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“In advanced RF products,
one name stands out.

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

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

passivation, and titanium-platinum-gold metallization.

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

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

AMperex

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

of high reliability applications.

When your communications, instrumentation
and military applications require RF products, look
to Amperex, a name that stands out. Amperex
Electronic Corporation,
Slatersville Division, a North
American Philips Company,
Slatersville, R 02876. ¥
Phone (401) 762-9000. a
TWX: 710-382-6332.
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Dimension in

Portable, Digital Spectrum Analyzers!

A-7550 Spectrum Analyzer

7550 Spectrum Analyzer by

most advanced, low cost,

pectrum analyzer on the
ay.

erful microprocessors, menu driven dis-
id single function keyboard entry aid the
beration of all analyzer functions.
“enhance the operational simplicity of the
iCroprocessor system automatically selects
the analyzers bandwidth, sweep rate,
ncy display resolution and the rate of the
wing keys. An operator override is also
en non-standard settings are required.
..Performance...Dependability...The
ble Spectrum Analyzer by IFR—innovative
lents in design.

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

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 ® 750 adaptor
Quasi-peak detector

Contact your local IFR authorized
distributor for a demonstration.

I 10200 West York Street / Wichita, Kansas 67215 US.A
A Subsidiar, FPCi?V\Cg ELECTRONICS INC 316/ 522 4981 / TWX 9]0 74]-6952
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ACRIAN GOES™
THE DISTANCE
IN BROADBAND
COMMUNI-
CATIONS
TECHNOLOGY

BROADBAND CIRCUIT PERFORMANCE
12~ 1

POWER GAIN-08

" Acrianis a world leader
in high power, high-reliability
RF and microwave broad-
band power devices. We got
there by going the dis-
tance—meeting a diversity
of telecommunications
needs with a non-stop com-
mitment to engineering and
manufacturing teamwork,
no matter how tough the
challenge, or how basic.

Take a hard look at the
0105-100, aninternally in-
put-matched balanced NPN
power transistor, with 100
watts output for 100-500
MHz broadband applications.

Gold thin-film metaliza-
tion and surfage passivation

he date: Febrias .
1925—Togo, a D-va-
old Siberian husky, ec
Iiis team in the desperate
drive lo carry diphtheriaa
toxin to the children of Nome
Alaska—going the distance for =
incredible 340 miles, non-stop,
in the face of 80 mph winds en*
50-below-zero temperatures.

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

Call us for complete
specifications on the 0105-
100, or any of more than 369
Acrian products that go the
distance in communicaticr=,
radar, and avionics. Call or
Telex: (408) 294-4200
TWX: (910) 338-2172

Acrian Inc. 480 Race St
San Jose, California 95723
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Cover

This month’s cover features a new multiple receiver controller by Watkins-
Johnson Company, Special Products Division, Gaithersburg, Maryland. The
setting represents various military vehicles that might carry the WJ-8610A,
which helps monitor and control intercept receivers in dense signal
environments.
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21 Microstrip High Power Amplifier Design
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THE
MISSING
LINK

If high rel crystals and filters
are the weak links in your
space, military, and com-

mercial systems, you've been
missing out on SCP.

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

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

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

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

Never the weak one.

Crystal Products, Inc.
Where the Impossible Becomes the Ordinary

121 Water St., Box 249, Mineral Point, Wi 53565
Phone 608-987-3363, Telex 467581
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»rF editorial

The Benefits of Military
Electronics Development

By James N. MacDonald
Editor

ormally, this magazine does not cover

the military electronics scene, even
though many of our readers design mili-
tary equipment. We concentrate on de-
sign ideas and techniques, not on sys-
tems. Sometimes, however, a subject is
so interesting we cannot resist the temp-
tation to draw our readers’ attention to it,
even if it does not show them how to de-
sign something better or solve a problem.
The guiding philosophy in such circum-
stances is whether thinking about some
new developments in the field might help
engineers keep up with changes that could
affect their career.

This kind of thought process took place
as we worked on this month’s Special Re-
port. We started out to write about inter-
esting, little-known uses of RF in industry
and the military. We discovered so much
going on that we finally decided to limit
the subject to military uses of RF. But as
we looked at the material available we be-
gan to say, “This is interesting, but how

does it really help an engin2= dw ¢ et
ter job?” The resuit is three >ont it lec
articles describing electronic cperar ane
applicable to many military ¢ evices

One thing our research p=rter ¢ 1 is
how much the civilian commus&y bemfits
from military electronics dessloment
The receiver controller feat_ed or sue
cover is especially suitable fcr mar itar nc
signals in a military environr=1. 4 v"at-
kins-Johnson engineer point=dcs t=tit
could also be used to locate & mo- tor
surreptitious radio signals wimir a Iz ge
city. It could be used to trast t=rro-ist
groups or drug runners. PoEigl y, zny
illegal communications netw> k eaut be
monitored with such a system

Frequency-hopping technicues se to
be solely a military use of the e=trobgy,
but the technique might alsol € usec “or
secure business communicatiar s A= do
not know to what extent comr erzaland
government communications a= bang
intercepted, but it would ke T=ve to
assume they are not. Most se BLiwe com-
munications are encrypted, =J 21cwp-
tion can be defeated unlese i = qarte
sophisticated. Technology czerat st=1d
still, even in the civilian sectr

So, we have not fulfilled the 1y is=din
last month’s editorial to write etsc_i nd.s-
trial uses of RF in this month's Sg=calFe-
port. We hope to be able to desciibe s_zh
uses in a future issue, becaus=tary e
interesting. We also hope, haweuz, “rat
we will never lose the flexibilitv T cf a we
the focus of our Special Rep>ts © t=t
serve our readers’ needs.
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ake the switch...
to JFW switches.

»
e Solid State
¢ Connector or PC Mount
* Flexible Packaging
¢ \/ersatile Designs

JFW Industries, Inc.

5134 Commerce Square Dr.
w Indianapolis, Indiana 46237
(317) 887-1340
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rF viewpoint

The “‘Sizzle”
Returns to RF

By Joseph H. Johnson
President,
Microwave Modules and Devices

hat is it about a particular market

area that makes it exciting?
Generally, it is an attitude that becomes
contagious and spreads quickly. What in-
itiates the excitement? New and interest-
ing programs, new discoveries, rapid
growth opportunities and a chance to
make a personal contribution.

The RF market had sizzle in the early
70s. What happened to it? It simply went
someplace else! It went to microwaves.
GaAs was new and everyone wanted to
do something with it. It went to micropro-
cessors. Suddenly everything from toys to
test equipment had built in intelligence.
It went to personal computers. Apple and
their followers literally changed the entire
electronics industry. And it went to satellite
communications. Instant communications
between any two points on the globe be-
come possible for the first time.

| was not always an expert on “sizzle!”
My business partner and | had wanted to
go into a business of our own for several
years. We wrote a business plan and dis-
cussed it with a venture capital friend of
ours, one of the few venture capital peo-
ple who actually understood RF. He liked
the idea for the business, but said the
plan lacked “sizzle” How do you add siz-
zle to a business plan?

We first changed the description of the
market. Then we came up with a new way

8

to approach the market. We were not go-
ing to sell modules, we were going to sell
“Integrated RF Performance” and we de-
scribed an industry trend away from “in-
house” to the merchant market for many
circuit functions. Now the plan had “siz-
zle" and MMD was launched!

One of the reasons the MMD plan had
“sizzle” was that the whole RF market
was beginning to “sizzle” again! What
makes the present different from the last
decade? New visions of war: Suddenly
our servicemen have become more de-
pendent on electronics than guns for their
success and safety. Jam proof communi-
cation, long range radar, position location
and the need to diversify away from the
dependence on satellites have directed a
new focus on the lower frequencies. Star
Wars: This controversial program is creat-
ing a great deal of excitement. Both the
neutral particle beam weapon and the
free efectron laser require very high power
RF sources. Other linear accelerator ap-
plications from medical electronics to high
energy physics research will benefit from
Star Wars research. Movement to the
merchant market: Today’s sophisticated
systems are more complicated, and many
companies are beginning to focus their
resources on systems and depend on out-
side companies for modular subsystems.
This movement is creating many oppor-
tunities for new companies. Cellular
telephone: This concept for mobile and
portable communication is spreading
world-wide and creating a new market for
RF. The next generation will include a
satellite link. These market shifts are re-
quiring new products, generating new
companies, and changing old companies.
Dramatic market changes call for creative
thinking and industry-wide movement.
That means ‘“‘sizzle.”

There is one remaining challenge. For
the new “sizzle” in RF to be complete, we
must extend this excitement to university
and college students. Students and pro-
fessors need to become more aware of
the practical aspects of RF and the new
opportunities for research. Industry needs
to work harder to redirect the interest of
faculty and students to RF. Special
awards or scholarships for new ideas and
research might be the way to start. We
need to interest the college student now!
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/MOTION DETECTORS
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| Motion and Direction Sensin

When it comes to motion detectors, microwave technology offers system designers the added dimension of
direction sensing to eliminate inadvertent activation from “false” signals. This advantage represents a
distinet improvement over standard devices, which use light, heat or sound as a detection medium.
Microwave devices also offer the benefit of added reliability, since there is no wear from repeated
mechanical contact or blinding due to extreme environmental conditions. Furthermore, they afford
greater flexibility in the area of signal processing design.
| As a leading manufacturer of space-qualified microwave components, Alpha offers a line of motion
| detector modules that is ideal for a variety of door, security and process applications. These devices are
available as both motion or motion direction sensors, and they come in either CW or pulsed configurations
for low power drain.
! For added flexibility, units are available as oscillators only and all have a wide range of power output
available. Customer engineering assistance (design, assembly, and test) is available upon request.

Applications
« Automatic Door Activation (Mounts over door. « Obstruction Warning
Direction sensing governs activation.) « Contactless Vibration Measurement
o Intrusion Alarm Applications (Quadrature « Counting/Process Control
mounting available for motion comparison.) « Traffic Signal Activation
« Speed and Rotation Measurement « Automatic Illumination

For more information concerning this flexible, cost effective approach to motion and direction detec-
tion, contact our Sales Engineering Department at (617) 935-5150.

Alpha. Your commitment to quality starts with ours.

i Alpha

Apma Industries, Inc., 20 Sylvan Road, Woburn, MA 01801 * Phone: 617-935-5150 * TWX: 710-393-1236/ Telex: 949436 The Microwave People
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But if you'd rather make them yoursellf...




Introducing
Touchstone Sr.

Only EEsof gives you everything you need
to model your own microwave elements!

You can build your Touchstone™circuit with our
library of nearty 100 microwave elements. Some are
classics in the literature, others we have

developed or acquired. All are the best we can find.
And we continue to add more.

Even so, we know that you may want to use
other models.

No one can model the entire universe, and you
may have specialized needs. More important, you may
have proprietary models that you would never let
out of the house.

Now at last you can use virtually any models
you like — and still enjoy all the benefits of Touchstone
simulation and optimization.

Unique
Touchstone Senior lets microwave engineers

create their own elements

from first principles.

This is the only commercial microwave
program that does that.

Everything you need

is built right into

Touchstone Senior:

software documentation,

libraries, templates.

You work out the mathematics
of your model, foliow the

C C

software template we provide, code your model, and
incorporate it within Touchstone.
From then on, you use your model as if it had
always been part of Touchstone’s extensive library.
Touchstone Senior runs on the IBM PC-XT/AT,
and on the HP 200 series.

More

Even without the modeling capability of
Touchstone Senior, your new Touchstone Release 1.4
offers exciting enhancements. In Release 1.3 we
brought you interactive support for the HP 8510
network analyzer and we greatly enhanced
Touchstone’'s graphics. Now there’s more.

Touchstone Release 1.4 brings you equations
among variables. An advanced gradient optimizer.
And even more great models.

As an additional option for
new customers, the original
version of Touchstone
(still the industry standardl)
1S now dramatically
reduced in price.
For details on all these
Touchstone options, and
a glimpse of what's
coming soon, call or write
EEsof now.

7o
\FN,)
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rFletters

Editor:

| read with interest the feature article in
the October issue of RF Design on “Noise
Generating Instruments.”” We have been
involved in the field for some time, and |
regret that our name was omitted from the
list of companies manufacturing Noise
equipment.

Our company has been designing and
producing various Noise instruments for
years. We are listed in numerous product
directories and have had our products
presented in many of the trade journals.

Enclosed herewith are product releas-
es on some of our noise sources which
should be of interest to your readers. We
will appreciate your publishing these
items in RF Design in the near future. We
also request that you include our com-
pany in any listings of manufacturers of
noise generating devices. Thank you.

Sheila Rabinovici
International Microwave Corp.
Stamford, Conn.

For more information about these noise
instruments please circle INFO/CARD
#101. — editor

i _
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Editor:

A small comment on the article
“Another One-Transistor FM Transmitter”
(Oct. issue). The oscillator shown is a Col-
pitts rather than a Clapp-Gouriet. Any
radio handbook will show the difference.
The Clapp-Gouriet has a third capacitor
in the tuned circuit.

Some further information on these
oscillators may be found in the Pro-
ceedings of the IRE for July and August
1955 in the correspondence section.

W.B. Bernard

Editor:

Finally got thumbing through the
September issue of AF Design and ran
across your editorial on the “RF” industry.

| think a good example of the increas-
ed “interest” in sub-microwave frequen-
cies is ourselves, MSC. Historically, fre-
quencies below a GHz, being close to DC,
were looked at as being outside our
bailiwick, what with circuit elements that
looked like real coils of wire!

More recently, of course, MSC has
become very much involved in the
VHF/UHF frequency range with both CW
and pulsed silicon power transistors as

well as power amplifiers and subsystems.
Our participation in RF Technotogy Expo
85 was a big success and we'll be there
in 86 with more high power “RF”
components.

Surprising how well “microwave” power
transistor designs will perform at Y2 or 3
the frequency (with proper modifications,
of course)!

Best wishes for the continued success
of RF Design.

Carl J. Lump
Microwave Semiconductor Corp.
Somerset, N.J.

PS. As you wound up your editorial with
a note for the “hams,” | would heartily
recommend promoting the profes-
sional/amateur synergy in the RF world at
Expo '86 with a listing of “hams” atten-
ding (exhibitors & registrants) or at least
a bulletin board for posting of individuals’
QSL cards. For the record, I'm KQ20 and
have been a licensed ham for over 25
years.

Good idea, Carl. We also plan to have a
place for hams to write their call signs on
their badges. — editor.

Ad BR P4l
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PE60/PE61 POWER ENTRY RFI FILTERS

Combines Four Power Entry Components in a
Single Compact Assembly (9

© Voltage select.

© Fits standard 2.60" x 1.06” cut-out.
® Accepts US or European fuse size.

Curtis’ New 3 & 6-Amp Series PE60 & PE61 Power Entry
RFI Filters feature voltage selection of 100,120, 220 and
240 VAC, compact design, common-mode (line-to-
ground) and improved differential-mode (line-to-line)
noise attenuation. Our high-performance filters are ideal
for use in computers and computer peripherals, postage
meters, auto bank tellers and other business
machines. Call us for application engineering
assistance and compliance testing.

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

-

& CURTIS “We Build Confidence!”

INDUSTRIES, INC.
7400 West Douglas Avenue, P.0. Box 18699, Milwaukee, Wi 53218-0699.
{414) 535-1500, TWX 910-262-3035

INFO/CARD 8
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N e QUALITY & RELIABILITY
——J - that stand the test of time

FREQUENCY SYNTHESIZERS

AROUND THE GI.OBE...

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

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

our warranty . . . NOW T'NO YEARS!

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

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

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

—[=

PROGRAMMED TEST SOURCES, INC. Littleton, MA, (617) 486-3008




rF news

RCA To Close Broadcast Division,
Semiconductor Plant

RCA Corp. has announced a restruc-
turing plan including the closing of its
Broadcast Systems Division, a semicon-
ductor plant in Florida, and merger of its
Cylix data communications service with
RCA Global Communications.

The closing of the Broadcast Division
ends 66 years of leadership in the radio
and television industry. An RCA spokes-
man cited financial losses and increased
competition as primary reasons for the
closing. The timing of the restructuring
plan allows RCA to offset the gain real-
ized by the sale of Hertz Corp.

The company had experienced losses
in the Broadcast Division for the past four
years and has been eliminating weak

product lines. The remaining lines are
television transmitters, transmitting anten-
nas, cameras and videotape recorders. It
is expected that these lines will be sold.
Sales and service operations will remain
in place to fulfill existing obligations and
liquidate current inventory.

RCA says most engineers will be trans-
ferred to other RCA operations, but a
moderate number will have their fate de-
termined by the sale of the division’s prod-
uct lines. It was suggested that such per-
sonnel matters may be part of the negotia-
tion of sale terms. Prospects for the sale
of the remaining lines are good, especially
for the antenna products, which have
been profitable.

RF Design to Hold
First Design Contest

RF Design magazine has announced
it will sponsor a circuit design contest dur-
ing the first quarter of 1986. Editor Jim
MacDonald said the purpose of the con-
test is to encourage design creativity and
to share design ideas among the RF com-
munity. The contest will be limited to de-
signs of active RF circuits operating in the
UHF range or below. Contest officials said
an active circuit is defined as one that in-
troduces gain or has a directional func-
tion, for example, an amplifier, oscillator,
mixer, modulator or demodulator.

Entries will be accepted from now until
April 15, 1986. Contest rules state the de-
sign must be original work by the entrant
and not previously published. If the de-
sign develops from the designer’s employ-
ment, the employer must give permission
to enter it in the contest. Patent or copy-
right infringement will disqualify a design.

Judging criteria will include originality
of concept, imaginative application of a
component or device, significant cost or
labor saving, elegance of design, excep-
tional performance, usefulness, clear de-
scription of function and reproducibility.
All circuit components must be available
for purchase. The designer must be able
to document to the satisfaction of the
judges that the circuit operates and per-
forms as described.

Each entry must include a complete de-
scription of the circuit and its function and

14

parts list. At least one complete circuit dia-
gram is necessary, and additional draw-
ings and photographs may be included for
clarity.

The contest judges will be Gary Breed,
RF Design technical editor, Andy Przed-
pelski, vice president for development,
ARF Products, Inc., and James W. Mize,
Jr., senior research engineer, Lockheed
Missile and Space Co.

Entries may be sent to RF Design, 6530
So. Yosemite St., Englewood, CO 80111.
Designs remain the property of the de-
signer, but prize-winning designs may be
published in RF Design magazine. Sub-
mission for the contest implies consent to
such publication.

Implantable Microreceiver Relieves
Chronic Pain

A neurostimulator deveioped by Neuro-
med, Ft. Lauderdale, Fla., and activated
by RF signals from an external transmit-
ter can be implanted in the body to block
severe chronic pain. Electric pulses gen-
erated by the device also can alleviate
symptoms of neurologic disorders, com-
pany representatives said.

A small transmitter powered by a 9 volt
battery sends control signals to the receiv-
er implanted just under the skin. A four-
electrode lead conducts current from the
receiver to the spinal cord or brain. The
transmitting antenna is placed directly
over the receiver, a single chip measur-
ing 125 x 175 mils manufactured by Vita-
rel, Inc., San Diego.

The multiple-electrode lead allows the
physician to position the stimulating im-
pulses precisely in one operation. Elec-
trodes are six millimeters apart and can
be used independently to produce the de-
sired effect. The physician can program
the transmitter for frequency (20 to 1500
Hz), pulse width (50 to 500 microseconds),
and amplitude. Each electrode can be
programmed for positive, negative or al-
ternating current. The patient can control
frequency and amplitude within a narrow-
er range for best effect.

Company representatives said more
than 1300 Neuromed devices have been
implanted since 1980 with better than 99.6
percent reliability. Multistim is the first
multiprogrammable spinal cord stimutator
and MIND is the only multiprogrammable
brain stimulation system, they said.

Dale Electronics Products
Placed on IEC-Q List

Dale Electronics, Inc., Columbus, Nebr.,
has become the first U.S. resistor manu-
facturer to have its products placed on the
List of Qualified Products by the Interna-
tional Electrotechnical Commission Quali-
ty Assessment System for Electronic
Components, according to a news release
issued by the company.

The IEC-Q is designed to stimulate in-
ternational trade by identifying manufac-
turers and specific components that meet
worldwide standards of quality and per-
formance. The program is sponsored by
the International Electrotechnical Com-
mission, Geneva, Switzerland, and in-
cludes 20 participating countries repre-
senting the major industrial nations of the
world.

Dale said the products qualified include
their entire metal film resistor line and
their line of resistor networks, including
dual-in-line and single-in-line packages.
The company said approval is based on
a detail inspection by UL (the International
Inspectorate organization) for conform-
ance to international requirements of pro-
duct quality, inspection control and quality
assurance, and on the results of extensive
qualification testing on individual part
types.

Dale said this qualification will allow
them to compete in the international mar-
ket based on complete acceptance of its
product without additional testing in any

December 1985
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Now! EMC testing services
to FCC and MIL-STD-461...
by Instrument Specialties— the

shielding specialists!

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

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

State-of-the-art computer-controlled emission
and susceptibility measurements from 20 Hz to 1
GHz ... RF gasket evaluation... FCC/VDE/CISPR
and MIL-STD-461A/B Tests...networks for power
line conducted RF emission tests...semi-anechoic
shielded enclosure ... confirming open field test
site...computer-produced hard copy readout of
test results—all are yours at Instrument
Specialties.

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

For more information, rates, and schedule avail-
ability, phone us and ask for EMC Customer
Service. Or, write us at Dept. RFD-22.

[
INSTRUMENT SPECIALTIES COMPANY, INC.

== Delaware Water Gap, PA. 18327

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

Specialists in beryllium copper since 1938



The solution to FCC Part 15
is right at your fingertips.

Introducing the easiest solution to FCC
Part 15 UHF transmitter requirements.
For the
many applica-
tions that use
low-power
~  UHF transmit-
ters under Part 15 —
wireless security sys-
tems, garage door
openers, wireless remote
controls and short-range teleme-
try — RFM has developed an easy, rug-
ged, cost-effective solution to transmitter
design.
With our SAW resonator stabilized
hybrid transmitters, you just add a simple
antenna, 9V battery and digital input.

Our hybrids do the rest. N
No need for a protracted .,
rf design effort on Y -“(

N

your part.

Full operating
range.

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

Excellent stability and signal purity.

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

8

s

oscillarors are
designed for wireless
security products and other
remote conirol devices.

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

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

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

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

Typical harmonic spectrum of hybrid
transmitter.

Hybrid oscillators Make low-cost
AM/FM UHF-based remote
control systems possible.

R WA

THE NEW WAVE IN RF

RF Monolithics, Inc. ® 4441 Sigma Rd. ® Dallas, Texas ® 75244 US.A.
Phone: (214) 233-2903 @ Telex: 795022 ® FAX: (214) 387-8148 ® TWX: 910-860-5474
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of the participating countries. The com-
pany expects to expand its IEC-Q qualifi-
cations to its entire line of electronic
components.

Besser Associates Announces
Video Tape Courses

Besser Associates, Inc., Foster City,
Calif., has produced three RF/Microwave
engineering courses on video tape. Com-
pany president Les Besser said courses
now available are: Microwave Filters,
Couplers and Matching Network Design;
Transmission Lines and Physical Realiza-
tions, and RF and Microwave Transistor
Amplifiers. The tapes come with written
study material and exercises.

Besser said the courses are a special
adaptation of the Microwave Circuit De-
sign continuing education seminars pre-
sented at UCLA and other institutions dur-
ing the past few years. They include home-
work problems illustrating the latest com-
puter aided design software tools. He said
the tapes will be available in Japanese
and French for the international RF/
Microwave engineering community.

For details contact Ron Rose, Vice
President of Marketing, Besser Associ-
ates, Inc., 187 Shooting Star, Foster City,
CA 94404. The telephone number is (415)
574-5988.

Japanese Manufacturers Behind in
Surface Mount Technology

Japanese semiconductor manufac-
turers, long believed to be leaders in the
field, are slipping behind in surface mount
technology, according to a new study by
Product Assessment and Benn Elec-
tronics Publications (BEP).

The study, Surface Mounted Semicon-
ductors, estimates that U.S. and European
semiconductor manufacturers have re-
cently invested over $20 million in tooling
alone for the JEDEC plastic leaded chip
carrier (PLCC) and small outline IC
(SOIC) packages, options which are not
currently favored by Japanese suppliers.
With high levels of investment, many
devices already available and many more
planned for introduction this year, these
outlines are now firmly set to become in-
dustry standard parts in the West.

In contrast, Japanese suppliers cur-
rently offer a variety of quad and flat packs
with little standardization and low market
penetration in the U.S. and Europe. Only
a few products are currently offered in the
PLCC and SOIC package options due to
long standing reservations about market
acceptance and package reliability.
However, Japanese sources cannot be ex-

RF Design

pected to remain behind in package
technology for long, and it is significant
that in the highly competitive memory
market they are now offering many com-
ponents in rectangular PLCC packs with
a limited range of support devices.
According to Surface Mounted
Semiconductors, the surface mounted
share of world semiconductor markets is
currently in the order of 5-10 percent of
the total, but is set to rise to around 50

The Affordable Luxury.

The specs determine the cost. Let Bliley
quote on yours.

e Quartz Crystals ® Crystal Oscillators ® Free Catalog

The First Name in Frequency Control for Your Circuit.

percent by 1990, with PLCC representing
approximately 25 percent and SOIC some
15 percent. If realized, this prediction will
represent a dramatic change in the way
circuit boards are assembled and paves
the way for the introduction of devices
with pin counts in the 200-300 range
(compared with about 100 maximum at
present), which in practical terms can only
be utilized commercially via SM tech-
nigues.

BLILEY ELECTRIC COMPANY
2545 West Grandview Blvd.
PO. Box 3428, Erie, PA 16508
J (814) 838-3571 TWX 510-696-6886
P
INFOICARD 12 B



» ’ NeWsS continued

The activities of 31 semiconductor
manufacturers and 23 suppliers of equip-
ment and services are reviewed in Sur-
face Mounted Semiconductors, including
industry leaders like Texas Instruments,
Motorola, Mullard, Panasonic, TDK and
Dage. Detailed listings of device types or
families available, future plans, price
trends, packaging options and equipment
capabilities are all covered on a company
by company basis.

Surface Mounted Semiconductors is
available from the publishers, BEP, price
$12.50 (U.S.) per copy at PO. Box 28,
Luton, LU2 OED, U.K. Telephone: (0582)
417438 Telex: 827648 BENNLU G.

New Managing Innovation Report
Helps Industrial Managers

To make the most of their research and
development efforts, industrial managers
must minimize the risks involved in R&D,
keep costs low and increase productivity.
To help managers accomplish these
goals, Technical Insights, Inc. has pub-
lished Managing Innovation for Profit (2nd
Ed., Revised).

This new edition features 39 mini-
reports on all aspects of innovation by
leading R&D consultants, financial ad-
visors and top management. All are ex-
perts at the forefront of innovation in major
corporations, research groups and univ-
ersities.

“All their observations come together
on five basic aspects of managing innova-
tions,” emphasizes Kennth A. Kovaly,
president of Technical Insights. These are:
how to find, acquire and manage new
technologies, how to plan for R&D suc-
cess, how to measure R&D success, how
to make the most of your R&D team, and
how to build new R&D systems and
facilities.

The experts provide information on how
to use internal entrepreneuring to get in-
ventions out of the lab into commercializa-
tion, how product manufacturers can get
their customers to innovate for them, and
the latest strategies for finding, acquiring
and managing new technologies from
outside their organizations. All the infor-
mation is presented in one concise, up-
to-date, accessible, 195-page report, in-
cluding figures and tables. One of the

most valuable aspects of this report is that
almost all of these mini-reports provide
names and addresses of the experts,
which enables readers to seek advice
beyond what is provided in the text.

Managing Innovation for Profit is
available from Technical Insights, Inc., PO.
Box 1304, Fort Lee, NJ 07024; (201)
568-4744. 195 pages. Price $190.00;
Overseas: $210.00

Gould Awarded Contract for
U.S. Army MSE Program

Gould Inc. has been awarded a six-year,
$200 million contract to jointly manufac-
ture a French-designed radio as part of
the United States Army’s multibillion
dollar Multiple Subscriber Equipment pro-
gram (MSE). Under the terms of the
agreement, Gould is a subcontractor to
SINTRA, a wholly owned subsidiary of
Thomson-CSF, Paris, France.

The MSE program will provide
automated communications to the Army’s
mobile and stationary users at corps and
division levels. The system includes voice,
data and facsimile communications.
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R&B Enterprises:
EMI and EMP Test Workshops
December 5-6, 1985, Philadelphia (FCC Commercial)
December 12-13, 1985, Philadelphia (MIL-STD-461/462)

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

Interference Control Technologies:
Grounding and Shielding
December 3-6, 1985, New Orleans

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

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

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

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

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

Information: Helen Hegnsdal, Continuing Education

Institute, 10889 Wilshire Bivd., Los Angeles, CA 90024,
Tel: (213) 824-9545

The George Washington University:
Electronic Warfare Systems:
December 16-20, 1985, Washington DC
March 10-14, 1986, Washington, DC
July 14-18, 1986, Washington, DC

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

Spread Spectrum Communications Systems
March 3-7, 1986, Washington, DC

Antennas and Arrays
March 17-21, 1986, Washington, DC

Introduction to Receivers
March 17-18, 1986, Washington, DC

Modern Receiver Design
March 19-21, 1986, Washington, DC

Synchronization in Spread Spectrum Systems
April 7-11, 1986, Washington, DC

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

Nuise Generators

NZG Series/100 Hz to 5 MHz

Up 10 150 mv output/White Gaussian Noise
14 Pin DIP'Small size and weight

Qualtied Peak Factor: 5:1 (min)

Frequency Flatness: =0.508B.

Nolse Diodes

Audio, VHF, UHF, AF and Milimeter

White Gaussian Noise 'Hermetically Sealed
Meet Mil Requirements/10 Hz to 40 GHz
Glass and Pil Packages.

