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RESISTORS

AIbeRiAN

TERMINATION S SERVICE

Richardson
Electronics, Ltd.

OFF-THE-SHELF FROM
RICHARDSON ELECTRONICS

When you are designing with
high power transistors, you
need a RAT!

The fact is, if the output stage of your amplifier
has more than one transistor, you need at least two
RATS (Resistors, Attenuators, and Terminations).
And with power ranges of today’s technology well
into the mulitkilowatt levels, the selection of high
power passive products is more critical than ever.
Acrian introduced high power RATS to the world
more than 10 years ago, and we still manufacture
the best resistors, attenuators and teminations on
the market.

Richardson has more than twenty standard
package styles for microstrip

applications, both flanged and AIM
unflanged. N e

INFO/CARD 1

ACRIAN RATS feature:

® More watts/sqare inch dissipated

® Lowest VSWR (1.25:1)

e Standard resistor values at 50 and 100 Ohms
® High-temperature brazing

® Lowest thermal resistance

® Hi-Rel screening available

For the most reliable high power passive products
call for Acrian RATS today at:

Richardson
Electronics, Ltd.

40W267 Keslinger Rd., LaFox, IL 60147

(312) 232-6400 Toll Free (800) 323-1770

East (800) 645-2322 West (800) 348-5580
Northeast (617) 871-5162 Southeast (800) 348-5580
Canada (800) 387-2280

See us at the RF Technology Expo, Booth #323.



Motorola RF Design News

to 400 MHz, delivers 125 W Pg at a nominal 10 dB gain,
Class C. Operate it in Class AB and gain improves to

11 dB. Frequency extends to 500 MHz for the 2N6986, output
power is 100 W and gain 8.5 dB, Class C; 9.5 dB, Class AB.

Bate
&

Higher gain and input impedance, enhanced thermal
stability and lower noise keynote a broad lineup of
TMOS RF powerFETs. With Pg to 600 W and frequency
ranges to 500 MHz, these rugged, leading-edge amplifiers
offer easy-to-match capabilities for broadbanding. The
newest series, MRF141G/151G,/175G/176G offer push-pull
packages to aid in implementation of broadband, high-
power circuits in SSB and VHF AM/FM designs. The
N-channel units are fabricated with an oxide-insulated
gate which controls vertical current flow.

Talk to anybody, anywhere
with Motorola land-mobile.

You'll find the industry’s widest variety of 7.5 V and
12,5V discrete transistors and amplifiers for mobile 2-way
here. We offer package options; high-gain, high-power,
rugged devices for low-band, VHF, UHF and 900 MHz;
complete, economical lineups of discrete parts in every
frequency band; thorough applications support, modules
for portables and for mobiles where increased circuit
demands make complete amplifiers a logical, economical
choice and high-volume, quality-production capabilities.
We even have the highest-power (MRF898) and lowest-
priced (MRF557) units for 900 MHz applications.

Keep control with hermetic RF power.

The first of several 28 V, military/avionics-type devices
to provide complete lineups at VHF
and UHF are the 2N6985-86 push-
pull transistors in case 382-01.
A hermetic version of the popular
MRF392-393, the new gold
metallized, internally-matched,
2N6985 operates from 225

“

L-band RF devices keep control in air traffic.

The MRF10120 (120 W) and MRF10030 (30W) help pro
vide the right answers to Mode “S” air-traffic-control
transponder questions about location and altitude of
planes so collison is avoided. Capable of handling 10 us
pulses at 50% duty cycle for up to 3.5 ms, the units have
guaranteed performance including ruggedness. Used
at 960 to 1,215 MHz, they have an overall duty cycle of
25% and incorporate input matching for broadbanding,
gold metallization, nitride passivation and low thermal
resistance for heat dissipation. They are also available
for JTIDS use.

One-on-one design-in help.

Anywhere in the U.S. or Canada, get an engineer-to-
engineer update on the latest in Motorola RF technologies.

1-800-521-6274

Call toll-free any weekday, from 8:00 A M. to 4:30PM,,
MST. Ifthe call can’t cover your appli- ’
e call can’t cover your app \/\ére

cations, we'll have an applications
NP e
n-n

engineer contact you.
team.

And help you to market faster.

@ MOTOROLA

I o Motorola Semiconductor Products, Inc. 351 RFD 020088 J

To: Motorola Semiconductor Products, Inc. 351 RFD 020088

P.O. Box 20912, Phoenix, AZ 85036

Please send me the latest information on these Motorola RF Semiconductors:
A [0 MRF1416/1516/1756/1766 TMOS RF C [ 2N6985/86 Hermetic RF
B O Land-Mobile RF DO MRF10126/10030 L-Band RF

Name

Title

Company
Address

City State Zip
Call me ( )

L e e e e e i =

See us at the RF Technology Expo, Booths #324-330 & 423-429.



Putting GaAs ICs to work:

How to make high-speed measurements more accurately.

Let’s face it...your measurements are only as
good as your timing standard.

When measuring high-speed ICs, edge
placement accuracy is a critical issue. But now,
the unique Harris HMD-11502-2 Program-
mable Pulse Driver /Formatter (PPDF) makes
life a little easier. It generates complex pulse
trains with independent, variable control of
leading and trailing edge placement!

We used our PPDF with other Harris GaAs
ICs to build this precision signal generation
system for testing our own devices. It’s just the
ticket for measuring propagation delay, setup
and hold times. Edge placement accuracy can
be controlled to within 50 picoseconds!

Reference |

clock —————

The Delay Block “programs” the output
waveform of the PPDE, with our HMD-11685
GaAs IC Comparator providing continuous
fine adjustment over the 250 picosecond
“steps” of the ECL digital delay.

This circuit is a key building block for our
high-speed test pattern generator. If it’s fast
enough for our GaAs ICs, just imagine what
it can do for your ECL devices!

For more information, write or call us:
Harris Microwave Semiconductor, 1530
McCarthy Blvd., Milpitas, CA 95035. In US,,
phone 1-800-4-HARRIS, Ext. 1510, or
(408) 433-2222, Ext. 202 (TWX: 910-338-2247).
In Canada: 1-800-344-2444, Ext. 1510.

Mode Switch

HMD -0V

+0/M Divide by 10/11

Frequency reference

Half-frequency
reference

\.‘,.‘

- D-11104
«”"" NANDI AND - Reference clock

" and complement

/’q =

/ m Cmoaraw

HMD-1502 |
PPDF

~— . Precision signal
.. and complement
~

“It's about time
someone put GaAs
ICs to work!”

“That figures... Harris
was first to make
them commercially
available!”

IN GALLIUM ARSENIDE,
THE NAME IS

HARRIS

Harris Semiconductor: Analog - CMOS Digital
Gallium Arsenide - Semicustom - Custorn

&) HARRIS

1987, Harris Corporation

INFO/CARD 2
See us at the RF Technology Expo, Booth #318.
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Cover Story
The Computer Data Disk

28 Motorola’s discrete semiconductor catalog is now available on a computer diskette, allow-
ing fast retrieval of data and rapid device selection. Information can be requested via
part number, or by selection of device parameters.

— Norman E. Dye and Ed Prestwood

Featured Technology Section

A 60-Watt PEP Linear Amplifier

32 This 2-30 MHz power FET amplifier provides 40 dB gain, using a Class A driver and
push-pull Class B final amplifiers. The author describes techniques for designing with
FETs, including measurement results. — Jose I. Cracovski

Predicting RF Output From Combined Power Amplifier Modules
40 To achieve power outputs over a few hundred watts, multiple power amplifier modules
must be combined. This article shows how to determine the excess insertion losses
due to amplitude and phase imbalance in a combined amplifier system.
— Roderick K. Blocksome

A Wideband RF Power Amplifier

53 This article describes the design and construction of a 300 watt amplifier covering 10-150
MHz. Also included is background information on the fabrication, packaging, and per-
formance characteristics of power FETs. — H.O. Granberg

Distortion in Non-Linear Circuits

61 Intermodulation and harmonic distortion is created by any circuit with a nonlinear transfer
function. This note shows how to calculate the magnitude of this distortion when the
transfer function is known. — Andrzej B. Przedpelski

68 New Products Featured at RF Technology Expo 88
Designer’s Notebook — VCO With Constant Tuning Rate

7 This variable reactance technique linearizes the fine tuning of VCOs in frequency syn-
thesizers. — Victor Koren

Page 53 — 10-150 MHz Amplifier Equal-Ripple LC Filter Synthesis

79 This article describes a computer program that synthesizes low pass LC filters with
equal-ripple passband and arbitrary stopband characteristics, using an iterative scheme.

— Robert E. Kost
Feed-Forward Compensation for Improved DC Performance
AFIh ———— 85 Video amplifiers have poor offset performance due to their low DC gain. The author
discusses the use of feed-forward compensation using a high DC gain low frequency
amplifier to correct for this deficiency. — Stan Goldman
R, —0 RFI/EMC Corner — Optimizing ‘On-Glass’ Antenna Performance
101 Electric defoggers in automobile windows are a problem for the popular on-glass anten-
nas used for cellular radio. This note describes a means of measuring coupling through
the glass to choose the best mounting procedure. — Marvin S. Grossman
-4 AR, - R; - R, - Departments
6 Editorial 109 New Products
8 Viewpoint 117 New Software
9 Letters 118 New Literature
13 News 127 Classified Advertising
Page 85 — Improved DC Performance 21 Calendar 130 Advertisers Index
22 Courses 134 Info/Card
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HIGH POWER
COMBINER
5-28 MHz

40KW

4 WAY COMBINER

¢ MODEL D1855

* LOSS 03 dB

s ISOLATION 20 dB

* POWER 20Kw CW
40Kw pep

OKW

2 WAY COMBINER

e MODEL D1854

* LOSS 0.3 dB

¢ ISOLATION 20 dB

* POWER 15Kw CW
30Kw pep

¢ NON FERRITE DESIGN
e EXTERNAL ISOLATING
e TERMINATIONS

See Gold Book and Microwave/RF Handbook for
additional products.

WERLATONE INC.
P.O. BOX 47
BREWSTER, NY 10509
TEL: (914) 279-6187
TWX 510-600-0747
decades ahead

INFO/CARD 3

»F editorial

It’s Contest Time Again!

By Gary Breed
Editor

Ithough we have only held the RF De-
sign Awards contest twice, it seems
like it has been around for many years.

' The tun, the challenge and the reward of

developing a circuit for the contest is in-
fectious. The judges, the readers and the
entrants all seem to be cheering each
other on.

Now it is time to get this year’s entry
completed, tested and written up. The
Design Kits from Compact Software, the
A-7550 Spectrum Analyzer from IFR, and
the Coilcraft inductor kits are waiting to
be awarded. (The entry rules are outlined

| in the announcement on pages 90-91 in

this issue.) Entries are already arriving —
make sure yours is among them.
Sometimes, the prospect of putting
something in writing prevents an engineer
from presenting his ideas. As you review
the contest rules, please note that it is
creative and engineering ability that is
judged, not writing talent. The contest en-
tries are treated just like our contributed
articles: we want information, not fancy
phrases. Don’t worry about the literary
quality of your entry, just make sure it con-
tains complete data on your project.

A Word About the Judges

As has become our tradition, the pre-
vious winner will be part of our panel of
judges. Charles Wenzel, President of

Wenzel Associates, won in 1987 with a
novel frequency multiplier circuit. He is
especially knowledgeable in frequency
control circuitry and measurement tech-
niques.

Another new judge is Bob Zavrel, re-
cently added to the RF Design family as
a Consulting Editor. His work at Digital RF
Solutions involves developing and pro-
moting applications for their NCMO direct
digital synthesizers. Bob has a strong
background in design using audio, digital
and RF integrated circuits. Long-time in-
volvement in ham radio (W7SX) is evi-
dence of his enthusiasm for RF tech-
nology.

Andy Przedpelski, our well-known Con-
sulting Editor, will again serve as a judge.
As Vice President for Development at
A.R.F. Products, he has experience in
almost every area of RF design. His ar-
ticles on PLLs, filters, and other aspects
of circuit design are legendary. Andy’s
technical acumen and realistic approach
to RF design make him an ideal contest
judge.

Finally, 1 get to enjoy the entries, too.
My own experience is in broadcast engi-
neering, with particular emphasis on
transmitters and antenna systems, plus
plenty of work in audio, video, and con-
trol circuitry. As a 26-year radio amateur
(K9AY), | have designed and built trans-
mitters, receivers and test instruments.

Although difficult, the contest is fasci-
nating to judge. As we examine the wide
range of ideas contained in the entries,
our own thinking is stimulated. Once
again, we urge you to be as tough on us
as you can.

Even with the big prizes and the publici-
ty, the spirit of the RF Design Awards con-
test is not competition. Charles Wenzel
said it best in his winning entry (before
he won), “What great fun this is!”

February 1988



ADRAP
WIOEBAND OLLT L ATORS

JPP-2Q Series

NARROWBAND QUADRAPHASE
MODULATORS

1QP-25 Serip
S
MICROWAVE 1 & Q priase DETECTORS

D (10%) SERIES

Call for your
I’'sand Q’s

Data Pack
m Catalog Products With RF Up To 4 GHz

m Standard 10%, 30% And Octave Bandwidths u Merrimac

= Custom f-;:equency And Balance Versions Available 41 Fairfield Place, West Caldwell, NJ 07006
m Meri-Pac™ Or Flatpack For Low Profile/Small Size Phone (201) 575-1300 ¢ Telex: 6853128
INFO/CARD 4

See us at the RF Technology Expo, Booths #551 & 553.



Your One-Stop Source for...

TCXOs|

TEMPERATURE
COMPENSATED

CRYSTAL
OSCILUTORS

T

LOGIC OUTPUT
TTL| 50 Hz to 100 MHz
CMOS| 50 Hz to 50 MHz
ECL| 20 MHz to 280 MHz
0/+50°C| +1x10-7
—20/+70°C| +5x10-7
—55/+85°C| +1x10-6
Aging| 1x10-%/year
2"x2"x%" (2" opt)

HYBRID LOW PROFILE
Qutput| TTL, CMOS or ECL
Frequency| 400 Hz to 60 MHz
Stability| Same as logic TCX0s

Size| 1'2"x1%"x0.3" with electrical
tuning. 1%2"x2"x0.4" with
mechanical tuning.

5

.ﬁ
SINE OUTPUT (Low Noise)

Frequency| 1 MHz to 630 MHz

Noise Floor] | Std: — 145 dBc/Hz
(50 MHz) f | Opt: — 160 dBc/Hz

Stability| Same as logic TCXO0s

Call The
Application
Engineering

The Crystal Oscillator Company

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

INFO/CARD 5

See us at the RF Technology Expo, Booth #658.

rF viewpoint

By Robert J. Zavrel Jr.
Consulting Editor

hen contrasted against other pro-

fessions, engineers seem to have a
dwarfish voice in persuading public poli-
cies. Other vocations have powerful lob-
bies at local and federal levels, but the
various engineering societies cannot op-
erate from a position of strength without
strong participation from the engineering
ranks.

The evolution of technology is the driv-
ing force of change in society. But, too
often problems involving technical issues
are decided without consulting technical
people. The creative minds that typify
engineers have a rightful place in vital
decision-making processes. Ironically, in-
telligent, creative people tend to be
dissuaded from the stupidity and bureau-
cracy of the modern political process.
Also, the instinct for independence com-
mon in the engineer’s psyche spawns a
certain disdain for labor unions or union-
like activities. There is a fine distinction,
however, between the concepts of “union”
and “lobby.” We, as engineers, must learn
this distinction.

For example, the technology of broad-
casting has changed political reality.
Today, more than ever, the set of talents
and skills needed to win an election does
not coincide with the talents and skills
needed to function in the office. In the pro-

‘Use It Or Lose It

cess, technical terms like radiation,
energy, and nuclear have lost any
semblance of accuracy in a quagmire
of emotional apprehension. Worse yet,
some politicians prey on this general fear
for personal profit. Where are the voices
of reason at these critical moments?
Where are our voices?

In a corporate environment, upper
management’s chief concern is with red
and black ink. Sales, marketing, finance
and accounting are usually associated
with black ink. Engineering, manufactur-
ing, service and quality assurance are
usually associated with red ink. This
psychological trap is very difficult to avoid
by the most enlightened managers even
in “‘engineering” companies. Within the
corporate environment, engineers should
get involved with “bottom line” calcula-
tions. If you start using the same vocabu-
lary as accountants, management will
start treating you like a “black ink” per-
son. Engineers are often astonished to
find an accountant who knows ohm'’s law.
Similarly, accountants are often aston-
ished to find an engineer who is comfor-
table with terms like ““ledger” or “‘cost ac-
counting.”

How can engineers raise the stature of
their profession? They key to political in-
fluence is organization and the ability to
articulate your stand. The key to corporate
influence is being associated with “‘black
ink.” Join and participate in your profes-
sional societies, publications and meet-
ings. Get support from other engineers.
Communicate with your colleagues and
others about various issues. Organized
ignorance is a growing force in the world.
We can and should challenge it when we
encounter it. Freedom of speech is a
valuable right. Use it or lose it!

)
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rFletters

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

To Certify or Not to Certify?
Editor:

| don’t think that having people who
operate EMC test stations pass examina-
tions is going to do much good, for the
following reasons:

1. Technical ability is not correlated
with honesty. Even intelligence organiza-
tions who do thorough background inves-
tigations of people who get security clear-
ances are unable to consistently identify
dishonest people.

2. People responsible for the manufac-
turing of equipment which has passed
EMC testing are usually not skilled in
knowing which minor production varia-
tions are acceptable and which are not.
Most of them don’t know that they don’t
know.

3. The variety of ATE is rapidly expan-
ding. Passing an examination on one
model does not guarantee that a person
will know the idiosyncrasies of any other
model.

James Long
Sunnyvale, CA

Editor:

The idea of certification of engineers by
examination, while having an initial attrac-
tiveness, becomes much less attractive
under scrutiny.

This is most apparent in military com-
pliance. The regulations change almost
constantly, and all regulations do not ap-
ply to all programs. In addition, testing
creates a large and inflexible bureaucracy
to support the test program, which would
further slow down needed changes in
technology to deliver more efficient and
cost effective products.

Electromagnetic compatibility is more
adaptable to testing of engineers. How-
ever, this is an emerging field and test
methodology is likely to be fluid for several
years hence, hampering efforts to pro-
duce meaningful tests.

Finally, certification is no guarantee of
performance, only a demonstration that
a person can answer questions on a test.
(A practical examination is impractical,
due the high cost of test equipment and
facilities that would be required.)
James A. Grahart
Chicago, IL

Help celebrate the 10th Anniversary of
RF Design during 1988 — send us
your observations, recollections, or
philosophical musings about the past
ten years of RF technology. We will

print as many letters as we can.

RF Design

Hear the Difference!

NCMO™ (Numerically Controlled Modulated Oscillator)
(15-25 MHz input) DRFS™ -2250  (30-40 MHz input) DRFS™ -3250

. | i
L o AN e | eyl
FM (to 24-bits of linearity) AR ! (61 106
Sweep/Chirp rate up to clock Band-
width: DC to 1/2 clock

20MHz Input/8-bit Waveform map

Both the DRFS™ 2250 and 3250 NCMO™ families provide
cost-effective, low noise (60dB spurious rejection pictured above) signal
generation to the RF communications industry. The NCMO™ devices
display rapid frequency hopping characteristics and fine resolution while
reflecting the stability of the crystal input. Each device features 24 bit direct
parallel, 8 bit bus, or quadrature clocked serial input.

The NCMO™ utilizes CMOS technology for low power
consumption and is available now in surface mount (80 Pin Flatpack and
84 PLCC) packaging. To order or obtain additional information on the
revolutionary NCMO™ product lines phone DRFS™ today:

Telephone 408/727-5995
Qutside California 800/782-6266

DIGITAL RF
SOLUTIONS CRRFOII\??{%():\J\ /\ Mf% (x \ - q \ ‘\
I M ”w I i il ‘u
VU \\‘Mv‘z LRI
3080 Olcott Street, Suite 200d

Santa Clara, California 95054-3209

INFO/CARD 6
See us at the RF Technology Expo, Booth #407. Patent Pending

NCMO and DRFS are Trademarks of The Digital RF Solutions Corporation ©1987 DRFS

}u MMM



OUR MOST
POWERFUL

You're looking at the - I =\ The result is a module

highest power density capable of 1600 Watts
long pulse UHF amplifier of output power at a pulse
we've ever built. And as far as we know, width of 1.6 milliseconds (20 % duty
no one else has even come close. cycle) with over 9db of gain, operating
To do so, MMD had to develop the Class C. It's a powerful reason why you
WOr ld’S hlghest power TYPICAL PERFORMANCE ShOUId Ca” MMD for
long pulse UHF tran- Jr 4 awee yOUr amplifier needs.
sistor, engineer an in- —— Phone us at (415)
novative flatpack trans-ears| 1 | * 961-1473, or write to
former/balun, and (2 e f i i 171" Microwave Modules
devise a sophisticated T —— ] and Devices Inc.,
thermal/mechanical F— 1 oot 250 Ellis St., Mountain
package for maximum b '{ . Mew, CA 94043,
heat transfer. | DESPR oFL 2 (IR ¢ 1 Telex 508 746.

MA““ INFO/CARD 7 Literature

We Deliver Power. INFO/CARD 8 Demo



Two hundred and fifty
a month, that’s the

number of this custom amplifier that
MMD currently ships to Hughes.

Which is no small feat because when
Hughes Aircraft approached MMD, they
had the knotty problem of producing this

sophisticated amplifier
in volume.

MMD took a unique
approach to solve this
challenge. Our high de-
gree of integration en-
abled us to respond
with precisely what
Hughes needed for its

Pour
ATTS)

PLRS system: a

thick film UHF pulsed amplifier

13 e

bt 1 T oA l\\‘ e

F{MHz)

420 430 440 450

10 WATT HYBRID: P, 190Bm. F - 420 455 MH
V, 125 Voits. §, ~ 2 6A Peak

We Deliver Power.

GAIN
{@8)

2

with 10 watts of output power (— 55 to

+ 85 degrees C) at + 19dBm input, with

consistent lot to lot performance through

production.
While this success story might not ap-

ply specifically to your
needs, MMD’ unique
problem-solving capa-
bilities probably do, be-
cause like this custom
hybrid amplifier, there
are hundreds more
success stories where
this one came from.

INFO/CARD 10
INFO/CARD 9

Literature
Demo

Come see us at the RF Technology Expo '88, Booths #340, 342, 439, 441.



Unprecedented Performers!

The A-SOOO Spectrum Analyzer.
NG s‘tep beyond the
A-7550.

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-80C0 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

Ny

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

*= Fully synthesized [A-8000) 10 kHz to 2.6 GHz {A-7550) 10 kHz
to | 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 VVAC 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 ® |EEE-488
interface bus = RS-232 interface bus = 75Q adapter

® Internal quasi-peak detector

10200 West York Street / Wichita, Kansas 67215-8935 US.A.

choice when considering your next Spectrum Analyzer. - oo
Contact your IFR distributor or representative I R IFR SYSMIEES, JAC

for a demonstration.

316/ 522-4981 / TWX 910-741-6952

See us at the RF Technology Expo, Booth #240.




»rF news

Electronic Industry to Grow in ’88

Electronic industry forecasts predict
significant growth in 1988. Despite the
bleak outlook on Wall Street, the annual
Electronics market survey indicates that
an overall growth of almost 11 percent to
more than $170 billion can be expected.
This is probably due to the late surge in
1987 that boosted the industry growth by
12 percent. According to a U.S. Depart-
ment of Commerce Bureau of Economic
Analysis survey conducted in October and
November 1987, a 7.3 percent increase in
spending for new plants and equipment
is expected in 1988. This is good news
since it is targeted towards electronic
automation and productivity.

The Electronics survey also points out
that the test and measurement market will
show a gain of 10 percent. However, spe-
cific sectors like digital oscilloscopes,
combinational board testers and timers
will soar in 1988. Computer aided design
and engineering hardware and software
should grow by 29 percent. This follows
a 1987 gain of 32 percent. In 1987 the U.S.
consumed $13 billion worth of semicon-
ductors and this market is expected to rise
by 12 percent for 1988.

In the U.S., expenditure for research
and development for 1988 is expected to
reach $131.5 billion according to the an-
nual Battelle forecast. This represents an
increase of $8.5 billion (6.9 percent) over
the $123 billion the National Science
Foundation estimates was spent for R&D
in 1987.

While part of the increase will be ab-
sorbed by continued inflation (estimated
at 4.5 percent for R&D in 1988), Battelle
forecasts a real increase of 2.28 percent
for R&D expenditure. This is slightly lower
than the 10-year average rate of 3.81 per-
cent experienced since 1977.

Industrial funding for R&D will account
for 47.4 percent of the total. Industrial sup-
port is forecast to be $62.3 billion, up 6.4

SOURCES OF FUNDS

Indus)\;\‘ Colieges &
N N

47. 401, Universities

Federal Government
49.3%

Other Nonprofit
Institutions
1.1%

PERFORMERS OF R&D

Colleges & Universities
12.2%

Other Nonprofit
Institutions
2.8%

Federal
Government
12.2%

Source: Battelle's Columbus Division

R&D expenditures in the U.S. for the 1988
calendar year.

percent from 1987. Battelle sees an in-
crease of 7.3 percent in federal support
with funding expected to be $64.8 billion.
This constitutes 49.3 percent of total ex-
penditures for 1988. Funding by academic
institutions is expected to be $2.93 billion
(2.2 percent of total) and other nonprofit
organizations will provide nearly $1.52
billion (1.1 percent).

TIW Awarded Japanese Contract
TIW Systems, Inc., of Sunnyvale, Cali-
fornia has received a $9 million contract
for the design and construction of a 34-
meter radio telescope to be installed in
Japan. This is the one of the first purchas-
es by the Japanese Government under
the Nakasone Initiative, which establishes
a program to improve the trade imbalance
between the U.S. and Japan. Rikei Cor-
poration purchased the telescope for

RF Design

Japan’s Ministry of Posts and Telecom-
munications.

The Radio Research Laboratory (RRL)
of Japan will operate the telescope at
Kashima, Japan. The principal use of the
telescope will be to conduct joint U.S./
Japan very long baseline interferometer
(VLBI) experiments designed to measure
the movements of the earths’ crust for
earthquake prediction purposes. In addi-
tion to VLBI experiments, the telescope

(" A leader for 18 years in )

RF POWER

RF LINEAR AMPLIFIERS
AND COMPLETE
GENERATORS

200 WATTS TO 20 KW
1 MHZ TO 200 MHZ

for industrial, scientific, medical
& communications applications.

More 1 to 2 Tesla medical diagnos-
tic Magnetic Resonance Imaging
systems are powered by ETO RF
linear amplifiers than by all others
combined.

Model 52S5-16 (pictured): 16 KW
linear amplifier for MRI. 72 dB
gain, 10-86 MHz. Total remote con-
trol and monitoring by mainframe,
PC., or simple “dumb terminal” via
RS-232 link.

We can often derive the “special”
you need from standard subsys-
tems, providing proven hardware
at moderate cost whether your re-
quirement is for one unit or
hundreds.

EHRHORN
T TECHNOLOGICAL
OPERATIONS, INC.
PO. Box 888
Canon City, CO 81212

\_ (303) 275-161 SJ
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= Input Power 28v, 20 MA Max.

s Noise Output Variation With Voltage

Certificates Of Conformance Supplied With
Each Unit

.1dB/% V Calibration Points Are Marked On
= Noise Output Variation with Temp Each Unit ]
.01 dB/°C Noise Diode Hermetically Sealed
= Calibration Sheets Supplied With High ENR Output
Each Unit BNC (f) DC In; N (m) RF Out
Model Freq. Calibration
Number (GHz) ENR (dB) Flatness Package Points
RFN/30-10 .010- 1.0 30 Min +1 N .010,.500,1.00
RFN/25L 1.0 -20 30 Min +1 1.0,1.5,2.0
RFN/258 20 - 40 30 Min +1 S 1.0
RFN/25C 40 -80 30 Min +1 i
RFN/25X 8.0 -12.0 25 Min +1 B G HZ
RFN/25K 120 -18.0 25 Min +1 NSA STEPS

*Other packages, frequency ranges, outputs, inputs available.

*Consult factory for more information.

m Call today for these and other products with similar savings...

® Custom designs welcome

micronecticy iNC. ocsscr:

36 Oak Street ¢ Norwood, NJ 07648 ¢ (201) 767-1320
TWX: 710-991-9603 ¢ FAX: 201-767-6551




DELIVERY

FROM

Low FREQUENCY

NOISE MODULES

m True White Symmetrical Gaussian m Peak Factor 5:1 Min (Voltage)

Noise = Operating Temperature —55°C to 85°C
= 5:1 Peak Factor (Voltage) 14 dB m Temp. Coefficient .025 dB/°C Typ.
m Ultra Compact Size .875" x .5" x .24" = Voltage Supply Sensitivity .4 dB/100 mV
s High Level Noise Output To 500 MHz m Maximum Storage Temperature - 62°C to
= Optional Supply Voltages Available 150°C
m Noise Symmetry 95% Typ, 90% Min = 15 Volt Operation

OUTPUT CHARACTERISTICS-50 OHM LOAD
Frequency Noise Output Level

Model Range Flatness mV/band uV)/Hz d96mfpand  dBM/Hz  ENR(dB)
NMA-2001 100Hz-100kHz + .5 dB ) 15.8 -32 -82 91.0
NMA-2002 100Hz-300kHz + .5 dB 10 18.2 -27 -82 92.2
NMA-2003 100Hz-1MHz + .5 dB 10 10.0 =27 -87 87.0
NMA-2004 100Hz-3MHz + 5dB 10 58 =27 -92 82.2
NMA-2005 100Hz-10MHz + .5 dB 10 312 =27 -97 77.0
NMA-2006 100Hz-30MHz + .5 dB 5 91 -33 -108 66.2
NMA-2007 500Hz-100MHz + .75dB 2.5 .25 -39 -119 55.0
NMA-2008 500Hz-300MHz +1.0 dB 44 .25 -34 -119 55.0
NMA-2009 500Hz-500MHz +1.5 dB 5.6 .25 -32 -19 55.0

Other Output Loads Available.

m Call today for these and other products with similar savings. ..

a Custom designs welcome

microneticy iNC. ocosat:

1509 MOT1-3ONVINHO4H3d HOIH

36 Qak Street ¢ Norwood, NJ 07648 * (201) 767-1320
TWX: 710-991-9603 » FAX: 201-767-6551

See us at the RF Technology Expo, Booth #529.
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will be used to perform a number of scien-
tific studies and investigations.

To achieve this multipurpose role, the
instrument operates over a range of fre-
quencies. Any one of eleven frequency
bands can be selected by RRL using a
computer touch screen. Once command-
ed, the control system automatically
moves the proper frequency feed and
receiver system into position. The tele-
scope will be equipped with feeds and

cryogenically cooled receiver systems in
the 300 to 600 MHz and 1.5, 2/8, 5, 10, 14,
22, 43, 49 GHz bands.

The lower frequencies are provided by
feeds mounted in the focal point of the
telescope. Cassegrain feeds and a five
degree of freedom subreflector provide
the higher frequencies. To support opera-
tions up to 49 GHz, the telescope is
equipped with reflector panels with a sur-
face tolerance of 0.005 inches rms.

20 Watt

1000 Mz

1]
0 [ I -
|
s-l-c
Watt

FE

P et
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{ F2002
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Examples of some Broadband Polyfet'™ Pertormers

polycore rf devices

1107 Tourmaline Drive * Newbury Park, California 91320 « U.S.A
Telephone: (805) 498-4552 « Telex: 910 3361547
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Philips/Picker Joint Venture
Approved

The United States Department of Jus-
tice has completed its review and decided
not to oppose a joint venture of the medi-
cal divisions of N.V. Philips’ Gloeilampen-
fabrieken of the Netherlands and the
General Electric Company, p.l.c., (GEC)
of the United Kingdom. The German Car-
tel office has also decided not to oppose
the joint venture.

The new company, Philips and Picker
Medical Systems, is a combination of
Philips Medical Systems Division and
GEC’s U.S. medical subsidiary, Picker In-
ternational. It will be one of the world’s
largest producers of medical imaging
equipment, with $2 billion in sales, 17,000
employees, and a worldwide distribution
and service network.

LTI Becomes Gennum Corp.

Gennum Corporation is the new name
for the integrated circuit operations of
Linear Technology, Incorporated. Gennum
will become a wholly owned subsidiary of
LT! in the corporate restructuring. This will
separate it from the LTI subsidiary Anatek
Microcircuits Inc. The company's address
is P. O. Box 489, Station A, Burlington, On-
tario, Canada.

Protecting Engineering Ideas and
Inventions

Protecting Engineering Ideas & Inven-
tions is a guide written for engineers and
scientists on patents, copyrights, trade-
marks, trade secrets and secrecy agree-
ments. It also talks about how engineers
and scientists should deal with outside
consuiltants and handle outsiders’ ideas.
Written in non-legal language by a patent
attorney, Ramon Foltz, and an engineer-
ing manager, Thomas Penn, it covers
every legal issue of importance in engi-
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neering and is organized specifically for
R & D activities. The guide is designed
to assist technical personnel in making
correct decisions, to know for sure when
an attorney's advice is needed to help pre-
vent loss of legal rights and improve a
company’s chances of getting a patent or
other form of legal protection. The book
is priced at $39.00 + $3.00 postage and
can be obtained by contacting Penn Insti-
tute Inc., P O. Box 41016, Cleveland, OH
44141, Tel: (216) 237-2345.

New Company to Pursue RF
Power Market

Power Systems Technology, Inc., has
been formed to design, develop and
manufacture RF/microwave high power
solid state amplifiers. The company will
pursue amplifier products and systems in
the 1 MHz to 2 GHz range with power out-
puts of 1 W to 1 kW. The company is
located at 63 Oser Avenue, Hauppauge,
NY 11788. Tel: (516) 435-8597/8480.

Physicist Wins Research Award

The New York Academy of Sciences’
Minoru and Ethel Tsutsui Distinguished
Graduate Research Award in Science has
been awarded to Dr. Robert Edward
Thorne, a physicist at Cornell University.
The plaque and $1,500 was presented by
Dr. Fleur L. Strand, President, at the
Academy's 170th annual meeting on De-
cember 7 in New York City. Dr. Thorne
was awarded for his research on charge-
density wave transport that showed that
when a voltage is applied to a nearly one-
dimensional crystal, an oscillatory motion
of the crystal atoms and the translation
motion of the electrons is produced, re-
sulting in an electric current. The new
electrical-conduction mechanism is simi-
lar to peristalsis, where the walls of one’s
intestines contract and expand so as to
push the contents along.

The electrical properties of these crys-
tals are mainly determined by the interac-
tion between the charge-density wave and
impurities. Dr. Thorne demonstrated the
crucial importance of other types of de-
fects. By measuring nearly defect-free
crystals, he established many features
fundamental to the charge-density wave
impurity interaction and many of his
results contradicted results in interpreta-
tions which had previously been widely
accepted.

RF/LSI GaAs Foundry Service
TriQuint Semiconductor announces a
radio frequency/large scale integration
(RF/LS)) gallium arsenide IC foundry ser-
vice: the QED/A process. The process
allows mixing of low-power digital LSI cir-
cuits and precision analog circuits on a

RF Design

single die. This flexibility extends into the
microwave domain enabling the analog
designer to do conventional microwave
designs up to 18 GHz at a fraction of the
power previously required for bipolar
silicon and GaAs technology.

The QEDJA process is an extension of
TriQuint’'s Q-ED process that integrates
both enhancement and depletion-mode
transistors used to fabricate low-power,
high-speed LS| circuits. Also included are

analog elements such as MIM capacitors,
precision NiCr resistors, and inductors. A
low noise medium power FET is also pro-
vided for higher current drive and conven-
tional depletion MMIC applications.
Further information can be obtained by
contacting Louis Pengue at (503) 629-4227.

Hughes Awarded $58 M Contract
Hughes Aircraft Company, a subsidiary
of GM Hughes Electronics, has been

We can cut your
UHF frequency source
requirements down to size!
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awarded a $58 million development and
production options contract by Rockwell
International for the AC-130U gunship fire
control radar system. The AC-130U, based
on the C-130H, will be an air-to-ground fir-
ing platform equipped with a 105 mm
howitzer and 25 mm and 40 mm cannon.
It will be operated by the U.S. Air Force's
Special Operations Forces.

Hughes Radar Systems Group will pro-
vide a modified version of the APG-70

radar, operational in the Air Force's
F-15C/D air superiority fighter and current-
ly in flight test for the F-15E Eagle
multimission aircraft. The new modes will
include fixed target track, ground moving
target indication and track, projectile im-
pact point position, beacon track, and a
weather mode. In addition, the existing
APG-70 antenna and analog signal pro-
cessors will be modified and a new digital
scan converter will be added to complete

This GaAs FET Failed

CompuTherm

Early detection of process-caused anomalies in
microelectronic components can mean significant savings
before value is added at the module level. CompuTherm is a
cost effective tool for quality control, failure analysis and
reliability engineering.

The above images were obtained from a powered up
GaAs FET which has exceeded manufacturer’s specification.
The excessive temperature rise observed at the cursor
intersection is due to a die attach void. The CompuTherm
system quickly identified the problem where other

techniques failed.

CompuTherm is the only microimaging system that
provides automatic correction for spatial emissivity at more
than 16,000 points and offers coincidental viewing of visual

and thermal images.

If you need high spatial resolution and true temperature
images, call Barnes today.

DD EBI\/I\SRJEESERING

CORPORATION DIVISION

See us at RF Technology Expo, Booth #30.

88 Long Hill Cross Roads
P.O. Box 867, Shelton, CT 06484-0867
Tel: 203-926-1777 ® Telex 6819115

See us at IEEE Semi-Therm, Booth #16.
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the system. Delivery of the first system,
which is already in production, is sche-
duled for December 1988, with flight tests
a year later. Production is scheduled
through 1991.

Ericsson Wins $50 M Contract

Ericsson has received orders totalling
$50 million for cellular radio system equip-
ment from Macao, Cyprus, and United
Arab Emirates. The United Arab Emirates
and Macao have selected the TACS cellu-
lar radio system which is currently in oper-
ation in the United Kingdom, Ireland, and
in the People’s Republic of China. Cyprus
has chosen the (Nordic Mobile Telephone)
NMT 900 cellular system, which is operat-
ing in the Nordic countries and in Switzer-
land. The NMT 450 and NMT 900 sys-
tems are used in 15 countries.

New US West Research Facility
Site Selected

US West Advanced Technologies, a
subsidiary of US West, Inc. announced
that it has selected a site in the Universi-
ty of Colorado Research Park in Boulder
for its research and development facility.
The company will build the facility to
house existing employees, with the capa-
bility to expand in the future.

Martin Marietta and ITT Form
Joint Venture

Martin Marietta Corp. and ITT Corp.
have formed a joint venture to compete
for the development and production of
gallium arsenide integrated circuits for
defense electronic systems. These ICs will
be developed for a Department of De-
fense program called by the acronym
MMIC, which stands for Microwave/Milli-
meter Wave Monolithic Integrated Cir-
cuits. The program will develop gallium
arsenide integrated circuits that could be
mass-produced and used to reduce the
size, weight and cost of a variety of
defense systems.

