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ATTENUATION {(dB}

GaAs MMIC
Variable Attenuator:
An Alternative to
PIN Diodes
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What RLC’s
Coaxial Switches
Can Do For You...
"‘PERFORM!

From D€.to 40 GHz
with low insertion loss,
high isolation and.._

>

low VSWR.
QPL approved to
MIL-S-3928.

RLC’s complete line of switches have
the high quality and superior
performance you need. Select a
standard switch from our catalog or
have us build a custom one to your
exact specifications. Prototype
delivery takes less than four.week
~ standard delivery from stock.

Types: SPST to SP10T,
Transfer, Terminated,
High Power

Frequency Range | DC to 40 GHz

Operating Power
Failsafe: 12VDC, 28 VDC,
115VAC
Latching: 12VDC, 28 VDC,
115VAC

Switching Time: 15 msec max.
Life: 1,000,000 cycles min.

Environmental ”
Conditions: MIL-S-3928,
MIL-E-5400

Operating Mode: | Failsafe, Latching,
Manual, Manual
Override

Options: | Indicators, TTL,
' Voltages

Connectors
3 SMA, N, TNC,

BNC, SC, HN

Power: Feedthrough solder

lugs (standard)

Mutti-pin connectors

(optional)

Call or write today for complete
specifications.

RLC ELECTRONICS, INC.

83 Radio Circle, Mt. Kisco, NY 10549
(914)241-1334 « TWX: 710-571-2103

Belgium: 011 (32) 02-511-22-77 ¢ France: 011 (33) 1-534-75:35 Germany: 011 (49) 906-4091 < India Bangalore: 011 (91) 602120 = Italy: 011 (39) 2-7380641/2
Israel: 011 (97) 203259598 » Japan: 011 (81) 270-5921 » Taiwan: 011 (02) 751-3733/44 » United Kingdom: 011 (44) 1-979-0123
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The nicest things come
in the smallest packages...

like High Performance
Reeves-Hoffman VCXO0's!

Reeves-Hoffman hybrid 2 to 30 MHz TTL VCXO'’s offer superb performance characteristics in
our low-profile (.200” tall) 4 pin DIP. Deviation in excess of +100 ppm, linearity to +5%, and
temperature stability of +100 ppm (0° to 70° C) are standard; custom designs are readily
available.

Our hybrid 30 to 100 MHz sinewave VCXO's feature
superior deviation, output power, and stability specs in a
24 pin “double DIP" package (1.39”L x .80"W x .40"H).

Our customers benetit from unsurpassed price,
delivery and quality control due to Reeves-Hoftman'’s
internal crystal, package, and hybrid substrate capabil-
ities. If you need a VCXO, you need Reeves-Hoffman!

DIVISION DYNAMICS CORPORATION OF AMERICA

Free Catalog

Call or write for

our new frequency
control products
catalog and further
information about
our VCXO capability.

oy
||Ilmll|

Reeves-Hoffman, 400 W. North Street, Carlisle, PA 17013 USA ® Phone 717-243-5929
TLX 265873 RHDV UR ® FAX 717-243-0079
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We Rewrote The
Book On Small

Signal Bipolars,

NEC

NEC Corporation

Our new brochure can give you everything
you need to know about NEC industry leading
family of small signal bipolars.

No matter what vou select, vou can be
assured of the highest quality anywhere
and at a surprisingly low cost.

NEC’s bipolar line also addresses a breadth
of applications — from consumer to space.

In addition, these parts feature outstanding
performance up to 10GHz.

Whether you're looking for our famous
small signal NPN transistors or the two newest
members of our family —a 4-pin minimold
and tape and reel package — NEC has a bipolar
solution for virtually any need or application.
Including your ultra low noise requirements.

So don’t go around in circles for your circuit
needs. Contact us so we can send you our new
brochure. It will give you the complete story.

California Eastern Laboratories
3260 Jay Street, Santa Clara, CA95054  (408) 988-3500
Western (408) 988-3500  Eastern (301) 667-1310

Canada (613) 726-0626

Europe NEC Electronics GmbH 0211/650301
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Page 33 — RF Radiation Hazards

T T
I ! I | { i
| 4 | o4
{ f 1
! ! I | | J

" -
I I ! { ! |

|
! I ] L I ] | J
{ | 1 |
| Ul | |

™ Tl > T

| T asny: o
L s i i

prg
AT T
| = 2 | }
—F re —_ LY
| e wmanin e i St NG\

ﬂ.—r—_v—.f—_:':‘ff/.’ 3— R N
= s St ns A

e e e e e s

e T+
= = —

w3dB = 40 MHz w3dB

Page 38 — Filter Group Delay
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Page 50 — Digital Inductance Meter
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Cover Story

A Linear GaAs MMIC Variable Attenuator

27
Watkins-Johnson Company introduces a variable attenuator using GaAs MMIC
technology. Intended to replace PIN diode designs, this new device takes ad-
vantage of FET performance for low power consumption, accurate lineariza-
tion, operation possible to 20 GHz, and the low cost of integrated manufac-
turing. — Thomas Kritzer, David Fisher and Salvatore Algeri
Features
33 Special Report — RF Radiation Hazards:
An Update on Standards and Regulations
This report looks at the current status of governmental regulation of RF radia-
tion hazards, and summarizes some recent studies of areas with a concen-
tration of broadcast transmission facilities. Of special note is a report on cur-
rent study by the ANSI subcommittee toward development of a revised human
exposure standard. — Mark Gomez and Gary Breed
3g Featured Technology — Chebyshev and Butterworth
Filter Group Delay and Delay Distortion
Alteration of the time-domain characteristics of signals is an important aspect
of filter performance. This article analyzes these characteristics in Chebyshev
and Butterworth filters, including a BASIC program to perform delay computa-
tions. — Robert C. Kane
50 Simple Digital Inductance Meter With 0.1 nH Resolution
This design was one of the prize winners in the RF Design Awards contest.
The circuit allows precise measurement of inductors, even the small induc-
tances that are often difficult to measure accurately with commercial instru-
ments. — Roger A. Williams
56 RF Expo East — The Technical Program
Basic tutorials, advanced design techniques, and design ‘‘case histories”
highlight the second RF Expo East. To keep engineers abreast of an impor-
tant area of scientific research, a special panel discussion on superconduc-
tivity will examine its RF applications.
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HIGH POWER
COUPLERS

2000 WATTS

.01-250 MHz
MODEL C1460
COUPLING 50 dB
DIRECTIVITY 20 dB
VSWR 1.15:1

100 WATTS

.05-1000 MHz

MODEL C1634
COUPLING 40 dB
DIRECTIVITY 20 dB
VSWR 1.2:1

BROADBAND RF
COMPONENTS

Hybrid Junctions

Power Combiners

Power to 20 KW
Frequency .01-2000 MHz

See Gold Book and Microwave & RF
Product Directory for Additional
Products.

‘\ﬂluo,
' WERLATONE INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
TWX 510-600-0747

decades ahead
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»rF editorial

Education — A Job We Take Seriously

Gary A. Breed
Editor

Among the articles in this issue is a
summary of the technical program for this
November's RF Expo East. Please take
note of the papers to be presented, then
do your best to get to Boston and take
part!

With a lot of hard work, and with the
able assistance of Dick Wainwright,
we have developed a program that we are
unable to keep quiet about. Here’s what'’s
so exciting:

Basic tutorials on power amplifier
design, operational amplifiers, computer-
aided filter design, phase locked loop
principles and test systems.

Advanced techniques for high-efficiency
amplifiers, A/D conversion, time domain
analysis, network synthesis and phase
noise measurements.

Practical case histories, including our
contest-winning frequency multiplier, high
power solid-state amplifiers, receiver IC
applications, plus EMC tests and mea-
surements.

A panel discussion on superconductivi-
ty, with examples of recent developments
that are beginning to reap benefits in the
world of RF.

The authors of these papers are justifi-
ably proud of their work, and are willing
to stand up before their engineering peers
and share their expertise. They deserve
your support, but more than that, they are
offering their unique understanding to
help other engineers (that means you).
The education contained in three days of
an RF Expo cannot be duplicated any-
where else.

A Re-Dedication

With this issue, RF Design completes
nine years of publication. As we begin our
tenth year, we have taken time to re-
examine just what it is that makes RF
Design valuable to our readers (and
therefore, to our advertisers). The an-
swer is the same now as it was nine years
ago — we give engineers information that
helps them do a better job. Although tech-
nology has changed dramatically since
the November/December 1978 inaugural
issue, the need for engineers to know
what is going on with technology has not.

The greater effort that has gone into the
development of technical programs for RF
Expo East is being continued for next Feb-
ruary’s RF Technology Expo and for RF
Design magazine itself. This effort reflects
a re-dedication to our role of providing
engineering education and information.

To help us do the best job possible,
there are two things you can do. First,
send us your comments on any aspect of
the magazine, or on any other subject you
feel is important. In addition to your feed-
back, we need your expertise. Most of our
articles, and all of our Expo technical
papers, are contributed by readers. No
matter how many articles we may receive
to consider for publication, they can't
possibly cover all important areas of
design. Your idea may be just what is
needed. Let us hear from you.

October 1987



BROAD BAND NOISE SOURCES

FOR SPACE, MILITARY AND
COMMERCIAL APPLICATIONS..

CHIPS AND DIODES

eGlass ¢ Ceramic ® Beam-Lead
eHermetically Sealed ¢MIL-STD-202
eAudio *VHF eUHF ¢RF eMW ¢MM
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TYPICAL STANDARD MODELS

NC 100 Series
NC 200 Series
NC 300 Series
NC 400 Series

up to 3 MHz
up to 500 MHz
up to 11 GHz
up to 50 GHz

ALL ARE IN STOCK

DROP IN MODULES
FOR BITE

Self energized in TO-8
Ideal for self testing of receivers
50 ohms, 30 dB ENR min,

35 dB ENR typ.

TYPICAL STANDARD MODELS
NC 501 up to 500 MHz
NC 502 up to 1 GHz
NC 503 up to 2 GHz
NC 504 up to 3 GHz
NC 505 up to 4 GHz
NC 506 up to 5 GHz

ALL ARE IN STOCK

BROAD BAND
AMPLIFIED MODULES

PLUG-IN, DUAL-IN-LINE
24 or 14 PIN, 150mv out

TYPICAL STANDARD MODELS
NC 2101 up to 20 kHz
NC 2102 up to 100 kHz
NC 2103 up to 500 kHz
NC 2104 up to 1 MHz
NC 2105 up to 10 MHz
NC 2106 up to 20 MHz

MOST ARE IN STOCK

HIGH-OUTPUT:

+10 dBM, 50 ohms
SMA or BNC output

TYPICAL STANDARD MODELS

NC 1101A up to 20 kHz
NC 1107A up to 100 MHz
NC 1108A up to 500 MHz
NC 1109A up to 1 GHz
NC 1110A up to 1.5 GHz

Other frequency ranges
and output levels available

MOST ARE IN STOCK
INFO/CARD 5

BROAD BAND
PRECISION,
CALIBRATED

COAXIAL

SMA, N, TNC Output Connectors

TYPICAL STANDARD MODELS
NC 3100 Series|up to 18 GHz
15.5 dB ENR,
noise figure
meter compatible.

NC 3200 Series|up to 18 GHz
30-35 dB ENR,
high noise
output.
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“NOISE IS OUR ONLY BUSINESS”

NOISE COM, INC.

111 Moore St.

Hackensack, N.J. 07601

TWX 910-380-8198

For more information and quick

response, call Gary Simonyan at
201-488-4144,



»F viewpoint

Come to the (RF) Fair

By Keith Aldrich
Publisher

n January 1985, this magazine held the

first RF Technology Expo — at the
Disneyland Hotel, Anaheim, California —
and opened a kind of gladsome Pandora’s
Box.

By February 1987 we had replicated
that event four times; three times in Ana-
heim, and once in Boston, with the first
RF Expo East, last November. Now as we
approach the second RF Expo East — to
be held November 11-13, Boston World
Trade Center — it is possible to discern
the emerging outlines of a somewhat
festive tradition.

From the opening minutes of the first
RF Expo, when we arrived to find 200
people lined up waiting for admission, it
appeared clear that the Expos would be
successful in one of their earliest stated
objectives: to create a sense of ‘‘com-
munity” or “hometown” for RF engineers.
“Not too digital” and “not too microwave,”
as one attendee put it, each of the Expos
has attracted an “in” crowd of between
1,100 and 1,700 RF design practitioners,
hungry for sessions and product exhibits
which are totally relevant to their work.
Tending toward youth, advanced degrees,
personal computers and handheld radios,
attendees seem to thrive on each other’s
company and the exchange of engineer-
ing ideas. Cocktails served on the exhibit
hall floor the second evening of the show
are already a convivial tradition.

There have been hitches, of course. At
the first Expo East the exhibit hall was on
a different floor of the Boston Copley Hotel
than the sessions, and many attendees
did not get to both floors (sessions and
exhibits will be on the same level of the
Boston World Trade Center next month).
Some papers at some Expos have not
measured up to the general high stan-
dard. (Editor Gary Breed has applied a
rigorous screening procedure in develop-
ing the program for RF Expo East next
month, and in future Expos his efforts will
be augmented by an honorary program
chairman, selected from among leaders
of the industry.) Hitches and glitches are
an essential element in the development
of any tradition; indeed, one couid hardly
have a tradition without a few war stories.

As the RF Expo tradition develops we
can see these parameters emerging:

¢ Engineering attendance will surpass
2,000 in RF Expo East next month and at
RF Technology Expo 88 next February in
Anaheim (based on registrations now
coming in). | predict an attendance level
of 3,000 to 4,000 on both coasts within a
couple of years. While these are large-ish
numbers, they are still “in-crowdish” com-
pared to the multitudes that swarm into
the general electronics conventions.

¢ In November, 1988, RF Expo East will
be held in Philadelphia rather than Boston
and will alternate between Northern and
Central East Coast cities from then on,
given a successful show in Philadelphia.
In February 1989, RF Technology Expo 89
will be held in Santa Clara rather than
Anaheim and will alternate between
Northern and Southern California cities
from then on, given a successful show in
Santa Clara. In this way the RF Expos can
reach a greater number of RF engineers
without requiring them to travel long
distances.

You may be among those who have yet
to attend one of the RF Expos. If so, you
will be amazed at the new world — your
own world — that will open up when you
get there.

Come to the RF fairs!
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DAICO
PHASE COMPENSATED
STEP ATTENUATORS

OPTIMIZED FOR SINGLE FREQUENCY/NARROW
BAND APPLICATIONS

L] Range of Center Frequencies: 20 to [] Range of Attenuation Values/ [ Low Transients 25mV Typical

T10MHz Steps: From 0.1dB (LSB) to 32dB (] Meets Military Environmental
(] High Speed 25 Nanoseconds Typical ~ (MSB) One Bit (Step) through Requirements
Eight Bits (Steps)

TYPICAL RELATIVE PHASE VARIATION VS. FREQUENCY

LAG

4848

-4 3608

249B

12d8

INSERTION PHASE RELATIVE TO THRU PATH
<

LEAD
0.5, & (cen(er:requency) 2t
FREQUENCY
FEATURES: Also Available Broad Band Phase Compen-
M Single +5V Supply Operation  sated Step Attenuators and Voltage Controlled
B TTL Control Inputs Attenuators with Operating Frequencies from DC

M RF Operating Power +10dBm
B 50 Ohm Impedance o
@ VSWR 1.35/1 Maximum

B Insertion Loss 0.6dB/Bit
typical 1db Bit Maximum i DAICO INDUSTRIES, INC.

B Dual In-line MIC (Microwave 2139 East Del Amo Bivd., Compton, CA 90220
Integrated Circuit) Package Telephone: 213/631-1143, TWX 910-346-6741
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Bigidea,
S

SIT

Los Alamos Scientific
Labs approached
MMD several years
ago with a very big
need: The design and develop-
ment of a high power pulsed
UHF module with 1250W of
output power, 40 db of gain,
and the required storage
capacitance—all contained
within 120 cubic inches.
MMD responded with an
amplifier that delivered pre-
cisely that. Except our design
occupied only 80 cubic inches.
Big thinking indeed. But
that’s only the beginning.
MMD then teamed with
United Technology’s Norden
Division in support of the
Strategic Defense Initiative.
The challenge was to design a
similar but higher power UHF
pulse amplifier. A device with
significant size and weight
reduction and the highest
possible efficiency.
A year later MMD had

olution.

'

developed an ampli-
fier packing 2000W of
pulsed UHF power,
froma2.4"x2.25" x
0.45" package. An innovative
design employing advanced
circuit techniques that weighs
in at an astounding 2.2 ounces.

This amplifier required the
development of the world’s
most powerful, pulsed UHF
transistor die which, in turn,
was integrated into a truly
revolutionary product. One
that is perhaps two to three
years ahead of present day
technology.

So when it comes to
your next big challenge,
think of MMD. Call us at
(415) 961-1473, or write to
Microwave Modules and
Devices Inc., 550 Ellis St.,
Mountain View, CA 94043,
Telex 508 746.

We can design big ideas
and, at the same time, engi-
neer small solutions.

We Deliver Power.
INFO/CARD 62
INFOICARD 63



For off-the-shelf

custom and specialty
RF products,

Amperex/Philips produces a full line of Ceramic
Strip-Line Transistors, Leadless Semiconductors, Linear
Wideband Amplifiers, and Pin Diode Drivers for RF
applications.

Ceramic Strip-Line RF Transistors. Low noise, low
impedance devices for thru-hole and surface mount
assembly applications, featuring all-gold metallization
systems for ultimate reliability over a wide range of
temperature operating conditions.

Linear Wideband Amplifiers. Single stage amplifiers
for linear wideband applications up to 400 MHz, featuring
all-gold thin film construction. These devices are available
in low-cost TO-39 packages for both commercial and
military temperature ranges.

our name stands out.

Leadless Inverted Devices. High-density surface
mountable products, LID's are ideal for designs where
minimum capacitance and inductance are essential, and
wherever high shock environments exist.

Pin Diode Drivers. Thin film hybrid integrated circuits
in hermetically sealed flatpacks, designed for driving PIN
diodes in fast microwave switching applications.

When you need reliable RF products from a
dependable supplier, Amperex/Philips is the name that
stands out. For price, delivery, or technical discussions
with our engineers, write or call Amperex Electronic
Corporation, Slatersville Division, A North American
Philips Company, Providence Pike, Slatersville, RI 02876
Phone (401) 762-9000; TWX: 710-582-6332.

AMperex

Come see us at Expo/East, Booths #248, 250.

INFO/CARD 8




rFletters

Letters should be addressed to: Editor,
RF Design, 6300 S. Syracuse Way, Suite
650, Englewood, CO 80111.

An Omission

The software listings in the September
issue failed to include a valuable contribu-
tor to RF engineers’ computing needs:

E.E. Public Domain Library
36 Irene Lane East
Plainview, NY 11803

We suggest that interested readers
write directly to proprietor Gerald Harrison
at the above address for the latest listing
of available software. — Editor

“The Engineering Personality”
Reactions
Editor:

| want to congratulate Keith Aldrich for
recognizing and courageously stating that
engineers are not complete ‘“social
nerds.” Perhaps we should be more col-
orful, social and assertive to regain the
“renaissance man’ image. However, our
positive traits: dedication, loyalty, artistic
sensitivity and dependability, more than
offset our “nerdishness.”” With additional
training in the areas of political, economic
and social awareness, we can truly be the
lovable, outgoing and involved individuals
needed to create the better world we all
want.

| am proud to be one of us!

Les Besser
Besser Associates Inc.
Palo Alto, CA

Editor:

Thank you for your editorial in the
August 1987 issue. It is nice to receive a
compliment every so often, even though
we “‘shy” types would avoid that in public.

Please remember, however, that the
name “nurd” (National Lampoon spelling)
was given to engineers for a reason. |
believe the reason is that many engineers
are so very narrow in their outside in-
terests. Beware of the engineer who
builds computers as work, then goes
home to write technical software on his
personal computer. This man may be a
genius, but hardly the type who would be
included in high-level marketing or goal-
making decisions.

On the other hand, there are those of
us who have so many outside interests
and hobbies that it sometimes seems that
we do not have enough time or energy to
go to work (my boss won't see this letter!).
These other interests do not include
designing electronic devices. Some of us
are even interested in history and current
world affairs.

RF Design

Changing the college curriculum to in-
clude more humanities courses is not the
answer to the problem...Don’t apply
more pressure to a curriculum already try-
ing you pull you under with technical
courses.

One last point: college may be too late
to see that there are other things going
on in the world that should be of concern
an interest. People must be subjected to
as many different concepts as possible
while as young in age as possible. This

includes real-world concepts, too, not just
academic ideas. How many parents or
teachers discuss the business world with
young children? When my second grade
son single-handedly won the school trivia
championship for his class, | was more
proud of him than if he had won the
school spelling bee.

Fred Gribbell
Merrel-Dow
Cincinnati, OH

RF & Microwave
Filters 100 x#: to 15 aH:

If you have a filter problem
we’ll provide the solution!

For Military, Communication
or Space Application

e Lumped Element
¢ Helical Resonator
e Coaxial

¢ Waveguide

e Low Power

» High Power

e Fixed Tuned

e Variable

Give us a call or send us your
specifications-—we’ll do the rest.

LORCH ELECTRONICS CORP. -

405 CEDAR LANE, ENGLEWOOD, NJ 07631

( ) (201) 569-8282 TWX: 710-991-9718
\ " A Subsidiary of Vernitron Corporation

INFO/CARD 9
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»rF news

New Book Covers HF Broadband

Transformers

Transmission Line Transformers by Dr.
Jerry Sevick, W2FMI, offers experimental
and theoretical information on high fre-
quency RF transformers useful to experi-
enced engineers and hobbyists alike.
Among the author’s noteworthy contribu-
tions are experimental results on twisted
vs. parallel windings and wire vs. coaxial
cable windings. Also included is valuable
data on the relationships between im-
pedance levels and transformer band-
width.

In addition, the text covers core mater-
ials, winding methods, fractional-ratio win-
dings, multiple windings, series trans-
formers, baluns, and limitations at high
impedance levels. The chapters include
analyses, low frequency characterization,
high frequency characterization, trans-
former characterization, and simple test
equipment. The book represents an excel-
lent value, priced at only $10 (hardbound),
available from the American Radio Relay
League, Inc., 225 Main St., Newington, CT
06111.

UL Opens EMI Test Facility
Underwriters Laboratories Inc. (UL) has
begun operation of an EMI test facility at
its Northbrook, IL headquarters. UL con-
ducts compliance testing to FCC Parts 15
and 18 as well as to EMI Standards used
by VDE in Germany. Parts 15 and 18 of
the FCC rules and regulations cover pro-

14

ducts such as computing devices, televi-
sion and radio receivers, walkie-talkies,
garage door openers, ultrasonic equip-
ment, microwave ovens, plus industrial,
scientific and medical equipment.

Study to Focus on
Superconducting Ceramics

Gorham Advanced Materials Institute,
a subsidiary of Gorham International, Inc.,
is planning to conduct a multiclient pro-
gram of research in superconducting
ceramics. The program, A Global Assess-
ment of the Business Impacts of High
Transition Temperature Superconducting
Ceramics on Permanent Magnet Produc-
ers, Users, and Raw Materials Suppliers,
will be an investigation and assessment
of the magnetic and current-carrying sys-
tems presently being used, and will deter-
mine which systems will benefit from or
be affected by superconducting ceramics.
The program will also provide an iden-
tification of new systems and products
which may evolve.

Physicists have announced unprece-
dented achievements in superconducting
ceramics over the past seven months,
raising transition temperatures to above
95K and current densities to over 1 x 105
Alcm2. A Japanese government labora-
tory recently announced evidence of
superconductivity in a ceramic oxide com-
pound at 323K (50 degrees). For addi-
tional information including a prospectus
detailing the study, contact: Gregory L.
Perron, Manager, Market Research and
Business Planning, Gorham Advanced
Materials Institute, PO. Box 250, Gorham,
ME 04038-0250, Tel: (207) 892-5445.

Motorola to Discontinue
19 Products

The special functions operation of
Motorola’s MOS Digital-Analog Integrated
Circuits Division will end the manufacture
of all versions of the following devices:
MC6190, MC6191, MC6192, MC6193,
MC6194, MC6195, and MC6196 NMOS
phase-locked loop (PLL) frequency syn-
thesizers; MC14444 CMQOS A/D con-
verter; MC14457 remote control transmit-
ter; MC14458 remote control receiver;
MC14460 automotive speed control pro-
cessor; MC14466 low-cost smoke detec-
tor: MC145029 remote control decoder;
MC145104, MC145107, MC145109,
MC145112, MC145143, and MC145144

PLL frequency synthesizers. These
devices will be available for lifetime buy
orders for a six month period ending
December 31, 1987. Contact your Motorola
representative for more information.

Frequency Electronics Acquires
TRW Microwave

TRW Microwave, a subsidiary of TRW
Inc. of Sunnyvale, California has been ac-
quired by Frequency Electronics, Inc. of
Mitchell Field, New York. Under its new
affiliation, TRW Microwave will become
FEl Microwave, Inc., and operate as a
wholly owned subsidiary of Frequency
Electronics. According to Peter O. Clark,
President of FEI Microwave, the company
plans to continue all operations at its pre-
sent three building site in Sunnyvale.