We are a world leader in
NOISE technology.
Our family of products range
from Diodes to Programmable
Instruments and span the spectrum
from audio to millimeter waves.
Sophisticated NOISE com%onents
and instruments are used in
Computerized Satellite Ground
Test Equipment, Systems Calibration,
Receivers, Radar and Electro-
mc-ﬁnetlc Environment Simulators.
ore and more systems engineers
are choosing Micronetics to meet
their NOISE requirements.
For more information, write for our
complete NOISE Catalog SSNS/982.
icronetics, Inc., 36 8)ak Sl

Norwood New ]ersey 07648 or call
(901 TRT_129N

Nalse Sources

Audio, VHF, UHF, RF and Milimeter

White Gaussian Noise Hermetically Sealed
Meet Mil Requirements/Up to § Volt Output
Qualified Peak Factor 5:1 (min)

10 Hz to 50 GHz.

4 e 3 -
L E B -
----- —_— ~

(wes n] i e
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! - ———— ——.—_';'-‘

Programmable Noise Instruments

FREQUENCY RFIOUTPUT
MODEL NO. | RANGE FLATNESS | VSWR | DBM/HZ
MX5101 | 10Hz-20KHz +05dB | 151 -33
MX5102 | 10Hz-100KHz +05d8 | 151 -40
MX5103 | 10HZ500KHZ £05dB | 1.5 —47
MX5104 | 100Hz-3MHz £075dB | 1.51 -55
MX5105 | 100HZz-10MHz £1.000B | 151 - 60
MXS5106 | 100Hz-25MHz +100d8 | 151 -64
MX5107 | 100Hz-100MHz | +100d8B | 151 -70
MX5108 | 1MHz300MHz | +15d8 | 151 -75
MX5109 | 30MHz500MHz | +20d8 | 151 -77
MX5110 | 300MH2:1GHz £20dB | 1.5 -79
MX5111 | 1GHz-2GHz £20dB | 201 -80
MX5200 | 100Hz-1000MHz | +20d8 | 2011 -80
MX5250 | 100Hz1500MHz | +25d8 | 201 -82

T paa't
LI micronetics inc.
T A Quantech Company
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January 21-23, 1986

Advanced Semiconductor Equipment Exposition and
Technical Conference

San Jose Convention Center, San Jose, California
Information: Joyce Estill, ASEE '86 Show Manager, Cartlidge
and Associates, Inc., 1101 South Winchester Blvd., #M259,
San Jose, CA 95128; Tel: (408) 554-6644.

January 21-23, 1986

Electrical Overstress Exposition

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

January 28-30, 1986

Systems Design and Integration Conference

Brooks Hall, San Francisco, California

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

January 30-February 1, 1986

RF Technology Expo ’86

Anaheim Hilton and Towers, Anaheim, California
Information: Kathy Kriner, Cardiff Publishing Co., 6530 S.
Yosemite St., Englewood, CO 80111; Tel: (303) 694-1522.

March 11-13, 1986
Automated Design for Engineering for Electronics West
Moscone Convention Center, San Francisco, California

applications which must comply with the FCC RFI
Interference requirements. NO-SNAG FINGERS
feature pressure sensitive adhesive mounting or
the Tech-Etch ““Clip-On’’ design for fast,
reliable installation.

* Eliminates broken fingers

* Self cleaning contact surfaces
* Special plating available
* Finger width from 3/32"
e Bright standard finish
* Gaps up to 3/16”

4 .|

il

A

No-Snag Fingers for RFI/EMI

Beryllium copper shielding gaskets engineered for computer

Information: Show Manager, ADEE WEST, Cahners Exposi-
tion Group, 1350 East Touhy Ave., PO. Box 5060, Des
Plaines, IL 60017-5060; Tel: (312) 299-9311.

April 8-10, 1986

Test and Measurement World Expo

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

April 9-16, 1986

World Market for Electronics and EE '86

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

May 5-7, 1986

36th Electronics Components Conference

Westin Hotel, Seattle, Washington

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

June 2-4, 1986

Military Microwave Conference

Metropole Hotel, Brighton, England

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

, Series M
For a free sample,
please forward your
request on your
company letterhead

For more than 35 years,
Tech-Etch has been supplying
standard and custom designed
shielding gaskets to companies in this
country and abroad. Always abreast of the
latest requirements, Tech-Etch engineers can
solve your most difficult shielding problems.

TECH-ETCH, INC. 45 Aldrin Road, Plymouth, Massachusetts 02360 / Telephone (617) 747-0300
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Microstripline High Power

Amplifier Design

By Alan K. Tam
Space & Communications Group
Hughes Aircraft Company

Most available RF/microwave Computer
Aided Design (CAD) software has been
developed for small signal amplifier ap-
plications. Touchstone from EEsof and
Super-Compact from Compact Engineer-
ing are widely used by microwave circuit
designers. Such programs are powerful
tools for designers who synthesize, ana-
lyze and optimize active and passive cir-
cuits to meet their specific needs. Many
microwave microstripline Low Noise Am-
plifiers (LNAs) and intermediate power
amplifiers (Poyr < + 20 dBm) have been
designed using CAE/CAD software. Yet,
little software has been developed for
large signal amplifier design.

The Smith chart graphical approach for
effective microstripline High Power Ampli-
fier (HPA) design is demonstrated by the
author, using a proven L Band HPA de-
sign example to illustrate the technique.

he objective of this design was a nar-

row-band 1.6 GHz +10 MHz telemetry
transmitter HPA meeting the following
requirements:

Power Gain >7 dB

Power Output 245 W (CW)

Efficiency 245%

Input VSWR <151

Load Mismatch c:1 at all phase angles
In Band Spurs <-60 dBc

2nd Harmonics <-25 dBc
Subharmonics <-35 dBc

Vee +28 VDC
Temperature Range —40°C to +75°C

There are a few key steps that the
designer should be aware of regarding
microwave power devices and perform-
ance tradeoff considerations. Successful
high performance HPA design requires an
understanding of the electrical character-
istics of the power devices. For instance,
a bipolar device can deliver more RF
power than its GaAs FET counterpart
when operated in the L Band. A common
base device has better output VSWR, rug-
gedness and stability at lower frequencies
but has less gain than a common emitter

RF Design

FREQUENCY Zin Z
(GHz) @ (@
150 8.6+13.0 12.1439
155 78+11.7 95-2.7
1.60 8.5+11.1 8.6-4.3
165 9.5+i11.0 7.245.0
1.70 78+11.7 8.6-4.3

Table 1. MSC 1517-25M published input/output impedance data

device. Furthermore, internally matched
devices offer wider operating bandwidth,
higher efficiency and larger series input
and output impedance to the microwave
circuit designer. The MSC 1517-25M
device from Microwave Semiconductor
Corp., a flange mounted device, was
chosen accordingly in this empirical
example.

It is important to review some practical
circuit design rules that microwave engin-
eers need to follow in order to achieve
maximum efficiency and reliability:

Always operate the device within its Safe
Operating Area (SOA) by not exceeding
the maximum breakdown voltage BV g
and current lggo ratings.

The junction-to-case thermal resistance
8,c should be as low as possible for max-
imum heat transfer under RF operation.
Thermal compound should be placed be-
tween the bottom side of the fianged
package and the ground surface of the
housing.

The housing ground surface, always crit-
ical for microwave class ‘C’ amplifier op-
eration, should be polished to avoid any
ground loop problems.

Teflon, Fiberglass, Duroid, E10 ceramic
and alumina circuit board/substrate mat-
erials can be used depending upon the
individual application and considerations
of cost, performance and reliability.

The specified torque should be used to
secure the power device on the unit
housing.

Design Implementation Using the
Immittance Chart

The series input and output im-
pedances at 1.64 GHz are taken from the
manufacturer’s data in Table 1:
Zn = (95 + j11.0) ohm
ZOUT = (72 = ]50) Ohm
Normalized impedance with respect to a
50 ohm system are:
Zn = (019 + j0.22) ohm
Zoyt = (0.14 - jO.10) ohm

To begin the actual design, normalize
the series input and output impedances
and plot them directly on the immittance
chart (an opposed admittance Smith chart
superimposed on the standard imped-
ance Smith chart). For simplicity, a single
section low-pass input matching network
was used, which is adequate for narrow
band amplifier applications (<5% BW).

21




Figure 1. MSC AM-1517-25 in-
put match at 1.65 GHz

Figure 2. MSC AM-1517-25
output match at 1.65 GHz

22
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Referring to Figs. 1 and 2, L1 and C1 are
the input matching elements and L2 and
C2 are the respective output matching
elements.

L1 and C1 are identified as arcs AB and
BC in Fig. 1. The electrical wavelength at
1.64 GHz on a 31 mil Teflon fiberglass
board with a relative dielectric constant of
2.10 is given by:

c 1.18 x 1010 infsec

€f 2.0 (1.64x10°Hz)
With this data, line widths were obtained
using Compact.

For the input matching network, the
electrical length of the 50 ohm transmis-
sion line used as L1 is read from arc AB
of Fig. 1 as 0.027 A or 0.134 inch. C1 will
be designed as a double-sided open stub
rather than a lumped capacitor to provide
lower loss, lower cost and better reproduc-
ibility. From experience, the characteristic
impedance of an open stub should be
ranged from 10 ohms to 25 ohms and the
overall electrical length should be less

A= = 497 inch

—

— \\ —»

than a quarter wavelength. The imped-

ance of C1 as derived from arc BC of Fig. Figure 3. Double-sided open stub

tan-1 (0.38) = 21.0°
Convert to inches, using:

6L (21.0°) (497 in.)

v o 360°

= 0.290 in.

L=2¢ =0580 in.

W = 030 in., for Zo = 19Q (using
Compact)

The M4 high impedance (Zp = 80%)
microstripline is incorporated as a shunt
inductor to form a DC return path, since
the power device is packaged in a com-
mon base configuration.

The Output Matching Network design
can be accomplished using the same ap-
proach. L2, the electrical length of arc DE
of Fig. 2, is found to be 0.068 A or 0.338
inch. The impedance of C2, arc EF of Fig.
2 is 19.2 ohms. Again, for a double-sided
open stub, Z; = 2Z., = 38.4Q.

If we set Zo = 11Q and use (1),

1 is 40 mmho = 25 ohms (ZC1) The ac- dimensions P8 e EQ.. V) 1nQ
tual impedance of C1 will be doubled due R L A S
to the double-sided open stub design, so
Zc = 2Z¢, = 50 ohms. Dimensions of the & 8 s L8 (= tan-1 (0.286) = 16.0°
stub (Fig. 3) are determined using the Z, = characteristic impedance of stub (w)
equation: 8 = electrical length of ¢ Again, convert to inches,
P Rearranging (1), and setting Zo = 19
Z; = -jZ, cotb, where v 1 , 199 po 09 160° (497 inch) .
Z. = capacitive reactance Csat 2 tan! Zhe = ot TYT e VR
+28vV
&—, 1,500pF
~1A
: 1L6
'L FERRITE BEAD
L2 c17 l ci18 I c19 J-
3T/22GA 3 10 | 100pF 01
1.D. 0.1", =X 50v L 500V 50V
RFC [ +10%Y +2%
MSC
AMPAC ¢/ 59 caatl VB2
A4 at 35Q 100pF 200w
NPUT >— 500V
+2%
08
55/.58
| 2
Ro pAco 4 3%—<RF OUTPUT
Q 138 138 c21
< BRANCH BRANCH watgE
*2% COUPLER COUPLER i%%/\;

1517 - 25M

Figure 4. Schematic diagram (layout dimensions)

RF Design
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metelics

STATE-OF-THE-ART
MICROWAVE DIODES

SCHOTTKY

VERY LOW
CAPACITY

RING QUAD

CroDIAG =-05-.11pF
Rpsma = 18-80

AVAILABLE IN
3 BARRIERS

* LOW (Vfy =~.28V)
e MED (Vf; =.45V)
o HI (VF =.54V)

ALSO AVAILABLE IN
EPOXY OR HERMETIC
PACKAGES

Write or call for information

(LB

METELICS CORPORATION
1031 East Duane, Suite #D
Sunnyvale, CA 94086
Telephone: (408) 737-8181
TWX: 910-339-9537
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Figure 5. Photo of the completed amplifier

L=2¢ = 0440 inch
W =055 in, for Zo = 11Q

A power combining technique using
two quadrature hybrids was adapted for
this amplifier. In order to achieve the re-
quired 45W minimum power output, two
identical 25W class ‘C’ amplifier stages
were paralleled. The quadrature hybrid is
essentially a branch coupler in which the
series arms are 1/44 long 50 ohm trans-
mission lines and the shunt arms are 1/4A
long 35.2 ohm transmission lines. The hy-
brid’s function is to split the input and
combine the output power while maintain-
ing low VSWR and good isolation. Power
devices used in this configuration should
be a matched pair with the same DC char-
acteristics to minimize unbalanced power
sharing. By using this method the 2nd
harmonic component is also greatly re-
duced compared to a single-ended de-
sign. Refer to Figs. 4 and 5, the schematic
diagram and the photograph of the unit
for layout techniques. Power terminations
being used for input and output hybrids
should be able to withstand the heat dis-
sipation under RF operation. The ones
used are made out of thick film materials
which are mounted on the BeO substrate
for good heat conduction.

The actual performance data of the
completed amplifier is tabulated in Table
2. The performance goels were met us-
ing these design techniques.

This immittance chart graphical ap-
proach is practical and time saving. The

Frequency (MHz) 1,650 1,640 1,630
Pin (+dBm) 40 40 40
Pour (+dBm) A7 R
Efficiency (77) 44% 43% 43%
Power Gain (dB) 7 7 7
Return Loss (dB) <-20 <-20 <-20
Spurs (dBc) <-60 <-60 <-60

2nd Harmonics (dBc) <-35 <-35 <-35
3rd Harmonics (dBc) <-35 <-35 <-35
4th Harmonics (dBc) <-40 <-40 <-40
ICC at + 28 VDC

(Amp) 408 414 413

Table 2. L/Band HPA performance
data.

actual results indicate that the input
matching network design was perfect, but
the output matching was slightly off and
the open stub C2 needed to be tuned by
adding 6° more electrical length on both
sides. This shows that error could be in-
troduced by variations of DuPont Teflon®
Fiberglass PCB'’s dielectric constant, the
physical alignment of the output section
circuit boards during assembly, or other
electrical and mechanical variations. The
overall impedance matching design val-
ues agreed very closely with the final
microstrip layout dimensions. [}

About the Author
Alan Tam is Section Head, Micro-
wave Product Design of the Space &
Communications Group, Hughes Air-
craft Company, PO. Box 92919, M.S.
S72/T301, Los Angeles, CA 90009. His
telephone number is (213) 618-2312.
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WE CAN DO THINGS
WITH A SIGNALTRANSFORMER
YOU NEVER DREAMED POSSIBLE!

We can accommodate
signals from 3.5 Hz to 1000

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

high-speed data, and

. process control lines!
We can minimize signal

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

We can match impedance
ratios of up to 25:1 withal

/kHz to 5 MHz bandwidth!

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

impedances. Or to eliminate
ground-loop currents in video
lines. Or to filter out common-
mode noise in data lines.
Applications like these call for
specialized signal transformers.
That's where we come in.
Wideband transformers are our
business. \Xe offer over 400
models. All available from stock. Pulse Transmission—T0
All 100% tested to insure ® insure clean, high-speed data.
specified performance for any of ) Nobody offers a wider choice
the following applications: of off-the-shelf wideband transformers. Nobody!
Impedance Matching—Balun and unb/unb AnNd, if necessary, we’ll custom design to meet your
designs for maximum signal strength and minimum specific needs.
distortion when connecting circuits of different Just call Sales Engineering: 516-671-5700. Or
impedances. write for our free catalog.

slaNorth Hills Electronics, Inc.

1 Alexander Place, Glen Cove, NY 11542-3796 (516) 671-5700 Telex: 46-6886  |NFOI/CARD 15

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

Data Bus Coupling—10
protect data networks or signal
busses from shorts and spikes at
each port per MIL-STD-1553 or
IEEE 802.5 LANS.




CONFIDENCE

From design through compliance testing,
HP’s Spectrum Analyzer/EMI Receivers deliver
unprecedented versatility and

Your complete EMI
measurement solution.

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

Featuring the new HP85685A
RF Preselector —with improved
sensitivity and overload protec-
tion —these versatile spectrum
analyzer-based EMI receivers are
designed to CISPR* Publication
16 recommendations and meet
the measurement requirements
for military and commercial
standards, including FCC and
VDE. Which makes them the
ideal instruments to conduct your
final open-site EMI compliance
tests with complete confidence.

accuracy.

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

the HP Spectrum Analyzer/EMI

CISPR receiver

The ideal EMI diagnostic tool.
Using the HP8566B, 8567A or 8568B
Spectrum Analyzer and the HP11940A

Close-Field Probe, you can
quickly locate problem emissions
and evaluate potential solutions.
These powerful analyzers sweep
quickly over a broad frequency
range, from 100 Hz to 22 GHz,
10 kHz to 1.5 GHz or 100 Hz

to 1.5 GHz, instantly displaying
measurement results on the
easy-to-read CRT, or as hard
copy plots. Built-in capabilities
include: multiple-trace digital
storage for instant A vs. B com-
parison, frequency and amplitude
markers, maximum hold for
capturing elusive intermittents,
and direct plotter control —to
name just a few.

Perform open-site tests

with confidence.
When it’s time for final com-
pliance testing, the same HP spectrum



automate your commercial and military
emission measurements. Choose from

alibrary of FCC, VDE and MIL-STD

analyzer used during the design and
evaluation stages can be combined with
the HP85685 A RF Preselector and the
HP85650A Quasi-Peak Adapter.
The result is an EMI receiver
system with the sensitivity,
overload protection and *2 dB
amplitude accuracy you'll need
for both indoor and outdoor
compliance testing.

System features include multi-
ple detection modes with peak
detection for the fastest possible
measurement time, quasi-peak
detection for compliance with
CISPR Publication 16 recom-
mendations, and average detection
for discrimination between nar-
rowband and broadband signals.

Automate your EMI
measurements for
increased productivity.
With the HP85864B EMI Measurement
Software, featuring an easily understood
menu structure, you'll be able to quickly

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

HEWLETT
PACKARD

K

Consider the HP advantage.

Now is the time to discover the
distinct advantages of HP's Spectrum
Analyzer/EMI Receivers, total
solutions for EMI measurements.
After all, why invest in both an
EMI receiver for compliance
testing and an additional spec-
trum analyzer for design/evalu-
ation, when you can accomplish
both tasks confidently with a
single, versatile system that
costs far less?

For more information, call us
toll-free at 1-800-556-1234,
ext. 515. In California, call
1-800-441-2345, ext. 515.

Or write Hewlett-Packard, 1820
Embarcadero Road, Palo Alto,
CA 94303.

*CISPR (Comite Intemnational Special Des Perturba-
tions Radioelectriques) Publication 16 is the "CISPR
specification for radio interference measuring
apparatus and measurement methods.’

5301500
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ONE STANDS ALONE...
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The performance advantages of GaAs FET Typical performance data for the CGY-40 is
technology are now available in a low cost — surface summanzed below:

mount MMIC. The CGY-40 MMIC offers the '
design engineer superior performance with a BANDWIDTH 200 MHz — 3 GHZ
minimum of design effort. Input and output mat- (3dB down, VSWR =2:1)
ched into 50 ohms, this device offers broadband NOISE FIGURE 3dB 800 — 1800 MHz
performance, low noise figure and a high intercept GAIN 9dB 800 — 1800 MHz
point. AGC operation can be acheived via bias con- POWER OUT +17 dB @ 1 dBc POINT

trol on the RF input, 3rd ORDER + 33 dBm (CALCULATED FRO
The CGY-40 is rcady for your receiver, IF ampliﬁcr INTERCEPT POINT | TWO TONE MEASUREMENTS)
or power amplifier dnver applications now. $ :
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rF specialreport

Military Uses of RF

A look at a multiple-receiver controller
system, the use of noise to calibrate and test
military electronics, and frequency-hopping by
direct-digital synthesis.

During the recent hijacking of an Italian
passenger ship a shortwave listener
overheard President Reagan in Air Force
One talking about the incident with Se-
cretary of Defense Weinberger in another
aircraft. (Although the listener was called
a ham in newspaper accounts, it is doubt-
ful that the president and the secretary
were using an amateur frequency, so
SWL would be a more accurate term,
whether or not the listener had an ama-
teur license).

White House spokesman Larry Speakes
acknowledged that the communication
did occur and that the President did not
use a secure communications link be-
cause there was not enough time to coor-
dinate the two systems. Apparently, the
president weighed the risk of an over-
heard conversation against the time fac-
tor and decided the risk was small. His
communications specialists undoubtedly
knew the conversation could be over-
heard. In fact, it probably was heard by

The Joint Tactical Information Distribution System (JTIDS) Class 2 terminal being pro-
duced by Singer's Kearfott Division and Collins Government Avionics Division of Rock-
well International for the U.S. Army provides complete tactical information exchange
for air defense systems and will be integrated with the Army’s Position Location Report-
ing System. The terminal integrates many communications functions, reducing the
weight and size required, and provides real-time, high-capacity, jam-resistant informa-
tion exchange between combat units within its 300 nautical mile range.
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other SWLs who did not report it to the
press.

The occurance is a reminder of the ma-
jor problem with complex communication
technology. The more elements involved
in the link the more difficult the system is
to use. Although it was not a factor in this
event, each separate element that proces-
ses communications is one more place
where communications can fail.

This is one reason military planners are
still relying heavily on HF communica-
tions. If a major war lasts more than a few
days we will probably be bouncing radio
signals off the ionosphere instead of satel-
lites. The birds won’t be there anymore.

Research runs throughout the lower RF
spectrum, from ELF for submarine com-
munications to UHF for video and data
transfer, and it is of interest to all military
branches. Successful propagation of RF
has been well researched, although much
remains to be learned about the iono-
sphere. Most research seems to be direct-
ed toward frequency agility to avoid jam-
ming and signal encryption to avoid infor-
mation compromise. Both research areas
bring digital signal processing into the RF
field.

This month’s Special Report covers a
few applications where digital signal pro-
cessing is enhancing the performance of
military communications equipment. Dig-
ital design is becoming more and more
a part of RF design, and we hope RF de-
sign engineers are keeping on top of this
trend.

The first article describes the device
featured on the cover, Watkins-Johnson
Company's new multiple receiver con-
troller, the WJ-8610A. Following up on last
month’s Special Report, the next article
is a brief description of the use of noise
in modern communications. The third
describes frequency-hopping control by
direct-digital synthesis.

— James N. MacDonald
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Controlling Multiple VHF/UHF Receiver Systems

By C.E. Dexter and

TW. Goodell,

Special Projects Division
Watkins-Johnson Co.

As the number of digitally controlled re-
ceivers in use at multiple-receiver col-
lection sites grows, the system designer
faces a difficult decision in the choice of
a controller. If a computer or even a micro-
processor is chosen as the multiple-re-
ceiver controller, the user has to develop
required software. This often proves to be
impractical for small collection systems.
In a large collection system operated in
dense signal environments, a computer
appears to be ideal as a multiple-receiver
controller. However, in very dense, high-
activity signal environments, a central
computer can be overloaded with service
requests and response commands from
a large number of frequency-scanning re-
ceivers. In this situation, data collection
and operational decisions may be im-
paired unless some decisions and basic
receiver-type routine functions are re-
moved from the computer.

A multiple-receiver controller operating
between the central computer and collec-
tion receivers can ease the computer
workload while providing rapid response
to receiver demands. The controller not
only expands the communication link,
IEEE-488 or other, it also buffers data from
the receivers. Many auxiliary functions,
such as generating a digitally refreshed
display spectrum for a scanned frequen-
cy band or queuing intercepted signals
also may be handied by the controller.
The controller CRT presents a menu-
driven alphanumeric display of the status
of all receivers and permits operator inter-
vention and control in the event of a cen-
tral computer failure.

The number of receivers serviced by a
central computer can be limited by the
number of available bus locations and by
the overall system response time. Short
duration events such as “pop up” trans-
missions require rapid system response
to such signal parameters as frequency,
modulation type and percentage, and sig-
nal strength. System response time is
limited by both the time required to ac-
quire the signal and the time required to
service the active receiver over the bus.
All receivers on the bus may require near-
ly simultaneous requests for service while
in the SCAN mode. So much time can be
spent on this task that the computer can-
not perform its primary analysis function.

Fig. 1 illustrates this problem. In this
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system, a single computer monitors 60 re-
ceivers over an IEEE-488 bus. A bus ex-
pander is needed to increase the number
of devices per controller to more than 14.
The time required to interrogate each re-
ceiver for just-tuned frequency is over half
a second. Short duration signals cannot
be observed or logged by the computer.

A controller between the computer and
receiver can do much to relieve this prob-
lem. In Fig. 2 the bus expanders have
been replaced with receiver controllers.
Each controller monitors 10 receivers and
reports wanted activity to the computer.
With a single command string, the com-
puter can determine the status of up to
six receivers, achieving a six-fold reduc-
tion in communication time. System pro-
grammers can control blocks of receivers
with a few simple commands, as opposed
to individually servicing each receiver.
Distributed processing and the special-
ized features of the controller simplify pro-
gramming of system tasks.

System reliability need not be totally de-
pendent upon the proper operation of a
single piece of equipment. In some sys-
tems the computer may not be needed at
all. Often the controller alone is a better
choice since it is much more friendly than
a computer, while still retaining most com-
puter features. A system controller con-
sists of a microcomputer, keyboard and
CRT display. It varies little in these
respects from an Apple computer, and is
less powerful than an IBM PC. What sep-
arates this microcomputer from the others
is the unique front panel and the software.
The front panel looks and acts like a re-
ceiver, even though the receiver is remote-
ly located. The handoff receiver is select-
ed, and the operator may tune and listen
to signal activity while watching for any
activity on the CRT screen from other re-
ceivers with signals present.

The software makes the hardware think
it is a controller. Special routines call up
each receiver through the IEEE-488 bus
and control it or update its status on the

alphanumeric CRT screen. Other soft-
ware routines set up the parameters for
putting a number of receivers in the scan
mode. Each receiver gets a start frequen-
cy, stop frequency and step size. Unwant-
ed signals may be locked out. The control-
ler accepts the 50 dB log video informa-
tion from the receiver and displays each
receiver scan on a digitally refreshed
trace on an XY CRT. The operator may
observe a wide range of signal activity
throughout the spectrums selected, place
a cursor over the signal of interest with the
frequency tuning knob and assign it to a
handoff receiver. The headphones and
any signal monitor in the system are then
connected to this receiver. The operator
can listen and select an appropriate IF
bandwidth and detection mode before
leaving this receiver to the audio recorder.
Each signal of interest can be handed off
using the cursor control until all receivers
are in use.

Other software-controlled auxiliary rou-
tines can be chosen, such as antenna sel-
ect and receiver labeling. Background
software tasks aid the operator in distin-
guishing which receiver has what options
and range. Therefore, single sideband sig-
nals cannot be accidentally handed off in
a receiver without the SSB option.

Some complicated signals or a group
of signals may require detailed analysis
by an operator. A good handoff receiver
with pan sector can ease the analysis
task. Pan sector shows the operator a
wide panoramic view of signal activity,
while a sector of that view is also dis-
played. An operator can then take the
time to use all the features of that versatile
receiver to make decisions. Several types
of special demodulators such as PSK,
FSK and TDM can be used to analyze the
signal further.

Auxiliary Functions
of the Controller

The controller is capable of far more
than receiver control. Other functions as-
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sociated with a muitiple receiver system,
such as audio and video routing and sig-
nal-monitor switching, can be a part of the
controller’s job. Spectrum surveillance
through panoramic displays can aid the
operator in selecting a signal of interest
to pass to a monitoring receiver. To imple-
ment this panoramic display, the control-
ler sends the scan parameters to a re-
ceiver (start and stop frequency, step size,
etc.). The receiver does not stop on the
signals, but sends the log video back to
the controller.

Another important function of the con-
troller is to let the system computer or
operator know when any component or re-
ceiver on the bus is malfunctioning. Most
good receivers have a built-in test but are
unable to distinguish a broken antenna
cable from poor sensitivity. The controller
queries the BITE function on each receiv-
er and presents the status to the operator
or computer. Next, a system test is per-
formed by tuning all receivers to several
known transmitted frequencies and com-
paring signal parameters from each re-
ceiver and auxiliary circuits. Any malfunc-
tion is reported to the operator, through
the alphanumeric CRT, or to the system
computer.

The controller can aid the operator in
finding certain signals with unique modu-
lation characteristics. Upon acquiring a
signal the receiver sends a service re-
quest to the controller. The controller asks
the receiver for the modulator parameters,
such as peak AM, peak deviation, FM off-
set, etc. The controller compares these
parameters with special signal character-
istics stored in memory and alerts the
operator to a match. Scanning scenarios
like this can easily skip standard commer-
cial signals and only stop on signals of
sonobuoys, transponders and other trans-
mitters of interest. The receiver signal
parameters can also be read directly from
the alphanumeric CRT.

Management of Fast-Scan
Spectrum Data

A very important auxiliary function of
the controller is to manage the many dif-
ferent options, IF bandwidths and fre-
quency ranges of receivers in the system.
The controller can display several config-
uration tables to the operator. By using
other menus, such as signal parameter
presentations, the operator can hand off
wide-spectrum signals to receivers con-
figured with the wider IF bandwidths.

Several types of receivers are available
for rapid signal acquisition using IFM,
microscan and channelized technology.
This article considers only performance
typical to a scanning or frequency-step-
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stepping superheterodyne receiver.

Ideally, the superheterodyne receiver
chosen for a fast-scanning application
should be frequency-synthesized and
microprocessor controlled. The Fast
Scan/Step operation then may be large-
ly software based, using an internal micro-
processor. The required time-per-frequen-
cy point can be expected to be approxi-
mately 400 microseconds. If frequency
steps equal to the IF bandwidth being
used are taken, a 50 MHz spectrum can
be scanned in less than one second with
IF bandwidths as narrow as 25 kHz. Fig.
3 shows the relationship of spectrum
width, IF bandwidth and scan time. The
following example illustrates the scan
speed performance to be expected with
this type of narrowband superheterodyne
receiver.

Assume a requirement to scan a 50
MHz spectrum using an IF bandwidth of
50 kHz. The number of frequency steps
will be:

Scan Width
IF BW

50 x 106
~ 50 x 103

=1 x 103 Steps
Approximate time per frequency step is
400 microseconds:

Steps x Time/Step =
(1 x 103) x (400 x 10-8) =
400 x 10-3 Seconds

Number of 5 MHz crossings will be:

Scan Width
5 MHz

50 x 106
~ 5x 106

Approximate time for ten 5 MHz crossings
at 3 milliseconds per crossing is:

10 x 3 milliseconds = 30 milliseconds

Total approximate scan time will be 430
milliseconds for the 50 MHz scan, using
a 50 kHz step size.

