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What RLC’s

Attenuators and
Terminations
Can Do For You...

I’ERFORM'

From DC to 26.5 GHz
with low VSWR, ~
excellent power handlmg
capability and consistent
accuracy.

RLC’s complete line of attenuators
and terminations have the high quality
and superior performance you need.
Select a standard attenuator or
termination from our catalog or have
us build a custom one to your exact
specifications. Prototype delivery
takes less than four weeks, standard
delnvery from stock ——

Types:
Attenuators:

Precision Step,
Miniature Step,
Switchable,
Programmable,
Continuously Variable,
Miniature Fixed,

High Power Fixed,

Low, Mecium and
High Power e

Terminations:

Frequency Range:

DC1026.5 GHz*~

Attenuation Range:

0-130dB.~

Average Power: to 117_§W
Connectors: | SMA, N, BNC, TNC
Environmental .~ | Attenuatcrs:
Conditions: MIL-A-3933
" Terminations:
p MIL-D-39030
Programmable Fail Safe, Latching,
“|Options: TTL, Indicators,

Voltages

Call or write today for complete

specifications.

4

RLC ELECTRONICS, INC

83 Radio Circle, Mt. Kisco, NY 10549
(914) 241-1334 « TWX: 710-571-2103
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<10 Hz-200 kHz
mod rates

—47t0 +19dBm
dynamic range

100 kHz-2 GHz

25 kHz-2.5 GHz
carrier frequencies

Note B: Limited level accuracy
Note C. + 10% droop for 5 Hz square wave

BOONTON RE-DIMENSIONS
MODULATION MEASUREMENTS!

Boonton's 8200 Modulation Analyzer out-performs between 20 Hz to 20 kHz. Plus a full complement of
the competition with the widest measurement range low-pass and high-pass filters and de-emphasis
by far. Automatic or manual acquisition and display networks.

of carrier frequencies and levels. Measures modula-
tion frequencies from <10 Hz to 200 kHz. True peak
measurements to 99% a.m. and 500 kHz f.m. with
accuracies of 1% of reading. Phase modulation to 500 "
radians. True rms detection of residuals. Automatic Boonton Electronics Corp.
audio distortion measurements from 0.01% to 100% 791 Route 10, Randolph, NJ 07869

THD or 0 to 80 dB SINAD at baseband frequencies Telephone (201) 584-1077

Check with your local representative or contact
Boonton directly for the full dimensions of the 8200.

Signal Gererators @ Mcdulation Analyzers mRF Power Meters @ RF Millivoltmeters mCapacitance Meters and Bridges 8 Audio Test Instruments
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Meri«pacs

The High-Rel Package

Qo e

High Perform ' Signal Processing Networks
in up to 50% less space

. Save on real estate and also obtaln low profile 0.20” heilght package
Compatible package for computerized parts placement
Increase ylelds by avolding lead forming
BENT LEAD WAY

Merrimac’s Meri-pac provides you with a new way to save space in dense PCB
requirements for all your IF signal processing needs up to 3.5 GHz. When you have ? M) §

flat packs on your mind—consider Meri-pacs Instead—you'll eliminate wasted e wmzer:
space and lead breakage problems.

The gold-plated Merl-pacs give you not only real estate savings, but also environ-
mental integrity—package is hermetically sealed, seam welded . .. no solder, there-
fore no solder balls. Six sizes immediately available: 3/8" x1/2" and in square sizes 3/8", 2 LEa s ey st
112", 518", 8/10" and 1”. Larger sizes available for customized components. SPACE SAVING MERI-PAC WAY

Merrimac’s extensive Hi-Rel product experience in RF
and IF signal processing is available in every configuration;
flat pack, low profile TO cans, relay packages, discrete con-
nectorized SMA or OSP low profile packages, and now in
new Merl-pac. PO Box 986, 41 Fairfield PL, West Caldwell, NJ 07007-0986
Call us on your next project {201} 575-1300. We want to help. Phone: 201-575-1300 ¢ FAX: 201-575-0531
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Page 29 — Nodal Network Analysis
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Page 45 — Antennas for EMI
Measurement
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Bird Electronics’ Precision Power Meter

The new Model 4421 Power Meter represents a major step forward in in-line
power measurement. Bird’s engineers have combined individual calibration
and interchangeability by placing calibration information in each sampling
head. Digital control allows computation of parameters and programmability.
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Special Report — RF Circuit Construction:

Trends in Materials and Methods

Boards, substrates and surface-mounting are all part of RF circuit construc-
tion's present direction. This report examines the products and techniques
available to the RF engineer. — Dick Wainwright

Network Analysis on the Personal Computer

Nodal RF network analysis is a valuable computer-aided design technique.

The author presents circuit models and a program to handle up to 58 nodes.
— Bert K. Erickson

Designer’s Notebook — A UHF Movement Detector
Taking advantage of the Doppler Effect, a simple circuit can detect motion
by the shift in frequency of signals reflected by moving objects.

— David C. Huisman

RFI/EMI Corner — Antennas for EMI Measurements:
Part i

The second and final article on this subject examines the characteristics of
specific antenna types used for EMI measurements. Performance, antenna
factors, and practical applications are outlined for measurements from kHz
to GHz. — Eadwin L. Bronaugh

A Complex Impedance Meter

One of the entries in the first RF Design Contest was this interesting approach
to the measurement of resistance and reactance of an RF circuit, with a swept
display much like a Smith chart. — Carl G. Lodstrom
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»F viewpoint

Vision and Decision

By Keith Aldrich
Publisher

As another year winds down, we have
not only done the customary stock-
taking, but on the basis of what it revealed
made some moves to strengthen the per-
formance of RF Design in 1987.

Perhaps the most meaningful action
has been to promote Gary A. Breed to the
position of Editor of the magazine, effec-
tive with this issue. Readers will recall his
byline on many fine staff-written pieces
during the past year and a half over the
title Technical Editor. Perhaps without
realizing it they have also benefitted from
his selection of articles and of new pro-
duct and literature items during the same
period. Not that there isn’t still room for
improvement; some things have been bet-
ter than others. Now readers will profit
from Gary’s actual experience on the
magazine, as well as from the profession-
al expertise and the talent that made us
hire him in the first place.

Important as they are, however, none of
these factors accounts for Gary’s appoint-
ment as editor. That is due to his capaci-
ties for vision and decision.

RF Design has an awesome charter in
that it is the only magazine dedicated ex-
clusively to the engineering design func-
tion in the radio frequencies. This unique-

ness means that, on the one hand, it is
possible to “slide by” and win a fair
amount of praise for little actual meat.
On the other hand, we have more than
the usual incentive not to do so, and for
the same reason: everyone is depending
on us.

Gary Breed meets this burden of re-
sponsibility with a tangible vision of what
the magazine must do and be. His editor-
ial plan for the next year, for instance, in-
cludes an overdue series of overviews on
the integration of RF technology with
other disciplines: optoelectronics, digital
and aerospace. His plan for the directory
issue will double its size to include design
guide material for RF engineers, as well
as listings of RF manufacturers.

While he is pursuing his personal vi-
sion, Gary is keenly aware that he must
not run his heedless ways, but open every
possible avenue of input from other sourc-
es: professional societies and engineer-
ing schools, as well as authorities in
private companies. His capacity for deci-
sion will be sorely needed as he sorts
through the myriad claims for your atten-
tion to determine those with the most
merit. You will notice new names on our
editorial review board and new associa-
tions as he exercises that responsibility.

The long and the short of it is we take
our responsibility seriously at RF Design.
We recognize the hope with which the
magazine is being viewed in today's engi-
neering community as the means of satis-
fying a critical informational need. We are
determined to live up to that potential.

Watch for new, impressive editorial
achievements for RF Design in 1987, with
Gary Breed as editor. And please give him
every support, with your comment and
contributions. It's your magazine.

(ol (. L
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DAICO
HIGH RELIABILITY
R.E MIC STEP PHASE

Daico step phase shifters
combine thin-film microstrip
circuitry, automated wire-
bonding, computer aided testing,
and advanced solid-state switch
technology. The results are reliable com-
ponents with high stability and accuracy.

If your system requires cost effective switches, step or voltage-
controlled attenuators or step-phase shifters with:
Fast switching speeds High isolation
- Low switching transients MIC DIP or Flatpack packaging
200MHz to 2GHz (f 1o be specified) Phase or attef?ualion compensation R

The fotlowing typical characteristics define the range of
specifications of parts already developed and delivered to a variety of
customers:
Frequency Range:
RF Power Handling: Upto +20dBm
Insertion Loss: (.5 to 1dB Per Bit (depending upon Call Daico for applications assistance and a prompt response.

frequency)
Insertion Loss Variation:  Compensated to within 0.5dB
Phase Steps: o (E) Bits SURFACE MOUNT PACKAGES SOON TO BE AVAILABLE.
MSB Range: 45°10 360 © (depending on frequency,
number of bits and package size)
Phase Accuracy: +2°
Control Configuration: CMOS, TTL, ECL

Uncoded, Coded or Latched DAICO INDUSTRI ES, INC.

Switching Speed: 100 nanoseconds to 10 microseconds 2139 East Del Amo Blvd., Compton, CA 90220
{depending on control configuration) Telephone 213/631-1143 » TWX 910-346-6741
: FAX 213/631-8078

1986 Daico Industries, Inc. mp86455 R
INFO/CARD 6




A New Dimension in Portable,

\
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Digital Spectrum Analyzers!

AN

Yost & N Measureine mt
Pistributor &Re \\'
Inquiries s Welcome

()

The A-7550 spectrum Analyzer

The A-7550 Spectrum Analyzer by
IFR is the most advanced, low cost,
portable spectrum analyzer on the
market today.

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

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

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

Impressive Standard nclude:

= 100 kHz to 1 GHz frequency coverage = VRS™ (Vertical Raster
Scan) CRT display * Single function keyboard entry = Menu
driven display modes * Automatic amplitude calibration
* Selectable linear/log display modes * Digital storage of all
displayed parameters * 70 dB dynamic range ® 300 Hz
resolution bandwidth » 16 selectable scan widths = Accurate
center frequency readout = Direct center frequency entry
= Automatically scaled electronic graticule ® Variable top scale
reference (+30to -95in | dB steps) ® IF gain in 1 dB steps
* Line, bar, average and compare display modes ® 300 Hz and
30 kHz video filters

Ontinnal Eaatiiwrac (A2 P
Optional reatures INCIUGE:

Features |

= Internal rechargeable 5 APH battery for portable operation

» Tracking generator with 10 dB step attenuator = Tracking

generator with 1 dB step attenuator = FM/AMISSB receiver

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

Contact your authorized IFR distributor
for a demonstration.

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

INFO/CARD 7




Bl RDS OF PRAIS For more than 20 years,

s Raytheon Company has
chosen Thomson as the major supplier of the RF transistors used in the guidance
system of their Hawk air defense missile. And in our book, that's praise indeed.

Just as important, it seems Raytheon is as satisfied with the relationship as we
are. Because in the phased array radar of the ground base equipment in their Patriot
missile system, you'll also find our RF parts.

Long-term customer relationships like this are an important part of the way we
like to do business at Thomson Components-Mostek. Which is why you'll find that a
full 80% of the RF and microwave power products we supply are customized to
individual electrical and packaging specifications. In fact, we have over 800 active parts.

We offer a broad range of products for both commercial and high-rel applications
at frequencies from 2 MHz to 4.2 GHz. Which means we can respond to virtually any
application requirement you can create.

We're also a leading supplier of intemally-matched RF power transistors for the
800 MHz mobile market, as well as microwave DME, TACAN and Weather Radar pulsed
power devices. mm

So when your design calls for RF or microwave power products, COMPONENTS
call us at 215/362-8500 or write Thomson Components-Mostek, ——
Commerce Drive, Montgomeryville, PA 18936. And learn—as Raytheon —-' ‘—
has —that on the battleground of today's market, it helps to have a re- el oEIN
sponsive supplier on your side. ———

INFO/CARD 8




VinllF-UHF SYRNTHESIZERS

Front
or Rear
Output

Rack or Bench
Cabinet

All of these A% i
(

. e 1
“stock options” n
are wum Resolution (7 available steps,

100 KHz, 10 KHz, 1 KHz, 100 Hz, 10 Hz

for the 1 Hz, 1 Hz)

Frequency Standard

GS‘king Oven (3 x 10°/day) (+1 x 10/0-50°C)

TCXO (1 x 10%/day) (+1 x 10%/0-50°C)

Extra 10 MHz Outputs (replaces the normal 10 MHz output
with 3 passively decoupled outputs which deliver 0dBm into 50 ohms)

Picket Fence Output (A pulse containing all 10 MHz multiples
from 10 MHz to 140 MHz, at a level of -5dBm each)

Filtered Comb (A single frequency output of any 10 MHz multiple from
20 MHz to 140 MHz at a level of 0dBm)

1 MHz External Drive 90° Phase Shifter Manual and/or Remote Controls
(BCD or GPIB)

TLU Resolution Block (1 Hz or 0.1 Hz resolution _)

with steady-phase-switching)

Programmable 90dB Attenuator
(fast switching)

NO NRE FOR THESE OPTIONS

AAAAAAAES

= e SRR

PROGRAMMED TEST SOURCES, INC. 9 Beaver Brook Rd., PO. Box 617, Littleton, MA 01460 — (617) 486-3008
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rFletters

Letters should be addressed to: Editor,
RF Design, 6530 S. Yosemite St.,
Englewood, CO 80111.

Propagation Curves Program
Errors Noted
Editor:

| asked for a program listing for your ar-
ticle “100 MHz to 3.5 GHz Propagation
Curves” in the RF Design, August 1986
issue. Since | have an Apple computer, |
converted the program for this machine.
While searching for typographical errors,
I think | found several errors in the source
listing you provided.

The technique | used to find my typo-
graphical errors was to plot families of
curves on the high resolution graphics. |
then made judgement calls to detect
gross errors due to my typing. | enclose
a copy of my listings to aid these descrip-

tions.
| realize to make these changes proper-

ly, | should have gone to the reference
documents. However, | offer these chang-
es as pointers to possible defects in the
program. This should allow you and the
authors to correct the original source pro-
gram and print any corrections you deem
necessary.

Thank you for the source listing. | ap-
preciate having this program in my library.

Robert L. Toellner
Duncan, Oklahoma

Utility Gain Block Example Faulty
Editor:

The argument is okay, and the article is
interesting, but the application example
is faulty. [Page 40, October 1986 RF
Design — Ed.] (1) Unless it’'s an image-
cancelling mixer, a (single section is OK)
image suppression filter is needed be-
tween the amp and the mixer. (2) Mixers
have all sorts of LO-products coming out
the IF port. DON'T use an amplifier to ter-
minate that. A simple filter will let things
work properly.

— F% = ""—IIF
{\< amp»— =

1
¢ T IF
L trap

(8) Cheap mixers work — or can work —
just as well as expensive mixers. And |
don’t like amplifiers adding noise to my
LO, for a minor point.

H.H. Cross, W1IOOP
Needham, Mass.

RF Design

Lynn Gerig’s Response
Editor:
| concur with the four typographical er-
rors and the two judgement calls. Thank
you for bringing them to my attention. To
users concerned about accuracy of solu-
tions from using my program, | would like
to point out that the “errors” apply only
to aircraft elevations (VHF antennas at
500’ and 40,000'; VHF at 1,000’ and
60,000'; UHF at 500’ and 80,000; and
UHF at 5,000’ and 30,000’). Users desir-
ing to correct their programs should
LOAD the program, EDIT or retype the
following lines, then SAVE the corrected
program:
2255 H$ ( 4,12) =
*135260160294169320183400203500”
2315 H$ ( 5,13) =
*125180130315157350168374200540"
3005 H$S (1, 1) =
*142010170030178050187100225315”
3265 H$ ( 4,14) =
*“140352160370171385180406210560"
3400 H$ ( 7,11) =
“131140137288168315178335210495"
3540 H$ (11,13) =
*137300141485172520183550210670"
| apologize to anyone inconvenienced
by these typos, and thank you for bring-
ing them to my attention.

Lynn A. Gerig
Monroeville, Indiana

Some Changes Made in SAE
Standards
Editor:

Your fine article in the RFI/EMI Corner
in the September '86 issue was a wel-
come item. There are some things |
thought you might like to have updated,
however.

The name of C63 has been changed. It
is now “ANSI-Accredited Standards Com-
mittee on Electromagnetic Compatibility,
C63”

SAE J551 has been changed to cover
the frequency range starting at 30 MHz
now instead of 20 MHz for noise from
spark-ignition engine vehicles and de-
vices. It now has an appendix covering
radiated E-Field and H-Field emissions
from electric vehicles over the frequency
range from 14 kHz to 30 MHz.

The proposed EMR standard is J1816,
“Performance Levels and Methods of
Measurement of Electromagnetic Radia-
tion from Vehicles and Devices, Narrow-
band, 10 kHz-1000 MHz.”

Edwin L. Bronaugh

Director — Research & Development
Electro-Metrics

Amsterdam, New York

HIGH POWER
COUPLERS

2000 WATTS

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

100 WATTS

.05-1000 MHz

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

BROADBAND RF
COMPONENTS

Hybrid Junctions

Power Combiners

Power to 20 KW
Frequency .01-2000 MHz

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

RLATg,
(A~ WERLATONE INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187

decades ahead TWX 510-600-0747
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rF news

Bird Develops Precision Thruline®

Power Meter

The cover of this issue features a new
product, and a new level of precision from
Bird Electronic Corporation of Solon,
Ohio. Their new Models 4021 and 4022
power sensors; with Models 4421 and
4420 digital and analog display units
represent a major achievement in non-
terminating, non-calorimetric power
measurement.

Accuracy of 3 percent is achieved by in-
cluding a microprocessor and individual
calibration PROM in each sampling head.
This method allows the rated accuracy to
be had over a power range of 300 mW to
1000 W with a single sensor. The Model
4021 sensor covers 1.8 to 32 MHz, the
4022 covers 25 to 1000 MHz. Either sen-

sor may be used with any display unit,
since the calibration stays with the sen-
sor. Sensors are warranted for life against
burnout.

The display units allow the operator to
measure not only forward power, but
reflected power, VSWR, return loss; and
to track the maximum or minimum value
of any of these parameters. Power read-
ings may be in watts or dBm. A re-
chargeable battery pack allows fully por-
table operation. The 4420 analog display
unit has the interesting feature of a
stepper-motor driven pointer, not a con-
ventional analog meter.

As is the case with most current in-
struments, IEEE-488 interface is an op-

tion, available on a field-installable board.
RS-232 interface is also available. The in-
terface cards require operation from the
AC line, and are only used with the 4421
digital display unit. For more information,
circle INFO/CARD #183.

Just as they did in Anaheim for two
successive years (at RF Technology
Expo), the “new wave” of RF engi-
neers turned out in Boston for RF Expo
East. Interviews with three engineer-
ing attendees selected at random —
by complete coincidence all were
named David — revealed heavy in-
volvement with digital techniques as
well as RF for two of them.

In the case of David Halasz of Bird
Electronics, Cleveland, Ohio, his actual
title is computer engineer. The title
does not mean that he designs compu-
ters. Bird is a familiar manufacturer of
RF power measurement equipment,
and Dave is the principal developer of
the new instrument featured on this
month’s cover. His title means that he
is part of the “‘computer products”
engineering group which designs pro-
ducts with microprocessor capabilities.
(Other engineering groups at Bird re-
volve around products like filters, loads
and attenuators.) Dave is 25, received
his BSEE with digital emphasis from
Case Institute and has been at Bird for
all of his 112 years of work experience.