Profits Drop at Grumman
Grumman Corporation, an aerospace
contractor, has posted a 34 percent profit
drop for the second quarter. This trans-
lates to a profit of 32 cents a share ver-
sus 50 cents a share a year ago of which
11 cents was from the sale of a Data Sys-
tems division subsidiary. Excluding that
gain, the decline would have been 18 per-
cent. Also, during the first half of the year,
Grumman eliminated 1500 jobs at its
Long Island facilities due to a falloff in F-14
Navy fighter production. According to
John Bierwirth, chairman and chief execu-
tive, the company will suffer a further
decline in the third quarter followed by an
anticipated recovery in the fourth quarter.

KDI Acquires Triangle Microwave

KDI Corporation announced that it has
completed the acquisition of Triangle
Microwave, Inc. where it will be operated
as a wholly-owned subsidiary. KDI Elec-
tronics is a wholly-owned subsidiary of
KDl corporation. The merger is valued in
excess of $35 million.

TRAK Acquires Operation in
Scotland

TRAK Microwave Corporation has ac-
quired Channel Microwave (Scotland) Ltd.
of Dundee, Scotland. Channel manufac-
tures ferrite isolators and circulators for
commercial applications such as cellular
radio base stations and microwave links.
Channel will continue as a wholly-owned
subsidiary of TRAK.

TRAK is also establishing TRAK Micro-
wave Ltd. which will be located in a sepa-
rate facility adjacent to Channel Micro-
wave, to produce coaxial couplers, rotary
joints, isolators, circulators, and other
passive microwave products. TRAK
Microwave Corp. is based in Houston.
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GROUNDING CONTACTS
FOR CONNECTORS:

97-542 97-541 &
T«
....... ek e ¥,
8 I 5
y Typical pitch
RS o T layout

Which Instrument Specialties contact strip
will solve your connector grounding problem?

5 A B © D E
b eries Relaxed Relaxed Compressed :
97-555 Width Height Height o W
97-610 .297 1100 .040 047 187
97-555 340 .070 .008 015 165
97-542 250 .079 .035 018 .188
97-541 .380 100 040 018 188
Custom
97-610
i “off the shelf” Grounding Strips are easily installed in most
97-541 common connectors by means of the self-adhesive strip or the
or self-contained spring clip. This style contact provides consistent
97-542 interconnection grounding in mated pairs, as a result of the supe-

rior spring characteristics of the Beryllium Copper material.

Many custom variations are also possible. Where necessary,

Strips shown above are suggestions only. Various Instrument Specialties can create the precise strip to meet your
combinations may be chosen to suit your needs. specific requirements.

More complete descriptions of these strips and other
shielding products can be found on pages 10 and 11
of our Guide to Interference Control. Write for your
free copy. Address: Dept. RFD-35.

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

Specialists in beryllium copper since 1938
INFO/CARD 10



Documented calihratioh of attenuators.
Free from Alan.

How can you be sure of the calibration of the attenuators you install? Specify Alan. We put it in
writing for you.

Select from a variety of our catalog precision attenuators...rotary, programmable, fixed, manual
switch and continuously variable. All are available in a broad range of standard configurations. If
you prefer we can custom design to meet your requirements. Whichever you choose you will get
precision attenuators with excellent electrical characteristics including low VSWR, flat frequency
response and low insertion loss. Plus documented calibration free for each attenuator you order.

We want to be your source for attenuators. You may already know that many of our attenuators
are qualified under MIL-A-3933 and MIL-A-24215. In addition, our Quality Assurance Program
complies to the full intent of MIL-Q-9858. Our delivery is prompt, our prices are competitive and
our calibrations are documented. Call us today for your attenuator requirements.

Alan Industries, Inc.
745 Greenway Drive, P.O. Box 1203, Columbus, Indiana 47202 I " I.
Phone: 812-372-8869 CALL TOLL FREE: 800-423-5190 .

FAX: 812-372-5909

Manufacturers of...
Attenuators: Programmable e Rotary e Manual Switch e Fixed e Continuously Variable
Accessories: Loads e Dividers  Terminations e RF Fuses e Bridges
INFO/CARD 11




' ’ news Continued

Innotec Acquires Eratron

Innotec Group Inc. announces that it
has acquired the assets and business in-
terests of Eratron Inc. of Campbell, CA.
Eratron designs and manufacturers DC
and RF plasma power supplies including
medium frequency RF generators used in
semiconductor epitaxial syistems, AC
power controllers, and magnetic com-
ponents.

Scientific-Atlanta Receives $2.2M

Scientific-Atlanta, Inc., has received a
$2.2 million order from McDonnell
Douglas Aircraft Company, St. Louis,
Missouri, for a pulsed radar cross section
measurement system and a Series 5750
Compact Range.

Marine Corps Awards Bid To Gould

Gould Inc. announced that its Test &
Measurement Group has been awarded
an order from the U.S. Marine Corps for
high- performance digital oscilloscopes.
Valued at approximately $1 million, these
100-MHz digital oscilloscopes will be us-
ed as general test equipment in repair and
service.

AEL Awarded $27.9M

American Electronic Laboratories, Inc.
announces that it has been awarded a
$27.9 million contract by the U.S. Army to
produce 15 additional AN/MLQ-34 TAC-
JAM systems. The new award increases
the value of TACJAM contracts issued to
AEL since May 1983 by the U.S. Army’s
Center for Signal Warfare Laboratory at
Vint Hill Farms Station, Warrenton, VA, to
$168,843,332. The AN/MLQ-34, an elec-
tronic warfare system mounted on a track-
ed vehicle, combines computer control
with multiple jamming capabilities. The
TACJAM antenna can be retracted rapid-
ly and the entire system can be moved
quickly over virtually any type of terrain
for redeployment.

Diagnostic/Retrieval Systems
Wins $14.6M in Contracts
Diagnostic/Retrieval Systems (DRS)
has received three contracts totalling
$14.6 million. Two contracts are from the
Naval Sea Systems Command (NAVSEA)
and one from Magnavox Government and
Industrial Electronics Company. NAVSEA
awarded DRS a $9.8 million contract for
additional quantities of AN/SQR-17A sonar
signal processing sets and support ser-
vices. The AN/SQR-17A is a highly sen-
sitive antisubmarine warfare detection
device that aids sonar operators in target
direction, analysis and classification. The
second contract from Naval Sea Systems

RF Design
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The Tek 2750 Series of
Laboratory Spectrum
Analyzers. Configuration
flexibility. Optioned to
your application. From
the powertul, fully pro-
grammable new 2756 —
at 325 GHz—to the VHF/
UHF 2753, Tektronix sets
a better-value standard in
laboratory spectrum
analysis.

Only Tek makes it so
cost-effective to optimize
spectrum analysis to your
set of requirements and
value criteria, whether
your primary need is

CENTER /| MARKER
FREQUENCY

BUILT

FORTHE

BENCH.

high-end performance—
for research and develop-
ment—or repeatability
and throughput for manu-
facturing test.

You'll find a perfect fit
for your bench, systems

RESOLUTION

FREQUENCY oy
BANDWIDTH RES

SPAN/DIV

WIDE

PEAR
P— e ... 1N
AVERAGE

and budget needs. A
choice of seven lab ana-
lyzers makes it possible
for Tek to meet your
needs precisely—at any
frequency —with the right
measure of economy and
outstanding ease of use.

MIN RF
ATTEN dB

REFERENCE
LEVEL

A built-in precision coun-
ter, Macro programming
and signal processing
intelligence are just a few
ways to optimize the
2750 Series for your own
use. Look at Tek features
like marker frequency
accuracy of 109 and
automatic signal tracking.
And with TekSPANS®
software —available for
IBM PC, Tek and HP
controllers—you can
automate complex mea-
surements, including

EMI tests.

What you can count on
is more performance for
the dollar than you've
ever seen, including
superior optionability: Tek
waveguide mixers, pre-
selectors, MATE com-
patibility, 75-ohm input,
rackmount, computer
packages and software
for your system needs,
and more.

Get the facts! Discover
the Tek value differential
before you make another
buy. Contact your Tek
Sales Engineer or call
direct: 1-800-TEK-SPEC,
Ext. 23. In Oregon:
235-7315, Ext. 10.

TEKTRONIX
2750 SERIES
LAB SPECTRUM
ANALYZERS

Tektronix

COMMIT TED TO EXCELLENCE

INFO/CARD 13




THE ROAD TO ACCURATE | ,
RF & COMMUNICATION ey o
DESIGN IS OUR DESIGN

KIT FAMILY

COMMUNICATIONS
DESIGN

FOR RF DESIGN @ Digital Systems Simulation
M System Optimization B Antenna Pattern Analysis
B Noise/Intercept B Receiver AGC Systems

Optimization Optimization
B Transformer Synthesis B Non-Linear Mixer Analysis
M Oscillator Design and much plus much more

more r rr

(1 : # AT
COMPACT
ROUTE

B Highly Accurate

B Easy to Use

# Highly Flexible

B Wide Choice of
Selection

B Hundreds of
Satisfied Customers

CIRCUIT FILE COMPATIBLE WITH
SUPER-COMPACT AND CADEC-4.

Call or write for details today.

Com
e

The Leader In CAD Software

483 McLean Blvd. and 18th Avenue
Paterson, NJ 07504 e (201) 881-1200
Telex: 130073 * Fax: (201) 881-8361

INFO/CARD 14
See us at RF Expo, Booth #314, 315.



l' ’ news Continued

Command, valued at $1.3 million, was
received to provide additional quantities
of AN/SQR-17/18A interface kits and
engineering support services. DRS also
received a $35 million contract from
Magnavox Government and Industrial
Electronics Company for display genera-
tor modification kits.

Cincinnati Electronics and
American Systems Team
Awarded $4.8M

Cincinnati Electronics Corporation (CE)
has been awarded a contract from Ameri-
can Systems Corporation (ASC) for the
U.S. Air Force Sentinel Bright Il program.
The $4.8 million contract to CE is for the
construction of a series of radar signal
analysis trainers which will enable stu-
dents to learn the operation of an ELINT
collection system via simulation. The
trainer provides several displays including
an angle-of-arrival (AOA) PPI, RF Spec-
trum, IF Spectrum, oscilloscope and fre-
quency counter. The system also provides
audio signal recognition training.

Solid State Relays From Kodak

Eastman Kodak Company announced
plans to market solid-state relays for use
in the commercial and industrial markets
which are manufactured at the Kodak Ap-
paratus Division in Rochester, NY. Accor-
ding to John Calver, Product Manager of
the Solid State Relay Group, Kodak’s re-
lays have a failure rate of only 0.05 per
million hours of operation — claimed to
be 2,000 times more reliable than conven-
tional relays.

Submarine Signal Division
Receives $9M

Raytheon Company’s Submarine
Signal Division has won a U.S. Navy con-
tract totaling $9 million for production of
transducers for advanced submarine
sonar acoustic arrays. These transducers
convert electric energy to acoustic energy,
and both send and receive underwater
signals. The contract runs for 39 months
and calls for the manufacture of 5,400
transducers. Production deliveries are
scheduled to begin in mid-1989.

Interstate Electronics Awarded
SDI Contract

Interstate Electronics Corporation has
been awarded a $3 million contract from
the U.S. Air Force Armament Division,
Eglin Air Force Base, for the development
of a global positioning system (GPS) fre-
quency translator to be used for tracking
the exoatmospheric reentry-vehicle in-
terceptor subsystem (ERIS) and its reen-
try vehicle target in support of the SDI pro-

RF Design

gram. The contract calls for a total of 44
units with deliveries starting in September
1988 and with options for deliveries
through December 1990.

Datel Completes Buyout from GE

Datel, Inc. announces that it had com-
pleted the purchase of the Datel Division
of General Electric Company by a man-
agement group led by President Nicholas
G. Tagaris and Vice President Leif D.

Introducing a small |

Jacobsen, top officers of the Datel Divi-
sion. This announcement finalizes the
agreement in principle released in March
1987, between Datel and General Electric
officials in Research Triangle Park, NC.

Headquartered in a 180,000 square foot
facility in Mansfield, MA, Datel has sub-
sidiaries in England, France, West Ger-
many and Japan. U.S. direct sales of-
fices are located in New England and
California.

accomplishment in
UHF frequency sources!

Our SAW-stabilized frequency
sources provide a unique solution
to your demanding UHF system
requirements. They pack the
performance of a fine cavity
oscillator into less than a tenth of
a cubic inch. Their small size,
low power consumption and ex-
cellent reliability are made possi-
ble by our advanced UHF Quartz
SAW technology.

We cover applications from
150 MHz to 6000 MHz, and
offer a wide range of options
including temperature compensa-
tion, frequency multiplication
and voltage tuning. We can cover
the full —55°C to +125°C

Il

temperature range and offer test-
ing and screening to a variety of
MIL Standards.

Our SAW-stabilized UHF
frequency sources are being used
in IFF systems, radar frequency
synthesizers, GPS receivers,
emergency location transmitters,
fiber-optic communications and
a host of other UHF and micro-
wave system applications.

Contact us with your next
UHF frequency source require-
ment. You'll find our engineer-
ing staff ready to provide you
with a custom solution that is
innovative, timely and cost-
effective.

RF Monolithics, Inc. » 4441 Sigma Road - Dallas, Texas 73244 U.S.A.
Phone: (214) 233-2903 - Fax: (214) 387-8148 » Telex: 463-0088

INFO/CARD 15
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»F courses

Besser Associates
Principles of RF Design — Theory and Application
December 14, 15, 16, 1987, Santa Clara, CA
Information: Les Besser, Besser Associates, Inc., 3975 East
Bayshore Rd., Palo Alto, CA 94303; Tel: (415) 969-3400

The George Washington University
Introduction to Receivers
October 19-20, 1897, Washington, DC
Modern Receiver Design
October 21-23, 1987, Washington, DC
Global Positioning System: Principles and Practice
November 4-6, 1987, Washington, DC
HF Communications Technology
November 16-20, 1987, Washington, DC
Modern Communications and Signal Processing
November 16-20, 1987, Washington, DC
Tools for Evaluating Command, Control, and
Communication Systems
December 2-4, 1987, Washington, DC
Wideband Communications Systems
December 7-11, 1987, Washington, DC
Modern Digital Signal Processing and Applications
December 14-18, 1987, Washington, DC
Fiber-Optics System Design
Feb 29-Mar 2, 1988, Washington, DC
Information: Shirley Forlenzo, Continuing Education Program,
George Washington University, Washington, DC 20052; Tel: (800)
424-9773, (202) 994-8530

UCLA Extension
Kalman Filtering Il
October 26-30, 1987, Los Angeles, CA
Smart Armament/Missile Systems and Technology
October 27-29, 1987, Los Angeles, CA
Information: UCLA Extension, PO. Box 24901, Los Angeles, CA
90024; Tel: (213) 825-1901; (213) 825-1047; (213) 825-3344

Interference Control Technologies, Inc
Grounding and Shielding
October 20-23, 1987, Boston, MA
November 3-6, 1987, Philadelphia, PA
November 17-20, 1987, San Jose, CA
December 1-4, 1987, Las Vegas, NV
Tempest Facilities
October 20-23, 1987, Washington, DC
RFl Design and Measurement
October 26-30, 1987, Philadelphia, PA
Practical EMI Fixes
November 10-13, 1987, San Jose, CA
Tempest Design
November 17-20, 1987, Mountain View, CA
Information: Penny Caran, Registrar, Interference Control
Technologies, Inc., State Route 625, PO. Box D, Gainsville, VA
22056; Tel: (703) 347-0030

Integrated Computer Systems

Digital Signal Processing
October 27-30, 1987, Anaheim, CA
December 1-4, 1987, Washington, DC
December 8-11, 1987, Boston, MA
January 26-29, 1987, Washington, DC

Image Processing and Machine Vision
October 27-30, 1987, Palo Alto, CA
November 3-6, 1987, Toronto, Canada

22

December 1-4, 1987, Washington, DC
January 19-22, 1987, Los Angeles, CA
February 9-12, 1987, Washington, DC
Hands-On Programming in C
October 27-30, 1987, Boston, MA
November 3-6, 1987, Los Angeles, CA
November 17-20, 1987, Washington, DC
December 8-11, 1987, Palo Alto, CA
December 15-18, 1987, Washington, DC
Hands-On Advanced Programming in C
December 8-11, 1987, Los Angeles, CA
January 19-22, 1988, Washington, DC
February 23-26, 1988, San Diego, CA
Fiber Optic Communication
November 3-6, 1987, Los Angeles, CA
November 3-6, 1987, Washington, DC
November 17-20, 1987, Boston, MA
December 1-4, 1987, Toronto, Canada
December 8-11, 1987, Palo Alto, CA
December 15-18, 1987, Washington, DC
Information: Barbara Fischer, Integrated Computer Systems,
5800 Hannum Avenue, PO. Box 3614, Culver City, CA 90321-3614;
Tel: (800) 421-8166, (213) 417-8888

Colorado State University
Computer Aided Design and Drafting
October 27, 1987, Colorado Springs, CO
November 3, 1987, Northglenn, CO
Information: Pat Brown, Division of Continuing Education, Col-
orado State University, Fort Collins, CO 80532. Tel: (303) 491-8410

Georgia Institute of Technology
Phased Array Antennas: Theory, Design, and Technology
November 17-20, 1987, Atlanta, GA
Information: Deidre Mercer, Department of Continuing Education-
R, Georgia Institute of Technology, Atlanta, GA 30332-0385. Tel:
(404) 894-2547

Norand Corporation
MIL-STD 461B/C and 462 Regulations and Design Criteria
October 13-14, 1987, Cedar Rapids, IA
RF Susceptibility and ESD Testing
November 3-4, 1987, Cedar Rapids, IA
Information: Bev Reynoldson, Norand Corporation, 550 2nd St
S.E., Cedar Rapids, IA 52401; Tel: (319) 846-2415

Compliance Engineering
Compliance Seminars: EMI, Safety, ESD, Telecom
October 27-30, 1987, Boston, MA
December 1-4, 1987, San Diego, CA
Information: Compliance Engineering, 593 Massachusetts
Avenue, Boxborough, MA 01719. Tel: (617) 264-4208

R & B Enterprises
Electromagnetic Pulse (EMP) Design and Test
November 17-18, 1987, Washington, DC
December 7-8, 1987, Philadelphia, PA
Understanding and Applying MIL-STD-461C
November 17-18, 1987, Washington, DC
December 14-15, 1987, Philadelphia, PA
MIL-STD-461C Praxis (Workshop)
December 16-17, 1987, Philadelphia, PA
Information: Greg Gore, Director of Training, R & B Enterprises,
20 Clipper Road, West Conshohocken, PA 19428. Tel: (215)
825-1960
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-
Instrument Specialties can help you comply with FCC i
emission standards and prevent future fines. Our beryl- ST T
lium copper shielding strips, available from stock or i '\ I,J"‘]‘:
custom-designed to your needs, do the job. And they cost -
a lot less than $10,000! L=

For more information, consultation, and de-
sign services, as well as our “Guide to Inter-
ference Control”’, phone and ask for EMC
Customer Service. Or, write us at Dept.
RF-31.

INSTRUMENT SPECIALTIES COMPANY, INC.
PO. Box A e Delaware Water Gap, PA. 18327
Phone: 717-424-8510 ® TWX: 510-671-4526
Specialists in interference control since 1944
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ALIAS

Call TTE for the lowest-priced
custom anti-alias filters in the U.S.
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TTE's anti-alias filters cut
A/D converter distortion

a .
and help reconstruct sig- {4 p{%w\* :
nal after D/A conversion \®ene-

mLowest prices in U.S. “-.;&’0?\.

® Available from 1 kHz to

100 MHz mWorld's smallest \

size:0.6x1.2x 0.4 in. o
Prototypes 10 days ® 100-up'quantities, 4 wks m For

technical assistance, call our ENGINEERING HOTLINE

(213) 473-0584 m Call for free 56-page catalog.

10-day delivery

S TTE, Incorporated
N 2233 S. Barry Ave,,
@ Los Angeles, CA 90064

(213) 478-8224 Telex 3725291

-
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MIL-F-28861
QUALIFIED
HI-REL FILTERS

New from US Microtek. The first line of filters to qualify to
MIL-F-28861, the new standard for high reliability and ultra-
high reliability filters that will obsolete MIL-F-15733 products
on most new designs.

Come to the company that helped write the book on this new
spec, US Microtek Components. We've got the product, we
understand your needs and we're ready to help.

us; | microtek

components
A SUBSOMRY OF UNITRODE CORPORATION
US Microtek Components Corporation e 11144 Penrose Street
Sun Valley, CA 91352 « Tel 818/767-6770
INFO/CARD 18
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October 19-21, 1987

The Twentieth Annual Connectors and Interconnection
Technology Symposium

Franklin Plaza Hotel, Philadelphia, PA

Information: Electronic Connector Study Group, Inc., PO. Box
167, Fort Washington, PA 19034-0167; Tel: (215) 825-3840

October 26-30, 1987

FOC/LAN 87, Eleventh International Fiber Optic
Communication and Local Area Networks Exposition
Anaheim Convention Center, Anaheim, CA

Information: Renee Farrington, Information Gatek2epers, Inc.,
214 Harvard Avenue, Boston, MA 02134; Tel: (617) 232-3111

November 10-12, 1987

1987 ITEA Symposium

Park Plaza Hotel, Boston, MA

Information: Howard L. Graves, Raytheon Company, Public Rela-
tions, 141 Spring Street, Lexington, MA 02173; Tel: (€17) 470-6027

November 10-14, 1987

Productronica 87

Trade Fair Center, Munich, West Germany

Information: Muchener Messeund Ausstellungsgesellschaft
mbH, Messegelande, Postfach 12 10 09, D-8000 Munchen 12;
Tel: (89) 5107-0

November 11-13, 1987

RF Expo East '87

World Trade Center, Boston, MA

Information: Linda Fortunato, Cardiff Publishing Company, 6300
S. Syracuse Way, Suite 650, Englewood, CO 80111; Tel: (303)
220-0600; (800) 525-9154

November 12-13, 1987

Challenges Facing Aerospace and Defense Leaders in
the 1990’s

Vista Hilton International Hotel, Washington, DC

Information: Alvin J. Babkow, Aviation Week and Space Techno-
logy, 43rd Floor, 1221 Avenue of the Americas, New York, NY
10020; Tel: (212) 512-2231

November 12-13, 1987

1987 Quality in Electronics Conference

Viscount Hotel, Los Angeles Airport, CA

Information: Tina Doty, AVW Electronic Systems, Inc., 2233 E.
Grand Ave., E! Segundo, CA 90245. Tel: (213) 548-8604

November 17-19, 1987

Electrical Product Safety Seminar

Cincinnati Commonwealth Hilton, Cincinnati, OH

Information: MIRA Corporation, 2301 Glenheath Drive, Ketter-
ing, OH 45440-1905; Tel: (513) 434-7127

December 3-4, 1987

30th ARFTG

Crowne Plaza Holiday Inn, Dallas, TX

Information: Ken Bradley, M/S 255, Texas Instruments, PO. Box
660246, Dallas, TX 75266, Tel: (214) 995-6158

January 11-14, 1988

SMART IV

Westin Bonaventure, Los Angeles, CA

Information: EIA, 2001 Eye St., N.W., Washington, DC 200086;
Tel: (202) 457-4932

October 1987



2382 Automatic,

100 Hz to 400 MHz
Spectrum Analyzer

Breakthrough Performance at
a Reasonable Price.
)

+ 1 dB TOTAL accuracy

TS A COLOR bt scing geerr an

automatic self calibration.

SPECTRUM ANALYZER , Down to 3 Hz r:s. BW. and 1

‘ Hz counter resolution for close-

AND A LDT MDRE«:’;‘,‘* ) in signal analysis to — 85 dBc.

Intermodulation rejection better

than 95 dBc. Push-button

intermod. identification feature.
o

Measures — 150 dBm to
+ 30 dBm with resolution
10 to 0.5 dB/div., Variety of log.
and linear scales. Two
independent display channels.

°

Plus a host of features including
standard GPIB, optional RGB
output for color monitor, two
markers, with 0.01 dB and 1 Hz
resolution, selective level meter
mode that eliminates the need
to sweep when monitoring
levels, display averaging on both
channels for extracting signals
from noise, limit masks that
may be generated and stored,

9 storage locations for measure-
ment set-ups, digital plotter
output, max. hold for capturing
transients, overload protection—
we could go on.

[
Price $21,950. Domestic U.S.A. only.

4

Write or call for full color
descriptive brochure.

marcon,
rabuments

marcom
instruments
Marconi Instruments

3 Pearl Court

Allendale, N.J. 07401

(201) 934-9050

INFO/CARD 64
See us at RF Expo, Booths, #552, 554.




s ‘. i '
T SEVER

: -

Ultra-low-phase-noise SO

Our new “whisper-quiet” Dielectrically Stabilized Oscillators have pretty spiffy
specs. The Model DO-120, for instance, has a Phase Noise of —107 dBc/Hz
(fo 120 kHz) and a Stability of 2 ppm/°C typ!

Four standard models cover the range from 2.65 to 12.4 GHz with +10 dBm
output power and mechanical tuning. Custom design options include voltage
tuning, higher power, and improved performance. Standard units have all the
usual Anzac amenities including delivery from stock.

Guaranteed Specifications (from —55°C to +85°C Case Temperature)
D0-100 DO-110 99-120 DO0-130

Frequency* (GHz) 2.65 4.00 8.50 12.0
Output
Phase Noise @ f, 10 kHz (dBc/Hz max) -110 100 =90 90
Pushing @ *1V (tkHz max) 5] 10 20 20

Pulling @ 2:1 all phases (*kHz max)
*Any frequency in the range 2.65 to 12.4 GHz may be ordered.