Approximately 430 milliseconds is re-
quired only if the scanning receiver does
not stop on signals encountered. If the
receiver must stop on signals above a sel-
ected level, additional time will be re-
quired. The additional time may vary from
100 microseconds to a few milliseconds,
depending on the routine initiated; i.e.,
AFC to center signal in IF passband, AGC
to adjust receiver gain; comparison, mea-
surement for recognition of signal or mod-
ulation characteristics, etc. Many, if not all,
of these routines can be programmed in-
to the microprocessor resident in each re-
ceiver. However, more versatility and flex-
ibility can be achieved if most of these
functions or routines are assigned to ad-
ditional microprocessor capability in a
multiple receiver controller.
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Using Noise to Advantage
in Military Systems

By Tony Ramsden
Micronetics, Inc.

Noise as an Interfering Source

The performance of any system will in-
evitably suffer in some way from the ef-
fects of interference from the environment
it operates in. For military systems this is
often particularly important, so some way
has to be found to simulate different levels
of interference and generate a measure
of susceptibility.

Since there is usually no prior know-
ledge of the form or character of the inter-
ference, noise is usually the quickest way
of finding the weakest point in the system.
Sometimes the form of the interfering sig-
nal can be predicted, in which case noise
that is colored or superimposed on a co-
herent signal is more appropriate. A parti-
cular example of this occurs in digital
transmission, which is relatively impervi-
ous to noise unless it occurs at the same
transmission rate, a likely occurrence if
adjacent cables are carrying similar traffic.

Noise as a Calibration Reference
Perhaps the most common application
of noise is a calibrated noise source used
in conjunction with a Noise Figure Meter,
which provides a measure of the sensitivi-
ty performance of receivers. Here the lev-
els of signal and noise are extremely low,
s0 an accurate reference of level is essen-
tial to the measurement. For such tests
the noise being produced by the front end
of the receiver is matched to a reference

noise source (Fig. 1) by monitoring the re-
ceiver output to see how much noise has
to be added to increase the output by 3
dB. Since the noise source is accurately
calibrated in terms of level and frequen-
cy, itis a short step to derive the sensitivity
or “noise figure” of the receiver.

These same principles can be extend-
ed to the measurement of amplifier and
system performance, expanding the appli-
cations to almost all electronic systems.
Of special interest in the military is the use
of built in noise sources (part of the move
to BITE, built-in-test-equipment), which
now measure the performance of critical
amplifiers and receivers continuously on
aircraft and in space vehicles and, should
it become necessary, even rearrange their
functional order.

Noise to Simulate Channel Loading

The logical way to determine if a com-
munications link is working is to test it fully
loaded with voice, data, etc., and check
it under the most unfavorable operating
conditions. It was discovered in the 1950s
that White noise simulated actual traffic
and of course was much more controllable.
The White Noise Test Set has since be-
come the internationally accepted way of
determining the performance of all broad-
band frequency division multiplex systems.

“White” indicates that the spectral den-
sity is constant across the band under

____________ 4
|
|
CALIBRATED |
NOISE | IF
SOURCE | | MONITOR
50Q | OuTPUT NOISE
| 1 FIGURE
| | METER
| RECEIVER UNDER TEST |
509 e =

Figure 1. Use of calibrated noise source to measure receiver front end per-

formance
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study, while “Gaussian” is a measure of
the distribution probability that amplitude
peaks reach a certain level. (It is interest-
ing to note that both are capitalized,
“Gaussian” after the well known 19th
Century German mathematician Karl
Frederick Gauss, but also “White” alleg-
edly after RW. White and J.S. Whyte of
the British Post Office, who in 1955,
pioneered the use of flat broadband noise
to measure interchannel crosstalk on
multichannel telephone systems.)

White noise from a Noise Generator is
limited to the bandwidth of the system
under test and fed to the baseband input
at a standard reference level, equivalent
to a light channel loading. “Quiet” chan-
nels are introduced into the baseband us-
ing band stop filters. A narrow band re-
ceiver tuned to these frequencies can
measure how much noise and intermodu-
lation is being introduced by the transmis-
sion system. The test is repeated at higher
and higher input levels until the system
goes into overload and performance crash-
es. This is then repeated with other band
stop filters, so results are obtained for fre-
quencies at the top, middle and low ends
of the baseband. The graphs generated,
generally known as “bucket curves,” re-
veal valuable information on the distor-
tions present and direct the user to where
they are being introduced.

Noise to Evaluate A/D Converters

Every time an analog signal is digitized
errors are introduced, since the continu-
ous function never has a precisely corres-
ponding code. There is always a “quantiz-
ing” error which appears at the output as
noise. If the digital transmission path is
essentially error free, no additional noise
will be added to the system until the codes
are returned to their original analog form
in the D/A converter. It is therefore very
important to check the performance of di-
gital modems most critically.

Most A/D converters have compression
characteristics built into them, so the sig-
nal-to-quantizing noise is essentially con-
stant over the operating range of the ana-
log input. Not to do this would produce
very poor performance at low input levels,
which would have only a few levels al-
located to them. Such compression was
once done with a continuous curve; how-
ever, with today’s components it is more
easily performed digitally, where the slope
of the characteristic is modified at specific
levels, known generally as segmented
companding.

When it comes to measuring quantiza-
tion noise, sine waves once again have
severe limitations, although this time the
problem is that its amplitude distribution
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rather than its frequency distribution is so
unlike the real signal. Think of the peak
of the sine wave as its level is increased.
As it meets a new quantizing level the er-
ror will be minimal, while between levels
it will be at a maximum. The resulting
graph will therefore resemble rolling hills,
useful for determining if all the quantiz-
ing levels are operating, but at the cost
of making a vast number of measure-
ments. This problem is further compound-
ed when one adds segmented compres-
sion, which effectively superimposes a
further range of hills on an already com-
plex graph.

Once again, White noise can simplify
testing, since it builds a Gaussian level
distribution into each measurement, effec-
tively “blurring” the effects of both quan-
tum step and slope transition. The result-
ing smooth curve can then be accurately
constructed from a relatively few mea-
surements. This technique has been ap-
plied to PCM telephone systems for some
time; however, its extension to the testing
of higher frequency A/D converters, com-
mon in the military, is only recently being
realized. One problem has been the lack
of suitable test equipment, which was li-

mited to White Noise Test Sets designed
to evaluate basebands with top frequen-
cies of 13.388 MHz. A few sets were intro-
duced with wider bandwidths, but at a
considerable premium in price.

Micronetics’ Noise Generators fitted
with appropriate band stop filtering meet
the demands of this market. With the
significant advances in intermodulation
performance in the past few years, spec-
trum analyzers can now make the re-
quired measurements with little, if any,
pre-filtering, eliminating the need for a
specialized receiver.
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Frequency-Hopping with
Direct-Digital Synthesis

By Henry Eisenson
Sciteq Electronics

requency synthesizers can be judged
by any of several criteria and the
relative weight of those parameters is de-
termined by the application. In some cas-
es, spectral purity is the overwhelming
factor — in others it might be size alone.
In every design situation, however, there
is usually some combination of tradeoffs
because no one methodology is ideal. In
many technologies, including military
communications and radar, one of the
most important criteria is the speed with
which the synthesizer can “hop” from one
frequency to another, its switching speed.
Of the three synthesis architectures,
each has its advantages and disadvan-
tages. PLL is clean and broadband but re-
quires extreme complexity (multiple loops)
to generate high resolution, and this
technique is ponderous in a world that
measures time in fractions of a microse-
cond. Mix/filter can be clean and broad-
band, but is complex and costly because
of the multitude of reference frequencies
that must be generated. The third alterna-
tive is direct-digital synthesis (DDS).

With DDS a frequency control word
(binary or BCD) controls an accumulator
that refers to a program on PROMs to
define the signal output. That signal is fed
to a D/A converter, the output of which is
smoothed (and the clock signal removed)
by a low-pass filter. The result is compact,
fast and perfectly phase-continuous when
frequencies change.

A DDS is driven by a single reference
clock, the frequency of which helps deter-
mine the output frequency range of the
device. Information theory says that two
samples per Hz is sufficient to perfectly
reconstruct a waveform: therefore, output
of the synthesizer is theoretically limited
to exactly one-half the clock rate. In fact,
that sampling rate is not achievable and
the actual output frequency limit of a DDS
is always slightly less than half the clock
rate.

The limit of today’s technology permits
a DDS to be clocked at about 76 MHz,
with logic and PROMSs setting the limit.
The maximum output frequency from
such a unit is about 38 MHz, though in
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practice this is limited to under 35 MHz.
Fortunately, the device provides both high
resolution and switching speed that is
many times faster than any alternative.
The operation and very nature of a DDS
permits it to change frequencies in a per-
iod equal to one clock tick plus the delay
introduced by the output lowpass filter. In
operation, such a DDS switches between
any two frequencies in less than 70 nano-
seconds.

Special features, including quadrature
output, high-resolution phase rotation,
phase reset to 0° and output gating, are
all easy with a DDS because control and
processing both occur in the digital do-
main. Because of the way a DDS con-
structs the output waveform, high resolu-
tion is practical and inexpensive. It is
relatively easy to achieve a milliHertz, a
microHertz, or even a femtoHertz, with no
important collateral penalties. The dif-

Highly Reliable
Miniature Clock Oscillators
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ference appears in the accumulation and
logic portions of the machine as a few
more ICs. The nature of a DDS also per-
mits remarkable phase noise; in base-
band some designs demonstrate <-136
dBc/Hz offset. Spurious output derives
primarily from glitch energy in the D/A
converter, and present designs are gener-
ally limited to about -60 dBc. In many
DDS applications where maximum band-
width and switching speed are design
goals —-45 dBc spurs is a more realistic
objective. The major limitations of a DDS,
then, are bandwidth and spurious energy
in the output.

Many programs can benefit from syn-
thesizers that exploit the high resolution
and fast switching of a DDS while achiev-
ing the operating range of one of the more
conventional architectures. Hybridization
does exactly that. When PLL and DDS
techniques appear in the same synthesiz-
er, the result can offer high resolution,
compact size, low cost and extraordinary
reliability because of the predominance
of the digital component.

When mix/filter and DDS are com-
bined, the result is speed. In an industry
that defines “fast” as anything under 20
microseconds, the speed of a DDS cre-
ates many new opportunities for the de-
sign engineer.

The simplest exploitation of the hybrid
concept mixes the output of the DDS with
an LO and filters the result. This architec-
ture can take advantage of the DDS, mov-
ing its operation to a new center frequen-
cy. Itis practical to use 20 MHz of the out-
put of a 30 MHz bandwidth DDS, mix it
with an LO in the VHF range and filter the
result. Such a synthesizer can cover any
20 MHz sector of VHF with high resolu-
tion, very fast switching, small size and
excellent reliability.

As one example, a 100-120 MHz syn-
thesizer can be built with 4 Hz resolution,
150 nanosecond switching, and excellent
spectral characteristics. With the clock
and the LO references supplied to it, such
a product can be expressed in only 24
square inches. It might then become one
module of a much more complex synthe-
sizer designed to operate in the micro-
wave region. If the end result must oper-
ate in C-band, for instance, it is a relatively
simple matter to continue the upconver-
sion as required. Each mix/filter stage can
impose a delay due to the characteristics
of the filters used. With sufficiently wide-
band filters these penalties are minimized.

Using such hybrid architecture, it is
quite possible to design a microwave syn-
thesizer with switching in a fraction of a
microsecond, which defines today’s state-
of-the-art in frequency hopping. G]
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BROADBAND
AMPLIFIERS

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

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

range a necessity.

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

design flexibility.

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

OUTPUT NOISE
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550 Ellis St., Mountain View, CA 94043 (415) 961-1473 TWX 508746




Specifications vs. Price

Texscan’s new attenuators
eliminate the choice
between good specifications
and a good price
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They have both

BENCH MOUNT PROGRAMMABLE ROTARY

BMA 580/780 BMA 581,781 PA 85127 PA 6563 TA 5070 TA 51T TA 5373
IMPEDANCE 50:75 ohm 50/75 ohm 50 ohm 50 ohm 5075 ohm 5075 ohm 50/75 ohm
STEP 1dB 0.1dB 1dB 1dB 1d8 10d8 0.1d8
ATTENUATION 80dB 81dB 127 dB 63 dB 10dB 70d8 1.0dB
FREQUENCY DC-21GHz DC-1GHz DC-1 GHz DC-1GHz DC-211GHz DC-2 1Ghz DC-1 GHz
CONNECTORS BNC, SMA or N BNC, SMA or SMB BNC or SMA
PRICE $79 BNC $79 BNC $79BNC
(U.S. DOMESTIC) $290 $450 $360 $260 $89 SMA $89 SMA $89 SMA

OTHER STEP AND ATTENUATION VALUES AVAILABLE TO SPECIAL ORDER

CALL OR WRITE US TODAY: Texscan

3169 North Shadeland Ave + Indianapolis, Indiana 46226 « (317) 545-419 CORPORATION
e RS ~ INFGICARD 52 : :
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Times MIL-C-17 semi-rigid cables.

MIL-C-17 is the government specification that
defines minimum acceptable standards for mili-
tary coaxial cables. Over the years, this specifi-
cation has been revised and upgraded so that it
now assures cable buyers of a high degree of
quality and reliability within that specification.
The latest MIL-C-17 specifications, for example,
require cables to meet the following critical tests.
O Swept Frequency Measurements. Ca-
bles now have to be swept for both atten-
uation and structural return loss (SRL/
VSWR) over the entire frequency band for

stress-crack resistance test to identify
cables with previously undetected defects
that could result eventually in outer con-
ductor cracking.

No one is better positioned to provide cables
that meet these specifications than Times
Government Systems Division. Times has been
supplying broadband swept cables for over 25
years. In fact, Times has more MIL-C-17 quali-
fied coaxial cables—flexible as well as semi-
rigid—than any other manufacturer in the world.

which their use is recommended, instead Table |
of just testing at two or three discrete MILC-17 TIMES UNIFORM PRECISION
frequencies. NUMBER P/N PN P/N
O Adhes'on Requlrements- Minimum and M17/129-RG401 AA-5011 | UT-250A-M17 40129-000
: : 0000 d | UT-250A-TP-M17 4
maximum requirements have been estab- e oo oo (e
lished for adh;:smn of the dielectric core e T g || Tentengy [ g
to center conductor. M17/130-00002 AA-5015
| Bendgl_)lllty Te_stlng Cables must have the M17/130-00003 | AA-5016
capability of being bent around a mandrel M17/133-RG405 | AA-5017 | UT-85-M17 40133-000
three times the diameter of the cable M17/133-00001 AA-5018 UT-85-TP-M17 40133-001
without deterioration of the outer conductor. M17/133-00002 | AA-5019 | UT-85C-M17 40133-002
O Dimensional Stability Requirements M17/133-00003 AA-5020 UT-85C-TP-M17 40133-003
iy L M17/133-00004 AA-5021
Cables cannot exceed a specified maxi- 5000
mum allowable shrinkback for the dielec- Mi7/133.00008 , Ahsoz?
! ec M17/151-00001 | AA-5023 | UT-47-M17 40151-001
tric core and outer conductor. M17/151-00002 | AA-5024 | UT-47-TP-M17 40151-002
O Outer Conductor Integrity Test. The M17/154-00001 | AA-5025 | UT-34-M17 40154-001
latest MIL-C-17 specification requires a M17/154-00002 | AA5026 | UT-34-TP-M17 40154-002
Table Il
MAX OPER
NOMINAL MAX OPER | VOLTAGE
m17/ TFC INNER DIELECTRIC| DOD OUTER WEIGHT | IMPED |CAPACITANCE| TEMP (VOLTS
NUMBER |NUMBER| CONDUCTOR | MATERIAL | (INCH) | CONDUCTOR |(LBS/FT)| (OHMS) (pt/FT) | RANGE (°C) | RMS) COMMENTS
0.250" 0D 29.9 Swept Attn and SRL
/129-RG401 | AA-5011 | 0.0641"SC PTFE 0.209 | Copper Tube 0.085 50.0 max. —40 +90 3,000 |from 400 to 18000 MHz
0.250" 0D Tin 29.9
/129-00001 | AA-5012 | 0.6417SC PTFE  |0.209 | Copper Tube 0.086 | 50.0 max. —~40 +90 | 3,000 |Tin Plated M17/129-RG401
0.141" 0D 29.9 Swept Attn and SRL
/130-RG402 | AA-5013 | 0.0362"SCCS PTFE  |0.1175| Copper Tube 0.03 50.0 max. —40 +125| 1,900 |from 500 to 20000 MHz
0.141" 0D Tin 29.9
/130-00001 | AA-5014 | 0.362"SCCS PTFE  |0.1175| Copper Tube 0.03 50.0 max. -40 +125| 1,900 |Tin Plated M17/130-RG402
0.141"0D 29.9 Swept Attn and SRL
/130-00002 | AA-5015 | 0.0362"SNCCS|  PTFE  |0.1175| Copper Tube 0.032 | 50.0 max. -40 +125| 1.900 |from 500 to 20000 MHZ
0.141" 0D Tin 29.9
/130-00003 | AA-5016 | 0.362" SNCCS |  PTFE  |0.1175| Copper Tube 0.032 | 50.0 max. —40 +125| 1,900 |Tin Plated M17/130-00002
0.0865" OD 32.0 Swept Attn and SRL
_|7133-RG405 | AA-5017 | 0.0201°SCCS PTFE  |0.066 | Copper Tube 0.153 | 50.0 max. —40 +125| 1,500 |from 500 to 20000 MHz
0.0865" 0D 32.0
/133-00001 | AA-5018 | 0.0201"SCCS PTFE 0.066 | Tin Copper Tube | 0.158 50.0 max. —-40 +125| 1,500 [Tin Plated M17/133-RG405
0.0865" 0D 32.0 Swept Attn and SRL
/133-00002 | AA-5019 | 0.0201"SC PTFE  |0.066 | Copper Tube 0.152 | 50.0 max. —40 +125| 1,500 |from 500 to 20000 MHz
0.0865" OD 32.0
/133-00003 | AA'5020| 0.0201"SC | PTFE  |0.066 | Tin Copper Tube | 0.157 | 50.0 max. -40 +125| 1,500 |Tin Plated M17/133-00002
| 0.086" 0D 32.0 Swept Attn and SRL
/133-00004 | AA-5021 | 0.0201"SNCCS| PTFE | 0.066 | Copper Tube 0.154 | 50.0 max. —-40 +125| 1,500 |from 500 to 20000 MHz
0.086" 0D 32.0
/133-00005 | AA-5022 [ 0.0201"SNCCS|  PTFE  |0.066 | Tin Copper Tube | 0.159 | 50.0 max. -40 +125| 1,500 |Tin Plated M17/133-00004
| 0.047" 0D 32.0 Swept Attn and SRL
/151-00001 | AA-5023 | 0.0113"SCCS PTFE  |0.037 | Copper Tube 0.045 | 50.0 max. -40 +100| 1,000 |from 500 to 20000 MHz
0.047" 0D 32,0
/151-00002 | AA-5024 | 0.0113"SCCS PTFE  |0.037 | Tin Copper Tube | 0.048 | 50.0 max. ~40 +100| 1,000 |Tin Plated M17/151-00001
0.034" 0D 32.0 Swept Attn and SRL
/154-00001 | AA-5025 | 0.008"SCCS PTFE  {0.026 | Copper Tube 0.026 | 50.0 max. -40 +100 750 |from 500 to 20000 MHz
0.034" 0D 320
/154-00002 | AA-5026 | 0.008"SCCS | PTFE | 0.026 | Tin Copper Tube | 0.028 | 50.0 max. - 40 +100 750 | Tin Plated M17/154-00001




Our semi-rigid standard cables are only the
beginning of what we can do for you.

Times Government Systems Division has over
30 years’ experience meeting or exceeding MIL-
Spec requirements. During this time, we've de-
veloped and supplied more than 10,000 types
of cable designs. We're ready to put this kind of
knowledge and experience to work for you.

Special Semi-Rigid Cables

We can supply a wide range of special semi-

rigid constructions including:

O Special size cables with practically any
impedance.

O Higher velocity cables with much lower ca-
pacitance than equivalent size cables.

O Special center and outer conductors that
provide lower loss, lower weight, non-
magnetic properties and any other special
requirements.

O Special constructions and materials to
meet EMP requirements.

O Special constructions for minimum struc-
tural return loss.

O More flexible semi-rigid cables for hand
forming.

Standard and Special Flexible Cables

Times manufactures a wide range of flexible
cables, from standard MIL-C-17 qualified con-
structions to lightweight, low-loss cables that
operate in excess of 40 GHz and non-hosing ca-
bles able to withstand 1,000 psi. Please contact
the Government Systems Division for a quota-
tion on a standard product or for technical assis-
tance in designing a specialized flexible cable to
meet your specific system needs.

TIMES FIBER COMMUNICATIONS, INC.
GOVERNMENT SYSTEMS DIVISION

P.O. BOX 384

WALLINGFORD, CT 06492

(203) 265-8700, TWX: 710 476-0763

Complete Interconnect System
Responsibility

Because we manufacture cables and con-
nectors used in virtually every part of an RF
transmission system, we are capable of taking
full responsibility for the design and manufac-
ture of complete cable assemblies. Times main-
tains one of the largest RF cable assembly
facilities in the country, producing special delay
lines and broadband assemblies to exacting
swept performance specifications.

By getting involved early in the system devel-
opment, we can provide cable assembilies that
insure optimum system performance, optimum
reliability and optimum cost effectiveness.
Some of the programs for which Times has de-
signed and supplied special cable assemblies
include the F-18, F-16, F-15, F-14, F-4, A-4,
E-2C, S3B, Patriot and Cruise Missiles, the Navy's
Shipboard SLQ-32 system as well as many
submarine and communications programs.

Whatever your requirements, we welcome
the opportunity to be of service to you.

TFC..The Defense Connection Eiectronic connection systems for land, sea, air and space.



Times MIL-C-17 semi-rigid cables.
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Figure 1—Maximum power handling capability for
Times MIL-C-17 Semi-Rigid Cables at sea level and
ambient temperature of 25°C.
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Figure 2—Maximum loss characteristics for Times

MIL-C-17 Semi-Rigid Cables at ambient temperature of
25°C.



Times improved semi-rigid cables.

For more exacting requirements than those
covered by MIL-C-17, Times Government Sys-
tems Division offers a line of standard semi-rigid
cables that provide several important perfor-
mance advantages: improved temperature char-
acteristics, greater power handling, better
phase performance and lower loss.

Even if your requirements are within MIL-C-17
standards, the superior performance of these
improved cables permits much greater flexibility
in design and manufacturing. Because of the
lower loss of these constructions, a smaller size

cable can frequently be used in place of a larger,
heavier one. Designers can also reduce the
power requirements of their systems or get more
power out of existing designs.

These cables feature a teflon tape construc-
tion instead of a solid dielectric. Three of the ca-
bles use the same standard connectors as their
equivalent MIL-C-17 versions. The other four
lower loss constructions require different size
connectors, but these connectors are readily
available.

Table HI
NOMINAL | MAX OPER | MAX OPER MIN
NOMINAL | CAPAC- TEMP. VOLTAGE | VELOF | RECOM | CUT OFF
TFC INNER DIELECTRIC | DOD OUTER WEIGHT IMPED ITANCE RANGE (VOLTS | PROP. | BEND FREQ
PN CONDUCTOR | MATERIAL | (INCH) | CONDUCTOR | (LBS/FT) | (OHMS) | (pt/FT) C) RMS) (%) | RADIUS | (GHz)
CLX-50086 0.0201" EXPANDED | .058 | 0.086" 016 50.0 24.8 -65to 1500 82.0 .125 80.7
SCCS PTFE COPPER TUBE +250
CLX-50141 0.0362" EXPANDED | .100 | 0.141" .041 50.0 24.8 -65t0 2100 82.0 .250 45.0
SCCS PTFE COPPER TUBE +250
CLX-50250 0.0641" EXPANDED | .178 | 0.250" 127 50.0 24.8 -65to0 3300 820 | 1.25 25.2
SC PTFE COPPER TUBE +250
CLL-50086 0.023" EXPANDED | .064 | 0.086" 013 50.0 24.8 -65t0 1500 82.0 125 70.7
SCCS PTFE COPPER TUBE +250
CLL-50141 0.043" EXPANDED | .119 | 0.141" .029 50.0 24.8 -65to 2100 82.0 .250 40.0
SCCS PTFE COPPER TUBE +250
CLL-50250 0.074" EXPANDED | .210 | 0.250" .091 50.0 25.4 —-65to 3300 80.0 | 125 211
sC PTFE COPPER TUBE +250
CLL-50375 0.118" EXPANDED | .335 | 0.375" 187 50.0 25.4 -65t0 6500 80.0 | 2.00 13.2
SC PTFE COPPER TUBE +250
100 1 1000 lg
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Figure 3—Maximum power handling capability for
Times Improved Semi-Rigid Cables at sea level and
ambient temperature of 25°C.
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Figure 4—Maximum loss characteristics for Times
Improved Semi-Rigid Cables at ambient temperature
of 25°C.



For applications that exceed MIL-C-17

requirements.

Although MIL-C-17 covers a broad range of
performance parameters, there are many appli-
cations that require more exacting performance.
For these applications, Times offers a line of
standard semi-rigid coaxial cables using teflon
tape dielectrics (for listing and description see
overleaf). These cables offer all the benefits of
MIL-C-17 cables with several important
advantages.

Better Temperature Characteristics

MIL-C-17 semi-rigid cables are rated from
90°C to 125°C for continuous operation. The solid
teflon dielectric used in these constructions has
a much higher expansion rate than the copper
outer conductor, creating a situation where
cracks can occur at higher operating tempera-
tures. The Times teflon tape constructions are
rated up to 250°C continuous operation. These
tape constructions also provide better dimen-
sional stability after termination.

Lower Loss Characteristics

Times standard teflon tape semi-rigid cables
offer up to 30% lower attenuation than conven-
tional solid dielectric cables as shown in Figure
5 below. This improved cable performance per-
mits greater flexibility in transmitter and receiver
design. It also reduces amplification require-
ments, thereby reducing potential noise.

10010

10 1¢

ATTENUATION (dt/100 Ft)

4 5678910 2 3 45678910 2 3 4 5678910
10 100

FREQUENCY (GHz)

Figure 5—Attenuation of .141 and .250 solid dielectric
cables vs taped dielectric cables.

Better Power Handling Capabllity

Times teflon tape constructions also en-
hance the power handling characteristics of the
cable as shown in Figure 6. The cables are able
to run “hotter” than MIL-C-17 cables without de-
stroying the outer conductor. This too provides
transmitter designers with a wider choice of
design options.
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Figure 86—Power handling of .141 and .250 solid
dielectric cables vs taped dielectric cables.

Better Phase Stability

More and more systems today require spe-
cialized phase characteristics. The change in
electrical length with temperature is important
in both an absolute sense and in cases where
cables must track each other as matched pairs.

Unfortunately, the subject of phase is not
covered by MIL-C-17. Moreover, the allowable
shrinkback for MIL-C-17 solid dielectric cables
can still cause phase problems in many
applications.

Figure 7 shows the improvements in phase
characteristics available from Times standard
semi-rigid teflon tape dielectric cables compared
to conventional solid dielectric constructions.

e

01

Figure 7—Phase plot of tape vs solid dielectric.

100% Testing

Although MIL-C-17 now requires sweep test-
ing of cables for both insertion loss and struc-
tural return loss, it only requires that one
sample per unit of product be tested. A unit of
product per MIL-C-17 is defined as 5000 feet.
For applications requiring a higher degree of re-
liability, Times can provide 100% sweep testing
for both attenuation and VSWR.



How To Select a Coaxial Switch...

Select RLC...

then you know you have
the quality of a superior
coaxial switch to
depend on, the

rest is easy.

Terminated
Muiti Position-6T
Minature
SPDT

Miniature

i - ' SPDT-TTL
Just look in the new RLC Precision Microwave

Components Catalog and select a standard switch or
have us build a custom one to your exact specifications.
We have been doing it for over 25 years.

Here's a preview:
Types:

SPST to SP10T, Transfer, Terminated

Frequency Range:

DC to 26.5 GHz

Operating Power
Failsafe:
Latching:

12VDC, 28VDC, 115VAC
12VDC, 28VDC, 115VAC

Switching Time: 15 msec max.
Life: 1,000,000 cycles min.
Environmental
Conditions:
Operating Mode:
Options:
onnectors
RF SMA, N, TNC, BNC, SC, HN
Power Feedthrough solder lugs (standard)
Multi-pin connectors (optional)

MIL-S-3928, MIL-E-5400
Failsafe, Latching, Manual
Indicators, TTL, Voltages

Type C
Multi Position-3T

In addition, all RLC switches feature small size, low insertion
loss, high isolation and low VSWR. Prototype delivery takes
less than 4 weeks, standard delivery from stock.

Miniature
Multi Position

High Power
Miniature SPDT
Transfer Standard

Transfer Transfer

Send for our new catalog...
and select your coaxial switch.

RLC ELECTRONICS, INC.

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

Belgium: 011 (32) 02-511-22-77  France: 011 (33) 1-534-75-35 » Germany: 011 (49) 906-4091  India Bangalore: 011 (91) 602120 e Israel 011 (972) 03-220096, 232101 »
ltaly: 011 (39) 2-7380641/2 » Japan: 011 (81) 270-5921 * Tawan: 011 (02) 751-3733/44  United Kingdom: 011 (44) 1-979-0123
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NOISECoM

The next generation in

i & m Noise Technology is here!!
Delivery &Service o= ;

111 Moore St., Hackensack, N.J. 07601

2 w k (201) 488-4144 TWX 910-380-8198
ee s For “SUPER SERVICE” ask for Gary Simonyan

SUPER
Viarket -

SUPER

BROAD BAND NOISE INSTRUMENTS
10 Hzto 2 GHz / (+13 dBm and + 30 dBm OUTPUT)

AMPLIFIED NOISE MODULES
10 Hz to 1500 MHz (+ 13 dBm OUTPUT)

STANDARD
OFF-SHELF
CATALOG
NOISE

SOURCES

For other higher
outputs & frequencies CHIPS and DIODES
consult factory. 10 Hz to 50 GHz MINIATURE AMPLIFIED NOISE MODULES
Dual-In-Line and Flat Pack

100 Hz to 20 MHz (150 mv OUTPUT)

PRECISION WAVEGUIDE NOISE SOURCES PRECISION COAXIAL NOISE SOURCES
18 GHz to 50 GHz/15.5 dB ENR and 23 dB ENR 10 KHz to 18 GHz/15.5 dB £NR and 30 dB ENR

AN AT AR
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2> New Look in RF Circuits — Packaging




In advanced RF products,
one name stands out.

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

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

passivation, and titanium-platinum-gold metallization.

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

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

/' mfjpa.:m

R

pATY

_—_
8
LINEAR s

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

ot high reliability applications.

