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When your message means business

A NORTH AMERICAN PHILIPS COMPANY

Now —reliable RF Transistors from 900 MHz
down to 1 MHz for Mobile Communications.

MOBILE APPLICATIONS 30 to

Power (W) | Freq. (MHz)| Gain (db) min.| VCC (V) | Package 900 MHz
0.5 900 9.0 125 SOT-103/E1 Type Power (W) | Freq. (MHz)!| Gain (db) min.| VCC (V) Package

1 900 75 12,5 SOT-172 BLWS6 200 30 13.5 50 SOT-121
900 6.5 12,5 SOT-172 BLV25 75 108 10.5 28 SOT-119
900 73 12'5 SOT-122 BLV80/28 80 75 6.5 28 SOT-119
900 8.0 12:5 SOT-171 BLV33F 85 225 10.5 28 SOT-119
900 6.0 1125 SOT-171 BLV36 120 225 10.0 28 SOT-161
900 6.0 12.5 SOT-171 BLUS3 100 400 6.5 28 SOT-161
BLV97 30 860 6.5 24 SOT-171
BLV57 38 860 6.5 25 SOT-161

BASE STATIONS

400 10
i MOBILE APPLICATIONS B - o
BLU60/12 470 : 125 | soT119 c Ldcdcda
BLU45/12 470 L 125 | SOT-119 Type Freq (MHz) | P In (MW) | P Out(W) | VCC Package
PUELob/12 0 ; 155 ‘ gg;: :9 68-88 | 100 20 12.5 | SOT-132
gtt’fo ka ‘:70 ‘ y 2‘2 Bt 13 80-108 | 100 20 125 | SOT-132
ge 9 \ ‘ 1 132-156 | 150 125 | SOT-132

1

] e ‘ 18.5 Sy 2o 148-174 | 150 12,5 | SOT-132

| ]

B - . -l " 148-174 | 150 125 | SOT-1328
BLWeo 470 125 | SOT-122 400-440 | 100 : 12.5 | SOT-132C
BLW79 470 : 24, ) (SONES 400-440 | 150 125 | SOT-132C
BLX65 470 : IR5 . 1) JiNg 440-470 | 100 . 12,5 | SOT-132C
440-470 | 150 12,5 | SOT-132C
470512 | 100 ; 12,5 | SOT-132C
175 MHz MOBILE APPLICATIONS Sieii=: vy 2ol Bty 125 | Syail
BLV75/12 175 7.0 125 | SOT-119 68-88 | 150 125 | SOT-301-A-03
BLV4S/12 175 ) 125 | SOT-119 144-175 | 150 12,5 | SOT-301-A-03
BLV30/12 175 . 125 | SOT-119 400-440 | 30 . 9.6 | SOT-26NC
BLW60C 175 | . 125 | SOT-120 400-440 | 45 , 9.6 | SOT-26NC
BLWA1 175 , 125 | SOT-120 430-470 | 45 . 9.6 | SOT-26NC
BLY8IC 175 : 125 | SOT-120 460-512 | 45 . 9.6 | SOT-26NC
BFQ43 175 , 125 | TO-39E 380-512 | 50 ! SOT-75A
BFQ42 175 , 125 | TO-39 380-480 | 2.5 WATTS SOT-75A

AMPLIFIER MODULES FOR LAND MOBILE

Amperex. 230 Duffy Avenue. Hicksville, New Yorkm11802, or phone 516/931-6200. TWX 510/221-1839



One of the purest signals

your radios will ever receive.

The Fluke 6071A Signal Generator

Leading mobile radio manufacturers
worldwide have selected the Fluke
6071A as their preferred synthesized
signal generator.

Why?

As a critical element in RF tests sys-
tems, the 6071A meets their demands
for receiver testing to 1040 MHz.

How?

fts —140dBm to + 13 dBm output
is strong enough to reach the upper
limits required for distortion tests, and
pure and quiet enough to easily make
multi-order intermodulation, adjacent

channel rejection, and other off-chan-
nel measurements. Spurious ouput
levels are on the order of — 90 dBc to
—100 dBc, while the typical broad-
band noise floor is — 150 dBc/Hz. Plus
the 6071A offers built-in AM, FM, @M,
and IEEE-488 compatibility!

The 6071A is backed by Fluke’s 20
years of experience in RF technology.
And it’s available at a price that’s half
of what you might expect to pay for
equivalent performance. Only $18,100.