Adams [} §Russell

ANZAC DIVISION -'e7

80 CAMBRIDGE ST., BURLINGTON, MA 01803, (617) 273-3333 TWX 710-332-0258 FAX (617) 273-1921 TELEX 200155
INFO/CARD 19
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rf cover story

A Linear GaAs MMIC
Variable Attenuator

FET Attenuator Can Solve Problems
Common to PIN Diode Attenuators

By David Fisher, Thomas Kritzer,
and Salvatore Algeri
Watkins-Johnson Company

Electronically variable attenuators are
some of the most versatile and widely ap-
plied signal-processing components. How-
ever, conventional (PIN diode) attenuators
have several limitations which complicate
design, limiting their applications. This ar-
ticle describes a new GaAs monolithic
microwave integrated circuit (MMIC) that
overcomes these limitations. Among the
advantages GaAs FET attenuator ICs of-
fer over PIN diode attenuators is that DC
and RF resistances are, for practical pur-
poses, equal — a characteristic which
simplifies impedance matching and lin-
earization circuits. MMIC technology
allows the MESFET devices to be located
on a single chip to reduce parasitic
elements that would otherwise limit
performance.

IN diode attenuators have non-linear
attenuation-versus-control voltage
characteristics and are very sensitive to
control voltage at high attenuation levels
(see Figure 1). A complicated linearizing
circuit with several breakpoints is required
for linear operation. A MMIC attenuator
can have a linear attenuation-versus-
control voltage characteristic. This simpli-
fies AGC loop and programmable attenu-
ator design. It also allows the designer to
generate a linear attenuation-versus-
temperature characteristic with the addi-
tion of a silicon temperature-transducer IC
for temperature-compensation networks.
Another major advantage of FET atten-
uators over PIN diode attenuators is that

RF Design

The WUJ-RF45 is supplied in a TO-8B package specified to 4 GHz. Higher frequency

packaging is being developed.

the control port (the gate) is intrinsically
decoupled from the RF signal path and
requires only microamps of current drive.
This makes broadband operation and op-
eration down to DC straightforward. With
PIN diodes, the decoupling is provided by
an external choke (or quarter-wave stub
at higher frequencies). Even with a large
choke to decouple the RF signal, signifi-

cant distortion can result at low frequen-
cies from rectification unless extremely
long carrier lifetime diodes are employed.

Operation over temperature is critical
in successful system design. Since PIN
diode attenuators are current-controlled
devices and, since the knee voltage
varies over temperature, careful attention
is required to maintain a constant level of
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attenuation for a given control voltage as
the temperature changes. The constant
voltage sources required by the FET-
based attenuator are much easier to
design than the constant current sources
required by PIN diode attenuators.

The MMIC attenuator is extremely
stable over the full military temperature
range of —55C to +125C. Figure 2 shows
that for a fixed control voltage the attenua-
tion changes less than 0.5 dB over this

range. This is a particular advantage in
military systems where these wide temp-
erature extremes are frequently encoun-
tered.

Fabrication and Design of
the Attenuator

The attenuator chip measures 420
microns x 610 microns (17 mils x 25 mils)
and is fabricated with a 1-micron gate geo-
metry to increase uniformity and vyield.

High Frequency
Wide Band Crystal Filters
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Figure 1. Typical PIN diode attenua-
tor characteristic.

Sub-micron gates would offer little if any
performance advantage, since the
MESFETs are used in a common-gate
configuration. The gates are aluminum
and are directly printed using contact
lithography. The starting material uses
silicon ions directly implanted into a
chrome-doped LEC substrate with a sub-
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Figure 2. WJ-RG45 linearity.

sequent capless anneal in an arsenic
overpressure. The doping profile is an n+
on n structure with an n-layer doping level
of 3x1017 cm-3.

The attenuator uses three MESFETs as
voltage-variable resistors in a Pl configur-
ation. Several factors must be considered
when using FETs as resistors. The FET

Figure 5. MMIC attenuator charac-
teristic without linearizing circuit.

October 1987



FET Attenuator IC

Measured Performance

2 == N —

\\s__—f’
can be modeled as a variable resistor in - v"'\"\_\
parallel with a capacitance (C,, in series 4 h—
with the parallel combination of C .4 and g )
Cg4). For a given material doping level, £ - —_—
as the gate width increases, the minimum E o ]
resistance will decrease and the parasitic gL ~
capacitance will increase proportionally. —
For a Pl attenuator, the minimum resis- 2 < ~
tance of the series FET largely deter-
mines minimum insertion loss. The para- 55 B
sitic capacitance of the series FET allows e : ==
the signal to shunt around the FET resis- 10 ' 1 3 3 20

tance at high frequencies and, thus, limits Ay e

the series FET impedance. The result is : 2
that the attenuation range is reduced at  Figure 3. MMIC attenuator chip performance.

high frequencies. Gate widths must be

chosen that are wide enough to obtain a
low insertion loss at the minimum inser-
tion-loss state, but narrow enough to limit Contrsteon | —
the parasitic capacitance to achieve suf-
ficient attenuation range at high frequen-
cies. To evaluate this trade-off of minimum 5V
insertion loss-versus-attenuation range,
several attenuators with differing series Linearizing
FET gate widths were fabricated and X
tested. Based on this study, the series
gate width was chosen to be 150 microns.
The small size and layout of the chip
have significantly reduced additional
parasitic elements to yield excellent
broadband performance (see Figure 3).
The minimum insertion loss is less than
2.0 dB at 10 GHz and 2.75 dB at 20 GHz.
The attenuation range is 12 dB with less
than 1-dB change in flatness from DC to
20 GHz. Over the more limited bandwidth

45V

RF out

2 ko &

of DC to 10 GHz, the attenuation range

is better than 14 dB; from DC to 2 GHz, Figure 4. WJ-RG45 control circuitry.

greater than 25 dB is achieved. CH2:
REF 2 S, 24

Control Circuitry
The function of the control circuitry is

to apply the correct voltages to the series
and shunt FET gates to provide both
linear (dB) attenuation-versus-control
voltage and a 50-ohm match. An impor-

tant feature of the attenuator chip is the
addition of critical control circuitry on the

chip. Two external op-amps and silicon
bipolar transistors are also used.
The impedance match was achieved N

using a technique previously reported by
Barta, et al. (1). It is shown schematically
in Figure 4. Because the DC and RF resis- ——
tances are essentially equal (note that this
condition does not exist for PIN diodes),
a separate on-chip reference attenuator
is used at DC to establish the correct

shunt FET gate voltage for a given series MW I (T wm
FET gate voltage. A voltage divider sets W‘

a constant voltage corresponding to the
50-ohm reference resistor, R, at the
non-inverting input to the op-amp. Any STRT + .0i0GGH=z STOP +4. D00CGH=

N

change in resistance of the series FET in- -
duces a change in the voltage at the in- Figure 6. WJ-RG45 attenuator performance.
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More
Black Magic...

From Fair-Rite with the New EXPANDED
Cable & Connector EMI Suppressor Kit.

{

Ferrite—that black, crystalline oxide ceramic,
offers the almost magical property of
suppressing EMI—by itself—no grounds needed.
That is why those concerned with EMC
increasingly rely on our Engineering Evaluation
Kits to determine the proper ferrite suppressor
which will help solve their EMI problems.

The original Cable and Connector EMI Suppressor Kit has proven to be an extremely
helptul too in the hands of the design or EMC engineer. Since its introduction, many new
shapes and sizes of ferrite suppressors have been developed.

Itis the purpose of the EXPANDED kit to bring to the engineer all those parts that were in
the oniginal kit plus 17 parts that have either found wide acceptance since then, or have
been recently developed at the suggestion of those responsible for creating an environ-
ment of Electro-Magnetic Compatibility.

The NEW EXPANDED CABLE AND CONNECTOR EMI SUPPRESSOR KIT (part
no. 0199000005) provides 2 samples or pairs of samples of 29 different toroids and large
beads, one-piece or split, along with multihole shielding plates for use with IC/DIPS and
multipin rectangular and D connectors. Clips are included for assembly of split ribbon
shield sleeves. The new kit is $50.

Two earlier Fair-Rite Kits are also avalilable:

The BEAD-ON-LEAD KIT (part no. 0199000003): 10 different beads-on-leads, plus
two wound 6-hole beads, providing impedances trom 68 to 680 ohms typical, measured
at 100MHz. Values trom 68 10 200 ohms are available taped and reeled for automatic
insertion. This kit is $25.

The BEAD, BALUN AND BROADBAND KIT (part no. 0199000001): A selection of
34 different cores in 7 different materials offering the designer many options for high fre-
quency circuits. This kit is $25

Each kit comes with its own Engineering Bulletin describing the contents and guiding the
designer in the use of Fair-Rite components to solve EMI problems

Prices are postpaid if payment accompanies order; plus shipping if ordered on your PO
or letterhead. Please consult Fair-Rite for prices outside the USA and Canada. Contact
us for further information on our kits

For transformer and inductor designs: Fair-Rite manufactures a broad line
of ferrite bobbins, U, E and I cores; pot, ETD, and PQ cores; toroids, slugs
and rods. Send for our full line catalog.

Introducing
SM Beads™

(Surface Mount Beads)

Ferrite EMI suppressors expressly for use with
Surface Mount Technology

o~
Rectangular Ferrite Bead
\ Flat TCW,
050 W. X 008 T. e
z &
L]
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LN~ ir i
K E biOI|
LN =
- 1 —
100 107 10
Frequency in Hertz
Fair-Rte | Apim | BOim | COm | DOm | Z¢ | Z@& | OCResistance
Part No. 25MHz* | 100 MH2® Ohms
2743019446 | 15 | 055 | 150 | 0% |a55nms | asohms |« 6Milliohms
125 060 176 105 |
2743021446 | 15 055 0925 095 {600nms | 90ohms | < 9Mitlkohms |
125 060 35 05 | i
2743022446 | 050 030 080 040 [ Bonms | 120nms | szm.onmg

Surface Mount Technology is fast becoming the preferrec method
of PC Board assembly. Recognizing the need for surface mount
EMI suppressors, Fair-Rite Products is introducing a line ot Surface
Mount Shield Beads (Patent applied for) to supplement our current
array of EMI/RF| Suppressor elements. Two of the parts available at
present offer equivalent impedances to our most popular “beads-
on-leads”; all can be used in place of the older technology.

The construction of these SM Beads™ is such that they of‘er maxi-
mum current carrying capacity, through solid flat copper conductors
rather than metal plating, limited only by the saturation chzracteris-
tics of the ferrite core material, and thus are highly resistant to
mechanical or magnetic failure. These parts are availabe taped
and reeled on carriers, per EIA Standard EIA-481A, at a grice that
makes them a most attractive method of designing EMI protection
into circuitry from its inception.
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* Typical impedance measured on a Hewlett-Packard 4191A RF Impedance Analyzer.
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verting input of the op-amp. The op-amp
acts to adjust the resistance of the shunt
FETs, thus maintaining a 50-ohm environ-
ment.

Recognition that attenuation is linearly
proportional to series FET resistance pro-
vides the basis of the linearizing circuit
design. Without the linearizing circuit, the
attenuation-versus-control voltage charac-
teristic is quasi-exponential, due to the
relationship of FET resistance to gate volt-
age near pinchoff. At high attenuation
levels, as shown in Figure 5, very small
changes in the series FET gate voltage
produce large changes in attenuation.
This quasi-exponential characteristic
presents a problem for most users. The
control circuit which linearizes this
characteristic is simple and flexible so that
the slope of the attenuation-versus-control
voltage characteristic and the input
control-voltage range may be changed by
changing only two resistor values.

The matching and linearization tech-
niques using the op-amps are invariant to
process variation and non-uniformity, pro-
vided that the reference attenuator and
linearizing circuit closely match the RF at-
tenuator. For this reason, the reference at-
tenuator and critical elements of the lin-
earizing circuit are placed on the chip with
the RF attenuator. This also reduces the
complexity of the final hybrid circuit and
simplifies assembly.

Implementation and Performance

The final product, WJ-RG45, is an RF
and microwave variable attenuator that
combines the performance of GaAs ICs
with conventional silicon ICs to provide
linear attenuation with control voltage.
The component cascades two GaAs
MMIC attenuator chips to obtain better
than 30 dB attenuation range with an 8-
dB/volt siope (see Figures 2 and 6). It is
stable over the ~55C to +125C tempera-
ture range and has less than 2.2 dB mini-
mum insertion loss with 14 dB minimum
return loss (1.5:1 VSWR) from DC to 5
GHz. The attenuator is extremely linear
up to +10 dBm input power levels and
saturates above +20 dBm. The heart of
the WJ-RG45 is a GaAs MMIC attenuator
with greater than 12 dB attenuation from
DC to 20 GHz. The device is enclosed in
a TO-8B package (see photo) which is
specified to 4 GHz, although development
of a higher frequency performance pack-
age is in progress.

The combination of linear attenuation
control, flat frequency response and
temperature stability makes the MMIC
device ideal for a variety of system ap-
plications. Work is ongoing to introduce
a product which can take full advantage
of the GaAs MMIC attenuator chip to 18
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GHz. For more information, please cir-
cle INFO/CARD #174.
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HYBRID DIP VCXOs co-400v Series

Deviation + 30 ppm to + 200 ppm
Permits locking onto a stable
source for 10-20 years.
Frequency TTL:32kHz- 70 MHz f, /
HCMOS: 1kHz- S0MHz | £°
ECL: 8 MHz-200 MHz
Sine: 8 MHz-200 MHz f n
Temperature | 0/+50°Cto — 55/ + 85°C 2 . Tt 3
Linear TC/VCXOs €0-350 Series
Deviation | =0.01%to +0.2% i
- ~y
Linearity | +5%, +3%or +1% _ tneany
Stability | +0.00005% e
over 0/ +50°C &
+0.0005%
over —55/+85°C
|
;V (;V -5V
Control Voltage
VECTRON Write or phone today for all

the details...and be sure to
ask for Vectron’s lllustrated Catalog.

The Crystal Oscillator Company VECTRON LABORATOR'ES, lNC.

166 Glover Avenue, Norwalk, Connecticut 06850
Tel.: 203/853-4433 TWX:710/468-3796 FAX:203/849-1423
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Model TR3 Non-Metallic Tripod

22.68 kg capacity

Model 1060 Turntable

Model 3115 Double Ridge Guide

1-18 GHz

Model 3116 Double Ridge Guide
18—-40 GHz

Model 3106
Double Ridge Guide
200 MHz-2 GHz

with coniroller and IEEE-488 bus option

1-7.6 meter diameter available

Model 3109 Biconical
20-200 MHz
three other models available

Model 3121
Adjustable Element
Dipole Set

28 MHz2-1 GHz

Active Loop Antenna
10 kHz-30 MHz

Model 3925 PLISN

tive other models available

Bk dilen

300 MHz-1 GHz
four other models

TEST WITH
CONFIDENCE.

ENGINEERED TO PERFORM
If compliance testing is your pri-

mary responsibility, you need top-
ot-the-line products you can count
on. Like EMCO antennas, de-
signed for repeatable FCC/VDE
testing. Manufactured for the strin-
gent requirements of MI_-STD test-
ing. With high sensitivity ior
TEMPEST testing. Most have VSWR
ratios of less than 2:1. And all ex-
hibit exceptional dynamic range
and linearity.

CALIBRATED INDIVIDUALLY
Every EMCO antenna is individ-

ually calibrated using both C63.4
and ARP 958 standards, then ship-
ped to you with a signed Certifi-
cate of Compliance—a claim no
other manufacturer of test anten-
nas can make.

MANUFACTURED
WITH CARE

We choose only the best and
most durable materials ior EMCO
products. Then we pay close at-
tention to details—mack.ined tol-
erances are often less than one
one-thousandth of an inch. And
while we've automated (or effi-
ciency, we still take the time to
hand-assemble and inspect each
one of our products.

TWO-YEAR WARRANTY,
SERVICE WORLD-WIDE
Because we know how well

every EMCO product is engi-
neered and built, we can back
each one with a two-year war-
ranty—twice the industry stan-
dard. And EMCO has more than
30 representatives worlcwide to
help you—wherever you are. Call
our 800 number for more informa-
tion and the name of your EMCO
representative. Ask for your free
catalog of EMCO products, too!

FIRST IN QUALITY
FIRST IN PERFORMANCE.
1-800-253-3761

ARWCO

The Electro- Mechanics Company

Call toll-free between 7:30 AM and 4-30 PM. (CST)
In Texas call 512-835-4684 International Telex: 797627
PO. Box 1546. Austin. Texas 78767
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»rF specialreport

RF Radiation Hazards: An Update
on Standards and Regulations

By Mark Gomez, Assistant Editor,
and Gary A. Breed, Editor

The issue of human exposure to radio
frequency (RF) radiation is an environ-
mental topic that has seen growing con-
cern over the past several years. In re-
sponse to that concern, the American
National Standards Institute (ANSI) de-
veloped a standard (C95.1-1982) contain-
ing recommended safety levels for human
exposure to RF electromagnetic fields.
This report reviews the technical and
regulatory aspects of the current stan-
dard. Also presented are summaries of re-
cent studies which measured radiation
levels near broadcast facilities, plus infor-
mation on changes under consideration
by ANSI for a revised RF radiation ex-
posure standard.

he National Environmental Policy Act

of 1969 (NEPA) requires that all agen-
cies of the Federal Government evaluate
the potential impact of their actions on the
quality of the human environment. To
comply with this provision in the area of
RF radiation, some Federal agencies
have adopted C95.1-1982. In addition,
many local and state governmental bodies
have legisiation or pending legislation
based on the recommendations set forth
in the standard.

In 1985, the FCC adopted a Report and
Order amending part 1, subpart |, of the
FCC Rules and Regulations to provide for
analysis of the environmental impact of
RF radiation. The amendment stated that
future applications submitted to the com-
mission will be subject to environmental
evaluation as outlined in the rules if the
facility or operation in question could
cause human exposure to RF radiation in
excess of specified guidelines (1).

Agencies such as the National Institute
for Occupational Safety and Health
(NIOSH) and the Occupational Safety and
Health Administration (OSHA) intend to
establish (or have already established) a
standard in accordance with ANSI C95.1-
1982. The Navy’s Combat Readiness
Electromagnetic Analysis and Measure-

RF Design

ment (CREAM) program includes RADHAZ
which is a radiation hazard test set de-
signed for the ANSI standard.

Other organizations have either drafted
or approved guidelines which are lower
the ANSI standard for public exposure,
occupational exposure or both. These in-
clude the International Radiation Protec-
tion Association (IRPA) and the National
Council on Radiation Protection and Mea-
surements (NCRP).

Technical Definition
of the Standard

The ANSI radio frequency protection
guides (RFPG) are frequency-dependent
limits recommended for safe exposure to
RF radiation. The guideline covers 300
kHz to 100 GHz with the limits given in
terms of RMS electric and magnetic field
strength and in terms of plane-wave or
free space power density. Equation 1

shows the relationship between the H
(magnetic field in A/m), E (electric field in
Vim) and S (power density in mW/cmz2).

E2
_- —— = 2
S= 3770 37.7H 1)
The most restrictive limits are recom-
mended where the human body’s absorp-
tion is the greatest, i.e., 30-300 MHz. Ab-
sorption is lowest from 300 kHz to 3 MHz,
hence, the least restrictive limits apply
here. Different limits are recommended for
frequencies in other frequency ranges.
The ANSI curve (see Table 1) is a mirror
image of the RF absorption curve which
is defined by the specific absorption rate
(SAR). ANSI's RPG states that the SAR
cannot exceed 0.4 W/kg when averaged
over the entire body mass. SAR is the rate
of energy absorption per mass of tissue
and is expressed in W/kg. Equation 2

e

Lookout Mountain’s antenna farm is home to most of the Denver, Colorado, area FM
and TV stations.
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covers the
spectrum
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Radlatmn
| Moniwrs |

Narda has developed radiation mdmtor- .*—%
ing systems consisting of a variety of field
sensitive probes and metering instr
ments. These probes are mtercﬁdg&%
ableto provide electric and magnetic field
measurements. The metering instru- ]

ments are also usable for applications
from 0.3 MHz to 26 GHz. £l

o“

Broadband Isotropic Probes

Electric Field
FREQ. 0.3t0 10 to 300 MHz
300 MHz 3000 MHz to 26 GHz
PROBE | 8662 8644 8621, 8623
Magnetic Field
FREQ. 0.3to 10 MHz 10 MHz to
300 MHz
PROBE 8652 8631,
8633, 8635

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 ANSI 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
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Three meter styles are available. Each
performs specific requirements. Model
8616 is our full-featured instrument and is
calibrated in average equivalent power
density. While the 8619 is identical in size,
it is calibrated in mean squared electric
and magnetic field strengths. Both ac-
commodate all probes. Model 8611 is a
compact unit with the same readout as
8616 and accommodates all probes.

'8 (5—) "| (Ve K
~1 0 '}
g ,—:\ 1 VL ALA

A SUBSIDIARY OF LORAL CORPORATION



Radio Frequency Protection Guide (RFPG)

Frequency Power
Range E? H?2 Density
{MHz) (V3im2) (A2m?) {mWicm?)
033 400,000 25 100

330 4,000 (900/12) 0025 (900/12) 800/12
30-300 4,000 0025 10
300-1,500 4,000 (1/300) 0.025 (#300) #1300
1.500-100,000 20,000 0.125 50

Note: f 18 the trequency, in Megahenz (MH2)

Table 1. RFPG in accordance with
ANSI C95.1-1982.

defines SAR in radiometric terms:
SAR = [0/2(c)] E? (2

Where ¢ is the density of the tissue in
kg/ms3, o is tissue conductivity in s/m, and
E, is the magnitude of the sinusoidally
varying electric field.

SAR can also be calculated from ther-
mal considerations in terms of the time
rate of change of the exposed tissue
assuming no thermal losses or metabolic
heating exists (see equation 3). ¢ is the
specific heat capacity in J/kg/°C.

SAR = c(dT/dt) (&)

Time averaged exposure can be used
for determining compliance with the FCC
Report and Order where personnel may
be intermittently exposed to relatively in-

RMS RMS

Frequency  Electric tield Magnetic tield Power density
range (Vim) gth (A/m) )
AM Radio 632 158 100
FM Radio
and VHFRTV 632 0.158 il
UHFTV

ch-14 792 0.200 157

ch-69 103 0.268 267

Table 2. FCC maximum permissible
exposure levels over 6 minutes, in
accordance with ANSI C95.1-1982.

tense fields. The FCC rules require that
the broadcast station license applicants
determine that RF emissions from their
facilities do not expose employees or the
general public in access of the ANSI
radiation protection guide. Table 2 shows
the maximum power densities and mag-
netic field strengths based on the ANSI
RPG.

A significant aspect defined by ANSI is
time averaging over a six minute period.

RF Design

This means that the product of power
density and time cannot exceed 6
mW-min/cm?2 as shown in equation 4 and
demonstrated in Table 3. In graphical
form, the area under a radiation versus
time curve cannot exceed 6 mW.min/cm?2
for any 6 minute period.

S(mW/cm2)t(min) < 6 mW/cm?2 4)

Recent Developments

Between September 22 and 26, 1986,
an investigation of radio frequency radia-
tion levels was conducted at Lookout
Mountain, Jefferson County, Colorado by
engineers from the EPA and FCC (2).
Lookout Mountain is the location for
broadcast antennas for many of the televi-
sion and FM radio stations that serve the
Denver area. The number of stations and
their close proximity to one another and
to residential areas make the Lookout

PRECISION
CRYSTAL
i OSCILLATORS
Frequency Range:

8-200 MHZ
Frequency Stabllity:

LESS THAN 1 P.P.M.
From —30°C to 85°C

Aging: < 2 p.p.M for 6 months
< 1p.pM for life

Trim Range: 16 p.p.M minimum

Fast wWarm Up: < 1 minute from cold

Current Drain (Oven): < 50 mA @ 25°C

Oscillator Current: <30 mA @ 12 VDC

Output Level/Shape:

Per Customer requirement

Exposure Exposure Time out
level time of
(mW/cm?) allowed field
1.0 6 min. -
1.5 4 min. 2 min,
20 3 min. 3 min.
30 2 min, 4 min.
5.0 1 min. 12 sec. 4 min. 48 sec.
10.0 36 sec. 5 min. 24 sec.

Table 3. Time averaged exposure
at various power levels.

Mountain antenna farm unusual. Interfer-
ence to consumer electronic devices and
subsequent concern over possible health
effects led the residents and the Jeffer-
son County Planning Commission to re-
quest a survey of RF radiation levels.

RF field strength is usually measured
using either broadband isotropic electric
or magnetic field strength meters or tun-
able field strength meters connected to
appropriate antennas. Broadband equip-
ment is used to determine the total RF
field at a point while narrowband equip-
ment provides details of the RF field in-
tensity at any particular frequency. This
study at Lookout Mountain employed both
types of equipment.

Near the base of one tower (KYGO-FM),
power densities reach 10,000 uW/cmz2 in
a publicly accessible area. This exceeds
the FCC’s 1000 uW/cm?2 guideline for FM
frequencies. However, none of the mea-
surements made inside the main building
of the compound exceeded 100 uWfcmgz.
The maximum power density near
another tower (KOSI-FM) was 580
uW/icmz?, lower than the FCC standard.
The spatially averaged power density

LOW POWER
LOW DRIFT
LOW COST

- {,} ;:_

-

CUSTOM DESIGN CAPABILITY
Crystek's innovative engineering group has
in-house capability of circuit develop-
ment/artwork using computer aided
design. (CAD/CAM)

This great flexibility allows Crystek to create
custom made oscillators to any special cus-
tomer requirement or specification.
Semi-automated manufacturing methods
(surface mount technology) and 100% test-
ing guarantees consistent and uncomprom-
ised quality of our product.