Dave #2 was David Mortimer of
Spears Associates, Inc., Norwood,
Mass., a manufacturer of submarine
communications systems in VLF, LF
and HF ranges, with a few special pur-
pose systems in higher frequencies.
Now 39, this Dave first got involved
with RF in the Army after some college

Three Daves Do Boston

Halasz Mortimer

training in chemistry and physics. The
experience led him to go for a BSEE
at the University of Massachusetts
after his discharge, with as “broad a
base as possible in all subjects except
digital.” Dave’s entire 12-year work ex-
perience has been at Spears, where
he is now a senior engineer, and “not
that involved” on a day-to-day basis
with engineering design, although it is
his first love. He relished going to the
sessions and exhibits at RF Expo East
as a way of staying in touch and “will
be back every year”

Dave #3 was David Somppi of
Linear Technology, Inc., Burlington,
Ontario, a manufacturer of RF bipolar
transistors and DMOS devices. This
Dave develops broadband amplifier

Somppi

designs to be produced as monolithic
circuits. At the next RF Technology
Expo in Anaheim (February 11-13,
1987) he will present a paper presen-
ting a new “chip” operating in the
10-500 MHz frequencies, selling for
less than $20. At the age of 30 Dave
has earned two degrees, a BSEE and
a Master of Applied Science with em-
phasis on EE, both at the University of
Waterloo in Ontario, and has an im-
pressive work record at Garrett
Manufacturing and Bell Northern Re-
search in addition to three years at
Linear Technology. He is excited about
his work since he sees more and more
functions ‘“‘going monolithic” as op-
posed to discrete or even hybrid. He,
too, “will be back” at future RF Expos.

14
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How sure are you of your Interference Gontrol?
Instrument Specialties can

provide you with Certified Testing...
document with computer print-outs...
recommend corrections if necessary!

What is Certified Testing?

Certified Testing is our name for our automated
test program that evaluates the interference con-
trol built into the equipment being tested. Available
only from Instrument Specialties, it includes state-
of-the-art emissions and susceptibility measure-
ments from 20 Hz to 20 GHz up to 20 V/m...RF
gasket evaluation...FCC/VDE/CISPR and MIL-
STD-461A/B tests... TEMPEST facility measure-
ments per NACSIM 5203 and 5204 requirements
...depending on your needs.

Where do we test?

Portable equipment is tested in our new shielded en-
closures, including semi-anechoic (non-echoing). Com-
mercial tests are confirmed in an open field test site, itself
tested in accordance with FCC standards. These superb
facilities are available on a daily basis, as is engineering
help, if requested. If on-site testing is required, we'll bring
our portable laboratory instruments to you.

Computer-controlled tests
provide customized, precise re-
sults, repeatability, and docu-
mentation. Shielding can be
tested to MIL-STD-285, |EEE
188, NSA, etc. RF gaskets are
tested using the SAE ARP-1705
transfer impedence method, to
140 dB. Our computers and
proved software, plotters, signal
sources, oscilloscopes,
receivers, amplifiers and
antennas offer a degree of sophistication not available to
most manufacturers of Class A and B devices. Few, if any,
test facilities in the U.S. have comparable equipment, cali-
brated and traceable to the National Bureau of Standards!

How do we test? T ‘f,-

We're told our Test Reports
are the best in the industry.
More detailed, and clearer,
with a continuous sweep of
frequency spectrum—not just hand-plotted points. Computer
print-outs and documented data meet both FCC and military audit
requirements. If desired, we can supply engineering consultation
leading to specific recommendations and verification. Of course,
all reports are strictly confidential.

For more information on rates and schedule availability, or
to discuss your specific needs, phone and ask for EMC
Customer Service. Or, write us at Dept. RFD-30.

1 INSTRUMENT SPECIALTIES COMPANY, INC.
==~ PO. Box A e Delaware Water Gap, PA. 18327
== Phone: 717-424-8510 ® TWX: 510-671-4526

Specialists in interference control since 1944
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Nearly 1,200 RF Engineers Attend

RF Expo East

The vitality of the RF industry was evi-
dent in Boston during the second week
of November. RF engineers from all
branches of the industry found something

informative and interesting at RF Expo
East, and manufacturers of RF compo-
nents and equipment found an audience
of engineers wanting to know more about

Introducing a small
accomplishment in
UHF frequency sources!

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

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

]

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

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

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

their products.

Of special note was the attendance of
engineers from other disciplines. Digital
engineers were to be found looking for
products and techniques to enhance the
high-speed performance of their projects.
The optical communications specialists
were present, too. As one of them noted,
the modulators and demodulators of an
optical link are basically RF circuits.

It is clear that many attendees had
education as their first priority. Over 150
attended the RF Fundamentals course,
taught once again by Les Besser. Atten-
dance at the technical papers was ex-
tremely high, with many situations of
standing-room-only. Among the best at-
tended papers were those of the tutorial
nature. The foundations of amplifier, oscil-
lator and filter design appear to be areas
of universal interest among both new and
experienced engineers.

Exhibits Highlight Many New
Products

Fall 1986 has been chosen by many
companies as the time for introduction of
new products. Many of the products an-
nounced in November RF Design had

their first public showing at RF Expo East.
Among these new products were signal
generators from Wavetek, Fluke and
Rohde & Schwarz-Polarad; Spectrum
| Analyzers from Hewlett-Packard and

$ ; Tektronix; and GaAs and silicon MMICs
RF Monolithics, Inc. « 4441 Sigma Road - Dallas, Texas 73244 U.S.A. | from Harris Microwave Semiconductor,

Phone: (214) 233-2903 - Fax: (214) 387-8148 - Telex: 463-0088 M/A-Com Advanced Semiconductor and
INFO/CARD 11 ' Avantek. New surface mount components

IR A
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Ceramic Lag
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from several companies received close
scrutiny by the attending engineers.

A few companies exhibited brand-new
products, not previously announced. M/A-
Com had the latest additions to their GaAs
MMIC switch and attenuator line. Motorola
announced a new dual gate GaAs FET
transistor in a SOT package, plus their
MC3362 dual-conversion FM receiver {C.
IFR Systems announced the upcoming in-
troduction of a new spectrum analyzer,
featuring coverage to 2.6 GHz, with a vast
array of performance and operational
features.

At least one new start-up company
came to RF Expo East to gain some first-
hand experience with the engineers and

Comprehensive new
Catalog of 300"
Instruments/Loads/
Attenuators for

RF Power

Measurement

from 2 milliwatts to 250 kW
0.2 - 2300 MHz

Qualty Instruments
for RF Power Measurement

From the makers of THRULINE® Direc-
tional Wattmeters. Write or phone.

BIRD ELECTRONIC CORP., 30303 AuroraRd.,
Cleveland (Solon), OH 44139, Ph: 216 ® 248-1200

RF Design INFO/CARD 13

companies in the industry: L&M Systems,
Inc., of Londonderry, N.H. This new firm
will be producing low cast VCO modules
in the VHF/UHF frequency range.

Technical Papers Draw Big Crowds
RF engineers are always looking for
ways to improve their design and develop-

ment ability. Papers delivered at RF Expo
East included a valuable mix of product
applications, basic tutorials and design
and development examples. It is hard to
highlight any one or two of the papers
since all were well-received and most
sessions on power amplifier design, oscil-
lators, computer-aided design, frequency
synthesizers, mixer design and receiver
performance were especially popular.

NBS Has New
Measurement Information

One important performance criterion for
signal generators is the ability to produce
a specified flatness of output amplitude
during frequency modulation (FM). The
response of a generator to a given range
of modulation frequencies can be deter-

REEVES-HOFFMAN
OFFERS

NEW CATALOG
FEATURING
QUARTZ
CRYSTALS,
FILTERS AND
OSCILLATORS.

This catalog provides information for
designing and specifying with custom
frequency control products. The quartz
crystal section covers high-and low-
frequency crystals in a variety of holders.
The basics of crystals are reviewed for
custom design development. A third
section is devoted ta oscillators and
features both hybrid and discrete models

"

DIVISION DYNAMICS CORPORATION OF

Reeves-Hoffman, 400 West North Street, Carlisie, Pa. 17013 USA
Phone 717-243-5929 ¢ FAX 717-243-0079

AMERICA

INFO/CARD 14
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mined using the Bessel null technigue,
but manual measurements suffer from
high labor costs, errors in finding the null,
and lack of assurance that the null found
is actually the first Bessel null. NBS has
developed an automated procedure which
avoids these problems and gives more
precise results than manual control.

Cataiop C'D

Automated Measurements of Frequency
Response of Frequency-Modulated Gen-
erators Using the Bessel Null Method (TN
1093) describes the equipment and tech-
nique, and lists the program used It s
available from the Superintendent of
Documents, U.S. Government Printing Cf-
fice, Washington, D.C. 20402, for $1.75

BLILEY WROTE THE BOOK ON HIGH
REL CRYSTALS AND OSCILLATORS.
AND YOU CAN HAVE A COPY. FREE!

New 1987 Catalog. Complete data for full line
quartz crystals and crystal oscillators, including:
¢ Surface Mount and SC cut crystals
® OCXO and TCVCXO oscillators

Phone or send for your copy now.

BLILEY ELECTRIC COMPANY

2545 West Grandview Blvd.
P.O. Box 3428, Erie, PA 16508

(814) 838-3571 TWX 510-696-6886 wr
INFO/CARD 12
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prepaid; order by stock no. 003-003-
0278-6.

Also available from NBS is a new
“special” measurement service for micro-
wave noise sources in the 2 to 4 GHz
range is available. It improves on an older
service by providing better accuracy (ap-
proximately +0.07 dB vs. +0.14 dB) service
at any frequency in the range and the
ability to calibrate noise sources having
the most common connectors (instead of
requiring the connector of the test unit to
be the same as that on the NBS stan-
dard). Inquiries about the availability and
cost of the new measurement service
should be directed to Edna Jones, Div.
723.10, National Bureau of Standards,
Boulder, CO 80303, telephone: (303)
497-3753. Technical inquiries may be ad-
dressed to George Counas, (303) 497-3664,
or Sunchana Perera, (303) 497-3546, both
at the above address.

EIA Quartz Devices Conference
Proceedings Available

Proceedings of the Electronic In-
dustries Associations 8th Quartz Devices
Conference and Exhibition held August
26-28, 1986, in Kansas City, are now
available. The publication contains tech-
nical papers on a wide variety of topics,
incuding: “Design Algorithm for Bi-Con-
vex and Plano-Convex Crystal Reson-
ators”; “‘Quartz Tuning Resonator Trans-
ducers”; “Review of Surface Mount Tech-
nology as it Applies to Quartz Crystal Pro-
ducts’; “The Dependence of the Elec-
troelastic Constants of Quartz on Temp-
erature”; and “Crystal Oscillator Design
and Analysis Using Personal Computer.”

The 274-page documents may be or-
dered for the prepaid price of $45 from the
Electronic Industries Association’s Com-
ponents Group at 2001 Eye Street N.W.,
Washington, D.C. 20006.

Raymond Heising's popular *“Quartz
Crystals for Electrical Circuits,” is also
available at a cost of $25.

Besser Associates Releases
New Course Versions

Besser Associates, Inc. has announced
a new release of two videotape courses,
which provide segmented licensing and
purchasing opportunity. The courses
covered are: TA-1, “RF/MW Fundamen-
tals” by Les Besser. TECH-1, “RF/MW
Fundamentals and Measurement Tech-
niques.” For additional information, con-
tact Besser Associates, Inc.. 3975 East
Bayshore Road. Palo Alto, Calif.. (415)
969-3400.
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New from TRW...

A broadband, medium-power
lifier in a compact package.
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TRW RF DEVICES has developed two
new lines of packaged linear amplifiers
that feature . ..

¢ Heavy-duty machined housing

» EMI-RFI shielding

* SMA connectors

* Low noise

* High gain (14-36dB)

These new modules are ideal for applica-
tions in instrumentation, communications
equipment and military systems. And
they are lower priced than comparable
products.

The SHP series package measures only
7.2 cubic inches ; the DHP series pack-
age measures 9.8 cubic inches.

All products utilize a push-pull configu-
ration and operate with bias voltages of
15V, 24V or 28V. They also are protected
against reverse bias. They meet
MIL-SPEC 883, Methods 1004 and
1009, for humidity and salt spray.

Prices (in quantitics of 1-9) range from
$240 to $275 for the nine models in the
SHP series. The five models in the DHP
series—which feature higher gains and
power outputs at comparable frequencies
—are priced from $380 to $455.

Look toTRW RF DEVICES
for the latest developments in
RF POWER TECHNOLOGY.

For data sheets, applications assistance
or the location of your nearest stocking

T e TS

distributor, contact Don Murray. Sales
Engineer:

RF Devices Division

TRW Electronic Components Group
14520 Aviation Blvd.

Lawndale, CA 90260, 213.536.0888

TRV Ine: 1986 —TRF-6WF

4 FXWY

RF Devices Division
TRW Electronic Components Group



Your Super Market for
Super Selection

RF shopping just became easier’!

$8 million of RF transistor inventory will put your order on your desk
the NEXT DAY—not next month. Excellent selection plus factory pricing makes
RF GAIN, LTD. the only RF supermarket you will ever need.
RF GAIN, LTD.—-YOUR TOTAL POWER SOURCE-3MHz to 3GHz.

é} RF Gain, Lid.

A Richardson Company

East Coast: 800/645-2322 + Central: 800/323-1770 » West Coast: 800/348-5580
RF Gain, Ltd.: 116 South Long Beach Road * Rockville Centre, NY 11570 « 516/536-8868 » Telex: 6852380 RF GAIN UW s Fax: 516-536-5440
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»F calendar

»F courses

January 12-15, 1987

SMART Il

Hyatt Regency, New Orleans, Louisiana

Information: Electronics Industries Association, 2001 Eye St.
N.W., Washington, D.C. 20006; Tel: (317) 261-1306

January 29-30, 1987

Measurement Science Conference

Irvine Marriott Hotel, Irvine, California

Information: Dennis Pinnecker, Conference Registrar; Tel: (714)
762-4574.

February 11-13, 1987

RF Technology Expo 87

Disneyland Hotel, Anaheim, California

Information: Kathy Kriner, Convention Manager, Cardiff Publish-
ing Co., 6530 So. Yosemite St., Englewood, CO 80111; Tel: (303)
694-1522 or (800) 525-9154

February 25-27, 1987

Industry-University Advanced Materials Conference
Colorado School of Mines, Golden, Colorado

Information: Dr. Jerome G. Morse, Advanced Materials Institute,
Colorado School of Mines, Golden, CO 80401; Tel: (303) 273-3852

April 1-8, 1987

Electronics and Electrical Engineering '87

Hannover Fairgrounds, Hannover, West Germany

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

April 21-23, 1987

Electrical Overstress Exposition

San Jose Convention Center, San Jose, California
Information: Jim Russell, EOE, 2504 N. Tamiami Trail, Nokomis,
FL 33555, Tel: (813) 966-9521

April 27-29, 1987

IEEE Instrumentation and Measurement Technology
Conference

Sheraton-Boston Hotel, Boston, Massachusetts

Information: Robert Myers, Myers/Smith, Inc., 1700 Westwood
Bivd., Los Angeles, CA 90024, Tel: (213) 475-4571.

May 11-13, 1987

37th Electronics Components Conference

Boston Park Plaza Hotel and Towers, Boston, Massachusetts
Information: Tom Pilcher, Electronic Industries Association (see
address above)

May 27-29, 1987

41st Annual Frequency Control Symposium

Dunfey City Line Hotel, Philadelphia, Pennsylvania
Information: Dr. R.L. Filler, U.S. Army Electronics Technology and
Devices Laboratory, SLCET-EQ, Fort Monmouth, N.J. 07703-5000;
Tel: (201) 544-2467.

June 9-11, 1987

IEEE MTT-S International Microwave Symposium

Bally’s Grand Hotel, Las Vegas, Nevada

Information: Robert A. Weck, U.S. Army, LABCOM, ETD Lab,
SLCET-MH-W, Fort Monmouth, NJ 07703-5000; Tel: (201)
544-4489

RF Design

The George Washington University

Grounding, Bonding, Shielding and Transient
Protection
December 8-11, 1986, Ottawa, Canada

Mobile Cellular Telecommunications Systems
December 8-10, 1986, Washington, DC

Wideband Communications Systems
December 15-19, 1986, Washington, DC

SAW Devices and Their Signal Processing Applications
February 23-26, 1987, Washington, DC

Frequency Synthesis
February 9-11, 1987, Washington, DC

Frequency Hopping Signals and Systems
February 23-25, 1987, Washington, DC

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

Georgia Institute of Technology

Principles of Pulse Doppler Radar: High, Medium,
and Low PRF
February 10-12, 1987, Atlanta, Georgia

Information: Diedre Mercer, Department of Continuing
Education, Georgia Institute of Technology, Atlanta, GA
30332; Tel: (404) 894-2547

Besser Associates, Inc.
Principles of RF and Microwave Circuit Design
December 15-17, 1986, Santa Clara, California

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

Interference Control Technologies, Inc.
Grounding and Shielding
December 2-5, 1986, Washington, D.C.

TEMPEST Facilities Design, Installation and Operation
January 27-30, 1987, San Jose, California

Practical EMI Fixes
December 9-12, 1986, Orlando, Florida
January 20-23, 1987, San Diego, California

Information: Penny Caran, Registrar, Interference Control
Technologies, PO. Box D, Gainsville, VA 22065

R&B Enterprises
TEMPEST — A Detailed Design Course
February 2-6, 1987, Philadelphia, Pennsylvania

TEMPEST — An Overview for Managers and TEMPEST
Officers
February 9-10, 1987, Philadelphia, Pennsylvania

EMI/EMC in the Automotive System
February 9-11, 1987, Dearborn, Mi

Information: Greg Gore, R&B Enterprises, 20 Clipper Road,
West Conshohocken, PA 19428-2721; Tel: (215) 825-1960
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Your One-Stop Source for...

PHASE LOCKING _

APPLICATIONS . <=~ &,

Frequencﬂ- TTL: 32 kHz- 70 MHz
CMOS: 300 Hz- 10 MHz
ECL:  5MHz-200 MHz
SINE: 5 MHz-600 MHz |

Dewviation: | + 30 ppmto + 200 ppm
Permits locking onto a stable
source for 10-20 years
without adjustment

TTL: 0.2" high DIP
Other: For pc board
mounting or chassis mount
| with rf output connector. |

Package:

LINEAR APPLICATIONS

Frequency: | to 600 MHz
Deviation: | +0.1% (wider or narrower
deviation available)
Also available are Vgctron
VCOs with deviation of
+110 +33%

Linearity: | +1%
Stability: | From +1 ppmto =100 ppm
using standard, temperature

compensated and oven
designs.

Cali The
Application
Engineering
Hot Line Today!

VECTRON

The Crystal Oscillator Company

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

INFO/CARD 18

Surface-mounting and hybrid techniques
can be combined, as shown in this fiber-
glass-substrate circuit.

tion about this material, please circle
INFO/CARD #182.

Although BeO, manufactured in this
country by Brush-Wellman, Inc., Cleve-
land, Ohio, has long been an excellent
substrate material, there are toxicity
hazards associated with beryllic dust.
Maladies similar to emphysema can result
from cumulative exposure to dust created
by drilling or grinding. Aluminum nitride,
a relatively new ceramic, reportedly has
about half the thermal conductivity of
BeO, and about five times that of alumina.
A problem to be overcome with this new
material, however, is thick film adhesion.
Another new material, silicon carbide,
reportedly has a high dielectric constant,
approximately 40, but presents some
problems with metallization.

RF design engineers are more likely to
be familiar with the soft substrates, the
flouropolymer composites used in printed
circuit boards. Rogers Corp., Tempe,
Ariz., has just completed development of
a new material for high speed, high cap-
ability interconnects. The ROHSI™
(Rogers High Speed Interconnections)
seems to offer significant improvement
over existing materials. This new material
may provide on the order of 1,000 percent
improvement in delay-line rise time, 35
percent improvement in characteristic im-
pedance control of flexible materials, and
more than 900 percent improvement in in-
line connector failure rates, with a 20 per-
cent increase in propagation velocities.
The material is intended for high speed
digital system applications, but creative
RF designers may see other uses for it.

Rogers also offers OHMEGA-ply lami-
nate through exclusive license agreement
with OHMEGA Technology, Culver City,
Calif. The bi-clad material is made with
a layer of copper bonded to a thin layer
of resistive material, which is in turn bond-

Surface-mounted components, such as
these inductors from Coilcraft, are rapidly
being incorporated into new RF designs.

ed to RT/Duroid laminates. By controlled
width and length etch-back, ready-made
planar resistors can be realized. Discrete
resistors can be eliminated in many appli-
cations.