When your communications, instrumentation
and military applications require RF products, look
to Amperex, a name that stands out. Amperex
Electronic Corporation,
Slatersville Division, a North

T EMONDE TS

AN
VLD M N

American Philips Company, —
Slatersville, RI 02876. ﬁ
Phone (401) 762-9000. .

TWX: 710-382-6332.

AMperex
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julation measurement reaches
new peaks in performance

rformance there is A MODULATION and weighted noise measure-
‘ompare with the : METER THAT'S ments.
ni 2 GHz Modulation A COUNTER, * A non-volatile memory, built-in

auto-calibration, extensive
ng accuracy of +0.5% R.F. POWER METER self-diagnostic facilities, and

1 +1.0% on AM. AND optional GPIB interface... all
ng to a known input AUDIO ANALYZER further reduce test time and cost
set to automatic to locate of ownership.

in a fast 500ms. This latest modulation meter from
asurement package that includes Marconi reaches new peaks in performance,

ind phase modulation, frequency, and sets new standards in value-for money. Call
oower, frequency response and Marconi to evaluate how cost-effective the new

joise ratio. Options provide distortion __ Marconi 2305 will be for you.

< STHER GIANT! ‘\ marconi;__

AN YA 500 instruments*
- NOW 2 y U.S.: 3 Pearl Court, Allendale, NJ 07401
rice stock r (201) 934-9050 (East) (714) 895-7182 (West)
DeliVery g e i U.K.: Longacres, St. Albans, Herts AL4 OJN
IS e Country Code 44 (0727) 59292. TELEX 23350
et INFOICARD 2 FRANCE: 1)687-36-25 GERMANY (089) 845085




THE DISTANCE
IN HIGH-REL
PRODUCTION
CAPABILITY

POWER OUTPUT VS FREQUENCY {TYPICAL)

POWER OUTPUT -WATTS - PEAK

950 1000 1050 1100 1150 1200

Acrian’s high-rel pro-
duction technology allows
us to go the distance, to
meet the toughest military
requirements with consis-
tently high repeatability.

Here's a good exam-
ple—the TAN250A, deliver-
Ing 250 watts of pulsed
power across the entire 960—
1215 MHz TACAN band. With
features like gold metaliza-
tion, gold controlled-loop
wire bonding (256 bond
wires), low thermal resis-
tance, and a hermetically
sealed package. To date,
we've delivered more than
75,000 worldwide.

Thanks.to our produc-

n ISEE—Sailers
navigating the
treacherous pas-ugn

between New Zealznd
main islands learned to rely on
mysterious dolphin to pilo. the=
past the shoals. The dolphiv  kimesn
as Pelorus Jack, staved on the
Job for 24 vears, going the d stars
to save countless ships and men.

you the most comprehen-
sive line of transistors, F=T's
associated devices, and
higher-level assemblies “rome
2MHz to 4.5 GHz—and
beyond.

To get complete infor-
mation on the TAN250A or
any of more than 500 Acriam
products for communica-
tions, radar, and avionics, cl
(408) 294-4200 or TWX 910
338-2172.

Acrian Inc. 490 Race Street
San Jose, California 95126
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Broadband Power Divider
10-1000 MHz

PD-1000 Series Power Dividers are
broadband, low loss, high isolation
units available with BNC, TNC, SMA
and N connectors and usable to 1300
MHz.

Check these specifications:

Frequency Range: 10 MHz-1 Ghz
Isolation(output):
10-20 MHz 25dB Min
20-500 MHz 35dB Min
500-1000 MHz 30dB Min
Insertion Loss:
10-500 MHz 0.4dB Max
500-1000 MHz 0.6dB Maz

Return Loss:
10-20 MHz 14dB Min (1.50:1)
20-1000 MHz 20dB Min (1.22:1)

Impedance: 50 Ohms

Amplitude Balance: 0.2dB Max
Phase Balance: 2° Max

Input Power: 2.5 Watts

Temperature Range: -50°C to +85°C

Other UHF/VHF products available
are directional couplers and im-

pedance transformers. Send for
catalog.
AMERICAN
MICROWAVE
CORPORATION

7311-G GROVE ROAD
FREDERICK, MARYLAND 20701
(301) 662-4700

6 INFO/CARD 4

»rF editorial

Growing With
The Industry We Serve

James N. MacDonald
Editor

Gary Breed joins our staff this month
as Technical Editor. He has been
Chief Engineer at four radio and/or televi-
sion stations during the past 10 years, and
we look forward to the viewpoint he will
bring to the magazine as a result of this
experience. He also has published 13 ar-
ticles in Broadcast Engineering, from
which he has gained an understanding of
the requirements of magazine writing. He
will assist with staff written articles and will
work with authors to prepare their manu-
scripts for publication.

The addition of a technical editor is part
of a substantial increase in Cardiff
Publishing Company’s commitment to RF
Design over the past year. First, the
magazine went from bimonthly to monthly
publication; now we have, in fact, doubled
the editorial staff. The latter action is, of
course, largely a consequence of the ear-
lier decision. It is also a testimony to the
correctness of that decision. There is far
too much knowledge being generated in
this field to be adequately exchanged
every two months.

A business can grow for two reasons
— in anticipation of a larger market or as
a result of it. Usually both reasons are in-
fluential in the decision to expand, and
this has been the case with RF Design
magazine. Publisher Keith Aldrich’s faith
and understanding of the industry pro-

vided the impetus to doubee tl € pu= ca-
tion frequency. The encouagmg re-
sponse of readers and advetises 1as
convinced us that the erwt Bee _ust
begun.

The growth of the magazine i- r— ust
due to the appropriateness of te O#ent
for our readers, althoughrwe tzkz = great
deal of pride in that coetent aa& [ ~ow
from reader comments teat it s asp op-
riate. We are part of the cowtt ct = RF
electronics industry, in genrerzl. V& Balk
about this growth often, I=2cause Beme is
much gloom in some pars of tae gau2ral
electronics industry. We vmant ct re= 2rs
to know that the slump s no a=ry-
wide. Typical of the kin{ of 1ews ~1at
crosses this desk almost 2wery=dawi- the
following paragraph from a news rele=se
announcing that Raytheon Corzamy's
second quarter earnings vere WO ¥&7ger-
cent over a year ago.

“The company’s improved =or-
mance for the quarter wasgene esd 3in-
cipally by Electronics, Rartheoa’ larzest
business segment, which ontie L2 &£ be
paced by defense electramcs swse2rs.”

Most defense electronizs systsr< Jp-
erate in microwave frequencis, bu we
have mentioned before th2 ncrzesngin-
terest of the military in theslowe feqe zn-
cies. Other news releases :€/| sivela suc-
cess stories about commercie 3% -ro-
ducts. It is our observationthat messc— -
panies are doing quite w=ll, a=ro=gh
some segments of their o=ratianeme - oe
curtailed because the paricular hcSiry
they serve is in a slump.

With this addition to the st 3IF
Design will be abie to exand the =pe
of its coverage of the electonice iwdusry,
and one expansion will besinto eco—ic
news. In the near future vou wil ==e
reports on economic actiwity is h2 RF
sector, helping you keep up withlmnds.

Many of you will be receiving &2lzpnne
calls and visits from Gary ebout e>~weal
matters. For you hams, Garv's cal s &Y.
Mine, by the way, is NGFXE.

/ : o
4
Mhoehdridd
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rency Range: DC-1000 MHz

uation Range: 0-110 dB in 1 dB steps

t: DC-500 MHz 1.2 1 maximum
500-1000 MHz 14 ) maximum

ton Loss: S dB maxwmum @ 1000 MH2

uation Accuracy:
DC-500 MHz £ 2 dB or 1%
S00-1000 MHz £ 3dBor 2%
ectors: BNC, TNC, N or SMA

N Industries, Inc.
} Commerce Square Dr.
anapolis, Indiana 46237

) 887-1340
JW

SODR-003

DC-1000 MHz

0-50 aB in 1 dB steps
DC-250 MHz 111 maximum
250-500 MHz 1.2.1 maximum
500-1060 MHz 141 maximum
5 dB maximum

DC-250 MHz = 2 0B
250-500 MHz = 5 dB
500-1000 MHz £ 10 dB
BNC, TNC, N or SMA

ROTARY ATTENUATORS

50R-083
DC-2000 MHz
0-10 dB in 1 dB steps

DC-1000 MHz 1 21 maximum
1000-2000 MHz 14:! maxmum
DC-1000 MH2 2 dB maximum
1000-2000 MHz 4 dB maximum
DC-1000 MHz £ 2 dB maximum
1000-2000 MHz £ 4 dB maximum
SMA fermaie

SOR-084
DC-2000 MHz
0 to 60 dB i 10 dB steps
DC-1000 MHz 121 maximum
1000-2000 MHz 14:1 maximum
DC-1000 MHz 3 dB maximum
1000-2000 MHz 5 dB maximum
DC-500 MHz = 5 dB

or 1% whichever Is greater
500-1000 MHz £ 5 dB

or 2% whichever 1s greater
1000-2000 MHz + S dB

or 3% whichever is greater

SMA female

INFO/CARD 5

HIGH PO

ERED!

" Low Cost
Fast Delivery

Industries, Inc.

5134 Commerce Square Dr.
Indianapolis, Indiana 46237
(317) 887-1340

Fixed Attenuators 1-5-10-30-50-100 watt
S0F-XxxXx-N 1 watt DC-2GHz
S50FH-xxx-5-N 5 watt DC-2GHz
50FH-xxx-10-N 10 watt DC-2GHz
50FH- xXx-30-N 30 watt DC-2GHz
50FH-xxx-50-N 50 watt DC-2GHz
SO0FH- xxx-100-N 100 watt DC-1GHz

- xxx -insert attenuation value 1-30dB
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rF publisher’s note

Getting Ready For Tomorrow

By Gary Breed
Technical Editor

Publisher Keith Aldrich has given his
space this month to RF Design Technical
Editor Gary Breed for an introductory
column.

ln a lifetime, each of us may get only one
or two opportunities to make a major im-
pact in our chosen field, taking part in a
major discovery or an important achieve-
ment. For many RF design engineers,
such an opportunity will present itself in
the next few years. Technological
knowledge is still growing at an exponen-
tial rate, markets for RF-related products
continue to expand, and the integration
of RF functions into the design of tradi-
tionally non-RF equipment continues at
a rapid pace. We need to be ready to meet
the challenges which are coming our way,
to be ready for the rare opportunity to
make our mark.

To be able to make such a personal im-
pact on the world of RF, the engineers and
managers who are responsible for “get-
ting the work done” need every available
tool at their disposal. We all know that
engineers need the support of current-
generation test equipment, computers
and software. We know that ongoing
education in the field of RF is necessary.
We know that advanced components are
becoming available almost daily. But
sometimes we forget that the human mind
is still the most important tool in the
creative design process, and the most im-

8

portant role of the human mind is COM-
MUNICATION with others.

This is where | have seen my own op-
portunity to make an impact in my chosen
field. As Technical Editor, my primary du-
ty will be to see that communication be-
tween engineers takes place. RF Design
is an important participant in the ex-
change of ideas among the most capable
minds in the field of RF: Your minds!

RF Design will be expanding its role in
the coming months, with your heip. | want
to hear from you about your work, and the
unique problems you have had to solve
in achieving a successful design. In turn,
I'll try to find out everything | can about
the industry that might affect your work,
and see that it is reported to you.

Just as there are no limits to the im-
agination of mankind, there are no limits
on the applications of RF. The boundaries
between analog and digital realms be-
come blurred at high frequencies, as is
demonstrated by GHz-speed logic devic-
es which have 50-ohm input/output im-
pedances. The combination of optical,
digital, video, and RF functions in a single
system has taken place in Local Area Net-
works and common-carrier telecommuni-
cations. Automotive electronics, test
equipment, consumer electronics, as well
as communications equipment will all
have combinations of technologies in the
future, and RF is the common denomina-
tor. We will be exploring in depth these
areas of interface between RF and other
technologies as our growth allows us to
add to our present coverage of RF topics.

Start your own process of communica-
tions by sharing your ideas with us.
Somebody has the need for your insight,
and you can take advantage of the ideas
of other engineers. Let's keep the lines
open.
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50% smaller
than you'd expect
..available now!

CTS Hybrid

End the trouble of designing your oscillator—

now you can specify this highly reliable CTS component!

Solve your space limitations and put an
end to specifying a crystal and design-
ing your own oscillator. This CTS hybrid
VCXO comes in a package that is 50%
smaller than usual—and you can simply
specify and order the oscillator as you
do any other component. Because CTS
Knights Division specializes in precision
crystal products, we have the largest
staff of engineers in the industry. We
even make our own crystals to assure
precise uniformity.

This subminiature JKVXO-100 voltage

controlled crystal oscillator is available

today. with the specs listed here. Or, if

you have a special application, we will

customize a design to meet your require-

ments. Either way, you'll get traditional

CTS reliability at very competitive prices.
WRITE TODAY for full specifications

on this CTS subminiature

crystal oscillator. Contact: &S (=]

CTS Corporation, Knights

Division, 400 Reimann -+ 2

Ave., Sandwich, IL 60548.

Phone: {815) 786-8411

INFO/CARD 6 ==

Specifications
JKVXO-100, Crystal Oscillator

Small Size 860" x .830" x 350"

Wide Pullabllity + 200 PPM minimum

Temperature 0°C to +60°C
Stability + 40 PPM
Center Frequency @ + 10 PPM

Room Temperature when shipped

CTS. MEANS RELIABILITY

CTS CORPORATION e ELKHART, INDIANA

Series CCXO-140 Leadless
Chip Carrier Crystal Oscil-

lator for surface mounting. package. multilayer styles.
Phone: (815) 786-8411 Phone: (317) 463-2565 Phone: (415) 964-5000
INFO/CARD 61 INFO/CARD 62 INFO/CARD 63

DIP Attenuator Switchable
attenuator in standard DIP

Printed Circuit Boards
Complex double-sided and

Custom Crystal Oscillator
with multiple integrated
functions.

Phone: (815} 786-8411
INFO/CARD 64
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Now, you can make your broad- bandswitching units; two power sup- automatically tunable to any center fre-
band receiver system totally automatic  plies; and an interface card for RS-232,  quency within the range of the filter
with the TCK Series—a computer con-  |[EEE-488 (GPIB), or 8-4-2-1 parallel BCD. array. Specific frequencies can be
trolled, programmable bandpass filter A self-contained microprocessor- requested directly in MHz, eliminating
system from Telonic Berkeley—the based control provides easy interface the need for specialized user software.
originator of multi-octave with your digital system, and the unit is Contact Telonic Berkeley
filter systems. for this complete, state-of-the-

The TCK Series multi- Now' a complete art, automatic multi-octave

octave systermn contains a step filter system. Call or write
motor for remote digital control, r o r a m m a b le today for information on the TCK
virtually eliminating the use of P g Series and our complete line of
manually tuned filters for remote RF and microwave products.

SRR RNONS: Tie COfgaER bal‘ldpass fi 'ter TELONIC BERKELEY INC.

TCK §er|es system can provide PoeSepipalC Ry of RoAd
continuous tuning over as many as

. : r P.O. Box 277, Laguna Beach, CA 92652
Six octaves. It includes two to six SYStem fl' OMMN 52720 comenticr 4700277 Foreign

TCD Sertes tunable bandpass Our Toll Free Telephone

filter subassemblies, coupled T I — B I l (800) 854-2436 (Except CA)
with two multi-position RF e onlc er (e ey. In Califorma {714) 494-9401

' TELONIC/BERKELEY
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From Test to Tovs

Plastic

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

Avantek’s series of MODAMP™
silicon monolithic microwave in-
tegrated circuit amplifiers are
ready to drop into your 50-ohm
circuit, with no design problems
— virtually no concern for what
comes before or after. These
MMICs are unconditionally sta-
ble and provide cascadable gain
blocks at any frequency 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, from fiber optic systems to
mobile communications. They’re
simple to use and readily avail-
able.

Available in volume.

Avantek 4-Pac MODAMP MM ICs
are available today from your
nearest distributor. Prices start at
$2.75 and go to $1.80 in 10,000

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

Gain vs. Frequency

18 - MSA 0104
T R

|
14 -MSA 0204
12 - MSA 0304

Gain, dB

MSA 0404

8 T
(Gain fiat to DC)
1 'y

0.1 0.5 1 2
Frequency, GHz

*price in 10,000 piece quantities.

INFO/CARD 9

Avantek MODAMP MMICs are
the most universal low-cost RF
amplifiers available. Try some
today. Contact your nearest
Avantek distributor or call us for
complete details.

Avantek Distributors

EAST Thorson Dist.
Applied Specialties Dallas. TX
Beltsville, MDD 214) 233-3744
301) 543-5393
Sickles Dist. Sales WEST
Pen Stock, Inc.
Lexington, MA T L O
617) 862-5100 P it
Technical Marketing Asso.
Hackensack. NJ Sertek, Inc.
201 312-4008 Los Angeles, CA
203) 477-9051
CENTRAL
Component Dist. Spirit Electronics
Ft. Laudendale, F1

Scotisdale, AZ

303) 9714950 (6021 998-1533

Peak Distributors
Arlington Heights, 11
312} 2 07

/) AVANTEK

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

Copynght 1985 Avantek, Inc
Avantek is a registered trademark of Avantek, inc



rFletters

rF news

Editor:

I look forward each month to receiving
your magazine, RF Design. You have
been publishing some excellent articles
which | find useful in my work.

In order to better utilize the information
in some of your articles | clip and save
many of them. One obstacle occasional-
ly arises. Two articles which are of interest
to me may be located consecutively in
your magazine. The last page of the first
article is printed on the flipside of the first
page of the next article. Would it be feasi-
ble to organize your advertisements in
such a way as to separate design oriented
articles. | do appreciate your keeping in-
dividual articles together instead of scat-
tering them out as “continued on pp.”
throughout your mag. Thanks for the
great mag which fills a need.

By the way, have you or are you going
to collect the papers presented at the L.A.
show and publish them under one cover?
It would certainly help us unfortunate
souls who did not have the opportunity to
attend. Thank you.

E.E. Truckenmiller
Applied Automation, Inc.

The Proceedings of Expo 85 are
available for sale. You probably already
noticed the ad in last month’s issue. —
editor

Editor:

In the July 1985 issue, in the article on
materials, | take exception to the state-
ment, “Anyway, below 200 MHz GaAs
noise increases.” There are many
amateur radio operators that use high fre-
quency GaAs devices that have low noise
figures at, say, 1 GHz, and use them at
144 MHz and get less noise figure.

Most certainly there is a knee in the
curve somewhere. | would like to see a
more definitive report on this subject.

Lawrence Joy
Magnavox

Photo Credit

We have been informed by the
photographer that two of the photographs
used on the cover of the July issue are
copyrighted. They were not so identified
when we received them. It is always our
practice to print appropriate credits when
we know material is copyrighted. The
photographs of the filter and the engineer
looking through the microscope were
taken by Ken Thompson, 200 E. 95th St.,
New York, NY 10028. — Editor.

RF Design

RF Technology Expo 86 Exhibit
Space Sells Out Early

Every exhibit booth for the RF
Technology Expo 86 was taken as of
August 1. Although the number of booths
was doubled from the January 1985 show,
they were claimed quickly after promotion
began for the 1986 show.

“I've never seen it happen before,” said
Kathy Kriner, Convention Manager for
Cardiff Publishing Company. “Six months
before the show and we're sold out.”

Nearly half the 150 booths were re-
served at the end of the 1985 show by ex-
hibitors there. Exhibitors at the show were
pleased with the RF focus of the program
and the fact that nearly all attendees were
RF design engineers.

The Cardiff Convention Management
staff have started a waiting list for booths
that may become available. Kriner said a
letter would be sent to those who have not
returned signed contracts with a deadline
for doing so. This amounts to about 30 ex-
hibitors, she said.

RF Design publisher Keith Aldrich said
the response shows how difficult it is to
judge the demand for this type of show.

“We doubled the exhibit space for this
second show and sold it almost im-
mediately. Who knows how many booths
we could have filled?”

Aldrich, the show’s organizer, will be
studying the demand for Expo 86 to try
to judge the size of future shows. “We
might have to move to a wing of the
Anaheim Convention Center in 1987, he
said.

OK Industries Forms
‘Electronics Division’

OK Industries Inc. has formed the OK
Electronics Division to develop and
market the company’s new family of elec-
tronic bench test instruments. To date, the
line includes function, sweep and pulse
generators, frequency counters, DMMs,
digital thermometers and accessories.
The division is located at the company’s
New York headquarters.

Commented David Weltman, OK presi-
dent: “This division represents a major
commitment by OK Industries to the
customers and distributors of our new
family of test instruments. Rather than
being absorbed within our existing pro-
duction equipment lines, the test instru-
ment program will be separately staffed,
marketed and financed to ensure the
highest possible levels of product quality
as well as customer service and support.”

Many of the instruments include capa-
bilities which are not available on other

equipment in the same price class. Most
of the instruments are list priced at under
$500, and even the more sophisticated
generators are under $1,000.

“Our objective is to put test instruments
within reach for the thousands of lab
technicians and design engineers at
smaller to mid-size firms who have had
to make do with less — or worse, simply
do without,” Weltman said.

The new family of products will be
featured at Wescon '85, November 19-22,
in San Francisco.

RFD, Inc. Receives Contract for
AWACS Radar Transmitters

RFD, Inc., Tampa, Fla., announces
receipt of $3.7 million in new contracts in-
cluding $1.8 million from Eaton Corp./
AlL Division in Deer Park, N.Y., for produc-
tion of AWACS radar transmitters and for
design and production of dielectric
resonator oscillators for the B-1B aircraft.
RFD, Inc. also received contracts totaling
$1.2 million from SATT Communications
AB, Stockholm, Sweden, for design and
production of airborne radar transmitter
systems.

RFD, Inc. is a Tampa-based designer
and manufacturer of microwave transmit-
ters, receivers, oscillators and amplifiers
for radar and communications systems.
RFD, Inc. also manufactures microwave
transmitting and receiving components
for satellite terminals and telecommunica-
tions systems.

Rental Car Cellular Phones

Beli Atlantic Mobile Systems and
Budget Rent-A-Car of Pittsburgh have
established a new marketing partnership
to put cellular mobile telephones in 300
Pittsburgh Budget rental cars by the end
of 1985.

The new marketing plan.is designed to
promote the use of rental cars and cellular
mobile telephone service. One hundred
rental cars equipped with Alex(SM cellular
telephones are available at six Budget
locations. There is no premium fee for ren-
ting the phone-equipped cars and cus-
tomers pay only for their calls, billed at 95
cents per/minute.

“Cellular telephones and rental cars are
a natural match, since both serve cus-
tomers who are on the move,” said
Richard J. Lyons, Bell Atlantic Mobile
Systems vice president — marketing and
sales. “Until today there hgs not been a
successful plan to serve this market. This
program will help make rental-car tele-
phones commonplace, instead of a rarity””

Although cellular phone-equipped ren-
tal cars have appeared in various cities
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CUT YOUR RF
CONNECTOR COST
UP TO 50%!

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

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

Both can be interchanged and
intermated with their MIL-
spec counterparts. Both give
you virtually the same

electrical, mechanical and

environmental perfor-

mance. Yet both can save

you up to half the cost of
their SMA and SMB equivalents.

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

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

JOHNSON

® Components Division

E. F. JOHNSON COMPANY, WASECA, MINN. 56093
Telephone 1-507-835-6307 Telex 290470 TWX 910-565-2161

-
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since cellular mobile telephone service
first became available in the fall of 1983,
the Alex/Budget rental car plan is the first
to offer customers a cellular phone
without a premium charge in the basic
rental price of the car. In the past,
customers were not encouraged to use
the phones because they were generally
available only in luxury class models. The
phone-equipped cars in the Pittsburgh
Budget fleet are available in intermediate,
full-size and luxury models, making the
phones more accessible.

“Besides providing rental car custom-
ers with the convenience of cellular com-
munications while they are on the road in
the Pittsburgh area,” said Lyons, “this
marketing program also allows customers
to get some experience using cellular
phones before they make a decision to
buy or rent one for their own car”

“There is an Alex in your Budget” is the
theme of the joint marketing program.
Alex is the trade name of Bell Atlantic
Mobile Systems’ cellular telephone ser-
vice. Both companies will promote the
phones in a variety of ways. Customers
boarding the Budget shuttle buses at
Pittsburgh airport will hear messages
about the cellular phones over the bus
audio systems.

Budget cars equipped with cellular
phones come with a special sun visor
display that tells customers how to use the
phone, depicts the geographic coverage
of the cellular system and lists important
local numbers to call, such as airlines,
hotels and information services.

New HF Frequency Hopping Radio

An HF, frequency-hopping radio
system, designed for maximum security
and capable of evading jammed chan-
nels, has been introduced by Reunert
Technology Systems (Reutech). Called
the Lancer, it forms part of a radio family
that has been used in active combat for
over a decade.

A building block approach has been
followed in the design of the Lancer
system. The basic driver unit can be con-
figured into a portable manpack, as well
as 20W and 100W vehicle units with low
and high power options. The range offers
reliable communications across the com-
plete HF band from 2 to 30 MHz.

The highly sophisticated frequency-
hopping facility of the Lancer employs
some 200 diffferent code sequences on
any one of the 28,000 available center fre-
quencies and between frequency chan-
nel steps. The bandwidth employed by the

radio while engaged in frequency hopping
tracks the bandwidth of the Antenna Tun-
ing Unit. It provides at all times the largest
possible number of channels to be in-
cluded in the hopping coverage.

Together with the long-period non-linear
pseudo-random sequences, the hopping
facility of the Lancer offers a high
measure of security while evading dis-
turbed or jammed channels. The Lancer
also has a late entry facility for other sta-
tions wishing to join the hopping net.

The Lancer operates in upper side
band or lower side band and a CW mode
with tone injection. Speech processing
provides an increased average speech
power at power outputs selectable as 6
or 20 watts (PEP) in the lower power con-
figuration and 20 or 100 watts (PEP) in the
high power configuration.

Compact Software

Curtails Operations

In a move company officials say is not
caused by financial difficulties, Compact
Software closed its Palo Alto offices Aug.
8. The company is owned by Comsat Tech-
nology Products, a half-billion dollar diver-
sified corporation. Jeffrey L. Rubin, vice
president and general manager for Com-
pact Software, said the closure reflected
a decision made some time ago by Com-
sat that the software company did not fit
their long-range goals.

In a prepared statement, Compact Soft-
ware pledged to honor all existing
maintenance contracts and any other con-
tractual obligations. “Money is set aside
for honoring maintenance contracts,” a
Compact Software spokesman said. The
company will complete its latest version
of the PC program, version 3.0, and up-
dates will be sent to qualified customers,
the spokesman said:

A spokesman for Comsat verified that
the company was seeking to divest itself
of operations that did not fit into its cor-
porate plan. Compact Software is one of
several companies considered too small
by Comsat.

Comsat issued the following statement:

“We are still assessing precisely what
we are going to do about Compact Soft-
ware. Earlier this year, we announced that
Compact Software was being integrated
into a new business, Comsat Technical
Services. As this integration takes place
we are seeking to strengthen Compact’s
capabilities and offerings. The business
is definitely for sale; we have not reach-
ed a conclusion beyond this.”
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The solution to FCC Part 15
is right at your fingertips.

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

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

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

Our hybnds do the rest. SNy
No need for a protracted /-H y
rf design effort on ‘ —

your part.

Full operating
range.

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

Excellent stability and signal purity.

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

o

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

changes, com- '
ponent aging

or body capac-
itance effects.

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

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

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

Typical harmonic spectrum of hybrid
transmitter.

128
Hybrid oscillators make low-cost
AM/FM UHF-based remote
control systems possible.

IRl WA

THE NEW WAVE IN RF

RF Monolithics, Inc. ® 4441 Sigma Rd. @ Dalias, Texas ® 75244 USA.
Phone: (214) 233-2903 @ Telex: 795022 ® FAX:(214) 387-8148 ® TWX: 910-860-5474
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PRECISION CRYSTAL

OSCILLATORS
SERIES 8000

STANDARD FREQUENCY 5.0 MHz

AGING RATE MODEL ER8001 1 x 10— °/day
MODEL ER8003 1 x 10— '9/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 SINE-WAVE 1VRMS INTO 50

ohm LOAD
SIZE____ MODEL ER8001 and

MODEL ER8003

RS2 4

MODEL ER8005

Lo SO PG N 2. S
OPTIONS MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

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

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd Overland Park Kansas 66204
TWX: (910) 749-6477
Telephone: (913) 631-6700
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September 9-12, 1985

Fifteenth European Microwave Conference

Paris

Information: MY. Bernard, c/o GIEL, 11 Rue Harmelin,
F-75783, Paris, Cedex 16, France.

September 10-12, 1985

Midcon/85 High Technology Electronics Exhibition and
Convention

O’Hare Exhibition Center

Rosemont, lllinois

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

September 11-12, 1985

Mid-Atlantic Electronics Design & Production Exhibition
Valley Forge Convention Center

King of Prussia, Pennsylvania

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

October 8-10, 1985

Electronic Imaging Expo

Sheraton Boston

Boston, Massachusetts

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

October 21-23, 1985

Fifth International Electronics Packaging Conference
Mariott Hotel

Orlando, Florida

Information: Evelyn Ashman, International Electronics
Packaging Society, PO. Box 333, Glen Ellyn, IL 60137; Tel:
(312) 260-1044.

October 22-24, 1985

Northcon/85 High Technology Electronics Exhibition and
Convention

Portland Memorial Coliseum

Portland, Oregon

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

November 19-22, 1985

Wescon/85 High Technology Electronics Exhibition and
Convention

Moscone Center, Brooks Hall/Civic Auditorium

San Francisco, California

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

January 30-February 1, 1986

RF Technology Expo 86

Anaheim Hilton and Towers

Anaheim, California

Information: Kathy Kriner, Cardiff Publishing Co., 6530 S.
Yosemite St., Englewood, CO 80111; Tel: (303) 694-1522.
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CONFIDENCE

From design through compliance testing,
HP’s Spectrum Analyzer/EMI Receiver delivers
unprecedented versatility and
Your complete EMI CISPR receiver | Theideal M diagnostic tool.

measurement solution. Using the HP8566B or 8568B Spec-
HP’s new Spectrum Analyzer/EMI accuracy trum Analyzer and simple probes, you

Receiver delivers fast, accurate , can quickly locate problerq emis-

EMI compliance measurements sions and evaluate potential

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

Perform open-site tests

and complete EMI diagnostic
capabilities— all for the price
of an EMI receiver alone.
Featuring the new HP 85685A
RF Preselector — with improved
sensitivity and overload pro-
tection—this versatile spectrum
analyzer-based EMI receiver is
designed to CISPR* Publication
16 recommendations and meets
the measurement requirements
for military and commercial
standards, including FCC and
VDE. Which makes it the ideal

instrument to conduct your final

open-site EMI compliance tests with confidence.

with complete confidence. When it's time for final com-
And unlike EMI receivers that are Receiver is also an indispensible EMI pliance testing, the same HP spectrum

dedicated solely to compliance testing, diagnostic aid throughout your prod- analyzer used during the design and

the HP Spectrum Analyzer/EMI uct’s design and evaluation stages. evaluation stages can be combined with



the HP85685A RF Preselector and the
HP85650A Quasi-Peak Adapter.