The ITT/Martin Marietta team also will
include Harris Corporation and Alpha In-
dustries. In early 1988, up to six industry
teams are expected to be awarded con-
tracts for development and pilot line pro-
duction of gallium arsenide integrated
circuits.

Electrospace Systems Receives
Contract

Electrospace Systems, Inc., a Chrysler
Company, has been awarded a $2,024,000
contract from Triad Microsystems, Inc. of
Winter Park, Florida. The contract calls for
engineering, design, manufacture and in-
stallation of flight data systems, automatic
pilot, fuel saving systems, INS and other
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Crystal Filters

For 25 years, Microsonics has designed, devel-
oped, and produced thousands of custom
crystal filters, lumped-constant filters, and
discriminators to tulfill thousands of space,
military, and commercial requirements from
dc to 200 MHz. Now we’re the largest discrete
filter manufacturer in the U.S.

We carefully control each step of the process
from the quartz crystal, which we fabricate
ourselves, through coil fabrication to the final
tested filter. Assembly and inspection employ-
ees are each trained and certitied to WS6536D.
Proprietary computer analysis, modeling, and
optimization programs are routinely used. And

our engineers work closely with you to ensure
you get exactly what you want, when you want it.

Our new CrgstaI/LC Filter

catalog describes many typical AYSTAL/LC FiLrens
models and their specifications
that have been selected for their
unique features, and as a class,
represent our capabilities. B, (G
AMPLITUDE /priage (1

The next step is yours.
Send for your copy.

MICROSONICS
_.INCORPORATED
60 WINTER ST. WEYMOUTH, MA 02188-3336

(617) 337-4200 TWX 710-388-6833
1986
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wiring controls in ten C-141 maintenance
trainers to be used by the U.S. Air Force.
The engineering, design and manufactur-
ing process will be conducted at Electro-
space’s Richardson facility and the instal-
lation will take place at Triad’s facility in
Florida. Duration of the contract extends
to late 1990.

M/A-Com Receives $23 M
The Electronic Systems division of the
Air Force Systems Command has award-

TUSONIX

ed a $23 miltion contract to M/A-Com Inc.
to produce 861 upgrade kits for a satellite
communications modem. The kits will
provide extended signal processing and
enhanced operator control functions and
will be capable of transmitting on any one
of the four time-division multiplexed chan-
nels of the Milstar UHF communications
subsystem. The upgrade will allow the ex-
isting dual modem to receive downlink
signals for the Air Force's AFSATCOM |
and Il satellites.

If you’re looking for excellence in
EMI Filters ...

'Ns()hix has QPL approval on
EMI Filters and Filter Caps

These miniature EMI ceramic filters and capacitors are
designed to suppress unwanted EMI in applications
where small size is critical. Tusonix filters and filter caps
cover a variety of voltage, attenuation and capacitance
ranges in both solder and bushing mount styles. We have
QPL approval and most are available from stock, ready

for immediate shipment.

If you're looking for excellence in EMI Filters, Tusonix
is your perfect source. Write for our EMI Filter catalog

TODAY . . . or please call
us at 602-744-0400.

TUSONIR

P.O. Box 37144, Tucson, AZ 85740-7144
Phone:602-744-0400 Telex:(RCA)299-640

Fax:602-744-6155
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»rF calendar

March 3-4, 1988

Bay Area Symposium on Strategic Management of Research
and Development

Double Tree Inn, Santa Clara, CA

Information: Carolynn Sherby, Manager, Public Affairs, Acurex;
Tel: (415) 964-3200 Ext. 2122

March 7-10, 1988

33rd International SAMPE Symposium & Exhibition
Anaheim Convention Center, Anaheim, CA

Information: Marge Smith, PO. Box 2459, Covina, CA 91722; Tel:
(818) 331-0616

March 8-10, 1988

Southcon ’'88

Orange County Convention Center, Orlando, FL

Information: Electronic Conventions Management, 8110 Airport
Boulevard, Los Angeles, CA; Tel: (213) 772-2965

March 22-23, 1988

IEEE VSLI Test Workshop

Bally’'s Park Place Casino Hotel, Atlantic City, NJ
Information: Wesley E. Radcliffe, IBM East Fishkill, Dept. 277,
Bldg. 321-5E1, Hopewell Junction, NY 12533. Tel: (914) 894-4346

April 19-22, 1988
|EEE Instrumentation/Measurement Technology Conference
San Diego Princess Hotel, San Diego

Information: Bob Myers, IMTC, 1700 Westwood Blvd., Los
Angeles, CA 90024; Tel: (213) 457-4571

May 9-11, 1988

38th Electronic Components Conference

Biltmore Hotel, Los Angeles, CA

Information: EIA, 2001 Eye St. N.W., Washington, DC 20006

May 10-12, 1988

Electro '88

Bayside Exposition Center, Boston World Trade Center, Boston,
MA

Information: Electronic Conventions Management, 8110 Airport
Boulevard, Los Angeles, CA; Tel: (213) 772-2965

May 10-12, 1988

EMC Expo 88

Washington Hilton, Washington, DC

Information: Karen Smith, EMC Expo 88, PO. Box D, Gainesville,
VA 22065; Tel: (703) 347-0030

May 25-27, 1988

1988 |IEEE MTT-S International Microwave Symposium
Javits Auditorium, New York City, NY

Information: Charles Buntschuh, Narda Microwave Corp., 435
Moreland Road, Hauppauge, NY 11788; Tel: (516) 231-1700

June 1-3, 1988

42nd Annual Frequency Control Symposium

Stouffer Harborplace Hotel, Baltimore, MD

Information: Raymond L. Filler, Frequency Control and Timing
Branch, Department of the Army, Electronics Technology and
Devices Laboratory, Fort Monmouth, NJ 07703-5000

INDUCTANCE METER
* 1nH to 200mH - 8 Ranges

I-Power RF

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

M HENRY RADIO
HAS THE PRODUCT
YOU NEED.

* .1 Nanohenry Resolution
.2% Accuracy
A Precision Instrument
Designed For Today’s
RF Technology.

The MIM-10 Micro Inductance Meter pro-
vides the means to measure miniature and
microwave hybrid and SMT chip inductors.
Optional probe systems allow in-circuit test-

duction test fixtures for axial lead and SMT
devices available.

MICGOIL

102 W.J. Clark Drive - PO. Box 116
Conway, AR 72032 - (501) 328-8254

ing of inductors with SRF upto 1.2 GHz. Pro-

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

APPLICATIONS:

NMR, Nuclear Magnetic Resonance
PLASMA Generation

MEDICAL Applications

NUCLEAR Magnetic Imaging
COMMUNICATIONS Applications

The New, Dynamic

2050 S. Bundy Drive, Los Angeles, CA 90025
TOLL FREE: 1-800-421-6631
In California call (213) 820-1234
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Superchip
Gapacitors
For SMTX.
and Automatic
Insertion

<% Surface Mount Technology

FROM THE LEADER
IN RF CAPACITOR
TECHNOLOGY

ATC's 100 Series UHF Microwave
porcelain capacitors offer outstand-
ing performance under extremes of
voltage, frequency. time and temperature;
in short, the best in the industry. They re idea
for the most demanding design applications
because they're virtually indestructible. Their
rugged. self-encapsulated porcelain
construction insures ultra-high Q. high
power handling and ultra-stability.

No wonder the U.S. Navy dubbed
them “Superchips?’ ™

100 Series capacitors are available as
chips, pellets (pre-tinned chips). and a
variety of leaded styles, laser marked for
permanent identification of capacity value and
tolerance. ]

s PO L
american
technical

ceramics
CORP.

one norden lane

huntington station, n.y. 11746-2102
516-271-9600

twx 510-226-6993
telex 221201

fax 516-271-9615
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»F courses

Besser Associates
Principle of RF and Microwave Circuit Design: Theory and
Application
March 21-23, 1988, Los Angeles, CA
March 23-25, 1988, Santa Clara, CA

Microwave Circuit Design I: Linear Circuits
June 20-24, 1988, Los Angeles, CA
August 15-19, 1988, Baltimore, MD

Microwave Circuit Design II: Non-linear Circuits
August 22-26, 1988, Baltimore, MD

Information: Les Besser, Besser Associates, Inc., 3975 East
Bayshore Road, Palo Alto, CA 94303; Tel: (415) 969-3400

The George Washington University
Microwave Radio Systems
March 7-8, 1988, Washington, DC

Hazardous RF Electromagnetic Radiation
March 16-18, 1988, Washington, DC

Frequency-Hopping Signals and Systems
March 21-23, 1988, Washington, DC

Elements of Optical Warfare
March 30-April 1, 1988, Washington, DC

Spread-Spectrum Communications Systems
April 4-8, 1988, Washington, DC

Grounding, Bonding, and Shielding
April 7-8, 1988, Washington, DC

Modern Communications and Signal Processing
April 18-22, 1988, Washington, DC

Introduction to Receivers
April 18-19, 1988, Washington, DC

Modern Receiver Design
April 20-22, 1988, Washington, DC

Monopulse Radar Principles and Techniques
May 2-5, 1988, Washington, DC

Modern Spectrum Estimation, Array Processing, and
Digital Filtering
May 16-20, 1988, Washington, DC

Spectrum Management
June 20-24, 1988, Washington, DC

Fiber Optics Technology for Communications
June 28-30, 1988, Washington, DC

Antennas and Arrays: Analysis, Synthesis and Applications
July 18-22, 1988, Washington, DC

Electromagnetic Interference and Control
August 1-5, 1988, Washington, DC

Information: Shirley Forlenzo, Continuing Education Program,
George Washington University, Washington, DC 20052; Tel:(800)
424-9773, (202) 994-8530

UCLA Extension
Modern Microwave Techniques
April 25-28, 1988, Los Angeles, CA

Information: UCLA Extension, PO. Box 24901, Los Angeles, CA
90024; Tel:(213) 825-1901; (213) 825-1047; (213) 825-3344
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Great Reasons to Choose a Wavecom
Coaxial Switch for Your Important System

A BETTER GUARANTEE
Every Wavecom switch is guar-
l anteed — in writing — to operate
for a minimum of 1,000,000
cycles per switch position without
noticeable performance degradation.
What that means to you is (a) no inter-
mittent contacts in either RF or indicator
circuits, (b) less than 0.1 dB increase to
insertion loss, and (c) less than 50

milliohms increase to indicator circuit
resistance.

One aerospace customer* ham-
a mered an SP6T DC-18.5 GHz

Wavecom switch with an 82g en-
vironment, but reported that “‘switching
speed did not degrade during vibra-
tion,”’ and also that ‘“‘chatter was not at
all evident during even the most severe
of the vibration test levels.”’ Another
buyer* found resistance of a 6-position
Wavecom switch to be only 10 miflichms

per position after 1,000,000 cycles of
operation.

k T T,

MORE MODELS/MORE
OPTIONS AT OFF-THE-SHELF
PRICES

Wavecom offers more models
3 and more options than any other

switch manufacturer. Choose
from multiposition units up to SP12T,
transfer switches, matrix switches and
switches fully qualified for deep-space
application.

Standard options include four ac-
‘ tuation modes, all popular RF

connectors, all common oper-
ating voltages, frequencies up to 26.5
GHz, built-in 50-ohm open-circuit termina-
tions (patent pending), self de-energizing
circuits, indicator circuits, TTL logic cir-
cuits, MOSFET drivers, BCD decoders,
manual override and others. If that’s not
enough, custom designs are just a phone
call away.

* Details on requesf.

With Wavecom's wider range of
s high-performance models, you

can multiply RF performance and
simplify packaging by using a single
switch (e.g., SP8T) where you'd need two
or more units (e.g., two SP4T’s) from
other suppliers. Compare the maximum
insertion loss of a Wavecom 8-position
switch (approx. 0.55 dB at 18 GHz) to two
competitive 4-position switches (two
times approx. 1.5 dB at 18 GHz).

TYPICAL RF PERFORMANCE (Series 020)

VSWR | ISOLATION rmsennou]
FREQUENCY | (Max) | (Min.dB) | 10SS (dB)
0C3GHz | 1.2:1 80 0.2
3.8 GHz 131 70 03 |
8124 GHz | 1.4:1 50 0.4
12418 GHz | 151 60 Bt
18265GH | 169 | 50 | 0§ J

A SUPERIOR DESIGN

From Wavecom, you'll get more
exclusive design features. In-

cluded are (a) a self-lubrication
provision that never quits, (b) a pro-
prietary termination method good to 5
watts, but with fewer moving parts and
no added RF cavity, and (c) a floating
solenoid that features high-temp coil wire
plus a gold-plated low-friction armature.

You'll also get (a) special tem-
7 perature-compensated bobbins,

(b) contacts that offer excep-
tional indentation hardness, corrosion
resistance and high fatigue strength, (c)
miniature solenoids that produce nearly
double the linear closing force of ordinary
switches, and (d) contact springs that
hold rated tension from -100°C to
+300°C.

INFO/CARD 22

HIGHEST MANUFACTURING
& STANDARDS

Every switch model is designed to
8 meet Mil-S-3928, Mil-E-5400, Mil-

Std-810 and Mil-Std-202. Every
single unit is manufactured, inspected and
tested under conditions and procedures
refined for 20 years. Components are
periodically tested by independent
laboratories.

After assembly, every Wavecom
switch lot is tested for VSWR

(100%), insertion loss (20%), and
isolation (20%). Each switch is then
cycled at least 50,000 times per position,
forging RF contacts, rockers, solenoids
and indicators. Solenoid override is then
reset to 0.003”-0.004”, yielding a 3:1
safety margin and assuring you that the
switch’s cumulative dimensions will not
vary more than 0.001” in 1,000,000
cycles.

YOU'LL GET ACTION

We move quickly, whether
lo it's a quote for off-the-shelf

units, proposal for a cus-
tomized design, a sample switch for
evaluation purposes or a production
delivery (just a few weeks from go-ahead,
usually). Just call Wavecom Switch

Marketing at (818) 882-3010.

WAV ECOM

A sussiDIARY OF LR AAL. CORPORATION

9036 Winnetka Ave., Northridge, CA 91324
(818) 882-3010 » TLX-6502408147-MCI *
FAX-818-709-8204

FREE SWITCH
CATALOG

For Wavecom's new 100-page fully
illustrated switch catalog call
Wavecom Switch Marketing at (818)
882-3010.
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Programmable
Attenuators

Mode! 50P-077
Frequency Range D
Attenuation Range
Attenuation Steps

Model 50P-324
Solid State Programmable Attenuator
Frequency Range
Attenuation Range 0-635 dB in 5 dB steps
Attenuation Steps .2.4.8 16 8 3208
Phase Shift = 3 degrees at any setuing
Connectors

Piuqg I Printed Circuit

Model 50AP-002

Frequency Range 10 500 MM

Attenuation Range .
0-30 dB coNuNUTLSY vartat

Model 50P-172
Frequency Range 20 "0
Attenuation Range 0 63
Attenuation Steps | 7 4

Y 4

JFW Industries, Inc.

5134 Commerce Square Drive
Indianapolis, Indiana 46237
{317) 887-1340

INFO/CARD 23
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| 4 ’ c Our SeS Continued

Technology Service Corporation
Missile Guidance
March 7-9, 1988, Bethesda, MD

Radar Receiver Design: Principles and Techniques
March 8-10, 1988, Arlington, TX

Radar Signal Processing and Clutter
March 22-25, 1988, Atlanta, GA

Information: Lynda S. Epstein, Technology Service Corp., 962
Wayne Ave. — Suite 600, Silver Spring, MD 20901. Tel: (800) 638-
2628 or (301) 565-2970

Design & Evaluation, Inc.
The Worst Case Circuit Analysis Training Seminar

April 4-6, 1988, Orlando, FL
April 18-20, 1988, San Diego, CA
May 9-11, 1988, Washington, DC
July 11-13, 1988, Honolulu, HI
September 12-14, 1988, Boston, MA
October 17-19, 1988, San Francisco, CA

Information: Design & Evaluation, Inc., 1000 White Horse Road
— Suite 304, Voorhees, NJ 08043. Tel: (609) 770-0800

R & B Enterprises
Worst Case Circuit Analysis
March 14-16, 1988, Philadelphia, PA
June 20-22, 1988, Philadelphia, PA

Grounding, Bonding & Shielding
March 24-25, 1988, Washington, DC
June 16-17, 1988, Philadelphia, PA

MIL-STD-461C/462 Test Workshop
March 30-April 1, 1988, Philadelphia, PA
April 27-28, 1988, Los Angeles, CA

Understanding & Applying MIL-STD-461C
March 28-29, 1988, Philadelphia, PA
April 25-26, 1988, Los Angeles, CA
June 7-8, 1988, Washington, DC

Electromagnetic Pulse (EMP) Design & Test
April 11-12, 1988, Washington, DC
June 6-7, 1988, Philadelphia, PA

Identification & Control of Microwave/RF Hazards
May 11-13, 1988, Philadelphia, PA

TEMPEST-A Detailed Design Course
May 16-20, 1988, Philadelphia, PA

EMI Suppression Methods
June 28-30, 1988, Philadelphia, PA

Information: Greg Gore, R & B Enterprises, 20 Clipper Road,
West Conshohocken, PA 19428. Tel: (215) 825-1684

Interference Control Technologies, Inc
Intro to EMI/RFI/EMC
May 11-13, 1988, Washington, DC

Grounding and Shielding
March 21-25, 1988, Hilton Head, SC
April 11-15, 1988, San Diego, CA

Information: Penny Caran, Registrar, Interference Controt
Technologies, Inc., State Route 625, PO. Box D, Gainsville, VA
22056; Tel:(703) 347-0030
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RF POWER

As You Like It.

a,‘

10kHz 100kHz MHz

All solid state. Unconditionally stable. Compact. Tre-
mendously versatile. \Whatever your need for RF Power,
ENI offers you a choice of Class A power ampilifiers
unsurpassed in quality. Our wide line spans a frequency
spectrum from 10kHz to 1GHz with power outputs that
range from 300 milliwatts to over 4000 watts

10MHz 100MHz 1000MHz

The design excellence of ENI ampilifiers is symbolized
by the perfect geometry of the design elements we use
with our logo. For our latest catalog, please contact us
at any of the offices listed below.

These units can be driven by virtu-
ally any signal source. They're com-
pletely broadband and untuned,
amplifying inputs of AM, FM, TV, SSB,
and puise modulations with minimum
distortion. Their unconditional stabil-
ity and fail-safe design make them
impervious to severe mismatch
conditions, and capable of delivering
rated power to any load impedance
from an open to a closed circuit.

The advanced design line of RF power amplifiers

UNITED STATES HEADQUARTERS: ENI, INC , 100 Highpower Road, Rochester, NY 14623-3498 USA, Tel: [716) 427-8300, Tix: 671 1542 ENIUW, Telfax 716-4277839
WEST COAST: ENI, INC , 2318C Walsh Avenue, Santa Clara, CA 95051, Tel (408) 727-0993, Teltax 4087271352
EUROPE: ENI EUROPE LTD , Mundells Court. Wetwyn Garden City, Hertfordshire AL7 IEN England, Tel (0707} 371558, Tix 24849 ENI UK G, Telfax 707339286
JAPAN: ENI-JAPAN, 10-20, Shibasaki-cho 3 Chame Tachikawa City, Tokyo, Tel 81} 0425 229011, Fax {B1) 0425 222636
INFO/CARD 24
See us at the RF Technoiogy Expo, Booth #305.







Touchstone RF

gets you out of the lab—
to make the most of your talent,
boost your productivity

Touchstone/RF is the most advanced program there is for
computer-aided RF design. You use it in your own office,
on your own PC.

It's much like EEsof's reqular Touchstone™ - the
microwave industry’s standard of CAE. But we have

adapted Touchstone/RF specially for your RF design needs.

First, we've eliminated expensive microwave models
that are unnecessary for even complex RF circuit designs.
So Touchstone/RF is less than half the price of Touchstone

Just as important, we've added some things
specifically for the RF engineer. With Touchstone/RF
you have everything you need for circuit design,
simulation and analysis:

toroidal transformers
lumped elements
transformers

ferrite core inductors

ideal transmission lines
device models

g-, h-, y-, z- and s-parameters

...and much more.

1

PrOsECT # S4 30078

atrejee Gan gk

a¥a
a¥a

You build your circuit with Touchstone/RF, predict
performance, tune, change elements and retune,
optimize. All, with just a few keystrokes.

In short, you perfect your circuit - right at your own desk.
Quickly, easily, accurately.

Touchstone frees you from the lab, from the
breadboard-bashing and component-crunching that can
sap so much of your time and talent. With Touchstone/RF,
you'll work on elegant, completed, well-running circuits
You won't spend your time tweaking trash.

Think what this new freedom will do for your output,
for your engineering creativity!

One look at Touchstone/RF
will convince you. Call or write EEsof
and we'll prove it.

A Touchstone analysts of an active triplexer circuit
with sampled output

B Insertion loss and return loss of crysta filter
analyzed over its narrow pass band

C Schematic diagram of the active triplexer
analyzed above

D A log axis can be used for displaying very broad
frequency ranges. This feed back ampiifier
operates over nearly a decade bandwidth

N

INFO/CARD 25
See us at the RF Technology Expo, Booths #434-438 & 533-537.

5795 Lindero Canyon Rd., Westlake Village, CA91362 (818) 991-7530




rF cover story

The Computer Data Disk

Software-Based Catalog Offers Fast Device Selection.

By Norman E. Dye

Motorola Semiconductor Products Sector,
and Ed Prestwood

Cybersoft, Inc.

Traditionally, RF device selection has
involved paging through hard copy selec-
tor guides and data books until a suitable
device was found. Now the revolution in
electronic data processing has resulted in
the industry’s first high-speed computer-
ized approach to choosing RF parts. The
process is not only faster, but also leads
to a more optimum selection.

he new approach is called the “Motor-

ola DATA DISK: Discrete Semiconduc-
tor Version.” It is a high-speed IBM-
compatible floppy-resident database con-
taining technical information for more
than 624 RF devices, more than 6,600
parameters and over 2,300 cross refer-
ences for RF devices including RF bipolar
transistors, RF MOSFETs and RF ampli-
fiers. It also contains parametric data for
power transistors, rectifiers, zeners, opto-
electronic devices, sensors, thyristors and
small signal devices — Motorola’s entire
discrete product offering of more than
6,500 devices. All this is available in five
languages!

Hard copy selector guides list device
parameters by frequency, voitage, current,
package and other characteristics, but not
always in a manner that best reflects the
needs of the user. The DATA DISK over-
comes this drawback by allowing the user
to specify not only what parameters are
important, but also the order of priority.

All that's needed to use the DATA DISK
is an IBM compatible PC with at least
384K RAM. The only instructions required
are printed on the disk sleeve: “Boot your
computer, insert this disk, type ‘M’ then
press ‘Enter’”’ After loading, the user can
select the language (English, French,
German, ltalian or Spanish), the screen
colors (including monochrome) and the
product line of interest (RF Devices, Opto-

28

This disk contains information on over 624 RF devices.

electronics, Thyristors, Sensors, etc.). The
program highlights each selection and
remembers the settings for the next use
of the DATA DISK.

To select RF Devices, simply press the
letter next to the selection labeled: “RF
Devices.” A menu will appear listing fur-
ther subsections of RF such as Bipolar
Transistors, FETs, Amplifiers, Diodes, etc.
When the appropriate topic is chosen,
another screen appears which asks for
“Part Number Search,” *“Parametric
Search” or “Search Help.” Included on
each screen are “smart” message lines
that use progressive disclosure technique

to explain what can be done from the cur-
rent screen.

Users can obtain device information for
any device or cross reference in the data-
base by entering its part number, then
pressing “Enter” to start the search. The
DATA DISK searches the entire database
whenever a part number search is insti-
gated, examining over 30,000 entries in
under a second. If a device is chosen that
Motorola doesn’t manufacture (such as
RF2147) the program searches the cross
reference to find the Motorola equivalent
(MRF475) and then displays the para-
metric information for the MRF475 along

February 1988
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Wavetek’s $7,000 sweep.

If all you need is a sweep
generator that tests below 2500
MHz, Wavetek thinks that’s all you
should have to buy.

But other sweep generators
cover frequency ranges many com-
munication bands don't use. And
they require plug-in modules and
bulky, costly mainframes.

Soyou end up spending
thousands more for frequency
range capability you don't need.

Exactly what you want.

At Wavetek, our sweep gener-
ators get back to the basics. Simple,
honest, reliable, sensible.

¢ o Cmm— ¢ ¢
cod & & 0 B4 -

Each sweep covers a discrete
frequency range in the sub-micro-
wave area. Just what you need fora
specific application.

Our 2002B’s broad range of 1
to 2500 MHz makes it perfect for
testing radar systems, communica-
tion equipment and components.
Inthe lab, the field or the plant.
Harmonic markers at 1, 10, 50 and
100 MHz are standard.

Our 2001 has become the
instrument for people working in
VHF, UHF and Extended Range UHF
bands. Itsrange is 1 to 1400 MHz,
inthree bands: 1 to 500,450 to
950 and 900 to 1400. Harmonic

. markers are
standard.

And our
1801C, with its

75Qoutput

Model 1801C. $4.350. Model 2002B. $6,900. Mode!2001. $4,795.
INFO/CARD 26

See us at the RF Technology Expo, Booths #346 & 348.

and 1 to 1000 MHz range, is ideal
for CATV and broadband LAN appli-
cations. Its one wide band VCO
eliminates the transients found in
band switching instruments.

You buy only what you need.

By limiting our sweep
generators to below 2500 MHz,
Wavetek is able to design them to
be simple but effective. And to build
them for much less.

And doyou really have an extra
$7,000 to spend on something you
don't need?

For more information and the
name of your nearest distributor,
call Wavetek at 1-800-428-4424. In
Indiana call 317-788-9351.

WAVETEK:®




SMALL CONNECTORS
CAN BE A BIG DEAL

AEP Subminiature Coaxial Connectors

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.

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.

EP

Applied

Engineering Products
1475 Whalley Avenue
New Haven, CT 06525
(203)387-5282

Fax: 203/387-7832

INFO/CARD 66
See us at the RF Technology Expo, Booth #460.



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, NJ
(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

RF Design

with the following heading: “RF Bipolar
Transistor: Direct Replacement for RF
2147”

The “Part Number Search” capability is
convenient, but the “Parametric Search”
capability is far more important, allowing
users to select the parameters that are im-
portant to a specific application. Minimum
or maximum values are entered as re-
quired, then “S” starts the search. One
second later a listing of every device in
the database that meets the specified re-
quirements (and its associated parame-
ters) is displayed in a table to allow com-
parison of up to 10 devices at a time. In
all cases, as few or as many parameters
can be selected for the search. The pro-
gram displays the parameters in the same
priority sequence as originally selected.
All displayed data is sorted. The sort
algorithm performs a multi-level sort
across every selected parameter and lists
the “best” device first, the “next best” se-
cond, etc.

“Parametric Search” also displays the
number of devices found in any given
selection process. f the number of de-
vices is large, you can tighten the selec-
tion criteria or add additional parameters

and subminiature atomic oscillators —
produces a complete line for commercial and
military applications. These units are used in maobile,
ground, airborne and space environments and provide the critical
frequencies required for sophisticated navigation and communication
systems. Small, lightweight, fast warmup — each of the 5 basic models
delivers a highly stable frequency output to within 10" per month.

and then repeat the search process. One
way to narrow a search is to select “Price”
as a parameter to find parts that meet
both technical and cost objectives. Note
that the price information contained in the
DATA DISK is the 100-up price used by
distributors and is intended only as a
relative indication of price. The DATA DISK
provides alphabetical access to locations
and phone numbers to over 300
worldwide Motorola sales offices and
authorized distributors.

The next version of the DATA DISK, to
be introduced in the second quarter of
1988, will include all 30,000-plus Motorola
Semiconductor products (integrated cir-
cuits as well as discretes) on a single flop-
py disk. The company plans to update the
DATA DISK at least once a year.

Copies of the Motorola DATA DISK are
available for $2.00 each by requesting
DK101/D REV 1 from the Motorola Semi-
conductor Literature Distribution Center,
PO. Box 20912, Phoenix, Ariz. 85036, or
calling (602) 994-6561. The DATA DISK is
also available to Motorola customers
through their local Motorola Semiconduc-
tor Sales Office. For more information cir-
cle INFO/CARD #188.

Efratom — world leader in the
development of miniature

Contact us for your special needs.

Efratom
Division

3 Parker, Irvine, Ca. 92718
(714) 770-5000 Telex 685-635

See us at the RF Technology Expo, Booth #465.
INFO/CARD 28 31



rF featured technology

A 60-Watt PEP Linear Amplifier

By Jose |. Cracovski
LANTEL

A 60 W PE.P. linear amplifier with a
gain of 40 dB and frequency range of 2-30
MHz employing RF Power FET's is de-
scribed. The circuit employs a Class A
driver and a Class B push-pull output
stage. Power FET HF amplifiers are used
over bipolars since they are easier to
design, their performance is more predic-
table and they have better high order IMD.
Reliability is favored mainly by the
absence of second breakdown and much
less susceptibility to thermal runaway.
However, care must be taken not to ex-
ceed maximum ratings such as over-
voltages. This problem may be con-
siderably attenuated by proper design
techniques.

he class A amplifier with feedback
driver stage employs an MRF136
power FET (4) designated Q1 in Figure 1.
Drive power is transferred to the output
stage by means of T1, whose primary
winding (3-4) receives about 1 W at a load

impedance of 25 ohms. The latter value
is dictated mainly by desired gain and
device dissipation. Feedback voltage is
delivered by winding 1-2 of T1 and applied
to Qi's gate by means of a 180 ohm
resistor. The characteristics of power

Values f =2 MHz f = 30 MHz

obtained by Av Zi G (dB) Av Zi G (dB)
Equations

(1), (2), (3) 99 60.3Q 238 99 60.3 238
Computer

Program 104 | 585%2//65.5 pF 240 9.7 45.3Q//58.2 pF 223
Measurement 9.6 63.5Q//154 pF 237 103 42.6Q//63.4 pF 22.6

Table 1. Comparison between measured and calculated results.

180/ VW £
AVNV—

82/1W

ANAAS

T3

6.8/VaW

50Q

Cc3

T

0
+28 VDC 35v
vi

tantalum =

+28 VDC

0 4F electrotytic
35V

Figure 1. Schematic diagram of the amplifier.
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Come see us at the RF Technology Expo '88,

Anzac Quality
al

Mini-Prices

Packaged Switches from stock ... your choice $28.95

GaAs MMIC Matched SPST Switch
Model SW-209

Frequency Range ..........c.ccecoviiinincnn DC to 3 GHz
InSertIoNVIEOSSH. 5. . o e hs. b L 0.8 dB max
UROIEION. o1 .. o AT 53 e e veom bt be s 45 dB min
Switching Speed ..o, 3 ns typ
Control Voltages

Vit o ORI Vet o5l T, i, Lot o b 0/-5V

Input Power for 1 dB Compression... 27 dBm typ
Dimensions ..................... 0.180" X 0.180" X 0.057"

GaAs MMIC SPDT Switch
Model SW-219

Frequency Range ... DC to 3 GHz
Insertion Loss ........cccocccvveiiiviiiiiinnnan, 0.7 dB max
TSQMAEIGEN ... b et Huon Foie sonck bt g b 40 dB min
Switching Speed ... 2 ns typ
Control Voltages

Vin Lot High: o b ivrd ot Nty 0/—5V

Input Power for 1 dB Compression... 25 dBm typ
DIMensIoNS; e, .l i 0.180" X 0.180" X 0.057"

Performance at 500 MHz with 50-ohm impedance at all RF ports.

Both models available screened to MIL-STD 883C, Method 5008.4, Table VII, Class B Hybrids.
Specify SW-209B or SW-219B when ordering. Pricing available upon request.

Anzac quality at mini-prices, what more is there to say?

INFO/CARD 29

Booths #424, 426, 428, 430.

Adams [ ¥ Russell

Electronics
ANZAC DIVISION

80 CAMBRIDGE ST., BURLINGTON, MA 01803, (617) 273-3333 TWX 710-332-0258 FAX (617) 273-1921 TELEX 200155



FET’s allow the approximation of HF per-
formance by assuming it as an ideal
amplifier (infinite input impedance, zero
output impedance and feedback capa-
citance). With this assumption, voltage
amplification A,, impedance Z, and power
gain G, can be roughly calculated by:

A = gn?R, —n

- (1)
R,
14n2 ( R'L‘)
1Zi T Al (2
Z
G = 10 log (|A,[2 x R—L) 3)

Forward transconductance of the device
iS gy, N is the turns ratio between drain
and feedback windings, R, is the feed-
back resistor and R, is the load
resistance. For the driver Q1 in Figure 1,
Jss is 0.4 mhos, n is 5, R, is 180 and R,
is 25. More accurate results were obtained
by using S parameters provided by the

HIGH DYNAMIC RANGE

Design & Manufacture
of Quality Electronic Equipment
Since 1969

e __

f i IMD,3rd
_ |[MHz Amp. —dB
1.5 3.6 24
5.0 3.6 30
10.0 3.6 31
20.8 3.5 30
30.0 3.5 24

IMD,5th IMD,7th IMD,9th
—-dB —-dB -dB
34 41 49
36 44 52
38 48 51
42 49 51
40 46 56

Table 2. Intermodulation distortion.

C;' = (5/8)2 Cg

AMPLIFIERS

Figure 2. High frequency compen-
sation for the amplifier.

manufacturer for the MRF136. This was
carried out with a computer program in
which the ideal values of the components
were also entered (eg. T1's windings
perfectly coupled, infinite inductance,

m High Guaranteed Performance
m Competitively Priced
m Custom Designs Available

pure capacitances, etc.) with D2, D3 and
D4 excluded. The previously mentioned
values are compared in Table 1 with those
measured with a vector impedance meter
and with windings 5-8 of T1 loaded with
a 100 ohm resistor. Table 1 shows that
equations (1), (2) and (3) can be a good
starting point for the design. As expected,
they are more accurate at the low end of
the band.

Zeners D2, D3 and D4 prevent voltage
spikes from contributing to exceed ab-
solute maximum ratings. However, they
don'’t alter the performance significantly
(for example D2 and D3 add no more than
16 pF to the input). Z1, on the other hand,
contributes to filter the DC supply. The 15
ohm resistor in series with the gate is for
stabilization while drain current can be

Choose from more than 20 standard models of High Dynamic Range
RF Amplifiers. Here's just a partial list:

PF841 2-32 MHz 16.0dB 6.0dB +47 dBm
PFB6S 20-400 16.5 8.0 + 35
PF749-1 146-174 16.5 4.5 +35
PF829 406-512 16.5 45 +38
PF797A 800-960 195 50 +35
PF833 806-920 26.5 2.8 +34
PF845S 890-915 18.0 20 +35
PF849F 825-851 16.0 10 +20

Also available: more than 30 models of standard power dividers.

Call or write today for a free catalog!
(503) 757-1134 = FAX: (503) 757-7415

. JANEL LABORATORIES, INC.
33890 Eastgate Circle = Corvallis, OR 97333
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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 puised/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:

31-34 GHz
TRVVED Seict me 58 v 1.2-14 GHz
960-1215 MHz

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
INFO/CARD 31

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 ampilifier
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
technologles.

See us at the RF Technology Expo, Booths #544 & 546.




e Buy Factory Direct °
Quudlity R.F. Power Amplifiers
at Distributor Prices!

MODEL POWER OUT FREQUENCY GAIN AC LINE HARMONICS USA PRICE $

102LC 2w 25Hz-100MHz 33dB 100-140V 23d8 838.00
502LC 2W 10KHz-525MHz 36d8 100-240V 18dB 1,395.00
505C SW .5-550MHz 37d8 100-240V 25dB 1,495.00
110C 10w .1-60MHz 40dB 100-240V 16dB 1,190.00
210LC 10w BKHz-225MHz 40dB 100-240V 25dB 2,295.00
210C 10 W .5-230MHz 40dB 100-240V 25dB 1,680.00
112C 25 W 1-120MHz 45dB 100-240V 2508 1,595.00
125C 25 W .1-50MHz 45dB 100-240V 25dB 1,495.00
225C 25 W .5-200MHz 43dB 100-240V 23dB 2,450.00
150C 50 W .15-50MHz 43d8 100-240V 23dB 2,339.00
150LCR 50 W 3KHz-12MHz 42d8 100-240V 30dB 2,690.00
115C 50 W .5-100MHz 46408 100-240V 23d8 2,995.00
250C 50 W 1-200MHz 40dB 100-240V 24dB 3,950.00
117CFR 100 W 100-160MHz 45d8 100-240V 35dB 3,495.00
155LCR 100 W 6KHz-10MHz 48d8 100-240V 25d8 3,250.00
161C 100 W .5-90MHz 48dB 100-240V 23d8 3,995.00
162LP 100 W 50-200MHz 50dB 100-240V 23dB 4,995.00
600FC 100 W 200-500MHz 48dB 100-240V 20dB 6,650.00
118FC 126 W 225-400MHz 45dB 100-240V 22dB 4,880.00
121CA 200 W .5-35MHz 50dB 100-240V 22dB 3,250.00
121CR 200 W 2-30MHz 50dB 100-240V 50d8 3,690.00
122C 200 W 10KHz-220MHz 50dB 208-380V 17dB 9,550.00
123CFR 200 W 80-160MHz 50dB 100-240V 35dB 5,850.00
126CR 200 W 225-400MHz 50dB 100-240V 22dB 7,500.00
127CR 200 W 400-500MHz 50dB 100-240V 50dB 8,500.00
163LP 250 W 10-100MHz 53dB 100-240V 23dB 4,900.00
163HP 250 W 80-200MHz 53dB 100-240V 23dB 5,900.00
* 164SP 250 W PULSE 400-500MHz 55dB 100-240V 25dB 6,990.00
* 164UP 300 W PULSE 200-400MHz 55dB 100-240V 25dB 6,990.00
130CF 400 W 80-160MHz 50d8 100-240V 30dB 8,990.00
131CF 400 W 225-400MHz 50dB 100-240V 23dB 18,500.00
128CF 500 W 2-30MHz 55dB 100-240V 16dB 7,250.00
128CR 500 W 2-30MHz 55dB 100-240V 50dB 8,990.00
134C 500 W 10KHz-220MHz 60dB 208-380V 17dB 17,990.00
134CM 500 W 1-200MHz 60dB 208-380V 17dB 17,100.00
* 164LP 500 W PULSE 10-86MHz 53dB 100-240V 23dB 6,990.00
* 164HP 500 W PULSE 80-180MHz 53d8 100-240V 23dB 7,990.00
® 166UP 600 W PULSE 200-400MHz 55d8 100-240V 25dB 8,990.00
135CF 1000 W PULSE 2-30MHz 60dB 208-240V 16d8 9,925.00
137C 1000 W 10KHz-220MHz 60dB 208-440V 17dB 24,990.00
137CM 1000 W 1-200MHz 60dB 208-440V 17d8 23,990.00
* 166LP 1000 W PULSE 10-86MHz 60dB 200-240V 23dB 8,990.00
* 166HP 1000 W PULSE 80-180MHz 60dB 200-240V 23dB 9,990.00
138CF 2000 W PULSE 2-30MHz 60dB 208-440V 16dB 12,990.00
" 167LP 2000 W PULSE 10-80MHz 60dB 200-240V 23dB 13,990.00
* 167HP 2000 W PULSE 80-175MHz 60dB 200-240V 23dB 16,600.00
* 168LP 4000 W PULSE 6-60MHz 60dB 208-440V 20d8 20,990.00

* with built-in blanking $

Engineering International, Ltd., U.S.A.