With laminates, the expansion differ-
ences among materials, metallic lamina-
tions, and mounted components or devic-
es is a critical consideration. Solder and
weld joint fatigue in interconnects and
poor adhesion of conductors to the sub-
strate are prominent causes for failure. If
a substantial amount of power is to be
transported or dissipated per unit area,
careful design studies are in order.

One of the driving forces in the develop-
ment of new materials is the trend toward
surface mounted devices. Surface mount-
ing, in turn, is driven by the need to auto-
mate the assembly process. It can be
shown that surface mount technology,
properly approached, can more than dou-
ble productivity and increase the quality
index of components tenfold or more.

Labor inputs can be reduced substan-
tially by using robotics for assembly and
testing. Multifingered, programmable
robots with vision, connected computer
brains, and human-like dexterity can per-
form an almost unlimited variety of
assembly tasks. With robots, picking,
placing, and soldering at interstage step
speeds of more than 50 inches per se-
cond with location repeatability of less
than +/— 0.005 inches is possible.

When surface mounted, devices must
be held to the board until soldered,
especially with double-sided mounting.
Epoxies, silicones, polymides and acrylics
are among the materials currently used
for this purpose. With line widths and
spacing in the order of small fractions of
an inch, the use and reliability of adhe-
sives is critical. However, the use of adhe-
sives brings new problems. The dielectric
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properties of the adhesive, the amount
used, and the puddle spread may lead to
unexpected losses, mismatches, etc.
Overcoming this problem may require
new adhesive fixing routines that preclude
or minimize liquid flow.

Standardization — The Major
Problem in Surface Mounting

Surface mountable hybrid circuit com-
ponents have been available for almost
20 years in various limited types. Today,
the numbers are in the order of tens of
thousands, active and passive. Few
package manufacturers, however, have at-
tempted to standardize package sizes or
footprint geometry, or to provide a mea-
sure of control of the characteristic im-
pedance of the package feedthroughs.
Now the Electronics Industries Associa-
tion (EIA) and the Institute for Interconnec-
ting and Packaging Electronic Circuits
(IPC) have come together to develop and
propose standards for surface mount
devices and systems.

The three main objectives established
by a joint council of the two organizations
include: 1) coordination and endorsement
of surface mount technology standards
publication; 2) examination and assess-
ment of the technology and guidance to
government and industry; and 3) promo-
tion and information dissemination regard-
ing endorsed standards and new develop-
ments in SMT.

Perhaps the work of this council will
provide the standardization to allow max-
imum use of surface mount technology.
Designers will then have maximum flex-
ibility in using new materials. For more in-
formation about the Surface-Mount Coun-
cil, contact the EIA or IPC at the follow-
ing addresses:

Electronic Industries Association

2001 Eye Street, N.W.

Washington, D.C. 20006

Attn. Max Moore

Institute for Interconnecting and
Packaging Electronic Circuits

7380 Lincoln Avenue

Lincolnwood, IL 60646

Attn. Tony Hilvers

About the Author
Dick Wainwright is chief scientist at
Cir-QTel Inc., 10504 Wheatley St., Ken-
sington, Md. 20895-2695. He has
many years of experience in the de-
sign and manufacture of packaged
filters and hybrid circuits.

RF Design




RF DESIGN

Hewlett-Packard 8590A

* 10 kHz to 1.5 GHz

e 30 pounds (13.5 kg),
Small and Sturdy

e Direct Printer and Plotter
Output

e Marker & Signal Track
Functions

1986 Winner 1986 Winning Design

“Wow! | can’t believe | won. |
am extremely flattered that a
respected publication such
as yours found my design
worthy of first prize.”

’ 1st RF Design’ Dan Baker
i e Contest Wlnngerf] Tektronix

Dan Baker Calibrator Circuit
Tektronix

Entry Rules
1. Entries shall be RF circuits containing no more than 6 single active devices (tubes or transistors), or 4 integrated circuits, or be passive
circuits of comparable complexity.

2. The circuit must have an obvious RF function and operate in the below-2 GHz frequency range.

3. Circuit must be the original work of the entrant.

4. If developed as part of the entrant’'s employment, entries must have the employer's approval tor submission

5. Components used must be generally available, not obsolete or proprietary.

6. Submission of an entry implies permission for RF Design to publish the material. If published, the entrant will receive the normal per-page
author’s honorarium.

7. Deadline for entries: March 31, 1987. RF Design, 6530 S. Yosemite St., Englewood, CO 80111



ONTEST

ggﬁ L7 ﬁ

Toschatess - 12/86/85 - 15:23:41 - BInMDER

_ ®MSZI]  _ BRISAL)  DDZA1)
LA I L £

Touchstone/RF gives you everything you
need for circuit design, simulation and
analysis. It’s the most advanced program
there is for computer-aided RF design. You
use it in your own office, on your own PC.

ONTIT PLANE STABILITY CIDCLES

TzInpt Mlase  F2:Output Plase

Circuit Busters

The new model 4421 RF Power Meter from
Bird Electronic measures forward and
reflected RF power with an impressive
+3%-of-reading accuracy — performance
that fully rivals slower calorimetric methods.

RN

Electronic Corporation

SuperStar, a major extension of STAR, will change
the way you design circuits. SuperStar has the
power and flexibility to simulate a wide variety of
RF and microwave circuits without compromising
ease of use, speed of execution, accuracy, and

affordability.

Judging Criteria

Each entry will be evaluated in three categories, each having equal weight:
Originality: The purpose of the contest is to reward engineers for their unique design contributions. Each design will be evaluated accord-
ing to its similarity to work by others, unusual application of a device or technique, and other judgments of its contribution to the advance-

1

ment of the engineering craft.

Engineering: Engineering is the application of technology to solve a problem or meet a design goal. Entrants should clearly identity how
their circuit was created in response to such a need. Judges will evaluate performance, practicality, reproducibility and economy.

Documentation: Communicating ideas to others is the business of RF Design and a necessary part of good engineering. Each entry will
be judged on its description, analysis and graphical material. Each!¢ircuit should have a complete list of components, explanation of func-
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RF POWER

Lab Instruments & Modules

e 2 to 5000 Watts, 25Hz to 550MHz

e [nnovators in Solid State Design
e Superior Quality Construction

MOS-FET AND ’ 2-WEEK DELIVERY
BI-POLAR DESIGNS MOST ITEMS IN STOCK

A complete line of high quality RF Power Amgplifiers designed for versatility and relability.
Choose from over 30 laboratory type AC instruments, or from more than 40 state-of-the-ar:
DC modules for OEM or special project use. All modules are housed in “one-piece™ solid
aluminum machined RFi-proof enclosures for reliability and low leakage performance.
Over 16 years of RF POWER design and manufacturing experience enable us to supply
you with a combination of the very best amplifier system for your money and provide the
know-how to quote you on your special requirements. If we don't have what you need,
we'll design it! Send for your free amplifier catalog

APPLICATIONS: NMR/ENDOR/ESR, Communications, Lab Test Equipment, Ulira
Sonics/Sonar, RFI/EMI Testing, Accelerators, Medical Research.

EALRAS

Engineering International, Ltd., U.S.A.
21820 87th SE, WOODINVILLE, WA 98072 206-485-9000 * 206-823-1832 e TELEX: 24-7028

Made in U.S.A.
INFO/CARD 20




rF design feature

Network Analysis on the
Personal Computer

A Program for Nodal Analysis of RF Circuits

By Bert K. Erickson
General Electric Co.

This BASIC program will compute the
frequency response and input impedance
of a linear network composed of resistors,
capacitors, inductors, op-amps, bipolar
and FET transistors. The program allows
a personal computer to verify the re-
sponse of RF circuits before hardware
models are assembled. In comparison
with commercial programs currently avail-
able, this program is deliberately abbre-
viated to provide more than adequate
“number crunching” ability, while elimi-
nating seldom used features.

he program presented here was writ-

ten for an IBM PC computer connect-
ed to an OKIDATA Model 84 printer. This
computer could handle 58 nodes and for
a 5 node network it took 4 seconds to cal-
culate and print the response at each fre-
quency. With the exception of the printer

instructions, the program should run on
all computers that are compatible with
Microsoft BASIC. Units of hertz, ohms,
microfarads, henrys, and seconds are
used for all values. This program also in-
cludes techniques for calculating the time
delay and input impedance.

The network illustrated in Figure 1
shows how the program can be used. To
get started, assume the program has
been LOADED and RUN. The element
format will appear on the screen. Enter
Y for printed results or press ENTER for
a screen display only. Enter Y for time
delay or press ENTER to omit the listing
(which will allow the program to run
faster). Press ENTER to omit the impe-
dance header. Enter the highest node in
the diagram for the number of nodes. To
store an inductor element in memory enter
L1 then type 1, 2, 1.59154 and press the
ENTER key again. “L1 1 2 1.59154" will
be printed if printed results were request-

L1 =) 2 150154
R2=2 0 10000

Natworx has 2 nodes
nput & Output nEdNs are 1 2

Frequency responso with lingar frequency incremonts.
Frequency mnge » 100 2350 450

FREQ o8B PHASE DELAY (SEC)
100E+02 004 57 158E-04
S50E+02 115 288 122E-04
100E +03 301 450 796€ 05
14%E-03 492 554 $14E 05
190E+03 664 622 J45E-05

2356400 8w 669 244E-05

Frequency resporse with log lrequency increments
Frequency rongo 8 100 2350 . 6

FREQ 08 PHASE DELAY {SEC)
100E+02 004 57 188E 04
188E+02 015 106 154E 04
AS4E102 051 195 141E-04
BE5EXC2 159 338 110E 04
129£~03 409 53 B21€ 05
236E~03 814 669 244E-05
Fe1021
L » 23159154
A« 30 10000

Network has 3 nodes
Input & oulput nodes are V. 2

Input mpedmnce wih knewr frequency Increments
Fraquancy rangw 4 100 2350 450

FREQ REAL IMAG AMPL ANGLE
1 00E-02 10000 0 1000 0 10049 8 57
5 SCE~02 10000 0 5500 0 114127 288
1.00€+063 10000 0 10080 0 141421 450
1 45E403 10000 0 14500 0 176139 554
1 90E~03 10000 0 19000 0 214709 622
2 356403 10000 0 23500 0 25539 2 669

PO
R}

Figure 1. Frequency response and input impedance of a simple network.
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ed. Proceed to enter all elements in this
manner.

Since element values, like capacitors in
parallel between a pair of nodes, are auto-
matically added by the program, a mis-
take must be corrected by subtracting the
wrong value and adding the correct value.
Any number of elements can be paralieled
between two nodes.

After the network has been described,
enter E to exit then type *“1, 2"’ and press
the ENTER key again to designate node
1 as the input and node 2 as the output.
Type start, stop, and increment frequen-
cies followed by ENTER for a set of linear
frequencies, or start, stop, and —D for a
set of D logarithmic frequencies. The
computer will now proceed to display the
frequency response. Voltages are mea-
sured with respect to ground or reference
node zero. The normal input is 1 volt rms
applied between the input node and
ground. To specify a current input, apply
the 1 volt input to the gate node of the
FET transistor having a gain of 1 A/V. This
technique is used in the lower part of
Figure 1 to compute the input impedance,
where the values are listed under the im-
pedance format header.

Since accurate values for the input im-
pedance are difficult to present on a 32
column screen, printed values may be
preferred. The frequency range and I/O
node assignments can be changed after
each run. However, each element re-
quires the loading subroutine to direct
values to numerous memory locations, so
for these changes the user is advised to
start over. A revised program has been
compiled to store the element values on
a disk file where they can be modified and
stored individually. However, with each
disk operating system requiring a different
revision, they are not included at this time.

Program Description

Several versions of this program have
been published (1, 2, 3, 4). Mason and
Zimmermann described how to solve net-
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work problems with the indefinite admit-
tance matrix. Schnider is usuaily given
credit for the algorithm. Niemeyer added
an inductor and transmission line ele-
ments and Steincross retrieved the ele-
ments from a disk file. These programs
written for the HP 9825, the HP 9830, and
an Apple Il computer with an Apple Pie
editor did have a few unique instructions
not found on most modern desktop com-
puters. An attempt is made here to pro-
vide a program that can be used on a
variety of personal computers, stressing
user instructions and printout format. This
program has a time delay column for the
frequency response, an input impedance
subroutine, and an improved arctan con-
version. Certainly features like S-para-
meter conversion and disk editors have
value, but in a first edition the objective
is to present the basics first.

To assist readers who desire to change
this program, several sets of diagrams
have been made to show each element
first as a computer model, then with high
frequency modifications, and finally in a
matrix. While a linear circuit is easy to
describe with an indefinite matrix, the
analysis has seldom been recommended.
However, with desktop computers avail-
able to evaluate the ratio of selected deter-
minants, the ratio of nodal voltages can
be readily calculated to analyze the net-
work. A resistor network will be described
in detail to show that the data entry task
is simple enough to be done by inspec-
tion. The transistor models that follow use
a 3X3 matrix to satisfy three simple equa-
tions. Subscript manipulations may be of
interest, but the description is too long to
be included here.

A 4-terminal resistor network is shown
in Figure 2a along with its indefinite ad-
mittance matrix. Notice that the sum of all
the elements in any row or any column
equals zero and that we could easily as-
sign values by inspecting the network.
Now if node zero becomes the common
terminal, then V, = 0 and all voltages are
measured with respect to this node. By
applying Kirchhoff's current law, all
elements of the row and column corres-
ponding to the common terminal can be
deleted and the network and its matrix
have the form shown in Figure 2b.

Conductances for this resistor network
are stored in array A and then transferred
to array P. Inductor values are stored in
arrays B and Q, and capacitor values in
arrays B1 and Q1. Lines 1850 through
2040 perform the storage and lines 1330
through 1350 perform the transfer. The
FET transistor is usually used in the com-
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(c) Transconductance location in P matrix

High frequency model

l (Ve = V) G
Ik~ O
h = (Ve = V) g,

The external drain
current flows toward
the node and has a

positive sign.

Figure 3. FET circuit notation, computer representation, equivalent cir-
cuits, and unsymmetrical admittance matrix.
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mon source configuration illustrated in
Figure 3a. Here the gate, source and
drain terminals are represented by nodes
K, J and |, respectively, as they are
designated in the computer program. The
equivalent circuit in Figure 3a, which the
computer simulates, may seem oversim-
plified. However, when the low and the
high frequency models shown in Figure
3b are considered, it is obvious that ad-
ditional capacitors can be inserted be-
tween the nodes to provide the high fre-
quency model. Values for these interelec-
trode capacitors are listed on most FET
data sheets. The section of the conduc-
tance matrix shown in Figure 3c shows
where the transconductance values would
be located if they were the only elements
in the matrix. To satisfy the simple FET
equations, g, in column | of the passive
matrix was moved to column K of the FET
matrix by increasing the number of coeffi-
cients from 9 to 16 by letting subscript J
= L and then storing selected g, values
with lines 2050 through 2110. This subrou-
tine is also used for the bipolar transistor
and the op-amp.

The bipolar transistor is usually used in
the common emitter configuration illus-
trated in Figure 4a. In the hybrid model,
hie = 'y + Iye @nd at low frequencies the
source resistance is often so much
greater than r,,, that r,, = h, is a good
approximation. When the computer model
is compared to the low and high frequen-
cy models of Figure 4b, one additional
node will allow all additional components
to be installed in the high frequency
model. Values for these components can
be found on data sheets in the hybrid
parameter section. Values for the conduc-
tance matrix shown in Figure 4c are
stored in a 2-pass process. The conduc-
tance between nodes J and K is stored
first by shifting the value of subscript | to
L, then destroying the value of | and re-
placing it with K. With | = K there will be
16 coefficients again and selected values
of conductance will be stored by lines
1850 through 1920. The transconductance
is now inserted between the correct FET
nodes by recalling the original value of |
from L, then replacing the value of L with
J. The matrix is now identical to the trans-
conductance for the FET and values are
stored by lines 2050 through 2110.

The op-amp model shown in Figure 5
consists of a differential amplifier having
its gain and output resistance assigned
from the keyboard. In this model, the
source is converted to its Norton equiva-
lent circuit, and after the conductance be-
tween nodes | and J is stored by lines

RF Design

1
Moo

(o} v, |
[o] Ve =14
o v, 1,

(¢) Conductance location in P matrix.

Figure 4. Bipolar transistor notation, computer representation, equivalent
circuits, and unsymmetrical admittance matrix.

()

3 A
Ro

A
Ro

J l 1 J Ve
v
1 1 b |
2 R % =
1 1 .
Ro Ro Y

Figure 5. Low frequency OP AMP circuit notation, equivalent circuit, and

admittance matrix array.
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Network Analysis Program Listing

o
T°Entar nusber of nodes

BIM AZY, YD BIY.¥ILELY.YV),

PIed. 14104708 LETES 10, LIGE 1)

IMIT Enter element lvobol

Fewls :DE=LENTS!

TeINSTRel 08,280

1080 o8 L GOSUS 1100.1190,1140,1380, lllti 122@,1310

1080 Fl'\-‘l’"lnur aymbul fres list! 1170010 1030

1100 INUT Npqlen & ohee are”1,7.¥

1110 IF PRt THEN GOSOR 3110

1120 Y=1/¥:GO800 18%0:50T0 10%

1IN0 IRMUIY  Nestes & ufde ape”;1.0.0

1140 IF PR THEM GOSER 3110

1180 Y=l 1 B-4:00808 1930:50T0 10%0

LIAU INPUT™Spdes & benrye sre’ ;1,00

1ITU IF PR THEN GOSUR 3110

1180 Ve-1/9:G08UK 1¥ 3010 19S50

Nodes A AN

¥y 1130

cLama

B8,E.C.Bety & B-E
THES DU 11 W
Lol: Toi: Vol /W QURNE 1830
Pel:LeJ:gerry 12

TWPUT €L, 7,1,81
1200 Ve 1/V:0mue 183
ey

Up 20960010 1%

LY PRINT:" Cumputs 1/0 retd
1230 1NPUTT [np u' & sutpur nedes
1090 708 Ie0 TO N:FOR Je0 TO N
1 F(l.ll-A(I.l\ JLCT, 0wl

IO L1, 23 R J):NEXY J:MENT 1

LW IF PR THEN 3150 ELIE 1460

1R7¢ PRINT:INPET Want printed resulis  Y/N"
THEN P9 =) ELSE Pi=
av Ller T/ RS MRINT
THEN WO=d ELSE Niw]
formar ¥/%

SIF Mo THER GOSUR 5140

FE="yv" THER 1s'0
1650 IWPET Input & sutput nedes sre”
1460 PRIRT:PRINT " The {requency ran
1430 INNT Szart, end, fncrw

1400 IF PR TEEN SORUR D e
1450 PEINT:IF QReD THEN GORER 3200

1300 IF O% ARD PR THEN GOStw 3210
1510 IF 08 THEN Cosuw 3380

1520 IF G AND M Twis © 7 oo

1530 IF IXO THEN F2e-p ELSR FRwl+iN-£)/3
1540 TF B0 THEN D LSSITEI D100
MR Lis] O 2

A THEN (%80

1580 weJepisF]
1590 VeR]:Sehy

1802 IF(-1)"(E+1) 00 THER 1830
1410 p=e-180

ol :COIUR 244D

78 Kle0 THEK 1830

Ui LITEN®LOGS V)

IF D180 THEN Dei-260

lv-vu Ir‘ 1

THEN e+ 300
IATO IF UM THEN 1700
INAD TF PR=0 AND [je0 THEN COOUN 1240

1490 IF P8 ARD [ THEN CSEUW 3300
700 IF o8 AND PRsO THEN 3400

1210 1F R AND PS TNEN JS1P

730 DO=l1-8:0] IF N0 THEN 17e0

1730 FleFIn{141F-5) :NEXT 12

1740 U2eT0/53/ Bl 1 EY

1750 IF M0 THEN 1360 ELEE 3200

1780 IF P® THEM FRINT#-2 ELSE PRINT
127 -

1780 IF MO THEN Fle-y3wg FLSE Fleli+p
1790 NEXT I1:IF PR THEN GOSUB 3610
1800 PRINT:INPHT Want to continue Y/N
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1840 Fors element matrices

158 IF 1=0 THEN 1890

1940 ACT, T)=al], 104V
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Figure 6 Flow diagram for the network program

IR PAINT A J

WANT TO
NO  COMTMUE

1850 through 1920, the current generator
is stored by the FET subroutine at lines
2050 through 2110. While all ideal linear
op-amp circuits are readily simulated, the
high frequency response is complicated
by slew rates and exponential functions
that require more components in the dif-
ferential amplifier.