Fast turn-around for prototype samples and
production quantities at economical prices.
Write or Call Us Today!

Toll Free: 1-800-237-3061

CRYSTEK
CORPORATION

DIVISION OF WHITEHALL CORPORATION
2351/2371 Crystal Drive/Ft. Myers, FL
33907
P.O. Box 06135
Ft. Myers, FL 33906-6135
(813) 936-2108 / TWX 510-951-7448
FAXIMILE: 813-939-4226

INFO/CARD 25
35




within an area of about 1000 square feet
near the tower does exceed the 200
uW/cm2 NCRP and IRPA standards. Typi-
cal power densities at several residences
on Lookout Mountain did not exceed 100
uW/cmz. Higher power densities of limited
extent were found near field enhancing
metal objects.

Healy Heights, Portland, Oregon, the
location of another study (3), is one of the
few places in the nation where AM and

many FM broadcast antennas can be
found in close proximity to one another,
with six of the seven FM broadcast anten-
nas mounted on a single tower. There are
also two major towers located within a
residential neighborhood.

As the study began, KBOO-FM began
transmitting from a new antenna that is
higher on the tower than the old anten-
na. With the new modification, the power
density guideline of 1000 uW/cm? was not

The Test Facilities
For Peak Performance

How do you assure peak performance
when ordering Anechoic Absorber
Materials or Anechoic Chambers for
your microwave project?
SIMPLE . .. Talk to the leader!
AEMI now offers you confidence in
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Every square inch of our pre-lami-
nated material receives an in-process
transmission loss test down to
1.5 GHz.

AEMI's unique tapered chamber permits accu-
rate measurement of large pyramidal absorbers
at frequencies from 150 to 600 MHz.
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PO. BOX W * SANTEE, CA 92071-0618
[B19] 449-9492 * FAX: [619)] 4491553

Plus we can add computerized
background cancellation that in-
creases sensitivity up to —60 db.
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AEMI also offers you the ability to
manufacture Anechoic EMC, Rectan-
gular, Tapered and Double Horn
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your needs. Our Absorber Material
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your specifications.
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exceeded around the KXL tower, which
had higher levels prior to KBOO's move.
Typical values found inside the KXL
residence were below 70 uW/cm? although
a few localized values were found be-
tween 100 uW/cm? and 200 uW/cm?2. Data
collected in other selected residential
areas around Portland found no power
densities approaching the FCC guideline.

It should be noted that the City of
Portland and the Portland Planning Com-
mission have instituted guidelines that are
significantly lower than the ANSI stan-
dard. In some instances, these guidelines
are one-tenth the power density of
C95.1-1982.

Other radiation sources of concern in-
clude amateur radio, radar and satellite
uplinks. Although it is possible for ama-
teur radio facilities to generate power den-
sities exceeding the ANSI standard, the
FCC considers the problem to be almost
negligible. Most amateur radio operators
do not have large enough systems to
generate radiation above the guidelines,
and operation tends to be intermittent with
a relatively low duty cycle.

Satellite uplinks pose virtually no prob-
lem as the satellite main beam is directed
skyward and the public rarely has access
to transmitting dishes. The exposure to
satellite dish microwave radiation can
cause adverse health effects if an indivi-
dual were to stand directly in the micro-
wave beam, especially for any extended
period of time. Radiation from satellite
uplinks is something birds should be wor-
ried about (but only if they linger in the
beam).

Updating the Standards

A standing subcommittee has been
working for the last five years to study and
revise the ANSI C95.1-1982 standard. The
subcommittee will eventually present its
proposal to the parent committee which,
in turn, will present its revised version to
ANSI. The parent committee is comprised
of representatives from various organiza-
tions of which the Navy is the secretariat.
The subcommittee, on the other hand, is
made up of 125 scientists (biologists,
physicists, etc.) and 25 to 30 engineers.
The subcommittee is chaired by Dr. F.
Kristian Storm of the University of Wiscon-
sin with Dr. John Osepchuck of Raytheon
Research as the secretary.

The proposals outlined here are prelim-
inary and subject to debate and voting.
The major proposal for the revised ANSI
standard is to tackle the problem of oc-
cupational and public exposure separate-
ly. This could result in different standards
for the two categories. New rules for RF
shock and burn are proposed, with limits
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on induced current and stringent regula-
tions on low frequency electric field ex-
posure where no specific means of miti-
gation are employed. The low end of the
revised standard is proposed at 3 kHz
while the high end may be set to 300 GHz.
A proposal to relax the magnetic field
rules below 1 MHz where human suscep-
tibility is low is also being reviewed.

There is intent to change the concept
of time-averaging so that it is more ac-
curate at the various frequency ranges.
Discussions are underway to change and
implement new measurement techniques
so that the interpretation will be more ac-
curate. One reason for the change in the
measurement technique is that localized
hot spots will not be interpreted as whole
body exposure.

After the subcommittee has voted and
agreed on the new regulations, the parent
committee will vote and possibly change
the wording as needed before submitting
the finalized proposal to ANSI for evalua-
tion and publication. The standard, if ap-
proved, will take at least two to three years
before it is finalized and issued.

Conclusion

The majority of broadcast stations do
not create situations where the public can
be exposed to levels in excess of the ANSI
protection guide. In the few cases where
public exposure may be a problem, sev-
eral options are available to minimize or
eliminate the problem. The simplest is by
restricting access to the area by using
fences or warning signs. Another solution
would be to redesign or use a different
antenna to minimize downward radiation.
Altering the spacing in an FM array may
be a positive step. The most expensive
solutions would be to increase the height
of the antenna or relocate the tower.

Broadcast facilities represent the most
common source of high electromagnetic
fields. RF engineers and technicians
working on communication systems need
to be aware of regulations for his or her
own safety as well as public safety.
Regulatory compliance of equipment be-
ing installed is another requirement. Final-
ly, with the growing public awareness and
concern about RF radiation, RF engineers
will be called on to respond to public in-
quiry when it arises.

The ANSI standard itself is voluntary,
although it can be used as a guideline
when regulation is needed. Regulation is
normally imposed by individual cities or
counties, various governmental organiza-
tions, and organizations with health and
environmental concerns. A significant
number of these governmental or regula-
tory bodies have adopted, or are consider-

RF Design

ing, requirements which are lower than
the current ANSI standard.
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rF featured technology

Chebyshev & Butterworth Filter
Group Delay and Delay Distortion

By Robert C. Kane
Motorola, Inc.

In the course of development of a typical communication
system, it is necessary to consider signal selectivity at the input
of the system receiver. The commonly used method of incor-
porating the desired degree of selectivity is through the use of
a narrow band-pass filter network (see Figure 1). Such a preselec-
tor will have the effect of passing a limited range or band of
desired frequencies while rejecting all others which may produce
an interfering signal in the receiver.

Mixer
filter
RF > ’ ‘
input to
detector
Bandpass Pre-
amp amp
From
L.O.

1, + 4t 1, + af

f, - Af
n BPF

T t, = Delay time

for component
t f, to pass
through filter

Figure 1. Block diagram of a bandpass filter network.

In addition to the desired effect of rejecting signals at frequen-
cies falling outside of the filter pass-band region, it is found
that the filter network will introduce a level of distortion to those
signals which pass through the filter to the subsequent receiver
circuitry. This added distortion is explained by considering that
the propagation of energy within the filter is a function of the
frequency of that energy. That is, when energy consisting of more
than a single spectral component is being passed through a filter,
the components will not propagate at the same velocity.

Generally, received information will not be of single sinusoidal
composition but consists of sinusoidal components of a finite
bandwidth or complex waveshapes which are composed of
sinusoidal components.

When considering propagation of each of the discrete frequen-
cy components through the filter network, it becomes apparent
that due to the frequency dependency of propagation velocity,
the individual spectral components will begin to spread out and
propagate through the filter at different rates. The result is seen
as a distorted reproduction of the original signal when viewed
at the output of the filter (see Figure 2). This distortion is termed
delay distortion as it is introduced by the unequal delay of the
spectral components of energy being passed through the filter.

In many communication applications where the integrity of the
received signal must be faithfully preserved, additional circuitry
will be added to compensate for this distortion. The method of
compensation is generally to introduce a phase shift exactly op-
posite to that which was originally encountered in the preselec-
tor filter. The difficulty encountered in accomplishing this step
in the overall processing of the signal is primarily due to the fact

38

Figure 2. Propagation delays before and after the band-
pass filter.

that it is not easy to accurately predict the actual distortion
component.

Available information which provides graphical data for direct
use or tabular data which may be used to determine the delay
response are restricted to a few select variations of parameters.
In the case of Butterworth filters, this is not an impediment as
the required delay information may be obtained directly from com-
monly available graphs by scaling. However, in instances when
Chebyshev filters are being evaluated, direct scaling is not an
option and one is usually placed in a position of selecting a best
approximation for determining the delay response and delay
distortion of a particular filter. This is true for Chebysheuv filters
because the delay is a function of the pass-band ripple as well
as bandwidth.

In the following, a systematic method for determining the delay
distortion in and near the pass-band region for Chebyshev filters
of order 2 through 10 is developed. This development is based
on determination of the actual delay of energy spectral com-
ponents through the filter, commonly referred to as the group
delay.

Chebyshev Delay Response
The well-known expression for group delay is:
do
e V)

It relates the change in phase delay of the input signal through
the filter to the input signal spectral components. © may be ex-
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pressed as:

T Im (Hi)
O = tan __—Re H,) (2

In order to calculate group delay of the filter transfer function,
Matthaei (1) states that:

For N>= 3 and odd:

(m-1)/2
nm . mm
P, =C(P+X) TT [P2+(2XCOST)P+X2+S|n2( 5 ﬂ 3)

Note: The n symbol stands for a multiplication of terms of the
expansion. — Ed.

For n even:

n/2

P, = CT__[1 [Pz— (2XCosE(2gr‘]_1) ) P+X2+8Sin2 (—-—"(2;:1_1):)](4)

In the above, C is a proportionality constant used to determine
the minimum atenuation. As will be shown, the value of this con-
stant does not enter into this particular calculation and can be
neglected.

1 1 ™
where X=Sinh [’;Smh-‘( 10101 ) ] (5)
and r is the pass band ripple in dB
Also,
Sinh-1(Y) = Ln(Y+~ Y2+1) (6)
Sinh(y) = =52~ )

The variable p is the representation for complex frequency, which
we take for the lossless case to be:

P=jw ®

Where w is the frequency of interest with respect to the normal-
ized ripple bandwidth, w,.

Given that w, is the 3-dB bandwidth of the filter
o 1

Bt VT TN W 9)
A= % Cosh™ (%\} (10)
€ = (10M0 — {)% (11
From (1) and (2) it follows that:

T,= D’C-CD (12)

C2+ D2

Where:

D = |,[P,) (13)
C = RglP,] (14)
e ""::E.’,’"” .
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. 9(R[P,])
O = (16)

As an example, expansion of the transfer function polynomial
for the case of n = 5 resuits in the following for D, D', C, and C’.

NE=N5

D=w5—-(5.236X2+1.25)w3+(3.236X*+2.926X2+.3125)w (17)
D’ = 5w4—(15.708X2+3.75)w?+(3.236X4+2.926X2+.3125)  (18)
C = 3.236Xw*—(5.236X3+2.926X)w2+(X5+1.25X3+.3125X)  (19)
C' = 12.944Xw3—(10.472X3+5.852X)w (20)

A program in BASIC incorporating these relationships for
Chebyshev filters of order 2 through 10 is shown in Figure 3. Note
that for the sake of completeness the program has been written
to include the capability of determining the delay and distortion
of the Butterworth type filter in addition to the Chebyshev type.

Example

A Chebyshev filter with n = 5, .003 dB ripple and 28 MHz
BW,,, is calculated.

Since n is odd we select:

(n-1)/2
m m

P,=C(P+X) TT [P2+2XC05(T)P+X2+Sin2(‘n—)] (V)]

Performing the indicated operrations yields the expanded form:

Jw5+3.236Xw*—j(5.236X2+1.25)w3—(5.236X3+2.926X)w?

+{(3.326X+2 926X2+ 3125)cw+(X5+1. 25 X3+ 3125X) (22)

Separating the above into its real and imaginary components
yields:
D=l[Py]=w5—(5.236X2+1.25)w3+(3.236X4+2.926X2+ 3125)w (23)
C=R,[P,]=3.236Xw4—(5.236X+2 926X)w2+(X5—1.25X3+ 3125X)  (24)

Recalling that group delay is a function of the derivative of the

phase delay:
d[lm[pn]]
[lm(Pn) ] Re[P:
d tan-
dé Rq(P.) dw
i do RS A T (25)
Re(Py)
Performing the indicated differentiation on (23) and (24) yields:
_AimlPr]
D'="" 7 =5w'—(15.708X2+375)w?+(3 236X*+2.926X?+3125)  (26)
| dR[P]
C'= do ~129440°-(10472X3+5852X)w 27

At this point, solving for X:

X = Sinh [% Sinh-! (]E&anjT_f) %] = 9789 (28)
For the filter under consideration:

Chebyshev, n = 5, .003 dB ripple, 28 MHz BW

dé 3 D'C - CD

dw C2+ D2

rip*

Ty = (29)
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The above will yield the group delay at the normalized low pass
‘ frequency w. The delay distortion can then be calculated by sub-
tracting the group delay at the center frequency of the pass band
(for the band pass application) from the calculated group deiay
| atthe frequency of interest. Note, w4 for this consideration is the
normalized ripple bandwidth not the 3 dB BW.
| Figure 4 shows the results of the above filter when the
parameters are entered into the program.
{ Notice that the data and graph have been renormalized to a
| 3 dB BW, which may be conveniently calculated from informa-
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MODEL ER8003 1 x 10— 9day
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PHASE NOISE __ SSB 1 Hz BW at 10 Hz offset
MODEL ER8001 . . . 124 db
MODEL ER8003 . . . 135 db

INPUT VOLTAGE __12 VDC + 10% STANDARD

OuTPUT SINE-WAVE 1VRMS INTO 50
ohm LOAD
SIZE MODEL ER8001 and
MODEL ER8003
AR SR
MODEL ER8005
2.257 x 2.25” x 4.25"H
OPTIONS MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

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

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

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

tion given in the preceeding development for the Chebyshev
delay response. (rf]
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Figure 3. This program calculates the delay
distortion.

12 lesesossnssassarssnassansas DELAY-DISTORTIONsssssascascessessascsssocsssne

30 OIM L(420

40 BEEP 300,.3

5@ INPUT "ENTER 1 FOR BUTTERWORTH 3 2 FOR CHEBYSHEV" T
&0 60SUB Bandwidth

7 BEEP 300,.3

80 INPUT “ENTER NUMBER OF POLES (FROM 2 TO 10 N
9 R=D

120 QUTPUT 701 %"

110 Coh=1

120 IF T=2 THEN 60SUB Ripple

130 IF T=1 THEN

140 OQUTPUT 701:N3"-POLE BUTTERWORTH FILTER, “¢Bws" MHz 3aB BW"

150 ELSE

160 IF Bs=1 THEN

170 OUTPUT 701 yN:~-POLE CHEBYSHEY FILTER "tRi:~ dB RIPPLE “48w:" MHz 3dB BW
180 ELSE

192 QUTPUT 7014N;~-POLE CHEBYSHEV FILTER "(R1;°dB RIPPLE *jBui* MHz 3d8 Buw*
200 END IF

218 END IF

220 IF T=2 THEN

23e IF Bs=1 THEN GOSUB Calel

240 IF 8s=2 THEN 60SUB Calc2

250  ENO IF

260 FOR w=.01 TO 8.2 STEP .02
261 IF w>1,5¢Coh THEN G0TO 340
270 R=R+!

28¢  60SUB Oelay

290  Td=((D1¢C-D+C1)/(C"2¢0"2))
300  Td=(INT((Td/(Bwe1@°6+2+PI)s
310 L(R}=Td

320 GOSUB Print

336 NEXT W

348  60SUB Braph

350 6070 End
360 Delay:

.E+3)+1000 1209

EVALUATE AT W

370 IF Te1 THEN

380 SELECT N

390 CASE 2

400 O=1.4145u

410 Di=1.414

420 C=1~u"2

430 Cim~2ew

440 CASE 3

452 O=-w 3424

460 D1=-30"242

479 Co-2eu"241

480 Cla-dew

490 CASE 4

500 0=-2.613+0°342.613u
519 01=-7.839+w"242.613
520 Cab"4-3,414°W"2¢
53e Cladew"3-6.818°w

540 CASE §

550 0=W"5-5.236+W"3+3.236w

42 INFO/CARD 30
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560
570
s8e
590
(11
610
620
630
640
659
€60

680
€90
700
e
720
730
740
750
769
770
780
730
800
819
azo
830
840
850
860
87e
880
89@
900
114
920
939
940
950
360
970

Dl=Sew 4-15.7@8W " 2+43.236
C=3.236W"4-5,236+W"2+!
Cl=12.94424"3-10.4724
CASE &
0=3.8642W"5-9.134+W"343.864°W
1=19,.32+w"4-27.402+U"2+3.664
Co-W 6+7,45¢W"4-7. 45202+
Cl=-6+W"S+29.8+W"3-14.9w
CASE 7
)=-W 7410, ) *W 5-14.61+W"3+44,495W
Dta-7+u"6+50,5°W"4-43,82°W"2+44.495
C=-4.495-W 5+14.51W"4-12.1su"24
Cl=-26.97+W"5+58.4+W"3-20.2°W
CASE 8
D=~5.12+uw" 7421 .82W"5-21 ,B1eW"345.12+W
DI=-35.84+W"6+109.05W"4-85.43+W"245.12
CowB-13.1eW"B+25.65°w 4-13. 11w 2¢
ClwBeW"7-78.65+W"5+102.6W"3-26.22W
CASE 9
D=W"9-16.58sW"7+41.96+W"5-31.15+W"3+5. 76w
01=9-W"B-116.06+W"6+209.8+W"4-93.45+W"2+5.76
C=5.76+W"8-31,15+W"B+41,96+W"4-16,5BW"2+1
Cl=46,08W"7-186,3°W 5+167.8°W"3-33.16W
CASE 10
D=6.39+W"9-42.79+W 7474, 200" 5-42.79+W" 346,39+
D1=57.5) +W"8-299,5+W"6+371 ¢k~ 4-)28.4°W"246.39
Co-W 19420.42+W"B-64 .86+W"6+64.85°W " 4-20.42°W"2+1
Cl=-10+w"3+163.36°W"7-383.2°W"5+259.4+W"3-40.82W
END SELECT
ELSE
SELECT N
CASE 2
D=1.414eX 4
Di=t. 414X
Co-u"24X°2+.5
Cl==2e4
CASE 3
De-W 342X 200+ 7524
Diw-3+¢W"2424X°2+,75
Cu-2eX oW 24X 3+ 75X
Cla-daXeu
CASE 4

380
930
1000
1210
1220
1030
1040
195@
1060
1270
1280
1830
1100
Ve
1129
1130
1140
1159
168
17e
180
190
1200
210
220

1270
1280
290e
300
1310
320
330
1349
1350
1360
1372
1380
13909

D=-2.B15+X oW "F+{2.615+X 341 .69¢X oW
D1=~7.845X*W"242 . 615X 3+1,69X
Cmu*4-(3,420X 241 )0l 24X 44X"2+.125
Clugew 3-(B.B4sX 24224

CASE 5

0=W"S~(5.236°X"2+1.25)°W"3+(3,236+X°442.926X"2+.3125) W
D1=5+W"4-3(5.236+X"241.25)+W"2+(3.236+X"442,926°X"2+,3125)
C=3.23BX W 4~(5.236+X"3+2.926°X }eW " 2+(X S+ ,25¢X"34.3125+X)
Cl1=423.2369XeW"3-2¢(5,2360X"342.926X )eW

CASE 6

D=3 . BEeX oW S-(F. 130X 344 470X oW 34(3, 86X 5+4.47X 341, 31X }ol
Da®19.32XoW"4~(27.39¢X"3413. 41X )sw"2
Do=(3.86°X"5+4.47+X"3+1.81X
D1=Da+0b
Ca=-W"B+(7.45+X"241,497)°W"4-(7.45<X"4+8.09+X"24.562)U"2
Ch=(X"E+] .5+X"44.56X"2+.031)
C=Ca+Cb
Ct=-Bol"G4(23.8¢X"245,988)eW"3-{14.9+X"4412.2X"2¢1.12) ¢4
CASE 7
Daw-W 7+{10.1X 241,748 )+ 5-{14.61+X"4410.82¢X"24 873 )su"3
Dbe(4.495+X"6+6.344X 442, 1912X"24.109) el
D=0Da+Db
Da=-7+W"6+(50.5¢X"24B.74 )+ W 4-(43.83¢X 4432, 46-X"242.62)°U"2
Ob=(4.495X B+6.34+X"442.191+X"2+.108%)
D1=0a+Db
Cam-4.495+XsW "B+( 14, 612X 346,34sX )W 4
Ch=-(1Q,1oX"5+10.0+X 342, 196X )eU 24X 7+1 750X "54.873+X"3+. 11X
C=Ca+Ch
Ca=-26.97+X W "S+(58,4+X"3425,35¢X)4"3
Che==(2@.2+X"5+21.64X"3¢4.38eX )W
Ci=Ca+Cb
CASE B
Dam==-5.12#XsW " 7+(21 .BeX"3+8.5X)eW"S
Db=-(21.B+¢X"5+21.7+X"3+43,97eX)eW"3
Dc=(5.12+X"7+8.5¢X"5+3.37+X"3¢.46¢X ) el
D=Da+Db+Dc
Da=-35.8+X+W 5+ 18%eX"3+42,.5eX o0 4
Dbe-(B5.4¢X 5465, 1+X" 3411 .9+X)eu"2
De=(S. 12X 748, 43¢X"543.95X"3+.458+X)
D1=Da+Db+Dc
Coa=W*8~(13.11eX"242 )W B+(25.6°X"4+17.4°X 241,24 )suW"4
Che=(13.11sX"6+17.40X"445,54eX"°24.26)24"2

RF Design

003 Dual Rotary Attenuator DC-1000 MHz
75S-002 Solid State Coax Switch 1-500 MHz
75B-002 Pushbutton Attenuator DC-500 MHz

JFW Industries, Inc.

