation
with the College of San Mateo and CAD/
CAE courses and product design courses
using the facilities of a local television sta-
tion. The seminars will be available as
open forums and as plant site sessions.
Besser will continue his university short
courses and other speaking and writing
activities.

Advanced Micro Devices Launches
Industry Recovery Program

Advanced Micro Devices, Sunnyvale,
Calif., anticipating an industry upturn, has
begun a positive-action program to ac-
celerate it. AMD president W.J. Sanders
Hl announced at a Sept. 10 annual
meeting that the company would intro-
duce a new complex IC every week for the
year starting Oct. 1.

RF Design

“Samples will be avaitable,” Sanders
said. “There will be data sheets and pro-
ducts on the shelves of distributors.

“Because they offer us freedom from
the tyranny of the commodity market-
place, | call them Liberty Chips,” Sanders
said, referring to the Liberty Ships pro-
gram of WWII.

AMD is one of the five largest U.S.
semiconductor manufacturers. The first

Liberty Chip product, introduced in Oc-
tober, is the Am8151 Graphics Color
Palette, “an innovative circuit for use in
high-resolution graphics devices.”

“The downturn that began more than
a year ago has become the worst reces-
sion our industry has ever experienced,”’
Sanders said. “While | believe that we
have now seen the worst of it, there are
not yet any solid signs of an upturn.” [

—_—
.
_—_——— — -
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LECTROSHIELD®

Clamp-Together Rooms — Shielding

Effectiveness to 100 dB+.

* 1.0 KHz to 10 GHz attenuation for
MIL-STD-285, NSA 656, FCC and VDE
testing, MIL-STD-461/2/3, etc.

 Prefabricated, modular.
* 48 standard room sizes...8'x 8' to 24'x 48’

and 12, plus custom sizes.

* Easily assembled and dismantled.

* High reliability electrical and structural.

© Meets stringent building and safety codes,
including Seismic Code Zone IV.

(interior), standard interior heights to 8, 10"

All-Welded Rooms — Shielding Effective-
ness to 120 dB- 140 dB+.
o Meets TEMPEST and other secure
requirements.
o |deal for EMP hardening.
* Free standing, total structural and seam
integrity.
* Patented sliding doors exceed MIL-STD-285
and NSA 65-5.
© MIG welding throughout.
« TEMPEST shielded security vaults.
o Standard and customized sizes.
® Maximum fire protection.
» Complete design and turn-key facilities.
Plus...shielded anechoic chambers, chambers
for Nuclear Magnetic Resonance (NMR) imaging
systems, and a complete line of RFI/EMI filters
and filter panels.
LMI has the shielding solution for you.
Write or call the LMI Application Engineering
Department.

IMT

Nationwide representatives

LECTROMAGNETICS, INC., 6056 West Jefferson Blvd., Los Angeles, CA 90016
(213) 870-9383, Toll Free (800) 325-9814-U.S.A. + (800) 325-9815-CA

INFO/CARD 15
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»F calendar

»F courses

November 19-22, 1985

Wescon/85 High Technology Electronics Exhibition and
Convention

Moscone Center, Brooks Hall/Civic Auditorium

San Francisco, California

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

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 28-30, 1986

Systems Design and Integration Conference

Brooks Hall, San Francisco, California

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

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.

March 11-13, 1986

Automated Design for Engineering for Electronics West
Moscone Convention Center, San Francisco, California
Information: Show Manager, ADEE WEST, Cahners Exposi-
tion Group, 1350 East Touhy Ave., PO. Box 5060, Des
Plaines, IL 60017-5060; Tel: (312) 299-9311.

March 11-13, 1986

Southcon/86 High Technology Electronics Exhibition and
Convention

Orange County Convention Center, Orlando, Florida
Information: Electronic Conventions Management, 8110 Air-
port Blvd., Los Angeles, CA 90045; Tel: (213) 772-2965.

April 8-10, 1986

Test and Measurement World Expo

San Jose Convention Center, San Jose, California
Information: Meg Bowen, Conference Director, Test and
Measurement World Expo, 199 Wells Avenue, Newton, MA
02159.

April 9-16, 1986

World Market for Electronics and Electrical
Engineering '86

Hannover Fairgrounds, Hannover, West Germany
Information: Hannover Fairs USA Inc., PO. Box 7066, 103
Carnegie Center, Princeton, NJ 08540; Tel: (609) 987-1202.

May 5-7, 1986

36th Electronics Components Conference

Westin Hotel, Seattle, Washington

Information: Tom Pilcher, Electronics Industries Association;
Tel: (317) 261-1592.

June 2-4, 1986

Military Microwave Conference

Metropole Hotel, Brighton, England

Information: Roger Marriott, Microwave Exhibition and
Publishing, Convex House, 43 Dudley Road, Tunbridge
Wells, Kent TN1 1LE; Tel: 0892-44027.

22

R&B Enterprises
Electromagnetic Pulse Design and Test
November 18-19, 1985, Washington, DC

Grounding, Bonding, and Shielding
November 12-13, 1985, Washington, DC

Understanding and Applying MIL-STD-461B/C
November 14-15, 1985, Washington, DC

EMI and EMP Test Workshops
December 5-6, 1985, Philadelphia (FCC Commercial)
December 12-13, 1985, Philadelphia (MIL-STD-461/462)

Information: Greg Gore, R&B Enterprises, 20 Clipper
Road, West Conshohocken, PA 19428; Tel: (215)
825-1960

Interference Control Technologies
Grounding and Shielding
November 12-15, 1985, San Diego
November 19-22, 1985, Bermuda
December 3-6, 1985, New Orleans

EMC Design and Measurement
November 11-15, 1985, Orlando

TEMPEST-Design Control-Testing
December 2-6, 1985, Sunnyvale

Introduction to EMI/RFI/EMC
December 3-5, 1985, Los Angeles

Fundamentals of EMI/EMC
December 10-11, 1985, Houston

Information: Penny Caran, Interference Control
Technologies, State Route 625, PO. Box D, Gainesville,
VA 22065; Tel: (703) 347-0030

Continuing Education Institute
Microwave Circuit Design: Linear Circuits
November 4-8, 1985, Palo Alto, California

Microwave Circuit Design: Non-Linear Circuits
December 2-6, 1985, Palo Alto

Information: Helen Hegnsdal, Continuing Education
Institute, 10889 Wilshire Blvd., Los Angeles, CA 90024,
Tel: (213) 824-9545

The George Washington University
High Frequency Spectrum: New Concepts and
Technologies
November 19-22, 1985, Washington, DC

Electronic Warfare Systems: Technical and
Operational Aspects
December 16-20, 1985, Washington DC
March 10-14, 1986, Washington, DC
July 14-18, 1986, Washington, DC

Military Communications Systems
December 2-6, 1985, Washington, DC

Information: Merril Ann Ferber, Assistant Director,
Continuing Education Engineering Program, The
George Washington University, Washington, DC 20052;
Tel: (800) 424-9773.

November 1985
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Now! EMC testing services
from Instrument Specialties—
the company that knows shielding

inside and out!

If you're involved with keeping RFI/EMI in or out,
you already know about Instrument Specialties.
You've probably used our beryllium copper
shielding strips...received our engineering help
...even used our new line of ESD devices.

And now—the superb EMC testing facilities we
use to assure performance of our products is
available to you for the first time. You now can
access the sophisticated equipment you don’t
have—but must have—to secure the test results
you need!

State-of-the-art computer-controlled emission
and susceptibility measurements from 10 kHz to 1
GHz ... RF gasket evaluation...FCC/VDE/CISPR
and MIL-STD-461A/B Tests.. .. networks for power
line conducted RF emission tests . .. semi-anechoic
shielded enclosure. .. confirming open field test
site...computer-produced hard copy readout of
test results—all are yours at Instrument
Specialties.

Following testing, you'll leave our facility with the
precise documentation you need. In the event you
need help to meet required interference specifica-
tions, we can supply that as well. All this, from one
qualified source!

For more information, rates, and schedule avail-
ability, phone us and ask for EMC Customer
Service. Or, write us at Dept. EMC-10.

INSTRUMENT SPECIALTIES COMPANY, INC.
Delaware Water Gap, PA. 18327
Phone: 717-424-8510 e TWX: 510-671-4526

Specialists in beryllium copper since 1938
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hardened and/or EMI shielded electromechanical components. The knowledge
gained from this experience has been employed in the establishment of our
advanced Electromagnetics Testing Laboratory in Camarillo, California.

For over a decade, G&H Technology has been aleader in the development of EMP

This state-of-the-art facility provides scientific expertise in EMC, EMI, EMP and
Tempest testing. From this location, G&H offers a wide spectrum of testing services
including:

® Technical Proposal Preparation

® Design Control Plans

® Engineering and Qualification Testing to
TEMPEST requirements

® Test Plans (461/462 and TEMPEST)

m Testing Per Mil-Std 285 and
Mil-Std 461-462

® Failure Analysis

B Test Reports

® Preparation of Specifications

G&H Technology’'s advanced Electromagnetics Laboratory gives you quality and
reliable service whatever your E® testing requirements may be.

G&H Technoloav. Inc.

750 West Ventura Boulevard, Camarillo, CA 93010, (805) 484-0543
Telex 181095 TWX 910-336-1237
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In the world of electrical measure-
ment that one was S.H. Christie who,
in 1833, devised a bridge, (Wheat-
stone) to compare electrical resist-
ances, inductance and capacitance.

In the world of
SPECTRUM ANALYZERS

the ONE that makes the
differenceis...

Anrits

The science of measurement has coms
a very long way from the Wheatstone
Bridge. Today, Anritsu offers a full line of
Spectrum Analyzers, among them are:

MS610A Portable Spectrum Analyze
(10kHz-2GHz)

INFOICARD 66 MS611A Spectrum Analyzer (50 Hz-2GHz)

_—

MS710A Microwave Spectrum Analyze
(100kHz-90GHz)

Another Anritsu innovation is the ne
MS560) Network/Spectrum Analyze
(100Hz-300MHz). This highly sophisticate
and versatile instrument can be controlled
in an ATE environment or provide the con
trol function. It provides the GP-1B (IEEE 488
interface as a standard with PTA and Bubblg
Memory optional.

This Network Analyzer combines the

t;L,L.\-L-L-E' = functions of a spectrum analyzer, imped

cLee
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ance analyzer, frequency counter ang
stand-alone synthesizer, all in one self con
tained precision instrument.

For more information on the ONE tha
makes the difference in precision instru
ments, contact ANRITSU AMERICA, INC.
128 Bauer Drive, Oakland, NJ 07436, U.S.A
Phone: (201) 337-1111 Telex: 642-14
ANRITSU OKLD.

Anritsu
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S0MH: to 26H:

BROADBAND
AMPLIFIERS

POWER OUTPUT @ 1dB gain compression (dBm)

PNV
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High power, broadband, low-noise per-
formance (- 55°C to +71°C) in a “drop-in”
package is available from MMD today.

The HPM series of hybrid amplifiers can
solve your design problems when space is
at a premium and high dynamic

range a necessity.

Now available from stock, the HPM-501 (1
watt), HPM-2001 (1 watt), and HPM-1002
(2 watts), offer you unparalleled

design flexibility.

Call now for more information or to discuss
your custom applications from milliwatts
to kilowatts.

OUTPUT

GAIN (dB)
NOISE (dB)

600 1200
FREQUENCY {MHz)} FREQUENCY (MHz FREQUENCY (MHz

Typical performance @ +15V unless otherwise noted

550 Ellis St., Mountain View, CA 94043 (415) 961-1473 TWX 508746
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covers the
spectrum

Safety personnel with no specialized RF expertise can, for the first time, perform
fast, easy, accurate measurements over the frequency spectrum from 300 KHz to
1500 MHz (exposure levels of RFPG contained in ANS) C95.1-1982). The Narda
Model 8682 ANSI Standard Radiation Monitor conformal probe can be used with
either 8611 and 8616 metering instruments. Both direct reading meters permit
measurement with excellent resolution over the 30 dB dynamic range. This
monitoring system features: direct readings in percent of ANSI exposure limit;
operation even in multiple signal environments; true RMS indications regardless of
modulation; isotropic response; and compatibility with existing meters.

Narda has pioneered, for over 20 years, the field with state-of-the-art system in
radiation monitoring technology.

Write for complete technical information and application notes: The Narda
Microwave Corporation, 435 Moreland Road, Hauppauge, New York 11788,

(516) 231-1700. TWX: 510-221-1867.

CABLE: NARDACORP HAUPPAUGE NEW YORK

INFO/CARD 20
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Three meter styles are available. Each

performs specific requirements. Moc
8616 is our full-featured instrument and is

Al

calibrated in average equivalent power
density. While the 8619 isidentical insize,

it is calibrated in mean squared eiecmc%
and magnetic field strengths. Both ac-

«
4

commodate all probes. Model 8611 is a
compact unit with the same readout as

8616 and accommodates all probes.

narda | : ':
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Reaching new heights
in unconditionally stable...

‘p\

Oscillators Synthesnzer

® Broadband Coverage — 1 MHz
to 18 GHz Covered in Hundreds
of Standard Units

® Standard Bandwidths of 35%,

¢ Phase-locked
¢ Wide Selection of Units Cover

tfpriq]uz\rl;iczytga] r% SHZ ® Broadband Coverage 25%, 15% and 10%
¢ TTL Controlled Frequenc L2
* High Power Outpyts Avallable  Stepping T REE e XT3 and K16
3 * Low Noise — Single Il Side-
* Low Spurious: < —60 dBc band Phase Noise is —90 dBc, To find out more. send for
(—80 dBc Available) Typically our new catalog.

Adams [ §Russell

ANZAC DIVISION
80 Cambridge Street » Burlington, MA 01803 « (617)273- 3333 * TWX 710-332-0258
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»rF special report

EMI Susceptibility: Update on Test Methods

By Gary A. Breed

Earth, air, fire and water. . . this is how
science began as the ancient Greeks first
sought to explain the world in a rational
manner. From the dawn of science, it took
2,500 years until man explained electro-
magnetic phenomena through Maxwell’s
equations. In less than 100 years since
man first learned about electromagnetic
waves, we have reached the point where
nearly every wavelength has been put to
use, particularly at radio frequencies.
Broadcast, military, commercial and per-
sonal use of RF is so widespread that
maintaining electromagnetic compatibility
(EMC) among all types of electronic
equipment is an unquestioned necessi-
ty. To maintain compatibility, equipment
must not radiate unwanted energy and
must not be affected by the radiation from
other equipment’s normal operation. This
special report will take a look at the cur-
rent test methods used to meet the sus-
ceptibility standards set forth by U.S. and
international governmental agencies and
industry committees.