Figure 6 is a functional flow diagram for
the program. This diagram shows most of
the keyboard inputs that are available. Not
shown are several fault instructions that
prevent the user from losing the program.
The matrix analysis subroutine is directed
by some properties of the indefinite admit-
tance matrix. Assuming that each element
of the nodal matrix is a short circuit ad-
mittance and that the matrix is not degen-
erate, we then define I, as the current
that flows into terminal r and out of ter-
minal q and that there are no additional
external currents. The potential difference
between terminals, E,,, = E, — E,. The
open circuit transfer impedance E./l is
then given by

Ekm [Y ;r((';“
2= = Ty
lrq Y3

RF Design

when k = r and m = q, the driving point
impedance is

oo Ea _ NVI§
W=, VI3

Since the first order cofactors of an in-
definite matrix are all equal, dividing the
transfer impedance by the driving point
impedance gives the voltage ratio

_Bm = NI

Eq Y15

where the cofactor [Y|KI" is (—1)r+askem

times the determinant of the submatrix
formed by deleting rows r and g and col-
umns k and m in the indefinite matrix. The
subscripts and superscripts must be in
ascending order or else the number of
transpositions must be counted. Delete
row g to designate node r as the terminal
where the current enters the network and
node q as the terminal where the current
returns to the source. The input will then
be in the denominator of the transfer func-
tion. Delete column m to designate node
m as the voltage reference. The voltage

Come
where the
power
IS.

Broadband capability from some very
powerful amplifiers. Power from one
watt to ten kilowatts. Frequencies
from 10 kHz to 1 GHz. Gain that's flat
and reliable.

For example, our Model 2000L,
shown above, delivers 2000 watts
minimum cw saturated power over a
bandwidth of 10 kHz to 220 MHz. In
pulse mode you can almost double
that rated output.

We rate most of our amplifiers by
minimum power—users can be cer-
tain that their 10-watt or 2000-watt
amplifier will always deliver at feast
its rated output at any point in its
frequency band.

AR amplifiers are unconditionally
stable, immune even to worst-case
load mismatch without damage or
shutdown. The full bandwidth is in-
stantly available—there's no need
for tuning or bandswitching.

Send for our booklet, “Your guide
to broadband power amplifiers.”

160 School House Road
Souderton, PA 18964-9990 USA
Phone 215-723-8181

TWX 510-661-6094
8288
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at node k will then be the output voltage
in the numerator. In the program, nodes
m and g both correspond to node zero,
and row zero and column zero are deleted
as the elements are stored. In the analysis
subroutine the row and column to be de-
leted are preselected and all cofactors are
evaluated by the same instructions.

The program does not evaluate the de-
nominator cofactors for the transfer and
driving point impedances, however values
can be obtained by setting the input cur-
rent equal to 1 with an FET conversion,
then the impedances are equal to the
node voltages. The matrix reduction pro-
gram with its complex numbers is too long
to be described here, but notice that at
line 1580 the input and output nodes are
recalled to evaluate the [Y|E submatrix,
and then at line 1620 the input node is re-
called twice to evaluate the [Y|E sub-
matrix. The magnitude division is per-
formed at line 1640, and the phase is ad-
justed at lines 1650 and 1660.

The time delay was originally a one line
instruction dividing A¢ by Aw, however it
was accurate only for small increments of
frequency and the first value did not exist.
When Akima and Przedpelski reviewed

(

(STD. PRDS.)

SIGNAL CONDITIONING

FILTERS

1 Hz to 100 MHz

¥ COMPETITIVE PRICES
¥ 10 DAY SHIPMENTS

' NO MINIMUM ORDER
' NO SET-UP CHARGES OR

the program (5), they astutely suggested
that the phase should be calculated at the
listed frequency and again at a frequen-
cy slightly offset to obtain better time
delay. The program includes this option.
For the network in Figure 1, where the
time delay is RL/(R2 + w2L?) the values
listed by the computer had a mean error
of 0.02% and a 0.1% standard deviation
of the errors which is not bad for a first
order digital approximation.

Since the inclusion of time delay and
printed results makes the program run
slower, the default status is no time delay
and no printer. When the cofactor is evalu-
ated where the sum of the input and out-
put nodes is odd, it acquires a negative
sign which is modified by a 180 degree
phase shift. The result obtained needs
clarification. The transmission line sub-
routine would likely be appreciated by
many RF engineers and could be de-
scribed in a future article. This program
has reproduced the results of examples
found in the literature and has verified the
performance of circuits assembled and
measured in the laboratory. It is quite user
friendly and somewhat forgiving if key-
board mistakes are made. [rf
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wide variety of capacitance ranges. Our unique rotor design
provides smooth, uniform torque and excellent rotor-to-bush-
ing contact resulting in low contact resistance. All metal
surfaces are gold plated as a standard feature of our products.

e Capacitancerange 3pFto 16pF e Operating temperature range
* Q > 5,000 at 200 MHz -65°C to +125°C
e Contactresistance <.001 Ohms e Wide selection of mounting styles

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS

TF!IM -TRONICS INC

67 Albany Street, Cazenovia, New York 13035
Outside USA and Canada contact Alfred Tronser, GmbH, Phone 49 07 082 3007

Tel: (315) 655-9528 TWX: 710-541-1530
INFO/CARD 23 December 1986
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Polylet
Part #

F1001

F10018

F1002

F10028

F1003

F10038

F1004

F1004B

F1005

F10058

F1006

F10068
F1007
F1008
F1009
F1012

F1013

F1014

F1015

F1016

F1018

F1020

& R

F1000 SERIES HF to 1GHz

Features

SingleiendedV low ﬁoise.

low galn compressnon

Smgle ended
higher gain

Single ended, low noise,

low gain compression

Single ended, higher
gain

Siﬁgle eﬁded low noise,

low gain compressnon

Single ended, higher
gain

Single ended, |ow noise,

low gain compression

Single ended, higher
gain

Single endéd low rToise.

low gain compressnon

Single ended, higher
gain

Single e;mded, low noise,

low gain compression
Single ended, higher
gam

Push-Pull hlgher gain-
bandwidth product

Push-Pull higher gain- 7

bandwidth product
Push-Pull low noise
less gain compression
Push-Pull higher gain-
bandwidth product

Single ended higher gain-

bandwidth product,
smaller footprint

Single ended higher gain-

bandwidth product,
smaller footprint

Push-Pull higher power
higher gain-bandwidth
Push-Pull, smaller
footprint, higher gain-
bandwidth

Push-Pull, smaller
footprint, higher gain-
bandwidth

Push-Pull, very high
power, small footprint,
high gain-bandwidth

Galn Po Test
(dB) (Watts) Freq.
Min. MH2
13 20 175
16 20 175
13 40 175
16 40 175
13 60 175
16 60 175
13 80 175
16 80 175
13 80 100
16 80 100
12 120 175
14 120 175
13 20 400
13 40 400
11 150 200
10 100 500
13 20 550
13 40 400
13 100 500
13 20 400
10 100 500
10 130 400

Ciss Coss Crss

En“ Volf-
(MHO) age

Min.

04 28 30
08 28 30
08 28 60
16 28 60
12 28 90
24 28 90
16 28 120
32 28 120
16 28 120
32 28 120
24 28 180
48 28 180
08 28 30
16 28 60
16 28 120
24 28 90
08 28 30
16 28 60
32 28 120
08 28 30
24 28 90
4 28 150

 TYPICAL

195 37
195 37
39 74
39 74
58 11
58 11
78 15
78 15
75 15
78 15
17 22
117 22
195 37
39 74
78 15
58 11
195 37
39 74
78 15
195 37
58 11
97 18

Polyfet Gold-Metalized
Power FETs

7Type Gjec éroés Ref?rencg
°C/W Part Number
"AA 35 ACR.VMIL20FT
PHI DV2820S
AA 35 PHIDU2820S
AA 21 ACR. VMIL4OFT
PHI DV2840S
AA 21 PHI DU2840S
AM 21 ACR.VMUBOFT
PHI DV2860U
AM 21 PHI DU2860U
AT 10 ACR.VMILBOFT
PHI DV2880T
AT 10 PHIDV2880T
“AM 1.0 MOT.MRF172
PHI DV2880U
AM 1.0 PHI DU2880U
AV 0.7 ACR.VMIL120FT
PHI DV28120T
AV 07 PHIDU28120T
TAK  1.75 ACR.UMIL20FT
"AK  1.05 ACR.UMIL4OFT
PHI UF2840G
AH 05 ACR.VMIL150FT
AH 06
AP 35
AP 21
AH 05
AQ 1.75 ACR.UMIL20FT
AD 06 PHIUF28100V
AR 0.45 PHI DU28200M

REMARKS
Chip
Compliment

1F1A
1F1B
2F1A
2F1B
3F1A
3F18
4F1A
4F1B
4F1A
4F1B

6 F1A

6 F1B
1+1 F1B
2+2 F1B
4+4 F1A

3+3F1B

1F1B

2F1B

4+4 F1B

1+1 F1B

3+3 F1B

5+5 F1B
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F3000 SERIES SUPERPOWER HF to VHF

Polyfet Features
Part #

F3001 Push-Pull linear, high

power

F3002 Push-Pull linear, high

power i
F3003 Single Ended high
power, linear

F3004 Single ended high
power, linear

F3005 Single ended high

__Ppower, Iineqr
F3006 Single ended high
_ power, linear

F3007 Single ended high
power, linear

F3008 Push-Pull linear, high

power

F3009 Push-Pull linear, high

Fawey

F3010 Single ended high
__power, Iipear

F3011 Single ended high
~ power, linear

F3012 Single ended high
power, Iinegr

F3013 Single ended high
) power, linear

F3014 Single ended high
~_power, linearr

F3015 Single ended high
power, linear

F3016 Single ended high
power, linear

Gain Po Te;t
(dB) (Watts) Freq.
Min. MH2
13 150 300
13 300 175
13 100 300
13 100 300
13 100 110
13 150 110
13 160 175
16 300 175
10 160 300
16 175 110
16 100 110
16 100 110
13 100 300
13 160 175
16 100 175
16 160 175

G_m
{MHO)
Min.

3.5

35

35

35

Volt-
age

28

28

28

28

28

28

28

50

50

50

50

50

28

28

50

50

TYPICAL

Ciss Coss Crss

200

400

200

200

200

400

400

400

200

400

200

200

200

400

200

400

120

240

120

120

120

240

240

180

90

180

90

90

120

240

90

180

20

40

20

20

20

40

40

30

15

30

15

15

20

40

15

30

Type ©Ojc
°CIW
AR 05
AR 04
AU 1.0
AT 14
AM 1.1
AM 08
AU 07
AR 0.4
AR 05
AM 08
AM 1.1
AT 1.1
AV 10
AV 07
AV 07
AV 07

Cross Reference
Part Number

MOT.MRF174

MOT.MRF140

MOT.MRF150

PHI DVD150T

REMARKS
Chip
Compliment
1+1 F3A
2+2 F3A

1 F3A

1 F3A

1 F3A
2F3A

2 F3A

2+2 F3B

1+1 F3B

2 F3B

1 F3B

1 F3B

1 F3A

2 F3A

1F3B

2 F3B

Polyfet”—The World's First Gold-Metalized Microwave FET.

We at Polycore RF Devices are proud of the silicon RF power field effect transistors we design and
manufacture. These “World Class” devices offer superior performance where improved electrical
characteristics, gold metal reliability and first class commercial and military specifications are required.

Polycore’s Q.A. Department assures inherent quality and reliability based on the highest standards of
measurement and experience. Our Q.A. manual and documentation are available for review. “High
Rel” processing to both MIL Standards and JANTX equivalency are available.




F1000 SERIES HF to 1GHz (continued)

Polyfet Features Gain Po Test Gm Volt-  TYPICAL  Type Ojc Cross Reference REMARKS
Part # (dB) (Watts) Freq. (MHO) age °C/W Part Number Chip
) - - Min. ) »MH2 Mln ~ Ciss Coss Crss Compliment
F1021  Push-Pull, high power, 13 100 400 3.2 28 120 78 15 AK 05 4+4 F1B
higher gain-bandwidth
product small footprmt
F1022 Push-Pull, hlgh power, 10 100 500 24 28 90 58 11 AK 06 3+3F1B
high gain-bandwidth o
product-small footprmt g -
F1027  Push-Pull, very high 10 150 400 4.8 28 180 117 22 AR 04 6+6 F1B
power, high gain-
bandwidth product-
smaii rootpnm
F1028 Slngle ended, low nonse 13 60 175 1.2 28 90 58 1 AA 21 MOT.MRF138 3F1A
low gain cqmpressnon MRF171
F1200 SERIES MOBILE HF to 1IGHz - -
F1201 Single ended, high-gain, 10 10 500 08 125 30 35 5 AP 35 1F1C
low noise, small footprmt B
F1202 Slngle ended, hogh gain 10 20 500 16 125 60 70 10 AP 241 2F1C
low nonse. smaII footpnnt
F1207 Push- -pull, hlgh gain, 10 20 400 08 125 30 35 5 AQ 175 1+1 F1C
low nouse )
F1208 Push- pull hlgh gain 10 40 400 16 125 60 70 10 AK 1.05 2+2 F1C
low noise ) i -
F1260 Industry standard 10 60 225 32 125 120 140 20 AT 10 PHI DURSOT 4F1C
F2000 SERIES HF to 2GHz S S i ) ,
F2001 Single ended, DC-thru 10 25 1000 0.2 28 7 55 1 AP 10.0 PHI UF2804 1 F2A
microwave, low noise,
hlgh power - i e B ] o )
F2002 Single ended, DC-thru 10 5 1000 0.4 28 14 11 2 AP 6.0 PHIUF 2804 1 F2A
microwave low noise,
high power ] e - o
F2003 Push-Puli DC thru 10 5 1000 0.2 28 7 55 1 AQ 6.0 1+1 F2A
microwave high power,
Iownonse ) ‘ e o
F2004 Push-Pull DC thru 10 8 1000 04 28 14 11 2 AK 3.0 PHIUF2804G 2+2 F2A
microwave high power,
low noise S S o o
F2005H Push- PuII solder seal 10 10 1000 0.4 28 14 1 2 AL 30 2+2 F2A
DC thru microwave low
noise, high power S S - B
F2008H Smgle ended, solder seal 10 25 1000 0.2 28 7 58 1 AS 100 1 F2A
DC thru microwave
high power, low noise e v )
F2009H Single ended, “solder seal 10 5 1000 04 28 14 11 2 AS 60 2 F2A
DC thru microwave
_high power, low noise o e S S
F2012H Single ended, Solder Seal 10 10 1000 0.8 28 28 22 4 AS 42 4 F2A
DC thru microwave
high power, low noise i - ) - - )
F2013H Single ended, , solder seal 10 20 1000 0.8 28 28 22 4 AL 21 4+4 F2A
DC thru microwave
high power, low noise B - ) B -
F2015 Single ended, solder seal 10 4 1000 0.2 28 7 55 1 AP 10.0 1 F2A

DC thru microwave
high power, low noise



Polyfet' Gold

Competitively priced “Polyfets” bring a new excitement and challenge to
system and circuit designers. Featuring high gain, ruggedness, and increased
power output, Polyfets allow system simplification, with improved efficiency
and reliability.

Polycore RF designs and manufactures low, medium and high power gold-
metalized FETs. This technology can be supplied in most RF packages.
Designers are irvited to contact our applications department for technical in-
formation. Polycore RF has a worldwide Rep. organization to further assist
designers in the field. “Your Success is Our Success”.

B LR R

Dick Moss, Vice President
Marketing & Sales
1987 Catalogue

polycore rf devices

1107 Tourmaline Drive ® Newbury Park, California 91320 ¢ USA.
Telephone: (805) 498-4552 o Telex: 910 3361547




rF designer’s notebook

A UHF Movement Detector

By David C. Huisman
Tait Electronics

Here is another entry from the First An-
nual RF Design Contest, a UHF circuit for
the detection of motion. The author de-
scribes the principles of doppler shift
detection, and presents a circuit operating
at 1.2 GHz as a practical application.

his circuit will detect movement of ob-

jects in an area up to about a 4 m
radius (50 m?), and can be used as an
alarm for house, garage, car, shop or of-
fice. It could even be linked to a micropro-
cessor to detect movement in various sec-
tors of a building and control mechanical
devices in response to the presence or
absence of personnel.

The device works by using the doppler
shift principle. To better understand how
it works, we can consider a moving object
as a transmitter-receiver for RF signals.
As shown in Figure 1 (page 43), a UHF
signal from the oscillator at a frequency
f, is radiated by the antenna. It is
reflected back by the moving object and
returns to the antenna at some f,’. If the
object is moving toward the antenna, f,’
is greater than f,, and vice versa. When
there is no movement, f,’ = f.

By placing a diode in the circuit, it will
perform a mixing function between the
frequencies f, and f,". The predominant
frequencies resulting from the mixing ac-
tion are: f,, 1,’, (f, + f,’), and (f, — f,’). Of
these four, the low “beat frequency” (f,)
is f, — f., which can be amplified and
used to trigger other circuitry. The remain-
ing frequencies are bypassed to ground
by an R-C filter network. Only the sub-
audible tone f, is passed on to the re-
maining circuits.

Beat Frequency Derivation

The difference or beat frequency f,
can be computed from the following rela-
tionships:

fy=1f, -1,

c—2v
f' =1, \- e , from the doppler

formula

RF Design

therefore,

For example, let f, = 1.2 x 10° Hz, veloci-
ty v=2m/s, and ¢ = 3 x 108 m/s. From
the above equation, f, = 16 Hz.

The average human body movement is
around 1.5 m/s, while a person “‘creeping
around” might be 0.5 m/s. A detection
range of 0.2 to 18 m/s was chosen to cover
nearly all possible human movement.

These velocities convert to f, frequen-
cies of 1.5 to 100 Hz. Therefore, values for
R-C filtering throughout the detection cir-
cuit were chosen according to these cal-
culated values.

Circuit Description

The diagram of the UHF movement de-
tector is shown in Figure 2. The oscillator
is a standard UHF design which delivers
about 10 mW at 1.2 GHz. R1 and R2 bias
the base of Q1 to 1.2 volts via L2. Collec-
tor current is set by R3 to about 30 mA.
C2 couples the base of Q1 to the stripline
circuit. Tuning is provided by Cv1, and C1
plus Cla decouple the collector. R2 and
R3 are not decoupled as this could cause
instability.

Mixing of f, and f,’ is provided by
Schottky diode D1. Only the f, — f,' pro-
duct passes through the filter of R4, C3
and C3a to the amplifier. Unwanted fre-
quencies are bypassed to ground by R4,
C2 and C3.

Q2 is a simple one-transistor amplifier.
C4 and C7 reduce gain below 1.5 and
above 100 Hz. This band of frequencies
is amplified and passed on to the level
detector. Two comparators of IC1 provide
level detection. The trigger voltage is set
by R7, Rvi, R8 and R9. It is adjustable
from 8 to 60 mV by Rv1.

Positive voltage swings above trigger
level cause IC1a output to pull low, while
negative swings cause IC1b to pull low.

C8 decouples ICt from the power supply
and R10 is a puli-up resistor for the open
collector output of IC1.

The oscillator part of the circuit must be
constructed on double sided PCB. The
prototype was constructed on fiberglass
PCB; different PCB material will alter the
stripline inductance. A number of track-
pins are required around the stripline to
ensure connection to the groudplane on
the underside of the board.

The prototype dimensions for the strip-
line are 3.0 cm long and 5 mm wide. The
antenna was cut from a piece of 1 mm
diameter wire 8 cm long. By experiment,
the best place found to mount the antenna
and diode was in the center of the stripline
5 mm from the grounded end (Figure 3).
As required for circuits at this frequency,
all component leads should be kept as
short as possible to avoid unwanted stray
capacitance and inductance. A 6 mm hole
is drilled in the board to accommodate
mounting of Q1 with minimum lead
length.