21820 87th SE

Woodinville, WA 98072

(206) 485-9000

TELEX: 24-7028

FAX: 206-486-9657 INFO/CARD 32
See us at the RF Technology Expo, Booth #447.




measured employing shunt R1.

Output Amplifier

The output amplifier employs two
MRF138 power FET’s operating in push-
pull, class B, with feedback voltage ap-
plied to their gates via two 82 ohm
resistors in a fashion similar to the driver
stage. The drain current is supplied
through T2, from which the feedback
voltage is also derived (windings 1-2). T3
only takes care of transferring RF power
to the load. Instead of a two transformer
output scheme, it is possible to use only
T3 with a center tap at it's primary for the
DC supply since the resulting two halves
would be reasonably coupled for even
harmonic cancellation and for minimum
DC flux. The scheme employed makes
design changes easier and provides
some performance improvements.

The required drain to drain load im-
pedance is:

2(Vgq — Vgs)?

Ry = P 4

Supply voltage V44 is 28 V, saturation
voltage for the MRF138 V4 is 2.5 V, and
P, is 60 W. R4 is then 21.68 ohms and
a practical value of 19.5 ohms is selected.

The calculation of the input impedance
of a feedback stage like this would be
much more difficult than for the class A
driver stage. However, in contrast to a
bipolar push-pull circuit, where base to
base impedance varies with the class of
operation, the gate to gate impedance of
common source FET circuits is always
twice that from gate to ground(7). This
makes it possible to estimate the input im-
pedance with equations 1 and 2. The
value for R; = Ry/4 = 4.88 ohms; n=10
(turns ratio of winding 3-4 or 5-6 to 1/2 turn
of winding 1-2 in T2); R,=82 ohms; and
gx=1.2 mhos (MRF138 at 2.5 A). Hence,
Z=51.7 ohms and the gate to gate im-
pedance is 103.5 ohms. The calculation
of the above is only an example of how
a design starting point can be obtained.

Using approximate measurement tech-
niques, the MRF136 stage loaded with the
MRF138 stage yielded an average input
impedance of 55 ohms at 60 W CW for
2 MHz. This compares favorably with the
value of 60.3 ohms obtained with equa-
tions (1) and (2). Measured voltage gain
at 2 MHz CW was 85. This results in a 39
dB power gain at 55 ohms.

For maximum power output and better
even harmonic cancellation, Q2 and Q3
should be a matched pair. According to
reference 7, a 10 percent matching of gy
is sufficient.

RF Design

WIRELINE

OFFERS
THESE KEY
FEATURES

PLUS THESE
ADVANTAGES

e s —

WIRELINE gives you more design flexibility, greater
power handling capability, and less loss. You get the
handling characteristics of wire with the performance
of a machined hybrid.

An octave band

HC2 & JC2 3dB + .72 - 6

hybrid o2 X Al 1850
= 2. inghes) =" Sov
fl Wighey) = Sees
A narrow band HC1 & JC1 3dB + 32 — .25
hybrid = oy 1850
=1 inches) = ——
fi firches) = TR
A directional A 2" length is a 10 + 1 dB coupler
coupler from 175-229 MHz
Low VSWR 1.2 MAX.
Good isolation 20 dB MIN.
Low insertion loss | 0.3 dB MAX.

Handles average
power

HCP 100 Watts/JCP 200 Watts

Handles peak 2000 Watts

power

Can be used Much higher if you're careful
up to 5 GHz

High rel product

Used in communications satellites

It's easy to use

Use a razor blade and thermal
strippers

You can bend it

HCP min. ¢ radius of curvature .15”
JCP min. ¢ radius of curvature .30"

You can buy it
in bulk

Comes in 5 foot lengths

You can buy it cut
and trimmed

Minimum length 5"

it's inexpensive

Call us for quotation

We'll send you a
free sample

Send us your requirement

Call or write today for your copy of our Designers Guide to WIRELINE
and WIREPAC — and ask for Sage's handy slide rule calculator for use
with TEM couplers and hybrids.

SAGE WIRELINE:

WHEN YOU -
NEED TO BEND

)

ALITTLEFOR ——=
YOUR BEST SOLUTION.

jsage

11 Huron Drive / Natick, MA 01760-1314
Tel: (617) 653-0844 / TWX: 710 346 0390
FAX: (617) 653-5671

LABORATORIES, INC.

See us at the RF Technology Expo, Booth #659.
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company
can.claim
fohave
the most

reliable

gallium
arsenide
switches.

Justask

themto
prove Ii.

At Plessey, we believe in
delivering a product that has
been tested, tested and
tested again. So that you
don't have to order, order
and order again. In fact, for
Plessey, 8,000 hours of

testing is only the beginning.

Write us today for a full
Summary Qualification
Report. It will be all the
proof you need.

& PLESSEY

PLESSEY Three-Five Group
9630 Rideehaven Court
San Diego. CA 92123 (619) 5717724

Compensation of the
output transformer

In the above discussion, the effect of
the inductance of the windings in parallet
with Ryy (3-4 + 5-6 of T2 and 1-2 of T3)
was neglected. From the author’s ex-
perience, this can be done if at the lowest
frequency the reactance of the windings
in parallel with R4y is at least 10 times it’s
value.

With the cores employed, this reac-
tance is a nominal 643 ohms at 2 MHz.
If the resultant primary inductance can't
be made bigger than 10R,, it must be at
least 4Ry,. This allows R4y, Ly, and the
series compensation capacitors to form
a constant K high-pass filter(8, 9).

Itis also assumed that the windings on
T3 are perfectly coupled, and that the
leakage inductance has a significant
value. To eliminate the effect of T3's
leakage inductance, as seen from the
primary, it is made to form part of a 3-pole
low-pass Chebyshev filter along with com-
pensation capacitors C, and C;. This is
demonstrated in Figure 2. The values of
such capacitors can be calculated accor-
ding to reference 8, but it should include
the effect of the output capacitances of
Q. and Qs. Also, the influence of printed
circuit tracks inductance should be taken

into consideration. C, and C; are deter-
mined by looking at the amplifier’s re-
sponse with a spectrum analyzer and a
tracking generator.

Bias Circuits

Bias circuits for FET’s are simpler than
for bipolars, as only one voltage source
is needed. Main voltage is obtained with
a 3-terminal 8 V regulator, IC1. Bias for Q1
is adjusted with P1 for a nominal drain
current of 5000 mA. Although power
FET'’s are much less susceptible to ther-
mal runaway, it’s value can increase with
temperature. This is compensated for Q1
by thermistor Th1 placed as close as
possibie to Q1. Bias for Q2 and Q3 is
established by adjusting P2 and P3 which
are set for the same drain current for each
device and a nominal value of 100 mA
(200 mA total). Total drain current can be
measured by means of R2. Th2 compen-
sates the slightly positive temperature
coefficient of Q2 and Q3 drain currents.
D1, D5 and D6 prevent damage to drain
supply gates and IC1 in case of drain to
gate short in one of the devices. If bias
voltage is removed during standby per-
iods, a bias circuit with RC elements pro-
viding a time constant of 1 to 2 ms should
be incorporated in the design.

38

View of amplifier board.
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Assembly

The amplifier was assembled in a 2
7/8"x 4 21/32" double sided 1.0 0z. cop-
per clad epoxy board (FR-4 material). The
FETs were fastened to a 3"’x 5" aluminum
plate that is 80 mil thick. Care was taken
to smoothen the surface beneath the tran-
sistors for optimum heat transfer. A heat-
sink (type MG4-10, Ry, = 0.8°C/W) was
fastened to the plate and Th1 and Th2
were pressed to the aluminum plate near
the relevant FET’s and then fixed. Silicon
grease heat compound was applied
where appropriate.

Performance

A two tone test of adequately combin-
ed and filtered signals separated by 1 kHz
was performed at several frequencies. In-
termodulation distortion (IMD) below one
tone was measured along with total cur-
rent consumption |, and shown on Table
2. IMD from the 7th order on is equal or
better than that for bipolars. Only the
nominal value of quiescent current lpq
for Q2 and Q3 was used. At all frequen-
cies, the amplifier was stable with no
parasitics observed.

Conclusion

This amplifier provides an example of
an HF linear medium power amplifier suit-
able for SSB operation employing power
FET's. More constant parameters with
drain current and higher input impedance
levels makes design of power FET ampili-
fiers easier than using bipolars. fi)
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Parts List

Resistors are deposited carbon and
unless otherwise noted their dissipa-
tion is 1/8 W and their values are in
ohms, K=1,000. Unless otherwise
noted, capacitors are disc ceramic
rated at 50 V and their values are in uF.

C1 — 0.1 uF, 50 V mylar capacitor

C2 — 220 pF, 500 V, dipped mica
capacitor. See text.

C3 — 100 pF, 500 V, dipped mica
capacitor. See text.

D1, D5, D6 — 1N914, small signal
silicon diode.

D2,03,07,08,09,D10 — Zener diode,
12V, 1/2 W.

D4 — Zener diode, 60 V, 1 W.

IC1 — 8V, regulator, MC78L08 or
similar.

P1,2 — Trimpot, cermet, 10k

Q1 — MRF136, TMOS RF power
transistor.

Q2,03 — MRF138, TMOS RF power
transistor.

R1 — Shunt, three 1 ohm, 1/8W in
parallel.

R2 — Shunt, constantan ribbon for
a nominal 0.05 ohm

T1 — Windings 3-4, 5-6; and 7-8: 5
trifilar turns, 2.5 twists/inch of No. 26
enameled wire on FB-77-6301 Amidon
Ferrite Bead (uo = 2,000; OD=0.375"";
ID=0.194"; HT=0.41"). Winding 1-2:
one loop of hook-up wire.

T2-Windings 3-4; 5-6: 5 bifilar turns
2.5 twists/inch of No 21 double in-
sulated enameled wire bifilarly wound
on FB-77-6301 Ferrite Bead. Winding
1-2: one loop of hook-up wire.

T3 — Winding 1-2: 5 turns of No 21
double insulated enameled wire,
bifilarly wound with winding 3-4 which
has 8 turns of the same wire. Both win-
dings on FB-77-6301 Ferrite Bead.

Th1, Th2, NTC miniature resistor.
100k ohms at 25°C, 30k ohms at 50°C.

The proof

At Plessey, both DC and
RF tests were performed
every 1,000 hours, during an
8,000 hour endurance test.
With an ambient tempera-
ture of 150°C and a gate
voltage of —12V.

10 ; )
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10 ]

Breakdown Current v Time
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0

0 4000 80060
Write us today for a full Summary
Qualification Report.

Theparts.

Switch * Freq. |Bingo

SPDT Chip | 1 |1 %
SPDT TOS 1 Z:{| W8S,
SPST TOS

Package 1 |To1GHz. | 36
SPST T05

Package 2 |TolGHz. | 37
SPDT Switch| 1.2 | To6GHz. | 38
SPDT Switch} 2 [ To4GHz. | 39
SPDT Switch| 2 [To4GHz. | 40

SPST Switch| 1 | To 12GHz.| 4l
Switch Array IN/A[ 1 G

10 5GHz. | 42
Switch Array [N/A| 2GHz
t05GHz. | 43

* | Reflective. 2 Non-reflective. Please
circle appropriate “Bingo” Number on
Reader Service Card.

& PLESSEY

PLESSEY Three-Five Group
9630 Ridgehaven Court
San Diego. CA 92123 (619) 5717724

See us at the RF Technology Expo,
Booths #359 & 361.




rF featured technology

Predicting RF Output Power From
Combined Power Amplifier Modules

By Roderick K. Blocksome
Rockwell International Corporation
Collins Defense Communications

A power level of a few hundred watts is presently the practical
limit for a push-pull pair of RF transistors in a broadband linear
power amplifier application. This type of amplifier is referred to
as a module. When greater power levels are required, the out-
puts from two identical modules may be combined into a single
output. For even greater power levels, many modules and multi-
ple stages of power combining are required. For example, two
groups of two modules each may be combined and the two com-
biner outputs combined in a third combiner for a single output.
In similar manner, eight modules may be combined into a single
output by using four combiners feeding two combiners feeding
one combiner. This is referred to as three stages of com-
bining.

osses in wideband combiners are due to normal inser-

tion loss and excess insertion loss. Normal insertion loss of
combiners is characterized as mismatch loss and dissipation loss
(heat loss in the magnetic core, winding dielectric, and winding
resistance). These are not treated in this paper. Excess inser-
tion loss is an additional loss to the output due to amplitude and
or phase imbalance of the two input signals. Imbalance in
amplitude and phase may result from two causes: (1) variations
in the applied input signals and (2) less than perfect combiner
construction.

A two input port combiner actually has two output ports. The
output we are interested in is the sum port. The other port is the
difference port and is terminated in the bridging resistor. Power
lost to the output (sum port) because of excess insertion loss
is delivered to the difference port and dissipated in the bridging
resistor.

If two input sine wave signals were precisely in phase and of
exactly the same amplitude, the combiner output (assuming an
in-phase perfect combiner) would equal the sum of the two inputs
less the combiner normal insertion loss. The bridging resistor
would dissipate zero power and could be removed without any
effect on the operation of the combiner in this example.

Combining of perfectly matched input signals is never
achieved. Any difference in amplitude or phase or combination
of both results in less than perfect combining. The question
naturally becomes “How much difference in phase and amplitude
can be tolerated for acceptable combining in a particular applica-
tion?”

Reference 1 addresses this subject for narrow band applica-
tions. The expression for calculating the excess insertion loss
and combiner output phase is applicable to wideband (mutti- oc-
tave) hybrid combiners. First derive the expressions to find the
excess insertion loss and the phase shift of the output relative
to a reference input. The derivation of these expressions uses
the same symbols as the referenced article but fills in missing
details and adds clarifications so that the reader may readily
understand the expressions and apply the technique to com-
biners with any number of inputs. The phase shift is necessary
for calculating excess insertion loss in successive stages of
combining.

40

Derivation of the expressions

A detailed derivation of the expressions for excess insertion
loss and phase shift for a two-port combiner is given. Figure 1
is a schematic diagram of a two-port in-phase combiner. A and
B designate the two input ports. The output port of summing port
is designated by X and is connected to the load R,. The dif-
ference port is designated by A and is terminated by Rg, the
bridging resistor.

With only one input to the combiner, the input power divided
equally between the Rg and Ry, thus:

P.
Pou = —5
Vout 2 Vin 2
v2/ \ V2
R, 2R,
V. 2
Vou? = — >
Vv
Nt £ —\7-';—

Note that V,, and V,, are peak voltages.
For an in-phase two-port combiner, the relationship can be

P, N\

>

A & B — Combiner input port
A — Difference port
2 — Summing port
R, — Output load
Ry — Bridging resistor

Figure 1. Two-port, in-phase combiner schematic.

Figure 1A. Phasor diagram.
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Para

A Decisive Advantage In
Winning The Wide-Band
Dynamic Range Game.
135 dB Spurious-Free
Dynamic Range.

At frequencies from HF to microwave,
Paramixer™ Technology is a design archi-
tecture which realizes the highest dynamic
range frequency converters available
today.

Jamming [Immunity (out-of-band dy-
namic range) of radar and communica-
tion receivers can be significantly
enhanced even in the harshest environ-
ments with a Paramixer front end. The
Paramixer frequency converter is capa-
ble of withstanding out-of-band interfer-
ing signals of up to one watt without
suffering in-band desensitization. The
unequalled second-order intercept per-
formance of the Paramixer frequency con-
verter can permit frequency hopping
tuning speed to be maximized by elim-

inating the need for preselection filtering.

See us at the RF Technology Expo, Booth #656.

Spur levels due to out-of-band jammers
are reduced to levels presently attained
by preselector designs.

Optimal in-band dynamic range can
be attained by incorporating Paramixer
technology throughout the RF chain.
Triple-conversion architectures can be
realized with more than 90-db in-band
spurious-free dynamic range in a 1 MHz
bandwidth.

Wide Frequency Coverage Applications—
HF To Microwave. Paramixer technology
can be used to realize low spurs and high
dynamic range in designs for wide-band—

» Frequency Converters

a Translators

» RF-to-Digital Converters

u Exciters

= Synthesizers
Reduce synthesizer spurs by incorporat-
ing Paramixer technology into critical
frequency translator stages. Paramixer
frequency converters have been designed

having M X N products (M>3, N>2) at

ftis a Steinbrecher goal to provide
our customers with a decisive
advantage, gained through applied
technalogy, superior engineering
and high quality manufacturing.
INFO/CARD 44
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more than — 100 dBc with 0 dBm input.

Specifications For A Typical
Paramixer Frequency Converter.

Input intercepts:

Third-order >+ 45 dBm
Second-order >+ 82 dBm
Noise figure <6.5dB

LO power required +17 to +20 dBm

DC power required <7 Watts

High-level Paramixer frequency convert-
ers have been designed to handle contin-
uous signals at power levels exceeding
ten watts. Gain a winning advantage in
the wide-band dynamic range game —call
us today for details.

Steinbrecher Corporation, 185 New
Boston Street, Woburn, Massachusetts
01801, Telephone (617) 935-8460,

Telex 948600.

Steinbrecher

Providing a decisive advantage.
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The Tek 2750 Series of
Laboratory Spectrum
Analyzers. Configuration
flexibility. Optioned to
your application. From
the powerful, 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

THRESHOLD
AuTo

|

I

FREQUENCY

BUILT

FORTHE
BEN

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

SPAN/DIV BANDWIDTH  “Res

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.

REFERENCE
LEVEL

. MIN RF
ATTEN dB

GPIB
RESET TO LOCAL

ucT b n
Al o

DRESSED I AEMOTE

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-
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M The evolution of microwave/RF nonlinear
analysis— just became a revolution!

EEsof - mSPICE - V19786 - 8:22:14 - PWR710 EEsef - mSPICE - 11730/86 - 18:15.2% - MIER
KE?18 RICER
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e ooeoel-M  p[VL0) 1. 00001 81 2. -3

Disol - mSPICT - /19787 - 7:33:29 - FILTER
NDER FILTERS IN TinE

3 EEsof sparked the evolution of SPICE as a nonlinear ime-domain microwave design
BEso' adds “nlq“EIV tool. Our latest version of mwSPICE provides revolutionary new capabilities.
3 Consider just the few examples reflected in the screens above. They derive
lmpo"ant ‘eat“res from these new mwSPICE features.

to its ionee'in 1) Our new signal-power analysis capability: You can now do things like
p g (upper left screen) look at the harmonics of a GaAs FET amplifier driven into com-
e ™ pression, and {upper right) measure the signal power of a mixer at different
mlc' Owave splcn frequencies— so you can compute conversion loss as a function of drive level.
2) A Fast Fourier Transform— in the post processort Lets you {lower left) examine
many varieties of transient analysis data interactively in a spectral display. No need for
re-anaylsis because all the data you need s automatically stored.
3) New ability to synthesize driving functions lets you create unlimited modulated
waveforms. For example, (lower right) a filter's response to pulse-modulated RF
signal shows envelope distortion in time.

There’s much more. We've enhanced analytic efficiency and improved con-
vergence. You can now have virtually unlimited harmonic number in signal-power
calculations. And you get many other important new features, too.

Find out about all of them. Call or write today: EEsof, Inc.,

5795 Lindero Canyon Rd., Westlake Village, CA91362 (818} 991-7530
(TELEX: 384809 FAX: (818} 991-7109)
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Figure 2. Excess insertion loss vs. amplitude im-
balance for various phase differences.

represented between the input voltages and the output voltage
(across the foad R() by the phasor diagram in Figure 1A.

A general expression can now be derived for V,, in terms of
Va, Vg, and 0, the phase difference between the two input
signals. For multi-stage combining @, the difference between the
combiner output signat and one of the input signals chosen as
a reference (in this case V,) is of interest. This expression re-
quires trigonometric manipulation as follows:

C2=(A+ E) + B2

C2 = A2 + 2AE + E2 + B?

Substituting: B = D Sin © and E = D Cos ©
C2 = A2 + 2AD Cos © + D2 Cos2 © + D2 Sin2 ©
C2 = A2 + 2AD Cos O + D2 (Cos? O + Sin2 0)

Since Cos2 © + Sin2 0 = 1
C2= A2 + D2 + 2AD Cos ©

Substituting the combiner voltages:

Vou =(V\’}2>2 + (V\sz)z +2 (%2) <%) Cos ©

Va2 Vg? VaV
V:m oy Ll “r 2 +2 -2-8 Coso
2 2 2
2 1
W, = = V,2 + Vg2 + 2V, Vg Cos 0

RF Design

The combiner output power is:

(Vom )2
\/2 s Vout2

out™

Yo (Va2 + Vg2 +2V,V, Cos 0)

v 2R,
M
The total combiner input power is:
(v G
V2 V2
Fii =Py T Pgwm Y, + v &
R. R
Va2 + Vg2
in 2 RL (2)

The excess insertion loss is defined as:

P
IL. = 10 Log |—=
Pin

Substituting equation 1 and 2, we obtain:

Va2 + Vg2 + 2 V, Vg Cos ©

4 R,
I.L. = 10 Log
Va2 + Vg2
2R,
Va2 + Vg2 + 2 V,Vg Cos ©
B AYB
I.L. = 10 Log
2 (Va2 + Vg?)
]
0.05 48
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Figure 3. Excess insertion loss vs. amplitude im-
balance for various input phase differences.
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TH Is Figure 4. Output phase angle vs. amplitude imbalance

for various input phase differences.

[Va2 + Vg2 2 V,Vg Cos
I.L. = 10 Log | 1 "
\VAZ + Vg2 V2 + Vg2
e n el i | W’_- 2 V,Vg Cos ©
, LE = 10ldg] e { 1% —are=F =
Mini UHF Female to Va2 + Vg2 (3)

N Male

We now define the ratio of the individual input powers P, and

-——W PH*‘L’H" _“‘___ Pg as:

UHF Female to \./L
BNC Male e Pg v2ll R Vg2
r= = —_— = -
- P V, %2 VAZ (4)
‘.;"&:52 | " A <—-\>72-) / R A
% h#ﬂ_’_- -_, [ E—— L
Ngzeé“;";éo We arbitrarily chose P, as the largest amplitude input and

designate it as the reference input. We now find Vg in terms of
V, and P, from equation 4:

- e i

N MAET NS : .
BN%a:ﬁaﬁz Substituting into equation 3, we obtain:

2 Va4V, - VP, Cos o) ]

: - I.L. = 10 Log [‘/z 94+
Iw ' ’. - — 5 *_ Va2 +V, 2 P,

N Male to \
BNC Female
2 V,2 P, Cos O ]
.L. = 10 Log | e+V
: _ g[/z 2( V.2 (1 + Py /
- g IL. =10 L YEnCey
UHF Female to " FIY S [0'5 R (5)

Mini UHF Male

The phase ¢ of the combiner output voltage with respect to

* ‘&”*‘-ﬁ '——-— Va is found from the phasor diagram, but first the necessary
trigonometry:

UHF Male to
TNC Female February 1988



Mini UHF Female to

T e < e S~ e 0 . Sy ws s T W S i W ) TNC Male
— 1 g C o
| 4 H‘ 8 H‘ H—H %
B=DSin®© UHF Female to
E =D Cos © BNC Female
Tan ¢ . 3 i
an T - 3
A+ E p——— = #“ %* ﬁ‘#.—
A D Sin 6 SMA Female to
Tan ¢ = AT DCos© BNC Male

Substituting the combiner voltages:

Vg \
T2 Sin @
Tan ¢ = -

Vv
e g 2 55950
V2 V2

Vg Sin ©
V, Vg Cos ©

Next divide both numerator and denominator by V, and sub- The .
stituting the ratio of the individual input powers: Incredible
¥4l oo Adapter
— Sin x 3
V VP, Sin © S |
Tan ¢ = VA ” = 1+\/l;’ oy ; > = - Kit!
0s a4 -
V—A + V—BCosO ‘ '
A A - - f
LT T
Sin © J k
Tan ¢ = TR STy .
——+ Cos 0O . g -
. _ L |
; i e
(C] KLV
o=Tann N0 (6) it g I
—— + Cos © "
Pr o
Sometimes it is convenient to work with the ratio of the input A A L R
i . 1S little plu 'lS ; € ey O nunareds
o e N -w of adapter combinations. Just choose two
P, (dB) = 10 Log P,

UNIDAPT connector ends and screw them
P.dB) to§ether with the plug.
P.(dB) o orget about ever digging through a jungle of
Pem Logif — —[ =10 adapters only to find out you're missing the one you
need. With UNIDAPT you’ll never be stranded at a
P.(dB) worksite without the right adapters.

50 The UNIDAPT kit comes with 24 common male and
VP, =10 female connector ends and 6 universal plugs. Mix and

= match to create the adapter you need, when you need it.
> , Engineers love us. Field technicians thank us. And
OUTPUT PHASE ANGLE VS AMP at $124.95, you'll wonder how you've gone so long
20 Al T A s e without one! To order, call the RF! distributor in your
19 4 — area, or 1-800-233-1728, or 619-587-0656 in California.
= L Kit includes 2 male and 2 female UHF, Mini-UHF, N, TNC, BNC
16 - and SMA, plus 6 Universal Plugs.
{) L0 e
L) 138 s
3 nw —H "
£ 10 g
R » INDUSTRIES
H 7+ A division of Celltronics
3 : ) i 10040 Mesa Rim Road - San Diego, CA 92121
: 4 1-800-233-1728 - 619-587-0656
34 = -
2
v 0.5 0 ) Now for BIRD and TELEWAVE Wattmeters
0 02040608 1 1214 1618 2 2.2 24 26 28 3 32 34 36 38 4 g
nput Amplitude mbatance in d8 SCreW our Umdapt Watt-

meter Connector to your RF
wattmeter, then choose any
male or female connector
end from your UNIDAPT
Kit. What a time saver!
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Figure 5. Output phase angle vs. amplitude imbalance
for various input phase differences.
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Substituting into the expressions for excess insertion loss
(equation 5) and the output phase angle (equation 6):

P,(dB)
10 Cos 0
.L. = 10 Log |05 + = @)
14101
Ny Sin ©
& = Tan o] ®)
10 20 + Cos O

The total loss in a hybrid combiner is the sum of the excess
insertion loss and the normal insertion loss which is composed
of mismatch loss at the inputs and heat loss in the combiner.

A candidate combiner’s nsertion loss can be readily measured
in the laboratory. The excess insertion loss can be calculated
with a knowledge of the amplitude and phase imbalances to ob-
tain the actual combined autput power. If more than one stage
of combining is used, the relative phase of the previous com-
biners output voltage is required to calculate the phase im-
balance of the succeeding combiners.

Results

Figures 2 and 3 are plots of the excess insertion loss (equa-
tion 7) on two different scales. Figures 4 and 5 are plots of the
combiner phase shift (equation 8) on two different scales. Figures
2 and 4 provide an overall understanding of the combiner
behavior while Figures 3 and 5 are useful for designing com-
biner systems of power ampilifier modules. These plots are

valuable aids for determining acceptable amounts of phase and
amplitude imbalance among muitiple combined amplifier
modules.

CAD of Multiple Combined Amplifiers

As the number of combined modules gets larger than four, the
amount of calculation work becomes quite tedious. A computer
spreadsheet program can be used to rapidly analyze large trees
of combiners.

Such a program using Lotus 1-2-3-® and the equations derived
earlier has been derived. The spreadsheet is most valuable when
evaluating different amounts of phase and amplitude imbalance
and their affect upon combiner output power and bridging resistor
power. The amplitude imbalance can be taken to the extreme
such as a module failure with the combiner results immediately
available from the spreadsheet model.

An example of spreadsheet analysis is shown in Figure 6. It
is set up for combining up to 16 modules using four stages of
2- port combiners. The matched loss in dB of each combiner
is input as well as the individual module power output in watts
and its phase relative to a chosen reference (module #1). The
Lotus 1-2-3® spreadsheet then calculates four parameters at
each two-port combiner which are:

1. Phase in degrees relative to a reference (module #1 in this
case) of the combiner output signal.

2. The excess insertion loss in dB of the combiner due to phase
and amplitude imbalance between the input signals.

3. The combiner output power in watts.

4. The power dissipated in the combiner bridging resistor.

The equations used in the spreadsheet are derived as follows
(referring back to figure 1):

Ps + Pg = Pg + Pgg + P_

Where: P, & Pz = input power to the combiner ports A & B
Pen = power dissipated in the bridging resistor due to the
excess insertion loss of the combiner.

Po = combiner output power delivered to a matched load.

ANALYSIS OF " Input m——rmme—e——eF [RST STRAGE ECOND STAGE =—~=m=w—+eme —cecccncere=THIRD STAGE ---——=-—~we- e——-c-ceeeeFOURTH STAMRE ---——-----——
MU TI-STAGE COMBINING M  Varisble PHRSE EXCESS DUTPUT BRIDGING PHASE EXCESS OUTPUT BRIDGING PHASE EXCESS ouTPUT BRIDGING PHASE EXCESS CUTPUT BRIDG ING
OF AMPLIFIER MOOULES » Coluen DEGREES [.L.(DB) POWER POMER DEGREES 1.L.(08) POMER POWER CEGREES 1.L.(DB> POWER POHER DEGREES 1.L.<DB) POKCR POHER
s e 0 B e e Sl A B e T T T
81 Power, Hatts 280.00
21 Phaso, Dogrees REF 0.00
1ST STAGE ComB. I.L., 0B -0.20 -1.%52 ~0.00 522.91 Q.42
%2 Power, Watts 268.00
%2 Phase, Degrees -3.00
2ND STAGE COME. ..., DB -0.20 3.15 ~0.43 572.82 S8.939
%3 Power, Watts 0.01
83 Phase, Dogroes -4.00
1ST STRGE CNMB. [.L.. D6 -0, 20 3.99 -2.96 138.66 135.43
84 Power, Watts 2687.00
84 Phase, Degrees ~3.00
3IRD STAGE CoMB. I.L., DB -0.20 -0.94 ~0.10 14987.19 33.49
25 Power, Watts 268?7.00
S Phase, Degrees 2.00
1ST STRAGE COMB. 1.L., DB -0.20 0.99 0. 00 534.53 0.25
26 Power, Watts 273.00
%6 Phase, Degrees 0.00
2NO STRGE COMB. I.L., OB -0.20 2.01 -0.00 1019.53 0.32
287 Power, Watts 266,00
87 Phase, Degroes 4,00
1ST STRGE COMB. 1.L., DB -0.20 3.02 0.00 333.3?7 0. 4?
288 Power, Watts 293.00
88 Phase, Degroes 2.00
4TH STAGE COMB. 1.L.. DB -Q.25 -0.67 -0.02 3218.28 14.07
29 Pouer, Watts 272.00
%9 Phase, Degrees -5.00
1ST STAGE COoMB. 1.L., DB -0.20 =-1.53 -0.02 525.16 1.99
210 Power, Watts 280.00
%10 Phase, Degrees 2.00
ZND STAGE ComMB. I.L., DB -0.20 1.01 -0.00 1010.16 Q.10
%11 Power, Watts 270.00
811 Phas. Degrees Q.00
1ST STAGE COME. I.L 08 -0.20 -0.49 -0.00 532.71 0.18
812 Power, Hatts 268.00
%12 Phase, Degrees -1.00
IR0 STAGE COMB. 1.L b8 -0.20 -0. 36 -0.00 1936.69 0.26
%13 Power, Hatts 268.00
213 Phase, Degrees 1.000
1ST STRGE COMB. I.L., DB -0.20 =0.96 -0.01 $33.90 0.90
914 Pouer, MWatts 292.00
214 Phase, Degrees -3.00
2ND STAGE COmMB. 1.L 0B -0.20 0.30 -0.00 1018.07 0.9
215 Pouer, Watts 271.00
815 Phaso, Degrees 5.00
1ST STRAGE COMB. I.L.., OB -0.20 1.%6 -0.02 532.67 2.13
216 Power, Watts 269. 00
%16 Phase, Degrees -2.00
FIGURE 6 EXAMPLE OF MULTI-STAGE COMBINER ANALYSIS ON A SPREADSHEET
Figure 6. Example of multi-stage combiner analysis on a spreadsheet.
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P_ = power lost as heat in the combiner as a result of the
matched insertion loss.

I.L. = insertion loss (dB) of the combiner under matched con- |
ditions and no phase or amplitude imbalance on the two input
signals.

X.I.L. = excess insertion loss (dB) due to amplitude and/or
phase imbalance between the two input signals.

The power lost as heat in the combiner comes off the top:

0.1

P, = P, + Pg — Log™

+ Log (P4 + Ppg)

filt
The power out of the combiner is found from the following: o

Po = Log™!

X"""+ Log |L o + Log (Pa + Pg)
—— 0 - -
® g |Log 7 g (Pa + Pg

Likewise the power in the bridging resistor: [

I.L.
Pgr = Log™! Sy +Log (Pa—Pg) —Po

The phase of the various modules and combiner outputs are
referenced to module #1, thus 0 is entered for it and all other
signals are referenced to it. The phase angle of a combiner out-
put is:

Los

1,239,580

1,239,580 standard filter
types O Miniature and
subminiature sizes D
Passive and active
types O Telemetry

Butterworth, Cheby-
shev designs 0 Call

or write for free
catalog today.

K

TTE, Inc.,
2233 South Barry Ave.

(213) 478-8224

Filters

Lowest prices in America
on small quantities
Hz to 500 MHz

1;239

STANDaRD

FiLTep
DEsicNs

s O Gaussian,

®

Angeles, CA 90064

Sin (0, — Og)

¢ =0, — Tan™

|

+ Cos (0, — Og)
r

Where: 0, and Og are the phase angles of the signals at port
A & B and Py = P,/Pg

Remember that Lotus 1-2-3® requires all angles of trig func-
tions to be in radians. Multiply an angle in degrees by Pi/180
to convert to radians. Divide an angle in radians by Pi/180 to con-
vert back to degrees.

Figure 7 is an example of the Lotus 1-2-3® combiner three
model. It is interesting to note the affect through the combiner
tree of module #3 failure.

Summary

The equations modeling the behavior of two-port power com-
biners have been derived. The derivations are presented in detail
so the reader may be assured of their accuracy and to enable
one to similarly analyze combiners with an unusual number of
input ports (i.e. 3-port or 7-port). Results are presented in |
graphical form to provide an intuitive understanding of combiner
behavior. Finally a unique approach to computer aided design |
of large combining trees is presented using Lotus 1-2-3 spread- .’
sheet software. ] l
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rF featured technology

Wideband RF Power Amplifier

This Amplifier Operates Over A Wide Range Of

Supply Voltages.

By H.O. Granberg
Motorola Semiconductor Products

A single amplifier covering frequencies
from HF to VHF at a power output level
of 300 watts would have been considered
impossible or impractical a few years ago.
This would still be true if not for the ad-
vances in power FET technology.

This article covers the design aspects
of a 300 watt unit with a frequency range
of 10 to 150 MHz.

he MRF141G, used in this design, is

housed in a special push-pull header
commonly known as “Gemini” (twins),
meaning that there are two identical tran-
sistors mounted next to each other on a
common carrier or a flange. There are
transistors (mainly FETs) available in the
Gemini type packages rated from 20 watts
to 300 watts. The lower power units can
be used to frequencies of 1 GHz and
higher, while the 100-150 watt units are
designed to operate up to 500-600 MHz.

The advantages of a push-pull package
such as the Gemini become apparent at
higher frequencies, where the normal
push-pull configuration with discrete
devices would be impractical. In the push-
pull circuit configuration the critical fac-
tor is the mutual inductance between the
two push-pull halves, and not the device
to ground inductance, as is the case in
single ended designs. The Gemini or any
other push-pull transistor housing permits
the minimization of the mutual inductance
to a level that approaches the ultimate in
physical terms.

There are a couple of penalties we must
pay for all this. One is a slightly higher
cost when compared to two discrete units
due to matching procedures involved and
lower production yields resulting from
double the possible reject rate. Another
one is the reduced thermal characteris-
tics. Twice as much dissipated power is
concentrated virtually in the same area as
in the case of a discrete design, leading
to special cooling requirements.

About Power FETs
There have been designs of high power
HF amplifiers using the T0O-3 packages,

RF Design

Figure 1. Overall view of the 300 watt, 10-150 MHz amplifier. Separate
circuit boards are used for the input (left) and the output.

and lower power versions with the T0-220
plastic units. With a given die geometry,
a FET has approximately four times
higher unity gain frequency than a bipolar
transistor. This explains the fact that even
the larger low frequency power FETs may
have 10 dB or more power gain at 30
MHz, where a similar bipolar counterpart
would be totally unusable. The difference
is mostly in the figure of merit of the die
itself, which is the ratio of feedback capa-
citance to the input capacitance or im-
pedance. (This should not be confused
with the more common base area/emitter
periphery figure of merit die design for-
mula.) With bipolar transistors the feed-
back capacitance (collector to base) is not
usually specified, but it is 15-20 times
higher than the drain to gate capacitance
of a comparable FET, while the base/gate
input impedances become about equal at
increased frequencies. This feedback
capacitance normally produces feedback
within the device itself, whose exact
phase angle depends on the capacitance
values and other parameters.

In FETs designed specifically for RF, the
die geometry is usually finer (larger ratio

of the gate periphery to the channel area)
than in the switching power FETs. This
reduces the device capacitances auto-
matically. Further reduction is achieved by
splitting the die into a multiple of cells
(groups of source sites and gate fingers)
where the gates and sources are con-
nected in groups of two or four by in-
dividual bonding wires to the common
package terminals. For example, in the
MRF141G one of the two die consists of
36 cells each having around 70 individual
small FETs, making the total about 2,500.

In switching power FETs, the connec-
tions to the numerous source sites and
gates are made with metal pattern on the
die surface which allows the use of single
large diameter bonding wires for the
source and gate contacts. The increased
metal area results in increased MOS
capacitance and reflects to the device in-
put (C,ss), feedback (Crgs) and output
(Coss) capacitances. The transconduc-
tance of a MOSFET g, is a measure of
its electrical size. Thus, a good indication
of the high frequency performance can be
obtained by comparing the capacitance
values (especially Crgg) of devices with

53



C|2I = u

R1 — 1K/veW
R2 — 10K/%eW
R3 — 330 Ohms/2wW
R4 — 1K Tnmpot
RS — B8K/MW
R6 — Thermistor, 10K at 25°C/2.5K at 75°C
R7 — 2K/I'aW
R8, R — EMC Technotogy Type 5310 or KD Pyrofilm
Type PPR 515-20-3 Power Resistors, 25
Ohms
C9 — ARCO 402, 15-20p= Compression Mica or
equivalent
C2 — 200pF Ceramic Chio
€3 — 0.1uF Ceramic Chip
C4, C5, C12 — 1000pF Ceramic Crip
C6, C7 — 0.01uF Ceramic Chia
C8 — 0.47uF Ceramic Chid or lower values in

C

parallel for the value indicated
€13 — 300pF, 2x150pF or 100pF and 200pF
Ceramic Chips in parallel

{7 e
s I:s

L1 — 10 Turns AWG #18 Enameled Wire, 5mm |.D.