The result is an EMI receiver system
with the sensitivity, overload
protection and *+2 dB amplitude
accuracy you'll need for both
indoor and outdoor compliance
testing.

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

With the HP85864B EMI
Measurement Software, featuring an
easily understood menu structure, you'll
be able to quickly automate your

commercial and military emission
measurements. Choose from a library

of FCC, VDE and MIL-STD emission

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

HEWLETT
PACKARD
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Consider the HP advantage.

Now is the time to discover the
distinct advantages of HP’s Spectrum
Analyzer/EMI Receiver, a total
solution for EMI measurements.
After all, why invest in both an
EMI receiver for compliance
testing and an additional spec-
trum analyzer for design/evalu-
ation, when you can accomplish
both tasks confidently with a
single, versatile system that
costs far less?

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

*CISPR (Comite International Special Des Perturba
tions Radioelectriques) Publication 16 is the “CISPR
specification for radio interference measuring
apparatus and measurement methods”’
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The A-7550 Spectrﬁm Analyzer

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

market today.

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

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

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

? -
A Subsidiary o eqewc; ELECTRONICS INC

Impressive Standard'Features Include:

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

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

= Automatically scaled electronic graticule ® Variable top scale
reference {+30to —95in 1 dB steps] = IF gain in 1 dB steps

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

Optional Features Include:

= Internal rechargeable 5 APH battery for portable operation

= Tracking generator with 10 dB step attenuator = Tracking

generator with 1 dB step attenuator = FM/AMISSB receiver

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

Contact your local IFR authorized
distributor for a demonstration.

Ny
oy sp=
<
10200 West York Street / Wichita, Kansas 67215 US A
316/ 522-4981 / TWX 910-741-6952

INFO/CARD t4




rF specialreport

The New Look in RF Circuits —

Packaging

By James N. MacDonald

In this final part of our series on ad-
vancements in RF circuit design we take
a close look at two companies specializ-
ing in miniature circuits. We interviewed
sales and engineering executives at Met-
aramics and Avantek, two Silicon Valley
firms, to learn the directions their com-
panies were taking. We believe what we
learned applies to other design houses as
well and shows one direction of develop-
ment in RF circuits.

Metaramics is in Sunnyvale, Calif. We
spoke there with sales manager B.J.
McDaniel about the company’s orienta-
tion in the industry.

“We are in our sixth year now, a spinoff
from an RF transistor manufacturer,” B.J.
told us. “Our business started with the
standard packages and then we expand-
ed into special packages — hermetic
packages with multilayer construction,
window frames, alconite flanges for larger
packages, good thermal dissipation, no
cracking of the BeO — the next step of
sophistication.

“Next we got into metallization and
brazing of high reliability assemblies. We
might metallize alumina, fire it, nickel-
plate it and braze it into various housings
for extremely high reliability connectors.
They might be used in medical applica-
tions, ordinance, space or even well
drilling.

“A fourth area that we are just becom-
ing interested in is integrated circuit
packaging. We are specifically looking for
applications that require the use of beryl-
lium oxide, rather than alumina. We're
looking for thermal situations, where the
chip is getting so large that the customer
has to find some way of getting the heat
out of the package that cannot be solved
with conventional methods in alumina
packages. Such a part might have a
beryllium oxide base and some cofired
layers on the top to form the area where
the interconnects are.

B.J. explained the process of bonding
metal to ceramic.

“In brazing two dissimilar pieces of
metal together, a ceramic piece and a
metal piece, care has to be taken because
the ceramic is very rigid and metals seem
to have more expansion capability at
temperature. So, when we are building

RF Design
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these packages we have to take extreme
care that they are matched up in terms
of temperature, otherwise as they are star-
ting to cool down the metat may cool fast-
er and crack the ceramic. Both ceramics,
alumina and BeO, are susceptible to that
problem. They are equal in terms of their
modular elasticity.

“We use tungsten and moly-manga-
nese metallization for refractory metal.
This is to form an adhesion layer between
the surface of the ceramic and the next
step, which would be the brazed material.
So, we put down the refractory metal, it
forms a glassy face with the surface of the
beryllium oxide, then we nickel plate that
refractory metal, then we’re able to braze
the ceramic in a housing or lead frame on-
to the package using either silver or cusil.

“We are a thick film technology house
and we have some limits in how close we
can make the lines. In terms of ‘let’s take
a standard operation and make it as small
as possible’ we're not leading the market
in that area. But when you are trying to
make smaller RF power modules using
chip carriers, we're in that field.”

In Santa Clara we visited Avantek and

“ode ilMha o min

A few of the PlanarPak devices produced by Avantek, Santa Clara, Calif. For additional

spoke with David Herron, advertising
manager for the MIC/Semiconductor Divi-
sion, Northe Osbrink, publications editing
manager and Bill Koehn, marketing man-
ager for modular components.

The founders of Avantek started the
company in 1965 to serve the market for
solid state amplifiers. The technology ex-
isted to produce a transistor to operate at
1 GHz, although most higher frequency
amplifiers at the time were tube type.
They developed their own transistor facili-
ty and eventually began doing their own
thin film hybrid construction. The com-
pany maintains this concept of vertical
integration.

Osbrink told us, “We now offer at very
economical pricing essentially a complete
amplifier in a transistor package. What
could be more miniaturized than that? In-
stead of having to take a transistor and
incorporate components around it to turn
it into a circuit, you now have something
that only needs an input and output voit-
age to operate as a complete amplifier.”

Herron said the Semiconductor Divi-
sion is taking the functions of these
amplifiers and putting them on a single

21
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chip. It is the company’s vertical integra-
tion that allows them to incorporate these
building blocks into various sizes of
devices for various functions, he said.
“We're making microwave technology for
the RF price. We're taking that expensive
sub-micron, semiconductor geometry and
selling it to the RF world for the RF price.
To do that we have to come up with more
functions per block. There are many mar-
ketplaces opening up that require the 1 to
2 GHz or 3 to 4 GHz frequency range —
TVRO, GPS. Those types of programs
perform a lot better if they have the
microwave technology. That is why we’re
moving that way. That is why the whole
industry seems to be moving that way.”
One of the company’s most recent de-
velopments is the PlanarPak. This design
does not put the substrate in the package,
the substrate becomes the package.
Koehn told us, “We're not starting out
with a header and putting a substrate on
it, we're adding the surface mount lead-
frame to the ceramic substrate itself.
“It is indeed a surface mounting
package up to a certain frequency range,
so you don't have to go through other
things on your PC board. It lends itself to
automated insertion, and the package
itself lends itself to automated assembly.”
Built around a ceramic substrate, the
PlanarPak is compatible with larger
substrates of MICs. Designers can add
these ready-to-operate amplifiers direct-
ly to a circuit. In addition to the hybrid
amplifiers already available, Avantek
hopes to have switches, detectors, mix-
ers and limiters ready for distribution
about the time this issue is published.
Avantek is one of the modern elec-
tronics companies moving as fast as
possible to meet the future. Company lit-
erature says, “Future integrated assem-
bly products will include both microwave
and digital processing functions. With this
integration, requiring ultrahigh speed
digital integrated circuits to support these
products, Avantek began expansion of its
existing GaAs technology into digital in-
tegrated circuits in 1984.”
Osbrink summed it up, “The long-term
future is absolutely incredible in terms of
size and packaging.”

Package Types

From the east coast, Howard Levine,
vice-president for marketing for Synergy
Microwave, Paterson, New Jersey, provid-
ed us with a description of traditional
package styles and some of their advan-
tages and disadvantages. He concluded
with a description of the company’s sur-
face mounted package for double-
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hroughout this series we have

described miniature components
and the designs developed to mount
and connect them on boards and
substrates. There comes a time,
however, when these devices must be
connected to other devices. The ad-
vantage gained by miniaturization may
then be lost by the space occupied by
connectors and cables.

Connector companies are well aware
of the need to reduce the size of their
products. In this part of the Special
Report we look at a new design by a
connector manufacturer to allow multi-
ple interconnections in a minimum
space. This, too, is part of the new look
in RF circuits.

M/A-Com, Omni-Spectra, has devel-
oped a modular plug-in connector that
allows the system designer to make a
variety of connections to a printed cir-
cuit board. The OSP module uses low
profile, blind mating, plug-in connec-
tors in modules that can be combined
as the designer wishes. The connec-
tion system can be redesigned easily
by rearranging the modules. Omni-
Spectra says the modular plug-in con-
cept allows flexibility in packaging
design and access for repair without

Putting it Together

M/A-Com Omni Spectra’s family of
OSP™ blind mating connectors offer
a space saving alternative for the
packaging designer. OSP™ connec-
tors are designed for blind mating of
modules and components, eliminating
cables and threaded RF coaxial con-
nectors. A unique contacting mech-
anism permits both axial and radial
misalignment and low mating forces.

sacrifice in electrical performance or
mechanical reliability.

The OSP modular blind mating
design is being tested and studied by
the Defense Electronics Supply Center
as a possible new military standard.
For additional information circle IN-
FO/CARD #109.

balanced mixers.

In the world of “lumped-element”
double-balanced mixers (DC-35 GHz),
Levine told us, many different package
styles are available. To a great extent, the
industry has standardized around seven
different PC mountable configurations.
Examining manufacturers’ specifications
on the same basic device offered in sev-
eral packages, one often sees no percep-
tible difference. However, these perfor-
mance specifications do not address such
issues as ease of mounting, ease of
achieving a good “ground” when used in
a production environment and quality
assurance concerns that may come into
play in production.

Mix these details with pricing and
space considerations and the user is fac-
ed with a maze of choices. When realiz-
ing that the packaging represents
anywhere from 10% to 85% of the
materials cost in a mixer, the decision-
making process becomes critical. The
selling price of the “same” device in dif-
ferent PC board packages can vary

200%! The following explanation attempts
to unravel this situation.

Eight-Pin Relay Header (Full Sized)

Without a doubt, the lowest cost
packaging is the 8-pin Relay Header. This
traditional package is rectangular, .4” x
8" and varies in available heights. The
most typical (and lowest cost) are those
of approximately .4” in height.

The Relay Header offers the additional
advantage of having the widest diameter
(.030”) pins. This rigid pin pattern makes
production insertion an easy matter.
These pins do not bend easily, and the
possibility of a bent pin causing a defect
in its surrounding glass-to-metal seal is
reduced.

From an electrical performance point of
view, the relay header offers (typically)
four ground pins spread out around the
package, allowing good, consistent groun-
ding. The package's large size does
cause some excess wiring length internal-
ly, causing 0.5-1.0 dB more conversion
loss at the high band edge of devices
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The 8-pin Relay Header is the lowest cost
standard package. The rigid pin design
(.030” dia.) makes production insertion
easy. Pins do not bend easily, minimizing
risk of damage to the glass-metal seal
around them.

operating at frequencies above 1 GHz
compared to the same circuit in a smaller
package. However, the exceedingly low
cost allows one to ‘“trade-up” to a more
broadband or higher frequency device at
a still attractive cost.

What is the drawback? The Relay
Header requires two to three times more
PC board surface area than any other PC
board package. lts “cubic” volume is two
to five times that of any other package.
However, if the space causes no grief, this
is the package to use.

Miniature Relay Headers

These devices are .230"” x .500", with
typical heights from .25" to .4". Devices
are available covering most frequency
ranges in the .25" height package. Tradi-
tionally available in both 4-pin and 8-pin
configurations, the 4-pin unit has become
much more popular. This package has the
unique position of being (along with the
TO-5) the smallest user of PC board
space, yet it is only second in cost, behind
the full-sized Relay Header. This is due
primarily to its rectangular configuration,
allowing simple and rapid internal con-
struction.

Many users are concerned about the
grounding of a 4-pin package. This is a
valid concern. However, the 4-pin header
traditionally uses ground studs placed at
approximate locations (internally only) to
keep ground leads short. These pins
(again due to rectangular construction) do
not really limit useable internal space and,
therefore, do not affect cost. The fact is
that there are only four pins coming out,
but circuit grounds are established at
several points internally (due to the
ground studs), yielding good ground per-
formance (unlike other 4-pin packages
such as TO-8/TO-5s).

Lastly, the package uses sturdy .020

RF Design

The 8-pin miniature package (right) is the
smallest user of PC board space. It is
available in 4-pin or 8-pin configurations.
The flatpack (left) offers the advantage of
horizontal leads but is the most expensive
package.

pins which, though not as “stiff” as the
030 pins of the full-sized relay header, are
very good mechanically.

The trade-offs here are cost. The 4-pin
miniature costs 30-90% more than the
Relay Header. However, this is still lower
than all other packages. If one can ac-
commodate the .25" height and “plug-in”’
format and needs small board area and
volume utilization, this is the package.

TO-8

TO-8 packages are an old carry-over
from the “discrete” transistor packaging
of earlier years. They are the next price
bracket up from the miniature headers
and use typically twice the volume and
70-150% more surface area. The 4-pin
TO-8 (5" diameter) costs more because
of the smaller internal space (round shape
vs. rectangular), making assembly costs
higher.

The presence of only one ground pin
often necessitates internal grounds being
soldered right onto the header surface.
This meets all military requirements, if
done properly. However, the susceptibili-
ty to damage due to poorly controlled user
production process control (reflow over-
heating in hand soidering operations) is
obvious.

The typical .25°.30" height offers no
special advantage compared to lower cost
devices, and the configuration requires
resistance or laser welding to seal the
cover. The hermeticity yield of these pro-
cesses is not nearly as high as the solder
seal of the various relay headers.

The 12-pin version of the TO-8 (.6”
diam.) still has the overall volume and sur-
face area detriments of the 4-pin package.
However, its larger diameter (6" vs. .5")
allows the typical height to be reduced to
.2”, shorter than the relay headers or 4-pin
TO-8's.

The 4-pin TO-8 offers no real user ad-
vantages. ts thinner (018" diam.) pins are
another drawback. The 12-pin does offer
a height advantage and is useful where
a round package fits the board space bet-
ter. However, getting proper alignment on
twelve .018" pins can sometimes be quite
a trick.

TO-5

The 4-pin TO-5 uses roughly the same
area and volume as the 4-pin miniature
header. The round configuration (as op-
posed to rectangular) reduces internal
usable space by 50% compared to the
miniature relay header, driving up the
cost. Along with its thinner pins (018" vs.
.020") and Q.A. considerations, this
creates a particularly undesirable option.

Flatpacks

Historically, flatpacks are the highest
cost of the PC mounted devices. However,
they offer many useful features. A .150”
height (allowing closely spaced PC cards)
and ‘“radial” leads instead of perpen-
dicular “down-pins” allows the part to be
assembled by accessing only one side of
the board. Flatpacks offer unique perfor-
mance advantages that justify the high
cost (twice the price of the Relay Header).

SMD (Surface Mounted Device)

In June, 1985, Synergy Microwave in-
troduced the first true surface mounted
package for double-balanced mixers. The
package is approximately the same size
as a traditional flatpack, but without leads.
The mounting surface of the device is an
alumina substrate with “wraparound”
(top, side, bottom) contacts for RF, IF, LO
and GROUND. The device mets all MIL-
STD requirements and has several critical
advantages:

1) No pins to use up space. Flatpack
pins mounted on the surface can take up
a space as large as the device itself.

2) No glass-to-metal seals. The tradi-
tional stress points for hermeticity and
mechanical integrity are the glass-to-
metal seals in a flatpack.

3) No need to drill holes or cut notches
to achieve true flush surface mounting.

4) Simple production handling — “pick
and place,” then reflow.

The SMD package is equal or lower in
cost than the traditional flatpack. The only
tradeoff is slightly higher loss at the high
frequency band edge due to the non-
metallic package forming an “incomplete”
ground-plane. For additional information
about these surface mounted mixers and
other Synergy Microwave products, circle
INFO/CARD #108.
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WE CAN DO THINGS
WITH A SIGNALTRANSFORMER
YOU NEVER DREAMED POSSIBLE!

We can accommodate
signals from 3.5 Hz to 1000

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

high-speed data, and
process control linesl|
We can minimize signal
distortion, with less than
1 dB flat ioss from 0.2 to

We can match impedance

We can handie a 1 kW ratios of up to 25:1 with a

signal over a 2 to 32 MHZ\ /kHz to 5 MHz bandwidth!

range!

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

impedances. Or to eliminate
ground-loop currents in video
lines. Or to filter out common-
mode noise in data lines.
Applications like these call for
specialized signal transformers.
That's where we come in.
Wideband transformers are our
business. \We offer over 400
models. All available from stock. Pulse Transmission— 10
All 100% tested to insure . \ insure clean, high-speed data.
specified performance for any of Nobody offers a wider choice
the following applications: of off-the-shelf wideband transformers. Nobody!
Impedance Matching—Balun and unb/unb And, if necessary, we'll custom design to meet your
designs for maximum signal strength and minimum  specific needs.
distortion when connecting circuits of different Just call Sales Engineering: 516-671-5700. Or
impedances. write for our free catalog.

slacNorth Hills “Electronics. Inc.

1 Alexander Place, Glen Cove, NY 11542-3796 (516) 671-5700 Telex: 46-6886 INFO/CARD 15

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

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




SUPER K==

The next generation in

2 7 Noise Technology is here!!
Delivery & Service o= --

111 Moore St., Hackensack, N.J. 07601
z w k (201) 488-4144 TWX 910-380-8198
ee s For “SUPER SERVICE” ask for Gary Simonyan

SUPER

BROAD BAND NOISE INSTRUMENTS
10 Hzto 2 GHz / (+13dBm and + 30 dBm OUTPUT)

AMPLIFIED NOISE MODULES
10 Hz to 1500 MHz (+ 13 dBm OUTPUT)

STANDARD
OFF-SHELF
CATALOG
NOISE
SOURCES

For other higher
outputs & frequencies CHIPS and DIODES
consult factory. 10 Hz to 50 GHz MINIATURE AMPLIFIED NOISE MODULES
Dual-In-Line and Flat Pack

100 Hz to 20 MHz (150 mv OUTPUT)

X * ‘d b
PRECISION WAVEGUIDE NOISE SOURCES PRECISION COAXIAL NOISE SOURCES
18 GHz to 50 GHz/15.5 dB ENR and 23 dB ENR 10 KHz to 18 GHz/15.5 dB ENR and 30 dB ENR

INFO/CARD 16



4 WAYS TO BETTER AND FASTER
EMI MEASUREMENTS

Portable or Programmable Test Receivers
for interference measurements in accordance
with CISPR, MIL, VDE, VG and FCC specifications.

PORTABLE test receivers, ESH2
and ESV, feature automatic
preselection and a digital
frequency display with 100 Hz or
1 kHz resolution, respectively.
— , Synthesized local oscillators pro-
vide crystal controlled frequency
accuracy and stability. Built-in
automatic amplitude calibration
insures highly accurate selective
voltmeter measurements. With

R & S-Polarad antennas, read-out
is directly in dB u V/meter.

PROGRAMMABLE test receivers,
ESH3 and ESVP, are ideal for
| |— measurement and demodulation
MODEL ESV - — - of AM, FSK, SSB, pulse-modulated

20 MHz to 1 GHz i M G g et and FM signals as well as

. ST, L interfering sinewave and pulse
signals. Applications include
spectrum monitoring, field
strength as well as EMC and EMI
measurements. |[EEE-488 BUS
compatibility make them useful
in automatic test systems, in
laboratories, production test
departments, service facilities
MODEL ESH3 and EMC/EMI ranges.

9 kHz to 30 MHz ) |2 g :
IEEE-488 A full line of accessories including

antennas, probes and LISN’s are
available.

NOW Buy or Rent.
For rental information
contact U.S.1.R.

!‘

48 ¥

et g
‘ -
Aeritt i

Co:

MODEL ESH2
9 kHz to 30 MHz

United States
MODEL ESVP _ - . . Instrument Rentals, Inc.
20 MHz to 1.3 GHz = RER SRy " B i dissagein
IEEE-488 SO = ST
_L I ¥, .-.. - ‘f: h '_._ -:‘ . . AUS Leasing Company

ROHDE & SCHWARZ
—— polarad ——

Rohde & Schwarz-Polarad, Inc., 5 Delaware Dr., Lake Success, N.Y. 11042 INFO/CARD 17
Tel: 516-328-1100 TWX: 510-223-0414



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

INSULATION RESISTANCE
35°C, 95% R.H.

Milacron
| TS M7FR
Log Avg.

R
B RRHIILY
AR

This test illustrates the results obtained using specific samples of one manufacturer’s FR-4. Tests using other
FR-4 samples may produce varying results. We suggest running your own long-term insulatton resistance tests.
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Varian EIMAC has complete cav-
ity design and production capa-
bility. We make sure that tube
and cavity are compatible. If it
isn’t an off-the-shelf-item, we
have the designers and engi-
neers for any specific job.

EIMAC has expertise in all disci-
plines including pulse, CW, FM,
and TV. We match tube, power,

bandwidth and operating mode
to achieve optimum perform-
ance.

More information on EIMAC
cavities and tubes is available in
our Cavity Capability brochure
from Varian EIMAC. Or for
prompt consideration of your
special design requirements,
contact Product Manager, Var-

Matching Tuning Range

EIMAC Cavity EIMAC Tube (MHz) Power Output
CV-2200 4CX20,000A 86-108 30 kW
CV-2220 3CX1500A7 86-108 1.5 kW
CV-2225 4CX3500A 86-108 5 kw
CV-2240 3CX10,000U7 54-88 10 kWt
CV-2250 3CX10,000U7 170-227 10 KW+t
CV-2400 8874 420-450 300/1250 W
CV-2800 3CX400U7 850-970 225 W
Cv-2810 3CX400U7 910-970 190 W

*pulsed power

tpeak sync, or 2.5 kW combined in translator service

INFO/CARD 19

ian EIMAC, or the nearest Varian
Electron Device Group sales of-
fice. Call or write today.

Electron Device Group
Varian EIMAC

301 Industrial Way

San Carlos, California 94070
415.592-1221

Varian A.G.
Steinhauserstrasse
CH-6300 Zug, Switzerland
Tel: (042) 23 25 75

Telex: 868-841

varian



Wide Dynamic Range
Linear Detection

By William C. DeAgro,
Hazeltine Corporation

In many signal processing applications,
it is desired to extract the AM of a signal
accurately over a wide dynamic range.
Such applications may include high fideli-
ty audio and video systems, high ac-
curacy direction finding systems or any
signal processing application where
signal amplitude is important. Ordinary
series diode-resistor detectors are not
very linear and can only achieve roughly
a 20 dB dynamic range in the linear
region; an active detector, however, using
nonlinear feedback can yield linear detec-
tions exceeding 60 dB dynamic range.
The following is a brief discussion and
some results of a scheme using an op-
amp with nonlinear feedback to achieve
a linear detection exceeding 60 dB of
dynamic range.

he basic AM linear detector is com-

posed of two parts: a linear half or full
wave rectifier and a low pass filter, in suc-
cession. In order to achieve wide dynamic
range linear detection it is necessary for
the rectification portion of the circuit to
have an output directly proportional to the
input signal level over a wide dynamic
range. Therefore, most of this discussion
will concern the rectification portion of the
circuit.

The schematic in Figure 1 shows the
structure of a wide dynamic range linear
half wave rectifier. Its function is to pro-
duce an output (e,) that is a linear func-
tion of the input (e;) when the input is
negative and no output when the input is
positive. The ideal transfer characteristic,
€, VS. g;, is shown in Figure 2.

The reason this circuit behaves this way
is because when e; is negative, eg
becomes positive, which places D, and
D, in the forward bias region. The gain
(egle)) is given by:

()

®e_ _Ritfoe. A~ LARGE +¢,< ¢
i R,

and the gain function (e eg) is clearly
given by:

RF Design

(without filtering)

Figure 1. Schematic diagram of wide dynamic range linear detector

OP-AMP
SATURATING

eO

4~ SLOPE = -R,/R,

D OFF

>

€j

Figure 2. |deal transfer characteristic of Figure 1

@

eO = R4
eg R+

Knowing (from feedback theory) that
e, is at virtual ground and setting R, =
R, and matching D, and D, leads to ip,

= ip, and f'o, = fo, the overall gain (e /e))
when e; <¢ is given by:

Bl 6
ei e‘ eB R2 R4 + rD

3

@)
T

R,

;6 < ¢

Clearly when e, >4, eg is less than 0, D,
is reverse biased and the overall gain is
given by:

4)
o=y e>¢
€

For large fractional bandwidth type sig-
nals sometimes it is desired to use linear
full wave rectification to eliminate spec-
tral overlap (with nonbaseband compon-

29



linear full wave rectification

R
+ 2 ‘
— M ’ T
9 R, 517

+ il +

€
R, ; R,
v ; | _DESIGN: RR, -5 o
z — R,R,

Figure 3. Wide dynamic range & R, Il R, =R,

ents) without reconverting to a higher
center frequency prior to detection, or to
reduce the rolioff constraints of the suc-
cession filter, as would be required in the
half wave rectification type detector. In
order to obtain a wide dynamic-range
linear full-wave rectifier circuit, an exten-

OP-AMP
SATURATING A

OP-AMP
SATURATING

€o

/ \

SLOPE =-R/R\] /” SLOPE =R,/R,
€,

Figure 4. Ideal transfer characteris-
tic of Figure 3.
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sion of Figure 1 (with D, reversed) may
be employed as shown in Figure 3. Note
that the impedance Z looking into R; is
roughly R;..

Therefore, the parallel combination at
R, and R, should equal R;.

In order to perform the complete detec-
tion, filtering of either e, or e, is
necessary. This can be done by placing
a capacitor across R, for the half wave
rectification type or placing a capacitor
across R for the full wave rectification
type. The 3 dB radian bandwidth of the
filter is the reciprocal of the RC product.
If it is necessary to use a sharper rolloff
filter (for the larger fractional bandwidth
type signals), R, may be replaced by an
n-pole filter with a passband impedance
equal to that of R, or an n-pole filter may
be placed at the output e,. Note that the
ideal filter would be flat in the passband,
have a linear phase characteristic and
have a rolloff sharp enough to degrade
nonbaseband components to a specified
level. Implementation of these higher
order filters will not be addressed here.

The circuit of Figure 1 was designed us-
ing an NE5538 op-amp made by
Signetics. The values for Ry, R, and R,
were 1.1 k@ and the value for R; was 750

Q. The diodes were all IN5712 Schottky
barrier, which have a low turn-on voitage
of 0.34V. The filtering was performed by
placing a capacitor of 0.01 uF in parallel
with R, to give roughly a 15 kHz audio
bandwidth. A schematic diagram of the
practical circuit is shown in Figure 9. Prior
to placing the filtering capacitor on the
output, the transfer characteristics were
plotted on an oscilloscope in XY mode
and are shown in the oscillograms of
Figures 5, 6 and 7. From these figures, it
is clear that the rectifier circuit is linear
over a dynamic range greater than 60 dB.
To show the performance of the com-
plete detector circuit, a 3 MHz carrier fre-
quency was used with a 10 kHz AM signal
with modulation index greater than 1. The
input waveform along with the detected
waveform is shown in Figure 8.

Conclusions

It was found that the detector circuit
built could detect signals in a linear region
over a 60 dB dynamic range for roughly
11 kHz bandwidth signals of carrier fre-
quencies ranging from 1 MHz to 4 MHz
when using a simple RC succession filter.
It is believed that much larger fractional
bandwidth signals (e.g. 1/2) could be
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Jowd A low-compression
electronic gasket that also

provides environmental protection!

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

and chemical contaminants!

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

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

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

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

Flexible series: .345 and .458 wide.

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

(measured in relaxed position)

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

Specialists in beryllium copper since 1938
INFO/CARD 20



Figure 5. Non-linear characteristic
€g VS €

Y: 5 mV/div

X: 100 mv/div

Figure 7. Linear characteristic
e, VS €

Y: 2.5 mV/div

X: 2.5 mV/div

Figure 6. Linear characteristic

Figure 8.

e, VS e Upper Trace: Detected output
Y: 5 V/div Lower Trace: Input waveform (3 MHz Carrier,
X: 6.3 V/div 10 kHz modulation, modulation
index > 1)
detected with this circuit if more exotic N5712
filtering were employed. In addition, it is INS
believed that much higher carrier frequen- 1.1 kQ
cies (up to 200 MHz) could be achieved
when using state of the art type op-amps.
Some of these op-amps may include the
Comlinear CLC220Al, the OEI9914A and
the Plessey SL541B. IN5712
18v
About the Author + 1.1 kQ

William DeAgro is a senior engineer in IN5712
Research Labs at the Hazeltine Corpora- 1/2
tion, a defense contractor. Bill has a BSEE

and a MSEE from the Polytechnic Institute
of New York where he was a Cum Laude
graduate and was elected Who's Who €
Among Students in American Universities
and Colleges. Bill is a member of the
Association of Old Crows, the Interna-
tional Society of Hybrid Microelectronics,
Eta Kappa Nu Association and the Tau

o

NE5538N

Beta Pi Association. Address cor-
respondence to him at Hazeltine Corpora-
tion, Cuba Hill Road, Greenlawn, N.Y.
11740. |

Figure 9. Practical circuit of wide dynamic range linear detector
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SMDs for RF

10 MHz t0 3000 MHz

The traditional quality of Alpha microwave products is now available for volume produc-
tion operations in the form of low-cost SOT-23 and other surface mounted packages. This
line includes many of our existing diodes (eg varactors, Schottkys, PINS, and capacitors),
which feature the sume high technology that goes into our high-rel military devices.

Backed by Alpha’s extensive experience and its reputation for producing quality RF
devices, these packages assure the highest levels of repeatability and specification confor-
mance ... as well as excellent production yields. Furthermore, they afford a price/perfor-
mance advantage that combines the essential ingredient of proven design with the latest
in fully automated production equipment.

This particular combination, coupled with immediate availability, makes the new line of
Alpha SMDs ideal for mass production commercial applications including mobile radios,
cellular telephones, TVROs, and test equipment.

Detailed information concerning Alpha SMDs is available upon request. Send for our
free brochure today!

Alpha. Your commitment to quality starts with ours.