Testing for electromagnetic susceptibil-
ity (EMS) presents the engineer with
challenging problems in the practical ap-
plication of theory. Although the basic
principal is quite simple (subject the
equipment under test to a known field and
measure its response), achieving that
known field can be very difficult, and
measuring equipment response without
interfering with the test process takes ef-
fort and care. Fortunately, the entire con-
cept of EMS testing is relatively new, and
we can look forward to development of
more reliable, accurate and affordable
methods.

Let’s take a look at some of the current
test methods, their equipment require-
ments, and their relationship to regula-
tions and standards now in use:

Direct Connection. The simplest test
procedure consists of coupling the test
signal directly to the equipment under test
(EUT), whether through the antenna ter-
minals, AC power cord or other connect-
ing leads. Such conducted EMI testing is
required by sections CS01-09 of MIL-STD-
461B and is the method described in EIA
Interim Standard 1S-10 (for television
tuners). The EIA has contracted with the
National Bureau of Standards (NBS) to

RF Design
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Figure 1. Typical EMI susceptibility test configuration.
(courtesy Amplifier Research Corp.)

study conducted EMI through television
and VCR power and interconnection leads.
Open-Field Testing. The FCC has long
required open-field testing for radiated
emissions and has well-established meth-
ods for calibration and use of such sites.
Although open-field testing seems to have
great advantages in accuracy, low interac-
tion of test components, and accommoda-
tion of any size object, there are a few
disadvantages that all but eliminate open-
field testing as a means of EMS measure-
ment. First, in the U.S. and many other
countries, test transmitters must be li-
censed and are limited to operation on a
few frequencies. Such testing is suscep-
tible to external signals, confusing the test
results. Except for calibration and correla-
tion of test instruments and procedures,
open-field testing has limited EMS use.
Anechoic Chambers. Obtaining per-
formance equivalent to open-field testing
without the licensing, frequency and inter-
ference limitations requires the use of an
anechoic chamber. With field intensities
up to 300 V/m required for EMS testing
(MIL-STD-1385), the containment of the
radiated field within a shielded and ab-
sorptive enclosure is highly desirable.
Performance of anechoic chambers is
limited at long wavelengths, as absorber
material must be approximately 0.1 wave-
length thick for 10 dB attenuation of reflec-
tions. Below 30-50 MHz, anechoic cham-

bers are no longer top performers but re-
main useful for some applications. At VHF
and higher frequencies performance can
approach complete absorption of radiated
RF. Chambers can be built any size with
cost limiting the practical dimensions,
although absorber manufacturers such as
Ray-Proof, Advanced ElectroMagnetics,
Rantec and LectroMagnetics seem to en-
joy featuring aircraft-hangar-sized ane-
choic rooms in their advertising literature.

TEM Cells. Developed by NBS, the
transverse etectromagnetic (TEM) cell
(Crawford cell) is essentially a large size
transmission line section in which equip-
ment may be placed for testing. M.L.
Crawford of NBS points out that the TEM
cell has excellent field uniformity in the
test area, creates a high field intensity
with low power, and is inherently shield-
ed, but there is a tradeoff between the
size of the cell and the upper frequency
of use, due to multimoding (1,2). Also of
concern in the TEM cell (like other test
situations) is the effect of the EUT and in-
terconnecting cables on system perform-
ance.

The practical size limit of the EUT is
one-third the distance between the center
conductor and the outer wall, allowing de-
vices the size of a clock radio to be tested
to 300 MHz in a cell 40 cm high, 55 cm
wide, and 120 cm long. A TEM cell of this
approximate size manufactured by Instru-
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ments For Industry Inc. (Model CC-103)
will generate a 200 V/m field with only 33
watts of power, and is rated for 1000 watts
power input. As part of a testing system
measuring direct-radiation EMS of con-
sumer and instrument-sized electronic
equipment, the TEM cell is one of the best
methods for accurate results.

Shielded and Mode Tuned/Stirred En-
closures. An economical and flexible test
location that will accommodate relatively
large apparatus is the shielded room. A
great deal of effort has been made to
study shielded enclosures for EMS testing
because of the economy of their use and
because MIL-STD-462, RSO3 specifies
their use.

With the test field radiated by an anten-
na within the enclosure, reflections and
standing waves make accurate and pre-
dictable results impossible unless some
means are employed to provide more uni-
form field intensity at the EUT location.
A field strength detector placed near the
EUT provides feedback to a leveling pre-
amplifier, creating a closed-loop system
for regulation of the field intensity, a
significant improvement over unregulated
sources. However, inaccuracies cannot be
overcome by leveling alone; the field vari-
ation is too great.

One method of further improvement is
to place absorber material in the enclo-
sure to reduce reflections and improve
radiated field strength constancy in the
test area over the desired frequency span.
This technique has been shown to work
well with the Cavitenna™, a recent
development of Amplifier Research Cor-
poration, which excites the inside of a
shielded room as a cavity, using walls or
ceiling as a ground plane (3). This new an-
tenna increases the field intensity for a
given power level compared to a log peri-
odic antenna placed inside the room.

Another modification of the shielded
room is the addition of rotating paddles
of reflective material to “‘stir” or “‘retune”
the modes of the chamber. Over time, the
EUT will be subjected to some average
field strength and a generally random
variation in field polarity. The advantage
of the method is that the high fields gen-
erated by low power are maintained with-
out the losses introduced by absorbent
materiat. Disadvantages include the low-
frequency performance deficiency of all
shielded enclosures, due to the lack of low
frequency modes within the cavity formed
by the interior walls, and the fact that peak
fields at the EUT will likely exceed the de-
sired average much of the time. However,
this method provides the means for inex-
pensive “worst case” testing. The EMS
community continues to have a high level
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RFI Susceptibility Test Equipment

By DW. Roth
Amplifier Research Corp.

esting for susceptibility to electro-

magpnetic or radio-frequency inter-
ference is required to build a product
that will stand up to the harsh inter-
ferences it will eventually encounter.
Some products aren’t bothered by RFI;
others may be so seriously affected
that they lose or garble information or
otherwide cause some catastrophic
failure. The extent to which a product
is susceptible to RFI determines the
extent of its testing.

The product is most often placed in
a controlled electromagnetic environ-
ment (a shielded room, as shown on
the cover, is the preferred test cham-
ber), turned on and then subjected to
an RF field which has been tailored to
the product under test and to its
foreseeable ultimate exposure.

Generating and varying the RF field
and recording the effects on the test
item’s operation through the selected
frequency band and power levels is the
job of the test lab. Since the task and
the test equipment are specialized and
not generally needed on a daily basis,
it rarely pays a small manufacturer to
have an in-house test facility. That is
why RFI test labs such as R&B Enter-
prises in West Conshohocken, Penn.,
are appearing throughout the world.
These labs perform susceptibility,
emissions, EMP and other specialized
tests for military and commercial
equipment manufacturers.

Some small test items, such as
hand-held transceivers or calculators,
may be tested in transverse-wave
(TEM) cells, saving a trip to a shielded-
room facility but sacrificing bandwidth
and ease of data collection.

Procedure and test equipment

Even though a product may not use
the bandwidth of the imposed interfer-
ence, its power source and/or anten-
na may pick up and pass along distur-
bances that could cause unwanted
switching of relays or devastating logic
anomalies. Therefore, very broad
bandwidths are chosen for susceptibil-
ity testing, to monitor any unusual ef-
fects as the test item runs the inter-
ference gauntlet.

The test laboratory usually starts

with normally-encountered RFI condi-
tions, both in field strength and in fre-
quency, working gradually up to worst-
case conditions to ascertain just how
much punishment a test item can take
and keep operating satisfactorily. The
basic complement of a susceptibility
test system is as follows:

A signal source (frequency synthe-
sizer or sweep-signal generator) cap-
able of delivering a signal of one milli-
watt or more to the preamplifier;

A broadband leveling preamplifier
(such as the Ampilifier Research Model
999) acting as a control center to re-
ceive field-strength signals back from
the shielded room and to provide gated
pulse output to the power amplifier for
pulse testing applications;

A broadband power amplifier with
good instant-bandwidth and total mis-
match immunity. (More than three
decades of bandwidth [from 1 MHz to
1 GHz] are instantly available without
need for tuning or bandswitching in the
“W" Series of amplifiers from Amplifier
Researchy);

An antenna particulary suited for
use within a shielded room. The Cavi-
tenna® radiator shown in the photo is
especially effective within the 30 to 150
MHz range, where other antennas
have the greatest difficulty, and has a
total range of 30-1000 MHz;

A field-strength sensor and repeater
system to send information on the field
level from the shielded room out to the
test engineer. Since the position of the
test item in relation to the antenna is
changed frequently during the course
of testing, field level is affected and
must be recorded;

A broadband fiber-optic telernetering
system to send information from the
test chamber on the operation of the
test item under varying frequency inter-
ference.

This is the barest outline of an RFI
susceptibility test system. Other acces-
sories, including directional couplers,
power meters, audio/visual monitors,
temperature sensors, etc., may be
called upon depending on the type of
test item under examination and the
type of failure expected from RF
exposure.
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of interest in the shielded room because
of the comparatively low cost and multi-
purpose nature of the enclosures.

Parallel Plates. MIL-STD-462, RS04
describes test procedures using parallel
plates, which generate test fields of high
intensity with less power than a normal
antenna would require. Recent refine-
ments in technique allow parallel plates,
typically used in the HF range, to be used
up to about 200 MHz. This test system
has problems with radiation, despite the
fact that most of the field is confined to
the area between the plates. Providing a
shielded enclosure around the system
adds to the complexity and cost, but ef-
fectively meets FCC radiation standards.

Underground Rooms. Another EMS
testing development is the use of under-
ground rooms, using the earth as a lossy
medium to absorb radiated energy. De-
spite some practical difficulties, under-
ground EMS test chambers show promise
for reasonable cost testing with accept-
able accuracy. In areas with existing
caves, salt domes, unused mine tunnels,
or proper geology for excavation, under-
ground facilities may be implemented
quite readily. However, the characteristics
of the geologic strata in which the cham-
ber is located determine the ultimate per-
formance of the room in terms of reflec-
tivity of the walls and shielding effec-
tiveness of the overburden.

One effective use of underground facili-
ties is the shielding of parallel plate or tri-
plate line systems. (Tri-plate lines are TEM
cells without side walls). These two test
systems have good containment of fields
between plates, but have significant radia-
tion, requiring shielding to meet FCC

The Instruments For Industry model CC-103 TEM cell (Crawford cell). The test device
is placed inside through the access door, where it is subjected to the test field within

the self-shielding enclosure.

standards. If an underground chamber is
readily available, the performance of earth
and rock as an absorber is sufficient to
shield these systems without the high re-
flectivity of metallic shielding or the high
cost of absorber material.

Equipment Considerations

Fig. 1 shows a representative configura-
tion of EMS test equipment. Each item in
the test system has equal importance, re-
quiring careful selection to achieve ac-
curate results. The accompanying note
“RFIl Susceptibility Test Equipment”
describes the various pieces of equip-
ment in this configuration.

Additional comments about equipment
selection include antennas, which can

YYYY

Missile seeker antenna undergoing automatic pattern testing in an anechoic chamber.
Antenna and chamber designed and manufactured by Rantec Division, Emerson Electric
Co., Calabasas, Calif.

RF Design

vary from a long wire within the test
enclosure to log periodic types to cavity-
exciting devices, such as the Cavitenna.
In addition to these radiating antennas,
Helmholtz coils are used to generate M-
fields and parallel plate radiators are used
for E-field testing. Antenna selection is
based on the bandwidth and power re-
quirements of the desired EMS test func-
tion.

The power amplifier requires careful
selection, as wide bandwidth and high
power are needed for susceptibility
testing. Don Shepherd of Amplifier Re-
search emphasizes correct interpretation
of amplifier specifications to be certain
that correct power and gain is available
over the entire test frequency range and
that linearity and mismatch immunity are
sufficient for the application.

Tim D'Arcangelis of Instruments For In-
dustry points out another area for caution
in amplifier selection: the bandwidth re-
quired by the test signal. For example,
electrostatic discharge (ESD) testing re-
quirements of the military include a
damped sine wave signal with specified
envelope characteristics. The ESD test
engineer must remember that modulation
of a sine wave increases the required
bandwidth to accommodate sidebands
and harmonics, not just the fundamental
frequency.

Finally, the EUT may have to be reposi-
tioned within the test chamber and may
have to be operated in a manner other
than normal. Actuators must be non-
conducting and must keep the EUT within
an area of uniform field intensity. Control
and monitoring cables should be carefully
located for minimum interaction with the
test field.
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Continued

It is safe to say that regulations and in-
dustry standards are not yet firmly
established. Even MIL-STD-462 pro-
cedures, around for 10 years, are not the
last word since MIL-STD-461B has provi-

sions to modify test procedures as may
be needed. The first of the consumer
voluntary standards will be released by
the first of the year, covering TV and VCR
susceptibility (see this month’s RFI/EMI

By Michael F. Owens
Eurotest Laboratories, Ltd.

ln Germany, the only mandatory re-
quirements (civil sector) are specified
in VDE Standard 0872, Part 1 through
5. This is only for radio, television and
video sets. For all other electronic
equipment, there is no standard avail-
able at this time and it is up to the
manufacturers to design their units to
be immune from noise or line distur-
bances or “Electromagnetic Compati-
bility Susceptibility (EMV).”

For effective control of the noise pro-
blem, manufacturers in the develop-
ment stage and at equipment installa-
tion can take three basic directions:

actions at the noise source,

suppression or reduction of disturb-
ing rate transmission,

elimination of effects of disturbances
on the receiver.

The reliability of electronic equipment
stands and falls with the control of the
electromagnetic interference factor.

To achieve EMV in electronic equip-
ment, only limited interference should
be emitted and on the other hand the
equipment should be immune to noise
effects from the outside.

That means noise radiation of elec-
tronic equipment must be under the
noise threshold range from 0 Hz to an
upper frequency in the GHz range, de-
pending on the project.