5134 Commerce Square Drive
Indianapolis, Indiana 46237
(317) 887-1340
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1480 Cem(X"B+2oX B+1.24°X"44.25+X"2+.008) 1830 Cc=(259.53¢
1212 C=Ca+Cb+Cc 1842 Cd=-(40.863

142 CasBew 7-(78.66°X"2+12)0W S+( 102X " 4+E9.62X"244.96 U3 1850 Cl=Ca+Cb+Cc+Cd

1430 Cb=-(26.22+X 6434 . BeX 441 .0BeX 2+ 51l 1860 END SELECT

1420 Ci=Ca+Ch 187¢ END IF

459 CASE 9 1898 RETURN

1460 Da=W*9-(15.578¢X"2+2.25)oW 7+(41,.978+X"4426.132+X"2+1.6876 }*W"5 1900 Bandwidth: !

479 Db=~(31.157+X B+38.766X " 4+11.5@1+X"2+.4686)eu"3 1919 IF Tel THEN

1480 Dc=(5,758+X B4+11.015:X 5+6.529X"441.223+X"2+.0351)eu 1920 INPUT “ENTER 3d8 BANDWIOTH__MH:z" Bu

1499 D=Da+Db+0c 1932 ELSE

1500 Da=S+4 8-(116.85+X"2415.75)+W B 1940 INPUT “SELECT 3dB BWw (1) OR RIPPLE BW (2) ENTER 1 OR 2" ,B:
1510 Ob=(2@89.89+X 4+130.66°X"248.438)eU"4 1958 IF Bs=1 THEN INPUT "ENTER 3d8 BANDWIDYH__MH:°® ,Buw
1520 De=-(93.471+X B+11E6.3+X"4434,5°X"241.406)°W"2 1360 IF Bs=2 THEN INPUT "ENTER RIPPLE BANDWIDTH___MHz" ,Bw
1538 Dd=(5.758+X B+11.015+X"645.529°X"4+41,223+X"24.0351) 1870 END IF

1540 D12Da+Db+Dc+Dd 1980 RETURN

1559 Caw5.758+X+W B-(31.157+X"3+11.0816X)°W'6 1992 Ripple: !

S60 Cb=(41.977+x G+38.768+X"346.5286+X )eW"3 2000 INPUT “ENTER PASS-BAND RIPPLE__ dB~ ,Ri

1570 Cow-(16.579+X 7426.123-X"5+11.501¢X"3+1.223+X ysw"2 2019 £+2.7182818

1582 Cd=(X"9¢2.25+X 741 .68B+X"5+,4686X"3+.8351+X) 2920 Q=10"(R1/1@)-1

1590 Ce=Ca+Cb+Cc+Cd 2038 ¥=SQR(1/Q)

1620 Ca=dB. 064X oW 7-(186.94¢X " 3+466.896X )+W"5 2040 Z=LOG(Y4SQR(Y~241 )3

1610 Che(167.91 X 54155.072+X"3426.114=X)el"3 2050 S=2/N

1620 Cc=~(33.158+X"7+52.258+X"5+23,002+X"342.446X )*W 2060 Xe(E"S-1/(E*S))/2

630 Ct=Ca+lb+Cc 2078 RETURN

1649 CASE 19 2089 Print: |

165€@ Da=6.3925X+W"9-(42.802+X"3413.832°X )el"7 J0%e IF w=.21 THEN

1669 Db=(74.235+X 5464 .007X"3+9.9121+X)+U"5 2100 OUTPUT 701

1670 Dce=-(42.802+X"7+64.007+X"5+426.465°X"342.6077+X)ou"3 2110 OUTPUT 701" W'/ [ Td nSEC." DELTA Tg
1680 Dd=(6.39252X"9413.632¢X"749.9121eX"5+2,6077+X"34.18293 X }otd 2120 OUTPUT 701

1690 0=Da+Db+0c+Dd 2130 END IF

1700 Da=57.5525+ X+ B-(299.51 X" 3+96.824=X )«u 6 2140 OUTPUT 701" " sLIR N sLCRI-LCTY
1719 Db={371.1B<X S5+320.84+X"3+49.561 X )*u"4 2150 RETURN

1728 Dce=(128.41+X"74192,92+X"5479.395¢X " 347, 8231 X )eU"2 2160 6raph: |

t73@ 0d=(5.3925+X°9+13.832+X"7+49.9121 X 542.6077+X"3+.18233-X) 2170 6CLEAR

1740 D1=Da+Db+Dc+0d 21 OQUTPUT 701, %

175¢ Cam-(W"10)4(20.4315+X"242,5)+U"8 2180 Scale=(20/(Coh+BwleT)

1768 Cb=-(64.883+X"4437.343+X"242.1B75)W"6 2190 CSIZE 4,.5

177¢ Ccm(54.B83+X 6+76.016°X"4420.977X"24.78125)u"4 2200 FOR K=20 7O 120 STEP 1@

1780 Cu=-120.,4315¢X°B437.343+X E420.977+X"243.683689X"2+.09765)*W"2 2219 MOVE K ,20

179¢ Cem(X"10+42.5¢X"842.1875+X"6+.78125+X" 4+ @9765+X"2+.00195) 2220 ORAW K,100

180 C=Ca+Cb+Cc+Cd+Ce 2230 NEXT K

1818 Co=-10+W 3+(163.454X"2420)+W"7 2249 FOR K=20 TO 100 STEP 10

182¢ Cb=-(389.3+X"44224.06+X"2413,125)+4"5 2258 MOVE 20 ,K

X 6+304.06+X"4+83.9089X"2+3.125)e4"3
*X"8474 686X 5+41.954X" 247 .3676+X"2+.1953 )4

44

I LOWEST PRICED, HIGHEST QUALITYATTENUATORS -BNC $11.001-0eA, SMA $14.40 10EA
S

ND TERMINATIONS - BNC $5.60 10€a, SMA $5.60 10EA., MIL. HI-REL. NETWO
Mode! impedance Froauency umv PRICE lAlEKFE(‘YWE o45-88
Number (2) Ohma (Power W1 Range anc UKE <
Fiaea Attenuators 1 to 20 a8
AT-30(3) 50 5w 0C 1 5GHz o0 2000 1800 -
AT-31 30| Sw OC 1 5GH2 1100 1500 1500 1400 12.00
AT-82 50 (1w) 0C 1 30Mz 14% 2050 2050 1980
AT-83 50 ( 25w) 0C 3.00Hz 1400 1 . 15 00 -
AT 54 50 25w) 0C-4 2GH1 - - 18,00 - -
AT-58 50 ( 25W) OC 4 264z - - - 1440 0m ) —
AT750rATSO  TSor93(5W) OC 1 3GH:(?TSOMMI) 1130 2000 2000 1800 -
Oetactor. Mizer, Zaro Biss Schofiky
CD-81, 78 0. 78 014 2GH2 54 00 - 5400 =, "
OM-31 50 014 201z = &4 0n = I
Resistive Impedance Tranatormers Minimum Loss Pads '
o 7 0C 1 3GH2 10 930 1950 1750 - -
AT 50/93 5010 93 OC 1 0GH2 1300 195 1930 1750 -
Teeminations
CT-30(3) 50 ( 5w 0C-4 2GM1 1180 1300 1500 1730 -
51 50 ( SWi 0C 4 2GH2 9% 1200 10.50 050 -
€rs2 30(1w) DC 2 5GMe 1030 1500 1500 13.00 1880
CT-83m 30| sw) DC-4 2GH2 8 8010 %) ~ - 8.6010m ) — =
s4 80 (2w) DC 2 0GH: 1400 1500 1500 17.80 -
cr-18 78 ( 25W) OC 2 5GMs 1030 1500 1500 1300 15,50 -
CTo3 03[ 25W) OC 2 5GH1 13 00 18 00 — 15.00 18 80 =
Mismatched Terminations 1 05 1te 3 1 Open Circult, Short Clrcul
“r s 30 0C 3 0GHL 4530 4380 4580 4550 - -
ur 78 s ©0C 1 0GHr - - 45.50 - - -
Fewd thru Terminations shumt msistar
150 50 OC 1 0GHz 1080 1930 1980 750 - -
¥1 78 75 DC S00MH2 105 1950 1950 1780 - -
T o0 (5] OC-1S0MMx 1300 1950 19% 750
Diractions! Coupber 30 08
oc 800 S0 250-500MM2 0 00 - a4 00 - -
Rasistive Decouph @0 resistor or Capactive Coupler sertes capecitor
AD or €C 1000 (10009F)  OC-Y 3GHZ 1200 1800 1800  17.00 - -
Adapters
CA-80 (N to SMA) 30 OC 4 26Mz 1300  13.00 1300 1300 -
Inductive Decouplers series Inductor
OIS 0 47um -500MM2 1200 1800 1800 1700 -
p-ens 0 8un OC 33MH1 1200 1800 1800 1700 - - Lo
Flasd Attanustor s-u 3 ahicpibelacangitibasticlcssd >
AT 50-8ET (3) 0C 1 3GH. 8000 400 8400 7800 - - (3
AT 8Y SET Aﬂ o 1 sam 4800 6400 8400 6000
- Reaciive Multicouphers 2 and & output ports 1/
TC128-2 0 1S 125mm2 84 00 - 67.00 8700 - Al
TC 1184 0 15125MH2 87 .00 - 815 8.5
:‘ Resistive Power Dividers 3 4 and b ports ')
AC 3-50 50 0C2 0GM2 00 - 64 00 - -
s uc - so s0 DC 500MM2 8400 8400 - 4 00
%0 DC S00MMx - ~ - 84.50 - -
nc 3—75 a8 1 DC-300MMz 8400 - 84 00
Double Belanced Micers
08M-1000 50 8 1000MH2 &1 00 - 00 8100 - 34.00
DBM $00PC %0 2.500MM2 - - - - - 34 00
AF Fuse 1 8AmD and 1 18 Amp
FL SO 50 0C 1 5GMz 1200 1800 4550 1700 -
FLTS 75 OC 1 5GH2 1200 1800 - 17 00
-u NOTE 1) Critical parameters fuity I D Fabricated from Mi) Spec High-Rel resiators.
Ty Schotiny dodes Mil Spec piated part connectors in nicked, silvar, 80d goid 2) Ses catalog for complate Model
o Numbagabeckticorbeiay taxs s Bbecisls svakbblep®) Catlbrationimerkied on label of unty 4l Pucels bleci choggs 19888
, without notice Shipping 35 00 Domestic or $28 00 Foreign on Prepeid Orders Oalivery Is stach 1o 30 days AR
3\ 8!71 SYSTEMS INC. 305-994-1774 :
32 CLINT MOORE ROAD, BOCA RATON, FL 33431 " L

resistive minimum loss impedance matching pads.

Z.2 dB max.. VSWR {Return Loss) is 1.05:1 max..

female/75 ohm BNC female or type "F" female con-
nector. (Other connectors are available).

MHz. Price with standard connectors is $45.00.
Frequency range of the MLPU is 0-900 MHz. Price
with standard connectors is $75.00.

WIDE BAND ENGINEERING COMPANY, INC.

P.0O. Box 21652, Phoenix, AZ 85036 U.S.A.

WBE

MINIMUM LOSS PADS

The MLPY and MLPU are 50/75 ohm
ss is 5.7 dB nominal with a loss flatness of
2 dB min) either 50 or 75 ohm ports. Power is
4 W cw max.. Enclosure is type "E" Cast

uminum 1 1/2" x 1 1/8" x 7/8" with blue
nish.  Standard connectors are 50 ohm BNC

Frequency range of the MLPY is 0-500

Telephone (602) 254-1570
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Unprecedented Performers!

The A-8000 Spectrum Analyzer.
. Astep beyond the

Now 2.6 GHz frequency coverage!
Fully synthesized. Tracking generator.* Quasi-peak detector.*
Truly portable. And again, an exceptional value!

The new A-8000, quite simply put, is our response to
industry’s demand for a higher frequency, yet still econom-
ical, Spectrum Analyzer.

Now, with two models and seven options to select
from, you can custom configure the unit that meets your
specific testing requirements.

The commonality of the A-8000 and A-7550 offer you
many benefits. Two powerful microprocessors, menu
driven display modes and single function keyboard entry
aid the user in the operation of all analyzer functions. To
further increase the operational simplicity of the A-8000
and A-7550, the microprocessor systems automatically
select and optimize the analyzer’s bandwidth, sweep rate
and center frequency display resolution, with manual
override if desired.

Increased flexibllity...added features...and
exceptional value continue to make IFR the logical

Contact your IFR distributor or representative
for a demonstration.

A-8000 and A-7550 Features — All Standard:

* Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz
to 1 GHz = 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 = Selectable
scan widths, 1-2-5 sequence + 0 and full scan ® Accurate center
frequency readout ® Direct center frequency entry

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

* Line, bar, average, compare and peak hold display modes

= 300 Hz and 30 kHz video filters = 106 to 266 VAC operation
without switching = 12 to 30 VDC operation

*Optional Features Include: = Internal rechargeable 5 APH
battery for truly portable operation ® Internal tracking generator
with 1 dB step attenuator = FM/ AM/SSB receiver ® IEEE-488
interface bus ® RS-232 interface bus = 75Q adapter

= Internal quasi-peak detector

choice when considering your next Spectrum Analyzer. ,

IFR SYSTEMS, INC.
10200 West York Street / Wichita, Kansas 67215-8935 US.A.
316/ 522-4981 / TWX 910-741-6952
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2260
2270
2280
2232
2300
2310
2320
233
2340
2359
2362
2370
2380
2398
2400
2:1@
240

DRAW 120 K

NEXT K

MOVE 98,16

LABEL “wil”

MOVE 12,19

LABEL “wl { w3dB © "1 [NT((BweCon:+1205:/19@1 " MH:
FOR K=18 TO 98 STEP '@

RMOVE | X

LABEL INT((K-1B8)+2+Scale s nSEC"

NEXT K

HMOVE 20,20

FOR k=1 TO 400

DRAw :20-.357Coher.Cons. 71433, 1/5cale LK)/ 2s20
IF ¢2Q+#:Con/.71431/12@ THEN GGTO 2420

NEXT K

QUTPUT 71

OurP GRAPHICS

Figure 4. These are the results for the filter in the example.

S5-POLE CHEBYSHEV FILTER
3dB BANDWIDTH IS 39.1812212029MHz

W' /W Td nSEC.
.01 14,555 [}
.03 14.857 .002
.05 14.561 .006
.07 14.567 012
.09 14.575 .82
1 14.585 .03
.13 14.587 .042
nliS; 14.612 .087
il 7, 14.629 .074
.19 14.648 .093
§od 14.67 L1185
.23 14.695 .14
928 14.723 . 168
N2 14.754 ands
323 14,787 . 28¢
.31 14.825 .27
ok 14.865 .31
8-+ | 14.909 .354
b2k 14.958 .401
.39 15.007 .452
.41 15.062 .507
.43 15.12 /565
.45 15.182 .627
.47 15.247 .692
.49 15.317 .762
.S1 15.39 .838
o] 15.467 912
.55 15.549 .994
ST 15.634 1.079
.59 15,723 1.168
.61 15.817 1.262
.63 15.916 1.361
165 16.018 1.464
MG 16.128 1.573
.69 16.243 1.688
A 16.364 1.809
w19 16.493 1.938
L) 16.629 2.074
LA 16.776 22l
S7E) 16.932 35T
.81 17.101 2.546
.83 17.284 20 l9
485 17.482 201327
.87 17.697 J.142
~88 155858 3.378
.91 18.19 3.635

DELTA Td

2432 RETURN
2449 Calcl: 0

2459 GOSuB Cosn

2450 Bw=t/Coh+Buw

24 QUTPUT 7@1:° RIPPLE BANOWIOTH IS "iBwi "MHz
2480 RETURN

249Q Calcl: ¢t

25090 60SUB Cosn

251 Bu3=Coh+Bu

2520 OUTPUT 7011°3dB BANDWIDTH 15 °31Bw3y MMz
2530 RETURN

2542 Cosh: !

2550 Zc=LOGE Y+SOQR(Y 2~1))

23562 A=Zc/N

2570 Con=1€ As1/(E*A)}/2

2580 RETURN

2590 Eno: END

QCL 18.473 3.918

835 18.782 42247,

297, 1135122 4.567
99 19.493 4,938
.ot 19.899 5.344
03 20.341 S5.786
25 20.819 6.264
07 21:3586 6.78
29 21.885 .33
H 22.465 Sl
13 23.071 8.516
1S 23.693 9.138
17 24.317 9.762
19 24.928 10.373
21 25.507 10.952
28 26.031 11.476
2’5 26.47S 11,82
.~ 26.815 {2:208
29 27.028 12.473
31 27.097 12.542
) 27.008 12.453
35 26.758 12.203
RS, 26/.352 77502
89| 2SH8] 11.245
.41 25.121 10.566
43 24.339 9.784
45 23.479 8.924
47 22.564 8.009
49 21.619 7.064
51 20.664 6.109
.53 HOSNZS S.16
S5 18.786 4.231
7/ 17.887 3.332
59 17.024 2.468
61 16.202 1.647
63 15.424 869
6S 14.689 134
67 118,999 =11556
69 13 .26 ~1.205

o 71 12.743 = iBn2
73 12:178 -2.98
75 11.643 ~ oW
77 11.146 -3.409
79 10.681 -3.874
81 10.24S -4.31
83 9.837 ~4.718
85 9.454 5.101

continued on p. 49

.003dB RIPPLE 28 MHz 3dB BW
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NOW, YOU CAN HAVE IT ALL!
POWER, SPEED & PRICE.

Up to 4000 watts from 10-500 MHz, and blanking speeds

of better than 0.5 usec.

The latest MOSFET technology from Kalmus Engineering
has made it possible to combine linear power with high
speed blanking. Choose from nine different models.

NMR/MRI POWER AMPLIFIERS

Model 164 LP,
166 LP,
167 LP,
164 HP,
166 HP,
164 UP,
166 UP,
164 SP,
168 LP,

500 W,
1000 W,
2000 W,

500 W,
1000 W,

300 W,

600 W,

250 W,
4000 W,

10-86 MHz,
10-86 MHz,
10-86 MHz,
80-200 MHz,
80-200 MHz,
200-400 MHz,
200-400 MHz,
400-500 MHz,
10-60 MHz,

55 dB gain
55 dB gain
60 dB gain
55 dB gain
55 dB gain
55 dB gain
55 dB gain
55 dB gain
60 dB gain

ENGINEERING INT’L., LTD. USA
21820 87th SE e Woodlnw//e WA 98072
206/485-9000 » Telex: 24-7028 FAX: 206-486-9657
QUANTITY PRICES CONSULT FACTORY

INFO/CARD 33

USA
Price
Each
$6,990
$8,990
$13,990
$7,990
$9,990
$6,990
$8,990
$6,990
$20,990
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Custom amplifiers and subsystems from the device experts — MSC

From hi-rel/military to high volume commercial applica-
tions, rely on amplifiers and subsystems from MSC to
give you a competitive edge. With an in-house device
capability, our amplifier and device engineers work
together to design or optimize devices for specific perfor-
mance characteristics . . . the optimal solution to your
system design.

MSC has designed and manufactured pulsed/CW
amplifiers and subsystems for avionics, radar, telecom-
munications, telemetry and ECM applications . . . with RF
output powers from 1W-10KW and frequencies from UHF
to 20 GHz. Consider these examples:

Building on a leadership position in a wide range of
silicon and GaAs power transistors, MSC has been a
major amplifier/subsystems manufacturer for more than
15 years. Our updated manufacturing facility is capable of

high volume production and is equipped to meet the full
range of high-rel device and amplifier/subsystems screen-
ing . . . as well as military quality/inspection requirements.

So put “‘the device experts’ to work for your amplifier
and subsystem requirements. For more information, circle
the bingo number for our new brochure. Or call (201)
563-6300 for immediate assistance.

MICROWAVE SEMICONDUCTOR CORP.
A Siemens Company

100 School House Road, Somerset,
New Jersey 08873.

MSC . . . the experienced
leader in advanced microwave
technologies.
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1.87 9.035 -5.46 2-POLE CHEBYSHEV FILTER .05 d8 RIPPLE 40 MHz 3d8 BW
1.89 8.758 -5.797 RIPPLE BANDWIDTH IS 17.5320984067MHz
1.9 8.44 =6.115 3-POLE CHEBYSHEV FILTER .05 dB RIPPLE 40 MHz 3dB BW
1.93 8.142 ROAILS RIPPLE BANDWIOTH IS 26.4533072415MHz
1.95 7.86 ~6.695 4-POLE CHEBYSHEV FILTER .05 dB RIPPLE 40 MHz 3dB BW
1.97 7.534 -6.961 RIPPLE BANDWIDTH IS 31.2892226257MHz
1.99 7.344 -7.211 S-POLE CHEBYSHEV FILTER .05 dB RIPPLE 40 MHz 3dB BW
2.01 7.106 -7.448 RIPPLE BANDWIDTH 15 34.031882112MHz
<.03 6.882 -7.673 6-POLE CHEBYSHEV FILTER .05 dB RIPPLE 40 MHz 3dB BW
.05 6.668 -7.887 RIPPLE BANDWIDTH IS 35.5908324336MHz
2.07 b.466 -8.083 7-POLE CHEBYSHEV FILTER .05 dB RIPPLE 40 MHz 3dB BW
2.09 6.274 -8.281 RIPPLE BANDWIDTH IS 36.7565152838MHz

8-POLE CHEBYSHEV FILTER .05 dB RIPPLE 4@ MHz 3dB BW
RIPPLE BANDWIDTH 15 37.4766218281MHz
9-POLE CHEBYSHEV FILTER .@5 dB RIPPLE 40 MHz 3dB BW

162 nS RIPPLE BANDWIDTH IS 37.9839231009MHz
| 10-POLE CHEBYSHEV FILTER .05 d8 RIPPLE 40 MHz 3dB BW
142 n§ RIPPLE BANDWIDTH IS 38.353815781MHz
122 nS T
102 nS L
81 nS —t- 159 nS T } *Y
61 nS 139 nS ! {
40 nS 19 nS |
20 nS R 99 nS =
0nS W 79 nS y
3dB = 39.18 MHz w3dB 59 nS ; ’}"( t
47
39 nS —— “/’ -
2-POLE CHEBYSHEV FILTER .003 dB RIPPLE 40 MHz 3dB BW e )
RIPPLE BANDWIDTH IS 9.0534121449)MHz 19 nS e :
3-POLE CHEBYSHEV FILTER .0@3 dB RIPPLE 4@ MHz 3dB BW 0nS — —_
RIPPLE BANDWIDTH IS 17.8845813409MH: i
4-POLE CHEBYSHEYV FILTER .003 dB RIPPLE 40 MHz 3dB Bw w3dB = 40 MHz w3dB

RIPPLE BANDWIDTH IS 24.3022522176MH:
5-POLE CHEBYSHEV FILTER .003 dB RIPPLE 4@ MHz 3dB BW

RIPPLE BANDWIDTH IS 28.5851223013MH:

6-POLE CHEBYSHEV FILTER .03 dB RIPPLE 4@ MHz 308 BU

RIPPLE BANDWIDTH IS 31.4436482993MHz .
7-POLE CHEBYSHEV FILTER .003 dB RIPPLE 4@ MHz 3dB BW 2-POLE BUTTERWORTH FILTER, 40 MHz 3dB BW
RIPPLE BANDWIDTH IS 33.3987623935MH: 3-POLE BUTTERWORTH FILTER, 4@ MHz 3dB BW

8-POLE CHEBYSHEV FILTER .2003 dB RIPPLE 4@ MHz 3dB BUW 4-POLE BUTTERWORTH FILTER, 4@ MHz 3dB BW
RIPPLE BANDWIDTH IS 32.1483451404MHz S-POLE BUTTERWORTH FILTER, 40 MHz 3dB BW

9-POLE CHEBYSHEV FILTER .003 dB RIPPLE 40 MHz 3d8 BW s O LR R TRAT AR | 4 SEIADHCY T
RIPPLE BANDWIDTH IS 35.7757666307MHz L O L, LT RE Y S

10-POLE CHEBYSHEV FILTER .003 dB RIPPLE 40 MMz 3dB BW 8-POLE BUTTERWORTH FILTER, 4@ MHz 5dB BW
RIPPLE BANDWIDTH IS 36.5199402062MHz e L S ATE A NS g
) 10-POLE BUTTERWORTH FILTER, 40 MHz 3d8 BW

160 nS 80 nS
140 nS 70 nS
120 nS 60 nS
100 nS 50 nS
/1
80 nS - 40 nS
60 nS 30 nS —
40 nS — 20 nS —
20ns =2 - B 10 nS — e
0nS L 0nS I
@w3dB = 40 MHz w3dB w3dB = 40 MHz
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rF design feature

Simple Digital Inductance Meter
With 0.1 nH Resolution

By Roger A. Williams
LTX Corporation

The personal computer and the advent
of inexpensive circuit analysis and syn-
thesis software have made the RF
engineer’s job easier in many ways. Con-
struction and component issues, however,
have become more important than
miniaturization. The broadband networks
in modern RF circuits have more
elements than their narrowband
predecessors. Hence, the designer must
take care to fully characterize them. At fre-
quencies below 1 GHz, this involves ac-
curate measurement of inductances and
capacitances of both components and cir-
cuit board strays. Chip capacitors and tiny
air-wound coils demand resolutions of
about 0.1 pF and less than 1 nH.

Accurate low-cost portable digital
capacitance meters proliferate, but inex-
pensive inductance bridges have a
resolution of only about 100 nH. This ar-
ticle takes a look at the design of the high
resolution digital inductance meter which
won the author a copy of Superstar in the
RF Design Awards Contest.

he inductance meter operates by

forcing a constant 100 kHz sinusoidal
current through the inductor (L,) and
measuring the magnitude of the
quadrature voltage generated across it.
This voltage leads the current by 90°, as
indicated by the basic relationship:

V(t) = L,-di/dt
= L,-a,wcos(wt), if i(t) = a,sin (wt)

This works out to about 2.5 mV for a 20
mA, 100 kHz current through a 200 nH in-
ductor, or 25 uV for a 2 nH inductor. Since
the test fixture and every coil will have
some series resistance, R, the total
voltage across the inductor can be
represented as:
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V(t) = L, a,wcos(wt) + R, a,sin(wt)

Observe the importance of measuring
just the quadrature component: for 20 mA
current, an R; of only 125 milliohms will
generate a 0° component of 25 mV, the
amplitude of the full-scale quadrature
signal. (Note that the inductor cannot be
conveniently measured by applying a con-
stant shunt voltage and measuring the
series current, as this current becomes
infinite as the induztance goes to zero,
and is 16 A for a 10 nH coil with a 100 mV,
100 kHz excitation.)

The amplitude of the quadrature com-
ponent of the voltage across L, may be
recovered by synchronous demodulation,

with the demodulator’s reference signal
provided by a +90° phase-shifted version
of the currrent source’s signal. When the
demodulator’s output is integrated, the
out-of-phase components cancel and the
in-phase (quadrature) components add to
create a DC signal which is proportional
to the peak amplitude of the in-phase
component.

Description

The reference sine wave is generated
by a 100 kHz crystal-controlled oscillator
(Figure 1) with AGC to maintain a cons-
tant output level. This signal provides a
reference to the demodulator, and after
amplitude scaling by the range switch, to

“Range"

+90°
72 “Zero"

Double-
balanced RC
demod. integrator

oc
e 10Ol o I I
- b_o

L
il — @ +90°
Preclsion
Rectifier
AGC K

Figure 1. Block diagram of inductance meter.
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A3 -0065 v vt

100 kH2

reference

output of
ampilifier

demodulator
output 200mg 200mC lﬂ,l 01 2xs

Figure 2 Inductance meter wave-

forms when measuring 1.8 uH coil
on 2 uH range.

the voltage-controlled current source
which drives the inductor.

The current source forces 20 mA p-p
through L, on the 200 nH and 2 uH
ranges, 2 mA on the 20 uH and 200 uH
ranges, and 200 uA on the 2 mH range.
(These currents are low enough to not

cause saturation of sensitive ferrite-core
toroidal inductors.) The voltage generated
across the inductor is amplified by two 27
dB low-phase-shift amplifiers separated
by a range-switched attenuator. The signal
is attenuated by 20 dB on the 2 uH and
20 uH ranges, and by 40 dB on the 200
uH and 2 mH ranges.