0 Alpha

Alpha Industries, Inc. 20 Sylvan Road, Woburn, MA 01801 » Phone: 617-935-5150  Twx: 710-393-1236/Telex: 949436 | he Microwave People
INFO/CARD 21



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

With a temperature coefficient of

-80 ppm/°C and -150 ppm/°C, our
negative TL MLCs span a capacitance
range of | pF to .056 uF with tolerances
to 19, working voltages from 25 to 500
VDC, and have all other characteristics
of standard NPO series ceramics. Their
stable performance compared to plastic
film capacitors makes them ideal
replacements for polystyrene,
polypropylene and polycarbonate
components, in filters for modems,
cable TV, RF amplifiers and other
telecommunication applications. They
are unaffected by high production
methods of solder attachment such as
wave solder. Available in leadless

marhoso
11

chips, 2-pin DIPs, molded axials and

radials, glass encased axials and con-

formal-coated radials. In all standard
packaging methods including bulk,
tape-and-reel for pick-and-place and
automatic insertion.

Check these additional advantages:

o Cost effective —eliminates multiple
capacitor trimming.

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

NO80 & N150

Capacitance

~ Change (%) vs.
Temperature (°C)

onam

Lnvovran

&’

-50 -30 <10 10 30 50 70 90 10 130

P —
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« Capable of high-density packaging in
thick-film hybrid or printed circuits.
For more information, call Steve
Klein at (818) 365-9411. Or write to
SFE Technologies, San Fernando
Electric Division, 1501 First Street,
San Fernando, CA 91340-2793.

TECHNOLOGIES
San Fernando Electric Division

~
LS

PIEZO’s Min1 Wonder.

Superb performance in 3 cubic inches

with an aging rate
[ Stress compensated (SC) cut crystal

[ Single supply voltage
[J Low power consumption

PIEZO’s new Model Number 2850038
Series oscillators are designed for equip-
ment requiring a miniature, rugged, pre-
cision frequency standard. The stress
compensated (SC cut) crystal offers the
advantages of a longer life and low vibra-
tional sensitivity. This makes the
2850038 an ideal, cost effective oscillator
for precision time keeping, instruments,
communication and navigation equip-
ment.

The PIEZO standard of quality guar-
antees you this kind of performance:

o Aging rates: <5 parts in 10'°/day
* Phase noise: Better than -153 dBc/Hz
at 10 kHz offset

1.98" x

INFO/CARD 23

of 5X10™"/day.

(] High short-term stability
[J Low phase noise
(] Fast warm up

o Warm up: Within 1 part of 10’ of final
frequency in 22 minutes at +25°C;
within 5 minutes at -40°C

e Time domain stability: Better than 5
parts in 10" for a 1 second averaging
time

¢ Power consumption: Approximately
1.5 watts after warm up at +25°C

¢ Output frequency: 10 MHz or 10.23
MHz standard, custom frequencies
available.

PIEZO Systems is an affiliate of
PIEZO Crystal Company, a leader in the
production of piezo-electric crystals since
1936. For more information call your
nearby PIEZO representative, or write to
PIEZO SYSTEMS, PO. Box 619, Car-
lisle, PA 17013. Telephone (717) 249-2151.




WE’'VE GOT THE SOURCES YOU NEED...
with The Best Price/Performance

A 'I bl OSCILLATORS, OEM SYNTHESIZERS, PHASE LOCK SOURCES
val a e AND SYNTHESIZED SIGNAL GENERATORS

Model 730A:

300 Hz to 180 MHz;
1Hz Resolution;

AM, FM, and

phase modulation;

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

Model 740A:

0.1 to 1120 MHz;

AM, FM, phase

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

Model 7100:

0.1 to 1300 MHz;

phase noise: — 136 dBc
@6.5 kHz offset;

+20 dBm output level;
AM, FM, phase

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

Model 7200:

0.1 to 1300 MHz;

phase noise: — 136 dBc
@6.5 kHz offset;

keyboard and spinwhesl entry;
full sweep of all parameters;
memory for 40 configurations;
best level accuracy available;
|EEE-488 programming;

— under $20,000.

comstron/odret e <o
comstron corporation

200 East Sunrise Highway, Freeport, New York 11520
(516) 546-9700—TWX 510-225-3699

INFO/CARD 60




One Antenna Kit
with everything,
lease.

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

testing. Antenna factor calibrations are provided with each antenna.

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

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

$AS-200510  300- 1800 MHz Log Periodic SAS-200542  20- 300 MHz Biconical. Folding
$AS-200511  1000- 12000 MHz Log Periodic SAS-200550 001 60 MHz _Active Monopole
SAS-200/512  200- 1800 MHz lLog Pertodic SAS-200:560  per MIL-STD-461 Loop- Emiission
SAS-200/518  1000-18000 MHz ~Log Perlodic $AS-200'661 _per MIL-STO-461_Loop - Radiating

SAS-200/530 - 550 MHz Broadband Dipoie
SAS-200/540 - 300 MHz Biconical BCP-200/510 20 Hz- 1 MHz LF Current Probe

SAS-200541 . 300 MHz Bicon | Collapsible BCP-200'511 100 KHz-100 MHz HF/VHF Crnt. Probe

INEOICARD 26

A complete line of kits
with upper limits to
18GHz that satisfy FCC,
VDE, and MIL-STD 461
specifications, and more.

> Available now from your
- source for the finest

EMI test equipment and
accessories.

AH Systems

9710 Cozycroft Ave
Chatsworth, CA 91311

Tel: 818 998-0223
Telex: 182 640 WKVG

AR

SYSTEMS
s B
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“Outdoor’ Emissions
Testing Moves Indoors

Submitted by Keene Ray-Proof

or years, electronic companies have

tested their new devices for RF emis-
sions outdoors, and FCC regulations sup-
ported that approach. But today, more
and more companies are taking their
“open field” testing indoors, saving
money and actually getting better results.
And the FCC is going along, tacitly.

“Ironically, it's electronically ‘cleaner’ in
today’s electronic testing chambers than
in the great outdoors,” says the test
engineer of a Colorado telecommunica-
tion company. “In fact, with all the
satellites and aircraft navigation systems
operating out there, and all the microwave
telecommunication, the ‘pure desert’ air
suffers from electronic clutter.”

The testing is being done in RF
anechoic test chambers. “Basically, that
means unwanted radio waves can't get in
or out; and further, those waves needed
to run the test inside them don’t echo off
any of the walls,” explains Keene Ray--
Proof’s Brian Lawrence.

“We still do the final FCC compliance
tests in open space as prescribed by the
FCC,’ says a spokesman for the telecom-
munications manufacturer. “But the
preliminary testing, really the majority of
the testing from an operational standpoint,
is done in the RF anechoic chamber.

“Compared with driving out to the
desert with two truckloads of gear, setting
up and knocking down, indoor testing is
certainly much more efficient. It's easier
to schedule, far more secure and actual-
ly ‘cleaner’ electronically. There’s a dif-
ferent ambient level almost every time we
go outside, and that takes a lot of time to
calibrate for.”

The Keene Ray-Proof indoor testing
chamber may not appear imposing, but
electronically it does the job. It's been in

RF Design

virtually continuous use, sometimes
around the clock, for both preliminary
FCC qualification testing and product
development.

The chamber itself is essentially square
with a high ceiling. A computer fioor with
built-in emissions absorber lets all wiring
run underfloor without interfering with test
readings. Two manual doors are for per-
sonnel entry and moving equipment in
and out. The control room is adjacent and
attached, but isolated electronically from
the test area.

A Non-Reflective Environment

To keep the test space electronically
clean and free of RF reflections from the
device under test or any instrumentation,
the entire exterior of the chamber has a
continuous metal skin hidden within it.
Even electrical service and telephone
lines, doors, ventilation ducts and other
penetrations are designed to block pas-
sage of unwanted electronic signals.

Availability of such test chambers as
pre-engineered modules is a recent
development, according to Bob Barbour
of Ray-Proof.

“We've built custom RF-shielded
chambers for espionage-proof govern-
ment and defense applications for
decades,”’ he said. “It's been a matter of
distilling all we've learned into a more or
less standard product for commercial ap-
plication.”

Compared with custom RF-anechoic
chambers of comparable size and fea-
tures, the modular test chamber costs 25
to 40% less, and is in place and running
in about half the time of a custom facility,
he said.

“Considering that every electronic
device from Donkey Kong to a space shut-

tle computer must pass FCC-type 15
testing, the modular RF shielded ane-
choic chamber should catch on quickly.”

The manufacturer’s indoor testing
methodology is virtually identical to open
space testing. The device to be tested is
installed on a rotating platform, connected
and brought up to operating condition. At
the other end of the room, three meters
away per FCC test procedures, is a sen-
sing antenna. During the test, the device
under test is operated as it rotates through
a full 360 degrees. The antenna picks up
any emissions and feeds it to analyzers
in the control room.

Anechoic materials on the walls and
ceiling of the chamber assure that the
antenna receives only direct signals from
the device under test. No mixture of direct
and reflected signals, or any electronic
“clutter” from the atmosphere, can affect
the testing operation. So far, there has
been excellent correlation between in-
chamber tests and open space tests.

Whenever the chamber is not in use,
calibrations tests are run to determine
baseline levels of EM radiation and reflec-
tions. But there’s not much time for
calibration. Sometimes it runs around the
clock, something obviously not possibie
out in the back country.

Although final FCC testing is still done
in open space, Keene Ray-Proof expects
that to change shortly. The question of in-
chamber testing as an acceptable substi-
tute for open space emission testing is
now before the FCC.

“Based on our experience so far,
there's every reason to allow in-chamber
testing as an alternative,” the spokesman
said. “The correlations between our in-
door and open space tests are excep-
tional.” rf]
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Measuring a Dipole Antenna
Radiation Pattern Using
Time Domain and Gating

HP 8510 Network Analyzer Can Remove Ground Clutter Effects

By John W. Boyles
Hewlett-Packard Company
Santa Rosa, CA

A classical problem encountered when
measuring the far-field radiation pattern
of an antenna in a medium-distance range
is the degradation that occurs when
undesirable reflections (from the ground
or nearby objects) are present. To reduce
this problem, the source and test an-
tennas are often installed on towers to
remove them from reflective objects, RF
absorptive materials are used to reduce
the amplitude of the reflected signals and
diffraction fences are installed in the
range in order to null out the reflections
and “clean up” the range. These solutions
are often limited in their effectiveness and
can be prohibitively expensive to
implement.

The HP 8510 network analyzer can be
used to reduce the effects of reflected
signal paths in an antenna measurement
and determine the response of the an-
tenna to the main path signal only, without
costly range modifications. This is done
by using the HP 8510 to measure the
swept frequency response of the anten-
na and compute the Inverse Fourier
Transform to give the time domain im-
pulse response. The time domain re-
sponse allows the user to identify the
reflected signal path reponses in time and
then remove them with the gating feature.
In converting back to the frequency do-
main, the effects of the responses outside
the gate are removed. This article sum-
marizes the results of using this techni-
que to measure the radiation pattern of
a standard gain dipole antenna at RF fre-
quencies on a medium-distance antenna
range.
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he HP 8510 is a microwave network

analyzer designed to make S-parame-
ter measurements in the frequency do-
main. It also has the optional capability
to compute the Inverse Fourier Transform
of the measured data to give the time do-
main response. When used with the HP
8511A frequency converter, the HP 8510A
can be configured as a general purpose
four-channel phase-locked receiver, and
it can simultaneously display in real time
the frequency and time domain
responses of any channel or the ratio of

any two channels. One channel of the HP
8511A frequency converter must be used
as a reference to achieve phase lock and
therefore must have an input signal level
between —10 and —50 dBm. The other
three channels can be used to measure
signals at the reference frequency with a
dynamic range of close to 100 dB (—10
dBm max input).

A general block diagram for making
antenna pattern measurements with the
HP 8510 is shown in Figure 1. The re-
quired test equipment includes the HP

HP 8340A/41A

Coupler
haad

Source
Antenna

J/
HP 8510 System Bus

Ly

-1 ]
_ Reference J L Test )

Test
Antenna

Antenna
Positioner

HP 8510A

Test Set
Interconnect

HP 8511A

———

Network Analyzer.

Figure 1. General Antenna Measurement Configuration Using the HP 8510

September 1985



115.0 MHz

START 0.050000000 GHz
STOP 0.175000000 GHz

MHz at 101 Points.

S,, log MAG S,, log MAG
REF 00 dB REF 0.0 dB
150 dB/ t 50 dB/

4 1.4531 dB 1 -9.6563 dB
MARKER 1

CENTER -100 ns
SPAN 100.0 ns

Figure 2. Frequency and Time Domain Responses of
Dipole Antenna at Boresight, Measured from 50 to 175

S,, log MAG
REF 0.0 dB
150 dB/

4 1.4536 dB

MARKER 1
1150 MHz

Mm

START 0.050000000 GHz
STOP 0.300000000 GHz

Figure 3. Frequency and Time Domain Responses of
Dipole Antenna at Boresight, Measured from 50 to 300
MHz at 201 Points.

S,, log MAG
REF 0.0 d8
t 50 dB/

1 -13.824 dB

.
-/

CENTER -1000 ns
SPAN 1000 ns

8510A network analyzer, a synthesized
source (HP 8340A or 8341A) and the HP
8511A frequency converter (test set). The
source and test set are controlled by the
network analyzer via the HP 8510 system
bus. The output of the source is sent
through a coupler to the source antenna.
The secondary output of the coupler is
used to provide the reference signal which
is sent back via low loss cable to the HP
8511A. The signal received by the antenna
under test is also input to the HP 8511A,
and the HP 8510 is set up to display the
ratio of the test and reference signals.

To illustrate the gating measurement
technique with the HP 8510, consider
measuring a dipole antenna (Scientific
Atlanta model 15-115). The dipole antenna
is particularly difficult to measure because
its radiation pattern is only slightly direc-
tional in azimuth (with a figure-eight
shape) and omnidirectional in elevation.
Therefore, the dipole picks up reflections
from almost every direction and is par-
ticularly sensitive to reflections from the
ground. Because of its sensitivity to
ground reflections and because it has a
calculable (1) radiation pattern with which
to compare measured results, the dipole
antenna is a good device to test out the
new measurement procedure.

The standard way to characterize the
far-field radiation pattern of an antenna is
to make the measurement at a single
(CW) frequency as the positioner is
rotated. However, in order to generate a
time domain response, the measured
data must be taken over a span of fre-
quencies. The time domain respresenta-

RF Design

tion of a CW signal is, by definition, a sine
wave. In order to generate an impulse
response, the measurement frequency
span must be inversely proportional to the
desired time domain impulse width.

The frequency domain response of the
dipole from 50 to 175 MHz and the cor-
responding time domain impulse re-
sponse (Band Pass mode) are shown in
Figure 2. The antenna was tuned to 115
MHz. The large amount of ripple in the
frequency domain response is caused by
interference due to reflections from the
ground and other reflective objects within
the antenna range.

The time domain display shows the
measured transmission response of the
antenna as a function of time. Because
no calibration was used in this measure-
ment to balance out the phase difference
between the test and reference signal
paths, the absolute location of the time
domain response is somewhat arbitrary.
Because the reference signal is routed
through cable and the test signal travels
a shorter distance through air, the dif-
ference in electrical length causes the
time domain response to arrive in
negative time. However, it is the relative
path difference between the time domain
responses that is most useful.

ldentifying the
Time Domain Responses

The plot in Figure 2 shows two major
time domain responses that are sep-
arated in time by 33 ns, which corres-
ponds to a physical separation of 9.89 m.
The first time response is that of the main

path signal, and the second response is
that of the signal reflected from the
ground plane which, because it travels a
longer distance, is lower in amplitude and
arrives later in time. The 6 dB difference
in amplitude between the two responses
represents the additional path loss of the
reflected signal and also accounts for the
large amount of ripple in the frequency
domain response.

The required measurement bandwidth
and separation between the two respon-
ses are determined by the characteristics
of the antenna under test. The 50 percent
(-6 dB) impulse width of the time domain
stimulus is inversely proportional to the
frequency span, and for a span of 125
MHz it is calculated (2) to be 9.6 ns. This
represents, in the best case, the absolute
minimum separation in time that the two
responses can have and still be dis-
tinguished from one another. However, to
use the gating feature effectively to
remove the second response, the actual
separation should be several times this
minimum value to prevent overlapping of
the responses.

A second factor to consider, which af-
fects the required separation of the
responses, is the bandwidth of the an-
tenna under test. The dipole is a narrow
band antenna that has a dispersive phase
characteristic which causes its time do-
main impulse response to be smeared out
in time. The result, observable in the time
domain responses of Figure 2, is that the
actual measured impulse width is more
than twice the calculated width.

Figure 3 shows the response of the
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same antenna measured over a fre-
quency range of 50 to 300 MHz. Because
the measurement bandwidth is doubled,
the width of the time domain impulse
stimulus is reduced by one half, which
results in an improvement in the time do-
main response resolution. Notice, how-
ever, that the overall shape of the two
responses is unchanged and that the
amount of overlap of the responses is also
unchanged. This is because the distrib-
uted shape of the response is caused by
the dispersive nature of the dipole an-
tenna. This indicates that the only way to
decrease the amount of overlap between
the two responses is to increase the
relative travel time between them by in-
creasing the height of the antenna under
test above ground. In this example, there
exists some overlap between the two
responses, however (as will be demon-
strated) they are adequately separated to
use the gating feature to remove most of
the effects of the second response.

This also indicates that the gating
operation can be used to remove only the
effects of reflections that are far enough
out in time to be beyond the distributed
main path response of the antenna. In this
measurement, the effect of any signals
that are picked up from reflections from
the antenna positioner or other close in
reflective objects will not be removed.
However, the major error is due to the
reflection from the ground plane, which
is far enough away from the main path
response to be removed using gating.

The gating feature of the HP 8510 pro-
vides a way to remove the effects of un-
wanted time domain responses and view
in the frequency domain the effects of
only those responses that are inside the
gate. A gate is a time filter. In Figure 4,
the center of the gate is set to the peak
of the first time domain response, and the
gate span is increased to include all of the
first distributed time domain response.
With the gate turned on, the second time
domain response is removed, and the
resulting frequency domain response is
that of only the main path signal. As ex-
pected, the gated frequency response
very closely resembles the ungated
response except that the ripple caused by
the reflection from the ground plane has
been removed.

The two major sources of error in this
measurement are the tracking error be-
tween the test and reference signal paths
and the interference error caused by the
signal reflected from the ground. A sim-
ple model depicting these measurement
errors is shown in Figure 5.
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Figure 5. Antenna Measurement Error Model.

The correction for these two errors is
accomplished in two steps. The first step
is to remove the interference signal (E,)
using gating. Then, assuming that the
tracking error (E,) does not change as
the antenna is rotated, it is removed using
normalization. The procedure for doing
this is as follows:

First, the gated response of the antenna
at boresight (main beam) is saved into a
memory register of the HP 8510A. Then,
as the antenna is rotated, the gated
response of the antenna at each angle is
normalized to the boresight trace (using
the data-divided-by-memory feature of the
HP 8510). This gives the response of the
antenna relative to the boresight re-
sponse. Because the tracking error is
common to both the measured and stored
responses, it is normalized out in the ratio.

To take advantage of the time domain
capability of the HP 8510 the measured
data must be taken over a sweep of fre-
quencies at each angle of rotation.
Therefore, the time to make a pattern
measurement is greater with this tech-
nique than for a comparable CW meas-
urement. Because of the difference in test
and reference path lengths involved the
frequency accuracy is critical, and

therefore the source (HP 8340A or 8341A)
should be operated in the stepped (syn-
thesized) sweep mode. The sweep time
for this mode is 50 ms per point, so for
a 201 point measurement each sweep will
take approximately 10 seconds. However,
in addition to the frequency stability of a
synthesizer, the stepped sweep mode has
the benefit of allowing up to 128 averages
without significantly changing the sweep
time, which greatly reduces the effects of
measurement noise.

Allowing 10 seconds per sweep, 5
seconds to increment the antenna posi-
tioner and 1 second to perform the gating
operation and record the data, the meas-
urement time is approximately 16 seconds
per positioner setting. For a full 360
degree rotation at 5 degree increments,
the total measurement time is approx-
imately 19 minutes. If the frequency data
is taken at 101 points (5 second sweep
time), the total measurement time re-
duces to 13 minutes. (If the test and
reference channel paths are balanced, it
may be possible to use the ramp sweep
mode, which would reduce the measure-
ment time to approximately 7 seconds per
positioner setting (8 minutes total).)

This longer measurement time is a
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Figure 6a. Ungated Antenna Pattern versus Theoretical at 115 MHz: Plotted in a Polar Format.
Figure 6b. Ungated Antenna Pattern versus Theoretical at 115 MHz: Plotted in a Rectangular Format.

tradeoff for being able to use time domain
and gating. If CW frequency testing is
desired, the HP 8510 can be used as a
CW receiver. However, although the swept
frequency measurement technique re-
quires additional time, the radiation pat-
tern of the antenna at 201 frequencies of
interest from 50 to 300 MHz can be plot-
ted after only one rotation of the antenna
positioner, and the improvements derived
from gating more than offset the addi-
tional test time.

Measurement Results

The dipole was measured with 201
points from 50 to 300 MHz at each 5
degree increment of azimuth rotation (72
sets of 201 point data). The radiation pat-
tern of the dipole was measured at several
frequencies, and both the gated and
ungated responses were compared with
the theoretical response. (Because the
antenna was boresighted visually, the
measured antenna patterns were plotted
with a small offset angle to correct for the
resulting misalignment.)

Fig. 6 shows the measured radiation
pattern of the dipole at 115 MHz with no
gating, plotted in a log scale with the
theoretical pattern. This is the CW
measurement. The difference between
the theoretical and the ungated pattern is
due primarily to the reflected signal from
the ground that causes the uneven side-
lobes and offset nulls.

Fig. 7 shows the same measured
pattern using gating to remove the effects
of the ground plane reflection, plotted
together with the theoretical response in
a log scale. The gated response is virtu-
ally identical to the theoretical response
with an average disagreement of only 0.18
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dB. This improvement in antenna pattern
measurement accuracy is due only to
gating. (The measured antenna pattern is
plotted point to point at 5 degree incre-
ments, and because of the offset in align-
ment the actual nulls at 90 and 270 de-
grees were not measured.)

A more dramatic improvement in the
antenna pattern occurred at 125 MHz. At
this frequency, the effect of the ground
path interference was more severe. Fig.
8 shows the ungated response. In this
conventional CW plot, there is very little
resemblance between the measured pat-
tern and the theoretical pattern. Fig. 9
shows the measured antenna pattern ob-
tained using gating. In this case, the
gating technigue has improved the mea-
surement of the nulls by better than 25 dB.

Fig. 10 shows the antenna pattern
measured at 100 MHz without using
gating, and Fig. 11 shows the pattern
obtained using the gating technique. The
improvement with gating is again very
dramatic, however at this frequency there
is also larger disagreement between the
gated and theoretical responses. The
gated pattern has a symmetrical shape
that is very close to that of the theoreticai
pattern, however, it also has a rotational
offset. The cause of this offset is un-
known. Because of the nearly perfect
results that were obtained at the resonant
frequency (115 MHz), it is assumed that
the offset is the result of an imbalance in
the antenna at 100 MHz. This would also
account for the lack of symmetry in the
original ungated (CW) pattern.

In all, the radiation pattern of the an-
tenna at 201 frequencies can be plotted
from the data taken from one rotation of
the antenna positioner.

Reduced Bandwidth
Antenna Pattern

The actual measurement was made
with 201 points from 50 to 300 MHz. The
first 101 data points (from 50 to 175 MHz)
were taken and used to re-compute the
antenna pattern of the dipole at 115 MHz
using gating. The resulting frequency and
time domain responses at boresight are
those previously shown in Figure 2.
As mentioned, this bandwidth reduction
doubles the time domain impulse width
which reduces the response resolution,
but it also reduces the measurement time.
Fig. 12 shows the resultant gated pat-
tern of the antenna at 115 MHz obtained
with the reduced bandwidth data. This
pattern is virtually identical to the one
generated with the wider bandwidth
information.
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Figure 8a. Ungated Antenna Pattern versus Theoretical at 125 MHz: Plotted in a Polar Format.
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Figure 9a. Gated Antenna Pattern versus Theoretical at 125 MHz: Plotted in a Polar Format.
Figure 9b. Gated Antenna Pattern versus Theoretical at 100 MHz: Plotted in a Rectangular Format.
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(818) 992-6776 » TWX 910-494-4975
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Figure 10a. Ungated Antenna Pattern versus Theoretical at 100 MHz: Plotted in a Polar Format. HEVIETT S Gwe
Figure 10b. Ungated Antenna Pattern versus Theoretical at 100 MHz: Plotted in a Rectangular Format.
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Figure 11a. Gated Antenna Pattern versus Theoretical at 100 MHz: Plotted in a Polar Format. HEWLETT-PACKARD
Figure 11b. Gated Antenna Pattern versus Theoretical at 100 MHz: Plotted in a Rectangular Format.
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Fig. 12a. Gated Antenna Pattern vs. Theoretical at 115 MHz: From Reduced Bandwidth Data (50 to 175 MHz, 101 Points).
Fig. 12b. Gated Antenna Pattern vs. Theoretical at 115 MHz: From Reduced Bandwidth Data (50 to 175 MHz, 101 Points).
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Wideband

IFI’'s M5500 Combines A .01 MHz — 1000 MHz
Frequency Range With Near Limitless Applications.

The Model M5500 is the latest in a distinguished line of
wideband power amplifiers from IFl. Rugged, compact and
economical, this superior unit is forgiving of load
mismatches and generous in application.

So when your R&D Department or laboratory needs to
boost 1 mw signals up to 10 watts of clean power over the
10 KHz to 1000 MHz range, then count on the IFI Model
M5500. From advanced medical research to susceptibility
testing, this linear amplifier is the unit that delivers.

13 ron maetiey WE
T emais 8%

. '
. »
MODEL 5500 ' ﬁ
WIDEBAND AMPLIFIER &
08-1000MH2.10%

-

Instruments For Industry
151 Toledo Street
Farmingdale, N.Y. 11735

(516) 694-1414 TWX 510-222-0876

Specifications

Amplifier Type

Class A Linear All Solid State
Frequency Range

10 KHz — 1000 MHz in two bands
Band 1: 10 KHz — 500 MHz
Band 2: 500 MHz — 1000 MHz
Min. Power Output

10 Watts (40 db (min.) gain)
Harmonic Distortion (Worst Case)
-24 dbc

Input and Output iImpedance

50 Ohms (Nominal)
Unconditionally Stable

Size

5"H x 20D x 19"'W

(127 cm. x 50.8 cm x 48.0 cm.)
Weight

Approx. 50 Ibs.

The M5500: Another One of
‘The Dependables’ From IFI
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NEED FAST LOG
RESPONSE?

| -‘!‘ ol & L » 1
3 p
~ T [ I % (A

LOG TECH HAS
THE SOLUTION

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

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

SPECIFICATIONS:

Frequency Range
30MHZ—1.2GHZ

Input Dynamic Range
30 to 80 db (Selectable)

Meets Environmental Requirements of MIL-E-5400

WE INVITE INQUIRIES
CONCERNING YOUR SPECIAL
REQUIREMENTS.

‘ LOG TECH, INC.

3529 Old Conejo Rd.
Suite 123
Newbury Park, Ca. 91320

(805) 499-6462

A52U UHF RF SWEEP AMPLIFIER

Similar in appearance to the Aé2 RF Sweep
Amplifier pictured, the A52U RF Sweep Amplifier
has a frequency range of 1-900 MHz. Flatness
is .5 dB. Gain is 30 dB nominal. Input VSWR
is 1.5:1 max with typical VSWR of 1.2:1. Available
in 50 or 75 ohm impedance, the unit is an
excellent general purpose lab amplifier
amplifying signals for receivers, frequency
counters, spectrum analyzers, oscilloscopes,
markers and detectors. It is rugged enough
for mobile applications. Line filtering and
double shielding prevent ambient and power
line interference.

Wide Band Engineering Co., Inc.

P.O. Box 21652 1838 East University Dr. Phoenix, AZ 85036 Ph.(602)254-1570

INFO/CARD 33

HIGH VOLTAGE BROADBAND

RF FET

High dynamic range RF FET now available up to 50V
BVDGO, for use with 24 & 32V supplies, and where
higher drain voltage improves dynamic range. The
CP664 (30V), CP665 (40V). and CP666 (50V) have
third order intermodulation intercept >+40 dBM. and
50 Ohm VSWR < 1.5 to | over 0.5 to 50 MHz range.

HIGH VOLTAGE RF FET

“N TELEDYNE

CRYSTALONICS
147 Sherman Street, Cambridge, MA 02140
Tel: (617) 491-1670 « TWX 710-320-1196

INFO/CARD 32
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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
hehaves like a pure resistance rather
than an induclor and/or capacitor. It
operates from low audio frequencies up
into the vhf range. Each unit is a solid
body of resistive material. No wind-
ings, no film. Ideal for frequency-
sensitive rf applications like feed-
back loops.

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

Our Type 234SP, for example. is immersed in oil, it will handle even Sohio Engineered Materials Company
about the size of a 2-watt 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

Forced-air-cooled, water-cooled or

power for several seconds and come 2.5 to 1000 watls. For further details,
back for more with very little AR. call or write us today. @ CARBORUNDUM
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CONNOR-WINFIELD OSCILLATORS

SHORT-ORDER SPECIALISTS

;' But we can cookup a
| big batch, too!

Connor-Winfield is ready to serve. Whether the oscillators you need are in
stock or custom designed or whether you need 1 or 10,000, our special of
the day—everyday—is meeting your needs with the right combination of
quality and low cost. Are you ready to order? Call or write us today for more
information.

Models: ECLA, ECLB
ECLD'P Frequency: 8MHz—200MHz, = 01%
; J Supply: 5.2Vdc 5% or ~4.5Vdc =5%
Output: 10K ECL or 100K ECL
Package: All metal, hermetically sealed
DIP SINEWAVE Models: DPS1 DPS2

Frequency: 1KHz—75KHz 100Hz—100KHz
Tolerance: + 01%,THD =5% = .01%, THD <5%

Supply: 5Vdc = 10% 8Vdc—15Vdc

Package: All metal, hermetically sealed

Models: S10C S10D S10E
TTL CLOCKS Frequency: 31KHz—25MHz

Tolerance: +.001% +.0025% =.005%
Temp.Range: 0°—50°C  0°—-70°C 25°—75°C

Package: All metal, hermetically sealed 14 pin DIP
CONNOR-WINFIELD CORPORATION TTL CLOCKS  Models:  S14R8 S15R8 3
i F 5 B % + 019
Ho RSP T M S et
_910. requencies: 1,2,4,5,6,8,10,12,16,20,24,40, 7
E\ZJIE;OCSL[JVIZNang:}GZUS] Packagg: All metal, hermetically sealefi 14 pin DIP
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»F designer’s notebook

A New Approach to
Op Amp Design

By Scott Evans
Comlinear Corporation

This article describes a high speed op
amp topology that offers high frequency
performance an order of magnitude faster
than conventional op amp designs. One
of the results of this design is the elimina-
tion of the gain-bandwidth product. Band-
width remains virtually constant as the
gain is changed; as a result, ease of use
and predictability of performance have
been greatly improved.