L2 — Ferrite Beads over AWG #16 Wire, 15 uH
total

L3, L4 — Lead Lengths of R8 and RS, 20mm total
FET — MRF141G

Tt — 9:1 RF Transformer. (15-25 Ohm, 1.2-1.6mm
O.D. semi ngid coax.) Magnetic Core Re-
quired: Fair-Rite Products Corp.
#9461012002/9361021002 E and | (2 ea.)
Types, Respectively, or Equivalent.

T2 — 1:9 AF Transformer. (15-25 Ohm, 1.8-2.3mm
O.D. semi rigid coax.) For Magnetic Core
See Text.

||}——{

Note: All chip capacitors of 0.01uF and less in
value are ATC type 100 or equivalent.

Figure 2. Schematic of the amplifier.

similar transconductances.

Another fact to mention is the gate
resistance. Most modern power FETs use
a gate structure of polycrystal silicon,
which can have a bulk resistance com-
parable to carbon. It is also used as a con-
ductor between the metal pattern and
each individual gate. In the RF power
FETs, each gate is fed through a separate
contact having a resistance of approx-

imately 0.1 ohms. In the switching power
FETs, the polycrystal silicon is applied in
a sheet form in a separate layer, but the
distance between the metallization and
the farthest gate still results in at least
30-40 times higher gate resistance with
a die of comparable size.

In high frequency applications the high
gate resistance permits a part of the drain-
source RF voltage or transients to be fed

Figure 3. The component layout diagram. The only critical component
locations are those of C2 and C13. They must be soldered in place (2
of C13) before the mounting of the input-output transformers.
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back to the gate through Cpgrgg in
amplitudes that can rupture the gate-
source oxide layer. The rupture will first
occur in the far end of the die, away from
the gate terminal. Since the gate resis-
tance is internal to the FET die, external
limiting or clamping circuits at the gate are
of no help. The gate of a MOSFET is the
most sensitive part of the device, which
can be permanently damaged even by
static charges during the handling.
Although the larger FETs (100-150 W), due
to their higher gate capacitance, are not
as vulnerable as the smaller ones, proper
precautions should be exercised.

Design and Construction

As discussed earlier, the common
mode inductance in a push- puli circuit is
not critical, and the ground path is only
used for DC feed to the amplifier. The in-
put and output impedance levels are es-
tablished from gate to gate and drain to
drain respectively. This allows the circuit
board, which is made of the standard 1.6
mm G10 material, to be split into two sec-
tions. One carries the input matching net-
work and part of the bias circuit, while the
second section holds the output matching
network, the bias set and the drain voltage
feed and filtering circuitry. (See Figures
1 and 2). In addition to allowing wider
design flexibility, this arrangement also
simplifies the repair and maintenance of
the unit, if required.

The two circuit boards including the
space between them for the FET meas-
ures 115 x 75 mm. They are mounted on
a copper plate with the same dimensions
having a thickness of 6 mm. The input
and output connectors (SMA) are
mounted to the edges of the copper plate.
They can also be placed at a remote loca-
tion with coax connections to the amplifier
utilizing any connectors that have good
RF characteristics such as BNC.

Due to the large amount of heat con-
centrated in a small area in the form of
dissipated power, it is important that the
copper plate be employed as a heat
spreader unless the heat sink itself is
made of copper. The heat spreader can
then be bolted to a piece of aluminum ex-
trusion with thermal resistance of 1° C/W
or less for normal intermittent operation
without forced air cooling. The heat
spreader and the extrusion surfaces
should be flat without any burrs, and
silicone thermal compound must be ap-
plied to the interface. The same practices
should be followed in mounting the FET
into the heat spreader. If the FET gate and
drain leads are bent sharply up along the
package sides, they will be aligned along

February 1988



the edges of the circuit boards. This
makes the board spacing from the heat
spreader less critical, which then can be
anywhere from 1 to 3 mm. The FET lead
lengths to the board connection points are
variable by the same amount, but they
have a minimal effect on the impedance
matching and performance at these
frequencies.

Details of the electrical design concepts
of a similar amplifier are given in
reference 1. The input-output trans-
formers require a special low impedance
semi-rigid coax cable making construc-
tion difficult in single quantities. The out-
put transformer only requires a magnetic
core if operation below 75 MHz is desired.
In contrast, the input transformer always
requires one regardless of the frequency
of operation. In a push-pull FET amplifier
design the gates of the two halves must
be isolated by sufficient inductance or
resistance (7,8). In order to prevent in-
stabilities which will occur at the resonant
frequency of the device capacitances, the
internal wire bond inductances and the
external inductances, sufficient isolation
is required between the two gates which
the magnetic core will provide. Without
this, the two FETs of the push-pull circuit
would see a parallel connection at some
resonant frequency, which would result in
serious instability problems.

The importance of the negative feed-
back (L3, L4-R8, R9-C10, C11) must be
emphasized. Without it the power gain
would exceed 30 dB at low frequencies,
resulting in increased conditions for in-
stabilities. The feedback is designed to
lower the low frequency power gain close
to the 150 MHz level it is at. L3 and L4,
which consist of the lead lengths of R8
and R9 represent a reactance of 20 ohms
each at 150 MHz. It also controls the
frequency-amplitude slope. This in series
with the 25 ohm resistor values lowers the
power gain by one dB at 150 MHz but in-
creases to as much as 15 dB at 10 MHz.
C10 and C11 are only used for DC block-
ing and their values are not critical as long
as their reactances are less than 10-15
percent of R8+R9. C10 and Ci1 are
ceramic chip capacitor that are mounted
vertically on the circuit board (Figure 1).
Although unusual, it alfows the feedback
resistor leads to be soldered directly to the
capacitor top terminals. This provides a
much lower inductance path than the con-
ventional mounting technique and saves
board space. Since R8 and R9 must be
able to dissipate up to 15 Watts each
depending on the frequency of operation,
they must be of a type that can be easily
heat sunk. The type resistors designated
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Fgure 4. Amplifier power output versus the supply voltage at various
input levels. Solid lines represent 150 MHz and dashed lines 10 MHz.

have mounting lugs which are terminally
connected to the copper heat spreader
through 5 mm high spacers.

These are mounted on top of the ends
of the FET flange, allowing the use of
common screws for fastening the resistors
and the FET. The spacers must be of
material with low terminal resistance like
aluminum, brass or copper, and must
have a larger surface area than thin wall
tubing. A couple of stacked brass nuts,
one size larger than the mounting screws
is a good solution. Although not very pro-

fessional it works rather well. If the
unit is used for other than intermittent
modes of operation such as voice com-
munication, a thermistor (R6) can be used
for bias stabilization. Without it the drain
idle current will approximately triple if the
FET case temperature is doubled, and
would result in decreased efficiency. The
thermistor can be attached to a solder lug,
which is fastened with one of the resistor-
FET mounting screws.

The input and output impedance
matching is achieved with unique wide-
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Figure 5. Output harmonic contents versus frequency. (Vys = 28V, Py =
300W.) The benefit of the push-pull configuration can be seen in the sup-
pressed even order products. The data does not change considerably with
varying the supply voltage or power output.
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Low Frequency Uy Manufacturer and Drain Eff.

end MHz type # at 300 W,

75-100 MHz

75 1 No magnetic core 62-66%

25 20 Micrometals 101-2 59-63%

15 35 Micrometals 101-8 54-59%

7.5 125 Fair-Rite Prod. Corp. 46-52%
9461014002/9361020002

2 850 Fair-Rite Prod. Corp. 36-43%
9443014002/9343020002

Table 1. Effect of the output transformer magnetic core material on

amplifier bandwidth and efficiency.

band transformers described in Refer-
ences 1 and 2. Some of their advantages
are: DC isolation between the primary and
the secondary, automatic balanced to un-
balanced function and compact size in
comparison to the power handling capa-
bility. Their principle is the same as in or-
dinary low frequency transformers, except
that tight coupling between the windings
is achieved through the use of low im-
pedance transmission line, in this case
semi-rigid coax cable. The low impedance
side always has one turn and consists of
parallel connected segments of the coax
outer conductor. The inner conductor
| forms the high impedance winding, where
the segments are connected in series.

This arrangement only permits im-
pedance ratios with integers such as 1:4,
9, 16. The magnetic cores employed are
the old E and | types. They can be in-
serted around the transformer after the
windings are made up and mounted to the
board. Rectangular openings in the
boards are required to allow the | section
to be laid against the heat spreader with
thermal compound interface. The E and
| cores are then cemented together and
to the edges of the board openings.
Special heat conductive epoxy would be
preferable, but not mandatory. If there is
no air flow on top of the amplifier, the out-
put transformer can reach temperatures
in excess of 100°C in continuous
operation.

As a rule, the high frequency losses in
. magnetic material such as ferrite or
powdered iron, are more or less directly
related to its permeability, and appear as
heat generated within the core. Since this
part of the RF energy is not delivered to

the output terminal, and the drain current
is equal in each case, the result is lowered
overall efficiency. .

From the above we can conclude that
the magnetic core material should be
selected according to the lowest desired
frequency of operation. For example, from
2 to 150 MHz, initial permeability (u;) of
over 600 and cross sectional area of
about 1 cm? would be required. Ferrites
in this category have Curie temperatures
of 130-140°C, above which temperature
they become paramagnetic and causes
serious malfunctions in the operation of
at lower frequencies. In such case special
cooling structures would be required (See
Table 1).

The amplifier described was originally
designed for operation from a constant 28
volt power supply, for which reason
regulation of the gate bias voltage was
omitted. If the supply voltage is varied by
more than 2 volts, the bias will have to be
reset by R4 for a nominal 400-500 mA
drain idle current. This can be avoided by
connecting a 68-82 V zener diode
(IN5921A-1N5923A) from the junction of
R3 and R4 to ground. The idle current can
then be set once, and would not change
considerably from a supply of 12 to 28 V.
The Vpg feed circuitry consists of the
standard high and low frequency filtering
to prevent any RF from feeding back to
the power supply. C5, C6, L1 and C7 han-
die the high frequency end, while the low
frequencies are taken care of by the
L2-C8 combination.

Performance
With the 1:9 impedance ratio output
transformer employed, the optimum
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power output at 12 and 28 V supplies
would be only 50 and 265 watts
respectively.

2V2ps — Vps,
50/9

At these power levels the IM distortion
is better than —30 dB at all frequencies,
the worst case being at 50-100 MHz. From
Figure 4 it can be seen that higher out-
put levels are possible with increased
drive power, but the amplifier will be close
to saturation and can be only used for
nonlinear applications such as FM or CW.
For the best IMD, the idle current should
be 500-800 mA total, but disregarding the
linearity, it can be as low as 100-200 mA.
Lower idle current will result in loss of
power gain by 0.5-1.0 dB, while increas-
ing the efficiency.

The stability of any RF power amplifier
(especially solid state) under mismatched
load conditions is always a concern. The
power MOSFETs have been proven sup-
erior in this respect to the BJTs, although
the stability is also circuit dependent to
a great extend. The stability of the
amplifier described here has been tested
against load mismatches using a simu-
lator of 30:1 at all phase angles and a 3
dB power attenuator to the amplifier out-
put, which results in approximately 3:1
VSWR. Unconditional stability was shown
at a combination of any power output level
and supply voltage at 10, 50 and 150 MHz.
Stability into a 3:1 mismatched load is
almost considered a standard specifica-
tion in the industry, meaning that the har-
monic filter-antenna combination (if ap-
plicable) should have its input VSWR
equal or lower. Normally 2:1 is easy to
achieve over a fraction of an octave band-
width, unless the filters are improperly
designed. Figure 5 shows that at 150 MHz
and beyond the output harmonics are well
suppressed to start with, but a filter is still
required to meet the FCC regulations.
More elaborate filtering is necessary at
lower frequencies, where the 3rd har-
monic is only 12-13 dB below the fun-
damental. For most industrial applica-
tions, however, harmonic filtering may not
be necessary. Although data is not shown,
the amplifier can be used up to 1756 MHz
with a power gain of 10-11 dB. C1 shouid
be adjusted for lowest input VSWR and
C9 for the peak power output at the
highest desired frequency of operation.

As the MRF 141G basically operates
from a 28 V supply, lowering the voltage
down to 20 or below would make the unit
almost indestructible against load
mismatches in case of an open coax or
broken antenna. Figure 4 shows that the
power output is still almost 200 watts at

P, =
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20 V and 150 watts at 16 V. The rugged-
ness criterion does not apply against
possible transients to the input from the
signal source and assumes that the FET
is properly mounted to the heat sink. A
normal guideline is that a transistor
should have its break down voltage
(BV4ss) 2-25 times the operating voltage.
The break down voltage is set by choos-
ing the starting material (silicon) with pro-
per resistivity or doping. If the break down
voltage is too low, the output voltage
swing may exceed it and cause an avalan-
che. If it is too high, the transistor will
saturate at a low power level, but it will be
harder to blow up since the device is less
likely to exceed its dissipation limits. For
the same reason, devices made for 50 V
operation are often used at 30-40 V and
at reduced power levels in applications
like laser drivers and magnetic resonance
imaging, where they must momentarily
withstand a large output load mismatch.
The circuit boards and other components
for this design are available from Com-
munication Concepts, Inc., 121 Brown
Street, Dayton, OH 45402. rf]
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For more than 40 vears, Instrument Specialties has been
recognized as the leader in providing products to control
electronic interference. Our precision manufacturing
techniques, applied to the fabrication of electronic gas-
kets from beryllium copper, bring out all of the inherent
advantages of this unique alloy.

Lightweight, with excellent thermal and electrical conduc-
tivity, beryllium copper strips offer higher shielding effec-
tiveness than other products made for this purpose. They
are usable at lower contact forces, do not take a “set”,
can't flake or break into small (conductive) pieces, and are
not affected by solvents. And, because of their wiping
action, surface oxidation is automatically cleaned when an
enclosure is opened or closed.

All Instrument Specialties shielding strips can be
attached quickly and easily to the surface desired. Some
carry a self-adhesive strip for this purpose. Others clip-on
and are friction-held; many can be supplied with barbs
that bite and grab, preventing slippage. Still others are
supplied with holes for riveting.

o Ive Your

I

This M’ﬁwm@design uses a self-adhesive tape to
attach instantly. The upper part of the strip slides into the folded
tab when enclosure doors are closed, preventing accidental
damage to “fingers’’
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Interferen
Problems!
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The Symmetrical Slotted Series of Instrument Specialties
shielding strips employs a pierced track for mounting
with nylon push rivets. The shielding strip compresses
with bi-directional engagement.

‘!Iillll'

The Symmetrical Slotted Shielding (S*) series is perfect for slid-
ing drawers and door enclosures, where frequent opening and
closing occurs.

FREE! Twenty-four page guide-
book describes all you need to
know to select the proper inter-
ference control products for your
application(s). Includes techni-
cal information, design formu-
lae, plus product illustrations
and complete specifications.
Write Dept. RF-42, and ask for
“Catalog E3-78; or circle the
Reader Service Number.

(If interested in Precision
Stampings, also ask for

Catalog 16.)

2 INSTRUMENT SPECIALTIES CO., INC.

DELAWARE WATER GAP, PA 18327-0136

Telephone: 717-424-8510

TWX: 510-671-4526 « FAX: 717-424-6213
Specialists in interference control since 1944
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Silicon
Hyperabrupt
Tuning Varactors

L ————— .

M/A-COM Silicon Hyperabrupt Tuning Varactors are characterized by reproducibility!!!
pecause of our proprietary ion-implant process and superior silicon oxide passivation,
M/A-COM’s HATVs display @ characteristic C-V curve that has i

This homogenous C-V feature is stable within close tolerances, over time and

temperature.
Qur silicon wperabrupt tuning varactors are computer tested and we offer off-the-
shelf IMME ATE delivery-

\

When low € st, lot-to-lot cVv repeatability and prompt delivery are critical,
M/A-COM’s TVs deliver. Our HATVs provide the DEPENDABLE product performance

the marketplace has been waiting for.

For more information, write to: M/A-COM gemiconductor Products, Inc., South
Avenue, Burlington, MA 01803.
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rF design feature

Distortion in Nonlinear Circuits

Approximation Can Calculate Distortion Magnitude.

By Andrzej B. Przedpelski
A.R.F. Products, Inc.

Any circuit with a nonlinear transfer
characteristic introduces harmonic and in-
termodulation distortion in its output. The
magnitude of this distortion can be
calculated when the transfer
characteristic is known.

A nonlinear circuit, causing distortion
of the input signal, produces addi-
tional frequencies not present in the
original signal. This is usually an
undesirable phenomenon, and in critical
circuits, it becomes necessary to deter-
mine the magnitude of the problem.

The magnitude of the distortion is a
function of input signal level and the
characteristic of the circuit nonlinearity. A
useful method, especially in RF circuit
design, is to determine the relative
magnitude of the different spurious fre-
quencies in the output for a given signal
level input. This calculation is made on
a broadband basis (no seiectivity), and
selectivity can then be added to reduce
the levels of the undesired outputs.

The first step is to determine the
nonlinearity characteristic. If an output/in-
put curve for the desired operating con-
ditions is not available, it has to be
measured. A typical transfer characteristic
with a nominal gain of 20 dB is shown in
Figure 1. To facilitate calculations, the
curve has been normalized to obtain
values of x in the range 0<x<+1. This
normalization has no effect on the calcula-
tion. The effect of saturation is evident for
inputs higher than 09.

The next step is to describe this curve
mathematically. The suggested method is
the Chebyshev odd approximation, which
seems to give good results (1) and uses
only the odd powers of x in the series:

ye= C1X + C3X3 ar 05X5 (1)
The equation expressing the transfer

curve of Figure 1, using the above method

is:

y = 10.246X — 0.2308X3 + 2.1237X5 (2)

RF Design

where y is the output signal and x is the

input. The input signal can be
represented as:
X = B + Acos(F) (3)

where F = frequency

0~ _ral 2 7 . 5 0 i -8 )

Figure 1. Nonlinear transfer func-
tion.

B = bias (operating point)
A = signal amplitude

A pure sinusoidal input signal is assum-
ed to determine the relationship of the
spurious output frequencies to the
desired output signal.

By substituting (3) into (2), using
trigonometric identities, and sorting out
the terms, the expression for the output
signal can be obtained:

y = K, + K,cos (F) + K,cos (2F) +
Kascos (3F) + K,cos (4F) + Kscos (5F)
(4)

where K,, K;, K, and K; are the
amplitudes of the harmonic frequencies
and K, is the amplitude of the fundamen-
tal signal. K; is an indication of the shift
of the operating point caused by the
distortion.

The program in Table | calculates the
value of the gain at the fundamental fre-
quency, and the relative amplitudes of the

158 SHORT K@

29¢ KA4=C5#(5/8)*A "4»B

219 KS=CS*A 5/16

22¢ PRINT "K@=";iK@,"B=";B,"A="3A
238 PRINT

256 ON ERROR GOSUB 349
260 PRINT
279 PRINT
280 PRINT
299 PRINT
399 PRINT

328 END

33¢ ! OFF ERROR
349 PRINT "NONE*
3o RETURN

366 END

ENTER CHEB COEFFICIENTS %5 04 5 335 %4802 5% %

19 ! TABLE I - HARMONICS

2V A. PRZEDPELSKI - 1 AUG 1984
39 ! A.R.F. PRODUCTS, INC.

49 ! BOULDER, CO

SO ! ewenexsxxasxxssx  TRANFER FUNCTION FORM
&0 ' Y = Cl#X + C3#X"3

TG ' REREFEREE R REE

80 C1=1.06246%19

99 C3=-(.92308%14)

188 CS=—(.21237%10)

110 ! sxsnsxxnsensanrsx ENTER SIGNAL DATA
120 B=.S5 ! OPERATING POINT (BIAS)
130 A=.25 !

140 | SERERAERERERRR

PEAK INPUT SIGNAL AMPLITUDE (NORMALIZED)
CALCULATE THE OUTPUT AMPLITUDES #¥EAXEnsXifixsniisiiussss

160 KO=C1*B+C3% (B~3+1.5%A"2%B) +CS# (B 545#A 2%B"3+15/8*A"4%B)

170 K1=C1#A+C3% (3#A*B"2+.75#A"3) +CSH (SARB4+15/24A"3%B"245/8%A"3)
180 K2=C3%1.S*A"2#B+CS# (5S#A"2%B~342.5%A~42B)

199 K3=,25*C3#A"3+CS5* (2. 5#A"3%B"2+45/16#A"5)

240 PRINT "FUND. GAIN=";20#LGT (ABS (K1/A));"dB"

"2nd HARM=";2@#LG6T (ABS (K2/K1)); "dB"
“3rd HARM=";2¢+«L6GT (ABS (K3/K1));"dB"
"ath HARM=";20#LGT (ABS (K4/K1));"dB"
"Sth HARM=";20#L6GT (ABS (K3/K1));"dB"

319 PRINT "NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT"

PSSR TTSSSL LS S22 2 SRS S 22222 d

HERERARRRAREERRERRFRRERRERRERRRRRRER

Table 1. This program calculates gain and amplitudes of the harmonics.
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A

K@= 4,9262 B= .5
FUND. GAIN= 19.2238749411 dB
2nd HARM=-2&6.82987242¢6 dB
3rd HARM=-4@. 22389378 dB

4th HARM=-58.9078106462 dB
Sth HARM=-84.,92841¢55%6 dB

B
K@= 4.8141 B= .5

FUND. GAIN= 18.96858546886 dB
2nd HARM=-22,8598929316 dB
3rd HARM=-33.8813454726 dB
4th HARM=-49.88563792535 dB
Sth HARM=-72.9836784528 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL CUTPUT

(o]
A= .25 K@= 4.6423

B= .5 A= .45

FUND. GAIN= 18.6820817462 dB
2nd HARM=-19.3538584227 dBb
3rd HARM=-28.8481222292 dB
4th HARM=-42.970467145 dB
Sth HARM=-63.8856169562 dB

b
A= .35 K@= 4.5282

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTFUT

B e A= .S

FUND. GAIN= 18.3684994864 db
2nd HARM=-17.6836783258 dB
Srd HARM=-246.59787446392 dB
4th HARM=-3%.9914354516 dB
Sth HARM=-59.9914354516 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTFUT

Figure 2. Effect of drive level on harmonics (single-ended, Class A).

second, third, fourth and fifth harmonics.

Using this program, the effect of signal
amplitude on distortion was calculated
and is shown in Figure 2. The expected
increase in harmonic content, with in-
crease in signal level, is present.

Noting that the transfer function
nonlinearity occurs at the positive peak
of the signal, the distortion can be reduc-
ed by shifting the operating point down
to avoid this curvature. This is illustrated
in Figure 3. However, the peak negative
input voltage should not swing below the
origin.

The situation is much more com-
plicated when two signals are present and
IM distortion has also been evaluated. Us-
ing the same transfer function, shown in
Equation (2) and the new input signal, the
same process can be repeated.

X =B + Acos (F;) + A,cos (F,) (5)

This time the harmonics and IM terms are
grouped together. The solution is con-
siderably more complex and is shown in
lines 240 to 630 of the program in Table
Il. The coefficients T, through T,; are the

amplitudes of the respective spurious fre-
quencies in the output; T, and T, are the
output amplitudes of the two frequencies
F, and F,. T,, is an indication of the
operating point shift caused by distortion.

An example for two different values of
input signal is shown in Figure 4. As ex-
pected, the amplitudes of similar terms,
such as 4F,—F,, 4F,—F,, 4F,+F,4F,+F,,
are the same, as long as the amplitudes
of F, and F, are the same.

It is interesting to compare a single end-
ed and a push-pull configuration, using
the same nonlinearities. The transfer

Complete design, manufacture and test facilities
for your custom magnetic requirements.
... Call for design and application assistance.

Most popular standard inductors
available for immediate
shipment from stock.

Full line catalog on request.

Ill J. W Miller Division
BELL INDUSTRIES

19070 Reyes Ave. ® Rancho Dominguez, CA 90221 » (213) 537-5200/TWX 910-346-6740/FAX 213-631-4217
Since 1924, leading manufacturer of standard and custom inductors.
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i# TABLE Il - 5th ORDER WARMOKICS AND IN PRODUCTS 450 To=C3eDb+C34(GAP04+624D4/2¢648D2/2+55:011)

Fi A. PRIEDPELSKI - 2 AUB 1984 468 T7=(5HIE1455/246340

38 A.R.F. PRODUCTS. INC. 479 18=C5#(62eDb.24644D4/2)

L] BOULDER, CO 488 T9=CS#63e05/2

S8 | sevadeeenerarent INSTRUCTIONS #oeasdtaessssast taetidnsbitesisiotaissg 439 T19=(5e544D4/2

) v =8l x ¢ €323 405" Se# Ti1=CTeD7+CS# (GRDT7 465400451402/ 2¢614D9/24620D1/24624D11/2¢63407/24644D7/24658D3/2+65¢D4/2)
1% y vs. « IS THE TRANSFER CURVE 518 Ti2=03407+C54 (604D7+65+DA+61#D2/2+62¢08/ 24624011/ 2463407/ 2464407/2461#09/2+65403/2465404/2
a x = B¢ Al cos FI # A2 cos F2 528 T13=C3aD9+CS#{CA409+61407/2+62¢D3/2+4534D2/ 2464409/ 2465001 /2+65405/2¢654D11/2)

58 B 1S THE DC OFFSET 530 T14=(3409+C5¢ (B4DI+61#D7/2+624D3/2+63402/2+64409/2+65¢D11/2+65¢D1/2+65¢D5/2)

124 Al IS THE AMPLITUDE OF THE F1 SIGNAL 540 T15=C3e0114C5¢ (690011 +61404/2462407/24638D11 /2464401 /2+465402/2+654Db/2465¢09/2)
i A2 15 THE ANFLITUDE OF THE F2 SIGNAL S50 T16=C3¢D114CSH (G001 14614047 24G26D7/24B3¢D11/2¢64401 /24650 D6/ 2¢465809/2465402/2)
128 i HIGHER FREQUENCY THAN F2 S68 T17=C50(61809/2462005/2+63807/2+65003/2

138 F1 LARGER AMPLITUDE THAN F2 378 T18=C54(514D6/2+824D11/24644D7/2465¢D4/2)

14 OUTPUT LEVELS REFERENCED TO F1 OUTPUT AMPLITUDE 5B 119=C5¢ 6101172402909/ 2063004/ 2464¢053/2465807/2)

159 ' exeserrvesene ENTER CHEB COEFFICIENTS sestessseesssssssssiinsins S99 120=Co4 (63406/2+84009/2+465¢011/2)

168 C1=1.8246018 oB8 T21=C5# (63eD11/2+644D5/2+4654D09/2

178 03= ol9 1222C5¢(63¢09/2+65¢05/2)

189 {5=-(, 62§ T23=C3#(G54D11/2¢65406/2)

196 ' svpsebrireannedenss ENTER SIGNAL DATA essseessssbedsrtsssstotes 638 T24=B+D3+G3eDA+BL #D]/2+64404/2+65¢07/2

200 §=8 b3 PRINT "C1=":C1,*C3="3C3, "L5=":L5

208 Al=.3 658 PRINT "B="iB,“Al="iA1.°A2="iA2

200 £2=.8 68 PRINT

208 seersersreredsenaseens CALCULATIONS * LAl Ll 670 ON ERROR 50SUB 330

249 69=B"2+(A1°2¢A2°2) /2 680 PRINT *F1= *i28+L6T {ABS (T3/AN)1:i"d8°,.°F2= *;20+LBT (ABS (T2/A2));°¢8"

206 61=28A1eB 490 PRINT *2F1="328eL6T (ABS (T3/T11);3°dB".,*2F2=";204L6T (ABS {T4/T11);"08"

208 62=2¢A2+B T80 PRINT *3F1=";204L6T (AES (TS/T1));"d8",,3F2=";204LBT (ABS (T4/T1))i"dp*

278 61=A1°22 8 PRINT *3F1=";28+L6T (ABS (T7/T1)):%aB".,"4F2="320¢L6T (ABS {T8/71)):°d8"

288 64=42°2/2 720 FRINT "SF1=°;204L6T (ABS (T9/T1)};%dB",,5F2="3204L6T (ABS (T18/T1)):"dB"

27§ 65=A1#A2 38 PRINT "F1-F2=  "i206L67 (ABS (T11/T11)i°dB®,"F1+F2= *;206L6T {ABS (T12/T1});°dB*
368 DO=B“Je3eA1"20B/ 24 TeA2 2B/ 2 TA8 PRINT °2F1-F2= "i206L6T (ABS (T13/T1))4"¢B°, “2F14F2= *i204LET (ABS (T14/T1));dp*
J10 D1=35eAReB 2¢36A1°3/4434A14A2°2/2 754 PRINT “2F2-F1= *;284L6T (ABS (T15/T1));"d8","2F2+F1= ;204067 (ABS (T14/T1));"8D"
320 D2=3#A2¢B" 2438A2° 3/ A030A1 20A2/2 To# PRINT “3F1-F2= *;204L6T (ABS (T17/T1)):°dB*,"3F1+F2= *;204L6T (ABS (T17/T71));°¢p*
338 D=3+l 2e8/2 770 PRINT "3F2-F1= *i280L6T (ABS (T18/T1))5"dB*,"3F24F1= *; 204167 (ABS (T18/T1)):°¢b"
348 D4=34A2°2¢B/2 789 PRINT "ZF1-2F2="3284L6T (ABS (T19/T1));°dB","2F142F2=";204L6T (ABS (T19/T1)}:°g8"
354 D5=A1 34 798 PRINT *3F2-2F1=";284L0T (ABS (T29/T1));°dB", *3F2¢2F1=":204L6T (ABS (T28/T1));°qB"
Jod D6=RT"3/4 869 PRINT “3F1-2F2=*i20¢L6T (ABS (T21/T1));5"dB*, *IF142F2=*;20¢L6T (ABS (T21/T4)};"dB"
379 07=3eA14R24B B18 PRINT *4F1-F2= *;264L6T (ABS (T22/T1));"dB",“AF14F2= *;204L6T (ABS {T22/T1));"dB*
JE8 DI=3eA1 2+A2/4 B2 PRINT °AF2-F1= *i204L6T (ABS (T23/T1));"dB*, “4F2+F1= *;28+L6T (ABS (T23/T1));"e8"
398 D11=3sA1#A2°2/4 834 OFF ERROR

486 T1=Clenl+C34D14C5¢ 160401 +614D#+61403/2¢62007+63401/2+4634D5/2+644D11+65402+465409) 848 EXD

410 T2=CLeAZ+CIH024CT (640246240 +62404/2461407+644D2/2464406/2+65¢D94654D14654011) 850 PRINT “NONE®,, °NONE®

420 T3=C2eD3+Co4(6A*D3+63¢08+51401/2¢614D5/ 246240946507 868 RETURN

439 T4=C3eD4+L54 (60404 4644084614D1 1462002/ 24624Db/2+65¢407 8% ENd

339 T5=CO4D5+CT4(BAALI+61#D3/ 2467001, 2465409)

Table 2. Fifth order harmonics and IM products can be obtained with this program.

Have You HIGH Q INDUCTORS
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A

FUND. GAIN= 18.8628981926 dB
2nd HARM=—2¢.836894163 dB
3rd HARM=-30.8632357321 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

FUND. GAIN= 19.08148364947 dB

K@= 4.5661 B= .49 A= .45
4th HARM=—43.76872465196 dB

FUND. GAIN= 18.6937327554 dB Sth HARM=-64.1464334928 dB

2nd HARM=-19.847945984 dB

3rd HARM=—29.237569525 dB

4th HARM=—43.23759664¢4 dB

Sth HARM=—63.97726794654 dB .

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTF ko= 4,2495

B 2nd HARM=-21.8291541346 dB

K@= 4.41 B= .47 A= .45 3rd HARM=-3@.8293490178 dB

4th HARM=-44.2983717¢48 dB
Sth HARM=-64.2983717648 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

Figure 3. Effect of operating point charge on harmonics.

A
Ci= 19.246 C3=-.2308
B= .5 Al= .2

Fi1= 18.9774511738 dB
2F1=-27.267548568 dB
IF1=-43.3122822844 dB

4F 1=—64.4767876594 dB
S5F1=-92.4355878328 dB
F1-F2= -21.7397525578 dB
2F1-F2= -34.0268234492 dB
2F2-F1= -34.0268234492 dB
3F1-F2= -52.4355878328 dB
3F2-F1= —-52.4355878328 dB

2F1-2F2=-48.9137626518 dB
IF2-2F1=-72.4355878328 dB
3F1-2F2=-72.4355878328 db

4Ft-F2= -78.4561877462 dB
4F2-F1= ~78.4561877462 dB

B
Cil= 10.246 C3=-.2388
B= .S Al= .1

Fl1= 18.6699813383 dB

2F 1=-31. 6596565452 dB
3F1=-54,423217354 dB
4F1=-82.2311175638 dB
SF1=-116.21851765 dB
Fi-F2= —17.5382582068 dB
2F1-F2= —-35.986519382 dB
2F2-F1= —26.6496618172 db
3F1-F2= —-60.6474926428 dB
JF2-F1= —-41.562642454 dB
2F1-2F2=-47.5832423672 db
ZF2-2F1=-67.5832423672 dB
3F1-2F2=-77.12566746146 dB
AF1-F2= -92.68846924674 dB
4F2-F1= —-64.48614171862 dB

C5=-2.1237
A2= .2

F2= 18.9774511738 dB
272=-27.267548568 dB
3-2=-43.3122822844 dF
4=2=-464,4767876594 dB
SF2=-92.4355878328 dE
F1+F2= -21.7397525578 dB
2F1+F2= ~34.0268234492 dB
2F2+F1= -34.0268234492 dB
3F1+F2= -52.4355878328 dB
JF2+F1= -52.4355878328 dB
2F1+2F2=-48.9137626518 dB
3F2+2F1=-72.4355878328 dB
3F1+2F2=-72.4355878328 dB
4F 1+F2= -78.4561877462 dB
4F2+F1= —-78.4561877462 dB

CS=-2.1237
AZ= .3

F2= 19.8267952993 dB
2F2=—14.3886323641 dB
3F2=—-26.6887533¥54 dB
4F2=—44.0614171862 dB
SF2=—-68.4983921784 dB
Fi+F2= —17.5382582068 dB
2F1+F2= ~35.986519382 dB
Z2F2+F1= —-26.6496618172 dB
3F1+F2= —-69.6474926428 dB
ZF2+F1= —-41.562642454 dR
ZF1+2F2=-47.5832423672 dB
ZF2+2F1=-67.5832423672 dB
IF1+42F2=-77.1256674616 dB
AF 1+F2= -92.6886924694 dB
AF2+F1= —64.0614171862 dB

Figure 4. Single-ended IM distortion.

curve of such an idealized circuit is shown
in Figure 5.

First, the program in Table | is used to
obtain the harmonic content. Since twice
the input swing is available, an input
voltage twice the value of Figure 2 is
used. The signal is centered at the origin
(0,0).

The results are shown in Figure 6. As
theory predicts, the even harmonics
disappear. Because of the symmetry, the
operating point does not shift. Since there
are no discontinuities, the drive can be in-
creased past the +1 volt peak input.

The effect of unbalance can also be
checked by shifting the operating point to
reduce the symmetry. This is shown in
Figure 7. As expected the even harmonics

64

appear with even a small amount of un-
balance, but are still smaller than the odd
harmonics. The effect on odd harmonics
is small.

Finally, IM distortion in the push-pull
configuretion can be calculated using the
program of Table Il. Again, with proper
symmetry (B=0), the even order
spuriouses disappear, as shown in Figure
8.

Figures 2 and 6 show that the gain at
the fundamental frequency decreases
with input level, since more power is pro-
duced at the spurious frequencies. This
effect is shown in Figure 9 for equivalent
conditiors (twice the voltage swing in the
push-pult configuration). The fundamen-
tal gain of the push-pull stage is some-

. [ 4 2 o 2 4 [} [N ]
gt

Figure 5. Symmetrical (push-pull)
transfer function.

what higher, since the total distortion is
lower.

The described method of determining
the levels of spurious outputs caused by
circuit nonlinearities, while somewhat
simplified, shows the effects of input level
changes, operating point, and symmetry.
However, since an effort was made to
keep the programs simple, some caution
has to be exercised. In the single-ended
configuration, the input signal should not
swing betow the origin (0,0). It can swing
into the saturation region. In the push-pull
configuration this limitation does not ex-
ist as long as the curve is monotonic. In
calculating the inter-modulation distortion,
the total maximum input voltage swing is
the sum of the two peak voltages. This
value has to be used while checking for
signal swing in the single-ended
configuration.

No attempt was made at checking sen-
sitivity to the accuracy of the Chebyshev
odd approximation. However, the first
three terms seemed to be adequate to
describe most of the common nonlineari-
ties where some type of saturation (signal
compression) is present. From there on,
the analysis is rigorous. Unfortunately,
there is no easy way to check the overall
accuracy of this approach for small
nonlinearities. As stated earlier, the ana-
lysis is based on the use of a broadband
circuit with a constant resistive load.

The author wishes to thank Mr. James
R. Jackson for the assistance in the
tedious job of substituting equation (3)
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Now there is a one-stop source for all your RF needs — Richardson
Electronics, Ltd. We are a franchised stocking distributor for the
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Philips, Motorola, Thomson-CSF and TRW. Their products are on
our shelves and can be in your circuits the next day. So stop the
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GaAs ViMIIC Oscillators
from Pacific Monolithics

— Only

800 MHz to 18 GHz

Military and
Commercial
Applications

1~

L~

1~

GaAs MMICs
Reliability
Repeatability

Small Size

Z Surface Mount Option
Z Off-the-shelf

and Affordable

Z High Level of

L~

Integration

VCOs

Frequency range:
0.8 -18.0 GHz

Power out: up to +25 dBm
Tuning: 20% standard
Load isolation: 40 dB

Uitra-broadband:
2.5~-55GHz

DROs

Frequency range:
3.5-18.0 GHz

Fixed or voltage tuned
{0.5% tuning)

Phase locked/ MMIC phase
detector (+2ppm)

Temp compensated (+25ppm)
or oven controlled (+15ppmy}

On-Chip Buffers

PACIFIC

7Oscillator

Subsystems

Frequency range:
0.8 -18.0 GH=

Muliti-frequency band,
band selectable

Frequency synthesizer

Frequency converter with
local oscillator

Tallored to your
requirements

MONOLITHICS

P Sunnyvale, CA 94806-4512
LI (08) 1328000

TWX: 510-600-3726
FAX: 408 732-3413

VCOs, INFO/CARD 118
DROs, INFO/CARD 119
Oscillator Subsystems, INFO/CARD 120

See us at the RF Technology Expo, Booth #301.