EMV — Installation Planning

Installation means various electronic
equipment considered as one unit, like
a place of manufacturing, a house with
all of its equipment or a car. The aim
of such an EMV system plan is to pro-
vide ways before and during installa-
tion of the system to secure the EMV.
Suppression at a later date is very cost-
ly.

Organization of an EMV System
Plan requires definition of require-
ments, collection of EMV data, analysis
regarding interference influence of the

Update on European EMS Regulations

individual components, showing basic
steps and detailed steps to secure
EMV, listing of necessary EMV tests,
coordination of subjects concerned,
and tests to prove EMC.

EMV testing often is only possible in
shielded rooms with high frequency
absorbers. Only in the military area are
there extensive standards for planning,
limit values, test procedures, test
equipment and actions. The EMV plan-
ning for equipment and systems in this
category is mandatory. In Germany
these standards are VG-NORMEN
95370 through 95378. EMV standards
in the civil area still require a great deal
of work, and as mentioned, are only
available for radio, television and video
sets.

In other international areas, the In-
ternational Electrotechnical Commis-
sion (IEC) published two standards
covering EMV. IEC Standard 801-2
covers the area of electrostatic dis-
charge (ESD) with recommended test
methods and severity levels. This stan-
dard is intended for industrial type
equipment, but will likely be used by
many worldwide industries. IEC Stan-
dard 801-3 covers the area of radiated
EMV and gives test methods and test
equipment, again intended for industri-
al control equipment. The aim of these
standards is classification of the elec-
tromagnetic environment in connec-
tion with a “cookbook-style” action
catalogue for all types of electronic
equipment. With these tools, design
engineers, project leaders and contrac-
tors should be able to consider EMV
by themselves. EMV specialists should
then only be needed for protecting very
complex and sensitive equipment.

For additional information about
European regulations, contact Michael
Owens at Eurotest Laboratories Ltd.,
PO. Box 262, Mathews Road, East
Haddam, CT 06423.

Corner for an update). European agen-
cies are also moving toward voluntary
standards for consumer goods (see “Up-
date on European EMS Regulations™). To
ensure accuracy and reliability of those
standards, studies will continue to ad-
dress the wide range of consumer and
commercial equipment.

Testing for EMI susceptibility is a very
young science. In the near future we will
see new techniques, equipment and
facilities beyond the “snapshot” of current
work presented here. So much work is go-
ing on in EMS technology that it is only
possible to show the tip of the iceberg, a
few highlights. For more information on
specific applications of EMS testing,
checkawith manufacturers of test equip-
ment and EMC testing laboratories. For
an in-depth study of EMS test principles,
the best starting point is the published
research of the National Bureau of
Standards.
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rF digital connection

The Sciteq SCX-256:
A 100 MHz Accumulator

By Gary A. Breed

The Digital Connection features pro-
ducts and techniques with direct applica-
tion to the design of RF circuitry. This
month, a new high-speed digital accumu-
lator from Sciteq Electronics, Inc. is in-
troduced. This device represents a major
development in high-speed logic, with
clock rates much faster than any previous
single-chip device.

Sciteq designs and manufactures fre-
quency synthesizers, specializing in
direct-digital techniques. For one MiL-
STAR application they developed an ultra-
fast switching synthesizer using 100K
ECL which met all electrical requirements
but was too large. To reduce space, a cus-
tom gate array was designed for the accu-
mulator portion of the circuit, replacing 12
ICs in the original design. The result of
that design is the SCX-256.

The accumulator design required a
guaranteed clock rate of at least 70 MHz,
requiring meticulous attention to every
path and junction. Together with Hamilton
Avnet’s ASIC design center and the fabri-
cation expertise of Motorola, the process
of design and prototyping took over three
months of intensive work. The result is an
accumulator with a typical clock rate over
100 MHz.

An accumulator is a series of adders
and latches which add the input number
to the previous output sum on every clock
cycle, accumulating a larger and larger
output sum. Fig. 1 shows an 8-bit accu-
mulator with input latches to demonstrate
the process. The input word (increment
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Figure 1. An 8-bit accumulator using 4-bit latches and adders, with

registered inputs and 4 MSB output.

size) is entered via latches and transferred
to the adders with an INPUT ENABLE
command. Until a new input word is en-
abled, the adders will increment the sum
in steps the size of the input number. This
example has a four-MSB (most significant

bits) output to mimic the SCX-256’s 12
MSB output from a 24-bit input.

Figure 1, above, demonstrates the ac-
cumulator process. The input word has
been left fixed and the carry functions are
not used:
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Matrix Makes Switching
as Easy as “OFF” or “ON”

MATRIX MAKES
SWITCHING A SNAP

Whether you're switching VHF, HF, IF,
video, audio or DC, Matrix Systems
makes it a snap. That's because we
can tailor a system to your exact
needs using Reed, CMOS, or Pin
Diode relays. The chart tells the story.

It pays to deal with a company like
Matrix who really understands the
switching business. We've been
designing and delivering state-of-the-
art systems for over 15 years to
defense contractors, government
agencies, the TV industry, ATE
manufacturers - and more. Built to the
toughest electrical and packaging
specs imaginable.

BUILT TO YOUR SPECS

Don't spend months designing a
custom switching system when we
can do it faster and for far less
money. We assume total system
responsibility, including computer
compatibility, control panel, status
indicators, scanning functions and
power supplies. We can switch any
type of cable system: coax, twinax,
triax, common ground, floating ground
or twisted pair. And because our
systems are modular, repairs can be
made in minutes.

MATRIX COVERS THE
WHOLE FREQUENCY
SPECTRUM

BALANCED AUDIO
“ e
CMOS RELAYS
BALANCED AUDIO
REED RELAYS

VIDEO
i —»
CMOS COAX RELAYS

VIDEO, IF, HF
< —»>
COAX & TWINAX REED RELAYS

RELAY TYPE

IF, HF, VHF

4— »
COAX PIN DIODE RELAYS

==
300 MHz

0 FREQUENCY
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COMPUTER
COMPATIBILITY

Just apply a control input from your
computer and the system will instantly
route your signal to as many points
as needed. 16 bit parallel interface is
standard, and we also offer IEEE-488
and RS232, all with status feedback.

NEW PRODUCTS

We have a lightweight portable
system which is perfect for test, and
service. Plus an ULTRA-FAST
(microsecond range) pin diode coax-
ial system.

LEAVE THE SWITCHING
TO US

Don't make switching a chore. Make it
a snap. Matrix has the answers to
your switching problems, no matter
how tough they may be.

M AT R I x SYSTEMS CORPORATION

5177 NORTH DOUGLAS FIR ROAD
CALABASAS, CALIFORNIA 91302
(818) 992-6776 » TWX 910-494-4975



Start count = 0
Input word = 00101001 (number 41)

Clock Cycle 8-bit Sum 4 MSB Output

1 00101001 {41) 0010 (2)
2 01010010 (82) 0101 (5)
3 01111011 (123) 011 (7)

4 10100100 (164) 1010 (10)
5 11001101 (205) 1100 (12)
6 11110110 (246) 111 (15)
7 00011111 (31) 0001 (1)

Note: The sum is really 100011111 (287), but with no
carry the 9th bit is dropped: The sum is always the
eight LSB (least significant bits).

8 01001000 (72) 0100 (4)

If the four MSB output is used to address
a read-only memory (ROM), a sequence
of stored values can be recovered at a rate
determined by the input word.

Direct digital frequency synthesis uses
the sequential recovery of data in ROM.
An accumulator such as the SCX-256
generates outputs which address a ROM
containing the values of a sine wave in
binary form. These ROM values form the
input to a digital-to-analog converter

(DAC) whose output is a step-by-step ap-
proximation of a sine wave at a frequen-
cy determined by the input word to the ac-
cumulator. The accuracy of the output de-
pends on the resolution (number of bits)
of the ROM and DAC. For example, a 512
x 8 bit ROM and an 8-bit DAC with +2
LSB accuracy will reproduce a sine wave
with 0.4% accuracy.

SCX-256 Description

The SCX-256 is a 24-bit ECL level accu-
mulator. The design includes 24 regis-
tered inputs with independent loading of
the 12 MSB and 12 LSB. Outputs are ful-
ly registered 12 MSB of the accumulated
sum. Internal adding takes place on the
clock rising edge; reset is asynchronous.
Transparent latches allow inputs to be
loaded either synchronously or asynchro-
nously. Carry input and output functions
are available for cascading two or more
devices. The SCX-256 requires 750 mA
at standard ECL supply voltage. The clock
rate is guaranteed to be 70 MHz, with
100+ MHz typical.

Although developed specifically for di-
rect digital synthesizers, the SCX-256 can
be used for other fast arithmetic and digi-

The Sciteq SCX-256 accumulator.

tal signal processing applications, like di-
gital filters and fast Fourier transform. Al-
though similar functions can be achieved
using discrete ECL devices, the SCX-256
will eliminate the critical board layout re-
quired for large ECL designs, improving
speed and reducing glitches. With the in-
troduction of the SCX-256, Sciteq has
given design engineers a lot of perform-
ance in a small package. . .and a lot of
.potential applications. (]

PIEZO’sgE(RETWonder.

Piezo reveals the secret of the Little Wonder and Quiet Wonder.

Piezo’s Doubly Rotated -

[J Fast warm-up

[J Excellent short term stability
(] Low radiation sensitivity

(J 1MHz to 350 MHz

Frequency control performance superior to
anything you’ve even imagined possible. The
PIEZO doubly rotated SC cut crystal is the se-
cret of optimum precision timekeeping, com-
munications, radar, navigation and instrumen-
tation applications.

The PIEZO Standard of Quality guarantees
you this kind of performance:

e Aging rates: <5 X 10 ''/day for SMHz 3rd
oT

¢ Phase noise: Better than 160 dBc at 10KHz
offset

® Warm-up: Within 5 X 10” of final fre-
quency in less than 1'/2 minutes
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~ SC Cut Crystal.

[ Low vibrational sensitivity
[J Low phase noise

[] High drive level capability
[J Mass production capacity

* Time domain stability: 1 X 10" or better
for a one second averaging time

* Vibrational sensitivity: 5 X 10'%/g or better

Uncover the full potential of your application
with PIEZO’s Doubly Rotated SC Cut Crys-
tals. PIEZO Crystal Company has been an in-
novator in the design and production of piezo-
electric crystals since 1936. Full engineering
design assistance for your specific require-
ments is as close as your telephone. Call your
nearby PIEZO representative today, or write
PIEZO Crystal Company, P.O. Box 619, Car-
lisle, PA 17013. Telephone (717) 249-2151.
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ANSI Committee Studying Voluntary
EMI Susceptibility Standards.

Will Soon Release First Report

on TV/VCR Immunity

By Gary A. Breed

he 1982 Amendment to the Communi-

cations Act of 1934 gave the FCC
authority to regulate EMI susceptibility of
electronic equipment. Continuing a policy
of deregulation, however, the FCC insisted
that the parties involved develop voluntary
standards. In response to the Congres-
sional mandate for regulation and the
FCC's wishes, an ad hoc committee was
formed under the aegis of ANSI commit-
tee C63. The members of the committee
represent manufacturers, testing labora-
tories, the Electronic Industries Associa-
tion (EIA) and the American Radio Relay
League (ARRL). The first report from this
committee on television and VCR immuni-
ty is in final draft stage, and should be
ready for review by the full C63 commit-
tee at their mid-November meeting in
Washington. Don Heirman of AT&T Infor-
mation Systems, chairman of the group,
indicated the report should be released
by the end of this year.

The committee has been studying TV
and VCR susceptibility to interference re-
ceived by direct radiation or accompany-
ing the desired signal through the anten-
na lead. Their report will address EIA In-
terim Standards 1S-10, “Immunity of TV
Tuners to Internally Generated Harmonic
Interference From Signals in the Band,
535 kHz to 30 MHz,” and IS-16, “Immunity
of Television Receivers and Video Cas-
sette Recorders to Direct Radiation from
Radio Transmission, 0.5 - 30 MHz.” These
two documents represent earlier propos-
ed standards in this area and the commit-
tee report is said to contain no major
deviation from them. Results of an EIA-
commissioned study by the National Bu-
reau of Standards on conducted interfer-
ence via outside leads may be included
in the report. The NBS study has been
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completed and resuits should be available
for the November C63 meeting.

A spokesman for the FCC expressed
satisfaction with the voluntary regulation
efforts, noting that the process saves the
FCC time and money and should result
in standards acceptable to everyone be-
cause compromises are being worked out
during the process. According to all par-
ties involved, cooperation has been very
good despite the diverse interests of the
groups represented. One example of com-
promise is the selection of a statistical
“average case” analysis rather than either
a lenient model or a worst-case situation.

Some committee members noted the
difficulty presented by VCRs, where HF
signal processing circuitry is sensitive to
radiated interference. TV IF circuits were
also mentioned as an area requiring addi-
tional engineering to achieve EMI protec-
tion. Everyone contacted emphasized the
need for continued work, not only on TVs,
VCRs and home electronics but in com-
mercial areas. Hugh Turnbull, ARRL Atlan-
tic Division Director, pointed out that cord-
less telephones, security devices, and
other low-power RF devices need atten-
tion. Part 15 of the FCC Rules and Regu-
lations covers radiation by these devices,
but their immunity to interference has not
been addressed. Other users of the RF
spectrum, whether they are “closed cir-
cuit” or have internal circuits operating at
radio frequencies, have potential EMI
problems and will require study. Another
area the committee must address is
Channel 6 interference from Educational
FM broadcasters. The FCC recently re-
leased revised allocation standards for
FM channels in the vicinity of Channel 6
facilities, but has left TV receiver stan-
dards to the ad hoc committee.

Eb Tingley of the EIA Consumer Elec-
tronics Group emphasized the need for
international cooperation to implement
new standards. Offshore companies may
perform all engineering and manufactur-
ing outside the U.S. and must be aware
of new developments. U.S. representa-
tives have been involved in EMI standards
discussions in Australia and Europe, shar-
ing the results of work done here and en-
couraging international development of
standards and test procedures.

In its proper role of evaluating only
engineering issues, this committee has
not addressed the cost of achieving EMI
immunity. The increase in the price of a
TV due to additional shielding is un-
known. Line filters, extra bypassing and
mechanical redesign will certainly add to
the cost of production and consumers
must understand the protection offered by
these changes. Fortunately, consumer
awareness of the nature of interference
seems to be improving. Frivolous com-
plaints to the FCC have decreased, and
overall interference complaints have not
grown at the same rate as the increase
in sales of consumer equipment.