Conventional op amps have a differ-
ential, high input impedance stage
that feeds several subsequent gain
stages. The open loop output of the
amplifier is V, =A(s) [V,-V,]. (See Figure
1.)
With the feedback connection made,
feedback in the form of a voltage is ap-
plied to the inverting input. The closed
loop gain becomes:

R,+R,
. e
Vi TR +R;
R,
1+ AS)

By letting (R, + R,)/R, = G:

v, G

AT I -
™ A®)

To see the effect that gain setting, G,
has on the frequency response it is in-
structive to break the open loop gain,
A(s), into a ratio of a numerator, N(s), and
a denominator, D(s). N(s) contains the
zeros of the response and D(s) contains
the poles of the response.

KN(s)

FON )

where K is the DC value of the open loop
gain.

Substituting this ratio into the closed
loop gain and rearranging:

Vhtsd KN(s)
TR KN(s)+(G)D(s)

56

G not only scales the magnitude of the
gain (as desired) but also multiplies the
effect of D(s) on the c osed loop response.
The locations of the closed loop poles are
now a function of G; thus, if an applica-
tion requires a large G, the poles will be
at a lower frequency than for a low value
of G. This is the chief failure of conven-
tional high speed op amp designs. This
is a major cause of instability problems
in conventional op amps, correcting the
problem leads to performance far inferior
to data sheet specif cations.

Figure 2 shows the closed loop fre-
quency response 2f a conventional
single-pole op amp for various gains.
Notice that increasing the gain decreases
the bandwidth.

In addition to poor high frequency per-
formance, there are several other severe
problems with conventional op amp
design.

Compensation — Conventional high
speed op amps are instable at most gain
settings so compensation must be used.
Compensation creates a very low fre-
quency pole that limits bandwidth so
severely that the problematic high fre-
quency poles are no longer dominant.
Unfortunately, compensation does not
allow complete control of the pole and
zero locations, so simultaneously optimiz-
ing bandwidth, gain flatness and settling
time is difficult if not impossible.

External Compensation — Compen-
sation is usually connzacted external to the
amplifier so the designer can tailor the
response to the application. Unfortunate-
ly, conventional op amps are very sen-
sitive to stray reactance in the PC board
layout, temperature, loading and varia-
tions in the transistors of the op amp itself
that make reliable compensation difficult.
In addition, production can become ex-
pensive since each op amp compensa-
tion network must be individually
“tweaked” to the desired response or the
op amps must be individually tested and
selected.

AC Feedforward — In order to achieve
faster rise times and wider bandwidths,
conventional op amps often use a techni-
que called AC feedforward. This techni-

Voltage
Feedback

Figure 1. Open loop output

Closed Loop

Gain

dB f e 2.5 MHz for G - 40

0 o N
r ! N s~ 50 MHz
P forG -~ 2
o ok
L N 4 > H e

Figure 2. Closed loop
frequency response of a
conventional single-pole

op amp.

— 4 .9. s e PN W

o {“J‘*M\

EEOENEE S

Y 3¢ 60 120 150 180 210 240 270 300

Figure 4. Gain vs. frequency
response of the Comlinear
op amp.
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he gain-bandwidth product has for

que cancels a low frequency pole by in-
troducing a zero at the same frequency.
Unfortunately, temperature, aging,
loading and supply voltages affect pole
locations. Pole locations also change with
gain setting so the degree of cancellation
depends on gain. This is part of the
reason why conventional op amp perfor-
mance is usually specified at a gain of -1.
At this gain, the performance is optimal,
but it deteriorates rapidly at other settings.

Slew Rate Limiting — In order to ob-
tain high open loop gain, several internal
gain stages must be used. As a result,
transmit times through the amplifier are
large. In addition to reducing the phase
margin this also leads to problems when
large or fast rise time signals are present
at the input. These large or very fast
signals can cause an internal gain stage
to saturate or be cut off before feedback
can propagate back to the input to reduce
the error signal. To prevent this behavior
the slew rates of the internal stages are
simply limited so nonlinear behavior can-
not occur before the signal propagates
through the amplifier. Consequently, the
slew rate and large signal bandwidth of
the op amps are reduced severely.

The Comlinear Innovation

Most of the problems with conventional
op amps shown are either directly or in-
directly caused by the limitation of hav-
ing G, the gain setting, affect the frequen-
cy response. If G could be removed from
the denominator of the expression, per-
formance and ease of use could be ex-
tended dramatically. This is exactly what
Comlinear designers have done. The
drawing of the Comlinear op amp (Fig. 3)
shows an unusual (and patented) circuit
configuration.

The input buffer is a unity gain voltage
amplifier that is connected across the in-
puts of the op amp. In operation, the buf-
fer forces V, to equal V, independent of
any external feedback through R,. This
causes the inverting input to have a very
low input impedance. When feedback
around the loop is applied, the impedance
of this node is reduced further and V,
becomes a “virtual ground” with respect
to V,. This low impedance allows current
to flow easily into or out of the inverting
input.

The transimpedance amplifier is the
gain block inside Comlinear op amps. In
operation, the transimpedance amplifier
senses the inverting input current (literally
the current flowing into or out of the in-
verting input) and transforms this current
into the output voltage. The transfer func-

RF Design

years been a key specification for
op amps; in fact, the concept of the
gain-bandwidth product is a major
topic of op amp tutorials. Unfortunate-
ly, this often touted specification
means little to the engineer who must
work with very high speed op amps.
For most high speed op amps the
gain-bandwidth product is actually
very misleading.

The basis for the gain-bandwidth
product is the assumption that the
open loop gain rolls off due to a single
pole. When the assumption is valid, as
is the case with some low frequency
op amps, the gain-bandwidth product
concept is also valid. Having frequen-
cy performance depend on gain is
troublesome, but at least with a single
pole rolloff the bandwidth is easily
determined and stability is assured.

The Fallacy of the Gain-Bandwidth Product

High speed op amps, however, have
several poles before unity gain
crossover is reached.

Clearly, a conventional op amp
with a gain-bandwidth product of 1
GHz will not yield a bandwidth of 500
MHz at a gain of 2. This is why most
manufactures specify their gain-
bandwidth products at very high gains,
typically 1000.

A much more useful (and accurate)
way to show frequency performances
is to actually show the performance for
various gains. This allows the engineer
to fully characterize the amplifier
without having to actually test the
device. Although the performance of
Comlinear amplifiers varies little with
changes in gain, Comlinear provides
complete specifications for at least
three representative gain settings.

o= Ve VeV
Ry R,

Then, since V, = |,,, * Als) and V,=V,
(because of the buffer)

VO
A(s

Vo
R,

= vy Rl1+Rl2)'

Then, rearranging

R+ R, R,
Vo _ Re* R, =1+ R,
)5 A R,

R, A® | TAE)

Again, letting 1 4 R, =G
R

V._ G
v R
: 1+Tsz)
g _ KN(s)
Letting A(s) 56
L AT KN(s)
L KN(s)+R,D(s)

Table 1. Mathematical justification
of the Comlinear op amp design.

tion of this transimpedance amplifier is
A(s); the units are in ohms.

Feedback in the form of a current is ap-
plied through R, to the inverting input.

A Comparison:
Conventional vs. Comlinear

Table 1 shows the mathematical
justification of the Comlinear op amp
design. As a result of these mathematical
operations the closed loop gain equations
are in the same form and can be com-
pared directly.

For the conventional op amp:

RAE a KN(s)
B KN(s)+HG)D(s)

For the Comlinear op amp:

o, L KN(s)
Vi T TKN@)HR)D()

R, has replaced G in the frequency-
dependent portion of the transfer func-
tion. Since R, can be held constant,
whereas G cannot, the pole locations and
hence the performance can be held con-
stant. (G=1+R,/R,, so the gain setting
can be varied by changing R,).

The results of this new approach to op
amp design are dramatic:

Elimination of the Gain-Bandwidth
Product — The frequency response of
the Comlinear op amp changes very lit-
tle when the gain is increased by a fac-
tor of 10, from a gain of 4 to a gain of 40.
Other specifications are similarly unaf-
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SPEEDYvsPERFORMANC
SAME OLD STORY?

M.S. KENNEDY. ..
THEY GO
HAND IN HAND! l

You'll be way ahead with our High Speed Hy

OP-AMFS, because at M.S. Kennedy we L2 .

beli:;e;)etrfgrén/a\nce meansdnlot only : You can rely on our products to
speed, but D.C. Accuracy and tong finish the job they're designed
term reliability. We don't sacrifice one .y for, time after time. The proof is in the
for the other. " B3 performance of our units designed into
The M.S. Kennedy Corp. has been P these programs: F-14, F-15, F-16, F-18,
producing high speed operational oy ©'s F-20, F-111, EA-6B, B-1B, LAMFS,
amplifiers for military and high re- g & % AH-64 APACHE, MAVERICK
liability industrial applications for > _AY9 e and AEGIS.
over 10 years. Our quality and per- l? : 4l ‘ ’ Winning Specs

formance have led to the design-in k , & ¢ Up to DC to 400 MHz Small

of MSK products on nearly every air- Signal Band Width

v

borme application in the U.SA. L o ¢ Up to 4000 V/us Slew Rates
e e Up to 140V Output Swings
Full Screening to MIL-Std. 883C e < 10uV/°C Offset Drift Available.

M.S. KENNEDY CORPORATION
8170 Thompson Road, Clay, New York 13041

Tel. (315) 699-9201 TWX 710-541-0465
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rF designer’s notebook coin.

fected by gain changes. A similar change
in gain with a conventional op amp could
reduce the bandwidth by a factor of 10,
even under ideal single pole conditions.
As shown in Figure 4, the -3dB band-
width remains constant over a wide range
of gains. Small second order effects ex-
plain the slight deviation in performance
from that predicted by the equations.

Excellent Performance — The high
speed performance of Comlinear op
amps is dramatically better, usually by an
order of magnitude, then conventional op
amps. A typical rise time for a 5V output
step can be as low as 1.6 ns, for exam-
ple. With a conventional op amp rise
times of 30 to more than 100 ns are com-
mon. Other outstanding specifications in-
clude settling times which can be as low
as 10 ns for a 0.2 percent tolerance and
slew rates that range from 3000 V/us to
over 7000 V/us, depending on which
model is chosen. (The slew rate was in-
tentionally kept very fast so it would not
limit the response of the amplifiers under
large signal conditions. Bandwidth, not
slew rate, controls amplifier response
and keeps it linear.)

Linear Phase — Although phase

linearity is a rarely mentioned specifica-
tion, it is very important for signal fideli-
ty. Comlinear op amps have excellent
phase linearity, usually the deviation from
linear phase is less than two degrees
from DC to over 50 percent of the band-
width. Conventional op amps, however,
must use techniques like AC feedforward
which increase bandwidth but degrade
phase linearity; thus, signal fidelity is
sacrificed.
Predictable Performances — Since
most of the specifications are virtually in-
dependent of gain setting, the perfor-
mance of Comlinear op amps remains
consistent even with varying circuit con-
figurations. As design requirements
change, adjustments in gain usually can
be achieved by a change in one resistor;
with a conventional op amp a change in
gain could require a redesign of the en-
tire circuit.

Internal Compensation — With R,
fixed and the poles of the frequency
response consequently fixed, internal
compensation is provided to
simultaneously optimize bandwidth, set-
tling time, linearity and distortion. Since
the compensation is internal, Comlinear
Oop amps can save time and money in pro-
duction with no compensation networks
to “tweak.” Although Comlinear uses an
internal high precision resistor for R,, on
many models an external resistor of
another value can be used. Since this

RF Design

would change the pole locations, the in-
ternal compensation is made accessible
to the user through one package pin. One
external capacitor is then used to re-
optimize the performance.

Standard Usage — Determining the
gain for Comlinear op amps is the same
as that for conventional op amps, where
G=1+R,/R;. The same ease of use ap-

plies equally well to both inverting and dif-
ferential configurations.

About the Author

Scott Evans is a product marketing
engineer for Comlinear Corp., P.O. Box
20600, 4800 Wheaton Drive, Fort Collins,
CO 80522. His telephone number is (303)
226-0500. m
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TECHNOLOGY. INC.

nditions. The best y
e solution is
24-pin DIP at enuator | spopds
ation values — from 1-1 '
—for optifmurri circuit performance. Regardiess of
d cirqumstancq’s, Think of how we can save your time, speed pro-

duction, and help you make a better product with our new

prégrarrimab_le attenuator. Let us know your frequency range and

hy waste time and talent sfugc ing to optimize your
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1can hopeforisa
imple: our new Model EP 1248
yotr control sig%ls and auto- |
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EMC TECHNOLOGY, INC.

1971 OLD CUTHBERT ROAD

CHERRY HILL, NEW JERSEY 08034
Phone: (609) 429-7800 « TWX: 710-896-0193

Authorized distributors and technical sales representatives in all major metropolitan areas
EMC TECHNOLOGY s a full ine MIC product manufacturer Our products include SMA connectors,
terminations, attenuators. resistors and DC blocks for strupline, microstrnip and SMA coax,
and custom hybrid circuit packages for hi rel applications
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You've decided not to

take chances with rfi
susceptibility. Then why mix

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

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

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

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

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

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

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

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

AMPLIFIER
RESEeARCH

160 School House Road, Souderton, PA 18964-9990 USA
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»F products

TO-5 Mixer

Model MT45 is a double balanced mix-
er operating in the frequency range 2-
1000 MHz for applications in cellular
radio, mobile VHF and UHF communica-
tions and cable television equipment. The
high performance includes 7.5 dB max-

A

imum conversion loss at 250 MHz with
LO-RF, and LO-RF isolation of 25 dB
minimum at 500 MHz. March Microwave
Ltd., Braintree, Essex, UK, please cir-
cle INFO/CARD #139.

10 kW Power Tetrode

A compact power tetrode tailored to
operate at 10 kW in FM and VHF TV
broadcast service has been developed by
Varian EIMAC. The EIMAC 4CX7500A, a
ceramic-to-metal tetrode represents
another advance in the development of in-

creasingly efficient power tubes for broad-
casters who are seeking ways to cut
power and equipment costs, and improve
operating efficiency. Broadcast system
designers will find that the compact,
forced-air cooled tube features an ad-
vanced anode cooler design. The unique
mechanical structure of the tetrode keeps
RF losses low, permitting high efficiency
operation at full ratings to 220 MHz. For
FM broadcast service (86-108 MHz), a
matching amplifier cavity, the EIMAC
CV-2228 is available. It has a stage gain
of up to 20 dB, and an overall efficiency
of approximately 79 percent. Varian
EIMAC, San Carlos, Calif., please circle
INFO/CARD #158.

FET RF Power Source

A new FET RF power source for plasma
use occupies less than one-half the space
and power of competitive units. The AMT
Model 1010 boosts over 600 W of CW out-
put power from 100 kHz to 400 kHz, and
is capable of remote or local operation.
The Model 1010 has a bidirectional digital
power meter to monitor load and reflected
power and an active power protection

PICOSECOND —NANOSECOND

PULSE GENERATORS

s 2 NSEC/CM
i 10 VOLTS/CM

bl ¥\

Pad s pow o foise

Our new free 70 page 1985 catalog de-
scribes over 100 models of puise
generaltors, putse amplifiers, impuise
generators, sample and hold amplifiers,
delay generators, transformers, power
splitters, bias tees and scope probes with
specifications covering the following
ranges

= RISE & FALL TIMES TO 60 PSEC

8 PW FROM 130 PSEC TO 100 USEC

® PRF FROM 0 TO 300 MHZ

® VOLTAGES FROM 5 TO 350 VOLTS

8 PEAK CURRENTS TO 100 AMPS

® DELAYS FROM 10 NSEC TO 100 USEC

P.0.Box 265 Ogdensburg
New York 13669
(315) 472.5270
P.0.Box 5120 Stn“F”
Ottawa,Canada K2C 3H4
{613) 226-5772
Telex: 053-4591

Germany: MICROSCAN GmbH Hamburg 040/632003-0

UK: LYONS INSTRUMENTS Hoddeson (0992) 467161t

France: EQUIPEMENTS SCIENTIFIQUES Sa Garches 741 90 S0
Japan: MEISHO ELECTRONICS Tokyo (03) 816 6581 2

AVTECH

ELECTROSYSTEMS
LIMITED
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even in the difficult
30-150 MHz range

Our new Cavitenna® radiator
turns your shielded room into
aresonant cavity. Using a wall
or ceiling as a groundplane, it
delivers unprecedented high
volts-per-meter to your sus-
ceptibility test item.

Operating from 30 to 1000
MHz, the Cavitenna can han-
dle input power up to 3500
watts, producing field strength
up to 600 V/m.

In the particularly bother-
some 30-150 MHz band,
where other antennas have lit-
tle or no gain, the remarkable
Cavitenna provides gain over
5 dB. Less than fourfeet wide,
this little radiator does what
you’d need a log-periodic
antenna biggerthan yourroom
to accomplish. Mounting by
magnetic clamps, it's easy to
move from one wall position to
another.

The Cavitenna, a truly excit-
ing development. Call or write
for complete information.

AMPLIFIER
RESEARCH

160 School House Road

Souderton, PA 18964-9990 USA

Phone 215-723-8181
TWX 510-661-6094

8105
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system to allow maximum power to be
delivered into any load VSWR. System
status and control lines can be accessed
via rear panel connection. American
Microwave Technology, Inc., Fullerton,
Calif., INFO/CARD #157.

Precision Laboratory Attenuator
Alan Industries, Inc., now offers a low

cost precision laboratory attenuator for

measuring receiver sensitivity, signal

noise ratio and cross mcdulation. The first
model, the 50BLA20, has a frequency
range of DC-300 MHz, VSWR is 1:20 max,
and accuracy is +0.2 dB or 2 percent in-
dicated measurement. Other specifica-
tions include impedance, 50 ohm nom-
inal; insertion loss, 6 dB max.; power
average, 1 watt; available connector BNC,
TNC and SMA and an zttenuation range
of 0-20 dB in 1 dB steps. Other attenua-
tion ranges of 30, 40, 50 and 60 dB are

e e ——
e e e e .
e —

LECTROSHIELD*
Clamp-Together Rooms — Shielding
Effectiveness to 100 dB+.

* 1.0 KHz to 10 GHz attenuation for

MIL STD-285, NSA 656, FCC and VDE
testing, MIL-STD-461/2/3, etc.

* Prefabricated, modular.

* 48 standard room sizes...8'x 8’ to 24'x 48'
(interior), standard interior heights to 8/ 10"
and 12, plus custom sizes.

® Easily assembled and dismantled.

© High reliability electrical and structural.

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

Nationwide representatives

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

Nz

LECTROMAGNETICS, INC., 6056 West Jefferson Blvd., Los Angeles, CA 90016
(213) 870-9383, Toll Free (800) 325-9814-U.S.A. + (800) 325-9815-CA
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available. Alan Industries, Inc., Colum-
bus, Ind., INFO/CARD #159.

Front Panel Access Dip Switch
Grayhill, Inc., has developed a unique
terminal frame allowing front panel ac-
cess for standard DIP switches normally
back panel mounted. When edge
mounted on a PC board that is perpen-
dicular to the panel, Grayhill right angle

DIP switches can be operated through a
panel cutout. The right angle DIP switch
has grown in popularity due to an increas-
ing variety of equipment functions that
must be checked before actual operation.
Grayhill, Inc., La Grange, lll., please cir-
cle INFO/CARD #143.

Microminiature D Series Connector

With contact spacing of 0.050” the
Series 50 Micro D Family of connectors
from AMP Incorporated is a scaled-down
version of the self-polarizing subminiature
D connectors. Designed to meet the re-
quirements of MIL-C-83513, the connec-
tor is available in eight shell sizes, rang-
ing from 9 through 100 contact positions.
All contacts are fully potted and connec-
tor assemblies are supplied with flying
leads or solid solder posts in either metal
shell or all-plastic housings. AMP Incor-
porated, Harrisburg, Penn., please cir-
cle INFO/CARD #162.

Hybrid DIP VCXO

The CO-400V Series Hybrid VCXOs are
designed specifically for phase locking
applications. They provide TTL output at
any specified center frequency from 32
kHz through 24 MHz. Deviation over 0 to
+5V control voltage ranges from +30 ppm
to +100 ppm; this deviation is adequate
to permit locking onto the specified center
frequency over the operating environment
(0/50°C to —55/+85°C) for 10-20 years
without adjustment. These 0.2” (5.1 mm)
high DIP packaged oscillators are
available in both 4-pin (Model CO-401V)
and 14-pin (Model CO-402V) configura-
tions. They conform to MIL-O-55310 and
are available level B screened. The
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UALITY A S-BNC $11.00 1-0£A, SMA $8.90 10E4.
AND TERMINATIONS BNC $5.60 10EA., SMA $5.60 10€4A., MIL. HI- REL NETWORKS

Model Impedance Frequency UNIT P
| Number (2) Ohma (Powet W)  Range aINC TNC L.
| Flaed Attenustors, 1 to 20 4B e @
AT-50(3) 30| 5w} OC-1.5GHz 1 20.00 2000 18 00 -
| AT-51 30 {.5%) DC-1.8GH2 11.00 18.00 15.00 14.00 - 12.00
AT-82 50 (1W) DC-1.8GHz 14.50 20.50 20.50 19.50 -
AT-53 80 (.25w) OC-3.00Mz 17.00 - 15.00 - -
A5 oo e B z = R =
Y ATI50/AT-00 785188 I.SM :1::: (TsoMMz 1400 2000  20.00 Hp = = Pﬂ
resistance welded case meets 10-8 atm/cc T,
fine leak testing per MIL-STD-883, while i) b3 -
the rugged 3-point mount crystal results T R F

RT-50/93 801003 OC-1.0GMz

in sine and random vibration levels ex- =

Terminations:

ceeding 20g to 2 kHz. Vectron Laborator- | aan” Rl sy B i lie se - =
ies, Inc., Norwalk, Conn., please circle Gaam Bl ped K o o+
INFO/CARD #147. 384 o3 (20w ot 13001 TSt el e R MR

Mismetched Terminations, 1.08:1 to 3:1, Open Circult, Bhor Clrcun:
mT-3Y 50 DC-3.0GH2 43.50
wT-78

Feed thru Terminations, shunt resistor:
FT:30 50

78 0C-1.0GHz

Precision Test Connectors
and Adapters

Gilbert Engineering’s GPC-7 (an im-
proved 7mm connector) is a new contact
design precisely manufactured and tested

FT.78
PT-90

Directional Coupler, 30 98:
0C-500 80

Resistive Decoupier, series rseistor or Capactive Co\ml.r saries capacitor:
RD or CC-1000 000 (1000PF) -1.5G!

Adepters:

. . . CA-80 (N to SMA] 50 DC4.20HZ - - 1300 13.00 -
to maintain contact forces which assure 8 e tars, 10,55 idlcro
e - . . -A1 0. 17ul oC 2 X X X
repeatability during precise calibrated Y o< s5uns R N w we
. nuator Sets, I aB, in etic case:
measurements. The contact can be easi- AT w’ I et 0o mm mm e
ly removed, cleaned and replaced yvnthout Bsclive Muicoupiers. 2 snd s outoutpoter - e A o
damage. A replacement contact is also - WL el CIMh L) 35050 S TR 2
available. VSWR is 1.003 + .002 (F) GHz sk iz 5 e R o .
ra . . . -8 SO0OMMz - . - .80 -
per |IEEE 287 specification. Gilbert Engi- Rarsers 7 o so0mris SRl S N o =
neering, Phoenix, Ariz., please circle ' aiios™ " 5™ > 1o0ouns wo - meo enw o

INFO/CARD #146.

RF Fuse, 1/8Amp. and 1/16 Amp.
FL-50 80

0C-1.5GHz 1200 18.00 - 17.00 -
FL.7S 7% OC-1.5GHz 12.00  18.00 - 17.00 =

Semi-Adjacent Bandpass Filter o o T e tons 5
for the Hyperband [ ..-_u.; without notice. Shipping 38 00 Domestic 15.00 Foreign on Prepeid Orders Delivery is stock 10 30 days ARO.
The 4930 (channel) is available for any g t(‘:/ og or erhe
O{COM SYSTEMS INC. 305-994-1774
hyperband channel AAYY (300-450 l A

4032 CLINT MOORE ROAD, BOCA RATON, FL 33431

MHz). It passes the specified channel |

THINK PERFORMANCE :=:=z+=""

CPN 867 MATCHED TRIO Proprietary computer design and testing programs allows matching in pairs, trios,
Package Size 3.0L x 2.38W x .75H quads or between all filters for the life of the project. Matching can be accomplished
with very narrow bandwidths and with differing input levels.

CPN 4056 Absolute matching of all CPN 867 Matched Trio (pictured)
filters to Reference Standard

Fc 2838 Khz Fc 102 Mhz

1 db Passband 14 Khz Min 3db BW +660 Hz

Rpple < .1db 22db Atten. -1000 Hz max

Z n 10 Ohms 40db BW 3620 Hz max

Z out 2K Ohms 65db BW 8440 Hz max

; 0 A 000 o Utimate Rejection 50 Hz to 10,196,000 Hz

T 1 -3 B mn 10204440 He lo 25 Mz
‘and +56°C to +94°C 1 15+ .35db at Fe

Ampitude Tacking  +1db at —20°C to +55°C Oper Temp ~20°C to +71°C
+5db at —54°C to ~21°C Phase Tracking +8° across 100% of 3db
and +56°C to +94°C BW

Package Size 70L x 25W x 10H Ampftude Tracking 3+.d Dngvb across 80% of

+ 50db across 100% of
3db BW
Phase/ampl. tracking apphes over full operating
it temp. range
. Channel Isolation 90db
Phase Deviation

Ampilitude Deviation

Packaged for environments of high vibration and pyro shock, coincident with extremes of temperature.
Cirtech is a Mil-Q-9858A approved facliity. We will custom design to your exact specifications.
For more information please write to:

QEG&G CIRTECH

P.O. BOX 23096, 15237 CHERRY STREET, STANLEY, KANSAS 66223

913-681-2801, TWX 910-749-6806
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Shielded And Pro-
tected Bi-LINK!m
Interconnectors
For Complete
System Reliability

Because reliability becomes

automatic when Breeze-lllinois
engineers custom-design your
system to meet the physical,
mechanical and electrical re-
quirements that are unique to

your application.
Let us know about your

Main & Agard Streets, Wyoming, IL 61491

Special applications,
Critical Specifications,
Tough problems

in interconnection systems.

We have the answers.

ILLINOIS INC

Tel. (309) 695-2511
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with a 2.0 dB maximum loss and rejects
the semi-adjacent channels (2nd channel
down and up) a minimum of 25 dB. This
bandpass filter can be used to clean up
the desired channel at the input of the
processor or at the output before combin-
ing. Impedance is 75 ohms and the 4930
comes with F connectors. Microwave
Filter Company, Inc., East Syracuse,
N.Y., INFO/CARD #145.

Microwave Synthesis and Analysis
Software

EEsof, Inc. announces the release of
Linecalc™, the newest product in their
expanding line of integrated engineering
software. Linecalc is an analysis and syn-
thesis program which provides microwave
circuit designers with new ways to explore
and adjust values of :ransmission line
parameters. It works like a spreadsheet
and provides highly reliable analysis and
synthesis of transmission lines. The pro-
gram uses the same <ransmission line
models as Touchstone™, EEsof’s
computer-aided analysis and optimization
program, to ensure consistent perfor-
mance. Linecalc analyzes physical
parameters and displavs the correspon-

ding electrical parameters. The program
also synthesizes physical parameters
after the engineer specifies the desired
electrical parameters. EEsof, Westlake
Village, Calif., INFO/CARD #143.

Coaxial Switches

RLC Electronics has introduced a line
of terminated single-pole, double-throw
coaxial switches for termination of the
unused switch port. Electrical character-
istics feature low insertion loss and .3 dB

?

max., VSWR of 1.3 max. and isolation of
60 dB min. over the entire frequency
range of DC-18 GHz. RLC Electronics,
Inc., Mt. Kisco, N.Y., INFO/CARD #146.

HIGH DYNAMIC RANGE

RF AMPLIFIERS

 a—

Janel offers a wide variety of high dynamic
range RF Amplifiers. The chart below shows a

sampling of what's available. All feature high
guaranteed performance and yet are
compelitively priced. Many models are

available from stock.

Model  Frequency Gain N.F. 3rd |.P.
PF811A 1-32 MHz 16.5dB 4.5d8B +42dBm
PF841 2-32 16:505 %1550 +46
PF804 215-320 270 40 +32
PFB82z9 406-512 16,6, - 46 +38
PF833 800-920 265 28 +34
PF845 800-915 180 20 +35

tn addition to RF Amplifiers, Janel manufactures o wide range of stan-
dard Power Dividers and other rf components. Custom designs can be
provided for unusual applications. For detailed information, call or
write Janel Laboratories, Inc., 33890 Eastgate Circle, Corvallis, OR

97333. Telaphone (503) 757-1134.

@JANEL LABORATORIES

INFO/CARD 34
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Line Impedance Stabilization
Networks

Fischer Custom Communications, Inc.
announces a new Line Impedance Stabili-
zation Network developed for conducting
EMI measurements in accord with FCC
and CISPR standards. This new LISN is
available in currents of 25, 50 and 100
amperes, and can be used for long
periods of time without excessive heat
generation. The shielded unit contains
two LISN networks, providing the user
with the capability of measuring a phase
and neutral or two phases of a powerline.
Fischer Custom Communications, Inc.
Inglewood, Calif., INFO/CARD #144.

MDS/ITFS Video/Aural Combiner
Series 4869 diplexers combine
separate video and aural transmitters to
a common antenna output. The design
technique used results in high isolation
and low insertion loss. Insertion loss for
video and aural is .25 dB (max.) and 1.5
dB (max.) respectively. Video/aural isola-
tion is 30 dB (min.). Power relay is 100 W
minimum. Input and output connectors
are 50 ohm, type N, female. The 4869 is
available for any MDS channel (2150 to
2162 MHz) or ITFS channel group A
through H (2500 to 2686 MHz).
Microwave Filter Company, Inc., East
Syracuse, N.Y., INFO/CARD #141.