A
Ko= @ B= @ A= .5

FUND. GAIN= 20.1€34114978 dB

——©2nd HARM=NONE

[5rd HARM=-435. 1546286992 dB
ith HARM=NONE
oth HARM=-61.726347463 dB

kOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

ﬁﬁ= [ B= @ A= .7

FUND. GAIN= 19.862182529 dB
[2nd HARM=NONE

3rd HARM=-34. 3966450038 dB
4th HARM=NONE

Sth HARM=-49.79479564 dB

INOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT
C

Ko= @ B= @ A= .9
FUND. GAIN= 19.3486808752 dB

2nd HARM=NONE
Srd HARM=-25.6448236974 dB

4th HARM=NONE
Sth HARM=-4¢.S5498164322 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

D
Ka= @ B= ¢ A= 1

FUND. GAIN= 18.83577978%56 dB
2nd HARM=NONE

3rd HARM=-21.6727838846 dB
4th HARM=NONE

Sth HARM=-36.3763169978 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

k@= @ B= 9 A= 1.1

FUND. GAIN= 18.1624384791 dB
2nd HARM=NONE

3rd HARM=-17.8894521863 dB
4th HARM=NONE

Sth HARM=-32.3915599786 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

Figure 6. Effect of drive level on harmonics (Class A, push-pull).

A

K@= .49517 B= .05 A= .5

FUND. GAIN= 20.6933182872 dB
2nd HARM=—-47.5252394372 dB
3rd HARM=—-44_ 46436865996 dB
4th HARM=-61.7162541724 dB
Sth HARM=-61.7162541724 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

K@o= .98815 B= .1 A= .5

4th HARM=-55.6464618265 dB
Sth HARM=—-61.6852181782 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTPUT

[
K@= 1.4767 B A= .5

FUND. GAIN= 2¢.4080644918 dB
2nd HARM=-36.8758673%454 dB
3rd HARM=—-41.34149498844 dB
4th HARM=-52.0885153428 dB
Sth HARM=-61.63099404572 dB

FUND. GAIN= 20.862282213 dB
2nd HARM=-41.08759583188 dB
3rd HARM=-43.263992B556 dB

NOTE: HARMONICS ARE REFERENCED TO FUNDAMENTAL OUTFUT

Figure 7. Effect of unbalance on harmonics.

A
Cl= 10.246 C3=-.2398
B= @ Al= .4

F1= 19.8449889891 dB

2F 1=NONE
JF1=-40.365815267 dB

4F 1 =NONE
SF1=-69.226725995 dE
F1-F2= NONE

2F1-F2= -33.9296018466 dB
2F2~F1= -33.9296018466 dB
3F1-F2= NONE

3F2-F1= NONE

2F 1-2F 2=NONE
3IF2-2F 1 =—49.220725995 dB
3F1-2F2=-49.220725995 dB
4F 1 -F2= -355.2413259¢82 dB
4F2-F1= -55.2413259¢82 db

B
Cl= 18.246 C3=-.2398
B= ¢ Al= .3

Fl= 19.7399658251 dB

2F 1=NONE

3F1=—-42.8011462078 dB

4F 1 =NONE

SF1=-79.1108017596 dB

F1-F2= NONE

2F1-F2= -33.24916871646 dB

2F2-F1= -3@.2328581466 dB

3F1-F2= NONE

3F2-F1= NONE

2F 1 -2F 2=NONE

IF2-2F1=-45.7998767826 dB

3F1-2F2=-50.236851775 dB

AF1-F2= —6#.6944266806 dB
4F2-F1= —~47. 38350179836 dB

CS=-2.1237

A2= .4

F2= 19.8449889891 dB
NONE
3F2=-49.365815267 dB
NONE
SF2=-69.220725995 dB
NONE

2F14F2= -33.9296018466 dB
2F2+F1= -33.9296018466 dR
NONE
NONE
NONE
3F242F1=—-49.2208725995 dB
3F142F2=-49.220725995 dB
4F 1+F2= -55.2413259682 dB
4F2+F 1= -55.2413259982 dB

C5=-2.1237

AZ2= .S

F2= 19.8926497796 dB
NONE
3F2=-34.9413866586 dB
NONE
SF2=—56.925926798 dB
NONE

2F 1+F2= -33.2491687166 dB
2F2+F 1= —-39.2328581466 dB
NONE
NONE
NONE
3F2+2F1=—45.7998767826 dB
3F1+2F2=-50.236851775 dB
AF 14F2= —60.6944266806 dB
AF2+F 1= —-47.3835¢17836 dB

Output

e

Fugots 3 Fumdnmonttl boquroncy UGU varius gt lvel

Figure 9. Fundamental frequency
output vs. input level.

and (5) into equation (2). fi]

Reference

(1) Thomas R. Cuthbert, Jr., Circuit Design
Using Personal Computers, John Wiley &
Sons, New York, 1983.

About the Author
Andrzej B. Pzredpelski is vice presi-
dent, development of A.R.F. Products,
Inc., 2559 75th St., Boulder, CO 80301.
He serves as consulting editor to RF

Figure 8. Push-pull IM distortion.
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rF expo products

New Products Featured at

RF Technology Expo 88

Merrimac Unveils SMD Power Dividers

These surface mount power dividers
are designed for 50 ohm coplanar sys-
tems. The basic power divider is a hybrid
junction with one of its ports internally
terminated.

The PGD Series power dividers/com-
biners have RF bandwidths of 1 to 500
MHz. The PDG-02A-250 is a two way unit
with minimum isolation of 20 dB, RF im-
pedance of 50 ohms, 1.3:1 VSWR, typical
insertion loss of 0.5 dB, and average in-
put power into matched loads is 250 mW.
Features for the PDG-03A-250 include
minimum insertion loss of 15 dB, typical
insertion loss of 1.0 dB, th=oretical cou-
pling of —4.8 dB, maximum amplitude
balance of 0.3 dB and internal load dissi-
pation of 35 mWw.

Also from Merrimac are two directional
couplers in a 0.25" square surface mount

package. Available in 11 or 20 dB ver-
sions, these couplers cover the 10 to 1000
MHz range. The Kovar input leads are de-
signed to be trimmed flush to the ceramic

Cascadable RF Amplifiers

Cougar Components introduces a var-
iety of cascadable RF amplifiers in TO-8
packages with power outputs in excess of
100 mW from 5 to 2000 MHz. The Models
AC1068 and AC1069 are dual stage high
efficiency thin film cascadable amplifiers
that operate from 10 to 1000 MHz. Typical
gain is 24.5 dB with minimum gain of 24
dB on both models. Noise tigure ranges
from 5.0 dB to 5.5 dB depending on the
model. Power output at the 1 dB compres-
sion point is +19.5 dBm for the 1068 and
+22 dBm for the 1069. Typical intercept

points are 32 dBm and 34 dBm respec-
tively.

The AC382 amplifier covers from 10 to
250 MHz with 1 dB compression point
output power of +21.5 dBm. The unit has
typically 24 dB of small signal gain and
a noise figure of 3.3 dB. Model AC379 has
a typical noise figure of 5.0 dB while pro-
viding +20.5 dBm of output power at the
1 dB compression point over a 5 to 300
MHz frequency range. It has a typical gain
of 14.0 dB. Cougar Components, Sunny-
vale, CA. INFO/CARD #201.
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package or cut to the desired length as
required for mounting. Merrimac indus-
tries, Inc., West Caldwell, NJ. Please
circle INFO/CARD #186.

Stripline Attenuators
JFW Industries

The A-210 Series of 125 W stripline at-
tenuators use beryllium oxide ceramic
substrates and thick film resistor inks to
achieve good transfer of heat from the film
area thru the substrate to the heat sink.
The films used exhibit a positive tempera-
ture coefficient which prevents thermal
runaway problems. From DC to 3 GHz,
the VSWR for a 50 ohm attenuator ranges
from 1.15:1 to 1.25:1 depending on fre-
quency. At a 1 to 10 dB loss and frequen-
cy range of DC to 1 GHz, the accuracy
is +0.3 dB. The accuracy becomes +04 dB
when the range becomes 1 to 2 GHz.

The T-210 Series of 125 W terminations
use the same construction. The typical
TCR for these devices is measured at 125
ppm/°C. The average power rating for a
standard 50 ohm termination is 125 W and
the peak is measured at 1000 W. The
films used in these terminations exhibit
a positive temperature coefficient which
prevents thermal runaway problems. The
leads for both devices listed are gold
plated beryllium copper. JFW Industries,
Inc., Indianapolis, IN. Please circle
INFO/CARD #185.
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Synthesized Signal Generator
Hewlett-Packard

HP introduces the HP 8657A 1040 MHz
synthesized signal generator designed for
in-channel receiver testing. Its phase
noise is measured at —130 dBc at 500
MHz. For in-channel measurements such
as distortion sensitivity, and hum and
noise, the HP 8675A has less than 4 Hz
residual FM. At 1 GHz, the specified sin-
gle sideband phase noise is —126 dBc.
For testing next generation radios with
squelch and phase locked loops, the in-
strument offers DC FM under 10 Hz/hr.
drift. Hewlett-Packard Company, Palo
Alto, CA. INFO/CARD #184.

Low Power Prescalar
California Eastern Labs

CEL introduces low power prescalars
from NEC. The UPB587G is a divide by
2, 4, 8 low power consumption (16.5 mW)
silicon device. It operates from a 3 V sup-
ply at 55 mA from 0.05 to 1.0 GHz. Also
being introduced is the NE320 hetero
junction FET with 1.2 dB typical NF, and
a minimum associated gain of 9.5 dB.
California Eastern Laboratories, Inc.,
Santa Clara, CA. INFO/CARD #183.

RF Amplifiers
Amplifier Research

Model 1000L is a broadband RF
amplifier that provides 1000 W CW from
10 kHz to 220 MHz. Model 250L has an
output of 250 W CW over the same fre-
quency range. Amplifier Research,
Souderton, PA. INFO/CARD #182.

Linear Power Amplifiers
TRW RF Devices

TRW unveils integrated UHF power
amplifiers with power outputs of 5, 10, 25,
or 50 W. All models are CW Class A with
800 to 1000 MHz frequency response, 8
dB noise figure and 24 dB to 54 dB mini-
mum gain. 12 W Class C RF transistors
with frequency ranges of 2.3 to 2.7 GHz
are being introduced. Typical gain of 6.8
dB with greater than 40 percent efficiency
over the entire bandwidth is featured.
TRW RF Devices, Lawndale, CA. Please
circle INFO/CARD #181.

RF to Digital Converter
Steinbrecher

The Accuverter™ RF to digital con-
verter converts an RF signal to 16-bit
digital data with 30 kHz analysis band-
width and RF input frequency options
from 2 MHz to 100 MHz. Steinbrecher
Corp., Woburn, MA. INFO/CARD #179.

RF Design

Low Phase Noise VTOs
Gamma Microwave

The G2300 Series VTOs covers the 1
to 18 GHz range in 1/2 octave bands. It
uses bipolar oscillator transistors to pro-
vide good phase noise performance. Fast
settling of the device is achieved through
the use of Si abrupt and hyperabrupt tun-
ing diodes. Gamma Microwave, Los
Gatos, CA. INFO/CARD #174.

RF/Microwave Connectors
AMP Inc.

AMP Microwave introduces crimp SMA,
blind mate, TNC, BNC and various other
connectors. AMP Incorporated, Harris-
burg, PA. INFO/CARD #173.

Micro Inductance Meter
Micoitl

This inductance meter measures induc-
tors from 1 nH to 200 mH with an accur-
acy of 0.2 percent. The meter has optional
four point probes that allow testing in-

circuit inductances of microstrip and hy-
brid micro inductors. It is priced at $3150.
The LCD display provides eight scaled
ranges from 20 nH to 200 mH full scale.
Micoil Corp., Conway, AR. Please cir-
cle INFO/CARD #180.

RF Pulse Amplifier
American Microwave Technology
Model 3205 delivers 250 W linear
power from 6 to 220 MHz with pulse
widths over 250 ms. The pulse droop is
less than three percent and blanking
(turned off) is faster than 5 us. Protection
includes over pulse/duty cycle, VSWR and
thermal. American Microwave Technolo-
gy, Inc., Fullerton, CA. Please circle
INFO/CARD #172.

Oven Controlled Oscillator
Piezo Technology

The Model XO1137 has a +1 x 10-8
stability from —55°C to +95°C. Other fea-
tures include maximum power consump-
tion of 1.6 W, phase noise of —153 dBc/Hz

at 10 kHz offset and =1 x 10-7/year ag-
ing. Piezo Technology, Inc., Orlando,
FL. INFO/CARD #171.

HF Probe Cards
Inter-Logic Systems

Inter-Logic unveils a line of high fre-
quency probe cards suitable for wafer and
chip probing of GaAs devices and high
speed silicon semiconductors. They may
be used in existing probe stations. Inter-
Logic Systems Company, Inc., Garden
Grove, CA. INFO/CARD #170.

Signal Generator
Marconi Instruments

Marconi introduces the Model 2022C
with a frequency range of 10 kHz to 1 GHz
and output level of +13 dBm. Applications
include use as a local oscillator for
passive component testing and intermod-
ulation measurements. It also features an
auxiliary FM input socket to mix external
and internal modulation which provides
composite modulation capability for tests
on receivers with sub-audible tones on
digital signalling systems. Marconi Instru-
ments, Allendale, NJ. INFO/CARD #169.

TO-8 Mixer
Watkins~Johnson

The M8TC is a TO-8 mixer packaged in
a connectorized housing and operates be-
tween a LO and RF of 1 to 3400 MHz and
IF of 1 to 2000 MHz with LO power of +10
dBm. High intercept is typically +18 dBm.
Conversion loss for low, mid and high
range is typically 60, 70 and 80 dB,
respectively. Watkins~-Johnson Com-
pany, Palo Alto, CA. Please circle
INFO/CARD #178.

Filter-Amplifier Module
Integrated Microwave

IMC introduces a dual output 156-160
MHz filter-amplifier module that has 22 dB
gain with 1 dB gain compression point
greater than 0 dBm and power limiting en-
sures less than +15 dBm at the two RF
output ports. The passband features 0.25
dB p-p amplitude ripple and 1.3:1 VSWR
at both input and outputs. Passband noise
figure is 6 dB max. Integrated Microwave
Corp., San Diego, CA. Pleas circle
INFO/CARD #177.

Power Transistor Packaging
Cabot Electronic Ceramics

The RF power transistor packaging
from Cabot has efficient heat dissipation
at RF and microwave frequencies. Her-
metic and non-hermetic ceramic to metal
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packages are available. Cabot Electronic
Ceramics Inc., Greenville, Rl. Please
circle INFO/CARD #175.

SPDT Switch
Dow-Key Microwave

Dow-Key unveils a coaxial SPDT switch
that handles 140 W CW up to 10 GHz. It
features SMA compatible connectors.
Dow-Key Microwave Corp., Carpinteria,
CA. INFO/CARD #176.

QUESTION

What does 30 years experience and industry
contribution have in common with Wideband

Power Amplifiers, Leveling Preamplifiers,
E-Field Sensors, Radiation Hazard Monitors,
TEM Chambers, and E-Field Antennas?

Synthesis Program
EEsof, Inc.

E-Syn™ 20 is used for designing
lumped and distributed low-pass, high-
pass, bandpass and bandstop microwave
networks. It is also useful for synthesiz-
ing broadband matching circuits as well
as filters, transformers, muitiplexers, and
singly terminated networks including
Chebysheyv, Butterworth, and elliptic (both
equal-ripple and maximally flat) response

ANSWER : IFI!

You can count on the people at IFI. We are
committed to deliver equipment that meets your
requirements in the 1Khz to 1Ghz range. Equipment
that won’t let you down. Economical equipment with
honest specs that will serve you accurately and
reliably. Send for our data package or give us a call
SO you can get the information faster.

INSTRUMENTS FOR INDUSTRY

731 Union Parkway, Ronkonkoma, N.Y. 11779
TEL 516-467-8400 (1 FAX 516-467-8558 [ TELEX 510-222-0876

See us at the RF Technology Expo, Booth #559,
INFO/CARD 60
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characteristics. The program includes a
distributed element synthesis capability
and a response window added to both the
lumped and distributed main screens for
analyzing the specification window para-
meters. EEsof, Inc., Westlake Village,
CA. INFO/CARD #168.

1/2 W Transistor
Amperex Electronic Corp.

The BFG195 has an hgg of 40 and f; of
7.5 GHz at 50 mA collector current. Noise
figure is typically 1.8 dB at 800 MHz and
the transistor has a gain of 12 dB at 2
GHz. In 100 piece quantities, the cost is
$1.65 each. Amperex Electronic Corp.,
Slatersville, Rl. INFO/CARD #167.

Microwave Switches
FL Jennings

TOC miniature microwave switches in
TOS packages are being introduced to-
gether with TOH miniature switches to 12
GHz in SMA and PC versions. FL Jen-
nings Div., FL Industries, Inc., San
Jose, CA. INFO/CARD #166.

Buried Shielding Laminates
Glasteel Industrial Laminates
Glasteel introduces the GST-MC3
buried shielding laminates where copper
foil is sandwiched in-between woven fiber-
glass fabric material which has been im-
pregnated with a polyester/epoxy resin
system. Glasteel Industrial Laminates,
Duarte, CA. INFO/CARD #165.

Low Noise Amplifiers
Optimax Inc.

Cascadable low noise amplifiers with
typical noise figures of 1.2 dB and 1.3 dB
are being introduced by Optimax. The fre-
quency ranges are 2000 to 2400 MHz and
1200 to 1600 MHz respectively. Optimax
Inc., Hatfield, PA. INFO/CARD #164.

Portable Spectrum Analyzer
Anritsu America

The MS2601A portable spectrum ana-
lyzer has a 10 kHz to 2.2 GHz frequency
range with automatic calibration, 30 Hz
resolution bandwidth and memory cards.
Anritsu America, Inc., Oakland, NJ.
INFO/CARD #163.

Power Sensor Calibrator
Bird Electronic Corp.

With the Model 4029 power sensor cali-
brator and a serial terminal or PC with
serial port, the Bird 4420 Series power
meters can be field calibrated to within +3
percent of a known RF power standard.
Functions include addition and deletion
of individual calibration points, clearing of
all calibration points and listing of calibra-
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tion points for review. Bird Electronic
Corp., Solon, OH. INFO/CARD #162.

uP Controlled Xtal Oscillator
Hughes Aircraft

The HAC 3000 Series microprocessor
controlied crystal oscillator (MCXO) com-
bines crystal, CMOS and microprocessor
technology. The standard MCXO has a
frequency range of 3 to 20 MHz with out-
put level of 0 to +3 dBm. The phase noise
is —135 dBc at 10 kHz. Hughes Aircraft
Co., RF Products, Newport Beach, CA.
INFO/CARD #161.

Tuning Sticks
American Technical Ceramics
The tuning stick is a device that makes
on-board capacitor value selection easy.
It consists of an ATC radial wire leaded
capacitor with its specific value attached
to a non-conductive stick. American
Technical Ceramics Corp., Huntington
Station, NY. INFO/CARD #160.

Broadband Power Amplifier
Instruments for Industry

I.F.l. unveils the M5580 broadband 10
kHz to 1.0 GHz, 75 watt power amplifier.
It may be changed from Band 1 (10 kHz
to 500 MHz) to Band 2 (500 MHz to 1.0
GHz) by the toggle switch on the front
panel. Instruments for Industry, Inc.,
Ronkonkoma, NY. INFO/CARD #159.

Wide Band Mixer
Magnum Microwave Corp.

Model MM94ML/PL-1 covers 2 to 18
GHz on the RF and LO ports and 0.01 to
1.0 GHz on the IF port. The conversion
loss is 8.0 dB and the LO/RF and LO/IF
isolation are both typically 25 dB. VSWR
of all ports is 2.5:1 typical and 3.0:1 max-
imum. The nominal LO power is +10 dBm
and the 1 dB compression point is +4
dBm with the third order intercept point
at +13 dBm. Magnum Microwave Corp.,
Fremont, CA. INFO/CARD #158.

Coax to Waveguide Adapter
Assembly
Huber + Suhner, Inc.

A coax to waveguide adapter assembly
incorporating Sucoflex flexible microwave
cable increases system reliability by offer-
ing a low VSWR, good insertion loss and
phase characteristics. It is available for
frequency ranges from 3.3 to 265 GHz.
Huber + Suhner Inc., Woburn, MA.
INFO/CARD #157.

Graphics Layout Package
Compact Software

Ga$S Station is a PC based graphics
layout package used in conjunction with

RF Design

simulation software to design GaAs
MMICs, MM wave circuits and optoelec-
tronic components. Compact Software,
Inc., Paterson, NJ. INFO/CARD #156.

SAW Spectrum Analyzer
Phonon Corp

The AS160-10-100(C) MC surface
acoustic wave spectrum analyzer has a
bandwidth of 10 MHz and resolution of 16

channels, it can provide high resolution
(5 degrees) angular measurement.
Phonon Corp., Simsbury, CT. Please
circle INFO/CARD #155.

RF Variable Capacitors
Polyflon Company

These non-magnetic RF variable capa-
citors have Q’s greater than 5000 and
feature PTFE construction. The capaci-

Dependable
Bench Attenuators

—

Depend on Kay Bench Attenuators to stand up to your requirements
on thejob. 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

1 attenuator models.
MODEL IMPED- FREQ. ATTEN
NO. ANCE RANGE RANGE STEPS
Standard 431* 500 DC-1GHz 0-41dB 1dB
Size 432* 500 DC-1GHz 0-101dB 1dB
442 750 DC-1GHz 0-101dB 1dB
Miniature 1/439 500 DC-1GHz 0-22.1dB .1dB
Size 439 500 DC-15GHz 0-101dB 1dB
437 500 DC-1GHz 0-102.5dB .5dB
449 759 DC-1GHz 0-101dB 1dB

2000, ext. 104.

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
a complete catalog and price list or to place
an order call Vernon Hixson at (201) 227-

K Av Kay Elemetrics Co!

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

Attenuators
& Tort b auipanems

KAV

Tel: (201) 227-2000 TWX: 710-734-4347
141) 12 Maple Ave. Pine Brook, NJ 07058

tance range is from under 1 pF to 125 pF.

INFO/CARD 61
See us at the RF Technology Expo, Booth #663.
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Polyflon Company, New Rochelle, NY.
INFO/CARD #154.

GaAs MMIC VCOs
Pacific Monolithics

PM-OVO6XX-B(1 to 6 GHz) varactor
tuned MMIC oscillators come with a
MMIC buffer amplifier and a voltage regu-
lator in a 0.270"” square surface mount-
able package. PM-OVOBXX-A (2 to 6 GHz)
features the same construction but meas-

ures 0.180" square. Pacific Monolithics,
Sunnyvale, CA. INFO/CARD #153.

Frequency Synthesizer
Comstron Corp.

The FS 2000-18 frequency synthesizer
is a microwave source that switches from
10 MHz to 184 GHz in less than 1 us with
better than 4 Hz resolution and less than
—-52 dBc spurious content. Comstron
Corp., Melville, NY. INFO/CARD #152.

e e

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

® Prefabricated, modular.

* 48 standard room sizes...8'x 8 to 24'x 48’
(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 TEMFEST and other secure
requirements.

® |deal for EMP hardening.

* Free standing; total structural and seam
integrity.

* Patented slicing doors exceed MIL-STD-285
and NSA 65.5.

* MIG welding throughout.

© TEMPEST skhielded security vaults.

o Standard and customized sizes.

® Maximum fire protection.

¢ Complete design and turn-key facilities.

Plus...shielded anechoic chambers, chambers

for Nuclear Magnetic Resonance (NMR) imaging

systems, and a complete line of RFI/EMI filters

and filter panels.
LMI has the shielding solution for you.

Write or call the LMI Application Engineering

Department.

IMT

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

DIP ECL clock oscillators (Series
CO0-430) are available at frequencies from
5 to 300 MHz. They are offered in either
standard ECL and 100K ECL. Standard
stability is +25 ppm over the 0°C to 70°C
temperature range. Vectron Laboratories,
Inc., Norwalk, CT. INFO/CARD #151.

Receiver Performance Modelling
Software
Webb Labs

CommView 1.0 allows receiver perfor-
mance together with effects of AGC and
modulation to be modelled. The user may
enter excess broadband discrete noise for
each stage. It is priced at $1495 and is
tailored for IBM-PC/XT/AT and PS/2
machines. Webb Laboratories, North
Lake, WI. INFO/CARD #150.

0 dB Conversion Loss Mixer
Synergy Microwave Corp.

This 0 dB conversion loss mixer is ter-
mination insensitive at the IF port with
RF/LO/IF frequency range of 1 to 500
MHz. It costs $15 in 1000 piece quantities.
Synergy Microwave Corp., Paterson,
NJ. INFO/CARD #149.

Frequency Agile Filters
K & L Microwave

The Model 4HF-X225/X400T/T frequen-
cy agile(hopping) filter utilizes 4 resonant
sections and has a half dB bandwidth of
10 MHz with a typical 35 dB bandwidth
of +22 MHz. It measures 15" x 6" x 6",
Also from K & L is the Model 100 2 X 16
switch matrix that is suited for general
purpose switching and actuation of exter-
nal devices from DC to 50 MHz.

A 6 band selectable channel multiplex-
er with a frequency range of 850 to 1450
MHz will be shown. K & L Micro-
wave, Inc., Salisbury, MD. Please circle
INFO/CARD #148.

Microwave Couplers
Aerowave, Inc.

The Series #02 coupler enhances sen-
sitivity and stability of detected signal
responses in network analyzers and re-
flectometer measurement systems for de-
sign configurations from 18 GHz to 325
GHz. Aerowave Inc., Medford, MA.
INFO/CARD #147.

Power Amplifiers
Microwave Power

The LHJ-105 1 W power amplifiers have
a frequency range of 6 to 18 GHz. Nar-
row band units are also available. Micro-
wave Power, Santa Clara, CA. Please
circle INFO/CARD #146.
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Cable Assemblies
Storm Products Co.

Storm Products will be introducing flex
microwave cable assemblies. Storm Pro-
ducts Co., Hinsdale, IL. Please circle
INFO/CARD #145.

Miniature Bandpass Filters
Daden Associates

The frequency ranges for these band-
pass filters can be specified from 10 to
3500 MHz. Standard configurations in-
clude PC board mounting, microstrip
mounting and connectorized versions.
Standard designs are based on a 0.05 dB
Chebyshev response with other designs
such as pseudo-elliptic available to max-
imize passband and stopband perfor-
mance. Daden Associates, Laguna Hills,
California. INFO/CARD #144.

Doppler Radar Filter Set
Microlab/FXR

BP-B93 is a set of five bandpass filters
designed for use in doppler radar sys-
tems. Specifications include center fre-
quencies of 200 to 300 MHz with a 3 dB
bandwidth of 27 MHz and 7 pole Gaus-
sian response. The filters have removable
sub- miniature SMA connectors. Micro-
lab/FXR, Livingston, NJ. Please circle
INFO/CARD #143.

Microwave Sweeper
Integra Microwave Co.

Integra’s Source-1 provides an analog
sweep from 2 to 20 GHz and a leveled
power output of 10 dBm, and harmonic
rejection of better than 40 dBc. Mode
selection includes F1-F2 sweep, Delta-F
sweep, CW, and full band sweep. Integra
Microwave Co., Santa Clara, CA. Please
circle INFO/CARD #142.

Gunn Oscillators

Epsilon Lambda Electronics Corp.
These varactor tunable gunn oscillators

provide 50 mW at 95 GHz over a tunable

band of 500 MHz with linearity of 10 per-

cent. Epsilon Lambda Electronics

Corp., Geneva, IL. INFO/CARD #141.

S-Band Amplifier
Armatek

Armatek introduces an S-band amplifier
with 43 dB gain, 1.35:1 VSWR and less
than 0.7 dB noise figure. Armatek,
Richardson, TX. INFO/CARD #140.

Gold Metalized FETs
SGS-Thomson Microelectronics
These FET devices have power levels
from 5 W to 300 W at 28 V and from 15
W to 300 W at 50 V. Aiso being introduced
is a 200 W gold metalized pulse power

RF Design

transistor. It is optimized for applications
from the 1030 to 1090 MHz. SGS-
Thomson Microelectronics, Montgom-
eryville, PA. INFO/CARD #139.

Microwave Amplifiers
Omega Microwave

Omega introduces amplifiers in minia-
ture packages with frequency ranges from
6 to 18 GHz. Omega Microwave, San
Jose, CA. INFO/CARD #138.

Texscan

INSTRUMENTS

CRT display.

Texscan Instruments
3169 N. Shadeland Ave.
Indianapolis, Indiana 46226
(317) 545-4196

Programmable Spectrum Analyzer
Tektronix

The Tektronix 2754P has a frequency
range of 50 kHz to 21 GHz with resolu-
tion bandwidth of 1 MHz to 1 kHz in de-
cade steps. Features include frequency
accuracy of 1 x 10-5, direct keypad entry,
direct plotter output, microwave preselec-
tion, and phaselock stability. It is priced
at $19,900. Tektronix, Inc., Beaverton,
OR. INFO/CARD #137.

WHY PAY MORE?

NOW AVAILABLE WITH THE TG-1000 TRACKING GENERATOR

It’s not just the 70 dB of dynamic range or the 1 GHz frequency range
that makes the Spectre 1050/TG-1000 combination useful for a wide
range of tasks. It's also the 3 hours of continuous battery life, 12 volt
vehicle operation, or 115/230 volt line operation, not to mention the

1 kHz IF resolution and the fine, detail conscious, analogue processed

If you are looking for a go anywhere, low cost, RF measurement
package for either field maintenance or production test applications,
give us a call toll free at 1-800-344-2412.

(available in both 50 and 75 ohms)

Toll free outside Indiana:
1(800) 344-2412
Telex: 244-334 (RCA)
FAX:(317)547-2496

See us at the RF Technology Expo, Booths #516 & 518.
INFO/CARD 63 73
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Silicon Monolithic Amplifier
Motorola

Motorola is introducing a wideband (100
MHz to 1 GH2) silicon monolithic amplifier
that is designed primarily for transmitter
exciters. It has gain greater than 24 dB
and power output range of 250 mW to 700
mW. The MHW2000 is a 50 ohm gain
block offered in a TO-12 metal can pack-
age. The MHW2001 is the same die in a
planar four-lead package, while the

MHW2002 is the same die in a surface
mount package (SO-8). Sample quantities
are available for $28 each.

The MRF650 wideband power amplifier
offers 50 watts of output power and is
characterized from 400 to 512 MHz with
a load mismatch of up to 20:1 at any
angle. Pricing at the 100-up level is $23.90.
MRF10120 is designed for pulsed applica-
tions such as JTIDS and Mode S. It
delivers 120 W when used from 960 MHz

MORE EMI/RFI PROTECTION-

FOR LESS

Save up to 31%
on your next
shielded

enclosure.

New, wider shielding panels offer two
big advantages: Lower cost and greater
reliability .

Eight inches added to the width of
Lindgren’s standard madular panels
gives you 44% more floor space and
reduces the square foot cost from 22%
to 31%. In addition, fewer seams mean
more dependable performance.

These double electrically isolated, high
performance shielding systems can
easily be assembled by :wo people with
basic mechanical skills. A simple clamp-
ing technique assures maximum perfor-
mance through repeated take down and
reassembly.

o
c

We're ready to help you meet your
shielding needs with a lower cost
modular system and the same high
quality you’ve come to expect from
Lindgren.

Optional Accessories:

Filters, Waveguide Feedthrus, Fiber
Optics, Emergency Exits, Permanent
Ramps and Flush Floors (with low-
rise thresholds).

Call us for more information and
applications assistance.

| LINDGREN
| RE, ENCLOSURES

1228 Capitol Drive
Addison, lllinois 60101

312-628-9100

INFO/CARD 64
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to 1215 MHz, operates from a 36-volt
supply and has a typical gain of over 9
dB. In 100+ quantities, it costs $361.
Motorola Inc., Semiconductor Products
Sector, Phoenix, AZ. INFO/CARD #130.

Connector Catalog
Applied Engineering Products
This catalog covers subminiature coax-
ial connectors which includes SMA, SMB,
and SMC. A cross reference section to-
gether with assembly instructions is in-
cluded. Applied Engineering Products,
New Haven, CT. INFO/CARD #136.

SAW Oscillators
RF Monolithics

A companion receiver for the micro-
transmitter line has been developed using
third generation SAW technology. Demon-
stration kits are available for both the
transmitter and receiver devices. RF
Monolithics, Inc., Dallas, TX. Please cir-
cle INFO/CARD #135.

Power Amplifiers
Epsco

The Model BMO250F040 miniature
power amplifier delivers 40 W (min) of un-
saturated power over a frequency band of
20 to 500 MHz. This Class AB linear amp-
lifier has a typical gain of 47 dB. Epsco,
Inc., R.F. Division, Westlake Village,
CA. INFO/CARD #134.

ECL Oscillators
Oscillatek

Oscillatek introduces an expansion to
their EM1100 Series, ECL compatible
clock oscillator line. This expansion raises
the upper frequency available in a 14-pin
package to 350 MHz. Other features in-
clude a frequency stability of +50 ppm ab-
solute and power consumption of less
than 200 mW. Oscillatek, Olathe, KS.
INFO/CARD #133.

Passive Components
ARRA

ARRA is featuring a line of passive
components such as attenuators, power
dividers, phase shifters, 90 degree and
180 degree hybrids, and directional cou-
plers. ARRA, Inc., Bayshore, NY. Please
circle INFO/CARD #132.

UHF Isolators
Pamtech

High power UHF isolators with a band-
width of 10 MHz and frequency range of
225 to 400 MHz will be unveiled. The iso-
lation is 25 dB, insertion loss is 0.3 dB and
VSWR is 1.5:1. Power is 50 W CW and 20
W reflected. Pamtech, Camarillo, CA.
INFO/CARD #131.
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Broad Band
Noise Sources

For Space, Military and Commercial Applications

DC-50 GH=

NOISECom

“NOISE IS OUR ONLY BUSINESS”
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VCO With Constant Tuning Rate

Synthesized Reactance Offers Linear Fine Tuning.

By Victor Koren
Tadiran (R & D)

In frequency synthesizers there is a
need for an oscillator with two frequency
controls: coarse and fine. Another require-
ment is constant tuning rate of the fine fre-
quency control, not affected by the coarse
tuning. The two common solutions are 1)
to use a varactor for the fine frequency
tune, and to switch different inductors, or
2) to use several oscillators for smaller fre-
quency bands. The two approaches have
problems since inductances in parallel do
not add algebraicly, so it is not possible
to get every value of inductance with few
switched inductors, and switching be-
tween oscillators is cumbersome and ex-
pensive. In this paper the author shows
a way that will allow the use of a varactor
or switched capacitors as coarse tune
control, and a special circuit to do the fine
tuning.

he purpose of the circuit is to syn-

thesize a variable reactance. The syn-
thesis is done by taking a sample of the
oscillator’s tank circuit current, and injec-
ting part of it back to the resonant circuit,
as in Figure 1. Loading of the resonant cir-
cuit is avoided by using a high transfor-
mation ratio of the current transformer
connected to a low input impedance
amplifier and by using a high output im-
pedance amplifier.

Circuit Description

Sampling of the tank current is done by
connecting a current transformer in series
with part of the tank’s inductance (see
Figure 2). The sample current is con-
nected to the emitters of a differential pair
Q,, Q,. The current is divided between
Q, and Q,, depending on the control
voltage V.. The AC current that passes
through Q, is injected back into the tank
circuit. This current is in phase or anti-
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Figure 1. The basic block diagram.
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Figure 2. The complete circuit diagram.

phase with the inductor current, so the tank
sees the circuit as another reactance, in-
ductive or capacitive, according to the
direction that the current transformer is
connected. The polarity of the VCO gain

also changes according to the trans-
former polarity. The VCO gain is cor-
related to the differential gain of Q, and
Q,, so it can be changed by inserting
resistors in series with the emitters, or by
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series with an inductive branch. A third
of the tank current flows through this
branch. The current transformer ratio is
1:10, so the sampled current is about 3
percent of the tank current. If all the
sampled current is injected back to the
tank, a change of 3 percent of the total
inductance occurs with frequency change
of about 1.5 percent.

Figure 3 shows the measured fre-
quency change, percentage of F,, vs.
control voitage V., at three center fre-
quencies of 40 MHz, 60 MHz and 80
MHz. The total frequency change is close
to 1.5 percent. The measured oscillator
voltage was about 1 V, . across the tank
circuit. At 40 MHz, the sampled current
is the largest, and is about 2.8 mA peak
and the DC operating current into the

40 MH 3 : o Yol

o8 WHe emitters is 5 mA. Hence, the circuit is in

80 MHz a linear operating point. [
Ve (V)

T Y T ' I
2.4 25 2.6

Figure 3. Measured frequency change.

changing Q, and Q, to FETs. The peak circuit.
AC current into the amplifier has to be
lower than the DC current into the emit-
ters, to ensure linear operation of the

An Example

In Figure 2, the current sampling is in
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Equal-Ripple LC Filter Synthesis

By Robert E. Kost
Control Data Corporation

A computer program that synthesizes
low pass LC filters with equal-ripple pass-
band and an arbitrary stopband attenua-
tion specification is described. Chebyshev
filters (equal-ripple passband and mono-
tonically increasing stopband) and ellip-
tic filters (equal-ripple passband and
equal-ripple stopband) are special cases
that can be designed with this synthesis
program.

Possible uses of this program include
reducing the stopband attenuation at high
frequencies to reduce the passband phase
shift (as compared to an elliptic filter
which has a constant stopband specifica-
tion) and specifying very high attenuation
at specific frequencies to suppress
parasitic oscillations.

he design begins with the passband

ripple specification (or aiternatively,
the reflection coefficient) and the stop-
band attenuation requirements. The pro-
gram has three parts: approximation,
computation of the necessary immitance
functions and the computation of the ele-
ment values (realization).

The approximation (calculating the criti-
cal frequencies from attenuation require-
ments) portion of the program uses an
iterative scheme described by Smith and
Temes (1). This portion of the program ad-
justs the finite transmission zeros, if there
are any, while constraining the passband
to have equal-ripple attenuation character-
istics. This is done to force all the
minimum differences between the actual
attenuation and the specified attenuation
to be equal. This minimum difference is
referred to as the attenuation margin. Any
reduction in the filter order would result
in a negative attenuation margin and the
reduced order filter would not meet the re-
quired specification. It should be empha-
sized that equal-ripple filters are the most
efficient in the sense of having the mini-
mum number of elements for a specific
attenuation requirement. The price paid
for this efficiency is relative high phase
distortion near the passband edge. Figure
1 illustrates the filter attenuation specifica-
tion nomenclature.

The immitance functions are computed
using a method outlined by Orchard and
Temes (2). They use a transformed vari-
able rather than the s-plane variable as
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Figure 1. Nomenclature for the passband and stopband.
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Equal Ripple Passband
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Divide the stopband attenuation requirements into piecewise constant sections.
The sections will be numbered sequentially with increasing frequency.

ENTER THE NUMBER OF PIECEWISE CONSTANT STOPBAND SECTIONS.