Operation

Cv1 is adjusted for maximum voltage
at the anode of D1. Rv1 is set by experi-
ment to the best detection range. In the
prototype an LM317 regulator was used to
provide 10 volts with good regulation. As
a point of interest, the circuit has been set
up in a car with the sensitivity pot Rv1 set
to minimum. Shaking the car or moving
around close by (outside), even near win-
dows, did not trigger the detector. With the
doors open, the unit still did not trigger
until an arm or other object entered the
car's interior cavity. (]

About the Author
David C. Huisman has the honor of
being the most distant entrant in the
RF Design Contest. Mr. Huisman is
employed at Tait Electronics Ltd., and
can be reached at 32 Richardson Ter-
race, Christchurch 2, New Zealand.
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WAVETEK:

Direct dial.

In manufacturing, time is money. Which
iIs why we designed straightforward
contrals into the new Wavetek 2500
synthesized signal generator. To make
It the easiest to operate. Sotrainingis
simple and fast.

A spinknob enables easy, tune-for-
effect control of carrier frequency.

It adjusts modulation and output levels,
too. Off-line time is minuscule, since
the 2500 has a simple, key-activated
AutoCal™feature to keep the 2500 up
and running within specs.

For a free brochure and demonstra-
tion of the only signal generator tuned
to your manufacturing needs, call your
nearest Wavetek sales office:
Northeast 914 357-5544
Southeast 813737-17392
Central 317 787-3915
West 6519 565-9234

The new Wavetek 2500. /t out-
classes everythinginits class.

Wavetek 2500 Signal Generator
Frequency Range: .4to 1,700 MHz
Qutput Level: + 13to - 137 dBm
Special Introductory Price: $5,495

il .l-l

/:.-
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Figure 1. Block diagram of movement detector system.
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Figure 2. Circuit diagram of movement detector.
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Figure 3. Construction layout of movement detector.

RF Desian

EPSCO's RF Division repr&sents
a resource in RF tech
that engineers like you
should know about

From power amplifier mod-
ules to HPAs and other sub-
systems, EPSCO’ in-house
capabilities primarily exploit
discrete silicon FETs and bipo-
lar devices in non-MIC circuits.
For any RF power requirement
our experienced design teams
have every available design
assist that today’s technology
has to offer.

In RF modules "
our concentra- bo 34,
tion is in the ’ T ;
frequency . ls,g‘.u*

range of

1 MHzto
3 GHz with
output power up to 100 watts.
HPA standard models have
output power levels up to 1000
watts at frequencies from 1 MHz
to 1000 MHz and power levels
up to 10 KW in custom designs.

CALL EPSCO EARLY

For more information and a
discussion of your particular RF
requirements, contact EPSCO,
RF Division, 31355 Agoura
Road, Westlake Village, CA
91361. (818) 889-5200. Telex:
18-3378.

-

ersCO
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Model 3106
Double Ridge Guide
200 MHz-2 GHz

Model TR3 Non-Metallic Tripod

22.68 kg capacity

Model 1060 Turntable

with controller and IEEE-488 bus option

1-76 meter diameter available

- - N /
A

Model 3109 Biconical
20-200 MHz
three other models available

Model 3121
Adjustable Element /

Dipole Set ‘J /

28 MHz—1 GHz ‘

*,

Model 3115 Double Ridge Guide
1-18 GHz

Model 3116 Double Ridge Guide
18-40 GH:z

S | i
7 R

300 MHz-1 GHz
four other models

TN

Active Loop Antenna
10 kHz—-30 MHz

Model 3925 PLISN

tive other models available

TEST WITH
CONFIDENCE.

ENGINEERED TO PERFORM
If compliance testing is your pri-

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

CALIBRATED INDIVIDUALLY
Every EMCO antenna is individ-

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

MANUFACTURED
WITH CARE

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

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

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

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

ANEVICO

The Electro-Mechanics Compariy

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

INFO/CARD 25
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Antennas for EMI Measurements

Part Il: Characteristics
of Specific EMI
Antennas

By Edwin L. Bronaugh
Electro-Metrics,
Div. of Penril Corporation

Electromagnetic Interference (EMI)
measurements involve absolute, not rela-
tive, values of radiated field intensity. To
achieve reasonable measurement accura-
cy, the response of the antenna must be
known and must be reproducible in the
test environment. This second (and final)
part of the author’s examination of anten-
nas reviews the specific types of EMI
antennas and the characterization of their
performance in EMI measurement situa-
tions, beginning at low-frequencies.

wo types of antennas are typically

used below 30 MHz: electric field an-
tennas and magnetic field antennas. The
electric field antennas are electrically
short monopole (rod) and dipole anten-
nas, and the magnetic field antennas are
electrically small loop antennas (either air
or “iron” core loaded).

E-Field antennas are designed so that
their lengths are no more than 15 percent
of a wavelength at the highest frequency
of use. This would be 1.5 m at 30 MHz.
The actual length and diameter of such
antennas are selected to five convenient
values for their effective lengths (heights)
and impedances. For example, the *41-
inch rod” antenna which has been used
for many years has, up to 30 MHz, a 0.5
m effective height and an impedance
essentially equal to that of a 10 pF
capacitor. The antenna factor is 6 dB plus
the *“loss” encountered in transforming
the open circuit output voltage of the rod
to the typical 50 ohm impedance of the
EMI meter. The transformation may cause
the total antenna factor to be almost 60
dB at 10 kHz. Some of these antennas are
made active by including high impedance
preamplifiers at the base of the rod to
make a “lossless” transformation. These
antennas often have an antenna factor
very nearly 6 dB. The active antenna,
however, is subject to overload in high-
strength E-Field environments.
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Figure 1. Typical loop antenna factor.

Magnetic field antennas are usually
some type of loop antenna, although ac-
tive magnetic field antennas have been
made using Hall-effect devices and other
magnetic field sensing elements. The
loop antenna is usually designed so that
its diameter is less than 5 percent A at the
highest frequency of use. This would be
a diameter of less than 0.5 m at 30 MHz,
but loops that are just less than 0.6 m in
diameter are often used (5). The antenna
factor of a loop antenna is inversely pro-
portional to the area of the loop, the
number of turns on the loop, the magnetic
permeability of the core of the loop and
the operating frequency. If the loop is
loaded in an impedance that is smaller
than its self-reactance, the frequency
dependence is eliminated. When this is
done with passive circuits the antenna
factor is higher than it would be for an
unloaded loop. As with E-Field antennas,
active circuits (current amplifiers) are
sometimes used to terminate the loop to
keep the antenna factor low while achiev-
ing flat frequency response. The active
circuits, of course, are subject to overload
in high-strength magnetic fields. For most
EMI measurement loops the core of the
loop is air, although several ferrite-loaded
active loop antennas have been made
which perform as if they were much larger
than their actual physical size.

Low frequency antennas used in EMI
measurements often have a frequency
dependent antenna factor which is in-
versely proportional to frequency. Such
antennas are called derivative-sensors
because their output voltages or currents
are proportional to the time derivative of
the field strength. Other low frequency
antennas have antenna factors that are
constant versus frequency. These anten-
nas are called integrating sensors be-
cause their output voltages or currents are
proportional to the time integral of the field
strength. As long as only narrowband field
strengths are being measured it makes no
difference which type of sensor is used.
The results are the same within the mea-
surement and calibration errors. However,
if pulsed field strengths are being mea-
sured, only an integrating sensor will give
the true peak value of the pulsed field.
The derivative-sensor will give peak
values proportional to the maximum rate
of change of the pulsed field. Examples
of derivative-sensors are loop antennas
directly driving load impedances greater
than their self-reactances and monopole
(dipole) antennas directly driving load im-
pedances lower than their self reactances.

Intervening impedance transformation
networks may modify the characteristics
of the antenna. Figure 1 shows the anten-
na factor of an Electro-Metrics Model

AR
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Figure 2. Radiation patterns for tuned dipole and biconical dipole antennas.

ALP-10 as an example. When terminated
in 50 ohms it is a derivative-sensor below
about 50 kHz and an integrating sensor
above that. When this loop antenna is
combined with an equalizing (integrating)
amplifier, such as Electro-Metrics PCA-10,
the combination becomes an integrating
H-Field antenna system with an essential-
ly constant antenna factor of +13 dB (S/m)
up to 50 kHz.

Mid-Frequency Antennas

In the frequency range from about 20
or 30 MHz to 100 or 200 MHz dipole an-
tennas are usually used. These may be
wide-bandwidth dipole antennas, such as
the biconical dipole antenna, or tuned
(half-wavelength) dipole antennas. The
typical radiation (reception patterns) for
these antennas are shown in Figure 2.

Tuned dipole antennas that are reso-
nant at one-half wavelength are a special
case of the general dipole antenna. Under
the proper conditions, these *half-wave”
resonant dipole antennas have certain
theoretically predictable characteristics.
The effective length, L., is &/n when the
antenna is immersed in a plane-wave field
(3), and the feed-point impedance, Z,, is
purely resistive if the antenna is far
enough from ground or other obstacles.
Z, equals R,, which is about 73 ohms for
an infinitely thin antenna but is normally
much less, ranging from 55 to 65 ohms,
depending upon the length-to-diameter
ratio for a physically realizable antenna.

If the antenna is removed from free-
space conditions and brought close to the
ground, it begins to couple to its image
in the ground. This causes its feed-point
impedance to vary cyclically above and
below the free-space value with the
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amounts of variation increasing as it is
brought closer to the ground. Finally, the
impedance is reduced significantly when
the antenna is very near the ground (3).
This effect is most pronounced for hor-
izontally polarized antennas and can
cause the impedance to drop to a few
ohms when the antenna is less than one-
tenth of a wavelength (one metre at 30
MHz) above the ground, as seen in Figure
3. In typical EMI measurements below 100
MHz the antenna heights usually range
below one wavelength. Below 50 MHz
they range below one-half wavelength.
The wide variations in antenna impedance
implied by Figure 2 for typical EMI mea-
surements cause commensurate changes
in the antenna factors used to determine
the values of the EMI field strengths.

Biconical dipole antennas are another
special case of the general dipole anten-
na. Their performance is usually difficult
to predict on the basis of theory so ex-
perimental or empirical work is relied
upon for the determination of biconical
dipole antenna performance (6). The coef-
ficient factors that comprise the antenna
factor for biconical dipole antennas are
similar to those of the tuned bipole anten-
na, but with different values.

The effective length of the biconical
dipole antenna is found differently in dif-
ferent parts of its operating frequency
range. At frequencies where its length is
shorter than one-half wavelength, equa-
tion (4) from (3) approximates its effective
length.

L, = (Mn) tan [n/2 (L/A)] ()

The length of the antenna, L, is the on-
ly new term in this equation. At frequen-
cies where the biconical antenna is longer

|
=

Radiation Resistance — ohms

| T L)l
0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5

Height Above Ground — Wavelengths

Figure 3. Variation of radiation resis-
tance of a horizontal half-wave dipole
antenna with height above a metallic
ground plane.

than one-half wavelength its effective
length can be estimated from data in (6)
and (7). As with the tuned dipole antenna,
the effective length is defined for fields
which are planar across the dimensions
of the antenna. The shorter the antenna
is physically, the closer it can be to the
source of the field and the ground while
still satisfying the *‘planar” definitions.

The ubiquitous military standard biconi-
cal dipole antenna is about 1.38 m long
and its cone angle is about 26 degrees.
According to biconical antenna theory, its
near field region is contained within a
sphere centered at the center of the an-
tenna and having a diameter equal to the
antenna length; thus, it can be used with
the center as close as 1.0 m to the ground
or to the source. Theory also indicates
that the “design center” frequency of the
military standard biconical antenna is 150
MHz and that it could be expected to per-
form as designed from about 75 MHz up
to 300 MHz. To have been designed to
work over 30 to 200 MHz its design center
frequency would have been about 77 MHz
and it would have been over 2.5 m long.
This would have made it more unwieldy
in a shielded enclosure and it could not
have been used vertically polarized at a
height of 1.0 m above the ground plane,
S0 a compromise was made by shorten-
ing it. It works as an electrically short
dipole antenna up to about 75 MHz and
as a biconical dipole antenna above that
frequency.

The feedpoint impedance of the biconi-
cal dipole antenna is a complex quantity
that depends upon the cone angle and
length of the antenna. It has been deter-
mined empirically by Brown and Wood-
ward (6) and others, and has been pub-
lished in (6) and (7) and others. Some
typical values of the feed-point impedance
of a biconical antenna are 2 — j240 ohms
at the lower end, 48 + j10 ohms near the
middle, reaching 240 + j12 ohms in the
upper part, and dropping to 130 — 30
ohms at the upper end of the frequency
range. These values are only examples for
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Figure 4. E-Plane and H-Plane radiation patterns for
planar log periodic dipole array antennas.

one particular biconical antenna design
and vary with the antenna parameters.
One important characteristic of the
biconical antenna is that its impedance is
much less affected by its height above
ground than tuned dipoles and other long,
relatively thin antennas. This is demon-
strated indirectly in measurements report-
ed in (1) and (8).

The BALUN used in the typical military
standard biconical antenna is inherited
from the Empire Devices (Singer Metrics)
DM-105-T1 antenna. This BALUN is speci-
fied in the U.S. Government drawing for
the biconical antenna. It was designed to
be a 1:1 BALUN and is made of sections
of coaxial transmission line. Because of
stray reactance effects the voltage trans-
formation ratio is different from 1:1 at
many frequencies within the range of the
biconical antenna. This changes the per-
formance of the antenna in a way that
defies prediction by calculation. A reliable
program is the practicable way to deter-
mine the biconical dipole antenna factors

.

VHF, UHF and Microwave Antennas

Above 100 or 200 MHz complex array
antennas and aperture antennas are often
used. Simple tuned and broadband dipole
antennas are also used but are not as
popular because their low gains require
more sensitive EMI meters to achieve
good field strength measurement sensiti-

vities. However, array antennas and aper-
ture antennas which have higher gains
than simple dipole antennas also have
narrower radiation (reception) patterns. if
used too close to the source of EMI, ar-
ray and aperture antennas may not
achieve their designed gains. Array and
aperture antennas must have designed
gains and patterns appropriate for their
uses. The gain of an antenna is related
to its radiation pattern and its antenna fac-
tor is related to its gain, so a relationship
may be established between the antenna
factor and the geometry of the test setup
in which it is used.

A deceptively simple expression which
relates maximum gain with measurement
distance is shown in equation (5). This is
a coarse, but quite useful approximation.

g < dn/A (5)

where: g is the maximum allowable
gain;
d is the measurement
distance; and

A is the wavelength of the
measured field.

For planar log periodic dipole arrays
equation (5) underestimates the maximum
allowable gain by a factor of 8 n, but for
aperture antennas it approximates reason-
ably well the gain required for the antenna
to satisfy the commonly used relationship
of d > 2 D2/A mentioned earlier.

Figure 5. Typical E-Plane and H-Plane radiation pat-
terns for double ridged guide (horn) antennas.

Another needed factor accounts for the
beamwidth of the antenna, its gain, and
the measurement distance. A useful ap-
proximation to estimate the antenna E-
plane half-power beamwidth is:

O = 160V g (6)

Combining equation (6) with equation (5)
gives another useful expression in equa-

tion (7).
O = 160/\/ ¥/nd

where: ©¢ is the angular width of
the main antenna pattern
lobe between the —3 dB
points in the E-plane,
in degrees.

™

In using equation (7) it is tacitly assumed
that the antenna has the maximum gain
allowed by equation (5).

To assure a reasonably accurate mea-
surement of the field strength emanating
from the source is should fit within the
“3 dB” or half-power beam. Much better
measurement accuracy will be obtained
if the source is small enough to subtend
only 25 or 20 percent of this arc. This is
all related by equations (8) and (9) below.
If the actual antenna gain is known
and is less than the maximum allowed,
use equations (8a) and (9a). Where the
maximum allowable antenna gain is used
(again, the tacit assumption mentioned
above), use equations (8b) and (9b). The
source length or width S is given in equa-
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tion (9) for 25 percent of the half-power
beam width which is within the —1 dB
points on the E-plane patterns of most
antennas.

S < 2 d tan (80/\/Q) (8a)
S < 2 d tan (80 /1/rd) (8b)
S = 05 d tan (80/\/ Q) (9a)
S = 05 d tan (80 / Jnd) (9b)

If the actual patterns of the antennas are
known they should be used. It should be
noted that the source length S includes
any intentional reflection from the test
setup, such as the ground plane on an
FCC open area test site.

Log periodic dipole array antennas are
another special case of the general dipole
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antenna. These antennas are typically
used at the higher frequencies in EMC
measurements, e.g., 100 MHz or 200 MHz
to 1 GHz, so they are fairly small physical-
ly. This gives them the advantage of being
usable much nearer the ground and other
obstacles compared to physically larger
antennas, while still operating in “planar”
field conditions. These antennas have
gain compared to a simple dipole antenna
since they are a multi-element array. The
gain is usually about 7 dB to 8 dB (isotrop-
ic) or about 5 dB to 6 dB referred to an
ideal half-wave resonant dipole. This
means that their radiation (reception) pat-
tern is smaller than that of a simple dipole,
and in this way they are similar in opera-
tion to aperture antennas. The beamwidth
(the angle subtended by the half-power
points in the main pattern lobe) of a typical
log periodic antenna is 70° to 80° in the
plane of the elements (E-Plane) and 120°
to 150° in the plane perpendicular to the
elements (M-Plane) (Figure 5), and the
front-to-back ratio is usually in the range
of 10 dB to 30 dB. These antennas are
well balanced and matched to 50 ohms
because of inherent qualities of their
design. The VSWR is usually much less
than 2:1. More information may be found
in (9).

Equation (3) must be modified for these
antennas to take into account their gain,
so it is better to use an equation which
includes several of the factors in equation
(3) implicitly:

AF=6-20 log (A/n)+10 log(120/Z,)

—10 log(9) (10)
The gain g of the antenna relative to
isotropic is the new term in this version
of the equation. Note that the term for im-
pedance matching is simpler, implicitly in-
cluding N, while g implicitly includes A,.
This is usually further simplified to:

AF==30+20 log fmu,—10 log g, (11)

Double ridged guide antennas are
aperture or horn antennas. While they are
not basically an extension of the general
dipole antenna, they can be described in
terms of the same equations. These are
relativety large antennas used primarily
for transmitting test fields for radiated
susceptibility (immunity) measurements,
but they may also be used for receiving.
The gain in the versions usually used in
EMC is less than 6 dB referred to an ideal
half-wave resonant dipole. the beamwidths
are about 50° (E-plane) and 45° (H-plane)
(Figure 5), and the front-to-back ratio is
usually much more than 10 dB. The
“BALUN" used is a double-ridged-wave-
guide-to-50-ohm coaxial transition, so
matching is usually good with VSWR well



under 2:1. Equation (11) also applies to
these antennas. fi
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rF design feature

A Complex Impedance Meter

Simple Instrument Measures Both R and X

By Carl G. Lodstrom
Dow-Key Microwave Corp.

The voltage-current relationships along
a transmission line are well known. The
author has taken these principles and de-
veloped a very simple means of indicating
the complex nature of an RF load, with
an X-Y oscilloscope display that approxi-
mates a Smith chart. One of the entries
in the First Annual RF Design Contest, the
enthusiasm of the author for his idea
comes through clearly as he describes
the instrument!

he idea of this instrument was con-

ceived through the better understand-
ing of the Smith chart that | was able to
receive in the late '70s. It took a few years,
until around 1980, to get around to build-
ing one, verifying the concept. | remember
that it was an antenna that defied tuning,
and a 2-meter (145 MHz) version of the
instrument was built.

As is apparent in the Smith chart, all
mismatches reflect power. At an open end
of a transmission line a voltage maximum
will occur. This corresponds to a point at
the right edge of a Smith chart. At a short-
ed end there will be a voltage minimum
(the left edge), and in the case of a perfect
match, there will be equal voltage along
the line (chart center). Correspondingly,
loads with some imaginary part, inductors
and capacitors combined with the load,
will move vertically from the center, induc-
tors up and capacitors down. They will not
move on a straight line, like their resistive
counterparts, but along some resistive cir-
cle, the unity circle if the resistive part is
a match. In the vicinity of the center, this
vertical movement is approximately a
straight line. How do we detect and indi-
cate these deviations, then?