It is easy to overstate the significance
of this first effort at major voluntary regula-
tion of EMLI. It is only a first step, not a set
of final standards. Television sets and
VCRs may be the largest group of con-
sumer electronics, but with many other
devices yet to be examined, work on EMI
immunity standards will continue for a
long time. Success of this voluntary regu-
lation effort requires industry commit-
ment, international cooperation and con-
sumer awareness. The aiternative is a re-
turn to the difficult process of FCC regula-
tion, an idea unattractive to everyone in-
volved. (]
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with everything,
togo please.

Antenna kits that meet your specifications of high quality and
frequency response, and that are also responsive to your demands
of portability and easy use. A.H. Systems offers nine different kits
that fill the bill. Each comes in a single, lightweight case. Just one kit
can contain all the antennas, probes and cables to perform E-Field
1KHz-18GHz, H-Field 20 Hz-50KHz and conducted 20Hz-100MHz

testing. Antenna factor calibrations are provided with each antenna.

So order one to go, with everything, or one of our other tantalizing
specials.

MODEL # FREQ. RESP. DESCRIPTION MODEL # FREQ. RESP. DESCRIPTION

SAS-200/510  300- 1800 MHz Log Penodic SAS-200542 20- 300 MHz Bicontcal, Foiding
SAS-200/511 1000 - 12000 MHz Log Periodic SAS-200550  001- 60 MHz Active Manopole
SASTEDaIDTC g 200 > 1800z SCogiRerfogo SAS-200560  per MIL-STD-461 Loop- Emisston
SAS-200/518  1000- 18000 MHz - Log Pertodic SAS-200'561  per MIL-STD-461 Loop - Radiating

SAS-200/530 150~ 550 MHz Broadband Dipole
SAS-200/540 20- 300 MMz Biconical BCP-200'510 20 Hz - 1 MHz LF Current Probe

SAS-200/541 20- 300 MHz Bicon | Collapsible BCP-200'511 100 KHz-100 MKz HF VHF Crnt Probe
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A complete line of kits
with upper limits to
18GHz that satisfy FCC,
VDE, and MIL-STD 461
specifications, and more.

Available now from your

source for the finest
EMI test equipment and
accessories.

AH Systems

9710 Cozycroft Ave
Chatsworth, CA 91311

Tel: 818 998-0223
Telex: 182 640 WKVG

AHT

SYSTEMS




Now Merivpacs

>qp

2" sq. Phase Shifter

33" sq. Broadband Mixers

High Performance IF Signal Processing
Networks in up to 50% less space

B Save on real estate and also obtain low profile 0.20”
height package

B Compatibie package for computerized parts placement

W Increase yields by avoiding lead forming

Merrimac’s Meri-pac provides you with a new way to save space in dense PCB require-
ments for all your IF signal processing needs up to 3.5 GHz. When you have flat packs
on your mind — consider Meri-pacs instead — you’ll eliminate wasted space and lead
breakage problems. Plus you have the advantage of a package which permits direct in-
sertion into PCB by computer control parts placement. BENT LEAD WAY

The gold-plated Meri-pacs give you not only real estate sav-
ings, but also environmental integrity—package is hermetically
sealed, seam welded ... no solder, therefore no solder balls.

Merrimac’s extensive Hi-Rel product experience in RF and IF
signal processing is available in every configuration; flat pack, low ;
profile TO cans, relay packages, discrete connectorized SMA or  F
OSP low profile packages, and NOW in new Meri-pac.

Call us on your next project. We want to help.

Merrimac 4

P.O. Box 986, 41 Fairfield Place, West Caldwell, NJ 07006
201-575-1300. TWX 710-734-4314. TELEX 6853128
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Excess Insertion Loss at the
Input Ports of a Combiner Hybrid

By Earnest A. Franke
E-Systems, ECI Division

Combining circuits for multiple power
amplifiers require inputs with proper
phase and amplitude relationships. The
repair or replacement of circuit compo-
nents may alter the gain or phase shift
characteristics of one portion of the
system, causing a change from the origi-
nal design parameters. This article pre-
sents a discussion of the excess losses
that are a result of deviation from ideal
phase and amplitude of the signals to be
combined.

An RF designer measures all the com-
ponents for a power amplifier con-
sisting of a power splitter, two or more
amplifier modules and a power combiner,
only to find that the overall gain is less
than the sum of the gains and losses of
the components. Or, a technician replaces
a defective transistor in a paired amplifier
and discovers that the total gain is not
what he expected, even after assuring
himself that separately both halves
worked perfectly. Each person expects the
total power from a hybrid combiner to be
the sum of the inputs after considering
any mismatch losses. With an examina-
tion of effects of amplitude and phase im-
balance, one discovers why the difference
power ended up in the isolation resistor
connected to the hybrid combiner.

Power Combining and Imbalance
Power combining may be considered
on one of two general levels: the device
level and the circuit level. Device level
combining is accomplished by clustering
several devices in a region whose extent
is small compared with the operating wave-
length. Transistor vendors have continual-
ly increased the available output power
from a single package until the device is
package limited. Combining several trans-
istor dice within the same package even-
tually runs into problems of impedance
matching, concentrated heat dissipation
and reactance interaction (power hog-
ging). By directly paralleling two transis-
tors, the resistive part of the input and the
output load impedance decreases, yield-

RF Design

ing a higher Q, lower bandwidth part. The
advantage of using a hybrid power com-
biner centers around the isolation
achieved when combining the outputs of
the two devices. With power shared by
many elements, the summing technique
provides more reliability than a single
solid state element operating at high
power. The stability of combined power
transistors is enhanced by this isolation,
as the reactive components of one trans-
istor do not affect the other transistor,
which is effectively in parallel.

In radio frequency amplifiers formed by
effectively placing two transistors in par-
allel by using hybrid power combiners,
there will always be some phase and am-
plitude imbalance at the input ports when
using the typical combiner techniques
shown in Fig. 1. Typically, transistors are
selectively paired at the factory to limit
gain difference at some median operating
point and frequency to less than 1 dB.
There is also some imbalance due to the

type and tolerance of the splitter hybrid.
The phase imbalance of the output power
of two transistors is a result of component
tolerances in the matching networks, pro-
cess control for manufacturing the semi-
conductor itself and the fact that several
vendors may be second-sourcing the
transistor itself. Typically the phase distri-
bution for a part which must be accep-
tance tested in a wideband circuit is less
than +15°. The use of automated wire
bonding and wafer processing has
lowered this deviation significantly.

3 dB Hybrid Coupler Performance

Electrical parameters of the hybrid split-
ter/combiner of concern to the amplifier
designer are insertion loss, amplitude bal-
ance and phase balance. The insertion or
excess loss is the amount of attenuation,
in excess of signal coupling losses, of an
input signal from a matched source to a
matched output termination. The coupling
loss for an equal-split hybrid is 3.01 dB.

{A) BRANCH LINE
{B) WILKINSON

(D) RATRACE

RF POWER HYBRIDS

(C) CAPACITIVELY COUPLED

(E) QUARTER-WAVE BACKWARD WAVE

OouTPUT

Zo

/i ;
QuUTPUT

’ 2
2o

-
rS
i S S S

Figure 1. Power Combining using RF Power Hybrids
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One-half the input power appears at each
output port of a 3 dB hybrid splitter. The
amplitude balance is the difference in at-
tenuation between the two output signals
when fed from a common input, general-
ly expressed as a maximum variation over
the specified operating range. The differ-
ence in phase between two output signals
fed from a common input is known as
phase balance or phase tracking.

Some performance tradeoffs may be
made between these parameters. The
principal tradeoff naturally deals with sim-
plicity and frequency range. The ability to
reproduce a coupler inexpensively in
microstripline form on common printed
circuit board can be very important. For
single frequency applications requiring
bandwidths less than 10%, the insertion
loss of a manufactured hybrid can be held
quite low, with the amplitude balance de-
grading rapidly away from the center fre-
quency. Octave bandwidth designs typi-
cally display slightly more insertion loss
but the amplitude balance is held tighter.
Amplitude balance may also be improved,
at the sacrifice of increased overall loss,
by increasing the number of sections con-
tained within each hybrid.

A single-section, quarter-wave, quadra-
ture hybrid for example displays a theore-
tical amplitude imbalance of 0.44 dB at
the upper and lower operating frequen-
cies (Fig. 2) over a 40% bandwidth. The
phase balance however, is quite good.
Theoretically the outputs remain in quad-
rature (90° difference) over the above
bandwidth. Experimentally the phase im-
balance can be held to less than +1°. The
amplitude and phase balance of other 3
dB hybrids is not as good. The popular
branch line hybrid (Fig. 3A and 3B)
displays an amplitude imbalance of 1.84
dB at the band edges and 8.3° phase im-
balance at the same +20% bandwidth
points. The capacitively coupled hybrid
formed by two eight-wave transmission
lines (Fig. 4A and 4B) has an amplitude
imbalance of over 6 dB at the upper
operating frequency and nearly 5 dB at
the lower operating frequency. The phase
imbalance is also quite high, 8.4° at the
bottom and 22.3° at the top of the same
relative bandwidth.

The rat race hybrid resembles the
branch line hybrid with an additional half-
wave transmission line added (Fig. 5A).
The rat-race is a reciprocal four-port
device that can provide two in-phase
signals when fed from its sum port and
two 180° out-of-phase signals when fed
from its difference port. The push-pull out-
put ports differ by a nominal 180° and ex-
hibit an amplitude imbalance of 1.8 dB
and a phase imbalance of 13° (Fig. 5B)
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over the 40% bandwidth. The equal-
phase outputs for an input at port 4 show
an amplitude imbalance of 1.7 dB and a
phase imbalance of 11°.

An equal-phase hybrid, such as the
Wilkinson coupler (Fig. 6) displays ex-
cellent amplitude and phase balance over
a moderate bandwidth because of its
symmetry. Any imbalance is due to con-
struction or termination imperfections.

Excess Insertion Loss

The primary concern of excess com-
biner insertion loss for amplitude and
phase imbalance appears in an amplifier
when only one of the two paired power
transistors is replaced. The replacement
transistor probably will not come from the
same wafer lot as the original transistor,
nor even possibly from the same vendor.
The evidence of amplitude and phase im-
balance may be first noted by increased
power dissipation in the isolation resistor
of the output hybrid combiner. The out-
put power and gain will also be reduced
slightly.

The insertion loss due to phase and
amplitude imbalance is:
Excess Insertion Loss =

10 logye [05+ VP C0s 8| 4B (1)
1+ P,
or

Excess Insertion Loss =

PGB
10 logyo |05 + 10°°_Cos 6| 4g ()
P
1/ 3y 90

where

Pr = relative ratio of the input powers

P4s = input power ratio in decibels

8 = relative phase angle between the
input signals.

This excess insertion loss also may be
broken into two terms to study independ-
ently the effects of amplitude and phase
imbalance. If the input powers are exact-
ly equal but the phase angles differ, then
the equation for the excess insertion loss
for phase imbalance reduces to:

Excess Insertion Loss =

10 10g4g [0.5 + _005_9] dB A3)
2

as shown in Fig. 7. If the two input powers

to a hybrid have equal phase angles but

unequal amplitudes, then the equation for

excess insertion loss due to amplitude im-

balance reduces to:

Excess Insertion Loss =

10 1ogyo [o.s + <__f_'°_r__)]d8 (4
1+P,
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Excess Insertion Loss =

PdB
20
10 log,| 05 + — | dB
PdB
T4 qor e

as shown in Fig. 8.

Derivation of Excess
Combining Loss

The output power for a single input to
a 3 dB hybrid combiner is:
P.. = Pin/2 and an output voltage
Vi Vil
The resultant voltage vector V,, for input
voltage vectors V, and Vg according to
the Argand phasor diagram of Fig. 9A by
the law of cosines is:

2 2
Va VB) VA)( A
a =8 =8 o4 AN =B
oo {14 420 - g
=102 [VAZ +Vg2—2V,Vg Cosg| ©

where the angle @ is the relative phase im-
balance between the two input voltages.

Using the identity Cos(180° — §) = —Cos 6:

(Vour)2 = 12 [V,2 + Vg2 + 2V,Vg Cos ]
)

From this equation the resultant output
voltage is shown to be composed of two
voltages V, and Vg plus an interference
term which is equal to 2 V,Vg when the
phase imbalance is zero. When the phase
imbalance is 90° the interference term is
destructive.

Next, one input signal is chosen as the
reference voltage and the coordinate sys-
tem is normalized and centered on that
vector:

(Vour)? =
YA v_s)z Va (Ve
1/2|:<VA) +<VA + 2 (VA>(VA>COS 9]
™)
Folip’ =

1/2 [1 + (zj)z +2<%j-)Cos e] ®)

The normalized output power is equal to
the square of the rms voltage across the
termination impedance:

VOUTZ
Povr = g7

g AN LTS Py
4z vV, M At |
The total available input power to the

hybrid combiner is:
Py =Pa+ Pg

November 1985



The normalized input power sum is:

Ve ta g la
Py = v: + vj / 2z (10)

Finally with the ratio of the individual in-
put powers P, and Py defined as:

Pr = Pg/Pa = (Vo) /(Va)? Q)

then the ratio of the output power to the
available input power, assuming equal in-
put and output impedances, is:

Atk
Pl 2 [1+p, +2/P Cosdl

e (P (12)

The excess insertion loss due to ampli-
tude imbalance (P,) and phase imbal-
ance (6) is:

1+P,+2\/P—, Cos 6
2(1+P)

Pour/Pin = (13)

Excess Insertion Loss =

10 log4g (Pout/Pin) =

10 log [0.5 +<‘1+LP)COS 9] (14)

The resuitant phase angle (¢) of the out-
put signal is simply derived from the
phasor diagram (Fig. 9B). The tangent of
the resultant phase angle is:

Vg Sin 6 Sin 6

Tan =\ WaCos 8 ~ (ValVg) +Cosh
(15)
.
el W i LIS (16)
10 % + Cos 6

Typical Losses

Examination of the curves showing ex-
cess loss as a function of amplitude and
phase imbalance indicates that the loss
is low even for moderate differences in
amplitude and phase. For an amplitude
imbalance P4g of 1 dB the reduction in
output power compared to the sum of the
input powers is only 0.014 dB (a reduction
of 0.33%). A worst case imbalance of 2
dB results in a 0.057 dB loss (1.3% reduc-
tion). For a phase imbalance 6 of 30° the
insertion loss would be 0.30 dB (a reduc-
tion of 7.2%).