4-Input, 8-Trace,
200 MHz Oscilloscope

Iwatsu Instruments has added a new
high quality 4-input, 8-trace DC to 200
MHz oscilloscope to its SS-5700 Series.
This dual trace unit, Model SS-5712 is
designed to handle fast digital signals,
stresing the basic characteristics of wider
than specified frequency response, highly

accurate deflection factor and sweep rate,
plus excellent linearity. For digital
diagnostics, the SS-5712 offers an op-
tional 4-bit combination trigger probe,
which can specify 16 trigger conditions
and extract the required sequence from
a digital circuit when testing the right con-
ditions of a microprocessor. lwatsu,
Carlstadt, N.J., INFO/CARD #151.

RF Design

Four-Section MIC Step Attenuator

A new Four-Section MIC step attenuator
with 1, 2, 4 and 8dB bits is available from
Daico Industries, Inc. Frequency range of
300-1300MHz is covered with typical swit-
ching speed of 300 nanoseconds. This
device has an internal TTL driver and
operates on +5 V at 40mA maximum DC
supply. Other key parameters include in-
sertion loss 2dB typical, VSWR 1.2/1
typical, 50 ohm impedance and +10dBm

RF power handling. Operating
temperature is —55 to +125°C. Daico In-
dustries, Inc. Compton, Calif.,
INFO/CARD #133.

Microstrip Circuit Design Software

MICRO is an engineering program writ-
ten for the microstrip designer. MICRO
provides the microstrip designer with the
ability to analyze and design microstrip
circuits. With MICRO you can design

Edison
didn’t need
Modpal.

But modern electronics involves more than a bulb, a vacuum,
and a filament.

Your vulnerable RF circuit needs the
protection only Modpak can give: a
y, sturdy, RFl-shielded enclosure, user-

Find out why

you need Modpak,
send for our
complete catalog.

designed with a choice of four inter-
changeable connectors and more than
30 standard off-the-shelf sizes or cus-
tom-fabricated in virtually any size.
Top and bottom covers are easily re-

moved for access to both sides of your
PC board. All this at an affordable low

Adams [ §Russell

MODPAK DIVISION

80 Cambridge St., Burlington, MA 01803

(617) 273-3330
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Running out
of Real Estate?

Consider our
HC-44
sub miniature crystal
12MHZ-200 MHZ.
Fundamental, third, fifth,
seventh and ninth overtones.
Same quality and electrical
characteristics as
standard sizes.

TOLL-FREE CRYSTAL HOT LINE
800-433-7140

B:OO am-5:00 pm Central Standard Time

UNITED STATES CRYSTAL:

3605 McCart Fort Worth, Texas 76110
(817) 921-3014 TWX 910-893-4084
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lowpass or bandpass fiters, stepped im-
pedance transformers and hybrid rings.
MICRO will also analyze or synthesize
single or coupled strips and at extreme
S/H or W/H will perform a Bryant and
Weiss analysis using a dielectric Green’s
function for better than 1% accuracy. All
the synthesis programs in MICRO contain
correction factors for fringing field errors
and bandwidth shrinkage to provide you
with a “real world” design the first time.
THS Engineering, Escondido, Calif.,
INFO/CARD #100.

Coaxial Crystal Detectors

The new Micronetics coaxial crystal
detectors cover a frequency range of 0.01
to 12.4 GHz and a frequency response
within 05 dB absolute. Relative mat-

ching excluding bias sensitivity, is within
+0.2 dB. Other specifications include; out-
put impedance, 15 ohms shunted by 10
pF; output polarity, negative (positive op-
tional); connectors, RF input, type N,
male; VSWR, values to 12.4 GHz max-
imum, maximum power, 100 mW peak or
coverage. Micronetics, Inc., Norwood,
N.J., INFO/CARD #101.

Precision Analog Array Family
Solitron Devices, Inc. has announced
the development of the first precision
analog array family in the industry. Iden-
tified as the HTL Series, the devices of-
fer a variety of components including
precision thin-film laser trimmed resistors.
The typical degree of precision is
+0.005% with a temperature coefficient of
35 PPM/°C. Certain arrays in the family
offer a selection of high current com-
ponents ranging from 0.5A to 5A. The HTL
Series is designed for use in military,
aerospace, telecommunication, medical
and precision industrial applications such
as precision op amps, precision referen-
ces, analog/digital circuits and high cur-
rent drivers. Solitron Devices, Riviera
Beach, Fla., INFO/CARD #102.

SOURCES




Ultra Broadband Noise
Generating Instrument

Noise Com’s Model NC6111 Noise
Generating Instrument has 24 octave
wide, +10 dBm of Gaussian-white noise
within -2.5 dB flatness. It operates from
115 V line voltage at temperature range
-10°C to +60°C. It has an output im-

pedance of 50 ohms and the standard
unit comes with 10 dB in 1 dB step at-
tenuator. Options are; other attenuator
values, 230 V, 50 Hz power-in, resistive
power combiner, marker input and higher
output levels. Noise Com Inc., Hacken-
sack, N.J., INFO/CARD #154.

Voltage Controlled Fundamental
Oscillators

The new VCO-100 series of varactor
tuned oscillators offer full octave tuning
ranges from 25 MHz to 2 GHz in compact
TO-8 packages. Model VCO-105 covers
200-400 MHz with a tuning input of 1 to
20 VDC. Power output is +13 dBm into 50
ohms flat to within +1 dB while power
dissipation is less than 180 mW from -55
to +100°C. All units are encapsulated and
welded closed for very low microphonic
performance in severe military or com-
mercial environments. Vari-L Company,
Inc., Denver, Colo., INFO/CARD #145.

Microwave Counter makes
Automated Measurements
Up to 40 GHz

New GaAs technology, combined with
the latest concepts in microwave-
instrument design, have resulted in a 10
Hz to 40 GHz microwave frequency !
counter. The HP 5352A offers the same
feature set as the HP 5350A (10 Hz-18
GHz) and HP 5351A (10 Hz-265 GHz)

CHIP
SISTORS

IMSP ..

Surface Mounted Devices
STOCK 24 HOUR DELIVERY
Others 2 Weeks MAX.

* STANDARD
10 Ohm to 25 Meg
LOW OHM
1to 10 Ohm
HI MEG
Up to 100 GigOhm
POWER
Upto 10 W
Any Value/Tolerance
18 Standard Sizes
Smallest .025" x .030”
Hi Quality - Low Cost
Microwave Applications

ENGINEERING KITS
10 to 100 pcs / Value
SMD 1206 (IMS 10-2) IN STOCK

401-683-9700

International Manufacturing Serv.
50 Schoolhouse Lane, Portsmouth, Rl 02871

counters introduced in January. This fami-

ly of instruments which share the same
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8¢ Diodes
dio, VHF, UHF, RF and Milimeter
1ite Gaussian Noise’Hermetically Sealed

Noise Gensrators
NZG Senes/100 Hz to 5 MHz

Up to 150 mv output/White Gaussian Noise
14 Pin OIP/Smalt size and weight

Qualified Peak Factor: 5:1 (min}

et Mil Requirements/10 Hz to 40 GHz
ass and Pit Packages.
Frequency Flatness: =

We are a world leader in

[OISE teChnOlogY' MODEL NO. ::i%léEch FLATNESS | VSWR g:’:":l;PUT
Our family of products range MX5101 | 10Hz20KMz | 20508 | 151 | -3
‘om Diodes to Programmable o | weimms st 1o ]
astruments and span the spectrum 100 | epeamng” L sozsce 1 1on { g
‘om audio to millimeter waves. MX5105 | 100Hz10MHz | x100dB | 151 |  -60
U s e Sourc MX5106 100H2-25MH2 +1.00dB 15:1 - 64
SophIStlcated NOISE COmEonentS :::1»0,3:1& LT:F, RF and Milimeter MX5107 100H2-100MHz +1,00dB 185 -70
nd instruments are used mn CM, meeauss‘a," Noise/Hermetically Sealed MX5108 | 1MHz-300MHz £150dB 151 -75
LY o A t Mil Requirements/Up to 5 Voit Output
.omputerized Satellite Ground Qualfied Peak Facor 2 (mi) Mx5109 | omHzsoomHz | x20a8 [151 | -7
o u . 10 Hz to 50 GHz. MX5110 300MMHzZ-1GH2 +20dB 1.5:1 -79
est : quipment, Systems Cahbrahon, MX5111 | 1GHz.2GHz $20d8 | 2011 -80
eceivers, Radar and Electro- MX5200 | 100Mz1000MHz | 22008 201 |  _80
1c'ﬁnetic Environment Simulators. MX5250 | 100Mz1500MHz | £2508 [201 | -e
ore and more systems engineers
re choosing Micronetics to meet
1eir NOISE requirements.
For more information, write for our microneticy inc.
smplete NOISE Catalog SSNS/982. A0 b o
icronetics, Inc., 36 Oak St., uantech Company

orwood, New Jersey 07648 or call
'01) 767-1320

0.508B.

Programmable Noise Instruments
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When you need more crystal
filter performance in less space,
we re-think basic assumptions.

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

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

third the usual
size. And our m “
sub-mini tubular
(17-250 MHz,

12"D. x .32"H.).

And our

matched filter sets,

smallest in HC45,Sub-mini
the industry. AEREEE

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

can't be equaled

o SGP"\;.
v n
Sokol

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

Mineral Point, Wl 53565
(608) 987-3363, Telex 467581
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package dimensions, also provides high-
speed data transfer, optional low-aging-
rate oscillators and a s'ngle-input connec-
tor for frequency measurements from 500
MHz to the upper limit of each counter.
The HP 5352A derives its high-frequency
performance from the GaAs sampler first
used in the HP 5350A/5351A. The choice
of GaAs over silicon (previously used in
microwave-frequency designs) was made
in anticipation of adapting the design to
higher-frequency apglications. A GaAs
sampler down-converter allows greater
control of circuit response. This results in
dependable high-frequency characteris-
tics, and, therefore, predictable and
repeatable performance at millimeter fre-
quencies. Hewlett-Packard Company,
Palo Alto, Calif., INFO/CARD #156.

Automatic Test Program Generator

AMS-Advanced MicroSolutions has in-
troduced an Automatic Test Program
(ATP) generator designed to automate the
process of developing test programs and
documentation. With the ATP generator,
a test programmer familiar with BASIC
language can generate simple ATPs in
just a few hours and modify an ATP in

AEP...THE

minutes. The Generator and ATPs are
available for use with the HP 9000 Series
200 Technical Computers and GP-IB
(IEEE-488) controllable instrumentation.
AMS-Advanced MicroSolutions, Menlo
Park, Calif., INFO/CARD #150.

High-Speed Silicon-Gate DMOS
Analog Switch in Surface-Mount
S0-14 Package

The SD5400 family of DMOS analog
switches with 1 ns switching time is now
available from Siliconix in the surface-
mount small-outline SO-14 package. This
miniature 14-lead plastic DIP is ideal for
hybrid design; it is one-third the size of
the standard 14-lead DIP and has been
pretested. The SD5400 quad switch array
is built on the Siliconix-developed oxide-
isolated, silicon-gate DMOS process,
which provides greater device stability
and reproducibility over metal-gate
designs. Available in three grades —
SD5400CY, SD5401CY, and SD5402CY —
the device is specified for analog signals
up to =10 V, 5 V, and +75 V, respective-
ly. Drain-to-source leakage current is on-
ly 10 nA (maximum), while gate-leakage
current is 1 yA (maximum) for all three

FULL LINE SOURGE

FOR FIRST RATE COAXIAL GABLE
ASSEMBLIES ... FLEXIBLE & SEMI-RIGID

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

are custom formed with any .085” to .250” size cables and with any
connectors. Add rigorous quality
control for precision and

economy ldentical to our
“High-Rel” Subminiature
Coaxial Connectors.
Call or write for
details, now.

ENGINEERING
PRODUCTS

1475 Whalley Ave. P.O. Box A-D Amity Station
New Haven, CT 06525 (203) 387-5282 TWX: 710-465-1173
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variations. Typical drain-to-source on-
resistance is only 50 ohms at a gate
voltage of 5 V. The operating temperature
range is 0°C to 70°C, and maximum
breakdown voltage at 25°C ambient
temperature is rated at 20 V for the
SD5400CY, 10 V for the SD5401CY, and
15 V for the SD5402CY. Siliconix, Inc.,
Santa Clara, Calif., INFO/CARD #155.

Monte Carlo Analysis Program
Offered with Touchstone

Monte Carlo analysis and yield predic-
tion with the capability to vary substrate
and measured S-parameters is now
available to RF/microwave circuit
designers using Touchstone, a computer-
aided engineering program from EEsof,
Inc. for the IBM PC/XT/AT and HP 200
computers. Manufacturing yield of
RF/microwave circuits is projected by
selecting certain circuit parameters for
random variation. Any parameter that can
be optimized can also be used as a
toleranced value. For example, tolerances
may be assigned to 1- and 2-port S-
parameters and 2-port noise parameters
to analyze how a random variation in tran-
sistor performance affects overall circuit

performance. One- and two-port data may
be specified as s-, y-, z-, g- or h-parameter
data in various formats. EEsof customers
who have purchased Touchstone before
July 1, 1985 will be sent the Monte Carlo
program as part of their software support
service. After July 1, Touchstone-MC will
be available as an added-cost option to
Touchstone. EEsof, Inc., Westlake
Village, Calif., please circle INFO/CARD
#154.

Programmable Attenuator

Specs for Model 50P-076 of JFW In-
dustries are: DC-1000 MHz; 0-127 dB in
switching speed: 6

1 dB steps;

milliseconds; connectors; BNC, TNC, N
or SMA. JFW Industries, Inc., In-
dianapolis, Ind., INFO/CARD #148.

NEW JUST RELEASED! FREE

Delay Line Catalog Features
Detailed Technical Data Section

~‘0'10
 delay !h‘m h\oedcnce rise
~ time, bandwidth,

figure of merit, atten-
uation and phase
compensation.

The product
presents over 650
standardized active
and passive delay

lines including TTL

digital and function
modules. Manufac-
turing is at our off-shore
Carribean plants to assure

2 m::matac cou corp '

Subsidiary of Designatronics, inc.
455 East 10th Avenue
Hialeah, FL 33010

Smallest

INFOIC.ARDND &R

Main Frame Scope Accepts up to
3 Plug-In Units

Iwatsu Instruments has announced a
new, plug-in type general-purpose oscillo-
scope which allows total flexibility in selec-
ting or changing functions. The SS-8120
accepts up to three plug-in units that pro-
vide either a 4-channel 100-MHz oscillo-
scope, a 4-channel 1-GHz sampling oscil-
loscope, a 2-channel digital measuring
oscilloscope or a 2-channel ultra-high-
deflection oscilloscope. The mainframe
features a 7 inch dome-mesh CRT and in-
corporates a character generator so data
from the plug-in units can be displayed on
the CRT in easy to read values. In addi-
tion, the versatility of the SS-8120 is
enhanced with signal output terminals
provided for the output of vertical signals,
timebase signals, gate signals and
calibration voltages. lwatsu Instruments,
Carlstadt, N.J., INFO/CARD #153.

Bipolar Power RF Transistor

A new high power, class “AB” bipolar
RF transistor for military communications
and ECM applications is now available
from the RF Devices Division of TRW
Electronic Components Group. The
MRA0204-60 device provides 60 W of CW
linear power in broadband applications.
Gain is 9.5 dB minimum at 400 MHz and
28 V. The device is usable over a 225 to
400 MHz frequency range. The MRA0204-
60 can withstand a 5:1 VSWR load pull
at 400 MHz with a power output of 60W.
TRW Electronics Components Group,
Lawndale, Calif., INFO/CARD #152.

Intelligent Impedance and
Gain-Phase Analyzer

A new impedance and gain-phase
analyzer from Hewlett-Packard Company,
the HP 4194A, is an intelligent instrument
that makes both impedance and transmis-
sion measurements. Frequency coverage
is 100 Hz to 40 MHz for impedance mea-
surements and 10 Hz to 100 MHz for gain-
phase measurements. The HP 4194A has
a 7.5-inch (19 cm) color display for presen-
ting measurement data, making it the first
HP instrument with a color CRT. Design-
ed for lab and quality-assurance applica-
tions of component manufacturers, and
communications and consumer equip-
ment manufacturers, the HP 4194A can
be used to evaluate materials, discrete
components, ICs and circuits. The ana-
lyzer's Auto-Sequence-Program (ASP)
function easily can automate the
measurement and analysis functions
without using a separate computer.
Hewilett-Packard Company, Palo Alto,
Calif., INFO/CARD #150.
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Short Form Catalog

A new short form catalog from Ballantine Laboratories, Inc.,
describes key specifications and features for its broad line of
precision electronic test and measuring instruments. Covered
are oscilloscopes, both for portable general purpose use and
laboratory units; scope calibrators; voltmeters and special pur-
pose instruments; multimeters; counters and counter-timers; and
AC calibration standards. Also included are the company’s pro-
grammable instruments and automated computer-based systems
for calibrating oscilloscopes and meters. Ballantine
Laboratories, Inc., Boonton, N.J. INFO/CARD #123.

Electronics Catalog

The 176-page 1985 edition of the Mouser Electronics Catalog
offers over 17,000 items stocked in depth. It serves as an excellent
guide for engineers, purchasing agents, or anyone needing quick
access to up-to-date product data and pricing of standard stocked
industrial electronic components. It includes potentiometers,
capacitors, resistors, transformers, lamps, switches, battery
holders, jacks, plugs, speakers, knobs, fuses, semiconductors,
hardware, tools, test equipment, relays, cabinets, meters and
more. Mouser Electronics, Santee, Calif. INFO/CARD #122.

Low Pass EMI Filter Catalog

A new 36-page low pass EMI filter catalog is now available
from Murata Erie North America, Inc. This new catalog contains
complete technical information on the company’s high quality
EMI filters and filtering systems for MIL spec and other applica-
tions. Details on mechanical configurations, electrical specifica-
tions and environmental performance are thoroughly discussed.
In addition, cross references for Military Part Numbers MIL-
C-39014/16, MIL-C-39014/17, MIL-C-39014/18 and MIL-C-39014/19
with Murata Erie part numbers are given. Murata Erie North
America, Inc., Marietta, Ga. INFO/CARD #121.

Surge and ESD Handbooks

Two handbooks have been announced by KeyTek Instrument
Corp., to help modern electronic equipment survive powerline
and dataline surges as well as ESD (electrostatic discharge). The

Surge Protection Test handbook describes surges conducted via
signal lines and the AC power line. The Electrostatic Discharge
(ESD) Protection Test Handbook describes ESD itself, preven-
tion techniques and a guide for diagnostic ESD testing. Written
in clear basic terms, these handbooks will be helpful to both the
experienced engineer and the newcomer to environmental
testing. All the necessary information is included to assist a user
in hardening his equipment, from the design stage through final
acceptance testing. KeyTek Instrument Corp., Burlington,
Mass., INFO/CARD #120.

Conformal and Molded Axial Leaded Capacitors

AVX Corporation has published a new catalog on conformally
coated and molded axial-lead multilayer ceramic (MLC)
capacitors. The 20-page publication gives complete specifica-
tions for NPO, X7R, and Z5U dielectrics used in conformally
coated (SpinGuard™) and molded axial-lead MLC capacitors.
Although these MLC capacitors are ideal for low-cost, high-
volume applications, redundant testing of capacitance and
dissipation factors (D.F.) ensures parametric accuracy of these
components. General specifications for each dielectric cover
capacitance range and tolerances, operating temperature range
and characteristic, and voltage ratings. D.F., insulation resistance,
dielectric strength, life test, moisture resistance, thermal shock,
and immersion cycling information are also shown for both
SpinGuard and molded axial-lead capacitors to help design
engineers specify the best capacitor for the application. AVX
Corp., Myrtle Beach, S.C. INFO/CARD #117.

Beam-Lead and Chip MIS Capacitors Brochure

Alpha Industries, Inc. has released a new 20-page brochure
describing their beam-lead and chip MIS capacitors. The
brochure includes technical information and data sheets on
Alpha's complete capacitor product line, including MIS chip,
binary trimming, FET chip mounting, beam-lead, and millimeter-
wave beam-lead capacitors. An application note that covers bond-
ing methods and packaging is also included. Alpha Industries,
Inc. Woburn, Mass. INFO/CARD #115.

MICRO PROCESSORS TTL, ECL, CMOS
AND COMPUTERS COMPATIBLE
AD COVPUTE CLOCK OSCILLATORS pgmar:ts
TEMPERATURE DIMENSIONS
ha i ECL CMOS STABILITY, FREQUENCY RANGE
0C 10 70C - |
TM1100A EM1100A CM1100A + .01% TTL = 1 HZ to 120 MHZ
TM1114A | EM1114A | CM1114A T 05% o Moo e
TMIT15A | EMI115A | CM1T15A | + 1% ECL = 3.2 MHZ to 120 MHZ __L
TM1116A | EM1116A | CM1116A + 1.00% CMOS = 1 HZ to 25 MHZ
TM1144A | EM1144A | CM1144A + .0025% | o 00
TM1145A | EM1145A | CM1145A + .005% "’ﬁ",ﬁ
- u L.
NOTE 1: Srecity operating voltage N
for CMOS Oscillators _— )
EXAMPLE:  (TM11004]-[500 MHZ EXAMPLE: e -y
CM1100A - 5 MHZ at 5VDC i e
- o -t
OSCILLATEK St DA T
i\ DIVI§ON aF NOTE 2: Consult factory for . NG
Screening to MIL-STD-8838, -U.
O R L U M L-0-55310 Qualification GND
620 N. Lindenwood Drive ard Custom Design oUTPUT
Olathe, Kansas 66062 o S R
14 + V.dc
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FCC Requirements and Test Methods '

October 9-10, 1985, Philadelphia

October 30-31, 1985, Boston
Information: Greg Gore, R&B Enterprises, 20 Clipper Road,
West Conshohocken, PA 19428; Tel: (215) 825-1965

Selecting Materials and Systems for EMI Shielding
September 26-27, 1985, Columbus, Ohio

Information: Katrinna Fischer, Battelle's Columbus

Laboratories, 505 King Ave., Columbus, OH 43201-2693; Tel:

(614) 424-5724 l

Interference Control Technologies |
Grounding and Shielding
September 24-27, 1985, Las Vegas
October 15-18, 1985, Philadelphia
November 12-15, 1985, San Diego ‘
November 19-22, 1985, Bermuda
December 3-6, 1985, New Orleans |

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

TEMPEST — Design Control — Testing
October 7-11, 1985, Washington, DC
December 2-6, 1985, Sunnyvale

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

MIL-STD 461/462 and System Level Testing and ;
Procedures
September 24-27, 1985, San Diego :

EMC for Packaging Engineers
October 8-9, 1985, Philadelphia

Fundamentals of EMI/EMC |

September 10-11, 1985, Boston
December 10-11, 1985, Houston

Grounds and Shields in Instrument Design
October 1-2, 1985, San Diego

Information: Penny Caran, Interference Control Technologies,
State Route 625, PO. Box D, Gainesville, VA 22065; Tel:

(703) 347-0030

Continuing Education Institute

Microwave Circuit Design: Linear Circuits
October 7-11, 1985, Cambridge, Massachusetts
October 14-18, 1985, Zurich, Switzerland
November 4-8, 1985, Palo Alto, California

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

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

824-9545

Lock your UHF
and microwave oscillators on
frequency with fundamental-
mode SAW resonators. ..
Quartz stability from 200
MHzto 1.3 GHz

Typical phase noise—
140 dB./Hz at 10 kHz

Compact TO-39 packages
Low cost

Large selection of
standard models

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

Crystal Technology

A Siemens Company

1035 East Meadow Circle
Palo Alto, CA 94303
415/856-7911, TWX: 910-379-6625
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Kathi Walsh

Classified Advertising Manager

__l_'f_design

A Canrdiff Publication

6530 South Yosemite Street
Englewood, Colorado 80111

(303) 694-1522

Opportunities

Join Sperry In Phoenix

Sperry in Phoenix offers you an
opportunity to help us develop the
next generation of aviation elec-
tronics. Our relaxed southwestern
location is also setting standards in
Sunbelt lifestyles. We are looking
for talented people. Openings
exist in the following areas:

Microwave Engineers

To qualify for these positions
you should have a minimum of
three to four year’s experience and
a BSEE degree. Your background
should include experience in one
or more of the following areas:
Signal processing circuitry, analog
design, digital design, microwave
receiver design, microwave trans-
mitter design, microwave GaAs fet
amplifier design and microwave
power fet amplifiers. Experience
with GaAs MMIC designs is highly
desirable.

Microwave Packaging
Engineer

To qualify for this position you'll
need two to six year's experience
in two or more of the following
areas: microwave circuit design,
microwave circuit packaging
techniques, microwave GaAs
technology, high-speed digital
packaging and use of CAE/CAD
tools. Your experience will be
utilized to develop interconnec-
tion and packaging of analog and
microwave digital GaAs or ECL in-
tegrated circuits.

Joinus...

Sperry offers you a generous sal-
ary and benefits package, send
your resume, in confidence, to
John Gray (RFD-E610) Sperry,
DV5C, P.O. Box 21111, Phoenix,
AZ. 85036.

e
A= SPERRY

Equal Employment Opportunity/Atfirmative Action Employer
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RF ENGINEERS

We are a fast growing manufacturer of electronic
RF amplifiers, and have an immediate need for
Rt design engineers. If you are a cable TV
engineer with design experience in amplifiers, or
headends, we would like to talk to you. We are
the pioneer in low distortion feed forward
amplifiers, and we're looking for you.
Successful candidates must have a BSEE,
preferably with a minimum 2-5 years experience.

Send resume in confidence to:

RF/MICROWAVE
ENGINEERS

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

ENTRY TO 3 YRS. EXP 22-35K
MID LEVEL 30-45K
SENIOR AND MANAGEMENT40-70K

Professtonal, confidential, free resume preparation ser-
vice. Client companies assume all iterviewing, employ-

GENERAL
INSTRUMENTS
Virginia McClain
Jerrold/Century 3 Div.
610 Neptune Ave.
Brea, Ca. 92621
(714) 671-2800

Leading
Edge

¢ Analog
¢ Digital

Our technically advanced clients
encourage professional growth and
provide a stimulating environment.
These clients set the standards and
require the best performers.

Openings nationally—salaries to
$70,000.

Bone Search Group has served engi-
neers successfully since 1952. To accel-
erate your career, send resume or call:

Dale Mayhall
President
BONE SEARCH
GROUP, INC.

2008 Ft. Wayne Bank Building
Ft. Wayne, Indiana 46802

ment and reiocafion costs.

Nationwide
Business Service

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

RF ENGINEER

Colorado

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

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

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

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

(303) 674-5576

WINEGARD N

1

RF Design

\— (219) 424-4466 _/




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

¢ RF Project Eng. — Supervise 3
eng's in CATV prod. design in excel.
Southern loc. $45-$55K.

¢ RF Design Eng. — Req. 2+ yrs.
exp., great sunny location — $30K’s.
o RF Design Eng. — 2-5 yrs. exp.
pref., in RF components design. N.
England — $45K.

¢ Reg. Sls. Mgr. — Supervise 4
acct. execs. in SMATV. No reloc.
nec., package in $50K’s.

e L.A.N. Acct. Execs. — 4 loca-
tions, $30-35K + bonus.

* RF Project Eng. — Designin 4-12
GHz range, $50K + N.E. location.

JIM YOUNG & ASSOCIATES, INC.

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

CALL OR WRITE FOR OUR MANY OTHER OPPORTUNITIES WORLDWIDE
TOLL FREE #1-800-433-2160. IN TEXAS ONLY CALL (817) 599-7623

SINGLE LAYER PARA
CERAMIC CAPACITOR CHIPS

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

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

JOHANSON
DIELECTRICS L)

2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505
(818) 848-4465 TWX 910-498-2735

FEES PAID
CONFIDENTIAL

&
PROFESSIONAL
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Yes. Silicon Frequency-Linear
Tuning Varactors.

Eliminate costly linearizer circuits with
FSl field proven Frequency Linear
Tuning Varactors. The GC-15000
series FLTVAR is produced by
state-of-the-art computer con-
trolled epitaxial technology,

which provides the resistivity
gradient and resulting CV

curve necessary for linear

tuning.

The FLTVAR is well suited

for use in bipolar and FET
VCO'’s, Gunn VCO's and tun-
able filters for wideband tuning
through KU band.

Engineering services are available
to provide assistance in the event
our standard catalog types do not
meet your requirements.

and GaAs
Varactors too.

Where ultra high Q is desired, these
GC-51000 series abrupt junction GaAs
Tuning Varactors are available. These
devices are ideal for tunable VCO's,
frequency synthesizers, voltage tunable
filters, phase shifters, as well as linear
frequency and phase modulators for
communications equipment.

Quality workmanship and reliability of
FSI’'s GaAs Tuning Varactors are assured

by our strict process control standards. FREG UENCY
Write for complete details. SDURCES

SEMICONDUCTOIR DIVISION
A SUBSIDIARY OF LOIR/AL CORPORATION
16 Maple Road
Chelmsford, MA 01824
(617) 256-8101
TWX (710) 343-0404
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Specifications vs. Price

Texscan’s new attenuators
eliminate the choice
between good specifications
and a good price

¥ QP
L

T
&
~

A,
BENCH MOUNT PROGRAMMABLE ROTARY

BMA 580/780 BMA 581/781 PA 85127 PA 6563 TA 50770 TA 5171 TA 5373
IMPEDANCE 50/75 ohm 50/75 ohm 50 ohm 50 ohm 5075 ohm 50/75 ohm 50/75 ohm
STEP 1dB 0.1d8 1dB 1dB 1d8 10dB 0.1dB
ATTENUATION 80dB 81dB 127 dB 63 dB 1048 70dB 1.0dB
FREQUENCY DC-211GHz DC-1 GHz DC-1 GHz DC-1 GHz DC-2 1GHz DC-2'1Ghz DC-1 GHz
CONNECTORS BNC, SMAor N BNC, SMA or SMB BNC or SMA
PRICE $79 BNC $79 BNC $79 BNC
(U.S. DOMESTIC) $290 $450 $360 $260 $89 SMA $89 SMA $89 SMA

OTHER STEP AND ATTENUATION VALUES AVAILABLE TO SPECIAL ORDER

CALL OR WRITE US TODAY: Texscan

3169 North Shadeland Ave « Indianapolis, Indiana 46226 « (317) 545-4196 CORPORATION
INFOICARD 59 :