A wise man, Magnus Koch at the Chal-
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mers U. of Technology, Goteborg, Swe-
den, once told me, *'If you can measure
something with a bridge, do it!” As the
years have gone by, | have found them to
be words of wisdom, and they certainly
apply here. A bridge, how to make a
bridge that can detect in what direction
something takes off on a Smith chart?

One does not have to! As you go along
a transmission line away from, say a
shorted end, you start at the leftmost end,
and we all know that after A/8, looking
back, we will see an inductance with jwlL
= Z,. After another /8, making A/4 total,
it looks like an open circuit, and so on.
After one turn around the chart we have
traveled A/2 along the line. Let us now put
four little detector diodes, monitoring the
voltage on the line, spaced A/8 apart, one
in each “‘compass direction” around the
chart. Well, you say, you can not do that!
It introduces a mismatch! True, but all four
diodes do the same. Since they are mutu-
ally cancelling, at that frequency, plus a
little line loss, it does not matter.

Let us excite the line and try various
loads at the other end. The last diode is
to be positioned where the loads will be
applied, or an integer multiple of A/8, in
which case the indicators will change sign
and label.

Referring to the basic schematic (Fig-
ure 1), let us look at a short circuit. D4 will
obviously get no voltage at all to detect,
but D2 will get twice the normal. D3 and
D1 will not see any change. Due to the
way D2 and D4 are turned, a negative
voltage will appear at their summing
point. An open circuit will produce the op-
posite effect, with a positive voltage from
D4 and no voltage from D2. In both cases,
D1 and D3 will detect equally strong sig-
nals, but of opposite signs, so their sum
is zero. In a similar way it works for imagi-

nary deviations. Just imagine the chart
rotated 90 degrees!

The beauty of the Smith chart, or at
least one of them, is preserved is this ap-
paratus. It is the fact that near perfect
loads will be treated especially carefully
and accurately. Also, the concept is clear-
ly not limited to 50 ohm lines. One can im-
agine the use of perhaps a 5 ohm line in
a test fixture for measuring transistor in-
put impedances.

A limitation is the bandwidth. | would
say that the function is very satisfying
within a 10 percent band centered around
the design frequency. That is certainly
more than enough for most “band” opera-
tions, be it ham radio, cellular mobile,
radar, microwave link or CB. An exception
from the bandwidth limitation is, of course,
the well-matched load, which will appear
as such no matter what the frequency.

The maximum possible frequency of
operation that can be achieved remains
to be determined. The diodes have to be
operating, of course, and can always be
spread by multiples of A/8 if physically
necessary, but the bandwidth will suffer.
Hewlett-Packard has been kind enough to
supply me with some zero bias diodes
good to 10 GHz, but in spite of a lot of
care, they got damaged by static electrici-
ty. Using regular “hot carrier” diodes will
work to at least 1 GHz, but a signal level
of at least —15 dBm is necessary for good
signals. A possible method of building the
instrument for microwave frequencies is
shown in Figure 2.

Practical Aspects

It may be more desirable to have the
test plane outside the connector, as op-
posed to just behind it. This is possible
by just adding some line after the last
diode. This may actually be the preferred

Figure 3. Display of ‘“‘reference’’ measurements.

method, since all the diodes then will be
mounted in an identical manner on the
line, thereby balancing each other better.
They will then have to be permutated,
changing the order from 1-2-3-4 to 4-1-2-3.

It is also possible to measure remote
(1002) objects. By leaving the end of the
line open, one can determine to what ex-
tent the chart is rotated, and either
change the frequency slightly to get the
open located on the right, or add some
cable, or just remember the position. The
insertion loss of the cable limits the sen-
sitivity, of course, but | have derived useful
information about a load with a 20 dB at-
tenuator in line and +10 dBm excitation.
This corresponds to a VSWR of 1.02:1 or
40 dB return loss. With the same level of
excitation | can detect the difference be-
tween a “perfect” load and one of 70 dB
reflection. To observe that mismatch on
a Smith chart, you would have to use a
microscope, since it corresponds to a dis-
tance from the center of half the thickness
of a human hair.

Displaying the voltages on an X-Y oscil-
loscope (or a plotter for swept signals) is
very convenient. It then becomes apparent
that the outline of the displayed field, cor-
responding to the circular border of the
Smith chart, is not really circular, but
somewhat diamond shaped. Should this
be disturbing, a 6 dB attenuator can be
left on the measurement port. It is
“transparent” enough to make good mea-
surements through. It also provides the
necessary DC return path for the diode
currents, which may not be present in the
load or source.

The matching impedance of the source
is not critical at all. A mismatch there
reflects part of the power back to the
source, but what travels down the line is
what counts. With zero bias diodes it
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should be possible to use a regular signal
generator for the source, with levels of 1
mV (—47 dBm), and measure receiver in-
puts without driving them into non-linear
regions.

Substituting the “perfect” load with a
resonant circuit opens up a few interesting
applications. The output from the jX de-
tector becomes very sensitive to changes
in frequency, being zero at resonance.
This can be used to measure deviation,
modulation, PLL step response and may-

be even phase noise. The higher the Q
of the attached resonant circuit, the more
sensitivity. A VCO can be locked to a cavi-
ty or a stub, by feeding back the DC
signal.

Another application could be a distance
meter, connecting both outputs to an UP/
DOWN counter, with an antenna for a
load. The sine/cosine information in the
reflected signal will run the counter up or
down, and one count for every half wave-
length will be gathered. This may be a

Sweeper power = +13 dBm
Plotter resolution = 5 mV/in

X&vy)
{ 1 inch ]
20 6 20 6 20
—1 48 [ 4B [1 59 °—1 48 — ag [ Open ap [ OPen

Plot A: “perfect’ load. Plot B: 52 dB return loss, Plot C: 40 dB return loss.

(20 + 6) x 2.

Figure 6. Sensitivity demonstration — High sensitivity display can discern
difference between ‘‘perfect,” 52 dB return loss and 40 dB return loss
loads.

RF Desian

good detector for doppler radar burglar
alarms, eliminating false alarms from ob-
jects that are just swinging back and forth
in the wind.

To conclude, a detector has been de-
scribed that in sensitivity far exceeds the
common VSWR meter and furthermore
provides information about the complex
nature of the load, while still being of the
same simplicity as a VSWR meter. The
tradeoff is bandwidth. Also, it has other
potential uses, as outlined, that a VSWR
meter has not.
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Tektronix Introduces Low-Cost
Spectrum Analyzer

Tektronix, Inc. has introduced a new
generation VHF/UHF spectrum analyzer
priced at $8,250, the 10 kHz to 1.8 GHz
TEK® 2710. Weighing under 20 pounds,
the 2710 provides a wide 5 MHz IF band-
width filter, 10-5 frequency accuracy, four-
trace digital storage, full marker/delta mar-
ker control, a comprehensive time domain
measurement capability, and many other
“built-ins.”

The standard TEK2710 has resolution
bandwidths down to 3 kHz, with an option
for 300 Hz resolution. Frequency accura-
cy is 1075 or 10 kHz at 1 GHz center fre-
quency with an option for accuracy of 5

x 107 or +500 Hz at 1 GHz. An optional
built-in frequency counter provides
readout resolution to the nearest hertz
and rapid frequency measurement when
in wide spans. On-screen dynamic range
is 80 dB and vertical scaling is selected
from 10, 5 and 1 dB/div with reference
level units of dBm, dBmV, dBV, dBuV,
dBuW, and dBuV/m available. The TEK
2710 accommodates both 50 ohm/dBm
and 75 ohm/dBmV operation.
Sensitivity is —117 dBm at 3 kHz RBW.
A built-in preamp may be switched into
the conversion chain which will boost sen-
sitivity to —129 dBm. An additional 10 dB

N'.ia'?;,{r-' I ‘(m,o
A0 e

Multiple Crystal Oscillators
Lockable to 5 or 10 MHz
Communications Techniques, Inc. has
announced their Series PXSM Multiple-
Frequency Crystal Oscillator, phase-locked
to 5 or 10 MHz standard, 30 to 140 MHz
(In Bands) with low phase-noise. The
Series PXSM is similar to the PXS Series
except up to 10 crystal oscillators can be
BCD selectable, one at a time. The selec-
ted crystal oscillator is then phase-locked
to the external 5 or 10 MHz frequency
standard by digital synthesis techniques.
As an optional feature any of the 10
crystals can be field changeable. The only
purpose of the external reference is to pro-
vide the long-term frequency stability
and/or improved phase-noise at offset fre-
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quencies of less than 100 Hz from the car-
rier. Communications Techniques, Inc.,
Whippany, N.J. INFO/CARD #198.

of sensitivity is available if the 300 Hz
resolution option is included.

The spectrum analyzer provides a com-
prehensive time domain capability that
has particular value in making communi-
cations measurements. Included are one
microsecond to 2 sec/div sweep in a 1-2-5
sequence for maximum flexibility in ex-
panding the display, analog display for
gray scale enhancement, and 5 MHz sys-
tem bandwidth (including CRT) that mini-
mizes amplitude measurement distortion.
AM/FM detectors with audio amplifier,
speaker and headphone jack permit lis-
tening to demodulated audio. An optional
video monitor mode permits viewing the
demodulated, rasterized video on the
CRT of the spectrum analyzer.

Also included are marker/delta markers
with front panel control for peak find, next
right and next left maneuvers. Other
marker-related functions are available via
a FREQ/MKR menu. Markers function in
both the time and frequency domain and
include off-screen measurement capabili-
ty. The digital storage display includes
four-trace capability. A, B and C displays
may be stored and viewed, with the D dis-
play always remaining current. Additional
options available at product announce-
ment include Centronics™ interface, bat-
tery operation and rackmount configura-
tion. GPIB and RS232 interfaces and a
tracking generator will be available at a
later date.

The TEK 2710 Spectrum Analyzer U.S.
catalog price is $8,250. Tektronix, Inc.,
Beaverton, Ore. INFO/CARD #201.

One-Chip Superhet Simplifies
VHF/UHF Design

Advanced bipolar processes and novel
circuit design techniques have enabled
the introduction of a new, very low power,
narrow band FM receiver, operating from
0.9 volts Vec and consuming only 1 mA.
The Plessey SL6655 was designed with
the requirements of radio paging in mind.
The device is a complete single conver-
sion superhet receiver with a 100 MHz RF
amplitier, double balanced mixer, oscilla-
tor, regulated voltage output, IF amplifier,
quadrature detector and power down for
battery economy. Samples are available
in plastic surface mount chip carrier. (*J"”
lead formed). Plessey Semiconductor,
Irvine, Calif. INFO/CARD #199.
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The best hybrids for radar
aren't always hybrids.

They’re SL2521 Monolithic Log Amps better than 20ns with 2ns rise times and
from Plessey. You heard right. Monolithic. 6ns fall times. It’s the world’s fastest
Our advanced 3 micron oxide monolithic log amp.
isolated bipolar process allows us to put And, like Plessey’s complete family
Phase, Video and IF limiting functions of monolithic ICs, the SL2521 meets
on a single chip. About one-third the MIL-STD-883C requirements.
size of bulky hybrids. In fact, it's the only log amp with
So now you can achieve a guaranteed performance at +125°C,
higher level of performance and making it ideal for the most demand-
reliability with less power than ing radar applications.
most hybrids. Not to mention a So if you still think a radar hybrid
lower price. has to be a hybrid, we’d like to change
Standard features found in the your mind. Call Plessey at 800-321-0871
SL2521 include 1.3GHz bandwidth, . or 714-951-5212. For free on-line informa-
balanced IF limiting, temperature sta- tion, dial 1-800-345-7335* Or write us at

bility, phase linearity better than 2° ﬁ Plessey Semiconductors, 9 Parker,
(six-stage strip), and pulse handling ' b Irvine, CA 92718.

& PLESSEY

Plessey and the Plessey symbol are trademarks of the Plessey Company plc

*Use any 80-column ASCII terminal or PC and a 300 or 1200 baud modem
(EVEN or IGNORE parity. 7 data bits, | stop bit.) At "Enter Response Code? Type LOGAMP. In Conn. Dial (203) 852-9201.
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- place. .

Year three.
The boom goes on.

- In January 1985 the doors opened on

. the first convention for RF engineers

only. . .giving birth to a new engi-

- neering community. . and sparklng
an RF market boom -

 bits. .
~ the number of attendees. Because  °
- the community is growing. .

a/ong w1th two or three times :

the boom goes on. 3y
RF TECHNOLOGY EXPO 87 will have

60 papers that you truly need to hear .
S L s vt - to keep pace with today’s hottest ¢ * .
February 11-13, 1987, the third RF ° technology. Too many for you to - -
TECHNOLOGY EXPO will take - iy
.at the Disneyland Hotel in
Anaheim, California, where it all
. . began two years before. Except this

time you’ll see three times the exhi-

take in by yourself. Fortunately, -

: group rates make it economical to ;' . i’
- bring a team from your company. = .. "
- Call now for complete info. . R S
 Cherry Hughes at 1-800-525-9154.  '«. - - -

.ask for .

".. o . L .
e e X

*ef

¥ 3 e%
.-, RO T

. February 11-13 1987 S
{5 jThe Dlsneyland Hotel Anahelm Callfornla

" Sponsored by RF Desrgn Magazme

-4
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Measure Up With Coaxial Dynamics
Model 83500 Digital Wattmeter

The “Generation Gap” is filled with the “new"” EXPEDITOR, the

microprocessor based R.F. AnaDigit System.

The EXPEDITOR power computer...you make the demands, it fills

the requirements.

* Programmable forward AND reflected
power ranges.

¢ Can be used with the elements you
now have.

* Compatible with all Coaxial Dynamics
line sizes and power ranges.

» 18 scales from 100 mW to 50 kW.

Contact us for your nearest authorized

Coaxial Dynamics representative or

distributor in our world-wide sales

network.

O

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 32

Realizing the full potential of GaAs pack-
age development requires a supplier
experienced in design, processing,
QA/QC and delivery.

At Metaramics, we've developed a
reputation for providing both military

and commercial customers with cus-

tom packages that outperform conventional
designs, and that are delivered to spec and
ontime.

Qur process technology is backed with design
experience to produce Hi-Rel packages.

This capability is supported by a Sta-

tistical Process Control (SPC) program

that saves time before and after your

order, and often eliminates the need

for post-shipment inspection.

Start cooking with GaAs. With the people
who know how to handle the heat when it comes
toR&D.

MG ramics
4. a GRACE Co.
R Polymer & Electronic Materials

1107 N. Fair Oaks Avenue
Sunnyvale, CA 94089
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AMPLIFIER MODULES

EPSCO offers a family of extremely
compact power amplifier modules
for UHF/VHF applications, com-
bining wide bandwidth, high gain
and high output power levels. In
addition to standard wideband

and narrowband models (available
inClass A, AB or C operation),
EPSCO provides custom designs
to meet your specifications.

TYPICAL MODULE PERFORMANCE

Wideband Modules
Freq. (MH2z) Input Power Output Power
(dBm) (dBm) min.

2-32 +10 +43
20-500 0 +43
500-1000 0 +43

Narrowband Modules
Freq. (MHz) Input Power Output Power
(dBm) (dBm) min.

2-100 0 +46

100-200 0 +46

225-400 0 +46

600-800 0 +43
TO MEET YOUR SPECS

Sizes start at 2” x 3" x0.75.”
For more complete information
and discussion of your high power
RF amplifier needs, contact
Epsco, RF Division, 31355 Agoura
Road, Westlake Village, CA 91361.
(818) 889-5200. Telex: 18-3378.
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Ceramic Substrates Have
Ultra-Smooth Surface

A new line of ceramic substrates for the
deposition of thin film microwave circuits
IS now available from Kyocera Interna-
tional, Inc. The new A493 substrate mater-
ial has an ultra-smooth surface finish re-
quired for the fine-line deposition of thin
film microwave circuits. It is made from
99.6 percent aluminum oxide with a grain

size of less than 1.5 microns giving it a
uniform surface finish of 3.0 micro-inch
CLA and a volume resistivity greater than
104 ohm-cm. Kyocera Substrate Divi-
sion, San Diego, Calif. Please circle
INFO/CARD #200.

4 GHz Transistor Features
Microplastic Package
Hewlett-Packard has introduced the se-

ON-BOARD RELIABILITY
BEGINS WITH OUR

SURFACE MOUNTABLE
COMPONENTS

a &y

%“‘V.b

The ultimate performance of any board design is a direct reflection of
the reliability of each individual component. Over the years,
manufacturers of quality military and commercial electronic prod-
ucts have learned to insist upon Delevan inductive components to
insure the ultimate in performance of their products. (J The ceramic
capacitor products of our Delcap Division reflect the same concern
for reliability which has established Delevan products as the standard
of quality for the industry. (1 When you specify any of our Electronic
Components Group products, you build-in these same high stand-
ards of dependability and performance in your finished product.

DELEVAN COILS & CHIP
pivision  INDUCTORS

DELCAP MULTILAYER CERAMIC
pivision CHIP CAPACITORS

On the East Coast Call (716) 652-3600
On the West Coast Call (714) 768-5522

©

AMERICAN PRECISION INDUSTRIES

Electronic Components Group

... MADE IN AMERICA BY AMERICAN CRAFTSMEN TO AMERICAN STANDARDS OF EXCELLENCE.
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cond in a series of microplastic, high-
performance transistors, the HXTR-3625.
This NPN bipolar transistor utilizes HP’s
HPAC-100P package for a low-priced
alternative to ceramic, microstrip-style
packaged devices. It is designed for appli-
cations up to 4 GHz. The typical trans-
ducer gain is 14.8 dB at 1,000 MHz with
an associated minimum noise figure of 1.6
dB. Maximum stable gain is 21 dB. The
HXTR-3625 is $1.35 each (2500 qty.).
Hewlett-Packard Company, Palo Alto,
Calif. INFO/CARD #198.

Medium-Power Amplifiers Feature
Small Size

The latest series of GaAs FET medium-
power amplifiers from Watkins-Johnson
Company offers outstanding power-to-size
ratio for the 1.7t0 5.2, 2to 6 and 2t0 8
GHz frequency ranges. Twenty-five
models with gain from 13 to 48 dB are

available with output power (1 dB GCP)
from % watt to 1 watt. Gain flatness is +1
dB, maximum and noise figures range
from 5.0 to 7.0 dB, maximum. The ampli-
fiers are provided with field-replaceable
SMA connectors or can be used in a drop-
in fashion when the connectors are re-
moved. A finned heat sink and an extra
mounting plate are provided with each
unit for convenience. Watkins~Johnson
Company, Palo Alto, Calif. Please cir-
cle INFO/CARD #197.

25-watt Amplifier Covers 10 kHz
to 100 MHz

The Model 25A100 is a new solid-state
benchtop amplifier introduced by Ampli-
fier Research. The 25A100 delivers 25
watts minimum saturated output power
throughout the four-decade frequency
band of 10 kHz to 100 MHz, and 20 watts
linear power measured at less than 1 dB
gain compression at the same bandwidth.
Only one milliwatt of RF input signal is
needed for rated output. The unit occu-
pies just 14%2 x 612 x 8 in. of benchtop
space, and weighs only 21 Ibs. (9.5 kg).
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BROAD BAND NOISE SOURCES

FOR SPACE, MILITARY AND
COMMERCIAL APPLICATIONS...

DC-50 GH,

CHIPS AND DIODES BROAD BAND BROAD BAND
*Glass * Ceramic * Beam-Lead AMPLIFIED MODULES PRECISION,
-Hermetlcally Sealed *MIL-STD-202 PLUG-IN, DUAL-IN-LINE CALIBRATED
b ey SRR ki 24 or 14 PIN, 150mv out COAXIAL
W v g SMA, N, TNC Output Connectors
- ' "Q i e »\\ ,,j
e . # - R
-~ . ..‘d‘r iv?“ ."
TYPICAL STANDARD MODELS ~ B
NC 100 Series | up to 3 MHz TYPICAL STANDARD MODELS O]
NC 200 Series |up to 500 MHz NC 2101 up to 20 kHz A
NC 300 Series |up to 11 GHz NC 2102 | up to 100 kHz " %)
NC 400 Series |up to 50 GHz NC 2103 up to 500 kHz
NC 2105 up to 10 MHz
NC 2106 to 20 MH
DROP IN MODULES up to z TYPICAL STANDARD MODELS

FOR BITE

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

35 dB ENR typ.