Each section is defined by its lowest frequency (arbitrary units)
and its attenuation (dB). The specific frequency units,

i.e. kilohertz or megahertz, will be entered later.

ENTER THE LOWEST FREQUENCY AND ATTENUATION OF SECTION # 1 5.0,30
BNTERS THERHANLEDGENEREBEGUENGY, 2= LS = = = o Syl = =0a ISR =l =k = = 1200
ENTER THE PASSBAND RIPPLE(dB) OR THE REFLECTION COEFFICIENT(%) - - +25

ENTER THE INITIAL NUMBER OF TRANSMISSION ZEROS AT INFINITE FREQUENCY 1

Figure 2. The initial terminal display after passband and stopband
specifications are entered.

is used in introductory discussions of filter
synthesis. The reason for this transforma-

tion is that polynomials can be very ill-
conditioned. That is, the roots of a poly-
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Section # 1 5.000 30.00

The bandedge frequency 1s . T
The passband rapple 1s — = == Sy WO
The number of zeros at infinite freguency is
The zero locations are:

# 1 5.712617
The attenuation margin 1is 4,57 dB

ENTER <CR> TO COMPUTE NATURAL MODES
T 7O TERMINATE THE PROGRAM <

The 1nput trequency and attenuation specifications are:

REAL

ENTER THE SEQUENCE OF ZERD REMOVAL 1

THE LOCATIONS OF THE NATURAL MODES IN THE SECOND GUADRANT AND THEIR
-25 dB RESPECTIVES @'S ARE:

0.3440286
0.8223233

NOTE: THESE LOCATIONS ARE NORMALIZED TO THE PASS BAND EDGE

ENTER 1 FOR SINGLY TERMINATED LC FILTER
2 FOR DOUBLY TERMINATED LC FILTER

IMAGINARY ZERO FREQ. G
1.1540772

1.10156041 1.7
0.8223233 0.5

©0.0000000

£ 58 85w 2

Figure 3. The display after the approximation cal-

culation is complete.

Figure 4. Display before termination instruction is

Figure 5. Circuits along with their
code numbers.

nomial can be very sensitive to the value
of the coefficients of the polynomial. Dal-
quist (3) gives a specific example of a
relative error of 1019 of a polynomial coef-
ficient that results in a relative error of .18
in one of the roots of that polynomial. As
a result, there are examples of filter syn-
thesis calculations that cannot be done
with the precision of computers.

There are two solutions to this ill-condi-
tioning problem. One is to perform a con-
formal mapping on the s-plane variable
that is referred to above. This mapping
causes the roots of polynomials to be-
come widely separated and results in a
significant improvement in the ill-condi-
tioning of the polynomials. This is the ap-
proach used by Orchard and Temes and
is used in this article.

Another solution is to avoid using poly-
nomials altogether and do all the manipu-
lation with factors of the polynomials. The
combined use of these methods results
in excellent ill-conditioning properties and
is used, among other places, in a synthe-
sis program called S/FILSYN. Only the
transformed variable approach is used in
the program that is described here. Since
the transformed variable is used, this pro-
gram can synthesize LC ladder filters up
to the fifteenth order.

The realization portion of the program
computes the element values from the im-
mitances that were computed in the se-
cond part of the program. This procedure
uses the transformed variable for the cal-
culation of the element values, thereby,
preserving the precision that was gained
by using the more complicated approach
to compute the immitances.
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entered.
CODE #1 Shunt capacitor follow=2d by a parallel combination of a
CODE #2 Shunt capacitor
CODE #3 -~ Series inductor

1,2

WHAT IS THE INPUT IMPEDANCE (OHMS)
? 100

ENTER THE FREQUENCY UNITS

R —- RADIANS PER SECOND
e == =iy 2

K -- KILO-HERTZ

M -- MEGA-HERTZ

capacitor and inductor in series (must be followed by code #2)

ENTER THE CODES FOR THE FILTER STRUCTURE

Figure 6. Display with frequency entered.

Use Of The Program

The program will be illustrated by sev-
eral examples. The first example will be
done in detail while the others will be ab-
breviated.

Example One
Passband ripple .25 dB
Passband edge frequency 2.0 MHz

Stopband lower frequency 5.0 MHz
Stopband attenuation 30.0 dB
Source resistance 100 Ohms

Doubly terminated

The number of stopband sections in this
example is one (1) since the stopband is
describable by a single frequency and at-
tenuation (Figure 2). Therefore, the first
entry appears as:

ENTER THE NUMBER OF PIECEWISE
CONSTANT STOPBAND SECTIONS — 1

The next entry describes the lowest fre-
quency and attenuation point of the stop-
band section. For this example this entry
is 5.0 MHz and 30 dB. The frequency units
of the first entry of the frequency-
attenuation pair will be entered near the
end of the program. The second entry is:

ENTER THE LOWEST FREQUENCY
AND ATTENUATION OF SECTION #1 —
5.0,30

The following entry is the passbanc
edge frequency which is 2.0 MHz. The

same units for frequency are used here.

ENTER THE BANDEDGE
FREQUENCY — 20

The passband ripple specification is en-
tered at this point. This entry has units of
percent or dB. If the entry is less that one,
the units are interpreted as dB, otherwise
the entry is read as percent. The relation
between the two units is:

dB =m0 togis (10—
coefficient(%)/100)2)

(reflection

Either an entry of .25 for the decibel units
or 23.651 for the reflection coefficient in
percent give the same results. For this ex-
ample the next entry is:

ENTER THE PASSBAND
RIPPLE (dB) OR THE REFLECTION
COEFFICIENT % — .25

The number entered for the initial num-
ber of transmission zeros at infinite fre-
quency plays a significant role in the final
structure of the filter as it specifies the
minimum order of the filter. Since the filter
transfer function is a ratio of polynomials,
the number of zeros at infinite frequency
is the difference between the degree of
the denominator polynomial and the
numerator polynomial. Increasing the
value of this entry reduces the number of
finite transmission zeros since each finite
transmission corresponds to a second

February 1988



CAP(FARADS) IND(HENRIES) ZERO FREQ.
C( 1)=.967713D-09 T | S
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Figure 7. The final display.
8.22,H 100Q 1014 6.77uH
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94.4pF 1009
967.7pF 967.7pF

61.72Q

1096.7pF 1635.9pF

Figure 8. Third order filter from
example 1.

order term in the numerator of the transfer
function.

If a one is entered at this point, the
number of zeros at infinite frequency in
the final filter design cannot exceed two
and the attenuation of filter in stopband
will be adjusted by adding finite transmis-
sion zeros. The number of finite transmis-
sion zeros can be reduced by increasing
this initial value. Any integer less than fif-
teen or greater than zero may be entered.
The entry for this example is:

ENTER THE INITIAL NUMBER OF
TRANSMISSION ZEROS AT INFINITE
FREQUENCY 1.

Figure 2 shows the display after the pass-
band and stopband specifications are
entered and Figure 3 shows the complet-
ed approximation calculation.

The specification is met with a third
order filter, which has a single finite
transmission zero at 5.7126 MHz and the
attenuation margin is 4.57 dB. The actual
minimum attenuation in the stopband is
therefore 34.57 dB. The synthesis pro-
gram continues when the carriage return
key is depressed.

The finite transmission zeros are real-
ized as a parallel combination of an induc-
tor and capacitor in a series branch of the
filter. The resonant frequency of this pair
will not allow signals at that frequency to
pass thereby creating a transmission zero.
A filter can have several different finite
transmission zeros and they can appear
in the filter in any order.

The next information to be entered in-
volves the sequence in which the trans-
mission zeros will appear in the filter.
Filters with different element values can
be designed by varying this sequence.
The transmission zeros are numbered se-
quentially as shown in Figure 3. Since
there is only a single zero in this exam-
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Figure 9. Filter from example 2.

ple, which is labeled “#1,” enter a single
one (1) in response to the instruction call-
ing for the sequence of transmission
zeros. The entry is shown below:

ENTER THE SEQUENCE OF
ZERO REMOVAL 1

After the zero removal sequence has
been entered, the terminal screen will ap-
pear as shown in Figure 4. The natural
modes are computed and displayed along
with the pole frequency (the distance from
the s-plane origin to the pole location) and
the pole “Q" (defined as the pole frequen-
cy divided by two times the real part of
the pole location).

Either singly or doubly terminated filters
may be designed. A doubly terminated
filter will require a voltage source with
some specified source resistance and it
will require a resistor at the output of the
filter. The value of this resistor is com-
puted and displayed. If the singly ter-
minated version is chosen, there will not
be a resistor at the filter output and the
filter will have to be connected to a circuit
with high input impedance. For this exam-
ple, the next entry is:

ENTER 1 FOR SINGLY TERMINATED

LC FILTER
2 FOR DOUBLY TERMINATED
LC FILTER — 2

The next phase of the synthesis re-
quires the specification of the filter struc-
ture, the impedance of the source, and the
units used for the frequency specification.
Filter with normalized units may be de-
signed by specifying radians per second
for frequency units and one ohm for the
source impedance. The code numbers
used to construct the filter are shown in
Figure 5.

Filter structure #1 is a shunt capacitor

followed by a parallel combination of an
inductor and capacitor in series. This type
of filter section is used to create a finite
transmission zero (the parallel inductor
and capacitor) and a portion of a zero at
infinite frequency (the shunt capacitor).
Filter structure #2 creates a transmission
zero at infinite frequency. This is roughly
equivalent to the capacitor becoming a
short at that frequency. Filter structure #3
is a series inductor. This section also
creates a zero at infinite frequency. An ex-
ample of using these structures to create
a third order filter would be to have a
structure sequence #2, #3, #2. This
creates three zeros at infinite frequency
and would corresponds to a transfer func-
tion where the numerator is a constant
and the denominator is a third order poly-
nomial. That particular kind of filter is
referred to as a all pole filter since it has
no finite transmission zeros. A third order
filter with a single transmission zero is
constructed with the structure sequence
#1, #2. The parallel combination of the
capacitor and the inductor create the finite
transmission zero. The capacitors that
precede and follow that pair create the
transmission zero at infinite frequency.
The entry for this example is:

ENTER THE CODES FOR THE
FILTER STRUCTURE 1,2

The source impedance of the generator
driving the filter was specified as 100
ohms in the initial specification. The next
entry will appear as follows:

WHAT 1S THE SOURCE
IMPEDANCE (OHMS)
? 100

The frequency units for this example
are MHz. Therefore the next entry will ap-
pear as:

ENTER THE FREQUENCY UNITS
R — RADIANS PER SECOND
H — HERTZ
K — KILO-HERTZ
M — MEGA-HERTZ
M

The filter structure codes, the source
impedance and the frequency units are
entered as shown in Figure 6. The ele-
ment values of the filter are shown in
Figure 7. A schematic of the filter with the
source and load resistors are shown in
Figure 8.

Example Two

This example will have the same at-
tenuation specification as the first exam-
ple. However the synthesis will be done
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Figure 10. Filter from example 3.

with four transmission zeros at infinite fre-
quency. This will lead to an odd order filter
without any finite transmission zeros. The
data entered sequentially is:

number of stopband sections 1

attenuation specification 5.0,30
passband edge frequency 20
passband ripple .25
zeros at infinite freq. 4
structure codes 23,23
doubly terminated 2
source resistance 100.
units for the frequency M

The resulting filter has a 6.14 attenuation
margin and has a structure shown in
Figure 9.

Example Three
This example is the same as example

Figure 11. Schematic of example 4.

two except that the filter is singly termina-
ted. Use the structure code 3,2,3,2. Note
that this filter must end with a shunt com-
ponent. If the last component is a series
element, current is unable to flow through
it since a singly terminated filter is con-
nected to a load of infinite impedance.
This is equivalent to reducing the order
of the filter by one and the filter structure
would be inconsistent with the approxima-
tion.

Example Four

This example will require 70 dB attenu-
ation at 5.34 MHz +2% in addition to a 50
dB requirement for the rest of the stop-
band. The data to be entered sequential-
ly is:

number of stopband sections 3
attenuation specification #1 40,50

IMPEDANCE BRIDGES

Modeis A56 & AS7 are broadband RF transformer type RF IN-RF OUT

impedance bridges.

When the device to be analysed Is connected to the bridge test

attenuation specification #2 5.23,70
attenuation specification #3 54550
passband edge frequency 250
reflection coefficient 10
zeros at infinite freq. 1
sequence of zeros 2.1
structure codes 28]
doubly terminated 2
source resistance 100.
units for the frequency M

The resulting filter has a 4.99 dB attenu-
ation margin. The finite transmission
zeros are 4.159 MHz and 5.337 MHz. The
schematic is shown in Figure 11.

Example Five

This example illustrates an attenuation
requirement that is reduced at high fre-
quencies. This attenuation reduction re-
sults in a reduced order filter as compared

port, the corresponding Increase in insertion loss (from RF IN to RF OUT) of
the bridge Is read directly as return loss (VSWR)., Since this Is not a
resistor-diode (RF IN-DC OUT) bridge type, special scope graticules,
calibrated mismatches, square law corrections, etc. are not required. Also
the bridge can be driven with a varlety of levels without affecting
accuracy.

Test systems may be as slmple as a signal generator, attenuator,
bridge, detector and meter or more sophisticated using an automatic RF
Comparator (see A39), RF Amplifier (A52), or RF Analyser (A51) and a fixed
or varlable attenuator for asutomatic direct reading. The more complex
measurements can be amplified to display return toss levels even below
50 dB.

Price
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40 dB Directivity
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Open/Short Difference
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with .5 dB max
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Rridge Loss

RF In-RF Out

Application Bridge Type
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VHF Fixed
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T . (RF IN-Test

ASTTU UHF Fixed Return Loss 1-900 MHz

.2 dB 3100
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Port or
RF OUT-Test
Port)

ASTT /30 Direct Reading 30 KHz-30 MHz

Low

Frequency 258.00

ASTTLS Balun Null 300 KHz-100 MHz

ASTTLL = 190 KHz-50 MHz 395.00

1-600 MHz 5-600 MHz 8 1/2 oz. $32.00

ASECA /6 VHF Variable

* Other Models available. Options Include 50/75 ohm Impedance conversion, Termination and Data supplied with unit, DC blocking, and varlous con-
nector configurations. Consult factory for speclals and OEM applications.
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to one that has constant attenuation at
stopband. Also, the sequence of finite
transmission zeros in the filter is varied.

number of stopband sections 2

attenuation specification #1 15,60
attenuation specification #2 2.0,40
passband edge frequency 1.25
passband ripple 10
zeros at infinite freq. 1
sequence of zeros 2518
structure codes 1,1,1,2
doubly terminated 2
source resistance 100.
units for the frequency M

The resulting filter is shown in Figure 12.

The same filter as in example number
five is used except with the zero sequence
changed to 1,2,3 as shown in Figure 13.
The permutation of these three transmis-
sion zeros will give rise to six different
filters. Half of these will be duplicates of
others with the filter reversed. Therefore,
there are three different realizations possi-
ble with this filter.

Circuit Analysis

After the filter synthesis is completed,
it is important to analyze the filter to verify
that the synthesis is done correctly. The
approach taken by Wyatt (5) is ideal for
ladder structures. The result of using the
chain matrix to compute the attenuation
of the filter designed in example four is
shown in Figure 14. The scale used for
the passband is different than the one
used in the stopband to show the details
of the passband.

Summary

A computer program that designs equal-
ripple lowpass filters with flexible stop-
band requirements has been described.
It is possible to specify the sequence that
the transmission zeros occur in the filter.
Thus it is conceivable to design all equal-
ripple lowpass filter realization with this
program.

The algorithms used for the approxima-
tion and realization make use of nonlinear
optimization and a transformed variable
is used to improve the numerical precision
of the synthesis process. Several exam-
ples of filter synthesis are given.

The program was developed on an {BM
personal computer under the DOS 2.0
operating system. An executable version
is available on a flexible disk for $10 to
cover the expenses of materials, handling
and postage. Send request to Robert
Kost, 4858 Colfax Avenue South, Minne-
apolis, MN, 55409.
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Figure 12. Filter from example 5.
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Figure 13. Example 5 with a transmission zero sequence of 1, 2, 3.
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2 5.23 MHz, 70 dB
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i 60

Broadband capability from some very A Margin
powerful amplifiers. Power from one g is 4.99 dB

watt to ten kilowatts. Frequencies
from 10 kHz to 1 GHz. Gain that's flat
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For example, our Model 2000L,
shown above, delivers 2000 watts a0.06nd
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bandwidth of 10 kHz to 220 MHz. In
pulse mode you can almost double J 20.04
that rated output.

We rate most of our amplifiers by
minimum power—users can be cer- 10.02
tain that their 10-watt or 2000-watt
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frequency band.
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rF design feature

Feedforward Compensation for

Improved DC Performance

By Stan Goldman
Scientific Communications, Inc.

DC coupled video amplifiers with wide
bandwidths, low DC offset voltages, and
low noise figures are used in radar sys-
tems, test instruments, and phase noise
measurement equipment. Unfortunately,
wide bandwidth amplifiers have poor off-
set performance because of their low DC

gain. This article discusses the use of
feedforward compensation using a high
DC gain low frequency amplifier to cor-
rect DC offsets of wide band amplifiers.

any of the systems mentioned use
A/D converters to detect and convert
signals to digital words for processing by

a computer. Video amplifiers are required
between the system’s receiver and A/D
converter to amplify the received signal
to an optimum conversion level for the
A/D converter. A/D converters with in-
creased speed and accuracy require a
small DC bias offset in video amplifiers

EQUIVALENT BLOCK

LOOP |

TRANSFORMATION EQUATION BLOCK DIAGRAM DIAGRAM
1 | COMBINING BLOCKS IN Y = (P1P2)X X o P P E > % o P.P Li >
CASCADE 1 2 172
2 | COMBINING BLOCKS IN X Y
PARALLEL; OR ELIMINATING Y = PaX 2 PoX X P + Y PPy |—»
A FORWARD LOOP 1]
X Pyl+ Y
3 { REMOVING A BLOCK FROM Y = PyX £ PX Py Bo
A FORWARD PATH ‘ P, 2
33
‘;
4 | ELIMINATING A FEEDBACK Y = Py (X% PyY) X P, Y

BEYOND A BLOCK

5 | REMOVING A BLOCK FROM Y = Py(XFP,Y)
A FEEDBACK LOOP
i
6a | REARRANGING SUMMING I Z=WEX=Y
POINTS
6b | REARRANGING SUMMING Z=WX =Y ’
POINTS
7 | MOVING A SUMMING POINT Z=PXtY
AHEAD OF A BLOCK
e
1
8 | MOVING A SUMMING POINT Z=P[XY]

Figure 1. Block diagram transformation theorems that are used in the analysis.
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Figure 2. Schematic of feedforward compensation.

while requiring large amplifier bandwidths
to preserve the received signal. Proper
phase detection in phase noise measure-
ments require low DC offset performance
from a video amplifier to preserve phase
information.

To analyze the feedforward circuit con-
figuration, block diagram transformation
theorems are presented to reduce a com-
plex circuit to a simple one. The block
diagram transformations that are used in
the following analysis are shown in Figure
1 with a complete list shown in Reference
2. A simplified video amplifier circuit is

analyzed to show the improved DC per-
formance using the high DC gain low fre-
quency amplifier.

Figure 2 shows the schematic of the cir-
cuit to be analyzed, while Figure 3 shows
the block diagram representation. Most
techniques to analyze feedback circuits
require the feedback loop to be broken
so that the open loop transfer function can
be calculated. Since it is unclear from
Figure 3 as to where the loop should be
broken, block diagram transformations
are used. Figures 4 through 7 show the
block transformation that occur after ap-

CONTINUOUS CREATIVITY...
Glasteel Industrial Laminates
Make a World of Difference

)
ONN, 4
«““c A

<

*,
' 4G

86

Figure 3. Block diagram of feedforward compensation.

plying each transformation theorem. First
the summing points are rearranged with
the result shown in Figure 4. A summing
point is moved beyond a block and sum-
ming points are rearranged (Figure 5).
The equations at the bottom of Figure 5A
and 5B are aids that reduce the confusion
in rearranging summing points. A forward
loop is eliminated and a summing point
is moved ahead of a block as shown in
Figure 6. The existence of a parallel feed-
back loop is now demonstrated in Figure
6. This was not apparent from looking at
the original circuit. The parallel feedback

Glasteel, the leader in contin-

w ost electrical gradecopper clad
ates for the printed circuit industry.
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Figure 4. Results from using transformation 6B in Figure 5A. Results after using transformation 8.
Figure 1.

loop is eliminated and the results are
shown in Figure 7.

The closed loop transfer function can '
be caiculated from the control system
theory shown in Equation 1 because the
algebraic reduction technique has identi-
fied the forward transfer function and the
feedback transfer function:

C/R(s) = G(s)/(1 = G(s)-H(s))
where:

positive feedback AR, - R, - R,

-+

negative feedback

AR, > Vour

C/R(s) = closed-loop transfer
function Figure 5B. results from rearranging summing points.

5000 MHz PULSE GENERATOR WITH 30 ps RISETIME
8000 MHz SIGNAL GENERATOR WITH <10 ps TIME JITTER

"; Above Photo Includes the 30 ps
PG 5000A Risetime of the Sampling Head SG 8000A

Our high-speed pulse generators based on GaAs technology generate squarewaves to 5000 MHz repetition rates
with risetimes as low as 30 ps. Both dual-channel and single-channel units with output amplitudes to 10 V are
available, and feature +5V to—5V offset controls ($17,500 to $25,000). For your system integration applications, the
output drivers of the above pulse generators are offered separately as clock drivers ($4,800 to $9,500). We also
furnish six different dc-coupled clock drivers which operate to 2200 MHz and to 5V per output. They feature variable
risetime and duty cycle, programmable output amplitude and output oftset, and sub-nanosecond gating capability
($995 to $3,500).

As an ideal driving source for above instrumentation, we offer a low-noise signal source which covers a frequency
range from 1 MHz to 8000 MHz with a levelled output to +13 dBm and 4% digits of resolution. Most importantly, the
instrument is equipped with a phase-coherent sub-harmonic trigger output and is ideally suited to trigger
oscilloscope time-bases with very low time jitter (<10 ps), without the need to readjust the time-base when the
frequency is changed over the entire range ($12,500).

In addition, our popular PG 1000A pulse generator offers
ﬂ Colby Instruments, Inc. both differential TTL (1-350 MHz) and differential ECL
: 1-1000 MHz) with built-in source and variable duty cycle
Electronics Research & Development ( 5
Ao IO Aot Bante Moridll Ludsadn (1V ECL: $7,700; 2V option: add $800). Complete

specifications on all of our products are available on
(213) 450-0261  FAX:(213) 452-0027  (gquest. All prices quoted are U.S.A. list prices only.
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G(s) = forward transfer function G(s)- G(s) = open-loop transfer function condition for oscillation
for positive feedback and
1 and 180 degrees is the
condition for oscillation
for negative feedback.

Output voltage G(s

v, 1+ AR, - R, | AR, Vour W (8) = 'm;zg(rnzg)‘ v
The forward transfer function and the
R feedback transfer function are substituted
4 into Equation 1. This results in Equation
2, which is the closed loop transfer func-

tion for the parellel amplifier circuit.

1 AR, - %

1+ AR, - R AR
B¢ aan . (o)
X

H(s) = feedback transfer function G(s)-H(s) = 1 and 0 degrees is the

Vour

)

IN h
1 ( )~(AR ‘Rr-R,)
Figure 6. Block diagram showing parallel loops. el A G

In order to caiculate the actual response
from Equation 2, the transfer characteris-
tics of the operational amplifiers must be
Vv (1 + AR, ' Ry) - AR, » Vo modeled. This was accomplished using

o 1+ AR, - R, Bode plot analysis and the operational
amplifier’s data sheets. The low frequency
amplifier, Precision Monolithic’s OP-02,
had a 1 pole response, while the high fre-
quency amplifier, Comlinear CLC-103, had
a 3 pole response. Equation 3 is a mathe-
(AR, - R; - R) matical model of the low frequency ampli-

+ AR. - fier and Equation 4 is a mathematical
3 Qe ) model of the high frequency amplifier.
A
I F (3
1+i(F)

AR1 -

Figure 7. Results from eliminating parallel feedback loops.
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additional line length. 60 cm of additional line length.
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M+ ()
() + o ()

AR, = (4)

where:
F = frequency variable

F, = corner frequency of the low
frequency amplifier

F, = corner frequency of the 2 poles
in the high frequency amplifier

Dy = damping factor

F, = corner frequency of the 3rd
pole in the high frequency
amplifier

A, = 1.786E6 = DC gain of the low
frequency operational
amplifier

A, = 20 = DC gain of the high
frequency operational
amplifier

Comparison to Lab Analysis

A video amplifier was built and the cir-
cuit’s electrical response was recorded.
The measured magnitude and phase re-
sponses are shown in Figure 8. Evaluating
Equations 2 through 4 on a computer re-
sulted in the magnitude and phase re-
sponses that are shown in Figure 10.
Notice the measured magnitude response
agrees with the calculated magnitude
response. However, there is a great dis-
crepancy between the phase responses.
The phase slope in the measured re-
sponse is greater than the phase slope
in the calculated response. This must be
due to the line length in the test fixture
that was used to test the amplifier. To
eliminate the effects of the line length in
the test fixture the insertion length on the
network analyzer that was used to test the
amplifier was changed so that the phase
response for frequencies greater than 500
Hz were flat. With the insertion length of
the network analyzer set to 60 cm, the
amplifier’s phase response on the net-
work analyzer agreed with the calculated
response. This meant the mathematical
model of Equation 5 for line length had
to be added to the theoretical model. The
phase response of 60 cm of line length
is added to Equations 2 through 4, and
a phase response is computed that agrees
with the measured response. The calcula-
ted phase response is shown in Figure 10.

B ? | LT ’
o (%)

RF Design

DAMPED SINUSOID
TESTING EQUIPMENT

for compliance with
MIL-STD-461C AND OTHER
REQUIREMENTS

WA L "

“variable frequency from 7 kHz through 100 MHz

[} damped sinusoid output

[] damping factor (Q) adjustable over a wide range

[J positive and negative polarity selection

] single-event and variable-repetition triggering
mechanisms

1 high-efficiency, low-power consumption

. . .to broaden and expand the framework of your EMP
testing capabilities. For more information about EMP
test equipment and EMP testing, contact:

R & B ENTERPRISES

20 Clipper Road West Conshohocken, PA 19428
PH: (215) 825-1960 FAX: (215) 825-1684
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Va E,
(X (SO 1+AR R, AR, N
U A
|‘n, E v
AR, R,

Figure 11. Figure 6 rearranged for
error model analysis.

where: ¢ = speed of light (cm/sec)

L = length of line (cm)

Error Function Derivation

Another advantage of having the simpli-
fied feedback configuration is that the er-
ror function can be evaluated and this
helps determine the circuit’s accuracy in
following different input stimulus. The er-
ror function by control system theory is
defined by Equation 6:

Error function =
Eqi 1 3
Vi, 1+ G(s) - H@) )

where:
Vi, = input stimulus

E, = difference between the input
and feedback voltages

Another form of the error function
(Equation 6) shows the improvement ef-
fect of the low frequency amplifier on the
high frequency amplifier’s performance.
Block transformation operations on Figure
6 must be performed to find this new er-
ror function. A summing point is moved
ahead of a block in Figure 6 with the re-
sults shown in Figure 11. The outer loop
error function (E,/V,,) is shown in Equa-
tion 7, and the inside loop error function
(E,/E,) is shown in Equation 8 The
overall error function (E,/V,,) Equation 9
is produced by multiplying Equation 7 by
Equation 8:

E, 1

e AR, _ o )
Tk 1+AR, ‘R, (AR;'RrR,)

B T F ARy - Ry (®)

L, SN TR I Y ©)

Equations 7 through 9 can be used to
show the improved performance of the
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Figure 12A. The error function with
and without parallel amplifier.

Figure 12B. Low and high frequen-
cy amplifier gain.

Input Amp > Output
’ Buffer Window
Filter Amp Comparator
DC offset r Up/Down
BAC < :12 s Counters

Figure 13. DC offset zeroing loop.

high frequency amplifier that can be
achieved with the two parallel feedback
loops. Equation 8 is the error function of
the high frequency amplifier without the
parallel amplifier. Equation 9 is the error
function of the high and low frequency
amplifier in parallel. Figure 12 shows the
calculated values for equations 3, 4, 7 and
9. The top plot in Figure 12 shows the im-
proved error function when the parallel
low frequency amplifier loop is added.
The bottom plot in Figure 12 shows the
gain versus frequency responses for the
low and high frequency amplifiers. Im-
provement in the error function starts at
frequencies below 1 MHz, and by 10 Hz
there is an improvement in the error func-
tion of 81 dB. A small error function
means the output tracks the input. Figure
12 shows that the DC performance of the
parallel loop is improved becaue the
parallel loop produces an error value that
is smaller than the error value for the high
frequency amplifier by itself.

In many circuits the amplifier is not the
only source of DC bias. For instance,
when the video amplifier is used after a
down conversion mixer, a DC offset oc-
curs from the mixer bias level. In this
case a DC zeroing loop is required to oft-
set the mixer’s bias. Figure 13 shows a

configuration that will perform a zeroing
function to solve this problem.

Block diagram transformations are use-
ful in analyzing feedback or feedforward
circuits. A circuit’s performance can be
further understood by analyzing the var-
ious block diagrams that result from the
transformations. Using the block diagram
transformations a high frequency video
amplifier’s DC performance was shown to
improve by using a low frequency ampli-
fier in a parallel loop.
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MICROWAVE/RF COMPONENTS

COMPONENTS DC — 18 GHz

CONNECTORS DC — 50GHz /

/

(415) 948-6552 PENSTOLK (415) 948-6552

105 Fremont Avenue, Los Altos, CA 94022 FAX 415-948-0115

OVER 100,000 PARTS IN STOCK!

AMPHENOL LIMITED TIME
INSTRUMENTATION GRADE CONNECTORS TO 50 GHz
Quantity (FOR AIRLINES) Total Ordered
ea. 2.4 mm Male P/N 131-8001. ... .. $150.70 ea.

ea. 2.4mm Female P/N 131-8002 ... $156.98ea.
2.4 mm Female/K Connector Male

BASIBNEBOMBE ... A S L $235.74 ea.
AVANTEK LOW PRICE
Quantity MMIC AMPLIFIERS Total Ordered

MSA-1023 High Output Power \
ea. +27dBm@1GHz .. ... ... ... ... $45.00 ea.
MSA-0520 (metal hermetic pkg.)
ea. DC-2.5GHz/8.5dB Gain @ 1GHz
MSA-0870 (metal hermetic pkg.)
ea. DC-6GHz/23dB Gain@1GHz . . . .. $36.60ea.
MSA-0635 (hermetic glass/ceramic pkg.)

.. $35.50 ea.

_ea. DC-900MHZz/19dB Gain@ 500MHz .. $7.00ea.
MSA-0385 (plastic pkg.)
ea. DC-2.5GHz/12dB Gain@1GHz .. .. $3.35ea.

MSA-8685 Frequency Converter (plastic pkg.)
ea. Applications from 0.1-2GHz ... ... §5.75 ea.

IN STOCK FROM PENSTOCK
CABLE ASSEMBLIES & ADAPTERS FOR LAB USE
e dea Suhner 3’ Armored Cable w/3.5 mm Conne.{:?:narlsot%earli";

_ea. ea.end to 26.5GHz(SF104A) . . . . $459.65 ea.
Suhner 3.5 mm Male/“N” Female

**** HANDY ORDER FORM FOR IMMEDIATE DELIVEI{Y Sl

- GORTRRENGT - . L AL $7108ea. ____
Weinschel SMA “Connector Saver” DC
_ ea. 26.5GHz (SMA Male/Female). . . .. $60.00ea.
Suhner 7mm/N Female
_ea, DC18GHz .................... $90.00ea. ________
Suhner 7mm/N Male
ea. DC18GHz .. ........ ... ... ... $99.00ea.
SHIP TO:
NAME
TITLE
COMPANY
ADDRESS

CITY/STATE/ZIP

(o ot ) PHONE

[0 SEND FREE WALL CHART

HUBER + SUHNER FAST DELIVERY

~ INSTRUMENTATION GRADE CABLES
Quantity

Suhner Extreemly Phase Stable 3’ Cable
ea. (104P) SMA Male to 18GHz . . . .. $206.77 ea.

__ea. Same as above 6’(104P). . . . . . .. $262.45 ea.
Suhner HP8510 Cable Assemblies DC-26.5GHz
ea. (104PB) . . . Call for Guaranteed Lowest Price

Total
Ordered

ADAPTERS

AMPLIFIERS
ATTENUATORS

BARRETTER
MOUNTS

CABLE ASSEMBLIES

CIRCULATORS
ISOLATORS

CONNECTORS

DIRECTIONAL
COUPLERS

FILTERS
FLEX CABLE

FREQUENCY
DOUBLERS

LIMITERS

LOADS

MIXERS

MMIC COMPONENTS

NOISE
SUPPRESSORS

OSCILLATORS
PHASE DETECTORS
POWER DIVIDERS

POWER SPLITTERS/
COMBINERS

EZ-FORM SUPER SAVINGS
MIL-C-17 APPROVED/TIN PLATED/SEMI-RIGID CABLE

Quantity Total Ordered
#t. EZ-Form .141 dia P/N 810043 . . ... .. $3.50/ft
ft. EZ-Form .086 dia PIN 810175 . .. .. .. $3.00/f¢

Suhner Solderless SMA Male “C” Grip Con-
nectors for .141 Cable P/N 11-SMA.50-3-60C
ea. (no special tools required) . . . ... ..... $6.95 ea.

WEINSCHEL SPECIAL
LAB & PRODUCTION FiXED ATTENUATORS Total

Quantity Ordered
2 Watt #3T-SMA (M/F)
DC-12.4GHz ...... .. $40.00ea. 3dB 6dB 0dB 20dB
2 Watt #4T-SMA (M/F)
DC-18GHz. . ..... ... $50.00 ea. 3dB
5 Watt Model 1-“N” Connector
(MIF) DC-12.4GHz ... $50.00 ea. 3dB
5 Watt Model 2-“N” Connector
(M/F)DC-18GHz . . . .. $80.00 ea. ~3dB
2 Watt #3T-SMA (M/F)
DC-12.4GHz ... ... .. $50.00 ea. 2dB
2 Watt #4T-SMA (M/F)
DC-18GHz. .... ... .. $60.00 ea. 2dB 4dB
5 Watt Model 1-“N” Connector
(MIF) DC-12.4GHz ... $60.00 ea. 1dB
5 Watt Model 2-“N” Connector
(MIF) DC-18GHz . . . .. $90.00 ea. 1dB 2dB ~4dB 30dB >

METHOD OF PAYMENT

Add $5.00 Shipping and Handling (any size order).
California residents add 7% sales tax.

6dB 10dB 20dB
6dB 10dB 20dB

6dB 70dB 20dB

4dB “5dB 30dB

5dB 30dB

2dB 4dB 30dB

[J Check or Money Order (no minimum)
(no currency please) AMOUNT ENCLOSED $

{1 MasterCard [J VISA
(MC/VISA add 5% service charge, minimum order $15.00)

LG R LA P 3 P oL 4,0 ) T L O S

Card Account Number

month year customer signature
Expiration date and signature required.

[0 ENCLOSED IS $3.00. PLEASE SEND SPECS ON ITEMS LISTED ABOVE. (Free With Order)
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VDE, and MIL-STD 461

— n
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f L
,l'f.’ M\m\«

* Available now from your
source for the finest
EMI test equipment and

Antenna kits that meet your specifications of high quality and accessories.
frequency response, and that are also responsive to your demands

of portability and easy use. A.H. Systems offers nine different kits AH Systems

that fill the bill. Each comes in a single, lightweight case. Just one kit 9710 Cozycroft Ave
can contain all the antennas, probes and cables to perform E-Field Chatsworth, CA 91311
1KHz-18GHz, H-Field 20 Hz-50KHz and conducted 20Hz-100MHz Tel: 818 998-0223
testing. Antenna factor calibrations are provided with each antenna. Telex: 182 640 WKVG

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

specials. C{
FREQ. RESP. DESCRIPTION MODEL # FREQ. RESP DESCRIPTION A H
T . s 20. J0i e P Al -

300 1800 Mtz Log Periodic SAS-200°542 20- 300 MHz Bicomeai Folding
IOM-'IZ% :HI Log :'noci: SAS-2Ua%50 o 60 MHE  Active Monopole
e 200:_THIOMNe Lop Peribme SAS-200560  per MIL-STD-4B1 Loog - Emisain
v oo SOt ol L o SAS-200561 _ per MAL-STD451 Loop - Radlating
540 20- 300 MH2 BCP-200-510 20 Hz- 1 MHE LF Corrant Prabe
'S41 20 200 M2 ) BCP-260/511 100 KHe-100 MH:  HEVYMF Crrit. Probe
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Optimizing ‘On-Glass’
Antenna Performance

By Marvin S. Grossman
The Antenna Specialists Co.

“On-Glass” antenna technology was
documented with the issuance of U.S.
Patent No. 4,238,799 on December 8,
1980. Since then, the advent of cellular
mobile telephone has added enormous
popularity to “on-glass” products; they are
now available for all popular radio bands
from 27 MHz citizen bands to 900 MHz
cellular and trunking frequencies. How-
ever, auto manufacturers and makers of
auto glass have not been idle. They con-
tinually develop new products which
create challenges for antenna installers.
RF interference occurs here due to the
use of metal substances either on the sur-
face or within the glass.

U ntil now, the only definitive glass test
available has been a direct RF loss
measurement, requiring relatively expen-
sive and sophisticated test equipment. An
alternative is a glass tester that allows
capacitance-to-ground measurements to
be correlated with RF loss, so correct on-
glass installations may be predicted and
alternative antenna types used when
necessary.

Most cars are equipped with a rear win-
dow defogger option. This is usually a
number of horizontal wires imbedded in-
to, deposited on, or painted on the inside
surface of the rear window. These wires,
if positioned between the coupler and
base, may absorb some of the signal
going to and from the antenna. In those
cases where the antenna base does not
fit between the defogger wires, this effect
may be minimized by straddling two wires
rather than centering the base over a
single wire. Other methods of defrosting
include a fine wire mesh instead of
parallel horizontal wires or a thin flash of
silver over the inside window surface.
Most aftermarket window tinting kits use
metallized plastic sheeting which may
also cause problems. These few excep-
tions provide a shield, effectively block-
ing the transfer of RF energy. An alter-
native roof or rear deck mount antenna
should be considered in the above cases.

How does the installer determine if hid-
den characteristics of the prospective

RF Design

BACK WINDOW
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Figure 1. Typical mounting locations for ‘on-glass’ antennas.

Standard Cellular
"On-Glass" Coupling

Box \

WAVETEK RF OUT
Model 2001 or [Fr—— =
equal RF source RG-58
f=860MHz

Z:

Test
Fixture

0-20 uA meter

RF detector
WAVETEK
D-151 or equal

Coupling
Probe

Figure 2. Typical test set-up for direct RF loss method.
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mounting surface will allow adequate RF
transmission? Test methods could be of-
fered to give the installer a way to find the
best spot on any piece of glass. This re-
quires some analysis, leading to a deci-
sion of where to mount the antenna.