The signal, at a single full-scale value
for all ranges, drives the signal input (RF)
port of an active double-balanced
modulator (mixer). The reference (LO) port
of this modulator is driven into saturation
by a +90° phase-shifted reference signal.
The output (IF) of the modulator (Figures
2 and 3) is integrated by an R-C low-pass
filter. The resulting DC signal is the scaled
(0-200 mV) signal which drives the digital
voltmeter.

A3 -0065 v

100

reference \

output of 2
amplifier :

demodulator
output_200mG 200mG RO1 01 2us
—

Figure 3 Inductance meter wave-

forms when measuring 1Q resistor
on 2 uH range.

Circuit Description

The complete circuit diagram is shown
in Figure 4. The oscillator is op amp U,,,
which is gain-stailized by precision rec-
tifier Uy, and N-channel FET Q,. Q, is
placed in U,,’s feedback path so that as
negative gate drive increases (R in-

200nH Cal

U, = RCA157

Ottset  +6:2V

c,L1%03
100n_ ] T INs2348
0T =

Y, 100 kHz

c Ve,
R, R, R,
220k 2 33p 33p] 10k

+
DC to DVM

100 kHz Reference

Figure 4. Circuit diagram of inductance meter.
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#

| % error v:z HP 4271B

Figure 6. Correlation of inductance meter with HP 4271B.

creases), the op amp gain will decrease.
The values of R, and R; are chosen so
that unity gain is reached in the FET's
high-slope Ry region near V (off) (pinch-
off). As the pinchoff voitage of a JFET is
very nearly temperature-independent, the
oscillator's amplitude (and frequency, due
to Y,) are very stable over temperature.

U,. is a buffer to drive U,q, which is
configured as a current source. It is im-
portant that 1 percent (or matched) resis-
tors be used in the current source, as its
output conductance is proportional to the
mismatch between R,5 and R,,. U, is a
quad Bi-FET op amp, chosen for its high
slew rate limit (11 V/us).

U, is a high-speed (18 MHz GBW)
quad op amp configured as two 27 dB
low-phase-shift-amplifiers. The novel
amplifier topology, referred to as Second-
Order Frequency-Compensation, was
chosen to extend the phase response of
the amplifier a decade beyond that which
could be achieved with single op amp
amplifiers. Appendix 1 contains a descrip-
tion of its operation.

Synchronous demodulation is per-
formed by U,;, an RF double-balanced
modulator/demodulator. A reference
signal from the oscillator, phase-shifted
through a passive RLC network, drives
the top differential pairs into saturation,
while the bottom differential pair is driven
linearly by the amplified signal V, from
across L,. The top pairs’ output collec-
tors are cross-coupled so that full-wave
multiplication of the phase-shifted refer-
ence and V, occurs. Since the reference
signal is the same frequency as V,, and
is saturating the top pairs, the output
(Figures 2 and 3) of the demodulator is
a function of the amplitude and phase of
V,. The output of U,, used differentially
to avoid DC drift problems, is filtered and
drives the digital voltmeter.

Performance
The circuit was built on a small piece
of ground-plane broadboard material, and
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was installed with tre rotary Range/power
switch, Zero-set potentiometer, inductor
test clip, and two 9 V transistor batteries
into a 130 x 150 <« 50 mm slope-front
aluminum box. The 0-200 mV DC signal
to the digital voltmeter was brought out of
the box with a two-conductor shielded
cable. A Kelvin-type test clip was used to
eliminate errors from test clip stray
inductors.

An HP 4271B digital LCR meter was
used to calibrate the circuit. Comparison
measurements were made on the first
four ranges (throuch 200 uH) and the in-
ductance meter was found to track the
4271B to within 0.5 percent on the 200 nH
and 2 uH ranges and to within 1 percent
on the other two rarges. As the 4271B has
a specified accuracy of 1 percent of
reading to 1 uH, 0.6 percent to 10 uH, and
0.2 percent to 1 mH, the accuracy of the
inductance meter dircuit is better than 1.6
percent.

The system gain (scale error) and zero
drift are almost independent of supply
voltage. They are zlso almost unaffected
by temperature.

For measuring printed circuit traces, the
drive (current scurce) and measure
(amplifier inputs) coaxial cables may be
extended to at least 1 m in length without
degrading the accuracy of the meter. The

circuit draws less than 25 mA from each
supply. With 9 V alkaline batteries (550
mAh), continuous operation of over 25
hours can be obtained.

Recommendations

Several changes could be made to im-
prove the performance of the inductance
meters. If it were mated with one of the
common ratiometric 32-digit DVM chips
available, the gain drift and most of the
zero drift errors could be removed, and
it could be built into a standard DVM-size
package. This circuit cannot measure in-
ductances above 2 mH because of the
low inductor currents that would be re-
quired to keep the inductor voitage within
the dynamic range of the amplifiers. Large
inductances could be measured if the cir-
cuit were made to operate at a lower fre-
quency (such as 1 or 10 kHz) for the
higher ranges. A negative-voltage switch-
ing converter could be added to allow the
circuit to operate from a single 9 V bat-
tery.

About the Author
Roger Williams is applications engi-
neer at LTX Corporation, LTX Park at
University Avenue, Westwood, MA
02090-2306. He can be reached by
telephone at (617) 329-7550.

Appendix 1: 2nd-Order OpAmp Frequency Compensation

In a conventional single non-inverting
operational amplifier, the output
phase rolls off with frequency more
quickly than the closed-loop gain does,
and is —6° at 1] percent gain band-
width. In many applications this is not
acceptable and requires the use of
high-speed op amps operating below
their gain-frequency limits. The techni-
que of using a second (matched) op
amp to provide second-order frequen-
cy compensation was developed to ex-

tend this phase response by several

octaves.

In any feedback amplifier, we may
refer to the ratio of feedback from out-
put to input as . For our discussion,
approximate the open-loop gain of an
op amp by a single-pole response with
time constant A /w,, where A, is the
open-loop DC gain and w, is the
unity-gain bandwidth. This is accurate
so long as A,>> 1 and we are
operating below wt/10.

For a single op amp non-inverting
amplifier,
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NEED BROAD-BAND COAXIAL RELAYS?
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER

Our versatile 7000 series of
coaxial relays have band-widths
from DC up to 800 MHz. They're
available from 2 to 24 throw.
And by using our 9000 series
cross-straps, switching matrices
of any size can be configured.

Why have Matrix broad-band
relays become the industry
standard? Because we construct
them of precision machined
anodized aluminum alloy, all
signal shield paths are silver
plated, and basic switch ele-
ments are hermetically sealed
in nitrogen filled gas envelopes
with rhodium plated contacts to
insure non-stick operation.

The end result is extremely
low crosstalk, EMI and VSWR.
Another plus, all switchpoints
are individually field replaceable.

The units are plug compatible
with Matrix 6100A and 1600
Series Logic Modules for com-
patibility with RS-232, RS-422
and |IEEE-488 Interface busses
as well as 16 bit parallel.

Non-blocking Matrix configu-
ration may be easily assembled

MATRIX

| SYSTEMS CORPORATION

CALABASAS, CALIFORNIA 91302
INFO/CARD 36

5177 NORTH DOUGLAS FIR ROAD

using our self-terminating relays
and 5100A series power dividers.
Built-in Video/RF amplifiers
allow zero insertion loss designs.
So if you're looking for broad-
band relays, it pays to deal with
Matrix. After all, we've been
designing state-of-the-art reed
relay and semiconductor switch-
ing systems for over 18 years.
Our customers include gov-
ernment agencies, defense
contractors, the TV industry,
ATE and telecommunications
companies—and more.
Phone: 818-992-6776
TWX: 910-494-4975
FAX: 818-992-8521



A New Standard
In 30MHz
Measurement
Receivers...

the VM-7
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.InPrice |
and
Performance! |

istory Repeats Itself — '
Dver a quarter of a century ago, l
einschel introduced the VM-3
0 MHz Attenuator Signal Cal-
brator...the industry standard for

recision attenuation measure-
ents. Now, there’s a new

tandard, the VM-7, utilizing .,
oday’s technology at yesterday’s
pricing. The VM-7 provides im- .
proved accuracy and performance
at the touch of a button. It’s a

ost-effective alternative for high-
priced insertion loss measurement

n production, lab or field

Environments.

B Calibration of Signal e
Generators
Unmatched Features —

@ Advanced Solid State Triple
Down-conversion IF
Substitution

B -110to — 127 dBm Sensitivity

'@ Built-in 30 MHz Calibration .
Traceable to NBS

M Linear Over 100 dB Dynamic
Range

B 0.02 dB/10 dB Accuracy

M Split Second Measurement
Results

B ATE Ready, IEEE 488 Bus
Compatible

For a demo or details

CALL TOLL FREE
(800) 638-2048.

®

WEINSCHEL
ENGINEERING

One Weinschel Lane,
Gaithersburg, MD 20878-4094
(301) 948-3434  Telefax: (301) 948-3625
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p

Closed-loop gain = 1
1+ = S
and thus (by small-angle equivalence),
phase-error = ~w/fw,. If a second op
amp of identical characters is available
(i.e. monolithic dual or quad op amp),
its frequency characteristics may be
used to compensate those of the main
amplifier.

At low frequencies, A1 forces V,/K
to be equal to V,,. A, forces V /K to be
equal to V,/K. Thus, the DC gain is K.
Assume that the two op amps have
matched gain bandwidths and that
open-loop gain = wJ/s. The transfer
equation (V,/V;,) can then be deter-
mined from the loop equations for A,
and A,.

! /1 -j(?zz_')a a
~ ) )

R, (K-1)

Thus, the phase error has been reduc-
ed to approximately —(w/fw,)3. For
w/fw, <0.1, phase error is reduced
since the two op amp compensated
circuit has less than 0.1° error at
wlfw, = 0.1, compared to the 6° of the
uncompensated circuit.

Reference
1. Precision Monolithics Inc., 1986
Analog Applications Seminar.

Appendix 2: Parts List

Description & Part Number

Res, 220k ohm, %W 5% CF

Res, 1k ohm, %W 5% CF

Res, 47k ohm, %W 5% CF

Res, 100k ohm, %W 5% CF

Res, tM ohm, %W 5% CF

Res, 10k ohm, %W 5% CF

Res, 9.09k ohm, %W 1% MF, RNSS5D
Res, 909 ohm, %W 1% MF, RNS50
Res, 200 ohm variable, 4t cermet
Res, 4.7k ohm, %W 5% CF

Res, 3.3k onm, %W 5% CF

Res, 20k ohm variable, 4t cermet
Res, 10.0k ohm, %W 1% MF, RNS5D
Res, 20.0k ohm, %W 1% MF, RNS5D
Res, 200 ohm, %W 1% MF, RNS5D
Res, 442k ohm, %W 1% MF, RNSSD
Res, 1.00k ohm, %W 1% MF, RNSSD
Res, 22.1k ohm, WW 1% MF, RN55D
Res, 100 ohm, %W 1% MF. RNSSD
Res, 100k ohm variable, 4t cermet
Res, 680 ohm, %W 5% CF

Res, 1k ohm variable, 4t cermet
Res,
Res,
Res,
Res,
Res,
Res,
Res,
Res,
Res,
Res,

o

15k ohm, %W 5% CF

Sk ohm variable, 4t cermet
2.7k ohm, %W 5% CF

1.8k ohm, %W 5% CF

1.5k ohm, %W 5% CF

500 ohm variable, 4t cermet
22k ohm, %W 5% CF

43k ohm, %W 5% CF

330 ohm, %W 5% CF

2k ohm variable, type 3520

type 535

470k ohm, %W 5% CF

33 pF, NPO monolithic ceramic
100 nF, X7R monolithic ceramic
10 nf, X7R monolithic ceramic
1 uF, dipped tantalum

Cap, 4.7 pF, NPO monclithic ceramic
Cap, 680 pfF, NPO monolithic ceramic
Cap, 750 pF, NPO monolithic ceramic
1C, quad BifFet opamp, LF347

IC, gquad H/S opamp, RC4157

IC, demodulator, OIP, LM1496N
MC1496L
NE1496

Trn, N-ch JFET, PN4393

Res,

Cap,
Cap,
Cap,
Cap,

Diode, switching, 1N4148
Dioge, 6.2 v zener, IN5234B

Inguctor, 2.7 m4 choke, 10%

Crystal, 100 kHz miniature tuning
fork, CX-1v

Switch, 4-pole 6-pos rotary
Test clip, 4-terminal Kelvin

ty
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Manufacturer Component Designations

various R1
various R2
various R3
various R4
various RS.6,7
various R8,9,10,15,40,41
various R1Y
various R12,29
various R13
various R14
various R16,42
various R17
various R18,21,28
various R19,20,23,55
various R22
various R24.25
various R27,31,34
various R26,32,33
various R30
various R56
various /35,52
various R36
various R37,38
various R39
various R43
various Ra4
various R4S
various R46
various R47,48
various R4g
various R50,51
Bourns RS3
Spectrol

various RS54
various (5583
various €3,7,8,9,10,13,18,19,20,22
various ca
various G556 IR 12524
various C14,15
various C16
various C17
National un
Raytheon U2
National U3
Motorola

Signetics

Siticomix 01
National

various 01,2
various 03,4
various L1,2
Statek AR
various St
various
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RF Expo East —
The Technical Program

An Engineering ‘“‘Curriculum’’ Including Tutorials,
Case Histories, and a Panel on Superconductivity.

RF Expo East, November 11-13, 1987 at
Boston's World Trade Center, offers en-
gineers an opportunity to take part in an
exchange of ideas that cannot be found
anywhere else. Papers have been speci-
fically sought out to supplement those
freely offered, to create balanced cover-
age of important topics. The result is a
program broad enough to offer every
engineer something of value and deep
enough to satisfy the most rigorous
theoretician.

Fundamentals of RF Circuit Design
Les Besser, Besser Associates

A One-Day Short Course:
Tuesday, November 10, or
Wednesday, November 11

Once again, this popular course in RF
design fundamentals is being offered to
RF Expo East attendees. The course
covers component behavior at radio fre-

quencies, reviews the Smith chart and S-
parameters, and presents basics of ampli-
fier design using manual and CAD tech-
niques.

An additional fee of $125 is charged for
this course, and advance registration is
strictly required.

WEDNESDAY —
8:30 to 11:30 a.m.

A-1 — RF Power Amplifier Tutorial
Chair: Sam Klein,
Microwave Modules and Devices

RF Circuit Design Practices
Dan Moline, Motorola

This paper preszants fundamental RF
power amplifier design principles, in-
cluding device selection, circuit configura-
tion, board layout, distributed and
lumped-element component choices, sta-
bility analysis, and test procedures.
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RF Combining and
Protection Techniques
Joe Johnson, Microwave
Modules and Devices

Power amplifier integration into a sys-
tem often requires the combination of
more than one amplifier. A complete sys-
tem must also include protection circuitry
at the individual amplifier and system-
wide levels. This paper covers combining
and protection methods for power ampli-
fiers operating at HF through UHF.

Requirements for Envelope-Elimination-
and-Restoration (EER) Systems
Frederick H. Raab,
Green Mountain Radio Research
Class D RF power amplifiers (PAs) with
kilowatt power output at HF have been
recently been demonstrated. Such ampli-
fiers, however, are not usable for linear
amplification. Class S (pulse-width modu-
lated) PAs are well established in high-
efficiency amplitude modulated systems.
Envelope elimination and restoration
(EER) combines these two PAs into a high
efficiency linear PA system. This paper
covers the basic principles and tech-
niques required for a high efficiency linear
EER system.

Session B-1 — Digital/
RF Applications

RF versus Digital — The Intelligent
Allocation of Resources
Sara M. Mussmann,
Wavetek RF Products

Sophisticated design now requires that
RF circuits interface with microprocessor
control circuitry. Due to the lack of “cross
pollination” between analog and digital,
there are many pitfalls that can hamper
an integrated RF/digital design. This
paper discusses some of the ways in
which a hardware intensive analog design
can be transferred with no loss of func-
tionality to digital software control. In-
cluded is information on software develop-
ment time estimation and code space
allocation.

Digital Dynamic A/D
Evaluation Technique
James Colotti, Eaton Corporation
Data sheet specifications of A/D con-
verter systems can be difficult to interpret
when selecting a device for a specific ap-
plication. This paper describes a software
method for evaluating A/D converter per-
formance under specific test conditions.
The system is based on Discrete Fourier
Transform (DFT) and Fast Fourier Trans-
form (FFT) analysis.
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Precision IC Test System with
Sub-nanosecond Speed
Karl Zadel & Richard Davis,
Harris Microwave Semiconductor

An evaluation and test system for high
speed GaAs digital integrated circuits is
described. This system was developed to
provide engineers with a means of eval-
uating these GHz-speed devices.

Session C-1 — Oscillators
and Multipliers

Chair: Carl Erickson,
McCoy Electronics

Getting the Most Out of the
Familiar Colpitts Oscillator
Brian Rose, Q-Tech

This paper presents results of experi-
ments and analysis of the “old familiar”
Colpitts oscillator. Gain margin, stability,
and pullability as a VCXO are examined.

New Topology Multiplier

Generates Odd Harmonics

Charles Wenzel, Wenzel Associates
Winner of the Second Annual RF De-

sign Awards Contest, this paper describes

an odd-order frequency muitiplier using

a Schottky diode-based square wave con-

verter. Also covered are basics of phase

noise measurement for oscillator and

multiplier evaluation.

The Numerically-Controlled
Modulated Oscillator
Earl McCune, Digital RF Solutions
Direct digital frequency synthesis is
becoming an important method available
to RF designers. This paper describes a
system with digital control of amplitude,
phase and frequency of the output signal.
Various methods of modulation and con-
trol of the synthesizer are discussed.

WEDNESDAY —
1:30 to 4:30 p.m.

Session D-2 - RFI/EMC Techniques
Chair: Mike Howard, Norand Corp.

Type Acceptance Tests for
Radio Transmitters
Mike Howard, Norand Corp.

Before marketing radio transmitters,
manufacturers must receive proper ap-
proval from the proper governmental
agency in the country it is to be sold in.
In the U.S., the Federal Communications
Commission is the responsible agency,
and in Canada, it is the Department of
Communications. Aspects of test methods

RF Design

used to obtain equipment approval by
these agencies is reviewed in this paper.

RF Radiation Hazards: Power Density
Prediction for
Communications Systems
Gary Breed, RF Design

This paper reviews ANSI standard
C95.1-1982, and its impact on governmen-
tal regulation of RF radiation levels, with
regard to public safety. Methods of predic-
ting power density levels in areas near
communications facilities are shown. In-
cluded are estimates based on isotropic
and hemispherical RF source models,
plus more precise computations based on
computer-modeled field intensities.

GPS Antenna Gain/
Pattern Measurements
on an Open Field Test Range
Mike Howard, Norand Corp.
Described is a method to evaluate
Global Positioning System (GPS) antenna
gain/radiation pattern characteristics
above 1 GHz in an economical and time-
ly manner. Although a majority of antenna
measurements above 1 GHz are per-
formed within absorber-lined chambers
with specialized positioners and towers,
this paper details site considerations and
test methodology used on an existing
open-field range normally utilized for FCC
Part 15 Subpart J (computing devices)
measurements.

Session E-2 — RF Power Devices
Chair: Howard Hench, Amperex

Power Transistors for
Radar Applications
Jim Curtis, M/A COM PHI

Solid state radars are being deployed
in place of tube type systems as perfor-
mance and cost of solid state devices im-
proves. This paper describes the general
requirements for high power bipolar tran-
sistors which are applicable for use in
radar systems. It presents a summary of
transistor characteristics which are gen-
erally required (or desired) for radar ap-
plications. Specific transistor types are ex-
amined for use in UHF through S-band
systems. Finally, present performance
limits are outlined, and a forecast of
developments in coming years is pre-
sented.

Passive Components for RF Power
Jim Meador, Acrian

High power RF passive components
are discussed, for applications in com-
biners and ballasted circuits. The paper
will cover related design elements, trade-

Low Power IF

Integrated Circuits .. .

Low power and
high performance!

Signetics.

NE602/612 VHF Mixer/0sc

o HF/VHF/UHF mixing with 2.5mA current

« 18dB conversion gain at 45MHz

* 4.6dB noise figure at 45MHz

o Buift-in oscillator to 200MHz

# Mil-Spec available in November 1387

NE604/614 FM IF Strip

o .27,V sensitivity from
matched load at 455kHz

o 0.4V sensitivity with 10.7MHz
(narrow-band)

o Two-stage 90dB limiting amps with
low phase shift

« 90dB log signal strength indicator

o Quadrature detector for narrow or
wide-band IF

e 3.0mA supply current

¥ Mil-Spec available in November 1987

NE605 FM IF System

o NE602/604 functions combined
e 5.5mA supply current
» Excellent compact performance

Call 800/227-1817, ext. 900
for the number of your local
Signetics sales office

Signetics

a subsidiary of U.S. Philips Corporation

Your Broadline Communication IC Supplier
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offs and advantages of developing resis-
tors, attenuators and terminations with up
to 500 watts dissipation.

A Linear FET for L-Band Radar
and Communications Applications
Hanan Zurkowski, M/A COM PHI

This paper describes the application of
a new broadband, high power FET with
an F/subscr T/ of 4 GHz. This FET offers
65 watts power at 1.45 GHz with 75 dB

gain. The FETs linear common source
operation makes possible simpie gain and
power output contral as well as linear
broadband amplification of complex
waveforms. Ease of bias and lack of ther-
mal runaway problems are discussed.

Session F-2 — RF Components
Chair: Gene Niemec,
Merrimac Industries

Shielded rooms
with a roomful
of benefits.

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.
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(interior), standard interior heights to 8, 10’
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.

Nationwide representatives

All-Welded Rooms — Shielding Effective-
ness to 120 dB- 140 dB+.
» Meets TEMPEST and other secure
requirements.
o |deal for EMP hardening.
¢ Free standing; total struct Jral and seam
integrity.
* Patented sliding doors exceed MIL STD-285
and NSA 655.
* MIG welding throughout.
o TEMPEST shielded security vaults.
o Standard and customized sizes.
* Maximum fire protection.
* Complete design and turn-key facilities.
Plus...shielded anechoic ctambers, chambers
for Nuclear Magnetic Resonence (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.
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A Single-Chip VHF
Narrowband Receiver
Jon Stiliwell, Motorola

A single channel 50 MHz narrowband
receiver is presented, using Motorola’s
new MC3363 bipolar analog IC. The
MC3363 is a complete VHF dual conver-
sion FM receiver, including RF amplifier,
two mixers, two local oscillators, limiting
IF and quadrature detection, squeich,
RSS! and a comparator for FSK data
recovery. The part has a bandwidth of 160
MHz using the internal local oscillator, and
over 450 MHz with an external LO. Basic
receiver performance in the 50 MHz ap-
plication and alternate configurations are
discussed.

Lifetime Effects in PIN Diodes
Peter Sahjani, SDI Microwave

Carrier lifetime governs switching
speed, ON resistance and low frequency
distortion characteristics of a diode. The
lifetime depends on | region length, for-
ward bias current density, composition
and contamination introduced during pro-
cessing. A mathematical model is pre-
sented to compute ON resistance by
estimating lifetime under certain condi-
tions.

Low Power IF Integrated Circuits
Provide Simple Design Solutions
Don Anderson, Signetics

This paper discusses recently devel-
oped IF integrated circuits for reception
of FM and various methods of digital com-
munication, as well as other applications.
Design techniques and performance of
these low power components in single
conversion schemes with intermediate
frequencies of 10.7 MHz and higher will
be discussed.

THURSDAY —
8:30 to 11:30 a.m.

Session G-3 — Filter
Design Tutorial
Chair: Dick Wainwright, QRS

Computer-Aided Filter Design —
A Tutorial
Randall Rhea, Circuit Busters

This session reviews modern LC filter
design in three segments of approximate-
ly one hour each. Part | begins with a
definition of some common terminology
and background material, Part Il deals
with typical applications and problems of
the real world, and Part lll, by empirical
methods, demonstrates the development
of special filter solutions.
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The overall purpose is to introduce the
beginning engineer to modern methods
of LC filters, as well as offer the journey-
man additional ideas and methods.

Session H-3 — CAD/

CAE Techniques

Chair: Ray Sicotte,
American Microwave Corp.

A Method for Introducing Active
Sources to Ladder Analysis Programs
Grainger C. Goodman,
Northern Microwave Systems

This paper will present a method of in-
cluding a voltage-dependent current
source and a current-dependent voltage
source in a ladder analysis program with
S-parameter output. This increases the
usefulness of ladder programs from only
passive analysis to active/passive analy-
sis. The method is explained from the
mathematics through an example model-
ing a bipolar transistor using an updated
version of a program presented at RF
Technology Expo 87, and published in
those Proceedings.

A Program for Synthesizing
Broadband Networks of Arbitrary
Structure
Steven Sussman-Fort, State
University of New York, Stony Brook
A matching network synthesis option
has been added to the program CIAQ,
whose features include microwave circuit
analysis and optimization. The synthesis
algorithm is an adaptation of the recently
developed iterative analysis method. The
synthesis program handles a choice of
elements (lumped or distributed, lossless
or lossy), real or complex source and load,
and arbitrary structure and gain shape
(S,) across the specified band.

Creating Custom Models for Integration
in Linear Simulator Software
Dane Collins, EEsof

Linear simulation software makes use
of mathematical models of circuit ele-
ments to simulate the small signal elec-
trical performance of linear circuits.
Touchstone is one such software tool,
containing over 120 models of circuit
elements. Touchstone Sr. is a program
that can use custom models to meet the

RF Exposure Measurement

HI 5000-SX

Measure Both E and H fields
ANSI RF exposure standard requires measurement

Signetics
Audio Compandors. ..