PN
&

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

ALL ARE IN STOCK

MOST ARE IN STOCK

HIGH-OUTPUT:

+10 dBM, 50 ohms
SMA or BNC output

TYPICAL STANDARD MODELS

NC 1101A
NC 1107A
NC 1108A
NC 1109A
NC 1110A

up to 20 kHz
up to 100 MHz
up to 500 MHz
up to 1 GHz
up to 1.5 GHz

Other frequency ranges
and output levels available

MOST ARE IN STOCK
INFO/CARD 36

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

NC 3200 Series|up to 18 GHz
30-35 dB ENR,
high noise
output.

NOISECom

“NOISE IS OUR ONLY BUSINESS”

NOISE COM, INC.

111 Moore St.
Hackensack, N.J. 07601
(201) 488-4144

TWX 910-380-8198




Sweep Generators Offer

' ’ pl' OdUCtS Continued

Choice of Bands
Systron Donner’s 1900 Series of sweep

Price of the Model 25A100 RF amplifier
is $2,000. Amplifier Research, Souder-

ton, Pa. INFO/CARD #196.

Gasket Tapes For EMI and
RFI Shielding

Soft, compressible GORETEX Gasket
Tapes are now available in electrically

conductive versions for use in EMI and
RFI shielding applications. These carbon-

AMPLIFONIX ANNOUNCES
2nd Source BF Amplifiers

filled products exhibit superb sealability
and will compress to a thin gasket that will
completely fill microscopic flaws in the
sealing surfaces. These new tapes are
high in conductivity, exhibit a high degree
of conformability and have excellent at-
tenuation characteristics across a wide
frequency range. W.L. Gore & Associ-
ates, Inc., Elkton, Md. Please circle

INFO/CARD #195.

TNzSQ
/ ’?,) '
- :

generators feature single band architec-
ture. This approach allows the user to
select a sweeper covering only the re-
quired frequency range without the ex-
pense of unnecessary frequencies. The
result is a lower price without sacrificing
any performance features. The 13900
Series features the CW frequency accura-
cy of a synthesizer. Spectral purity often
exceeds synthesizer performance. Typical
single side band phase noise in a 1 Hz
bandwidth at 6 GHz is —90 dBc. Har-
monics are —20 dBc typical and max-
imum spurious response is —60 dBc.
Price is based on selected frequency

ranges and starts at $4,995. Systron Don-
Concord,

ner/Instrument Division,
Calif. INFO/CARD #194.

SMD Digital Attenuator for
1 to 4 GHz

KDI Electronics has announced the

availability of a new thick film digital atten-
uator designed for operation to 4.0 GHz.
The DAC236 is a 3 bit device and features

60

0 to 30 dB attenuation in 6 dB increments.
Accuracies are +0.25 dB/bit and +0.5 dB

b 4 '
Check our cross reference list g m, i
. {y A, 10 ¢y
and start saving now. A Mopggvw | U
4453 yr:'::gv % a
Guaranteed performance, kHz-2GHz, S s - A -~
MIL-STD-883 screening, less than 4 week | &7 ceor sa®
delivery, over 200 standard catalog e fﬁ:,’,'; Fe ome
items, qualified on many programs A1 s & Soa
(ARC182, AEGIS, MX, ASCL, A g@’,’,’ @ ,Cg;(;(; cumulative over the entire attenuation
FZU39, etc.) :‘;’,9-' ,';:3,',': 241, 73002 range. The circuit is also available with
Amplifiers, limiting amplifiers, ;;}" r,':;,v;;? wSronoL A:“”'a other attenuation ranges in both 3 and 4
attenuators and limiters in flat packs, iz Thgy 28 :]::;' ,@;ﬁ bit versions. Insertion loss is 2.0 dB typical
TO, DIP and cascaded housings... = Ihor3S sz S and 2.5 dB worst case and VSWR is less
low voltage, low current, low noise, G ;;5,';: :u‘;“:?': g;:;fé’ .than 1.5:1. Maximum |nput.RF power Ieyel
medium power... :‘3;5 ;35:'2‘? ;vvy:‘ézg cc?"?fo" is +20 dBm. KDI Electronics, Inc., Whip-
Call or write for our new cross A e g pany, N.J. INFO/CARD #193.
reference list and full line L3 Thorsy anz, . "
catalog with complete s a3 4006l pumpe Varactor-Tuned Oscillator Covers
e . T AM - € o X
specifications today. e ,g%}?; oy r,w,f:« 550 to 775 MHz
i o1y Migg Tac1es Avantek, Inc. announces the LNO-550
, A, s Adie P S ; - -
An Ts16q Thg 48 Varactor-Tuned Oscillator designed speci-
° o L Tz Mvanre, fically for low noise performance in the
M I ONI A r'c;{%" g;,:?: " opronx 550 to 775 MHz frequency range. Phase
s Georzo o noise is typically —112 dBc/Hz at 10 kHz
A TECHNICORP CO. 3 ,Z: 27 g:§$ °§:;§ from the carrier and —128 dBc/Hz at 1
T 5 . . .
2010 Cabot Bivd. West, Langhorne, PA 19047 [ <) Ty Shdit0  Crarz MHz from the carrier. It has a minimum
215-757-9600 o TWX 510-667-0501 Mg 2Ry GeLo0 Graae of +10 dBm output power and all
SPosg;  cze30 specifications are guaranteed over the
—54° to +85°C military temperature range
INFO/CARD 37 ; :
The LNO-550 requires 50 mA at 12 VDC.
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Cascade Building 22125 17th Ave
RF Power Labs, Inc. has been a leader in RF
ranges from 30 Hz-500 MHz, with power ou




SHIELDED GOIL FORMS

Engineering Kits and
Design Aids for RF
Application From

10 KHz to 200 MHz

IRON POWDER CORES

1190 N. Hawk Circle, Anaheim, Califomia 92807 USA e (714) 630-7420 = TWX 916-591-1690
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CONTINUOUS CREATIVITY...
Glasteel Industrial Laminates
Make a World of Difference

Glastee

' ’ p! OdUCtS Continued

It is packaged in a hermetic, TO-8V tran-
sistor case. The LNO-550 is priced at
$325 each (1 to 9). Avantek, Inc., Santa
Clara, Calif. INFO/CARD #192.

500 Volt Chip Capacitors

New 500 WVDC monolithic ceramic
chip capacitors are designed for applica-
tions where elevated voltages are a
design requirement. These units are avail-
able in NPO and X7R dielectrics with
capacitance values from 470 pF to 0.15 uF.
These capacitors are supplied in a variety
of configurations including sizes 1206,
1210, 1808, 1812 and 2221. Standard units
are available with terminations of palla-
dium or nickel barrier with soldered coat.
Prices range from $1.89 to .29 (1000)
depending upon size and value. Johan-
son Dielectrics, Inc., Burbank, Calif.
INFO/CARD #191.

3.0 GHz ““SMA” Attenuators Are
Low-Cost

Elcom Systems, Inc. announces a
series of low-cost miniature 50 ohm coax-
ial type SMA attenuators suitable for lab
testing and production use. They are
available in 1 thru 3 dB in 1 dB steps and

e leader in contin-
nation technology.

e~ 4

i A " For samples and information contact

ve Barrell, National SalesiMarketmg Mana
aste lustrial La
g, CA 1101

o 2l
TBREI = o 5 S

7-3321 or write G | ‘
/ 17 " ista St., Duat
1 " 1

*
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Subsidiary of the
a Corporation
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RADIATION HARDENING &

The Battlefield Demands It.
DoD Requires It.
We Provide It!

Coilcraft

RF
inductors

(J Detects multiple nuclear detonations » Most items shipped from stock

+ Custom values and styles available
» Designed to meet MIL specifications
[ Triggers circumvention functions | Experimenters kits available

IRT’s Hybrid Nuclear Event Detector:

[J 10 nanoseconds reaction

[J Remembers event/initiates

system recovery Surface

mounted

Close tolerance
chip inductors
from 30 nH to
1000 uH. High Q
and high current
models. Tune-
able chips,

) surface mount
transformers
and toroids also
available.

(J Exceeds DoD radiation
hardening requirements

O i
"t Wy gy -
‘oo,

For off-the-shelf delivery, or to obtain HSN-3080
application literature, write or call:

IRT Corporation

3030 Callan Road, IRT

San Diego, CA 92121; D! | S i
619/450-4343, Ext. 694 ("Orp()rat")n
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Tuneable
The industry’s
broadest range
¥ of variable
inductors. From
B .05 to 1100 uH.

¥ Shielded or
unshielded.

10 mm or 7 mm
packages con-
serve board
space.

TURN YOUR HP 8566* SPECTRUM ANALYZER INTO
A POWERFUL NETWORK ANALYZER.

Conformal
coated

Close tolerance
axial lead

Turn your HP 8566° Spectrum Analyzer into a powerful network analyzer with scalar
frequency response function. Align filters and amps in minutes!

chokes, totally
encapsulated in

AVCOM's model MTG-3600 Tracking Generator outputs a -5 dBm (typical) tracked a durable epoxy
RF signal from less than 100 KHz to over 1.5 GHz. Flatness 1.5 dB typical. IF coating. Lower
feedthru below -65 dBm typical. L.O. is a phase locked cavity osciilator referenced to A

cost than molded
an ovenized crystal oscillator $1865 types. No mold-
AVCOM's model MTG-321 Tracking Generator outputs minimum -10 dBm from 2 ing stress to
GHz to 5 GHz $1350 break wires.

AVCOM Tracking Generators can be ordered with output frequency offset (by the
amount of the device under test IF frequency for example), to meet specific
application requirements

CUSTOM SPECTRUM ANALYZERS
AVCOM manufacturers low cost Spectrum Analyzers covering portions of the
spectrum to 5 GHz for specific dedicated applications. Resolution Bandwidths as
low as 5 KHz., Dynamic Ranges to 70 dB. Rack Mount or Portable. Priced from
$1965 (PSA-35A)
* Other analyzers can be used, call with your specifications

¢ 500 SOUTHLAKE BOULEVARD
A V‘ O RICHMOND, VIRGINIA 23236
TELEPHONE  (804) 7942500

FAX: 804-794-8284 TELEX: 701-545

INFO/CARD 42

RF Design

Call 312/639-6400

1102 Silver Lake Road, Cary, IL 60013

INFO/CARD 43 63



ere is a welcome addi-
tion to the microwave re-
lay market from a company that has
spent over 40 years developing high
frequency relays. Our new TOH Series
offers designers a microwave relay with
small size and outstanding perform-
ance, that can be used for a variety of
applications where stringent impe-
dance matching and isolation are re-
quired. Typical applications include
antenna switching, radar, communica-
tions, radio telephones, and cable TV
systems.
Both PCB mount and SMA mount
models are available in frequency
ranges from DC to 2.5 GHz. Operating

iniature microwave relays
that come with over 40 years
of relay experience.

voltages of 6, 12, 24, and 28 VDC can be
ordered with your choice of coil termi-
nals, PCB terminals, flying leads, and
solder lugs. Rugged construction as-
sures long life (tested to over 2.5 million
cycles), and materials used meet strict
mil-spec requirements.

We felt the time was right to show
you what 40 years of relay experience
can provide to the microwave relay
market. Now you can find out for
yourself by asking for design
assistance or a copy of our
brochure. Call or write FL
Jennings, 970 McLaughlin
Ave., San Jose, CA 95122,
(408) 292-4025.

y ool

DIVISION OF FL INDUSTRIES . 4

JENNING
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10 thru 20 dB in 2 dB steps. Attenuation
accuracy is 0.5 dB from DC to 2.5 GHz,
and 1 dB to 30 GHz. VSWR is less than
1.35:1 at 3.0 GHz, averaging 1.2:1 over the
band. The design utilizes gold plated con-
nectors and high reliability MIL resistors
in a silver plated housing. Elcom Systems
Model AT-53/SMA costs $15.00 each. El-
com Systems, Inc., Boca Raton, Fla.
INFO/CARD #190.

New Couplers, Mixers, Power
Dividers and Modulators

Synergy Microwave Corporation has
recently introduced several new RF pro-
ducts. Surface-mounted power dividers in-
clude the SPD-1 (1-500 MHz) and SPD-2
(.01-100 MHz) MIL-Spec devices, with their
comercial counterparts, the SPD-C1 and
SPD-C2. These devices offer 20 dB isola-
tion and maximum 1.0 dB insertion loss.
The SMD mixer line now includes nine
models covering 1-2500 MHz with LO
power requirements from +7 to +23 dBm.
The SDC surface-mount directional
couplers include models covering 50
kHz-1000 MHz with 10, 15 and 20 dB
coupling. These are packaged in Syner-
gy’s .500" x .375” x .150”" package (MIL-
STD). Another new addition is a group of
bi-phase modulators for carrier frequen-
cies of 800-2500 MHz and modulation fre-
quencies up to 200 MHz, in flatpack or
SMA connectorized packages. One dB
compression points are either +1 or +10
dBm, with phase balance of 55° max-
imum and typical insertion loss of 4 dB.
Synergy Microwave Corporation, Pater-
son, N.J. INFO/CARD #184.

RF Power Transformers Handle
up to 1 kW

RF power transformers, power splitters
and combiners designed and manufac-
tured for frequencies 0.1 to 175 MHz have
1 kW power handling capability up to 30
MHz, 500 W to 100 MHz and 300 W to
175 MHz. Some types of splitters-combin-
ers and transformers are available from
stock. Others have delivery from 2 to 12
weeks. RF Power Systems, Inc., Phoe-
nix, Ariz. INFO/CARD #188.

High Q Multi-Turn Ceramic
Trimmer Capacitors

The Mini-Trim series of high Q multi-turn
ceramic trimmers are suited for RF and
microwave applications including mobile
radio, instrumentation and satellite ground
stations. These units feature Johanson'’s
patented one-piece self-locking constant
torque drive mechanism. These units
have a unique solderless construction
which allows them to withstand elevated
soldering heat, excessive tuning and

RF Design

rough handling. Capacitance range is 1.5
to 75 pF and a Q at 100 MHz of >5000.
Price is $3.95 (100). Johanson Manu-
facturing Corporation, Boonton, N.J.
INFO/CARD #187.

New Limiter Discriminators
Announced

The newly designed LDD Series of
Limiter Discriminators achieves high per-
formance in FM demodulation. These

units include a two-stage limiter, a delay
line discriminator, and a DC coupled video
amplifier. Center frequency is available
from 30 MHz to 160 MHz and linearity is
better than 1 percent. The units operate
from +12 VDC. 50, 75 and 93 ohm impe-
dances are available. The LDD Limiter
Discriminators are available in standard
models or custom designed. Internation-
al Microwave Corp., Stamford, Conn.
INFO/CARD #186.

Simply outstanding.

generator

signa

PSC1000

Outstanding features

vV vV VY

\AA A A

Frequency range: 10 kHz to 1 GHz
Step frequency sweep over

entire frequency range

100 non-volatile memories

for front panel setups

Fully portable—operates on

AC or 12VDC to facilitate

bench and field use

IEEE 488 and HPIL programmabie
Automatic integral SINAD meter

+ 13 dBm RF output level

Direct synthesis to 1 GHz
Compact, lightweight

w iR AU

Outstanding deal

Call today to find out what
an outstanding low cost

deal the PSG1000 is.

Call us at:

(317) 545-4196

QOutside Indiana, call toll free:
(800) 344-2412

Texscan

3169 North Shadeland Avenue
Indianapolis, Indiana 46226

INFO/CARD 45
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Transmission Line and Waveguide
Synthesis Program

Webb Laboratories introduces a new
transmission line and waveguide synthe-
sisfanalysis package. TRANSCAD allows
40 transmission structures to be analyzed
or synthesized, including single and
coupled suspended substrate stripline,
single and coupled microstrip with aniso-
tropy, dispersion, loss and enclosure ef-

attenuator models.

fects included; edge-coupled, broadside-
coupled and variable-overlap-coupled
stripline, coplanar waveguide, slotline and
many other strip type geometries. Also in-
cluded in Version 1.0 are wireline struc-
tures, as well as coaxial configurations,
rectangular waveguide, circular wave-
guide (TEO1, TE11 and TMO1 modes),
single- and double-ridged waveguide and
others. TRANSCAD operates on IBM

Dependable
Bench Attenuators

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

1 MODEL IMPED- FREQ. ATTEN

NO. ANCE RANGE RANGE  STEPS

Standard  431* 509 DC-1GHz  0-41dB 1dB

Size 432* 500 DC-1GHz  0-101dB 1dB

442 750 DC-1GHz  0-101dB 1dB

Miniature 1/439 509 DC-1GHz  0-221dB  .1dB

Size 439 500 DC-15GHz 0-101dB 1dB

437 509 DC-1GHz  0-1025dB  .5dB

449 750 DC-1GHz  0-101dB 1dB

2000, ext. 104.

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

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

Tel: (201) 227-2000 TWX: 710-734-4347

K Av Kay Elemetrics Co

Attenuators
& Test Equipmsent

12 Maple Ave. Pine Brook, NJ 07058
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PC/XT/AT and compatible machines with
384K RAM and DOS 2.0+, and is priced
at $895 per copy. Webb Laboratories,
North Lake, Wis. INFO/CARD #219.

Linear Circuit Analysis Program
Gets Update

With version 4.3, LCAP has increased
capabilities. The new features added are:
time domain analysis, log sweep, “zoom
lens” graphics, an improved matrix analy-
sis routine that gives lower round off error,
and increased speed. Analysis time of
less than 1 second per frequency is typi-
cal with the standard IBM-PC. LCAP’s reg-
ular features include: full-screen editing,
nodal circuit notation, high resolution
graphics, library of active devices, and S-
parameter analysis. LCAP (for IBM-PC,
256K) is priced at $95. LCAP-87 (8087 Ver-
sion) is $150. RF Engineering, Norwich,
N.Y. INFO/CARD #220.

Software for Open-Site EMI
Measurements

Hewlett-Packard Company has an-
nounced the HP 85870A open-site EMI
measurement system (OEMS) software,
designed to reduce the time required for
radiated-emission compliance tests made
at outdoor sites using HP spectrum-analy-
zer/EMI receivers. The software records
information on each signal, including fre-
quency, field strength and amplitude devi-
ation from specified limits. it also stores
factors such as antenna height and turn-
table positions, as well as operator com-
ments. The test limit library contains as
examples FCC Part 16 Subpart J, VDE
0871, FTZ 1046, and CISPR Publication
22 radiated-emission limits. Price of the
HP 85870A software is $5,000. Hewlett-
Packard Company, Palo Alto, Calif.
INFO/CARD #218.

Interdigital Bandpass Filter Design
Program

A second program, INTERDIG, in the
software series “Microwave Components
Hardware,” has been released for use on
HP series 200 desktop computers. IN-
TERDIG allows a microwave engineer to
obtain all internal dimensions of a quarter-
wave interdigital filter by entering a few
electrical and physical specifications.
Based on exact approximation and syn-
thesis methods, INTERDIG permits de-
sign flexibility such as choice of round-rod
or rectangular-bar resonators, doubly or
singly terminated designs, short or open
circuited end resonators, and tapped or
transformer input match. Price is $749.
MCH Associates, Thousand Oaks, Calif.
INFO/CARD #217.
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SPECIFY
THE BEST-
SPECIFY
STETTNER
TRIMMERS

For our catalog,
circle INFO/CARD #47.