Let's consider a 100 watt power
amplifier module composed of two 50 watt
transistors. If we consider a 2 dB power
imbalance, the power in one transistor will
be +47 dBm (50 watts) and +45 dBm (31.5

RF Design
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Figure 7. Excess Insertion Loss Due to Phase Imbalance
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watts) in the other. The output power with
this amplitude imbalance would be the
sum of two powers minus the excess in-
sertion loss due to imbalance:

Pour = Py + P, — LL. (P,) = 805 watts

Approximately one watt from the original
sum of 81.5 watts is lost in the isolation
resistor because of amplitude imbalance.

Now for the same amplifier let’s con-
sider that the two input powers also have
a phase difference of 30°. The output
power would then be:

Pour = 805 watts — LL. (8) = 75.1 watts

Thus, for an amplitude imbalance of 2 dB
and a phase imbalance of 30° approx-
imately 6.4 watts of power would be lost
out of a possible 81.5 watts of input power
to the final combiner, a reduction of 0.35
dB or 8%.

Measured Results

The total losses through a hybrid power
combiner consist of the mismatch losses,
losses in each path, and excess losses
due to phase and amplitude imbalance.
Pairs of experimental hybrids (quadrature,
Wilkinson, branch-line) were combined to
verify the excess losses due to phase and
amplitude imbalance. A variable length
transmission line was placed in one leg
of the coupled hybrid to simulate an un-
equal amplifier phase delay (Fig. 10). At-
tenuators were also placed in each leg to
simulate unequal amplifier gain. The ex-
pected loss just due to attenuators placed
in each leg would then be:

1

dB
—Atten1 —i@tgn_
05 (10 10 410 ‘02)

where Atten 1 = Attenuation in one leg
Atten 2 = Attenuation in the other
leg

Loss =

10 log,q

The total measured loss was indeed equal
to the sum of the insertion loss due to at-
tenuators placed in each leg and the ex-

ATTENUATOR 1

RFINPUT (05— IN 0" Z‘ R
3d8 3dB 50 OHM
QUAD QUAD
HYBRID  [ATTENUATOR 2 HYBRID
150 90

gl

A
e — o  our ———-oj) RF OUTPUT
/

50 OHM %

PHASE SHIFTER

Figure 10. Combiner Loss Measurement Set-Up
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cess insertion loss due to amplitude im-
balance.

The phase was measured on each of
eight UHF amplifier modules. These am-
plifier modules consisted of two balanced
transistors using quadrature hybrids at the
input and output. The gain and phase var-
iations reported below are normalized
about a collector supply voltage of +28
VDC, a bias voltage of +0.5 VDC, a flange
temperature of +25°C, and a power level
of 125 watts. (See box below.)

Reduction of Insertion Loss
Due to Unbalance

The additional insertion loss due to
amplitude and phase imbalance following
the replacement of one damaged transis-
tor can be minimized in several ways.
First, the repair technician could replace
both transistors with a paired replacement
set that has been matched for gain. Next
the design engineer might include a vari-
able phase shift network in one side of the

VARIABLE VARIATION MEASURED GAIN | MEASURED PHASE
DEVIATION DEVIATION
Collector Supply Voltage [ +26 to +30 VDC -03 to +03 dB -4 to -3
Base Supply Voltage +0.4 to +0.6 VDC -06 to +1.0 dB +4 to -1
Fiange Temperature ~40 to +100 C +0.4 to -1.1 dB +2to -4
Power Level 50 to 150W +0.2 to 0.1 dB +58ter=2

combiner amplifier. If one side of the
amplifier were designed to contain less
phase shift than the other side, an adjust-
able phase shifter could be added to ac-
count for differing phase delays between
the devices. The phase imbalance could
be optimized by simply adjusting for mini-
mum detected power at the isolation port
of the combiner hybrid.

Finally, excess summing losses can be
controlled for long amplifier chains by
summing after each stage of amplification
as illustrated in Fig. 11. If the driver
amplifiers are unequal in gain or phase
then this driver output power difference
would be further amplified by the final
amplifiers before being absorbed in the
output 4-way power combiner isolation re-
sistor. By adding a 2-way combiner at the
output of the driver amplifier (Fig. 11B8) the
power is summed before splitting to feed
the final amplifiers. Thus, any phase or
amplitude difference is absorbed at a
lower power level. This design requires an
additional 2-way combiner and divider, but
the phase and amplitude balance of the
drive signal to the final amplifiers is
improved. (]

About the Author
Ernie Franke is a Member of Tech-
nical Staff at E-Systems, ECI Division,
PO. Box 12248, M/S 28, St. Petersburg,
FL 33733.




Ferrite ,E'Components Suppress EMI

The éifhple Solution to Many Interference Problems

Ferrites are capable of suppressing high frequency signals while passing lower frequencies and DC. This property
is translated into practical applications by use of ferrite components to eliminate unwanted noise in electronic cir-
cuits. Fair-Rite suppressor components are supplied in several different ferrite materials; 73 material is particularly
effective up to 40MHz; 43 material between 30MHz and 200MHz and 64 material above 200MHz.

In addition to the beads and sleeves which have become industry standards, Fair-Rite has developed a series of
large 1 and 2 piece sleeves, large toroids, and shieiding plates. All can be incorporated in new designs; many can be
retrofitted to existing equipment. Data processing equipment, which both produces and is particularly vuinerable to
EMI, offers a prime opportunity for the use of ferrites as EMI suppressors. Other applications include Switch Mode
Power Supplies, communication equipment, as well as other industrial and consumer products employing elec-
tronic circuitry.

Split beads and sleeves for bunﬂlgd or flat‘ribb;n- cable per-
— mit simple retrofit in problem areas. Precision ground mat-
e ’ u = Sl S ing surfaces create a virtually complete magnetic path
providing effective EMI suppression.
One piece beads, sleeves and toroids offer a wide range of
impedance values and a classical approach to interference
o %/ o E [ &8 g,ppression. Fair-Rite offers an extraordinarily wide choice
of shapes and materials, with dimensions from .032" to
2.400" diameter, and from .038" to 1.125" long.

Round and rectangular multi hole shielding plates are a new
concept in connector design. The latter also finds applica-
tion in DIP configurations. The use of such plates in a con-
nector dramatically reduces the cost per pin for both ferrite
and assembly labor.

The NEW 11 hole bead and the 6 hole bead combine high
impedances with economy of space and cost. Winding con-

7 . / (
4@/‘1{/@/@ @ E @ E figurations range from 11/2 to 41/2 turns.

Fair-Rite, the leader in ferrite EMI suppressors, has developed unique capabilities in state-of-the-art shielding fer-
rites, offering users unparalleled experience in tooling development and the manufacturing process. To assist
designers in making full use of our know-how, we offer three ENGINEERING EVALUATION KITS:

The CABLE & CONNECTOR EMI SUPPRESSOR KIT (part no. 0199000002): 13 different iarge beads and toroids,
1 and 2 piece sleeves, and the new multi hole shielding plates, supplied in Fair-Rite 43 material.

The BEAD-ON-LEAD KIT (part no. 0199000003): 10 different beads on leads, plus two six hole wound shield beads,
providing impedances from 68 to 680 ohms typical, measured at 100 MHz. Values from 68 to 200 ohms are avail-
able taped and reeled for automatic insertion.

The BEAD, BALUN AND BROADBAND KIT (part no. 0199000001): A selection of 34 cores in 7 different materials
offering the designer many options for high frequency circuits.

Each Kit is $25 postpaid against your check or M/O; or, plus shipping when ordered on your PO or letterhead. For
prices outside the USA and Canada, please contact our Customer Service Department.

Each Kit comes with its own Engineering Bulletin describing the contents and guiding the designer in the use of
Fair-Rite components to solve his EMI problems. Further information on these three kits may be obtained by
requesting a copy of the Engineering Notes, Ferrite Components as EMI Suppressors.

'l;/rlgair-ﬂite Products Corp. * P.O. Box J * Walikill, N.Y. 12589

———
RF85 j R Phone (914) 895-2055 » TWX 510-249-4819 * FAX (914) 895-2629
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The Close-Field Probe: A Powerful
EMI Troubleshooting Tool

A hand-held probe can find localized
emission sources within equipment.

By Mark Terrien
Hewlett-Packard Company

The increasing world-wide regulation of
electromagnetic radiation is forcing
design engineers to be more concerned
than ever about minimizing radiated and
conducted emissions. Methods are need-
ed to detect and locate EMI problems dur-
ing the product-design cycle to avoid cost-
ly re-design at the production stage. Un-
fortunately, many design centers do not
have in-house EMI testing facilities and
designers have no way of detecting emis-
sions problems early, when they are easi-
est to fix. Even when such facilities are
available, the measurement methods can-
not always locate sources of high emis-
sions within the equipment, making it dif-
ficult for the designer to solve EMI pro-
blems. This article describes the Hewlett-
Packard 11940A Close-Field Probe and its
use in identification and troubleshooting
of EMI problems.

here are a variety of radiating sources

in electronic equipment including
analog oscillators, digital clocks and
microprocessors. The sources and their
surrounding metallic support structures
directly control the radiation pattern when
placed in an unshielded enclosure. When
placed in a shielded enclosure, the enclo-
sure itself controls the radiation pattern.
in both cases, the task for the trouble-
shooter is to locate the major radiators in
the equipment. However, most EMI test-
ing methods measure total radiated field
strengths without determining the physi-
cal location of the major radiators. A de-
vice that measures radiated emissions
with repeatable spatial accuracy wouid be
a powerful troubleshooting tool. With such
a device, the circuit designer could iden-
tify problem radiators in a new product
prototype and the mechanical engineer

HP11940A
9

DUAL LOOPS -

Figure 1. The HP 11940A Close-Field Probe.

50

Figure 2. Probe orientation for max-
imum coupling to the magnetic
field.

could evaluate the effectiveness of the
enclosures and shields being designed
for the new product.

There are several descriptions in the lit-
erature of balanced shielded loop anten-
nas for measuring magnetic fields (1,2,3).
These antennas are shielded from elec-
tric field components to reduce errors in
the output signal from stray capacitive
coupling to nearby sources. It is this
parasitic coupling that limits the repeat-
ability of the electromagnetic field mea-
surement. The spatial resolution of these
antennas is limited because of the size of
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the shield, and the bandwidth is limited
by the frequency response of the balun
used to match the probe to a measuring
instrument’s input. Such radiation moni-
tors are also used to measure emissions
near an enclosure and when cabled with
high impedance, non-metallic lines, the
stray capacitive coupling is reduced. How-
ever, because radiation monitors rectify
the RF voltage for a DC output, frequen-
cy information is lost.

A new commercial product for accurate-
ly locating emission sources is the HP
11940A Close-Field Probe, shown in Fig.

Figure 4. Searching for electro-
magnetic energy leaks at seams of
an enclosure.

RF Design

1. This device is a balanced magnetic
field sensor that provides an output voit-
age proportional to the strength of the
magnetic field at its tip. A duai-loop con-
figuration and balun provide rejection of
the common-mode currents created by
electric field coupling to both of the loops.
(Fig. 2.) The balun itself provides 30 dB
(typical) of common-mode rejection from
30 MHz to 1 GHz. This common-mode re-
jection makes the probe insensitive to
electric-field components, yielding very
repeatable measurements.

The Close-Field Probe is supplied with
a calibration accurate to +/- 2 dB in a 377
ohm field impedance (see Fig. 3). Using
appropriate modeling, this calibration
allows the prediction of radiated signal
strength at a specified distance from the
equipment (4). The probe is small and
lightweight making it easy to probe
around an enclosure or cabling and ac-
curately locate emission “hot spots.” As
shown in Fig. 4, the probe tip is held very
close to the potential radiating points,
such as the seams of the enclosure.
When the tip of the probe is on a “hot
spot,” the radiated field magnetically
couples to the probe and produces a
larger output voltage.

Since the probe preserves frequency
information, it is ideally used with a spec-
trum analyzer. The spectrum analyzer ac-
curately displays the frequency and ampli-
tude of the emission to help the trouble-
shooter track down its source. The Close-

Field Probe and spectrum analyzer can
be used to diagnose EMI problems in
these design areas:

1) By the circuit designer on the lab
bench.

2) By the EMI test engineer to find
emission sources in equipment being
tested for the design team.

3) By the mechanical designer to eval-
uate the relative shielding effectiveness
of new enclosures and shielding structures.

The third application requires a track-
ing generator, whose output signal radi-
ates from a small antenna placed inside
the enclosure being tested. The probe is
then used to “sniff”’ along the enclosure’s
seams and openings in search of electro-
magnetic energy leaks. This application
is described in an article published in the
July/August 1984 issue of RF Design (5).

The Close-Field Probe can also be
used as a localized magnetic field source
for locating susceptibility problems on a
circuit board. It is a reciprocal device; that
is, a voltage fed into the unit will create
a magnetic field at the loops. For this ap-
plication, the maximum input power is 0.5
W with a typical worst-case VSWR of 3:1.
The probe can be used effectively by the
circuit designer, mechanical engineer and
EMI test engineer to troubleshoot EMI
problems early in the design cycle and
avoid costly re-design.

About the Author

Mark Terrien is a development
engineer for EMI measuring equip-
ment at Hewlett-Packard, Signal Analy-
sis Division, Santa Rosa, CA 95401.
He has a BS in Physics from the Uni-
versity of Wisconsin (Milwaukee) and
an MSEE from the Univeristy of Wis-

consin (Madison).
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Some Questions You

Should Ask Your EMI/RFI
Test Equipment Supplier

How long has your company
been in the EMI/RFI Testing
Equipment business?

The Electro-Mechanics Company has
been designing and manufacturing
EMI'RFI Test Accessories for over 25
years.

We began with Magnetic Field
Instruments and Radio Frequency
Antennas for the military. Since the
mid-sixties we have been working
closely with the military and industry
standard setting groups, and EMCO
now has one of the broadest lines of
Test Antennas and EMI/RFI Test Ac-
cessories in the World.