The most common mounting location
(Figure 1) is the top center of the rear win-
dow (A) for rear-mounted radios, followed
by the top center of the windshield, above
the rear view mirror (B) for front-mounted
radios. Better access for car wash
removal may be gained by mounting it in
the top corner of either window (C). Care
must be taken to ensure that most of the
whip (from the “curly-Q” up) extends
above the roof line and that no defogger
wires or similar devices pass through the
mounting base area.

Testing a Mounting Location

In order to directly measure the RF
transmission capabilities of the glass, it
is necessary to generate the specific RF
and apply it to one side of the glass while
sampling the RF on the opposite side and
displaying a meaningful reading on some
sort of calibrated instrument. This time-
consuming process is illustrated in Figure

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
modaules 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.

2. A standard piece of clear automotive
window glass is used to calibrate the
set-up.

The coupling box and coupling probe
must then be taken off the test fixture and
placed on either side of the window that
is to be tested. This usualily requires two
people since one must be on the inside
and the other on the outside. Keeping the
two coupling units exactly opposite each
other, they will have to be placed in likely
mounting locations until meter readings
approach an acceptable value.

Checking an Existing 800 MHz
On-Glass Installation

The equipment can be retrofitted onto
an actual installation. To accomplish this,
the outer whip and mount must be re-
moved from the vehicle and the feed
cable from the radio must be unscrewed
from the coupling box. A cable can then
be installed between the coupling box and
the 800 MHz signal source. By placing the
probe on the glass opposite the original
coupling box, an actual RF reading may
be taken through the glass. Examination
of various automotive glass indicates that
most common types compare favorably

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.

to standard glass.

If the insertion loss is more than
desired, as in some cases where de-
fogger wires are on the window surface,
the installation may be repositioned for
maximum meter reading to minimize the
effect of the wires.

Glass Tester
(Capacitance-to-Ground) Method

While performing field tests, a simpler
less-expensive set-up was tested at the
same time. In all cases, this alternative
method traced nearly identically with the
test that directly measured RF transfer. A
device for performing the test can be ob-
tained from the Antenna Specialists Co.
as Model KAV-850 (Figure 3). The design
uses the dielectric properties of auto-
motive window glass to capacitively pass
RF energy from an impedance-matching
coupling box to a radiating element on the
outside of the glass. Some windshields
have visible barriers (like rear window
defogger wires) and invisible barriers (like
metal-film privacy tint) that may hinder this
coupling mechanism.

The KAV-850 provides the antenna in-
staller a fast but effective way of determin-

QO reserron

160 School House Road, Souderton, PA 18964-9990 USA ® Phone 215-723-8181 ® TWX 510-661-6094

See us at the RF Technology Expo, Booths #433, 435.
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New Product Helps Maintain

Test Site Integrity

Generator Provides Reference Standard

ow do you know if the integrity
H of your test site is being com-

promised? Leaky gaskets, loose
cable connections, and stray RF signals
are only a few of the things that can
cause test site characteristics to change.
Sometimes the changes are so gradual,
they may go unnoticed for an extended
period of time. Until these flaws are
corrected, the validity of your test
results are in question.

What is the best way to assure
accuracy and repeatability of your test
site? Perform periodic maintenance and
calibration of your test equipment,
then make attenuation measurements
of the site itself. However, for maximum
contidence, you’ll probably need to do
this more often than is practical.

Now EMCO solves this problem
with the introduction of the Model 4610
Royce Field Site Source. Site verification
is now so simple it can be performed
in just a tew minutes at the start of
each day.

The Model 4610 is a portable self
contained emissions generator that
produces a shorn output pulse with har-
monics in the 10 to 600 MHz range—

levels near FCC Class A & B limits. To
verity your site, you would use a signal
analyzing device and an antenna to

Metal Topped Turntables Preferred
by New FCC Standard

Nine Metal Turntable Models Available

he proposed FCC MP 4
T (July 1987) regulation

suggests the use of metal
topped turntables for compliance
testing of floor standing equip-
ment. While not yet required,
metal topped turntables are
nevertheless gain-
ing popularity. And
EMCO s the popular
choice! It's easy to
see why. We ofter
nine models to
choose from, with
diameters ranging
from four to sixteen
feet and load ca-
pacities ot up to
5000 Ibs. (custom
sizes and special
load ratings are
available).

measure some or all of
the emitted signals
produced by the Model 4610.
By comparing the amplitude of
the received frequencies with refer-
ences you established eatrlier, you can
easily spot variations that indicate
areas to investigate.

The Royce Field Site Source from
EMCO—another way to *'Test With
Contfidence!”’

Call or write for a reprint of an
[EEE Symposium paper describing
theory and usage.

New Catalog and
Calendar Available

EMCO's new 80 page catalog is packed
with helpful product info on more than 50
different antennas and accessories for
EMI/RFI compliance testing. Send for your
free catalog today and we’ll also send
you our 1988 calendar—it's a big 20" x 30
that includes helpful formulas and a
product selection guide.

Call or write for yowr copy today.

Our standard features include;
digital readout controller with an
[EEE-488 bus, 10 meters of cable, 370
degree rotation, choice of 100 or 220
VAC on export models, two year parts
and labor warranty. Options include;
grounding system, variable speed
motor, continuous rotation, shielded
room kit, on-site installation.

Call or write for a complete
description of both our metal topped
and standard turntables.

First In Quality. First In Performance.

800-253-3761 or 512-835-4684 between 7:30 AM and 4:30 PM (CST)
Telex 797627 Fax 512-835-4729 P.O. Box 1546, Austin, Texas 78767

08151/89161 Fax 08151/16610 Munchner Str. 2 D-8137 Berg 1 West Germany
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PRECISION
CRYSTAL
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.p.M for life
Trim Range: t6 p.p.M minimum

Fast Warm Up: < 1 minute from cold

Current Drain (Oven) < 50 mA @ 25°C

Oscillator Current: < 30 mA @ 12 VDC

Qutput Level/Shape: Per Customer requirement

HIGH PERFORMANCE
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) 936-2109 / TWX 510-951-7448
FAXIMILE: 813-939-4226
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Figure 3. The Model KAV-8500 in use.

ing if a window has any of these hidden
barriers as well as a means to find the
best mounting position on the glass.

Testing Guidelines

The complete test set up for the
capacitance-to-ground method requires a
capacitance meter and the KAV-850. The
capacitance meter should be set to a sen-
sitive scale and calibrated to a round
number by means of the nulling poten-
tiometer (30 pF was used in field test). To
ensure stability, the meter should be
grounded to the vehicle body.

The capacitance is read with the coup-
ling box of the KAV-850 against the glass
at the desired location of antenna installa-
tion. Another reading is then taken with

the coupling box off the glass. For the
location to be acceptable, the difference
in the two readings should not exceed
2 pF.

The test described helps the installer
position an antenna in the best possible
location conveniently. This method saves
both time and labor related to the installa-
tion of antennas in vehicles equipped with
defoggers and metallic films.

About the Author
Marvin Grossman is field applica-
tions manager at The Antenna Spec-
ialists Co., 30500 Bruce Industrial
Parkway, Cleveland, OH 44139-3996.

Powerful Concept to Completion Task Oriented Design Utilities for the RF or

Microwave Circuit Design

« SmithMatch™
* OptiMatch™
Sceptre™
MStrip+™
Utilities+™

Engineer.

Established 1984

SAN JUAN CAPISTRANO, CA 92693

Interactive on-screen maich network analysis or design.
Single ended or comolex interstage match network optimization.
Frequency domain circuit analysis of active or passive circuils.
Single/coupled microstrip, stripline, suspended substrate lines.
Dozens of great little routines! Fano, coils, Pi-net, L-Match, etc.

* Requires IBM PC,XT,AT,PS/2 or compatible/CGA,EGA,VGA,etc. color graphics

MICROWAVE SOFTWARE

P.0. BOX 764 ®

Call or write
for brochure

(714)831-5687 and price list!

We invite your request, on company or institutional
letterhead. for our FREE demonstration diskette.

v
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SAW Products-Solving Your Signal
Processing Problems

o your systems require RF, VHF and
UHF filters with extreme selectivity,
but space is very limited?

Must your system operate reliably over
the full mil. range of —55°C to + 125°C with
frequency and delay tolerances of a few
hundredths of a percent?

Do your filters need to phase track to a
couple of degrees in production quantities?

Crystal Technology is solving these and
other application specific problems, cost
effectively with a full line of standard and
custom Surface Acoustic Wave products,
including:

B Filters for digital transmission
systems that perform Spectral Shap-
ing for minimizing ISI, and Timing
Recovery filters for clock regeneration.

B Filters for CATV and
Satellite Receivers. We
manufacture VSB filters for
systems M, BG, |, J and D/K
as well as a complete line
of Satellite Receiver filters
at 70 and 610 MHz in all
standard bandwidths.

B Resonators and
Oscillators to solve your
VHF and UHF frequency
generation problems.

M Delay lines with fractional bandwidths
greater than 50%.

M Hybrid and P.C. Board Filter Modules, including
switchable filter banks, phase tracked filter sets a specialty
of ours, channelized filter banks for communications and
E.W. signal processing applications.

B CHIRP Filters and Pulse Compression Sub-Systems
for radar, and Microscan receivers.

We are an experienced manufacturer of both commercial
and mil-spec SAW products with a reputation for technical
excellence and quality production. Our facilities are verti-
cally integrated from crystal growth through components
to modules.

Give us the opportunity to solve your signal processing
problems. Call or write to: Crystal Technology, Inc., A Sie-
mans Company, 1060 East Meadow Circle, Palo Alto, CA
94303, (415) 856-7911, Telex: 470103, FAX: (415)858-0944

W Crystal Technology, Inc.

See us at the RF Technology Expo, Booths #540 & 542.
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Varian...at the leading

Varian Eimac and Varian Microwave Tube Division...

KLYSTRONS

Beginning in the mid 70s Varian provided multi-
megawatts of RF power for lower hybrid. This
was achieved by combining half-megawatt Klys-
trons at S band and quarter-megawatt klystrons
at C band. This contributed significantly to the
major United States effort in PLT and Alcator-C.

The reliability and long life of these tubes has led
to their use by other facilities throughout the
world.

Of significant importance is the advanced tube
technology required to produce these products.
This expertise is available for the design and
production of tubes to meet your special require-
ments, whether they be plasma heating or par-
ticle accelerators.

l’H VKC-7849
- KLYSTRON
'
|

VKS-8269/8270

Operating CcwW Typical Typical
Frequency | Power Gain Etficiency Type
(GHz) (kW) (dB) (%) Number
2.440-2.460 500 57 52 VKS-8269A
46 250 55 43 VKC-7849

For further information on Klystrons
for lower hybrid heating call Varian
Microwave Tube Division at (415) 424-5668.

INFO/CARD 81

GYROTRONS

From a very modest beginning 12 years ago
Varian has become the world leader in Gyrotron
technology. CW tubes up to 200kW are available
in frequencies from 28 GHz to 140GHz. Current
design efforts will soon lead to one Megawatt
devices at 140GHz and even higher frequencies.

Varian’s experience in developing and producing
high power microwave sources has created the
capability to produce tubes for a multitude of
plasma heating applications, ion source devel-
opment and materials processing research.

VGE-8060

60 GHz
PULSED
GYROTRON IN
MAGNET

VGT-8014
140 GHz
GYROTRON

OSCILLATORS

Output Power
Frequency Pulse/CW
(GHz) Type (kW)

8 VGH-8001 500/ —

28 VGA-8000 — 1200
35 VGA-8003 — 1200
53 VGE-8053 200/ —

358 VGE-8005A2 — 1200

56 VGE-8005 — 1200

60 VGE-8006 — 1200

70 VGE-8007 — 200
106 VGB-8106A1 400/ —
140 VGT-8014 200/100
250 VGT-8025 25/ —

For further information on Gyrotron Oscillators
and Amplitiers call Varian Microwave Tube
Division at (415) 424-6984.
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edge of fusion science.

active participants in TFTR, Doublett lIl, JET, JT-60, FTU,
Heliotron, Culham, Wendelstein and other leading fusion

energy experiments.

POWER GRID
TUBES

Varian Eimac’s half century of experience in
developing state-of-the-art power grid tubes has
brought them to the forefront in Multi Megawatt
Amplifier Tetrodes and Switch/Regulator
Tetrodes for ICRH and Accelerator Amplifiers;
NBI, ECRH, and LHH Switch/Regulators.

X2242
2.5 MEGAWATT
AMPLIFIER TETRODE

4CPW 100K
100 KV
SWITCH/REGULATOR

TYPICAL AMPLIFIER TUBES

Maximum Maximum
CW Output Frequency
Type (MW) {MH2)
8973 1.5 200
8974 3.0 50
X2242 245 150

TYPICAL SWITCH/REGULATOR TUBES

Maximum Anode
Type Voltage Current Dissipation
4CPW 100K 110 KV 100A 100 kW
4CPW 300K 100 KV 150A 300 kW
4CPW 1000KA 150 KV 150A 1000 kW
4CPW 1000K 175 KV 100A 1000 kW

For further information on Power Grid Tubes
call Varian Eimac at (415) 594-4006.
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KLYSTRODES

Varian Eimac, long a leader in high power broad-
cast tube technology, has recently developed a
series of high-power high-efficiency amplifiers
forUHF-TV service based on the first new config-
uration of high-power electron tubes in over a
decade.

This technology has led to the development of
High Power UHF Amplifier Klystrodes for Accel-
erator and Fusion Service.

B RF Drive Pulsed
B High Efficiency
B Compact

e

X2254
KLYSTRODE
UHF AMPLIFIER

X2259
500W
KLYSTRODE CUTAWAY

KLYSTRODE POWER OUTPUT
Type CW (kW) Peak (kW) Frequency
X2254 15 30 470-820 MHz
X2252 30 80 600-820 MHz
X2253 30 80 470-600 MHz
X2259 50 500 425 MHz
Dev. 500 500 425 MHz

For further information on Klystrodes
call Varian Eimac at (415) 594-4000.

woorow \QAIAN®

VARIAN ELECTRON DEVICE GROUP / 611 Hansen Way / Palo Alto, CA 94304 / 415-493-4000




Milcom )
nternational Inc.

RF POWER AMPLIFIERS
MILITARY & AIRCRAFT COMMUNICATIONS

® 30-80 MHz VHF Tactical FM B 116-152 MHz VHF Aircraft AM
W 225-400 MHz UHF Satcom FM m225-400 MHz UHF Aircraft AM

v RF Power Output levels from 25 to 200 Watts

¢/ RF Input Power from .25 to 20 Watts

v Manpack, Mobile and Fixed Installation Configurations

v/ Automatic amplifier bypass circuitry for transceiver
operation

v/ Broad band circuitry, no tuning or adjustment required

v/ Amplifiers compatible with any Transmitter or
Transceiver operating in the listed frequency ranges

v 12 and 28 Volt models available

These amplifiers are completely solid state RF power amplifier bypass circuitry allows the amplifier to be
boosters designed for operation in the above listed connected directly to a transceiver without the need
VHF and UHF frequency ranges. They are intended for an external antenna switching relay. Because of
for use with transceivers and transmitters such as the modular construction and simple test procedures the
PRC 77, ARC 164, ARC 195, GRT 21/22, etc. These field maintenance requirements of these amplifiers
amplifiers will greatly extend normai communications are minimal, should they be required at all. For infor-
range and will work equally well with older radios mation on our standard product line or if you have
whose power output has degraded. The automatic a custom requirement please call or write us.
Mijl
lcom :
nternational Inc.

10891 CAPITAL AVENUE, GARDEN GROVE, CALIFORNIA 92643 - 714-554-1710
INFO/GARD 82



»F products

GaAs MMIC Switches From Tachonics

These GaAs MMIC switches provide an
isolation of 50 dB at 1 GHz and 40 dB at
8 GHz and an insertion loss of 1 to 2 dB
over the same range. Model TCSW-0500,
a SPST switch, and Model TCSW-0600,
a SPDT switch uses FETs as switching
elements and feature low switching cur-
rent, fast switching speed (subnano-
second) and low video breakthrough to-
gether with a high rate of spectral roll-off
on switching noise.

The switches incorporate distributed
FETs in shunt with high impedance
transmission lines giving high isolation
and low insertion loss at high frequencies.
High isolation at low frequencies is aid-
ed by series FETs. Selectable internal
loads on the switches allow them to be
operated in either a reflective or matched
mode. All ports remain matched to 50
ohms in both the ON and OFF states.

Both switches have a 1 dB insertion
loss compression point of 32 dBm at 8
GHz and 27 dBm at 45 MHz and are rated
for use from —65°C to +150°C. The
switches are available as die or in
hermetic ceramic packages (TC02) meas-
uring 0.21"'x 0.26"'x 0.045". Two chips may

123456789
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123456789|123406783|1234c6783)123

2 3 4

be cascaded within other ceramic or
metal packages to achieve even higher
isolation. For example, two TCSW-0500
dies in a TCO2 ceramic package give
typically 70 dB isolation at 2 GHz and, one
packaged SPDT and two packaged SPST

switches combined in a metal connec-
torized module have isolations of greater
than 80 dB up to 6 GHz with a correspon-
ding loss of less than 3 dB. Tachonics
Corporation, Plainsboro, NJ. Please cir-
cle INFO/CARD #220.

MSC Introduces a Transimpedance Amplifier

The Model TIA 1501B GaAs trans-
impedance amplifier is a monolithic in-
tegrated circuit designed for use in direct
detection, heterodyne and homodyne co-
herent lightwave receiver circuits. Accep-
ting either a PIN or APD optical detector
input, the amplifier has a flat frequency
response with a typical bandwidth of 1.2
GHz (optical). A shunt gain control FET
across the TIA input may be operated as
a normal AGC or as a high frequency at-
tenuator switch.

Temperature compensation over the
operating temperature range of —55°C to
+125°C can be accomplished with a mir-
ror FET located adjacent to the feedback
FET. The feedback FET is user adjustable
— a feature that allows the user to op-
timize the transimpedance gain-band-
width to specific applications. The TIA
1501B comes in a surface mount flat pack
with 10 leads and costs $80 each in quan-
tities of 100.

Also available from MSC is a test fix-
ture designed to evaluate the TIA 1501B
transimpedance amplifier in a fiber optic
system. The SPT 111 simplifies rapid
system prototyping by using a customized

RF Design

fiber compiled PIN or APD optical detec-
tor diode. The fixture includes a high fre-
quency circuit board, RF-SMA connector,
heat sink, device clamp assembly, and

associated chip capacitor and resistor. It
is priced at $500. Microwave Semicon-
ductor Corp., Somerset, NJ. Please cir-
cle INFO/CARD #219.
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¥ ’ pr Oducts Continued

Multifunction Frequency Counters

Two multifunction frequency counters
are being introduced by Mercer Elec-
tronics. The Model 9810 and Model 9800
provide period measurements, period
averages and totalize functions. Both
feature 8-digit displays with annunciators.
The 9800, with a 10 Hz to 100 MHz range,
is suited for general purpose applications
and is priced at $255. The 9810 provides

SOFTWARE for PCs

@ Fast interactive optimization and
tuning of your circuits.

® Easy tolearn and use.
@ Reasonably priced.

@ Runs on any IBM or com-
patible with 384K, DOS
2.0 or later and a parallel
printer port. Coprocessor
recommended.

=—FILTER

Circuit Busters has released version 1.2 of = FILTER =, which
synthesizes an extensive variety of LC filters. Features include:
® 16 different lowpass, highpass, bandpass and bandstop filters, including elliptic fil-
ters and the minimum inductance zig-zag filter.

@ Butterworth, Chebyshev, Cauer-Chebyshev, Bessel, Gaussian transitional, minimum
phase error and other transfer functions.

® Determines required order for Butterworth, Chebyshev and Cauer-Chebyshev filters.

® Automatically writes = SuperStar = circuit files. = SuperStar= may be used to com-
pute and display the response, test tolerance effects, optimize or tune the filter.

® Automatically sets defaults to last entered values for quick and easy operation.

® Manual includes examples of techniques for creating special filters, new and unique
lowpass prototypes and arithmetically symmetric filters.

® =FILTER= is only $595, and only $295 for = SuperStar= owners.

Other Circuit Busters programs:
o =SuperStar =: General purpose circuit simulation & optimization.
o =TLINE =: Analyze and synthesize 7 different transmission lines.

For free brochures with specifications, call or write:
CIRCUIT BUSTERS

)
VISA
= —

1750 Mountain Glen Stone Mountain, GA 30087 (404) 923 9999
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a range of 10 Hz to 1 GHz and is suited
for UHF radio communication systems. It
costs $475. Mercer Electronics, Elgin,
IL. INFO/CARD #218.

1-32 MHz Amplifier

The Model AR 1003250 high dynamic
range low noise amplifier has a 3rd order
intercept point of +51 dBm and noise
figure of 5.0 dB (max). With two tones at

+10 dBm, 3rd order products are more
than 82 dB down and gain across the 1
to 32 MHz band is 18 dB +0.2 dB. Applica-
tions include receiver front ends, signal
distribution and instrumentation products.
Advanced Milliwave Laboratories, Inc.,
Westlake Village, CA. INFO/CARD #217.

Low Cost DDS

This 1 Hz resolution digital frequency
synthesizer has an output of 12V in-
to 75 ohms from 1 Hz to 6.5 MHz. A stan-
dard 12 key program is offered with the

microprocessor controller. The unit ac-
cepts as many as 32 keys and there is
unused memory space for programming
special features. The unit measures 8"'x
6"x 325" and is priced at $429.95.
A & A Engineering, Anaheim, CA.
INFO/CARD #216.

TNC Connectors

A line of crimp-on and twist-on style
field-installable connectors are available
from Cambridge Products. Typical elec-
trical characteristics include nominal im-
pedance of 50 ohms, contact resistance
of 0.2 milliohms for the output conductor
and 1.5 milliohms for the center conduc-
tor. Dielectric resistance is 1500 V (rms),
and the insulation resistance is 5000
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CAE/CAD: 100% modeling at proposal stage
CAM: Electrical and mechanical component fabrication

ATE: 100% final data. Computer controlled network
analyzers: HP8510, HP8753, HP3577

Military and commercial applications
Miniaturization: standard and custom packaging
Over 2900 designs under 3000 MHz

Transfer function synthesis: standard and custom
Lowpass, highpass, bandpass, allpass, multiplexers
Fixed tuned, varactor tuned, mechanically tuned

Matching and tracking: amplitude, phase and
group delay

Time domain filters: ringing and overshoot optimization

Constant impedance: good VSWR in and out of band

Integrated Microwave also designs and manufactures filfers
and multiplexers (DC-26.5 GHz), switched filter banks, low
noise filter amplifier modules and other integrated
subsystems.

Please contact us with your specific requirements.

INTEGRATED MICROWAVE

‘Quality by Design’
3422 Tripp Court » San Diego, CA 92121
TEL: (619) 259-2600 « FAX: (619) 755-8679

See us at RF Expo West — Booth 368
INFO/CARD 84



IMPROVE GPS RECEIVER
PERFORMANCE

&2 SC Cut Crystal
v Aging Rate: 1 X 10" /day
&0 Low Phase Noise: > -165
dBc/Hz at 100KHz offset .
& SPC Manufacturing and Hi-Rel capability”
to MIL-Q-9858A & MIL-I-45208A
] Allen Variance: > 5 X 10" for 1 second average

PIEZQ’S LITTLE WONDERS

Merging the latest techniques in SC cut crystal design, compact size, rugged
construction and superb performance, Piezo's Little Wonders set the standards
in GPS, instrumentation, communications, navigation and airborne systems
performance.

Standard output frequencies are 10.00 and 10.23 MHz with special frequencies
available. The Models 2810007 and 2850038 demonstrate frequency stability
of 4.5 X 10° over -55°c to +71°c; fast warm-up to within 5 parts in 10° of final
frequency in 10 minutes; and low power consumption of 1.5 watts after warm-
up. The Aging and Phase Noise curves below illustrate the advantages of the

Little Wonders: A P R i

Model 2810007 Phase Noise Curve ¥
Carrier Freq=1.0000000E+07 Hz o
10] ] I' %,
-30| [ 20,
Gl ! } 'g & DAYS

p [ ¥ EE8EE8SEERE R
10y I ! Ely
== *“
| 2 -0/
= TN Attt - " —40]
L) [dBe/Hz) vs 1[Hz) 50

See for yourself the wonders Piezo can work for your systems and programs.
Call our Application Engineers today for more information. Or write to re-
quest a copy of our capabilities catalog.

PIEZO

CRYSTALICOMPANV

We help make whatever you’re making better.
100 K Street  P. O. Box 619 ¢ Carlisle, PA 17013 » 717/249-2151

112 INFO/CARD 85
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megaohms (min). The maximum VSWR
is 1.3 (max) at 4 GHz. Production quan-
tities of the twist on TNC plugs are priced
at $1.54 each and the crimp-ons are $1.29.
Cambridge Products Corp., Bloomfield,
CT. INFO/CARD #215.

RF Signal Generator

The signal generator SMH from Rohde
& Schwarz generates digitally modulated
signals required for testing radiotelephone
networks for digital data and speech
transmission. Its nominal frequency range
of 100 kHz to 2000 MHz can be under-
ranged down to 20 kHz and overranged
up to 2080 MHz with a higher level of

tolerance. The synthesizer provides a fre-
quency resolution of 1 Hz with a settling
time of less than 15 ms. It delivers signals
with controlled output levels from —137 to
+13 dBm (overrange up to +16 dBm). The
remote control interface IEC 625-1 (IEEE
488) permits listener, talker and service
request functions. A 50 W overload pro-
tection circuit safeguards the SMH
against externally applied RF signals and
DC voltages. Rohde & Schwarz, Munich,
West Germany. INFO/CARD #214.

30 MHz Calibrator

Boonton’s 2520 RF calibrator provides
a means of standardizing power meters,
attenuators, amplifiers, detectors, and
RF/microwave components. With a 30
MHz output traceable to NBS, the 2520
provides programmable levels from —70
dBm to +20 dBm with 0.1 dB resoiution.
Accuracy at 0 dBm is 0.055 dB. Output im-
pedance is 50 ohms with VSWR less than
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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 |EEE-488 Interface busses
as well as 16 bit parallel.

Non-blocking Matrix configu-
ration may be easily assembled

MATRIX

SYSTEMS CORPORATION

INFO/CARD 86

5177 NORTH DOUGLAS FIR ROAD
CALABASAS, CALIFORNIA 91302

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
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1.05. A 75 ohm adapter is provided and
output level is automatically corrected for
mismatch loss. The 2520 is priced at
$2250. Boonton Electronics Corp., Ran-
dolph, NJ. INFO/CARD #213.

Wideband Op Amp

The AD9611 operational amplifier from
Analog Devices has a small signal band-
width of 280 MHz and full power band-
width of 210 MHz. Settling time is 13 ns
to 0.1 percent while the rise and fall times
are 1.3 ns and 1.5 ns respectively. Current
teedback is used instead of voltage feed-
back to provide dynamic performance
that is relatively independent of gain set-
tings. Analog Devices, Inc., Norwood,
MA. INFO/CARD #212.

Flat Chip Resistors

Surface mountable precision resistor
chips with resistance values from 50
ohms to 50 k ohms, and resistance toler-
ances to 0.1 percent are available from
IRC. Temperature coefficients of resis-

tance are available to +25 ppm/°C and
power rating at 70°C is 125 W. Standard
packaging is 8 mm tape and reel. In 1000
piece quantities, the resistors are $0.69
each. IRC, Inc., Boone, NC. Please cir-
cle INFO/CARD #211.

Wideband Video Multiplexer

The 8-channel DG538 video multiplexer
from Siliconix has a 300 MHz bandwidth,
cross talk of —97 dB at 5 MHz and pro-
vides TTL compatibility and address latch
data readback to ease digital interface. It
allows + 5 V signal swings and is available
in 28-pin plastic dual-in-line and J-lead

RF Design

surface-mount packages. In 100-piece
quantities, the unit price ranges from
$1152 to $13.01. Siliconix, Inc., Santa
Clara, CA. INFO/CARD #210.

Microwave Test Fixtures

Design Technique introduces the CPW
(coplanar waveguide) microwave test fix-
ture for test and evaluation of GaAs FETs
and MMICs. The fixture features a sliding

carrier loader that provides rapid insertion
and removal of the test circuit. Included
with the test fixture is a DC bias biock
which allows from 4 to 8 DC contacts to
be made to isolated pads on the coplanar
test circuit. As an option, up to 4 of the
DC inputs can be specified to include in-
tegrated RF filters. A de-embedding pack-
age is also available for calibrating out the
RF characteristics of the fixture. The price

SAWTEK OSCILLATORS. . .

The Proven Performers

.. .Reliable high-performance frequency sources for military and

commercial applications that. . .

W provide superior frequency stability over a wide range of

environmental conditions.

W cover frequency ranges from 100 MHz to 2.5 GHz.

B offer excellent phase noise and short-term stability performance,
free of interfering spurious responses.

B are available in numerous modulation formats.

W utilize either discrete or hybrid construction techniques.

Get the optimum performance from your system. Go with the
proven performers. . . Sawtek Oscillators.

Call us today at 305/886-8860 for an evaluation of your oscillator
application. Or write Sawtek Inc., P.O. Box 18000, Orlando, Florida
32860. FAX 305-886-7061. TWX 810-862-0835.

L SAVWTEK

4 INCORPORATED

INFO/CARD 88
Visit us at the RF Technology Expo in Anaheim, February 10-12, Booth #508.
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of the fixture starts at $2,640. Design
Technique International, Inc., Chats-
worth, CA. INFO/CARD #209.

Triaxial Connectors

The triaxial chassis jack from AVA pro-
vides an interconnection method for tri-
axial cables. It is suitable for use in low
level, high sensitivity applications where
a high transmission rate is desired.

Mating is accomplished by means of a
mechanically stable, 3-stud bayonet coup-
ling. It features a nickel plated machined
brass body, machined contact and teflon
insulators. Both gold and silver platings
are available. AVA Electronics Corp.,
Drexel Hill, PA. INFO/CARD #208.

RF Data Network
The Monicor System 200 complements

THICK FILM RF HYBRID CIRCUITS
& SUBASSEMBLIES

Available in frequencies of 5SMHz to 2 GHz,
single and multi-stage T0-8, TO-12 and 4 pin
DIP packages; standard and custom cas-
caded assemblies with varying gain, NF and
power output options and a variety of
connectors.

CUSTOM RF AMPLIFIER ASSEMBLIES ... to
meet your specific need, backed by the
engineering skill, manufacturing facilities and
quality assurance experience to meet your ex-
act specifications and requirements.

QUALITY ASSURANCE ... All Vector RF
Amplifiers are designed and manufactured
under a quality system which complies with
MIL-Q-9858A.

Aydin Vector ... providing you advanc-
ed technology and resources for standard
and custom hybrid amplifiers, switches,
attenuators and RF subassemblies.

To obtain a free detailed brochure call or
write:

AYDIN JX VECTOR

existing data collection hardware by
creating a wireless, portable, local area
network. The system allows mixing and
matching of various collection devices. It
consists of the 1C-210A master control unit
and the IC-15 portable digital radio. The
210A provides network control and com-
munication between a host computer and
up to 250 different peripheral devices
linked via the IC-15. An RS-232 link is re-
quired between the 210A and a host com-
puter. The baud rate is user selectable up
to 9600 baud and the RF data transmis-
sion rate is 2400 bits per second oper-
ating in the 450 MHz to 470 MHz band.
The IC-15 is $1895 and the IC-210A is
$2495. Monicor Electronic Corp., Fort
Lauderdale, FL. INFO/CARD #207.

6 GHz Bandpass Filter

Model 5451 is a wideband interdigital
bandpass filter with a 22 percent pass-
band centered at 6 GHz. The 1 dB pass-
band is from 5.27 to 6.78 GHz with 60 dB
selectivity at 487 and 720 GHz. It
measures 0.5”x 0.87”x 338" and has
SMA connectors. The price of the filter is
$375. Microwave Filter Company, East
Syracuse, NY. INFO/CARD #206.

Aydin Vector Division -
Tel 215-968-4271,

POB 328, Newtown, PA 18940-0328
TWX 510-667-2320, FAX 215-968-3214

116 INFO/CARD 89

IMS b o
RESISTORS

STOCK 24
HOUR DELIVERY OTHERS 2 WKS.

®* STANDARD 10 Ohm to 25 Meg
¢ LOW OHM 1t to 10 Ohm

® HI MEG Up to 1000 GigOhm

* POWER Upto 10 W

® 18 Standard Sizes

Smallest .025"x.030"

Hi Quality - Low Cost
Microwave Applications

Custom Sizes,
Values & Tolerances Avallable

Sample and Application Assistance

(401)-683-9700

International Manufacturing Services, Inc.
50 Schoolhouse Lane, Portsmouth, Rl 02871

(FAX: 401-683-5571)

INFO/CARD 110
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De-embedding Software

Design Technique announces the
availability of the Elite 1.2 software de-
embedding package designed for use
with their family of microwave test fixtures.
It works with the HP 8510 network
analyzer to characterize GaAs FETs and
MMICs. When used with Design Tech-
nique's test fixtures, the calibrated VSWR
is typically 1.01:1 over the 45 MHz to 26.5
GHz range. The calibration kit consists of
a cassette tape and a set of calibration
standards. It is available for use with both
the Design Technique CPW (coplanar
waveguide) test fixture and microstrip test
fixture. Design Technique International,
Inc., Chatsworth, CA. INFO/CARD #196.

Public Domain Library Expands
The E.E. Public Domain Library has
released disks 11 through 17. Also,disks
1, 3 and 9 have been updated. For more
information on the new additions to this
service, please circle the reader service
number. E.E. Public Domain Library,
Plainview, N.Y. INFO/CARD #197.

Distributed Low Pass Filter Programs

MSA introduces three filter programs.
CXLPF designs distributed circuit lowpass
filters in coaxial lines. The physical circuit
is realized with round inner and outer con-
ductors separated by a dielectric. SLLPF
is for designing distributed circuit lowpass
filters in stripline. The user specifies the
low and high impedance levels. Length
correction is applied for discontinuity
compensation and proximity effects.
MSLPF is a program that designs
microstrip low pass filters. Microwave
Software Applications, Inc., Norcross,
GA. INFO/CARD #198.

RF Notes No. 4

RF Notes No. 4 (network analysis)
assists in designing and analyzing R, L,
C and transmission line networks up to 30
sections. Up to 14 sections of R, L and C
elements may be entered in schematic
diagram form or entered directly while out-
put data is in tabular and graphical form.
Graphics plot parameters are user select-
able and the program is menu driven. It
is priced at $179 plus shipping and handI-
ing. It runs on PC/MS DOS 2.1. Etron RF
Enterprises, Diamond Bar, CA. Please
circle INFO/CARD #199.

GPIB Test Program Generator
Wavetek San Diego has introduced a
software application program called
Wavelest™, It is an icon based program-
ming environment that generates
automatic test programs. Users can
develop and edit test programs using

RF Design

flowcharts or modules as opposed to
writing programs from scratch. Also in-
cluded is an instrument library generator
and an instrument database library with
over 50 GPIB instruments from various
manufacturers. With WaveTest's test pro-
gram generator (TPG), the user links a
series of instrument setups, program
modules, operator prompt windows and
formatting windows to create a test pro-
gram. The TPG executes this as program

code, handling internal timers, triggering
and interrupts. Debugging features such
as breakpoints, single step, trace
variables and monitor GPIB transactions
are included. Since instrument setups can
be constants, variables or expressions,
the user can dynamically control the in-
struments during program execution. This
program runs on the IBM PC/AT and costs
$3,990. Wavetek San Diego, Inc., San
Diego, CA. INFO/CARD #200.

Small Signal Bipolars:
For high performance

at low cost, no one
has a wider selection.

><><><%><
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-~ NEC

All our bipolars, including our super-
inexpensive tape and reel devices, are
fabricated using the same technology
as our Space Grade devices.

So if you need gain as
high as 25 dB, noise figure
lower than 1 dB, and fre-
quencies all the way to
10 GHz, give us a call.

We'll work with you engi-
neer-to-engineer to insure
you get top performance—
at a great price. And in most
cases we can ship in 48 hours.

NEC technology and quality—and
CEL service. It's a powerful combina-
tion. Put it to work for you.

FREE DATA FOR .
DESIGNERS ¥

For a full line Small
Signal Bipolars
specifications brochure,

call, write or circle the
number below.

INFO/CARD 80
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California Eastern Laboratories
3260 Jay Street, Santa Clara, CA 95054 (408) 988-3500
Western (408) 988-3500 Eastern (301) 667-1310

Canada (613) 726-0626

Europe NEC Electronics GmbH 0211/650301

© 1987 California Fastern Laboratories

See us at the RF Technolog;' Expo, Booths #3571 & 353.



Things to Get Joday:
7 NEED ASAP

(i ADAPTERS Sopmsncls  DC-26.5 GHz
[f AMPLIFIERS DC-18 GHz
[/¥ ATTENUATORS {X7°*  DC-26.5 GHz

[E’ CABLE & ASSEMBLIES DC-26.5 GHz
[# CONNECTORS SOM™ERCAL& DC._40 GHz
B’ DIRECTIONAL COUPLERS TO 2 GHz
[B' FILTERS DC-3 GHz

(. FREQUENCY DOUBLERS TO 18 GHz

(F ISOLATORS TO 18 GHz
[j' LIMITERS TO 18 GHz
(& MIXERS TO 18 GHz
(¥ OSCILLATORS VTO 18 GHz
[ DETECTORS TO 6 GHz
IZd Poweﬁ SPLITTERS TO 4 GHz
[s## POWER COMBINERS TO ‘4 GHz
IZg sue-iszEMBLIEs : TO 18 GHz
g swnCHEs TO 18 GHz

[ TERMINATIONS tower"" TO 26.5 GHz
(¥ TRANSFORMERS TO 800 MHz
[ SEMICONDUCTORS TO 18 GHz

[ MMIC COMPONENTS

PARTS IN STOCK

FEN/S TOLK..

105 Fremont Ave., Los Altos, CA 94022

(415) 948-6552 e
(206) 462-2118 s
(312) 934-3700
(604) 662-3475 cunscus:

[J Please have Sales
Engineer call.

Midwest

[J Please send
a Line Card.

NAME T

TTE ) PO A

COMPANY A
ADDRESS
A B

STATE ] ZIPCODE
COUNTRY

TELEPHONE

TO Gf}%
OVER 100,000
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RF/Microwave Filter Book
The Filter Book from Microwave Filter

| Company describes fundamental behav-

ior of RF/Microwave filters from 1 MHz to
26 GHz and illustrates the form they can
be expected to take. Filter types described
are lowpass, highpass, bandpass, band-
stop, bandsplitters, wide bandpass diplex-
ers and triplexers, narrow bandpass

| diplexers and quadrature diplexers. Each

category is broken down into three sec-
tions that describe the respective filters
from 0 to 500 MHz, 500 to 1000 MHz, and

| 1000 MHz and up. Included is a two page

glossary of filter terms and a section that
illustrates the company’s design, engin-
eering, production and support facilities.
Microwave Filter Company, East Syra-
cuse, NY. INFO/CARD #192.