When audio dynamic
range, s/n ratio,
or modulation index
are critical.

NES70/571
General Purpose Compandor

¢ 110dB dynamic range

* Compress/Expand/Automatic level control

e Temperature compensated
 Built-in op amps
e Only 3.2mA typical supply current

NE572
High Performance Compandor

 110dB dynamic range
* Independent attack and recovery time
* Low output noise: 6uV typical
e Temperature compensated
o Very low distortion
(0.05% typical at 1kHz)

NE575 Low Voltage Compandor

 Operates to 1.8V

e Fully specified at 5V

 Two built-in op amps in each channel
e 6009 drive capability

* 0.13% typical THD

o Only 4mA supply current at 5V

of both the electric and magnetic field.

Automatic Self-zero

Completely automatic self-zeroing eliminates drift,
mproves accuracy of readings.

Displays Time Average Reading

Real-Time display of the current six minute average

Call 800/227-1817, ext. 900
for the number of your local
Signetics sales office
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most stringent or unique design situa-
tions. This paper discusses the creation
of a custom Schottky diode model based
on process-related dimensional and semi-
conductor parameters.

Session I-3 — Filter Design
Chair: Richard Snyder,
R.S. Microwave

RF and Microwave Filter Technology:
Past, Present and Future
Ali Atia, Comsat

Evaluation of methods of filter designs
and synthesis procedures are traced:
from classical image parameters and lad-
der networks, to modern insertion loss
theory approaches and computer aided
design to specifications.

Filter designs for various frequency

Amplifonix can now supply com-
plete data on every series
of Amplifier, Limiter, VCA,
Switch, Switch Attenuator
and Limiting Amplifier.
We guarantee specifi-
cations, screen to the
tables of MIL-STD-
883 and can deliver in
approximately four weeks.
THAT’S PERFORMANCE!

MplifONiﬂ

AMPLIFONIX AMPLIFIERS...

FOR PERFORMANCE
IN YOUR SYSTEMS

c,::“‘w ._"' )}

P~ . -
0 ,/ “1/"“‘:? ;‘::t:_;y
§ ”:\l -~ o | i~

5 My -l

2010 Cabot Blvd. West, Langhorne, PA 19047

Call or write
for complete
specifications

A TECHNICORP CO

215-757-9600 » TWX 510-667-0501
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bands, bandwidths and types (lowpass,
highpass, bandpass, bandstop) are dis-
cussed, along with suitable components
or transmission media. Future trends in
filter design will also be noted, including
high power, materials and optical appli-
cations.

Electrical, Environmental and
Packaging Parameters of Filters — How
are They Related?
Richard Snyder, R.S. Microwave

An early mentor of the author indelibly
impressed the statement that only two
parameters are intrinsically incapable of
proper realization in an integrated format:
high power and low loss. This paper ex-
plores the current validity of these pre-
suppositions in an effort to assist users
and designers of filters in the selection of
packaging which is compatible with the
intended application. Isolation, power
handling, losses and their relationship to
volume, temperature, packaging and
transmission medium will be examined.

Microwave Filters Containing High
Dielectric Constant Materials
Kawthar A. Zaki, University of Maryland

High dielectric constant materials with
excellent temperature stability are now
being used in such applications as filters
and oscillators. The paper reviews the
state of the art in dielectric resonator
filters, and covers the need for accurate
knowledge of resonant frequency, coup-
ling to other resonators and to the trans-
mission line. Also reviewed are the com-
plex electromagnetic boundary value
problems required for these designs. Re-
cent results and promising new low cost
structures are presented.

THURSDAY —
1:30 to 4:30 p.m.

Session J-4 — RF Test Systems
Chair: Malcolm Levy, Racal-Dana

Programmable Switching Systems
Paul Dhillon, Racal-Dana

When setting up an automated test
system, all instruments and devices under
test must be interfaced with each other.
The interface normally consists of a
switching system and/or coax cables for
RF frequencies. However, there are prob-
lems associated with such switching
systems, especially at radio frequencies.
Identification of these problem areas
allows the engineer to avoid or overcome
them. The paper discusses signal integri-
ty, configurations and solutions for RF
switching tasks.
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Accuracy Considerations in
RF Network Measurements
Lorenzo Freschet, Hewlett-Packard
Most engineers understand the basic
concepts behind RF measurements such
as gain, loss, VSWR, etc. But how many
understand all the factors that add uncer-
tainty to these measurements, sometimes
to the point of making them useless. This
paper will quantify the common sources
of error and give examples on how to
summarize them to determine measure-
ment accuracy.

A Phase Noise Calibration System
Guy Love and Kevin Lindell,
Norden Systems

Spectral purity of RF signal sources is
often the limiting factor in the perfor-
mance of radar and communications sys-
tems. Performance is usually specified in
terms of phase noise, a measurement of
the regular or random variations in phase
from an ideal sinusoid.

This paper presents a method of cali-
brating phase noise measuring systems
using a known phase modulation created
by switching between two transmission
paths (coaxial cables).

Session K-4 — High Power RF
Chair: Tawna Wilsey,
Varian Associates

Multi-Kilowatt RF Pulse
Power Amplifier
Otward Mueller, General Electric

A high power RF amplifier system for
magnetic resonance imaging applications
is described in this paper. Design, con-
struction, power output, pulsed charac-
teristics, and cooling techniques are
discussed.

60 kW UHF Solid State Power Source
C. Davis, M. Lynch, D. Reid,
Westinghouse Defense Group

A very high power RF amplifier system
for driving Radio Frequency Quadrupole
(RFQ) accelerators is the subject of this
presentation. Los Alamos National
Laboratories and Westinghouse Electric
Corp. engineers borrowed from solid state
radar designs for this UHF system, used
in a 1 MeV RFQ.

Thermal Considerations in
Amplifier Design
Gregg Hollingsworth, Acrian

Higher power in smaller packages is a
major push in the RF amplifier market-
place right now. Electrical design receives
much attention, but thermal design is
often only touched upon. This paper dis-
cusses aspect of thermal design, starting

RF Design

with the die, packaging materials and
methods, and concluding with system
heat exchangers. This is intended to
familiarize engineers with the major
design considerations for thermally
rugged and reliable amplifiers.

Session L-4 —
Superconducting Technologies
Chair: Dick Wainwright, QRS

This session is a panel discussion, in-
cluding short presentations by research-
ers and engineers. Recent developments
in high temperature superconducting
materials promises to make possible
many “ideal” RF circuits and compon-
ents. Practical realization of these devices
would cause a dramatic change in the
design and performance of all types of
electronics. Participants in the panel
include:

Dr. Kawthar A. Zaki, Univ. of Maryland

Dr. Joseph White, M/A COM

Dr. Rene Bonetti, Comsat

Dr. Ali Atia, Comsat

Dr. Richard Snyder, R.S. Microwave

FRIDAY — 8:30 to 11:30 a.m.

Session M-5 — Phase-Locked
Loops — A Tutorial
Chair: Peter Lacy, Wiltron Company

Phase Locked Loop
Design Fundamentals
Russell Brown, Wiltron Company
This paper is an introduction to basic
phase locked loop concepts and design
techniques. It illustrates the performance
advantages of phase locked sources and
describes some commonly used circuits.
Simple approaches to calculation of loop
dynamics and noise performance are in-
cluded in this tutorial.

Basic Phase Noise Analysis Principles
Dale Teets, Locus, Inc.

In the usual low noise PLL design pro-
cess, the output phase noise of the loop
is predicted using the reference and VCO
phase noise spectra. Particularly in low
noise designs, this method is not reliable
since the noise generated inside the PLL
circuitry can dominate the output phase
noise spectrum. A method is presented
to aid in the optimization of PLL noise per-
formance, and prediction of PLL residual
noise. The paper includes a brief tutorial
on phase noise, with emphasis on the
calculation of phase jitter from the noise
spectrum.

High Performance
Amplifiers . . .

Consider price vs.
performance ratios.

Signetics does.

NE5230 Low Voitage Op Amp

* 1.8 to 18V Supply Voltage

» Common-mode includes both rails
 Qutput swing within 100 mV of each rail
 Adjustable supply current

* Extended temperature range

NE5204/5205 Wide-band Amp

e -3 dB bandwidths to 600 MHz
* 20 dB fixed gain block
* Input/Qutput impedances matched
to 50 or 75Q
* Noise figure: 6 dB (509); 4.8 dB (759)
¢ No external components
* Military specs available

NE5212 Transimpedance Amplifier

¢ 14 kQ differential transresistance
e -3 dB bandwidth to 100 MHz
 Low noise: 2.5 pA/VHz

e Single 5V supply

+ Military specs available

Call 800/227-1817, ext. 900
for the number of your tocal
Signetics sales office

Signetics

a subsidiary of U.S. Philips Corporation
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“ 77 At just $9,690,
I/\”'ly selt le.? the HP 8590A
Portable RF Spectrum Analyzer is such a
good buy that you can afford one for every

bench. Yet it’s no , -
stripped down,
low-tech model.

It’s loaded.

You'll find
every essen-
tial measure- e
ment tool in Portable RF Spectrum Analyzer,
the HP 8590A, plus more of the right bells
and whistles than analyzers three times
as expensive.

And there’s a wide frequency range
(10 kHz to 1.5 or 1.8 GHz), large amplitude
range (—115 dBm to +30 dBm), plus 50 or
75-ohm input. Frequency accuracy runs
*(5MHz + 1% of span).

We take care of the basics with three
simply labeled keys: FREQUENCY, SPAN
and AMPLITUDE. The entire keyboard
is that easy to understand. Press SIGNAL
TRACK, for instance, and the analyzer will
capture a signal and hold it in the center
of the screen—even if the signal is inclined
to drift. There are 14 dedicated keys for
common functions plus softkeys for over
80 special tasks.

Better still, three optional digital interfaces
make the HP 8590A completely program-
mable for automated production testing. And
you can use just about any desktop or HP
hand-held computer to do it.

Use the HP 8590A's briefcase handle
to carry it anywhere. It weighs just 30 Ibs.
and slips into all the tight spots. Including
the space under your airplane seat. And it’s
sturdy enough to withstand the rigors of
real portability.

Call today for ademonstration or brochure:
1-800-556-1234, Ext. 515. In California
call 1-800-441-2345, Ext. 515. Take a look
at the HP 8590A; the first full-function ana-
lyzer that fits your budget and your bench.

$9,690: U.S. list price.

Newton refracts light
through a glass prism, circa 1672.
“The Bettmann Archive”

W
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PLL Analysis Including Sampling-
Time of Digital Phase Detectors
Jeff Blake, Fairchild Weston Systems
Classical continuous-time (Laplace
transform) analysis commonly used for
PLL synthesizers only yields results that
are accurate for loop bandwidths less
than 1 per cent of the reference fre-
quency. This is not sufficient for today’s
high performance, frequency-agile syn-

XN i -

Here’s thg\Secret !\

MODPAK " Shielded RF Housli
for Prototypes or Production

Your circuit needs the protection only MODPAK
can give. More than 100 standard models to
choose from . . . or we will custom-fabricate to
your specifications. Send for catalog.

Adams LY Russell

MODPAK
80 Cambridge St., Burlington. MA 01803 e (617) 273-3330 ® FAX 617-273-1921

thesizers that require much wider band-
widths. To take into account the discrete-
time (sampling) of digital phase detectors,
a new and simple technique has been
developed that avoids approximations
and is applicable fo- any loop bandwidth.

Session N-5 — Filter Topics
Chair: Dr. Kawthar A. Zaki,
Univ. of Maryland

. Vit A TAN
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Design of Space-Coupled ‘“lIrisless”
Dual-Mode Ceramic Resonator Filters
K. Zaki, Univ. of Maryland

(Title not Available)
Rene Bonetti, A.E. Williams, Comsat

Session 0-5 — Analog
Design Principles
Chair: Al Haun, Analog Devices

High Speed Operational Amplifier
Suits DC and AC Coupled Applications
Roy Gosser and Tom Gratzek,
Analog Devices

To best illustrate the virtues of a new
high-speed amplifier, this paper will com-
pare both DC- and AC-coupled amplifiers,
the characteristics and specifications that
differentiate then, and the traditional ap-
plications for each. The AD9611 ampli-
fier's performance will be discussed in
detail, with attention to AC-coupled ap-
plications, where noise and distortion are
of key concern, as well as the traditional
DC-coupled applications where this type
amplifier is typically used.

Bandwidth and Compensation
Considerations for Operational
Amplifiers
Michael J. Willis, Texas Instruments
Operational amplifiers are often
employed in the design of video or base-
band applications within an RF system,
for their “‘ideal amplifier” characteristics.
However, when the video bandwidth sys-
tem specification is greater than several
MHz, problems occur in op amp designs.
This paper explores the frequency
limitations of op amps by analyzing the
classical closed-loop model in both inver-
ting and non-inverting modes. Also cov-
ered is frequency compensation config-
urations and their impact of op amp para-
meters.

Time Domain Analysis Provides Insight
Into RF Networks
Lorenzo Freschet, Hewlett-Packard
Stimulus/response measurements in
the frequency domain are the most com-
mon way to characterize RF circuits and
components. Unfortunately, this method
does not determine why the circuit
behaves as it does. Time domain analysis
allows identification of the components
that make up a circuit and provides insight
for troubleshooting purposes. Examples
are discussed with a tutorial on the basics
of time domain measurements.
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November 11-13, 1987

Boston World Trade Center. ..

Join hundreds of your high frequen-
cy designer peers this fall for. . .

New advanced techniques in high ef-
ficiency amplifiers, A/D conversion,
network synthesis, phase noise
measurements. . .

Basic tutorials on RF power
amplifiers, op amps, computer-aided
filter design, phase locked loops. . .

Practical case histories in frequency
multipliers, receiver ICs, EMC
tests. . .

Choose from 45 papers in 1S sessions,
or attend Les Besser’s Fundamentals
of RF Circuit Design course, to bring
yourself “up to speed” in the fast-
moving RF technology. . .

Oh, and enjoy historic Boston while
you're at it!

For immediate reservations and in-
formation, call the Show Depart-
ment at 800-525-9154.

—rFeisi87

RFD 10-87

November 11-13, 1987
Boston World Trade Center
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»F products

Electro-Metrics Enhances the
EMC-30 MK IV Analyzer

CISPR style quasi-peak detector and
the CISPR recommended bandwidths
have been included in the EMC-30 Mark
IV series electromagnetic interference
(EMI) analyzer. This enhancement makes
the EMC-30 a self contained EMI analyzer
covering the frequency range of 9 kHz to
1000 MHz. it has the required capabilities
to perform FCC, VDE, and other CISPR
type tests as well as testing to various
military standards such as MIL-STD-461C
and British DEF-STAN 57 41 (Part 3)/2.

The upgraded EMC-30 unit features
front panel controls which are directly
computer accessible via the |IEEE-488
(GPIB) interface bus. Simplified data in-
put/output command formats facilitate
computer-controlled operation of the
receiver.

The unit’s high visibility light-emitting
diode frequency display is accurate to
+0.1 percent, and its amplitude display

(including attenuation) is accurate to +2
dB. A front panel analog meter and a beat-
frequency oscillator are also included to
facilitate tuning CW signals.

In addition to quasi-peak, advanced

Harris Introduces a Comparator With
DC to 2.0 G/bps Data Rate

The HMD-11685-2 is an ECL compatible
GaAs comparator that features a typical
input data rate of 2.0 G/bps and propaga-
tion delay of 500 ps. The chip operates
at processing rates four times faster than
equivalent ECL devices. Its typical power
dissipation is 1.25 W with latch setup time
being 500 ps.

The HMD-11685-2 can be used in line
driver, line receiver, system clock driver,
pulse driver, buffer amplifier, differential
amplifier, and high speed sampling appli-
cations. It can also be cascaded for ana-
log to digital applications and has a typical
transition time of 125 ps. With the output
loading capacitance being 2 pF, the low
to high output transition time is 150 ps and
the high to low output transition time is
220 ps. Other specifications include a dif-
ferential input voltage of +200 mV and a
single-ended sensitivity of 600 mV at 2
GHz.

The comparator’s output capability is
adequate for driving a fan-out of three in-
to a 50 ohm terminated transmission line.
In addition, the HMD-11685-2 provides a
latch function for use in a sample and hold
mode. It functions normally when the latch
enable input is held at a logic high. The

RF Design

detector circuits in the EMC-30 provide
true average, direct peak and slideback
detection capability. The unit is priced at
$42,900. Electro-Metrics, Amsterdam,
NY. INFO/CARD #205.

lﬁl.‘*"
B'n +{0Wm-

outputs are locked in their existing logical
status at the time of the latch input tran-
sition when the latch enable is driven low.
Minimum latch enable pulse width is 150
ps. The device features a Ti/Pt/Au metalli-
zation system and operates from —55C to

+85C and comes with an input resistance
of 60 k ohms. In quantities of 100, the
HMD-11685-2 costs $155 and comes in a
16-pin hermetic flatpac. Harris Microwave
Semiconductor, Milpitas, CA. Please
circle INFO/CARD #204.
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»F products c..iv.o

Quadraphase Modulator

The Model MOP-101 quadraphase
modulator is a thick film MIC subassem-
bly consisting of two bi-phase modulators,
a 90 degree quadrature hybrid and an in
phase power divider. This assembly ac-
cepts an RF carrier at 2.8 MHz and two
data inputs at +30 mA for phase modula-
tion typically used in satellite data modem
applications. Specifications include a

:

High Voltage - High Q - Non-Magnetic

between the copper and the dielectri

systems.

RF Capacitors

Fixed and variable RF capacitors from Polyflon feature rugged design and an
ultra-stable, low loss dielectric (Q of 5000 or better). They are built with tight
dimensional and electrical tolerances, and are available custom-built to your
design specifications and in standard configurations.

The manufacturing process, from PTFE resin, through a proprietary electro-
depositing process to final fabrication, is in the hands of Polyflon specialists.
Copper plating the anode and cathode directly on the PTFE permits shapes
that prevent edge corona and eliminates any possibility of air being trapped

C.

Polyflon's custom-design capabilities give flexibility to th= design engineer,
and since Polyflon capacitors run cool, there is no need for additional cooling

When high voltage, high Q, high power, non-magnetic RF capacitors are
needed for your application, contact the Polyflon specialists.

Come see us at Expo/East, Booth 250.

CRANE | POLYFLON

Polyflon Company, 35 River Street
New Rochelle, NY 10801, Tel: (914) 636-7222, FAX: 914-633-3664

modulation bandwidth of 10 percent mini-
mum, RF output amplitude balance of 0.4
dB maximum, output phase tolerance at
band center of 1.5 degrees maximum, and
insertion loss of 5 dB maximum. The
specified RF input level is +17 dBm max-
imum and output harmonics suppression
is 40 dB minimum. The unit is designed
for MIL-STD-883 environmental condi-
tions and is contained in a package 1.5”
x 1.0” x 05”. The MOP-101 is priced at
$175. KDl Electronics, Whippany, NJ.
INFO/CARD #203.

Low Noise Signal Generator
Marconi Instruments has added a port-
able signal generator offering frequency,
phase, and amplitude modulation over the
frequency range of 10 kHz to 1 GHz. The
Model 2022A features an output flatness

INFO/CARD 46

of +0.5 dB with FM noise of 7 Hz, carrier
harmonics of —35 dBc, FM distortion of
0.5 percent, and FM bandwidth of 50 kHz.
The RF output is settable to 0.1 dB steps
from —127 to +6 dBm with up to seven
calibration units that are user selectable.
RF offsets of +2 dB are possible to com-
pensate for external losses. Marconi In-
struments, Allendale, NJ. Please circle
INFO/CARD #202.

DC-8 MHz Direct Digital
Frequency Synthesizer

Pentek’s Model 1080 direct digital fre-
quency synthesizer features sub-micro-
second, phase-continuous frequency
switching with 0.001 Hz resolution
throughout the DC to 8 MHz range. The
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BOONTON 5204 0w,

WHO DO YOU THINK OF FIRST
IN RF VOLTMETERS?

Every brand recognition study proves it. When you Choose the digital 9200B and you can store in

think of rf voltmeters, you think of Boonton. After all, memory complete calibration data for up to 8 inter-
we introduced the first sensitive rf voltmeter years changeable probes...low frequency (10 Hz- 100 MHz),
ago. Now there's a new generation. Still a choice of standard (10 kHz-1.2GHz), or 50-ohm (100 kHz-2.5
high resolution digital and low cost analog modeils. GHz). Or add an optional second input channel,

Still featuring low noise, passive, rms detection with GPIB, or MATE interface capability. The analog 92EA
microvolt sensitivity in both unterminated and ter- is available with a wide choice of meter scales to meet
minated modes. But now with extended frequency your particular requirements. And both models con-
coverage from 10 Hz to 1.2 GHz—to0 2.5 GHz with tinue the Boonton tradition for highest accuracy and
50-ohm sensor. reliability.

A redesigned probe tip mates directly with BNC Call your local representative or Boonton directly for
connectors and accepts all Boonton accessories, fullinformation on the latest generation of rf voltmeters.
including a new convenient ground clip. Detachable

and replaceable probe cables available in standard Boonton Electronics Corp_

lengths to 100 feet. Special cables to virtually any 791 Route 10, Randolph, NJ 07869

length. Telephone (201) 584-1077

BOONTON

Signal Generators @ Modulation Analyzers ® RF Power Meters B RF Millivoltmeters @ Capacitance Meters and Bridges ® Audio Test Instruments

See us at Wescon, Booth #2432-4. INFO/CARD 47




With Laboratory Accuracy
and Production Speed.

MODEL 4420 RF POWER METER

¢ Dinp

MODEL 4022
0.3 - 1000 WATTS

4 X
&)
- ——
F OIRECTIONAL POWER SENSOR
-

25 - 1000 MHx

1
Y B s

-J

Introducing the

4420-series RF Power Meters

from Bird.

Bird Electronic has been a leader in RF power
measurement equipment for over 40 years. Now, Bird
introduces the model 4420 and model 4421 RF Power
Meters, each with speed and accuracy previously
unavailable in one instrument. With advanced
microprocessor technology and Bird’s proven
THRULINE?® principles, you can now measure low or
high power with the same
+3% accuracy, without the
uncertainties introduced
by attenuators and
external couplers. Two
4020-series sensors
cover 1.8MHz to 1GHz
and 300mW to 1000W
full scale. Calibration
data stored within each sensor assures the same
accuracy regardless of input frequency or power level.
And, Bird’s lifetime sensor warranty means no added
expense in case of accidental burnout. Easy field
recalibration and a choice of over 25 quick-change
input connectors make this the only power meter
at home in the lab and on the production line.

INFO/CARD 48

Choose the model 4420 with rugged,
motor-driven analog readout, or

the autoranging model 4421 with
full-information digital display.

Fast settling provides up to three
readings per second for forward and
reflected power, return loss, and NIRRT
VSWR. The 4421 also accepts RS-232 e

or IEEE-488 interfaces for programmed

control from computers or terminals.

® Accuracy rivaling terminated load calorimeters.
® Portable operation from internal batteries (4421 only).
® Bench and rack-mount versions available.

Call or write now for a brochure and specifications
describing the 4420-series RF Power Meters and
4020-series Sensors.

D

Electronic Corporation

30303 Aurora Rd., Cleveland (Solon), Ohio 44139
216-248-1200 TLX: 706898 Bird Elec UD

Western Sales Office: Ojai, CA 805-646-7255

Come see us at Expo/East, Booth #110.
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sinewave output drives 50 ohms at 500
mV, with spurious and harmonic com-
ponents below —50 dBc. The case mea-
sures 4.0” x 55" x 05", Other features in-
clude TTL square wave outputs, BCD fre-
quency programming, and output phase
reset control. The cost is $990 when pur-
chased in 100’s. Pentek, Inc., Rockleigh,
NJ. INFO/CARD #201.

Superconductivity Measurements
with Magnetometer

EG&G introduces the Model 4500
vibrating sample magnetometer. Mea-
surements can be made over a 1050 C
span and a cryogenic version allows sam-
ple temperatures to be varied from 1.5 K
to 300 K. A choice of front panel opera-

tion or full IEEE control is provided
together with comprehensive applications
software. EG&G Princeton Applied
Research, Princeton, NJ. Please circle
INFO/CARD #200.

Programmable RF Switch

Models 7LSAB and 7NSAB are elec-
tronically controlled latching and non-
latching A/B switches. The return loss is

&

measured at 20 dB min while the max-
imum insertion loss is 0.2 dB. It operates
from DC to 1000 MHz. Trilithic, Indiana-
polis, IN. INFO/CARD #199.

I-Power RF

AMPLIFIERS, TRANSMITTERS, POWER GENERATORS
10-10,000 WATTS! / 2-500 MHz Frequency Range!

HENRY RADIO
HAS THE PRODUCT
YOU NEED.

(If we don't have it, we'll make it.)

APPLICATIONS:

NMR, Nuclear Magnetic Resonance

PLASMA Generation

MEDICAL Applications
NUCLEAR Magnetic Irnaging
COMMUNICATIONS Applications

The New, Dynamic

HENRY RAEDID

2050 S. Bundy Drive, Los Angeles, CA 90025

TOLL FREE: 1-800-421-6631
In California call (213) 820-1234
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A NEw Source

DC 10 26.5 GHZ
RF & MICROWAVE
CABLE ASSEMBLIES,
DELAY LINES,
CONNECTORS AND
ADAPTERS.