What exactly is your major
product iine?

EMCO's primary business is Test
Antennas for use in Emissions and
Immunity (Susceptibility) Testing as
required for MIL Standard, FCC, VDE,
and CISPR Test Procedures.

Typical Military Antennas for Radi-
ated Immunity (RS) and Emissions
(RE) Testing cover the frequency
ranges from 30 Hz to 18 GHz, and are
noted in MIL STD 462, Notice 3, Table
1. EMCO currently manufactures
Magnetic Field Loops, the 41" Rod
Antenna, Parallel Strip Line, both

Biconical Anten-
I/ii’
ll\
¥

the Double
Ridged Guide An-
tennas shown on
this table.

Antennas which are currently ac-
ceptable for use in FCC Volume I,
Part 15 Emissions Testing include,
Adjustable Element Dipole Sets,
Broadband Biconical Antennas and
Broadband Log Periodic Antennas.
EMCO manufactures all of these sep-
arately or can include them as part of
an FCC “Class A” and "Class B" An-
tenna Test System.

nas, the Conical
Log Spirals and
\\\

What differentiates your anten-
nas from your competitors?

One major difference is Calibration.
Each Antenna is calibrated using NBS
Traceabie Testing Equipment, on our
own FCC open field test site. Calibra-
tion data includes Antenna Factor, Nu-
meric Power Gain, and dBi Gain for
each individual Antenna. For Immunity
Testing Antennas we include Field
Strength measurements in Volts Per
Meter, and Radiation Patterns where
applicable.

Another difference is Design and
Construction. Each Antenna is de-
signed to be durable and long-lasting,
yet functional in varied applications,
such as in Anechoic Chambers or
Outside Test Sites. Antennas and ac-
cessories are machined and con-
structed ‘“in-house” for Optimum
Quality Control.

One last differ-
- ence and maybe
T the most impor-
i} tant, is EMCO’s
I continual Product

improvement thru Research and De-
velopment. For example, our Dipole
and Biconical Balun design is much
improved from the old DM-105 and
military designs . . . and we are con-
tinually researching and redesigning
to make EMI/RFI Testing simpler and
more accurate.

What other Test Equipment and
Accessories do you offer?

EMCO adds efficiency to
EMI Testing with an An-
tenna Positioning Tower /
(1-6 meters) and an Equip-
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 | .
Bus Option.

For Conducted
Emissions Testing,
EMCO manufac-
tures Line Imped-

— ance  Stabiliza-
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- I

Magnetic .
Intensity "{1“'/
Magne-

and

works,
Field
Meters,
tometers
Systems.

Why sheuid my company buy
your EMI/RFI Test Equipment?
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.

Helmholtz Coil

If you have more questions and are looking for Helpful Answers, Cal' us at (512) 835-4084.

The Electro-Mechanics Company
P.O. Box 1546/Austin, Texas 78767/Telex 767187
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We don’t make a lot
of noise about our
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you, then we may
be your source.
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Techtrol Cycionetics Inc.

815 Market Street New Cumberland, Pennsylvania 17070
(717) 774-2746
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»F products

AMI Analyzer

Electro-Metrics, a divison of Penril Cor-
poration, has announced the latest model
in its EMC-25 Series of instruments for
measurement of EMI (electromagnetic in-
terference). Designated the “EMC-25
Mark 1V,” the new instrument incorporates
microprocessor control, new bandwidths,
and other new features, while retaining
the basic 10 kHz to 1000 MHz frequency
range of its EMC-25 predecessors. The
new instrument features an IEEE-488
(GPIB) interface permitting direct opera-
tion from any computer with GPIB
capability. Software for testing to various
specifications such as MIL-STD-461 is
available for popular computers. Band-
widths in the new instrument have been
tailored to conform to the August 1984
proposed draft of MIL-STD-462B, and to
the October 1984 draft of British DEF
STAN 59-41 (Part 3)/2, as well as to ANSI
Standard C63.2. An optional rechargeable
battery/charger pack provides field opera-
tion away from AC power sources.
Electro-Metrics, A Penril Company,
Amsterdam, N.Y., INFO/CARD #176.

Automatic Transmission
Line Analyzer

Systron Donner has introduced a
sophisticated portable transmission line
analyzer. This rugged, portable system
makes automatic two-way attenuation and
distance-to-fault measurements on
waveguide and coaxial transmission lines
from 2 MHz to 18 GHz. The system has
four modes of operation: transmission line
test mode (fault location), reflectometer
mode (VSWR vs. frequency), instructional

mode (operator prompt), and a built-in
self-test mode. Other features include:
one port operation, foreign signal rejec-
tion, IEEE-488 and RS 232 interface, up
to 80 dB dynamic range and five remote
heads to fit various applications. Systron
Donner Corp., Concord, Calif., IN-
FO/CARD #175.

Portable Digital
Storage Oscilloscopes

Tektronix Portable Instruments Division
announced the new 2220, 2230, and 2430
family of portable DSOs. At the top of the
family line is the 2430, a fully programm-
ing DSO with 150 MHz bandwidth,
100-Ms/sec digitizing speed, and enhanc-

ed glitch capture to 2 nanoseconds. Pro-
viding midrange capabilities is the 100
MHz 2230 with on-screen cursor mea-
surements and easy-to-follow menus; and
at a lower cost there’s the 60 MHz 2220.
Pre- and post-triggering, enhanced glitch
capture (to 2ns in the 2430) and antialias-
ing features, extensive internal signal pro-
cessing, and system interfacing capabili-
ties are featured in these instruments.
Tektronix, Inc., Beaverton, Ore., Please
circle INFO/CARD #174.

IF to Tape Converter

A new series of miniature IF to tape
coonverters, designated as the 300ITC
series, is available from APCOM, Inc.
These units are housed in rugged metal
cases designed to provide TEMPEST in-

\

tegrity. Case size is only 3” by 5” by 6"
Power consumption is 4 watts and opera-
tion is from any external DC source in the
range of 8 to 17 volts. Maximum perfor-
mance is obtained by imageless mixing
and by matched group delay equalization.
A wide range of frequency conversions is
offered. APCOM, Inc., Rockville, Md.,
INFO/CARD #173.

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 mc

P.O. Box 14766 - Austin, Texas 78761 ¢+ (512) 251-2313 - TWX 910-874-1356
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IF
SPECTRUM
DISPLAY UNIT

e Choice of IF

e Ultra Compact — 134" x 814"
¢ High Resolution

e Lin/Log Display

e Reasonable Cost
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CUT YOUR RF
CONNECTOR COST
UP TO 50%!

When you need an SMA
or SMB connector, but don’t
want to pay for the MIL-spec,
you don’t have to sacrifice perfor-
mance. Johnson JCM miniature coax-
ial connectors give you a low-cost,
commercial-grade alternative.

For communications,
computer, office equipment
and test and measurement
applications up to 4 GHz, e
specify the JCM-B. For ‘
frequencies up to 8 GHz, spe-
cify the JCM-A.

Both can be interchanged and

intermated with their MIL-

spec counterparts. Both give

you virtually the same
electrical, mechanical and
™~ environmental perfor-
"&\% mance. Yet both can save
you up to half the cost of

their SMA and SMB equivalents.

JCM connectors are available in
gold or nickel-plated versions with
beryllium copper and half-hard brass
contacts. JCM-A bodies are screw
machined half-hard brass. JCM-B
bodies are die-cast zinc.

For complete specifications and
pricing on JCM-A and JCM-B minia-
ture coaxial connectors, contact your
local distributor or E. F. Johnson.

JOHNSON

® Components Division

E. F. JOHNSON COMPANY, WASECA, MINN. 56093
Telephone 1-507-835-6307 Telex 290470 TWX 810-565-2161
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Subroutine Library for
Signal and Image Processing
Quantitative Technology Corporation
(QTC) announces the Math Advantage™,
a software library of core algorithms for
use by engineers and scientists develop-
ing numerically intensive signal and im-
age processing applications. The com-
pany has developed a library for use in
designing satellite image processing or
signal processing systems, such as
microwave radar tracking systems. The
Math Advantage presently runs on over
20 different computers, ranging from the
IBM PC to supercomputers. Subroutines
in the library can be called from programs
written in either FORTRAN or C, using
calling conventions which have become
the de facto standard set by high-perform-
ance computer manufacturers such as
Floating Point Systems and Numerix.
Quantitative Technology Corp., Beaver-
ton, Ore., INFO/CARD #172.

RF Leak Detection System

The Electronic Instrumentation Division
of Eaton Corporation has introduced the
Eaton 3500 RF Leak Detection System.
The model 3500 “sniffer” is designed to

locate defects in RF shielding enclosures
over a broad frequency range. The system
consists of a current generator and a
small hand held detector enclosed in a
convenient transit case. The Eaton Gener-
ator is capable of inducing one ampere
of RF current flow in the outer surface of
a shielded enclosure; the Eaton Detector
will respond to a leakage magnetic field

EMI CAN BE FOILED

with

AD-MU-80 FOIL IN CUSTOMIZED SHAPES

High Permeabiity Shielding Alloy Foi

in thicknesses of .002", .004 , .006

and .010" can be fabricated by

Ad-Vance Magnetics for your spe-

cific requirements.

¢ 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-

i

Gives major designing
procuring guidelines. 2.3 of
84-page book contains
vatuable technicat
engineering information
about the entire magnetic
shielding field. 13 s catalog
data. Yours for the asking.

AD-VANCE MAGNE TICS,INC.

The Problem Solving Magnetic Shielding Specialists
e == 625 MONROE STREET, ROCHESTER, IN 46975

(219) 223-3158

TWX 810 290 0294
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as low as 0.5 pico tesla. Eaton Corpora-
tion holds a patent on this concept. Eaton
Corporation, Electronic Instrumenta-
tion Division, Los Angeles, Calif.
Please circle INFO/CARD #171.

Economy HF PIN Switching Diode

Designed for HF low-power applications
in communications and test equipment,
SDI's new economy PIN RF switching
diodes are ideal for band switching,
antenna switching matrices and TR or
ATR switching. The new type DPJ 0200--
034 diodes operate at low-bias conditions,
and have a typical resistance at 1 MHz
of 0.8 ohms at a forward current of 10 mA,
dropping to 0.5 ohms at 5 MHz. Typical

S —

ey
e /
ey
/ SRy

capacitances are 1.6 pF at 3 volts of
reverse voltage, dropping to 0.9 pF at 20
volts. A minority carrier lifetime of 500 ns
permits usage down to 0.5 MHz. Although
a twenty-volt breakdown is guaranteed,
typical values can be as high as 300 volts.
Model DPJ 0200-034 is supplied in a sub-
miniature axial-lead DO-34 glass pack-
age, and can be ordered taped and reeled
for automatic insertion. SDI Inc., North
Billerica, Mass., INFO/CARD #170.

Wide Bandwidth Oscillators
Scientific Communications, a manufac-
turer of electronic surveillance systems,
has developed a new series of Wide
Bandwidth Oscillators for use in a variety
of electronic products and subsystems.
There are 19 different models in the SCV
series of oscillators which cover the 25
MHz to 26 GHz frequency range. The
Wide Bandwidth Oscillators are varactor
tuned and have been designed to provide
extremely fast frequency tuning with mini-
mal post tuning drift. Normal full band tun-
ing time is 1 microsecond. All come with
integral load isolation, voltage regulators,
ultra fast settling linearizers, proportional
controlled ovens and reverse polarity pro-

limiting element that prevents
an otherwise good component
from performing properly at

Component leads can be the

frequencies above 500 MHz. The
lead inductance can shift the
self resonance of a capacitor to
much lower frequencies, and a
resistor can become highly
reactive. Stettner offers a variety
of leadless components, that is,
fixed and variable ceramic
capacitors. In addition to excel-
lent high frequency performance,

LEADLESS
COMPONENTS
BY STETTNER

LOW COST
HIGH
PERFORMANCE

these components require very
little board space, can be installed
with automatic insertion equip-
ment and can be wave soldered
using conventional solder

technigues.

STETTNER
ELECTRONICS, INC.
6135 Airways Blvd.
Chattanooga, Tennessee 37421
Phone: (615) 892-0291
Call Toll Free: 1-800-251-4558
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MISSING
LINK

If high rel crystals and filters
are the weak links in your
space, military, and com-
mercial systems, you've been
missing out on SCP.

Our ruggedized (Swept
Quartz; high G’s; shock; and
h.f. vibration to 3000 Hz)
problem solvers tough it out
for you.

Monolithics, time delays, and
matched filter sets (smallest
in the industry) from 1-200
MHz. Quality and Inspection
to MIL-1-45208.

When you need high rel and
tight specs in small pack-
ages, call us.

We're the missing link you're
looking for.

Never the weak one.

Crystal Products, Inc.
Where the Impossible Becomes the Ordinary

121 Water St., Box 249, Mineral Point, Wl 53565
Phone 608-987-3363, Telex 467581
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tection. They are designed to maintain
+1.0 percent linearity over the combined
effects of a -54 to +71°C temperature
range, and loads of 2.0:1 VSWR at any
phase angle. Scientific Communica-
tions, Garland, Texas, Please circle
INFO/CARD #169.

50-Watt Coax Terminations

Coax terminations that dissipate up to
50 watts in air without a heat sink have
been introduced by EMC Technology, Inc.
Model 41052 special coaxial terminations
are available with either SMA or N type
connectors, and may be mounted any-
where space permits on the package
without an external heat sink. Measuring
13" square by under 5” long, the ter-

minations offer greater design latitude as
a result of their mounting possibilities. The
new terminations have a maximum VSWR
of 1.25 up to 3.5 GHz. All terminations are
tested to the same environmental, elec-
trical, and mechanical specifications met
by EMC’s MIL-C-39012 approved 1 watt
Models 4110/4112 terminations, and can
be delivered to meet these same qualiifi-
cations. EMC Technology, inc., Cherry
Hill, N.J., INFO/CARD #168.