Just in case you haven't
hearc: Stettner Electronics is

ceramic capacitors for prompt
delivery, and can cross refer-
recognized as one of the most  ence to most manufacturers.
versatile manufacturers of vari-

able ceramic capacitors |
(trimmers) in the world. In

Europe Stettner is Number '
BHel STETTNER '
ELECTRONICS, INC.
6135 Airways Blvd.
Chattanooga, Tennessee 37421
Phone: (615) 892-0291
Calt Toll Free: 1-800-251-4558
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Stettner stocks a wide var-
iety of variable and fixed

RF IMPEDANCE BRIDGES

/ WBE" =

1971 - 1986
FIFTEENTH ANNIVERSARY YEAR

Models ASH & AS] ore broothand B'F tronsformer type RF (N-RF
edonce bridges.

When the device to be analysed is connected to the bridge test
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celitratest Weititey, stpare low corrections, etv. are not teqiired, Alwo
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Tost syitersx moy be o8 sirple as o sional generotor, attenuator,
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.
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* Other Modals and op*ions avallable., O.E.M. applications by quotation,

WIDE BAND ENGINEERING COMPANY,IN(}.

menin, A 803 niversity (k.
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400W HPA for
100-500 MHz

The EPSCO Model 1370is one
member of a solid-state High
Power Amplifier (HPA) family.
Small, light, and highly
reliable, these amplifiers cover
a range of frequencies from
1 to 1000 MHz and output
power up to 1000W (up to
10KW in custom designs).

EPSCO HPA’S FEATURE:

A sophisticated combina-
tion of analog, digital, mechani-
cal and thermal engineering
techniques...including
advanced power combining...
to harness the multiple power
modules necessary to achieve
the output power levels of
which the HPA's are capable.

Self-contained, including
power supply, most EPSCO
HPAS are packaged in stan-
dard 5%" EIA chassis and
are designed to withstand
demanding environments.

TO MEET YOUR SPECS

For more information,
contact EPSCO, RF Division,
31355 Agoura Road, Westlake
Village, CA 91361. (818) 889-
5200. Telex: 18-3378.
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SAE Standards Catalog is Available

The new SAE Standards Catalog is a
comprehensive guide to the most current
automotive and aerospace standards
documents available. Of special note is
the introduction of three new standards
products: Individual Ground Vehicle Stan-
dards, SAE Ground Vehicle Standards
Service (a quarterly service), and Ground
Vehicle Standards on Microfiche. The
SAE Standards Catalog is available free

of charge. Society of Automotive Engi-
neers, Inc., Warrendale, Pa. Please cir-
cle INFO/CARD #214.

Data Sheet Describes Attenuators
““In-A-Cable”

A two-page data sheet from Micro-
Coax™ Components, Inc. describes *‘In-
A-Cable” subminiature attenuators. which
are integrated into a semi-rigid cable
assembly. A table lists and describes

r the |
2,

y: : ﬂl;’;‘).- -' . .
B Extended temperature rang'e’( —65°C to +200°C)

M Field replaceable insulator and contact

B One-for-one replacement for standard hermetic launcher
B VSWR: 1.17:1 max. at 18.0 GHz, 1.24:1 max. at 26.5 GHz

Environmentally

Durable (E.D.)
Hermetic Sparkplug Launcher
dc-26.5 GHz

TYPICAL VSWR
130 T
o MAX. VSWR= |
: 1.08 + 0061 (GH2) —
- o $o
RE: o
MAX. VSWR = -
3 115 1,06+ 0061 (GH2) —— 1 rwm =8 ==
> —
1.10 =
. ——"——
105
1,00 ==

30 6.0 90 120 150 180 210 240 2.5
FREQUENCY (GH2)

M/A-COM Omni Spectm, Inc.
21 Continental Bivd.
Merrimack, NH 03054

6034244111
TWX: 710-366-0674
TLX: 681-7280

Omni ‘
Spectra

INFO/CARD 50

general technical data such as SWR,
temperature and power sensitivity, peak
voltage characteristics, dimensions and
weight. Another table lists materials and
specifications for all attenuator parts. A
third table indicates mechanical and en-
vironmental characteristics. Micro-Coax
Components’ “In-A-Cable” subminiature
attenuators are available in two cable
diameters: 0.0865" (UT 85) and 0.141"
(UT" 141A). Micro-Coax Components.
Inc., Collegeville, Pa. INFO/CARD #213.

Microwave Semiconductor Catalog

A new short form catalog describes a
wide range of microwave diodes. The
catalog includes PINs, limiters, Schottky
mixer, Schottky detector, planar tunnel
detector and general purpose guard ring
Schottky diodes. There is also information
about MIS capacitors (1.5 to 250 pf) and
thin film resistors. Virtech Microwave,
Inc., Los Gatos, Calif. Please circle
INFO/CARD #212.

Precision Substrate Fabrication
Services

A new catalog and capabilities bro-
chure is available from Accumet Engi-
neering Corporation, a single-source
fabricator of precision substrates for
microelectronic, scientific and industrial
applications. The convenient reference
guide features sections on lapped and
polished substrates in commercial and
MIL-SPEC grades for use in both thick
and thin film circuits. Materials described
include alumina, beryllia, fused silica, and
specialized dielectrics. Accumet Engi-
neering Corporation, Hudson, Mass.
INFO/CARD #211.

Guide to RF Coaxial Connectors

A comprehensive reference guidebook
for anyone specifying RF Coaxial Con-
nectors is available from Automatic Con-
nector, Inc. The 28-page handbook in-
cludes a short glossary, band designation
data, typical coupling nomenclature in-
cluding a comparative chart of cost,
voltage, VSWR range and coupling
method. Various connector series include
BNC, BNC Twinax, UHF, N, Twinax and
SMA, SMC, SMB types to cable assembly
for virtually every clamping style in use to-
day. Automatic Connector, Inc., Com-
mack, N.Y. INFO/CARD #210.

Application Specific MLC Catalog

Olean Advanced Products announces
a new product catalog, providing in-depth
technical information on the Division's ap-
plication specific multi-layer ceramic
capacitor (MLC) components in EMI Sup-
pression Arrays, High Energy Discharge
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Capacitors, Discoidal and FeedThru
Filters, SMPS Output Filters, High Voltage
MLC Chips, High Reliability MLCs, and
many other advanced areas. Olean Ad-
vanced Products, Division of AVX Cor-
poration, Olean, N.Y. INFO/CARD #209.

Microwave Material Brochure

A four-page brochure featuring Di-
Clad® 810 ceramic-PTFE 10 DK compo-
site laminate for microstrip and stripline
circuitry is available to microwave engi-
neers from Keene Laminates. Typical
properties, such as dielectric constant,
dissipation factor and copper foil bond
strength are contained in a specifications
and test methods chart. Di-Clad 810's
thermal coefficient of dielectric constant
is illustrated in a line graph. Keene
Laminates, East Providence, R.I. Please
circle INFO/CARD #208.

Catalog Features Coaxial Switches

DB Products, Inc. announces a new
Microwave Switch catalog, featuring 15
series of coaxial switches, with detailed
specifications, schematics, outline draw-
ings and available options for each. The
catalog also includes detailed ordering in-
structions to specify series, connectors,
voltage, function, polarity and other op-
tions. DB Products, Inc., Pasadena,
Calif. INFO/CARD #207.

Noise Figure Application Note

An application note which discusses
the noise measurement of high frequency
devices is available from the Electronic
Instrumentation Division (EID) of Eaton
Corporation. the application note details
the test configuration used by the Eaton
2075-2A Noise-Gain Analyzer to measure
the noise performance of receivers or mix-
ers whose IF frequencies are greater than
1850 MHz. Additionally, the technique
used for measuring the noise perform-
ance of any device under test at arbitrari-
ly high input frequencies is also de-
scribed. Eaton Corporation, Electronic
Instrumentation Division, Los Angeles,
Calif. INFO/CARD #206.

Ultraminiature Connector
Handbook

A new handbook describing the use of
an ultraminiature line of connectors and
cables for high density miniature packag-
ing is offered by Microtech, Inc. The con-
nector line includes ultraminiature coax-
1al connectors; 2, 3, 4, 7 and 12 contact
circular connectors; ultraminiature in-line
2, 3, 4 and 6 contact connectors; and
miniature PC board strip connectors with
10, 22 and 50 contacts. Special miniature
coaxial cable and multi-conductor cable
Is available for use with the connectors.

RF Design

Microtech, Inc., Boothwyn, Pa. Please
circle INFO/CARD #205.

Catalog Introduces
Mail Order Division

Global Specialties has announced the
establishment of a Mail Order Division to
market their complete line of electronic
testing and prototyping equipment. A full-
line catalog, including ordering instruc-

tions, an order form, and a postage-paid
return envelope has already been mailed
to a selected list of potential end-users
throughout the country. An 800 number
for direct telephone orders is also
featured. All Global instruments, logic test
and solderless breadboarding products
are included in the new catalog. Global
Specialties, New Haven, Conn. Please
circle INFO/CARD #203.

Mode Free Adapters
VSWR As Low As 1.13:1
dc-18.0 GHz

' ‘ VSWR Max. VSWR Max. VSWR Max.

Part Number | Description dc-4 GHz 4-12.4 GHz | 12.4-18 GHz
3780-2240-00] TNC Jack to

SMA Jack 1.10:1 1.20:1 1.30:1
3780-2242-00 TNC Jack to

SMA Jack

Flange Mount 1.10:1 1.20:1 1.30:1
3782-2240-00| TNC Piug to

SMA Jack 1.10:1 1.20:1 1.301
3782-2241-00| TNC Jack to

SMA Plug 1101 1.201 1.301
3781-2241-00{ TNC Plug to

SMA Plug 1.10:1 1.201 1301
7082-5016-00 | TNC Jack to :

7MM 1.04.1 1.09:1 1131
7081- -00 | TNC Plug to

B B AR 1041 1091 1131
M/A-COM Omni Spectra, Inc.
21 Continental Bivd. H
Merrimack, NH 03054 Omni
6034244111
TWX: 7103660674 Spectra
TLX: 681-7280
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BROADBAND EQUIPMENT
FOR INSTRUMENTATION
AND COMMUNICATIONS

Find The Latest Technology
In Microwave Devices With
D.ATA.BOOKS

Now you can hnd the latest microwave information fast with NEW
sections on GUNN & IMPATT diodes in the latest edition of
MICROWAVE. Plus. you can easlly compare the charactenstics of
crossedfield amplifiers. klystron tubes. duplexer tubes, microwave
mixer diodes. microwave video detector diodes and many other
microwave devices

Directional Couplers

‘_ il

This new edition features specifications on more thar 29 000
microwave semiconductor and tube devices from 114
manufacturers More than 3 900 new devices have been adcec dlus
intormation on an additional 1 850 devices has been updated [n all
rer one third of the mformation in MICROWAVE 1s NEW. i 1 { B

——

The latest technology plus an easy to use format outhne drawings
and more make MICROWAVE the best resource available for
microwave device mformation - and for only $95

To order MICROWAVE or for a free brochure call Toli Free ' ¢ {
1-800-854-7030 «[n Cahtormia call 1-800-421-0159)

D.ATA, Inc. { 1
9889 Willow Creek Road N T | 1
® P.O. Box 26875, Dept. S5GD6 3 . ——q I 4
San Diego, CA 92126 e 3 ~

Day Maney Back Guante WIDE BAND ENGINEERING COMPANY, INC.

ce subject ange without nothice and 15 good only in the U S
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For a power resistor that
stays non-X up to vhf,

there’s only one choice.

The Carborundum® Type SP. Only the
Carborundum ceramic power resistor
behaves like a pure resistance rather
than an inductor and’or capacitor. It
operates from low audio frequencies up
into the vhi range. Each unit is a solid
body of resistive material. No wind-
ings. no film. Ideal for frequency-
sensitive rf applications like feed-
back loops.

And it gives you extremely high

power density. with great surge- /

handling capability because il's solid. -
Qur Type 234SP, for example. is immersed in oil, it will handle even Sohio Engineered Materials Company
about the size of a 2-walt carbon comp. greater power overloads. Refractories Division
but dissipates a full 10 watts in 40°C Other Carborundum Type SP resis- Electric Products Plant, P.O. Box 339
ambient air. Moreover, it can consis- tors—including high-power, water- Niagara Falls, New York 14302
tently absorb surges of over 10X rated cooled configurations—are rated from  716/278-2553
power for several seconds and come 2.5 10 1000 watts. For further details,
back for more with very little AR. call or write us today. @ CARBORUNDUM

Forced-air-cooled, water-cooled or
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PUT A NEW MARKETING REP
ON YOUR TEAM!
USE REPRINTS FROM
RF DESIGN MAGAZINE

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

WHY REPRINTS?

e Advance consumer & industry awareness
Focus attention on your products & serv!ces
Explain what your company does
Position your company as an industry leader

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

For further information on how to order your reprints,
call (303) 694-1522, Telex 450 726 CRDF ENGL.

PRECISION CRYSTAL
OSCILLATORS

SERIES 8000

STANDARD FREQUENCY 5.0 MHz

AGING RATE

MODEL ER8001 1 x 10— °/day
MODEL ER8003 1 x 10— '%/day
MODEL ER8005 5 x 10— '/day

PHASE NOISE ___SSB 1 Hz BW at 10 Hz offset

MODEL ER8001 . . . 124 db
MODEL ER8003 . . . 135 db

INPUT VOLTAGE __12 VDC = 10% STANDARD

OUTPUT

SIZE

OPTIONS

SINE-WAVE 1VRMS INTO 50
ohm LOAD

MODEL ER8001 and

MODEL ER8003

2" x 2" x 4”H

MODEL ER8005

229183 2,257 33 EoAHlly]

MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

RF Design

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

CATALOGUE.

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd Overland Park Kansas 66204
TWX: (910) 749-6477

Telephone: (313) 631-6700
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5000 MHz PULSE GENERATOR WITH 30 ps RISETIME

Pulse Repet
el ! -~

FONE VELWE1
2V/DIV Esg¢h Oltp!

Above Photos Include the 30ps Risetime of the Sampling Head.

Our newest pulse generator is ideally suited for testing GaAs systems and for driving fast laser diodes. It
features pulse repetition rates from 10 - 5000 MHz, risetimes as low as 30ps, a true duai-channel capability,
independent amplitude (2V max), and offset controls (—5V to +5V) for each output. All settings are digitally
displayed (Model PG 5000A: $17,500). A5V dual-channel version is also available for repetition rates up to
3000 MHz, Model PG 3000A at $19,500. High power single-output versions include the Models PG 5000A-
4V t0 5000 MHz and 4V output, and PG 3000A-10V to 3000 MHz and 10V output, at $22,500 each. Foryour
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 offset, and sub-nanosecond gating capability ($995 to $3,500).

In addition, our popular PG 1000A pulse generator offers both differential TTL (to 350 MHz) and differential
ECL (to 1000 MH2) with built-in source and variable

Y ol Instruments, Inc. duty cycle (1V ECL: $7,700; 2V option: add $800). All

! g tby I;S h&eD SI, Ct prices quoted are U.S.A. list prices only. Complete
BT ORpEc R garc o Mk oaih specifications on all of our products are available on

1810 14th Street, Santa Monica, CA 90404 request. We also offer custom modifications to suit
(213) 450-0261 specific needs.
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Toko coils and filters
attack RF design problems

Plagued
by parasitic
oscillations, spurs,
harmonics and
feedback? The problem
may not be your design, but the
coils and filters you selected. Toko
is the world's largest manufacturer
of quality small colls and filters, with
a selection so large,
you're sure to find the
right components

to neutralize your

rf design problems.

SUBMINIATURE
ADJUSTABLE
AND FIXED
Toko has what you need, so
you won't need to compromise...
subminiature adjustable coils
and transformers, molded coils,
radial fixed coils and fixed coils
with axial leads. Toko high-Q coils
are engineered in sizes from
Smm to 15mm, and inductance
ranges from .02 pH to 500 mH.

CHIP AND ->
ADJUSTABLE SMD 8 '
Need to reduce the )
size of your productsor g @
automate production?

Toko solves these problems with a
wide range of surface mountable
colls and LC, ceramic and helical
filters in fixed and adjustable con-
figurations. Packaged for automatic
insertion and available for reflow or
solder dipping.

For more information on:
Subminiatures, Circle 60
Chip/SMD, Circle 61

hefore th

“
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CUSTOM MODULES
Toko hybrid mod-
ules are a great
way to simplify
design and
production tasks.
With shott lead time,
Toko can develop compact
custom modules utilizing a variety
of components, surface mounted
on a ceramic substrate, One
module replaces dozens
of components.

FILTERS
Fori-f or tuned rf ’ ' l
circuitry. Toko filters
simplify attenuation of
out-of-band signals, while cleanly
passing your desired signal. Ultra-
miniature ceramic and LC filters at
popular i-f frequencies fit tight
spaces and tight budgets. With
frequencies up to 1.2 GHz Toko
helical filters are the right choice for
communications
transceivers.

ACTIVE FILTERS
If you're o?vcr;c- =
ing the state-of- -
ihe-artindighal . ne S W
audio o PCM S
products you'l " i,f
appreciate Toko #
active filters. Especially
designed for small size and low distor-
tion, they're also very cost-effective.

o D

Isnt it time to tame the design monsters
before they bite back...call or write
Toko today for a free coll and filter
catalog or a quote on your needs.

No matter what Toko coils and filters
you choose, you can be assured of
aexceptionally high quality control at
economical prices.

Quality and workmanship that add
value and performance to your
product.

= TOKO
TOKO AMERICA,INC.

CORPORATE HEADQUARTERS)
250 Feehanville Drive
Mt. Prospect, IL 60056
342) 297-0070, Telex: 724372, FAX (GMI):
342) 699-7864

(Western Branch) 10080 N. Wolfe Rd, SW3-364,
Cupertino, CA 95014
(408) 996-7575, FAX (GIII). (408) 996-7280

(Eastern Branch) 6 Corporate Park Drive,
Suite 307, White Plains, NY 10604
(914) 694-5618, FAX (GIH): (914) 694-6280

(Southeastemn Branch) Executive Plaza,
555 Sparkman Drive, Suite 820-C,
Huntsvilie, AL 35816

(205) 830-0952, FAX (GIN): (205) 830-5399

Custom Modules, Circle 62
RF & I-F Filters, Circle 63
Active Filters, Circle 64



From Test to Tovs

Plastic

MMIC gain blocks.
Avantek 4-Pac
amplifiers. $1.80 each*.

Avantek’s series of NMODAMP™
silicon monolithic microwave in-
tegrated circuit amplifiers are
ready to drop into your 50-ohm
circuit, with no design problems
— wvirtually no concern for what
comes before or after. These
MMICs are unconditionally sta-
ble and provide cascadable gain
blocks at any {requency up to 2
GHz.

4-Pacs are small (140 mil) plastic
packages suitable for PC board or
stripline applications in products
ranging from instrumentation to
toys, fram fiber optic systems to
mobile communications. They're
simple to use and readily avail-
able.

Available in volume.
Avantek 4-Pac MODAMP MMICs

are available today from vour
nearest distributor. Prices start at
$2.75 and go o $1.80 in 10,000

piece quantities. Don’t forget —
because of their very wide operat-
ing range, the same amplifier can
work from DC through video all
the wav up 10 2 GHz. And you
can stack them like building
blocks 10 add whatever gain vou
need. Avantek 1nnovation
designed to make your design job
casier.

Gain vs. Frequency

20
18 |- MSA 0104
16 ;
T 14 -MSA 0204
12 - MSA 0304
10 | ™S

MSA 0404

(Gain flat to DC)
i 1

0.1 0.5 1 2
Frequency, GHz

*price in 10,000 piece quantities
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\vantek MODAMP MMICs are
the most universal low-cost RY
amplifiers available. Try some
today. Contact your nearest
Avantek distributor or call us lor
complete details.

Avantek Distributors

EAST Thorson Dist.
Applied Specialties Dallas, TN
Beltsaalle, MD 14 2335744
30 195-3349

. 9 WEST

ISlckles Dls{.lfales Pen Stock. Inc.
t "w‘Y‘\":‘; 1 ; A
Technical Marketing Asso.

Hackensack, NJ Sertek, Inc.

200 342-1008 Los Angeles, CA

177-

CENTRAL
Component Dist. Spirit Electronics
b Lauderdale, FI s, AN

305) 9714950 L6 998

Peak Distributors
Arling Heights, 11
1312

D AVANTEK

3175 Bowers Avenue
Santa Clara, California 95051
Sales: (408) 496-6710
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