Quick Turnaround on cable, cable

& assemblies & delay lines including:

¥,

P ~SEMI-RIGID:
.047 * Tin Plated
.086

141

.250 ¢ Copper

® Silver

¥,

¥
~“FLEX CABLE:
All types, including Armored

& and PTFE.

~ADAPTERS &
CONNECTORS:

All types...SMA, SSMA,
2.4 mm, N, BNC, TNC,
7 mm, 3.5 mm, SMB, SMC,
MCX, K, UHF and Specials.

[] Please Quote Attached Drawing

[ Attached is my Business Card
Please send Catalogs

[ Attached is my Business Card
Please send me a Free Coffee Cup

Penstock has been in business over 11 years

and has locations in Northern California,

Oregon, Washington, and Chicago, Illinois.
A

PENSTOCK

ENGINEERING, INC.

105 Fremont Ave., Los Altos, CA 94022

OTHER COMPANIES’
SPECIALS ARE OUR
STANDARDS

Please Call For A Quote
415-948-6552

INFO/CARD 50
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The DS-6612 digital storage oscillo-

o
Mlm vv a v | scope offers a 60 MHz analog bandwidth,
¢ a 60 MHz digital storage bandwidth for

repetitive signals, dual 20 MS/s A/D con-
verters, and deep 16K wave form memory.

Sprague-Goodman
has em all. The DS-6411 has a 40 MHz analog band-
width plus dual 10 MS/s A/D converters.

If you’re looking for quality, variety, and easy Both scopes have menu driven opera:

availability, call (516) 746-1385 today. tions. Iwatsu Instruments, Carlstadt, NJ.
INFO/CARD #198.

SPRAGUE ‘ | 0.5 nS GaAs Comparator
G 0 0 [] mA n ‘ A voltage comparator featuring up to 0.5
— ns propagation delays is available from

The First and Last Name in Trimmer Capacitors Anadigics. The device features differen-

Sprague-Goodman Electronics, Inc./An Affiliate of the Sprague Electr ¢ Company tial inputs, ECL-compatible outputs, and
134 Fulton Avenue, Garden City Park, NY 11040-5395/516-746-1385/ TWX: 510-800-2415/TLX: 14-4533 a voltage gain of 100 at 1 GHz. At 20 mV
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Now there are low-cost
EMP simulators!

Both damped-sine and
exponential waveforms.

For hardening electronic subsystems.

This modular benchtop system elimi-
nates the need to buy or build a huge
million-dollar simulator to generate
EMP and lightning effects on small to
medium-size communications and
data-processing gear, cables, and
antennas.

These new Elgal simulators are of-
fered in a convenient range of plug-in
modules for direct and indirect cable
injection to 20kV. Both exponential-
decay and damped-oscillation wave-
forms are available. Other Elgal
equipment delivers up to 2.5MV for high-
altitude-burst EMP simulation.

Built in Israel by Elgal Electronics, a major
supplier to the Israeli defense effort. Call or
write Amplifier Research, exclusive USA and
Canada distributor, for further information.

160 School House Road, Souderton, PA 18964-9990 USA ® Phone 215-723-8181 ® TWX 510-661-6094
INFO/CARD 52 el
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overdrive, the ACP10010 has a switching
speed of 1 ns which increases to 0.5 ns
at higher drive levels. Also, the com-
parator exhibits less than 7 mV of
hysterisis. It is priced at $19.50 each when
purchased in quantities of 1,000. Anadig-
ics, Inc., Warren, NJ. INFO/CARD #197.

Triple Video DAC

Intech introduces a 4-bit video digital to
analog converter, the RGBDAC3405S.
The device combines three video speed
DACs, there static ram arrays organized
32x4, internal temperature compensated
reference and all the control lines
necessary for a full graphics/color monitor
interface. The price ranges from $19.20 to
$73.25 in 100 piece lots. Intech Advanced
Analog, Santa Clara, CA. Please circle
INFO/CARD #196.

1500 V PIN Chips

The Model CSB3779 features 1500 volts
minimum at 10 uA, low resistance, low
thermal impedance, and hermeticity on
the chip level. Specifications include a
maximum power dissipation of 35 W, and
a carrier lifetime of 6 us. Alpha Indus-
tries, Inc., Woburn, MA. Please circle
INFO/CARD #195.

Fast Comparators

Plessey Semiconductors has announced
the availability of a family of subnanose-
cond comparators. Designated the
SP938XX, the family offers typical pro-
pagation delays of 950 ns. The three ver-
sions available are the SP93808 octal, the
SP93804 quad, and SP93802 dual
devices. All devices are available in sur-
face mount packages. In 1000 quantities,
the cost ranges from $26.56 to $69.05
each. Plessey Semiconductors, Irvine,
CA. INFO/CARD #194,

Noise Generator

The NC8109 is a 1 W broadband noise
generator that covers the 1 MHz to 300
MHz range with RF output of —55 dBm/Hz
+2 dB. The output impedance is 50 ohms
and it has a crest factor of 5.1. The in-
strument has a built-in attenuator with a
range of 100 dB in 10 dB steps. The NC
8109 costs $5600. Noise Com, Inc.,
Hackensack, NJ. INFO/CARD #193.

High Speed DMOS FETs

The SST211, SST213, and SST215 FETs,
fabricated with an oxide-isolated silicon
gate DMOS process, provide performance
features that bridge the gap between con-
ventional FETs and GaAs devices. The
switching time is 1 ns and SOT-143
packaging is utilized. The feedback
capacitance is less than 0.3 pF. Siliconix,
Inc., Santa Clara, CA. INFO/CARD #192.

RF Design

RF Power Amplifier

This 500 W unit has a frequency range
of 10 to 200 MHz. Application for the
PA5-200/PS228 include communications,
RFI/EMI, linear accelerators, medical
diathermy, and CAT scan. Intech, Inc.,
Santa Clara, CA. INFO/CARD #191.

Miniature Crystal Oscillator
Piezo Crystal introduces the Model
2850038 crystal oscillator. It features an

aging rate of 5 x 10-10 per day and a
noise floor of —153 dBc/Hz. The device is
available in standard frequencies of 10.00
MHz or 10.23 MHz, and special frequen-
cies in the 8 to 14 MHz range. It measured
3 cubic inches. Piezo Crystal Company,
Carlisle, PA. INFO/CARD #190.

Low Profile Molded RF Inductors
With an overall height of .30", Coilcraft's
148 Series of tuneable coils are ideal for

B

attenuator models.

Dependable
ench Attenuators

Depend on Kay Bench Attenuators to stand up to your requirements
onthe job. Each provides high accuracy, low insertion loss, good VSWR
characteristics and long operational life. Available in either standard or
miniature sizes, and in 50, 75 or 90 ohm models. BNC connectors are
standard (TNC or SMA are optional). Listed below are some typical

MODEL IMPED- FREQ. ATTEN
NO. ANCE RANGE RANGE STEPS
Standard 431* 50Q DC-1GHz 0-41dB 1dB
Size 432* 50Q DC-1GHz 0-101dB 1dB
442 750 DC-1GHz 0-101dB 1dB
Miniature 1/439 500 DC-1GHz 0-22.1dB .1dB
Size 439 50q DC-1.5GHz 0-101dB 1dB
437 500 DC-1GHz 0-102.5dB  .5dB
449 75Q DC-1GHz 0-101dB 1dB

2000, ext. 104.

*The models 431 and 432 are available in high wattage (3W) versions at an
additional cost. Please add HW to mode! number when ordering.

Kay Elemetrics also offers a complete
line of Programmable, Rotary and Con-
tinuously Variable Attenuators and can design
an attenuator to fit your specific needs. For
acomplete catalogand price list orto place
an order call Vernon Hixson at (201) 227-

K Av Kay Elemetrics Corp

Attenuators 1
& Test Equipment

Tel: (201) 227-2000 TWX: 710-734-4347
12 Maple Ave. Pine Brook, NJ 07058

INFO/CARD 53



SMALL CONNECTORS
CAN BE A BIG DEAL

/_ rg Q

u"ulll‘ll‘“\“i‘\' W VAL L

¥

Small connectors can kill a big system if they don't
work or aren't there when you need them. AEP can
help make sure this doesn't happen to you.

Connectors that work.

Our production standards exceed MIL-C -39012 require-
ments. 11% of our workforce is in quality control to
make sure these standards are met. Need proof? We
have shipped 144,000 cable assemblies (with AEP
SMB connectors) for the ARC-164 military radio--NO
REJECTIONS. We've also shipped almost 150,000
SMA and SMB connectors to a major radio manufact-
urer--NO REJECTIONS.

Connectors when you need them.

It's easy to get our parts quickly, thanks to our net-
work of stocking distributors and four -week factory
delivery of 92 standard items. If you need something
unusual, we can generally deliver specials within
twelve weeks.

\,Uld-.\.‘“,Au

The right connector for the job.

We make hundreds of varieties of SMA, SMB, and
SMC connectors--many qualified to MIL-C-39012. Our
7000 series has unequalled performance in micro-
miniature size. Do you need 75 ohm connectors? We
make them. You can also save time, trouble, and
money by letting us build flexible and semi-rigid
cable assemblies for you.

If we sound like the kind of connector supplier you'd
like to have, call or write for our 120 page catalogue.

We'll probably save you some money, too.

45 :

cneineér 'r' (
147* Whalley !Avenue
New Haven, CT 06525

Fax: 203/387-7832
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low profile circuit boards. They have a
constant winding pitch with tuning done
by means of a threaded Carbonyl J core.
Ferrite or aluminum cores are also avail-
able. Nominal inductance ratings range
from 39 to 540 nH with Q values from 64
to 112. In 10,000 piece quantities, the in-
ductors are $0.10. Coilcraft, Cary, IL.
INFO/CARD #189.

Frequency Synthesized
Down Converter

The Model 8711 frequency synthesized
down converter has a frequency range of
20 to 1100 MHz. Its features inciude a syn-
thesizer speed of less than 10 ms, IF out-
put frequency of 160 MHz, selectable gain
of 25 dB +3 and 45 dB +3dB, and a LO
phase noise of —105 dBc/Hz at 100 kHz.
Interad Ltd., Gaithersburg, MD. Please
circle INFO/CARD #188.

BiMOS Op Amp

The CA5422 consists of 2 op-amps with
different operating characteristics. Ampli-
fier A features a guardbanding technique
for reducing the normal doubling of
leakage at each 10 C temperature in-
crease up to 85 C. Amplifier B’s overall
gain is 300. Nonlinear current mirrors
allow this amplifier to deliver 2 mA
(typical) to the load. In quantities of 1,000,
the device is $1.50 each. GE/RCA Solid
State Division, Somerville, NJ. Please
circle INFO/CARD #187.

Miniature Inductor
Sample/Prototype Kits

Three coil experimenting/prototype
sample kits are being introduced by Toko
America. The kits contain a wide variety
of coils in 7mm or 10mm sizes. The mold-
ed coil sample kit contains 82 values (123
parts), covering frequencies from 30 MHz
to 150 MHz with inductances ranging from
0.0393 to 1.173 uH. The 7mm sample kit
contains 54 values (108 parts), covering
frequencies from 70 kHz to 50 MHz and
inductances from 0.1 to 22 mH. The 10
mm sample kit contains 68 values (136
parts) covering frequencies from 79 kHz
to 75 MHz, and inductances from 0.08 uH
to 56 mH. The kits are priced at $39. Toko
America, Inc., Mt. Prospect, IL. Please
circle INFO/CARD #186.

Noise Figure Test Sets

The Model 8419A noise figure test set
is capable of measuring receiver noise
figures from 2 to 32 dB between 10 kHz
to 40 GHz. The unit has a built-in con-
tinuously variable IF preselector. Opera-
tion is from the receiver IF output or video
output. S.T. Research Corp., Newington,
VA. INFO/CARD #185.

RF Design

Image Processor

The 67117 image enhancer is an image
enhancement system built around the
OEIl image and video signal processing
modules. The image processing unit con-
sists of expansion, compression, and col-
orization. These functions can be used
together or separately in systems requir-
ing information extraction or interpretation
from video signals. The output is NTSC.
It is priced at $6,858. Optical Electronics,
inc., Tucson, AZ. INFO/CARD #184.

RS232C Optical Fiber Link

A optical fiber link between two
RS232C connectors for data transmission
is available from Automatic Connector.
The Model 40- 97003-000 has a transmis-
sion capability of 2 km with a repetition
rate of 64 k-bits/sec. Output power level
is -23 dBm while time delay is 20 us plus
5 ns for each additional meter of fiber.
Automatic Connector, Inc., Commack,
NY. INFO/CARD #179.

Shielded Enclosures

Pacific West Electronics has introduced
a line of shielded enclosures for Tempest
applications. The features include zinc
plated sheet steel, heavy duty doors, and
handles with beryllium copper contacts,
and are available with a line of accessor-
ies. Shielding effectiveness above 10 GHz
is provided. Pacific West Electronics,
Costa Mesa, CA. INFO/CARD #178.

Contrast Enhancement Filter

Chromerics has designed an EMI
shielded contrast filter which consists of
an anti-reflective coated glass with black-
ened wire mesh embedded throughout.
The assembly is terminated with a corro-
sion resistant conductive elastomer EMI
gasket on one surface, and non-conduc-
tive elastomer on the other surface, to pro-
vide environmental sealing. It provides 55
dB of attenuation at frequencies up to 1
GHz. Chomerics, Inc., Woburn, MA.
INFO/CARD #182.

Hybrid Video Digitizer

This hybrid video digitizer accepts
RS-170, NTSC, or PAL signals from a CCD
or vidicon camera and produces an 8-bit
digital output with 256 gray scale levels.
The ADS502 can digitize images with
resolutions in excess of 512 x 512 pixels.
It contains a video amplifier, sample/hold,
sync detector and separator, phase-locked
pixel oscillator, and an 8-bit flash A/D con-
verter. The price ranges from $289 to
$508 (24 qty.). Analog Devices, Nor-
wood, MA. INFO/CARD #181.

Contact your local
AEP Distributor
and get connectors
that work,

when and where
you need them.

Restart Electronics
Copiague, NY
(516) 842-1500

Microwave Distributors
Commack, NY
(516) 543-4771

Denver Beta Wintronics
Arvada, CO
(303) 431-7161

CH.PS.
Fairfield, N]J
(201) 882-0997

Anixter/Colonial Wire
and Cable

Lowell, MA

(617) 459-6400

Resco/Washington
Beltsville, MD
(301) 937-9100

California Microsystems
Simi Valley, CA
(805) 522-9977

Pyttronic Industries
Montgomeryville, PA
(215) 643-2850

Electronic Resources
Sunnyvale, CA
(408) 745-1420

Southeastern Electronics
Ft. Lauderdale, FL
(305) 563-4131

Spirit Electronics
Scottsdale, AZ
(602) 998-1533

Export Department
TELEX 963487
FAX. 203/287-8099

APPLIED
ENGINEERING
PRODUCTS
1475 Whalley Avenue.
New Haven, CT 06525

(203) 387-5282 Fax. 203'387-7832

INFO/CARD 55
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FEATURES
® High Resolution Alignment
® Vacuum Contact and Proximity Printing
B Handles up to 6” sqg. substrates
and 7" sq. masks
B Glass and Mylar Mask capabilities
B Fast 3 Step Alignment
& Single Vertical (Z) Motion Control

APPLICATIONS
® High Frequency Microwave Devices
&8 Hybrid Circuits

@ LCD's

@ Power Semiconductors
8 Photovoltaic Cells

8 Integrated Circuits

CORPORATION

250 LONG BEACH BLVD.. P0. BOX 872, STRATFORD, CT 06497-0872
{203] 377-7877 TWX 710-453-8719
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»F literature

Programming the HP 8770S Signal-Simulator System
Effective Use of the HP 8770S Signal Simulator System offers
programming help with the HP 11776A Waveform Generation
Language (WGL). The document reviews principles of digital syn-
thesis, and provides some product specific information on
features and operation of the HP 8770S. It than shows how to
program six waveforms from sine waves to frequency-hopped
to multiple tone carriers. Another section is devoted to pulsed
waveforms, pulsed carriers and those with phase tagging, vari-
able rep rates and jitter, and puised trains with AM and scan
characteristics. Finally, seven appendices review more technical
detail on truncation noise and chapter examples. Hewlett-
Packard Company, Palo Alto, CA. INFO/CARD #215.

Silicon and GaAs Components Guide

The guide covers the full line of MSC components, amplifiers,
sub-systems, and noise sources. It includes a section on stan-
dard and custom power MMICs and foundry service options
available at MSC. Other features include sections on power GaAs
FETs, integrated fiber optic components, VHF/UHF silicon power
transistors, silicon bipolar transistors, and various other devices.
Microwave Semiconductor Corp., Somerset, NJ. Please cir-
cle INFO/CARD #219.

Hybrid Amplifiers Application Note

An application note entitied Introduction to the General
Parameters for Understanding the Performance of Hybrid
Amplifiers is available from Aydin Vector Division. It reviews the
general terminology used in describing the performance charac-
teristics of hybrid amplifiers. Aydin Vector Division, Newton,
PA. INFO/CARD #216.

Analog Applications Handbook

A 1987 Analog Applications Seminar Handbook is available
from Maxim. It covers CMOS data converters, video amplifiers
and multiplexers, low power DC/DC converters, switched capaci-
tor filters, operational amplifiers, and microprocessor support
devices. A section on surface mount packaging is included.
Maxim Integrated Products, Sunnyvale, CA. INFO/CARD #213.

Brochure Describes Signal Generator

Marconi Instruments introduces a brochure on a portable low
cost signal generator, the Model 2022A. It details specification
and operational features of the device which include non-volatile
memory, and automatic monitoring. Marconi Instruments,
Allendale, NJ. INFO/CARD #212.

PLL Frequency Synthesizer Application Note
Motorola introduces an application note for the MC145159
phase-locked loop frequency synthesizer with analog phase
detector. The device contains a digital frequency steering phase
comparator for coarse adjustment of loop frequency, separate
power supply pins for the analog phase detector, a lock detect
output, and on-chip logic for control of the dual-modulus
prescalar. Motorola, Inc., Phoenix, AZ. INFO/CARD #211.

Instrumentation Catalog

This catalog from Rohde & Schwarz-Polarad details over 20
instruments suitable for both bench and ATE requirements. In-
cluded are signal generators, synthesized oscillators, spec-
trum/network analyzers, RF voltmeters and power meters, test
receivers, sweep generators, vector analyzers, and mobile com-
munications test sets. Rohde & Schwarz - Polarad, Lake Suc-
cess, NY. INFO/CARD #210.
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A defense
against cancer
can be cooked up
in your kitchen.

There is evidence 3 £
that diet and cancer
are related. Some
foods may promote
cancer,while others may
protect you fromit.

Foods related to low-
ering the risk of cancer
of the larynx and esoph-
agus all have high
amounts of carotene, a
form of Vitamin A
which is in canta-
loupes, peaches, broc-
coli, spinach, all dark
green leafy vegeta-
bles, sweet potatoes,
carrots, pumpkin,
winter squash, and
tomatoes, citrus fruits and
brussels sprouts.

Foods that may help reduce the
risk of gastrointestinal and respira-
tory tract cancer are cabbage,
broccoli, brussels sprouts, kohl-
rabi, cauliflower.

Fruits, vegetables and whole-
@ grain cereals such as oat-
. meal, bran and wheat
may help lower the

risk of colorectal
cancer.

Foods high in fats,
salt- or nitrite-cured
foods such asham,
and fish and types of
sausages smoked by traditional
methods should be eatenin
moderation.

Be moderate in consumption
of alcohol also.

A good rule of thumb is cut
down on fat and don't be fat.
Weight reduction -
may lower cancer ‘J: )
risk. Our 12-year s
study of nearly a
million Americans
uncovered high
cancer risks partic-
ularly among people
40% or more overweight. *

Now, more than ever, we
know you can cook up your
own defense against cancer. SO
eat healthy and be healthy.

No one faces
cancer alone.

AMERICAN CANCER SOCIETY®

l\

RF Design

ghllighEes

senior Microwave cluding tax-deferred savings; medical,

dental and vision care coverage; plus

Circuit DQSIgn paid time off between Christmas and
Englneer New Years.
4 WY For immediate consideration,

~ Hughes Microelectronic Circuits  please call Steve Morris, collect (714)
Division has an immediate opening 759-2310 or send your resume to: Pro-
for a Microwave Circuit Designer. A fessional Staffing, Hughes Aircraft
minimum of 10-15 years experience Company, Microelectronic Circuits Divi-
and an MSEE is preferred. sion, Dept. DFR-10/87, 500 Superior

You will be responsible for the Avenue, Newport Beach, CA.

design, development, and packaging  92658-8903. Proof of U.S. Citizen-
of state-of-the-art Microwave Modules,  ship required. Equal Opportunity
‘ for communications, data link space, Employer.
and radar programs. This position will A
also support applications research for Creativity
thick film materials and superconduc- ~ America Depends On.
ting microstrip transmission lines as
part of our R & D activity, development
and high volume manufacturing support
for phase shifter and MMIC modules.
You should have hands-on design,
breadboard, and test experience and
should be conversant with CAD tech-
niques similar to SPICE, TOUCHSTONE

HUGHES

and COMPACT. AIRCRAFT COMPANY
We ofter an attractive salary and
an outstanding benefits package, in- MICROELECTRONIC %‘Rﬁggﬁ

e i

COLORADO ROCKIES

RF POWER AMPLIFIER ENGINEERS — Career opportunities for outstanding individuals
with proven ability to create state-of-the-art, high power RF linear amplifier designs and carry
through to production. BSEE (MSEE a plus) and minimum 3-5 years relevant experience
required.

SOLID STATE broadband HF/VHF linear amplifiers to 5 kW.

VACUUM TUBE HF/VHF amplifiers to 20+ kW.

MANUFACTURING/PROCESS ENGINEERING — Requires hands-on experience including
fixturing, workplace flow and layout, and material handling for the manufacture of complex

electronic equipment. ATE background helpful but not required.

MANUFACTURING MANAGER — Plan, organize, and manage the assembly and test of
complex RF power amplifier systems. Must have first-hand hardware background.

RF TECHNICIANS with specific experience in RF power equipment design and prototyping.

| ETO is a leader in RF power for communications, science, and medicine. We supply more

high power, microprocessor-controlled RF amplifiers worldwide for high field medical magnetic
{ resonance imaging and spectroscopy than all other sources combined. Our rapid growth
has created these career opportunities.

Outstanding compensation package includes stock plan and a location in the banana belt
of the southern Colorado Rockies. Interview now or at RF EXPO EAST at your convenience.
Please send resume to:

EHRHORN TECHNOLOGICAL OPERATIONS, INC.
Attention: Steve Christensen
o PO. Box 888
[ Canon City, Colorado 81212
[
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Leaded or surface mount—
only Coilcraft gives you
all these inductor options

10 mm tuneable B
.05uH - 1.5 uH

I'*‘:élot Ten” tuneable
0.7 uH - 1143 uH

7 mm tuneable @
.0435 uH — .54 uH

They're all here—from 10 mm
tuneables to surface mount induc-
tors. And they're all in stock, ready
for immediate shipment.

Our handy Experimenters Kits
make it easy for you to pick the
right parts. And our low, low
prices make them easy to afford,
whether you need five parts or
five hundred thousand.

If you don’t have our latest
RF coll catalog, circle the reader
service number. Or call Coilcraft
at 312/639-6400.

= -

Experimenters Kits

B Axial lead chokes
j 0.1 uH — 1000 uH
I
i

A “132 Series” coils

- - 31.5 nH — 720 nH

b B Surface mount tuneable
' 100 nH — 10 uH

= B

Surface mount
4 nH - 1000 uH

To order call 312/639-6400

Tuneable inductors
“Slot Ten” 10 mm inductors  “Unicoil” 7/10 mm inductors

0.7 uH- 1143 uH 0435 uH-1.5uH

18 shielded, 18 unshielded 49 shielded, 43 unshielded
(3 of each) {2 of each)
Kit M100 $60 Kit M102 $60

Surface mount inductors
Fixed inductors Tuneable inductors

4 nH-1,000 uH 100 nH-10 uH
64 values (6 of each) 11 values (6 of each)
Kit C100 $125 Kit C101 $50

Fixed inductors
Axial lead chokes

0.1 uH-1000 uH 31.5nH-720 nH

25 values (5 of each) 20 values (6 of each)
Kit F101 $50 Kit F100 $50

132 Series” coils

Cotleraft

— e em e —

e

Dept. D, 1102 Silver Lake Rd., Cary IL 60013 « 312/639-6400
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from

Watkins-Johnson

Active Frequency Doublers (Guaranteed at +25°C)

Second
i Harmonic Input
Second Harmonic Conversion  Power e
i i i Frequency Gain Range ___°%

(hnyersmn With Gain (0o (0B - ey
Available In New (GHz) Model (Min)  (Nom) (Typ) (Typ)
MULTIPAC™ Housings 00110 62420801 10  +9to+12 15 44
Custom Designs 00220 6242-0902 1.0 Tto-1 15 44
Available 0125  6242-0903 1.0 +8to+10 15 63

0245  6243-0904 6.0 Sto-2 15 28

40-160  6242-0905 0.0 5t00 5 60

For more information on these excellent products, contact ;
Watkins-Johnson Company, Components Applications WU WATKINS JOHNSON
Engineering in Palo Alto, California at (415) 4934141, ext. 2626.

3333 Hillview Avenue, Palo Alto, California 94304-1204
INFO/CARD 59