Ladder Circuit Design Software
Hayward Electronic Systems, Inc. an-
nounces it will supply LADPAC, a software
package for the design and analysis of
radio frequency ladder circuits. Ladder
networks are used extensively for elec-

tronic filtering and impedance matching.
LADPAC will design low pass, high pass,
traditional bandpass, coupled resonator
LC bandpass, and crystal ladder filters. A
special feature is a routine for the design
of Pseudo-elliptic low pass filters. The
software analyzes networks for transducer
gain, impedance match (return loss),
phase and group delay. Impedances may
be plotted on a built-in Smith chart. A
special routine draws and edits the sche-
matics of circuits designed by other LAD-
PAC programs. Enhanced operating speed
is available with LADPAC-87, which re-
quires the 8087 co-processor. Computer
requirements to run LADPAC are an IBM
PC or “compatible,” DOS 2.0 (or later), at
least one 5.25 inch disk drive, 192 K-Bytes
of RAM, and a color graphics adaptor. A
dot-matrix printer is recommended. Hay-
ward Electronic Systems, Inc., Beaver-
ton, Ore., INFO/CARD #167.

Plated Thru-Holes to Aluminum
Soladyne, a manufacturer of microwave
stripline and microstrip circuits for the
defense industry, has announced the
development of a new technique for cop-
per plated thru-holes to thick, aluminum-

The New Responsive

EMC Capability

For EMI/RFI Shielding Materials

Custom designed to

solve your specific EMI
problem, or standard
catalog designs.

(714) 891-8199
7341 Anaconda Avenue
Garden Grove, CA 92641-2910
Telex - 887897 EMC SHIELDING
FAX - 714 8958033

EMI Gaskets

Shielded
Windows

INFO/CARD 36
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You've decided not to

take chances with rfi
susceptibility. Then why mix

and match the tools you'll use to
test for it?

Instead, you can equip your en-
tire test loop with instruments froni
Amplifier Research that have
been thoroughly tested and work
well with our high-performance
broadband rf amplifiers.

From 1W to 10kW, 10 kHz to
1,000 MHz, in 32 standard models,

AR amplifiers give you optimum
power, bandwidth, and versatility
for your cw, sweep, and pulse
requirements. Each model pro -
vides instantly available bandwidth
without bandswitching or tuning,
is completely immune to load
mismatch, and won't shut itself
down when you may need it most.
But a high-quality test presumes

high-quality test
equipment throughout.
So we also supply special-
ized antennas, leveling

preamplifiers, field sensor systems,
fiber-optic telemetry links, TEM
cells, matching transformers, and
directional couplers.

With this full-system approach,
equipment variables are less likely
to show up in your test results.

Itll pay you to talk with us about
all your rfi test requirements.

» " AMPLIFIER
RESEARCH

160 School House Road, Souderton, PA 18964-9990 USA
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backed PTEE/glass and PTFE/ceramic
compositions. According to Soladyne, this
process allows microwave circuit board
designers to incorporate the favorable
temperature and mounting characteristics
of thick aluminum as a ground plane with
the dielectric constant properties of PTFE
substrates. Soladyne has built a dedicat-
ed plating line to prcess plated thru-holes
to aluminum on microwave circuit boards
up to 10"x 14”. Soladyne, San Diego,
Calif., INFO/CARD #148.

500 MHz Modular RF Amplifier

Boonton Electronic's new modular RF
amplifier, Model 997000, provides a mini-
mum power output of +19 dBm (2V) with
a gain of 30 dB. Frequency response ex-
tends from 0.5 MHz to 500 MHz. Harmon-
ics are better than 30 dBc at +16 dBm.
BNC and SMA versions are available.
Boonton Electronics Corporation, Ran-
dolph, N.J., INFO/CARD #147.

75-Ohm Coaxial Connectors

For network applications up to 2 GHz,
the new cable, panel, and bulkhead-
mounted 75 ohm BNC, SMB, and N-
Series coaxial connectors from AMP In-

corporated exhibit a VSWR of less than
1.3 and RF leakage is less than -55 dB
(-90 dB for N-Series). The nickel-plated
outer body houses polypropylene dielec-
tric and gold-plated center contact pro-
viding mechanical durability of 500 mat-
ing cycles. These connectors can be ap-
plied with hand tools or by automatic ma-
chines capable of finishing up to 200 ca-
ble assemblies per hour. AMP Incorpor-
ated, Harrisburg, Penn., Please circle
INFO/CARD #166.

Signal Generator for
EMC Applications

A programmable synthesized signal
generator with high output power, fast fre-
quency switching and comprehensive
modulation capabilities for Tempest test-

ing applications has been introduced by
Racal-Dana Instruments inc. The 9087T
covers a 17-octave wide frequency range
from 10 kHz to 1.3 GHz. Doublers are not
used which ensures that no sub-harmon-
ics are present at the output. The multi-
loop synthesizer design offers extremely
good spectral purity. The output level is
controlled in 0.1 dB steps, or by an exter-
nal DC leveling loop. An output voltage
of 2 volts into 50 ohm (+19 dBm) is
available across the complete frequency
range, allowing high power amplifiers to
be driven directly, without the use of in-
termediate amplifiers. Under GPIB (IEEE-
STD-488) control, the generator can set-
tle to a new frequency in less than 1mS.

Your moO
| tonger life,

. RFamMp

12 MODELS!

0N
the antenna specialists co.
8 member of The Alien Group Inc.
12435 Eucid Ave  Cleveland, OH 44106
Canada A C Simmonds & Sons, Ltg

st reliable source for

higher performance

lifiers.

H BAND, VHF. UHF.

4 ". w

INFO/CARD 38

60

SIN

BAND PASS, LOW PASS, HIGH PASS
VOLTAGE CONTROLLED ACTIVE FILTER

Incorporating two independent tilters
and two control amplifiers.

e Fc Range 1:1000

e Fc 50 kHz Max.

o Distortion: THD=0.03%

e Low Noise: 100 mV rms Max.
¢ input Power: * 15 volts

e Signal Input: 10V peak-to-peak.

2908 Oregon Court
Suite H-1

Torrance, CA 90503
(213) 533-7196

Sabor corporation
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The Model 9087T was specifically design-
ed for EMC applications and can provide
all the features necessary to perform
Tempest testing from 10 kHz to 1.3 GHz.
Frequencies below 10 kHz can be cov-
ered with additional external hardware.
Racal-Dana Instruments Inc., Irvine,
Calif., INFO/CARD #165.

Reduced Size
Limiter Discriminator

A new series of high performance limi-
ter discriminators 70 percent smaller than
the most advanced thin film hybrid de-
signs previously offered is available from
RHG Electronics Laboratory, Inc. Models
are catalogued for the ICDL and ICDLP

series of limiter discriminators at six fre-
quencies in the 30 to 750 MHz range.
They are packaged in a Kovar housing
measuring 2.5”x 1”x 405" (63.5mm x
25.4mm x 10.3mm) and weigh less than
2 ounces (57 grams). The size reduction
in the RHG limiter discriminators was at-
tained by rearranging the discrete devices
and the thin film resistive elements on a
smaller alumina substrate. The devices
are hermetically sealed, and operate over
the —40 to x70°C temperature range. RHG
Electronics Laboratory, Inc., Deer Park,
N.Y., INFO/CARD #164.

Lower Cost Diodes from NEC
New, low-cost packages for the PIN,
Varactor and Schottky diodes are now
available from NEC with similar perfor-
mance specifications as the all-ceramic
packages. Prices are, on the average,
from 30 to 35 percent below those for
previous diodes. The PIN diodes
(ND6651-3A) have fast switching times of
5 ns along with the ability to operate at
frequencies between 1 and 18 GHz. The
Varactor diodes (ND3048, ND3049 and
ND3050) have a capacitance of .6 pF, a
capacitance ratio up to 15:1, and a quali-

ty factor of 4000. Single and double-
balanced GaAs Schottky barrier mixer
diodes are available in “T” (ND587T-3B)
and “Ring” (ND587R-3C) configurations.
With a wideband capability at X-band fre-
quencies, these new diodes have a low
terminal capacitance ranging from .18 to
.26 pF. California Eastern Laboratories,
Santa Clara, Calif., INFO/CARD #163.

Noise Diode for Stripline
or Microstrip Mounting

A new White Gaussian noise diode for
stripline or microstrip packaging is now
available from Noise Com, Inc. The pack-
age measures 0.100”x 0.100""x 0.040" with
ribbon flat axial leads 0.020’x 0.005". It
is hermetically sealed and ideal for sur-
face or clamp-in stripline mounting. This
device, Model ND914, covers the frequen-
cy range 10 MHz to 18 GHz, has an out-
put of 30 dB ENR min., breakdown volt-
age 9-11 volts and operating current of 10
mA typical. It is capable of meeting all the
military specifications. Other White Gaus-
sian noise diodes with smaller package
sizes are also available. Noise Com Inc.,
Hackensack, N.H., Please circle
INFO/CARD #162.

VDE/CISPR
SAE « ESD

SERVING INDUSTRY & GOVERNMENT SINCE 1956

SEl--Your EMI
Problem Solver!

FCC; Parts 15, 15J & 18
MIL STD.'s: 461/462

Shielding Effectiveness
(Cables, Cabinets, etc.)
Radiation Hazard
And MUCH MORE!

Call SEl for All Your Testing Requirements.
BEST PRICING!

216/926-4386

?j‘) SMITH ELECTRONICS, INC.

8200 SNOWVILLE ROAD
CLEVELAND, OHIO 44141

EMC Chambers built for
tomorrow ... TODAY!

minimize the
interference
associated with
environmental
electromagnetic
noise on the
emissions mea-
surements of the
device being
tested.

Since standard
absorbers suffer
from degraded

(619) 449-9492

EMC chambers are used to
test equipment for electro-
magnetic compatibility and
susceptibility criteria. The
EMC facility is desngned to

many of these facilities offer-

ing features such as:

* Product security.

e Correlation to outdoor
site measure-
ments.

* Quick evalua-
tion of design
changes.

¢ Cost effective
use of engl-
neering time.

* Ease of swept
frequency
measurement
techniques.

I Advanced Elec-

performance when the mate-
rial is less than 1/4 X thick,
Advanced ElectroMagnetics
has developed a new EM
Series of absorbers for use in

ADVANCED ,
ELECTROMAGNETICS, INC.'W

PO Box W, 9257 Mission Gorge Rd., Santee, CA 92071-0618

troMagnetics, Inc. is your
source for EMC Chambers

built for tomorrow ... TODAYI
Call or write for
complete details. l\
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Video-Speed D/A Converters

A series of video-speed digital-to-ana-
log converters (DACs) offering improved
specifications has been introduced by
Analog Devices, Inc. The new HDG fami-
ly are the only converters in the 8ns speed
class to operate over a full -55°C to
+125°C temperature range to suit military
applications. The converters dissipate
730mW maximum, and feature a 30ppm/

°C maximum nonlinearity. The HDG
series feature an internal reference. Appli-
cations for the DACs include color graphic
displays, raster scan displays, TV video
reconstruction, CAD/CAM displays, digital
VCOs (voltage controlled oscillator), and
process control systems requiring fast set-
tling. Other key performance features in-
clude typical power supply rejection ratio
of 0.005 percent, supply current of 140mA

didn’t need

But modern electronics involves more than a transmitter,

a receiver, and a wire.

price!

Find out why

you need Modpak,
send for our
complete cataloy

Your vulnerable RF circuit needs the
protection only Modpak can give: a
sturdy, RFI-shielded enclosure, user-
designed with a choice of four inter-
changeable connectors and more than
30 standard off-the-shelf sizes or cus-
tom-fabricated in virtually any size.
Top and bottom covers are easily re-
moved for access to both sides of your
PC board. All this at an affordable low

Adams [ 4 Russell

MODPAK DIVISION

80 Cambridge St., Burlington, MA 01803

(617) 273-3330
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maximum, update rates to 125 MHz mini-
mum and single -5.2 V power supply op-
eration. The new hybrid converters are of-
fered in 8, 6, and 4-bit resolutions. The
HDG-0405 accepts four bits of digital in-
put, the HDG-0605 has six bits, and the
HDG-0805 has eight bits. The devices
have an output impedance of 75Q and a
low strobe input loading. Analog
Devices, Inc., Norwood, Mass., Please
circle INFO/CARD #161.

Conductive Adhesives for
EMI/RFI Shielding

Magne-Bond™ 102-series conductive
adhesives for EMI/RFI shielding applica-
tions are now available from Yarbrough-
Timco Division of Aremco Products, Inc.
These conductive adhesives are design-
ed to bond EMI/RFI shielding such as
aluminum-silicone gaskets and braided

monel over silicone gaskets to assure in-
timate contact and a conductive path
necessary to protect sensitive circuitry.
Magne-Bond™ 102-series conductive
adhesives are available in 4 composi-
tions: YT-102-1, a silver/epoxy; YT-102-2,
a nickellepoxy, YT-102-4, a silver/silicone.
Yarbrough-Timco, Division of Aremco
Products, Inc., Los Angeles, Calif., IN-
FO/CARD #160.

Electronic Filter Software Program
for Personal Computers

The S/FILSYN software program for the
design synthesis and analysis of all kinds
of electronic filters has now been releas-
ed for personal computers by DGS
Associates. This new edition for personal
computers comes in six modules and is
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not a restricted version. Several utilities
come with the package, including one that
allows the construction of templates for
the repeated design of filters. The S/
FILSYN program runs on any computer
with an 8087 coprocessor and a minimum
of approximately 320K bytes of memory.
A hard disk is strongly recommended. A
package of nine small programs is offered
for the design of Butterworth, Chebyshev
and Elliptic lowpass, highpass, bandpass
and band reject filters in passive LC form,
or their analog or digital transfer functions.
The package includes a small ladder an-
alysis program and a graphics utility and
costs much less than the full program.
DSG Associates, Santa Clara Calif.,
Please circle INFO/CARD #159.

Video Noise Eliminator

Allen Avionics introduces a new Video
Noise Eliminator, model VNE-75, a high
frequency Hum Eliminator which will
operate up to 20 MHz, and provide a
minimum of 45 dB isolation along with no
phase or delay distortion. The unit is
packaged in an isolated high impact ABS
case 2"'x 3.25"x 4.38" with BNC connec-

tors for input and output connections. The
Hum Eliminator is manufactured in a 75
ohm impedance. Allen Avionics, Inc.,
Mineola, N.Y., INFO/CARD #157.

New VCO Line

MRM adds to its oscillator line with the
introduction of Octave Bandwidth VCOs,
starting with model MV-1, which covers 5
to 1 GHz with 0 to 10 volt tuning and pro-
vides +10 dBm output over a temperature
of -50°C to +90°C. Oscillators are avail-

able in up to octave bandwidths to great-
er than 20 GHz. Microwave Research &
Mig., Inc., Hopedale, Mass., Please cir-
cle INFO/CARD #158.