Analog Product Catalog
This catalog from Honeywell is broken

down into 11 sections. The first section

contains a selection guide, cross refer-
ence, identification codes, and ordering
information. This is followed by sections
on analog to digital converters, digital to
analog converters, comparators, instru-
mentation amplifiers, special functions,

evaluation boards, application informa-
tion, quality assurance, package outlines
and sales offices and representatives.
Honeywell, Inc., Signal Processing
Technologies, Colorado Springs, CO.
INFO/CARD #191.

Digital Storage
Oscilloscopes Brochure

Iwatsu Instruments has released a
brochure that describes the DS-6612/6411
digital storage oscilloscopes. Keys on the
control panel such as the storage, reai
time, index, set, cursor and set reference
are outlined. Features like separate A/Ds
per channel and full cursor measurement
in both analog and digital are described.
Drawings illustrate the features of the
scopes including equivalent sampling of
60 MHz (DS-6612), absolute value meas-
urement with ground as standard, 500
sec/div roll mode, GO/NO GO judgment
function, waveform output function, aver-
aging and peak channel hold functions,
simultaneous 4-cursor display for conve-
nience in measurement, pre-triggering
function and save memory function.
Iwatsu Instruments, Caristadt, NJ.
INFO/CARD #190.

Ariraxx

¢ Compag Compatible

* Imel 80386 Micro
Processor

* 16 MegaHz CPU Ciock
Speed (16, 8 4, 11)

e ] MB Ram Standard

* Maximum 2 MB On
Board

* Maxi-Switch Keyboard

* (1) 1.2 MB Floppy Dnve

80386 SYSTEM

* (1) 360K Floppy Drive

¢ 40MB Hard Disk Dnve

* VGA, EGA, CGA, MDA,
HGA Graphics Mult-
Synch Card

* Maximum Addressable
Physical Memory 4
gigabytes

* Maximum Virtual
Memory 64 terabytes

e MS DOS 32

* GW Basic & Operational
Manual

1 Year Parts &
Labor Warranty

Monitor Not
Incluged . . . $3,595

Purchase, Lease, or Rent. Make Checks Payable To:

Arifaxx

17819 Lysander Drive
Carson, CA 90746

213-532-3400

Wil Ship COD. with 20% d200sit and company purchase order
Leasing Avaiable 10 New Businesses

February 1988
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Superconductivity Guide

Superconductivity: A Practical Guide
for Decision Makers is a report designed
to assist readers in understanding the
significance of high temperature super-
conductivity (HTS) developments to their
organizations and in translating that
understanding into effective monitoring,
research, and product development
plans. Topics discussed include the prac-
tical significance of high temperature
superconductivity, evaluating advances in
HTS, understanding the HTS jargon, the
current era of bulk and flexible HTS, and
surface coating HTS. The report costs
$595 and more information can be ob-
tained by circling the reader service
number. Technology Futures, Inc., Aus-
tin, TX. INFO/CARD #189.

EMI/RFI Technical Guide

Equipto Electronics has updated their
EMI/RFI technical guide to include new
standards information, recent test results,
and information on additions to their line.
Included is their double gasketing feature,
leak proof handle and hinges, and stan-
dard accessories. Equipto Electronics
Corp., Aurora, IL. INFO/CARD #193.

Product Selection Guide

This guide is designed to assist users
in the selection of new and used instru-
mentation for rental, purchase or lease.
Featured instruments include analyzers
(logic, network, spectrum), environmen-
tal chambers, generators (signal, function,
pulse, sweep), microwave equipment,
oscilloscopes, and television/video in-
strumentation. Each product category in-
cludes summary specifications. RAG
Electronics, Inc., Canoga Park, CA.
INFO/CARD #187.

Note Describes
Metal-Clad Laminates

This application note describes thick-
metal cladding on RT/duriod® microwave
laminates, provides processing tips and
reviews possible applications. The thick
metal cladding on RT/duriod® microwave
thick and serves as a ground plane for
stripline and microstrip circuit boards.
Common thick metal options include
aluminum, brass and copper. This note
reviews advantages of this construction
including heat sinking, connector and
component mounting, minimization of
thermal stress cracking of conductors and
dimensional stability. Rogers Corp.,
Chandler, AZ. INFO/CARD #194.

Data Communications Brochure
Data Communications in Automatic

RF Design

Identification Systems examines a model
for data communications, various com-
munication schemes between systems,
methods of reducing transmission in-
terference, the installation of equipment,
a model for local area data communica-
tion networks, and the trends which data
communication systems are beginning to
take. The brochure costs $5. AIM, Pitts-
burgh, PA. INFO/CARD #195.

1988 Products Catalog

This catalog from Wiltron describes
over 300 microwave measurements com-
ponents, instruments, and systems in the
DC to 60 GHz range. Featured products
include vector network analyzers, scalar
network analyzers, swept frequency syn-
thesizers, sweep generators, and RF
analyzers. It also gives specifications for
precision measurement components, the

10 GHz Small Signal Bipolars:

You cantt get higher performance.
Period.

NOISE vs. FREQUENCY / GAIN vs. FREQUENCY
25

Gains as high as 25 dB. Noise figures
lower than 1 dB. MTBF greater than

10° hours. And frequencies all the way to
10 GHz. NEC's small signal

bipolars deliver the high
performance your specifi-
cations demand.

And no one can match
our selection. Whether you
need chips or packaged
units, in Standard through
Space Grade, NEC has a

3
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|
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"1
& 08
o
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FREQUENCY. f(GHz)

. NEC

20 304050

bipolar for virtually every
| application.

Call today. We'll work with you engi-
neer-to-engineer to insure you get the
parts you need, at a price that’s right.
And in most cases, well ship within
48 hours.

NEC technology and quality—and
CEL service. It's a powerful combina-
tion. Put it to work for you. -
FREE DATA Y,
FOR DESIGNERS
For a full line Small
Signal Bipolar
specifications brochure, pa—
call, write or circle the
number below. =
INFO/CARD 93

California Eastern Laboratories

3260 Jay Street, Santa Clara, CA 95054 ¢408) 988-3500
Western (408) 988-3500 Eastern (301) 667-1310
Canada (613) 726-0626

Europe NEC Electronics GmbH 02117650301

© 1987 California Easiern Laboratories

See us at the RF Technology Expo, Booths #351 & 353.
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MITEQ

RABPPASCL WY L1787

If low noise figure and wide bandwidth is the name of your game,
if fast delivery will enhance your competitive standing,
then go no further—MITEQ is your source.

Gain Noise Dynamic Range
Gain Var. Figure VSWR 1dB Gain Nom. DC
Model Freﬂuency (Min.) (Max.) (Max.) (Max.) Comp. Output Power
Number (MH2) (dB) (xdB) (dB) Input Output (Min.,dBm) (+ 15V, mA)

AU-1054 1-500 29
AU-1001 50-90 13
AU-1189 1-100 30
AM-1052 1-1000 25
AU-3A-0110 1-100 45
AM-3A-000515 5-1500 28
AU-3A-0150 1-5600 45
AMMIC-1047 50-2000 35
AMMIC-1022-100 50-2000 17
AMMIC-1022-101 50-2000 17
AM-3A-000110 1-1000 35
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This is only a fractional listing of available models. For more detailed information ask for our Amplifier
Handbook, or give a call to Bill Pope—he is ready to serve you!

y
I I LT 100 Davids Drive, Hauppauge, N.Y. 11788-2086
o Tel. (516) 436-7400
TWX 510-226-3781
FAX 516-864-1586




rF literature c..inue

K connector coaxial product line operating
up to 46 GHz, and a line of 40 GHz fixed
attenuators. Photographs and dimen-
sional data complete the descriptions.
Wiltron Company, Morgan Hill, CA.
INFO/CARD #228.

Catalog and 1988 Calendar

Information on EMCO’s line of an-
tennas and accessories for EMI/RFI
testing is provided in this catalog. In
addition to product information, con-
tained is FCC and VDE requirements,
tables for the selection of equipment, and
a list of formulas. A 20"x 30" 1988
calendar with information for test en-
gineers is also being offered. The
Electro-Mechanics Company, Austin,
TX. INFO/CARD #229.

Directory of
Superconductivity Research

This directory lists individuals from
government agencies, academic institu-
tions and businesses committed to re-
searching, developing, marketing and
funding the expanding scope of super-
conductors. Over 1000 individuals from 24
countries, each listed with their institu-
tions, addresses, phone numbers and
areas of research indexed by institution,
location and area of research are in-
cluded. More information can be obtained
by circling the reader service number.
Pasha Publications Inc., Arlington, VA.
INFO/CARD #230.

Signature Antenna Systems
New Model HF Antenna Arrays

Are you in the market for a new - more effi-
cient or storm-damaged omnidirectional high
frequency antenna?

Dollar for dollar, watt for watt, square foot of
space for square foot of space, our collapsible,
helical antennas will outperform any antenna in
the business.

¢ New microprocessor remote controller controls
up to 76 pre-set frequencies in seconds.

e New concept, log periodic ground system
provides excellent SWR match to the coax.

e USAF tested and approved for high speed
digital data over the entire HF band.

* New models, for shipboard use, start at
$4900.00, complete with the microprocessor
controller.

Contact: Al Henderson
Signature Antennas
921 Martinez Street
San Diego, CA 92106
619-225-8454

INFO/CARD 59

¢ MMICs AND GaAs FETs

e SMALL SIGNAL BIPOLARS

MICROWAVE AND RF POWER CERAMIC PACKAGING

HIGHEST QUALITY CO-FIRED ALUMINA AND BERYLLIA
PACKAGES REQUIRING RELIABILITY AND HERMETICITY

* RF POWER TRANSISTORS

®

CABOT ELECTRONIC CERAMICS,

RIEC PRODUCTS 25 LARK INDUSTRIAL PARKWAY GREENVILLE, RHODE ISLAND 02828

INFO/CARD 52

RF Design See us at the RF Technology Expo, Booth #467.

TEL: 401-949-2000
FAX: 401-949-4285




You dont g

With the NEW Wiltron RF Test System.

The new 1 to 2000 MHz Wiltron 6400 RF Analyzer. In a single, compact
instrument, Wiltron brings you an affordable crystal-derived swept signal source,
a scalar network analyzer, precision measurement components, and a display.
Measure transmission, return loss, and absolute power.

It's a remarkable breakthrough. For far less than you would expect to pay,
Wiltron gives you synthesizer-like performance over the entire 1 to 2000 MHz.

The 6400 has resolution and accuracy 10 times better than anything in its
price range. It offers complete GPIB programmability and a new standard in ease

N

of operation. At twice the price,
the 6400 would still be a bargain.

Our engineers gained exceptional stability and accuracy by “locking” the fre-
quency to a crystal marker at the beginning of every sweep. Because frequency is
always on the mark, you won't waste time looking for traces that have drifted off the
screen. You'll have excellent repeatability of test data taken on very narrow band-
width devices. Even if tests are made days apart.



et the drit.

Dynamic range is 71 dB (416 to R o
—55 dBm). Use the Wiltron 6400 for the Signa Source

: . : 5 4 Frequency Range:
most demanding applications including Model 6407 | to 1000 MH:
s 3 3 Model 6409: 10 to 2000 MH:z
['V tuner, cellular radios, filters, ampli- Bagoenew ceirash edD0Jd

Frequency Resolution: 10 kHz

fiers, diplexers and DBS. FOI' a permanent Leveled Output Power Range: +12 dBm to +0.1 dBm

: : Optional attenuator: + 10 dBm to — 70 dBm

record, test data are plotted in graphical Halianidea s BORBS
. 0 Nonharmonic spurious: < —40 dBc
or tabular format on an optional ink- Nebutoik dadl e
5 8 Dynamic Range: +16 dBm to —55 dBm
]et prlnter. Vertical Display Resolution: 0.003 dB maximum
3 . Horizontal Display Resolution: 101, 201, or 401 points.
The 6400 1S A ]Oy tO use on the prO— Normalization: 800 points, automatically interpolated for ranges

|
3 . ; s less than full y
duction line, in the laboratory, oroutin | g:{/r&e%r:\ e
the fleld. l Directivlijtt;'):t:z)[edrg

’ 1 d: : 50 or 75 oh |
Autoscaling can be used to automat- %}l:;lz;?%onngmr:?ryx N or BNC |
tectors
ically select the optimum display for your lepelgoancCe SOor Bobms
est rt Connector:
device. The display is fully annotated to N |

ensure accurate, confusion-free
interpretation of test data.

You get fast production test
times since frequencies can be
changed without recalibration.
Go/no-go limit lines and up to

eight markers, which can be set

Test Data on Friday, 10:15 AM Test Darakonr\j(/ednesday %ﬁ(; ZPﬁH ; f_ : k
MI Marker Frequency: 104.72 MH: M1 Marker Frequency: 104. %
Passband Amplitude at M1 Marker —482dB Passband Amplitude at M1 Marker: —4.86 dB to test pOlnts o lntereSt’ make

readings easier. Costly setup time is eliminated by storing up to nine front panel
setups in memory.

In addition to the 6400’ 17.8 cm (7 in.) display, there’s a composite video out-
put which will drive a larger screen. Production people love it. And with a weight of
only 16 kg (35 Ib), the 6400 can be carried to the most inaccessible repeater station.

Now in a single instrument, you get everything you need to make fast, accu-
rate RF measurements. And you donit get the drift.

For more information, contact Wiltron, 490 Jarvis
Drive, Morgan Hill, CA 950372809 Tel: (408) 778-2000.
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Raytheon SAW devices are
in a class by themselves.

Here’s their report card.

Product Performance data
SAW stabilized Frequencies from 200 MHz to 2 GHz. Resonator or
oscillators delay line stabilized, voltage tuned or fixed frequency. Higher

frequencies available from harmonic extraction.

SAW resonators Unloaded Q as high as 20,000. All-quartz packaging provides
superior aging characteristics.

Signal processing components and subsystems

Dispersive and phase Center frequencies from 20 to 2000 MHz, bandwidths

coded delay lines from 0.1% to one octave.

SAW bandpass Center frequencies from 20 to 2000 MHz. bandwidths
filters from 0.01% to one octave.

Non-dispersive Delays from 200 nsec to 100 usec, center frequencies
delay lines from 10 to 3500 MHz.

Send for this useful design guide slide-rule which will help you determine how
Raytheon SAW oscillators can meet your specific radar, missile, ¢ ications and ECM needs.

Why are Raytheon SAW
devices more advanced?

They feature broader
bandwidths, higher frequency

for your specific application.
For more information, write

Raytheon Company, Special

Microwave Devices Operation,

coverage, and a wide range of professionals with years of SAW  Bearfoot Road, Northborough,
options. experience. MA 01532.

What’s more, Raytheon That’s how we can offer the Or call us at (617) 393-7300,
offers you the aid of engineering  right SAW device or subsystem extension 351.

aytheon

INFO/CARD 97
See us at the RF Technology Expo, Booths #450-454.
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Ampilifier Application Note

Using the AD9610 Transimpedance
Amplifier describes the use and applica-
tion of this type of operational amplifier
for high speed and high accuracy applica-
tions. Applications for the AD9610 include
radar, line driving, digital radio, waveform
analyzers, instrumentation/ATE, photo-
diode preamps, laser drivers, A/D/A con-
version, and base-band communication
systems. Analog Devices, Inc., Nor-
wood, MA. INFO/CARD #223.

Instruments Rental Catalog

This catalog reflects inventories of
general purpose test equipment. All
equipment is NBS calibrated. Included is
a complete manufacturer/model index to
help the user locate specific models. Con-
tinental Resources, Inc., Bedford, MA.
INFO/CARD #224.

Custom MMIC and
Digital IC Brochure

Gallium Arsenide Custom and
Semicustom Integrated Circuits describes
the procedures for design and fabrication
of custom MMICs and digital ICs available
from Harris. The brochure details various
program services and 1 micron and 0.5
micron fabrication processes. Harris
Microwave Semiconductor, Milpitas,
CA. INFO/CARD #225.

Measurement System Catalog

Narda introduces a microwave meas-
urement system short form catalog. The
7000 Series is a microwave test station
that performs standard measurements,
power loss/gain, and VSWR/return loss
measurements. The system functions as
a signal generator, sweep generator, and
DC voltmeter as well. Narda Microwave
Corporation, Hauppauge, NY. Please
circle INFO/CARD #226.

Brochure for
Semiconductor Testing

Keithley has produced a brochure that
describes how to use instruments in mak-
ing measurements on semiconductors.
The publication, a combination of tutorial
and product descriptions, details meas-
urement techniques in several specialized
areas, including low level measurements,
capacitance voltage (CV) tests, resistance
and electromigration studies, and Hall Ef-
fect measurements. Also included is a
discussion of automation semiconductor
measurements through computer con-
trolled instruments, switching matrices
and fill turn-key systems. Keithley In-
struments, Inc., Cleveland, OH. Please
circle INFO/CARD #227.

RF Design

Trimmer Capacitors
from HF through
Microwave.

The World’s
Broadest Line.

For high quality and ready availability,
phone (516) 746-1385 today.

SPRAGUE
GOODMAN

Sprague-Goodman Electronics, Inc./An Affiliate of the Sprague Electric Company

134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5385
TEL: 516-746-1385 - TELEX 14-4533 - TWX: 510-600-2415 + FAX: 516-746-1396

INFO/CARD 98
See us at the RF Technology Expo, Booth #561.

Measure Up With Coaxial Dynamics
Model 7510 Frequency Counter /Wattmeter

This 2-in-1 laboratory/portable, compact, dual function digital frequency
counter/wattmeter makes frequency and power readings easy.

The optional battery pack converts Model 7510 to a portable field service
instrument. The frequency counter measuring range is 10 Hz to 1.25 GHz.
The wattmeter power measuring range is 100 mW to 5 kW over 2 to

1,000 MHz, determined by standard elements ordered separately.
Contact us for your nearest
authorized Coaxial Dynamics
representative or
distributor in

our world-wide
sales network.

COAXIAL
DYNAMICS, INC.

15210 Industrial Parkway
Cleveland, Ohio 44135
216-267-2233 1-800-COAXIAL
Telex: 98-0630

Service and Dependability...A Part of Every Product

INFO/CARD 99
See us at the RF Technology Expo, Booth #321.
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PEOPLE OFTEN BUY CRYSTALS
FROM US BECAUSE THEY'RE TRYING
TO MAKE THEIR OSCILLATORS
AS TOTALLY RELIABLE AS
WE MAKE OURS.

CONSIDER THAT. .
LOOK AT OUR
L aNENLCAIALOG.

Ry I
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§ 7 0 f :
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Our vertical capabilities give you the assurance edge.

Quartz Crystals ® Crystal Oscillators ® Free Catalog

First Name in Frequency Control

BLILEY ELECTRIC COMPANY

2545 West Grandview Blvd.
P.O. Box 3428, Erie, PA 16508

(814) 838-3571 TWX 510-696-6886
FAX 814-833-2712

INFO/CARD 100




T ECHWNUOLUOGY

Go Beyond The Tip Of The Iceberg
In Electronics Technology.

TRW's Electronic Systems Group has been a
team leader in the U.S. Department of Defense’s
VHSIC program since 1980. And that's just
the tip of the iceberg. Our engineers are also
involved in the design of state-of-the-art
satellite circuits, Millimeter Microwave tech-
nology, Wafer Scale Integration, Earth Ter-
minal Communications, and next generation
avionics technology. If you've already seen
the tip of the iceberg, we invite you to ex-
plore the rest with us. Consider the following:

Electronic Systems Group

RF Electronics &
Communications Laboratories

Communication subsystem design, microwave/
millimeter wave circuit design, and electro-
optics are among the most challenging and
exciting growth areas in the space payload/
aerospace industry. TRW’s RF Electronics &
Communications Laboratories in Redondo Beach
are at the forefront of this growth, working
directly with both military and civilian
customers. These organizations are responsi-
ble for the design and development of all aspects
of advanced communication hardware, from
initial concept definition through final design
and performance verification. They provide
hardware for advanced spacecraft payloads and
technology projects. Current openings include:

* Project Managers— Guide engineering
teams developing complex hardware. These
senior level positions require design and
technical management experience.

¢ Communication Engineers— Design and
develop communication payload units and
subsystems. Involves requirements definition,
unit/subsystem analysis, architectural and
technology trades, studies and proposals, and
leading hardware development efforts.

* Section Heads —Oversee the work of
several developing engineers working on com-
munication hardware. Provide technical direc-
tion and guidance to section personnel. Lead
R&D activities, functional management, and
proposals. BSEE/Physics, minimum 7 years
experience.

* Microwave & Millimeter Wave Circuit
Designers — Perform hands-on hardware
development of innovative circuits and sub-
systems using GaAs MMICs and other lI-V
devices such as HEMTs and HBTs. Design
and develop mixers, low noise and power
amplifiers, VCOs, switches, modulators, and
other communication circuits. 3+ years
experience.

Please send resumes to: TRW ESG, Brenda
Anderson, R10/1757, Dept. RFD, One
Space Park, Redondo Beach, CA 90278.

Military Electronics
& Avionics Division

Our Military Electronics and Avionics Division
is engaged in the design and development of
highty sophisticated digital and RF systems/
subsystems for tactical defense and avionics.
We're employing some of the latest new age
technologies in VLSI/VHSIC, advanced digital
and programmable signal processors, and
software for application to EW, ESM, in-
tegrated CNI, data links, and ground process-
ing systems. Join us as we engineer a new
age of avionics technology. Consider the
following:

San Diego Facility

* Anechoic Chamber Supervisor—At least
5-10 years experience in antenna range main-
tenance and testing. Should be capable of
chamber equipment failure diagnosis and
minor repairing. Experience with antenna pat-
tern as well as scattering measurements is re-
quired. Knowledge of antenna automatic test
equipment and computer language desirable.
Should be willing to perform chamber planning
and provide minimum supervision of junior
technicians.

* Antenna Engineers —Requires at least
5-10 years experience in the analysis, design
and development of antenna systems. Back-
ground with design, development, and hard-
ware implementation of conformal antennas,
radomes, and micro/stripline feed networks.
Should be capable of electromagnetic analysis
and antenna/platform radiation and scattering
performance, and antenna system perfor-
mance evaluation.

TRW Inc. 1988. TRW is the name and mark of TRW Inc.

* Communication System Engineers—
Provide system engineering for the devel-
opment of advanced Communication, Naviga-
tion, Identification (CNi) systems, the next
generation of military aircraft. Generate
system requirements and specifications, perform
design, analysis and algorithm and architec-
ture development. Possess experience in mod-
ulation/demodulation theory, detection and
estimation theory, coding theory, spread spec-
trum techniques, acquisition and tracking,
digital signal processing, receiver system
analysis.

¢ Senior Communications Systems
Engineers — Define system requirements, per-
form configuration tradeoffs, allocate require-
ments to subsystems and analyze system per-
formance for next generation integrated CNI
avionic systems. Experience in modulation/de-
modulation, detection and estimation and coding
theories, spread spectrum, acquisition and
tracking and digital signal processing is re-
quired. Minimum BSEE/MS or PhD preferred and
12 years experience with existing military
communication systems.

* Microwave Receiver Designers—
Experienced in design of avionics receiver
systems, subsystems and components.
Responsible for receiver evolution from initial
concept definition through final design, in-
tegration and performance verification. Key
hardware technologies include synthesizers,
monolithic microwave integrated circuits (MMIC)
and microwave hybrids. BSEE required; MSEE
preferred.

Please forward resumes to: TRW MEAD, R.
Angel, RC2/1351, Dept. RFD, One
Rancho Carmel, San Diego, CA 92128.

Because Anywhere Else Is Yesterday.

TRW's comprehensive employee compensation
package includes professional amenities that
are among the best in our industry. Tomorrow
is taking shape at a company called TRW.

Equal Opportunity Employer
U.S. Citizenship Required For Most Positions
Agency Candidates Will Not Be Considered

' A4

A Company Called TRW



THE NEXT BEST THING
TO BEING THERE

Proceedings of RF Expo East '87 Available Now

If you won't be one of the engineers attending the RF Expo East '87, you
can still be one that benefits from it. We've taken the most valuable infor-
mation that the expo covers and published it in the Proceedings of RF Expo
East '87. Over 35 papers that include: Phase-Locked Loop Design Fun-
damentals, Type Acceptance Test for Radio Transmitters, and Computer-
Aided Design of Filters will appear, making the $95 investment well worth
the money.

For information about proceedings from previous expos, call Michelle
Schwinghammer at (303) 220-0600.

PLEASE SEND ME THE
PROCEEDINGS OF RF EXPO EAST °87

Prices (payment MUST be included):
$95 inside U.S. $125 outside U.S.

Check enclosed (make payable to RF Design)

Bill my 0 vl MC AE
Card number ___ PP S S S S

Exp. date ______
Signature ___ = S AL P . 5

Date

Name: | - o PR RN U S I
Company tmi o il A T . | t—— =
S b et e .. BT SEMLE
Address____ SHEFS A = 75 - & SRS S
City, State. LR R TR i e
ZIP

The finest quality & Precision made

Surface Mountable
Geramic Ghip
Capacitors

for microwave & high voltage applications.

Q Beta Caps
Single layer capacitors for use in
broad band frequencies up through
50 GHz.

Ultra-Q ﬂ

Miniature multilayer capacitors
approved to MIL-C-55681B and MIL-
C11272C; BP & BG characteristics.

<& High Voltage
Ceramic capacitors approved to MIL-
C-556818/6; BP & BX characteris-
tics, working voltages to 4KV.

Stable-K

Multilayer ceramic capacitors for use
in hybrid circuits; BP & BX characteristics.

Republic Electronics Corp.

Ceramic Capacitors for over 35 years
176 East 7th Street, Paterson, NJ 07524
(201) 279-0300 - FAX: 201-345-1937

INFO/CARD 103
See us at the RF Technology Expo, Booth #365.

RF FUNDAMENTALS

Now available as a Video Training Course

Nationally known trainer Les Besser presents this highly suc-
cessful RF course in six, one-hour video segments. This is
the updated version of the course already taken by hundreds
of engineers at the RF Expos in Anaheim and Boston. Lesson
segments include:

RF Concepts, Lumped Component Models.
Resonant Circuits and Filters.
Transmission Line Fundamentals.
Impedance Matching Techniques.
The Smith Chart and its Applications.
Small-signal Amplifier Design with S-Parameters.

Full course, complete with textbook (C. Bowick, “RF Circuit
Design”) and study notes, $995. Individual lesson segments
are also available for $199

each. To order, or for more
information, contact:

Besser Ul
Associates, Inc.

3975 East Bayshore Road e Palo Alto, CA 94303 e (415) 969-3400

INFO/CARD 104

ENGINEER

Outstanding Florida Opportunity
Join a technically innovative company on the move. We are
located in Melbourne, on Florida's beautiful Space Coast,
we have achieved outstanding growth in a new generation
of computer technology. The following opportunity is im-
mediately available:

SENIOR COMMUNICATIONS
SYSTEMS ENGINEER |

The successful candidate wilt have a BS, MS or Ph.D degree and
strong theory along with hands-on experience in HF, UHF and
Tropo miilitary digital systems. We are seeking an individual who
has the ability and willingness to lead Mnemonics to the new com-
munications systems of the future. Strong customer and interper-
sonal skills a plus.

In addition to our outstanding location, we offer a high tech en-
vironment with a small company ambience, an excelient salary and
benefits package as well as a long history of growth and stability.
For immediate consideration send your resume to:
MNEMONICS, INC.
3900-J Dow Road

Melbourne, Florida 32935
(305)254-7300

[ 3 -
nemaonits, Inc.

EOE mt

February 1988



RF Design

Engineering
Opportunities

Hughes Support Systems in
Long Beach has established a repu-
tation for its superior engineering
capabilities. Be a part of our exciting
achievements. We currently have the
following opportunities available:

Project Engineers

¢ You will assist the Program
Manager in the design, fabrication
and delivery of avionics support
equipment including automated test
equipment for Forward Looking In-
frared (FLIR). Position involves
heavy customer and vendor con-
tact. BSEE required. A minimum of
8 years experience preferred. Work-
ing knowledge of electro-optical
devices, FLIR and 68000 micro-
processor desired. Positions re-
quires overall system engineering
functions and design capability for
data capture systems.

Responsible for the design,
analysis and support of military test
equipment for severe field en-
vironments. A BSME or related
degree and a minimum of 5 years
experience in mechanical design
and thermal design of test equip-
ment preferred.

You will design and support hard-
ware and firmware for micropro-
cessor-based controllers and test
sets. You will also be responsible
for documentation and test pro-
cedures. A BSEE and prior ATE ex-
perience required. Experience in
analog and RF design highly
desirable.

Systems Engineers

® You will perform system design and
analysis for ATE and electro-optical
(Laser and FLIR) systems. Requires
a 4-year technical degree. A
minimum of 7-10 years experience
in circuit and systems design
preferred. ATE design and integra-
tion experience and a background
in Laser and FLIR electro-optical
system highly desirable.

 Perform testing and tailoring of
multitasking operating systems on
multiple computer driven ATE
systems. BSEE/BSCS required. MS
preferred. A minimum of 2 years
related experience desired. Know-
ledge of UNIX, MATE control and
support software, Jovial, 1750A
assembly language, CASE and
structured program design techni-
ques highly desirable.

ATE Design Engineers

Requires a BS in Electrical
Engineering or Physics. Five years
experience with Automated Test
Equipment preferred. Experience per-
forming systems engineering, specify-
ing equipment and directing the
design and development of advanced
ATE for airborne missiles desired.
Knowledge of IR and television
guidance and control systems
helpful.

Optics Engineers/White
Sands, NM

Successful applicant will provide
engineering analysis and technical
services on fluid cooled optics, low
power optics and optical beam diag-
nostic instrumentation equipment for
a high energy laser system.

Display Optical Engineers

You will coordinate design,
manufacture, test functions and in-
tegrate wide angle projection lenses.
We prefer 5-10 years experience in
optical engineering. Should be ex-
perienced in developing requirements
for lens designers. Background in
mechanical engineering and/or con-
trol systems highly desirable.

Assistant Project Manager

You will assist in new business
development, proposal management,
directing, staffing, organizing and
controlling Flight Simulator Programs,
taking the lead role in negotiating
contracts and subcontracts, Also
coordinate new product development
programs. We prefer 15-20 years ex-
perience in Flight Simulation with
special expertise in real-time visual
and sensor simulation. Additionally,
10 years program management ex-
perience in visual simulation, plus
project management experience with
major visual simulator supplier and
background in subcontract manage-
ment highly desirable.

Radar Systems Design
Engineer

Responsible for project
engineering on large scale complex
radar system. Must have strong
background in radar system design,
testing and operation. Must be able
to manage software and hardware
development of signal processor,
system processors, transmitter,
receiver, antenna, displays and
system timing.

Radar Systems Software
Engineer

Responsible for software
development on large complex radar
system. Ability to define software re-
quirements and manage software
development for signal processing,
beam steering, tracking displays, in-
strumentation and system control
required.

Computer Graphics
Specialists

R&D of advanced algorithms for
digital image processing and com-
puter graphics. Responsible for im-
plementation of automated 3D object,
generation system.

Software Engineer

Responsible for system analysis,
design and documentation of land-
mass data base creation system.
Develop software to enhance existing
graphics system. Document in accor-
dance with government standards.

Remote Sensing Specialist

R&D of advanced algorithms for
exploitation of imagery and
multispectral data with emphasis on
infrared.

We offer an attractive salary and
an outstanding benefits package, in-
cluding tax-deferred savings;
medical, dental and vision care
coverage.

Please send your resume to:
Lowell Anderson, Hughes Aircraft
Company, Support Systems, Dept.
DFR-288, P.O. Box 9399, Long Beach,
CA 90810-0463. Proof of U.S. Citizen-
ship May Be Required. Equal Oppor-
tunity Employer.

MODEM USERS: Access our
on-line Career Center by computer
for further information regarding
our many job opportunities. Call (a
modem only) (213) 372-4050. Type
GO HUGHES upon entry.

Creativity
America Depends On.

HUGHES

AIRCRAFT

SUPPORT SYSTEMS

MPANY
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If you're ready for rapid career
advancement, you may be ready
for the fast pace at AGB Televi-
sion Research. With our innova-
tive PeopleMeter television rat-
ing system, we're changing the
way America rates what it
watches. You can play a key
role in our progress as RF and
Analog Project Engineer.

Primarily, you will develop inter-
faces used to measure video
equipment (VCR, TV, cable con-
verter) useage in the home. You
will also initiate R&D to spur the
development of new products,
and manage production con-
tracts, including scheduling,
vendor relations, and
performance.

To qualify, you must have a
BSEE with at least seven years
experience which includes two
years with project managment
responsibilities. Experience with
electromagnetic field concepts
and design in antennas, probes,
and shielding applications is
desired. Experience with TV sig-

nals, receivers, and consumer
equipment would be a plus.

When you join AGB, count on a
very competitive salary, com-
plete company-paid benefits
(including relocation), excellent
growth potential, and the latest
technical resources. Plus you'll
enjoy living and working in
Columbia, MD, a model com-
munity that offers easy access to
Baltimore and the Chesapeake
Bay as well as the high-tech and
cultural excitement of Washing-
ton, D.C.

Please send your resume in
confidence to: AGB Television
Research, Human Resources,
9145 Guilford Road, Columbia,
MD 21046. An equal opportunity
employer, m/{.

AGB

Television Research

130

Ehrhorn Technological Operations Inc. .13

= (GLOLA SRR o 5 ol ARt T Lk 103
ENI Power Systems .......... ... . .. 25
Frequency Sources................ 135
Glasteel Industrial Laminates. ... ... .. 86
Harris Microwave Semiconductor ... ... 4
Henny Radio) 3. MM La ol di s 21
Hughes Support Systems ..........129
IER SystemS; Inc. <+ 2% 2045 o s LI 12
Instruments for Industry ... .. ... .. ... 70
Instrument Specialties .. .. ... ... .. 58-59
Intech, dINC, % 30 ity deind o ingh | SN St/
Integrated Microwave .............. 11
International Manufacturing

S ETVICEER ik - M e o -, oz B A 116
Janelldabst L0 X 0 S sa Rl SR 34
JFW Industries, Inc. ......... ....... 24
J.W. Mitler Division/Bell Industries ... .62
Kalmus Engineering . ............... 36
Kay Elemettics . .. ...t b 71
Lectromagnetics, Inc. . ...... ... .. ... 72
Lindgren RF Enclosures Inc. . . ... ... 74
M/A-Com Omni Spectra, Inc.. . ... ... 114
M/A-Com Semiconductor Products ... .60
Matrix Systems Corp. .. ......... . .. 113
MGL NG T & AW S 83
Merrimac Industries . ......... ... ... 7,
MicoiNConps or. 1 S s s 21
Micrometalsy' . & . 0+ i G e 63
Microneties. e . - oo nman ik ol 14-15
iMicresenigsilnes ..ot bl L o8 s ) 19
Microwave Modules & Devices . .. .. 10-11
Microwave Semiconductor Corp. . ... .. 35
Microwave Software .. ... ... .. .. .. 104
Milcom International . ... ...... .. . .. 108
MITEGRIRC . #5. SR i et ! ol 120
Mnemonies'~ & - & e Sr 5L A A8 pees 128
Motorola Semiconductor Products. . . . .. 3
Noise'Cam . .. i o oot b 75-76
Pacific Monolithics . ................ 66
PENSIGOK, & i i b 40 % e o 93-98, 99, 118
Bigzo Crystal, s ». apskr 37V MR L0 112
Plessey Three-Five Group . . .... .. 38, 39
Polycore RF Devices ............... 16
RES LG ™ bt A e A P TP Y 124
R&B Enterprises . .................. 89
Republic Electronics . .............. 128
RF Design Magazine........... .. 90-91
RESVIONOIRRICS. §.% 5. .80 e sb el 2000 17
Richardson Electronics ... ...... .. 2465
Sage Laboratories ................. 37
Sawtek Ine. .. .. .. Low TS ™ 115
Sciteq Electronics, Inc.......... ... .52
Signature Antenna .. ........... ... 121
Sprague-Goodman Electronics, Inc. .. 125
Steinbrecher Corp. ................. 1
TEekeRIXsRE:-% . * T 50 L e 84 42-43
exseans W v G0 S e Ll 73
Time & Frequency Ltd. . ... ... .. 133-134
LRk, sl B0 isom v oo of L4 SR A 127
I S i AR e~ T o A 49
TUSODND e e & - iders S e RS o 5D . # (23 20
Varian Associates —

EIMAC Division ............. 106-107
Vectron Laboratories Inc. . ... .. ... . ... 8
VORronIOSE IR =5 1 =TT s ¢ s 131-132
Watkins-Johnson. ................. 136
WAVECOMIMR il L 6 58 T ah i § i v 23
WAV elOkE i n .« Lot .2 e & 29
Webb Laboratories .. ..... .. .. ...... 78
Werlatonesy. s 8. b o8 5 Kt . (N 6
Wide Band Engineering . .. .. ... .. .. 82
WWITtron" e " vt ., o 2t it IS 122-123

February 1988




NEW — 112-Page Information

and Product
Catalog

Complete from Abrupt to Zener —
112-pages of designer data to make
your life easier and your project
trouble-free. Qur new catalog will
give you the needed information

to complete even your

toughest projects, by

describing our broad base
capabilities in silicon and

gallium arsenide diodes.

Many of our high performance
products are available as
standard products or call us
and discuss your special
designs.

# Silicon Abrupt Junction
Tuning Varactors,
30V to 90 Volts

@ FLTVAR — Frequency Linear
Tuning Varactors

@ VHF/UHF Hyperabrupt
Tuning Varactors

m GaAs Tuning Varactors
15V to 60 Volts

= Power Generation
— Multiplier Varactors

B Step Recovery Diodes

@ Harmonic Generator Varactors

@ Multi-Chip High Power
Generator Varactors

B Noise Diodes

® Gunn Diodes

®m Parametric Amplifier Varactors

= Control Devices — PIN and
NIP Diodes

@ UHF/VHF PIN Diodes

= Power RF Switching

@ Small Signal RF Diodes
= HF Power PIN Diodes

B Limiter Diodes

m Chip Capacitors

FREQUENCY
SOUIRCES

SEMICONDUCTOIR DIVISION

A SUBSIDIARY OF LOR/AL CORPORATION

16 Maple Road

Chelmsford, MA 01824

(617) 256-8101

TWX (710) 343-0404

INFO/CARD 108

See us at the RF Technology Expo, Booths #640-644.
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~ Watkins-Johnson Announces
0.5 to 26 GHz |
Six-stage Bandpass Filters

. . Watkins-Johnson’s unique ultimate isolation.

b5 . 2 design offers unsurpassed
VSWR over the 3 dB band- For further information on

3333 Hillview Avenue width, and greater image this excellent product, contact
Palo Alto refection than over before. Watkins-Johnson Company,
California 94304-1204 W-J’s six-stage unit also sets Applications Engineering,
INFO/CARD 109 new standards for off-resonance  Ferrimagnetic Devices at
See us at the RF Technology Expo, Booths #449-453, spurious suppression and (415) 4934141.
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