LASER SCRIBED
MONOLITHIC COILS
SEMI-MONOLITHIC
i COILS

‘ - Also Available -

Ceramic & plastic forms,
components, and mountings
l for SMT components

DITECH
2254 Kingsway Dr.

’ Cape Girardeau, MO 63701
’ (314) 334-0146
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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 vhi 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.
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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
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AEP...THE
FULL LINE SOURGE

OR FIRST RATE COAXIAL CABLE
ASSEMBLIES ... FLEXIBLE & SEMI-RIGID

Expert techniques, sophisticated equipment and “no-hassle” service. ..
all are yours with AEP cable assemblies. Flexibles are made to “spec”
tor any RG-178U to RG-214U cable size with any connectors. Semi-rigids

are custom formed with any .085” to .250” size cables and with any
connectors. Add rigorous quality
control for preclsion and
economy ldentical to our
SHigh-Rel” Subminiature
Coaxial Connectors.
Call or write for
details, now.

107381

ENGINEERING
PRODUCTS

1475 Whalley Ave. P.O. Box A-D Amity Station
New Haven, CT 06525 (203) 387-5282 TWX: 710-465-1173
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1.001-9€4, SMA $8.9010EA.

Model
Number (2) P [Power W) Range

DC-1.3GHz
0C-1.5GHz

Flaed Attenustors, 1 to 20 08
46,3} 20 .5W)

AT-88 | 4.20M2

AT-78 or AT-90 75 or 83 {.5W) DC-1.5QHz (T30MM 1)
Detector, Mitzer, Zero Bias Schottky:

COo-81 80 .014.20M2

DM-51 30 .014,.20M2

Mesistive impedance Transtormers, Minimum Loes Peds:
-6/ T8 8010 78 -1.5GH2

a8
88

58Radel
88823888

Slelel
8828888

93 (25W)

Ib.mn:hod Terminstions, 1.08:1 to 3:1,
MT-81 80 X
“T-78 78
Feed thry Terminations, shuni resistor:
FT-80 50
PT-78
FT-90
Dirsctional Coupler, .\o a8:
DC-s00
Resistive Decoupier, series resistor o Capactive Coupm seciae capacitor.
RO or £C-1000 1000 (1 000PF) 0C-1.3GH 12.00

Adapt,
CA: ao m 1o BMA) 50 DC-4.20M2

Inductive D.couvhu series inductor:
LO-RIE 17uM DC-300MMHz
LD-8ns l L) DC-55MH2

Flaed Attenuator sm 3,8,10,and 2008, In phnu: cove:
AT-S0-BET (3) oc-t

AT-81-8€T 50 oc-y. snm
Reactive Mutticoupiers, 2 snd 4 output ports:

TC-128-2 0 1.5-125MN2

TC 1284 s0 1.5-125MH2

Resistive Power Dividers, 3, 4 and 9 ports:
AC-2-30 50

3

g2 32 &2 &g
88 88 88 88

M -3-30 80
830 80
u: 376, 478 7%

boumo Balsnced Mizers:
11000 %0

8 8

%0 2-500MH2

AF Fuse, 1/8Amp. and /18 Amp.
FL-80 %0 DC-1.5GHx 4 18.00
FLT8 i DC-1,8GHz 4 18.00 -

NOTE: 1) Critical perameters fully tested and guarantesd. Fabricated from Mil. Spec. High-fei. resistors.
Schottky diodes, MU, Spec. pleted psnts, and connectors in nickel, sitver, and goid. 2) See cataiog for compiete Mode!

Number. Speciy connector sexes, Specists svalishie. 3) Callbration marked on label of unit, 4] Price subject 1o change 1988-A
without notice. Shipping $8.00 Domestic or $156.00 Foreign on Prepeid Orders Delivery b stoch to 30 dars ARO

(!'/com SYSTEMS INC. 305-994-1774
4032 CLINT MOORE ROAD, BOCA RATON, FL 33431

INFO/CARD 46
64

»y ’ pl'OdUC]S Continued

Ceramic Chip Capacitors

A new line of ceramic chip capacitors
for microwave applications is announced
by FTEC (Federated Technology and
Electronics Corporation). According to the
manufacturer, the multilayer (monolithic)
capacitors are usable to 18 GHz with low
loss and low equivalent series resistance
(ESR). Their capacitance range is from 0.1
to 1000 pF. The standard voltage range

is from 50 to 500 WVDC, and the tempera-
ture range is from -55°C to +125°C. Sev-
eral standard size packages are available
in chip, pellets, axial and radial lead con-
figurations. The Q factor is greater than
50,000 at 1 MHz. The dielectric material
is magnesium orthotitanite (Ti0 2Mg0), F-
TEC, Piscataway, N.J., Please circle
INFO/CARD #156.

Automatic Telecommunications
Test System

Watkins-Johnson Company has in-
troduced the ADATE WJ-1570 Telecom-
munications Test System. The system pro-
vides automated alignment and perfor-
mance evaluation of digital and analog
single-sideband microwave relay radios
and multiline channel-switching systems.
It is suitable for either field maintenance
or factory acceptance testing. In its stan-
dard configuration, the system operates
from DC to 6 GHz. It consists of three ma-
jor assemblies: the main rack assembly,

an umbilical cable assembly and a remote
test interface. The remote test interface of-
fers front-end stimulus and measurement
capability to both channel-switching sys-
tems and microwave relay radios. The re-
mote test interface may be positioned as
far as 50 feet from the main rack assem-
bly via the umbilical cable assembly. Sys-
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tem software is managed by the industry-
standard UNIX operating system. W-J’s
COLT-1I (Conversational On-Line Transis-
tor) provides the ability to easily generate
and execute extensive functional telecom-
munications test and alignment programs.
Watkins~Johnson Company, San Jose,
Calif., INFO/CARD #155.

900 MHz Power Amplifier Modules

Motorola announces power amplifier
modules intended for applications in 900
MHz portable cellular radios — the
MHW802-1 and MHW802-2. Rated at 2.2
watts output power, the UHF power ampli-

EMI/RFI suppression
problems solved by
Equipto Electronics

Our unique new stainless steel cabinet design plus the
application of new high-tech gasketing material provides
the most advanced electronics cabinets available for sup-
pression of radio frequency interference (EMI/RFI).

Our new High Reliability cabinets overcome the prob-
lems inherent in previous shielding systems, where galvanic
reaction between the dissimilar metals used caused rapid
deterioration of shielding effectiveness.

Equipto Electronics’ new cabinet design also eliminates
the need for special hardware that restricts access to the
cabinet interior. The new line is offered with the modularity
of Equipto’s industry-leading non-RFI cabinets.

Write for a free TECHNICAL GUIDE
and further information on Equipto’s

new line of High Reliability EMI/RFI
suppression cabinets.

fier modules are ideal for 1.0 watt port-
ables. They provide over 3 dB reserve

351 Woodlawn Avenue
Aurora, IL 60506-9988
(312) 897-4691

INFO/CARD 48

New MLCs with negative TC available from
SFE Technologies combine excellent stability
and tight tolerances with a wide choice of packaging.

chips, 2-pin DIPs, molded axials and
-80 ppm/°C and -150 ppm/°C, our radials, glass encased axials and con-
negative TL MLCs span a capacitance formal-coated radials. In all standard
range of | pF to .056 uF with tolerances packaging methods including bulk,
to 1%, working voltages from 25 to 500 tape-and-reel for pick-and-place and
VDC, and have all other characteristics automatic insertion.

of standard NPO series ceramics. Their Check these additional advantages:
stable performance compared to plastic * Cost effective— eliminates multiple
film capacitors makes them ideal capacitor trimming.

replacements for polystyrene, * Compensates for positive TC of
polypropylene and polycarbonate inductive components, giving
components, in filters for modems, superior filter performance over
cable TV, RF amplifiers and other temperature changes.

* Capable of high-density packaging in
thick-film hybrid or printed circuits.
For more information, call Steve

Klein at (818) 365-94!1. Or write to
SFE Technologies, San Fernando
Electric Division, 1501 First Street,

San Fernando, CA 91340-2793.

With a temperature coefficient of

telecommunication applications. They . Sl TECHNOLOGIES

are unaffected by high production }3{5& Capacitance A TS AT

methods of solder attachment such as s T San Fermando Electric Division
ure

wave solder. Available in leadless
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IBM PC/XT/AT/Jr Apple I1+/c/e C64
Macintosh Kaypro 2/2X/4/10

STAR 1.0 is a powerful general purpose RF analysis and optimization program . it
handles resistors, capacitors, inductors, two-portdata, transformers, trans-
mission lines, port conversions and cascade,series and parallel connections. A
circuit is described and stored as a file. Files may be recalled and edited. Output
is to the screen, printer or a printer plot. Stability circles are also computed.

Optimization, with selectable weights, of any 10 circuit values are allowed. There
are 28 example files included on the disk and described in the complete manual.

STAR 1.0 allows up to 50 lines in an easy to write circuit file. This is more than
enough capacity for amplifiers, filters, matching networks, oscillators, hybrids
and other circuits. Up to 100 frequencies may be used in one run.

STAR 1.0 is todays best RF circuit design software value. Return info card or
write for free brochure.....Or for immediate delivery, order today.

CIRCUIT
BUSTERS

P.O. BOX 256 LILBURN, GA 30247
IBM PC/XT/AT/AJr...1DSDD...DOS 2.0+...Basica................. $99.00
with Microway 87Basic/Inline 8087 support..super fast! . $195.00
(0154 5 DR R NS 2 B T T A e R S $99.00
Apple ll+/c/e...1SSDD...Applesoft basic............cccecevvernin. $89.00
Macintosh...128 or 512K...MS-Basic...Imagewriter............. $99.00
Kaypro 2/2X/4/10...1SSDD -Drive...CP/M...MBasic............. $89.00

Shipping paid on prepaid orders. Purchase orders requiring invoice add 5% to
total. Net 30 days. 1.5% per 30 days after 60 days. Orders shipped within 7 days.

INFO/CARD 49

A CHOICE!

Flexible metal-core conduit
systems with a wide selection
of EMC shielding properties.

Glenair offers flexible con-
duit systems for mechanical
protection of wiring and
for electromagnetic com-
patibility applications.
Unique shielding of flexible
metal-core conduit meets virtu-
ally any EMI/RFI suppression
requirement, from H and E field
shielding to TEMPEST, EMP and
Lightning,
New Series 75 System.
Glenair’s new Series 75 metal
core conduit system offers un
surpassed mechanical integrity

and compatibility. Supplied
unjacketed or with a Neoprene
jacket for complete waterproofing
and environmental sealing. Other
jacketing materials available.
Conduit construction qualified to
MIL-C-13909.

In-house capabilities and
facilities.

Glenair has over 25 years
experience producing solutions to
special electrical interconnection
problems. If you're looking for a
cost-effective answer to a conduit
problem, call or write:

GLENAIR, INC.

1211 Air Way = Glendale, California 91201-2497 « (818) 247-6000
INFO/CARD 50
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power to compensate for normal duplex/
filter losses. The amplifier operates at a
supply voltage of 9.5 Vdc which enhances
battery life. Thin film construction provides
consistent performance and reliability in
addition to guaranteed stability and rug-
gedness over a wide range of input power
and source/load VSWRs. Two models are
now available: one covers the domestic
band — MHWB802-1 (825-845 MHz) and
the other is for the European band — the
MHW802-2 (890-915 MHz). Motorola
Semiconductor Products Inc., Phoenix,
Ariz., INFO/CARD #154.

Plug-In Encoder-Decoder
Communications Specialists has in-
troduced a direct plug-in encoder-decoder
for three popular radios. the TS-32JRC is
based on the proven TS-32 program-
mable encoder-decoder and plugs direct-
ly into the JRC JHM-45S50, Sonar FM--
2112/FM-2114, and Repco RSM. No modi-

fications to the radio are necessary. The
TS-32JRC allows individual selection of
all 32 standard EIA CTCSS tones on any
of the radios’ 16 channel. The send and
receive tones may be the same or differ-
ent on each of the 16 channels. The TS--
32JRC is available for immediate delivery
from factory stock. Communications
Specialists, Inc., Orange, Calif., Please
circle INFO/CARD #153.

Miniature Metallized
Polycarbonate Capacitor

TRW'’s Capacitor Division has introduc-
ed the X441 metallized polycarbonate
capacitor for miniature electronics and
high-performance circuitry applications.
The metallized polycarbonate film con-
struction of the X441 provides low dissipa-
tion factor and dielectric absorption, high
insulation resistance and very low
temperature coefficient characteristics.
The metallized construction provides size
and weight savings with lead spacing on
.200 centers, and the X441 is auto-
insertable. Capacitor Division, TRW
Electronic Components Group, Ogalla-
la, Neb., INFO/CARD #149.
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New Literature ‘

EMI Shielding Products Catalog

Tecknit is offering a new short form catalog of EMI shielding |
materials. The 11-page booklet is an illustrated condensation of |
the manufacturer’s 117-page product catalog. A wide variety of |
shielding materials is listed, including part numbers of standard
EMI materials. Brief descriptions, applications information, and 1
specifications of the company’s products provide a quick over-
view for readers. Tecknit, Cranford, N.J., INFO/CARD #146.

' ; Directional Coupl
lon Beam Milling Services | S RInT

lon Beam Milling, Inc. has released a new application note = T T T T T
brochure, discussing the process of ion etching in detail. Circuit e
patterns with greater than 200 microinch metalizations canbe | || ' i 1 f
delineated with line and space tolerances better than 10 microin- | Fo—— e $.09¢
ches. Cost savings, with improvement in yield and quality can 32008 | v {’
be realized in the processing of tantalum nitride resistors, lange ‘ [473-
couplers, and tin film spiral inductors. lon Beam Milling, Inc., | [
Manchester, N.H., INFO/CARD #145. | Flageon
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Applications Note from Analog Devices ' [*7sp-200m

A new applications guide from Analog Devices, Inc. discusses
the operation and applications of the AD654 VFC (voltage-to-
frequency converter). Selection criteria for support components
is given, such as how to set full scale input voltage and full scale
output frequency. The note describes the use of the AD654 in
a wide range of circuits, with applications in temperature-