Picture the 6071A in your RF test
system. Then to find out how to get it
there give us a call at 1-800-426-0361

or contact your local Fluke Sales
Engineer or Representative. You'll pre-
fer the 6071A too. Pure and simple.

IN THE U.S. AND NON-
EUROPEAN COUNTRIES:
John Fluke Mtg. Co., Inc.
P.0. C9090, M/S 250C P.0. Box 5053, 5004 €B
Everett, WA 98206 Tilburg, The Netherlands
(206) 356-5400, Tix: 152662  (013) 673973, Tix: 52237

IN EUROPE
Fluke (Holland) B.V.

FLUKE

Copynght © 1984, John Fluke Mfg. Co., Inc. All rights reserved.  Ad No. 6112-6070  For technical data circle number
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Clarke's proposed
3-satellite system.

In 1945, Arthur C. Clarke—a British mathematician, wire-
less operator and creative science fiction writer found a
better way to beam communications signals around the
world. He theorized that an artificial satellite, carried by a
rocket to an orbit 22,300 miles above the earth’s equator
and traveling at 6879 mph (the speed at which the earth
rotates on its axis), would appear motionless to an ob-
server on earth. From that height, Clarke reasoned, a radio
relay station could cover one-third of the earth's surface;
three such satellites, placed in geosynchronous orbit
around the equator could provide worldwide communica-
tions. In 20 years, advances in electronics, miniaturization
and rocketry made Clarke's dream a reality and gave the
world improved communications capability.

finding new ways

" FINDING NEW WAYS...

The Earth from 22,300 miles in space. (Photo: Courtesy of NASA}

Likewise, in 1969, Mini-Circuits made its total commitment to
serve the emerging communications market . . . by replacing
expensive, custom RF signal-processing components with
low-cost, catalog units with unparalleled reliability.

Our dream, like Clarke's, has come true. Over 1,000 catalog
items available with such Mini-Circuits innovations as our ex-
clusive HTRB burn-in testing, the world’s only 3-year guaran-
teed mixers, computer-automated performance data (CAPD)
to eliminate design guesswork . . . just to name a few.

Mini-Circuits’ products have become the industry stan-
dard. We are actively dedicated to the pursuit of further
improvements in product cost/performance, quality and
reliability for more effective worldwide communications.

setting higher standards

1 Mini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500

Domestic and International Telex 125460 international Telex 620156

INFO/CARD 3

F7QRav Oncx




L e e

1

Synthesizer Design P. 42

21

42

48
56

63

74
76

Features

May/June 1984

Cover

May/June Cover — This month’s front cover is courtesy of Wavetek
Rockland Scientific Inc. to announce their new Model 5155A 1 GHz
Frequency Synthesizer. This product has unique performance
capabilities over a 100 kHz to 1000 MHz frequency range as ex-
pressed with the graph on the front cover. More details are includ-
ed in the article on page 21 showing how this instrument’s perform-
ance has been optimized.

Multiple Synthesis Techniques Optimize Instrument’s Perform-
ance — An overview article on frequency synthesizer techniques
and how these techniques can be used to optimize an instrument’s
performance.

Low-Power VHF/UHF Synthesizer Design — This article provides
the reader with a background in phase-noise sources and estimating
techniques, and leads into the discussion of a specific synthesizer
design.

Negative Feedback Amplifiers — This article looks at the effects
of feedback on the gain and impedance levels of amplifiers.

Basic Program for Designing an RF Amplifier Using an inherent-
ly Stable Device — A program written in Basic that performs the
same calculations as a previously published program for the Ti-59.

Impedance Matching Program Using Stern’s Stability Factor —
A calculator program for determining amplifier stability using Stern’s
stability factor.

r.f. designers notebook — Active Transistor Bias Regulators.

Application Note — All-Matched Port Switching For Medium-Power
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publishernotes

Introducing:

The RF TECHNOLOGY
EXPO 85

“Good idea. . .very much needed’’ said two out of three
of our readers in a recent survey, indicating response
to the project named above. Over 40% of you said you
would be “‘inclined to attend’’. . .while 63% of you
engineering managers said you would recommend the
attendance of engineers you supervise and send 2.25
people, on the average. We are overwhelmed. . .and
more than encouraged to take off the wraps and make

it official.

e'd like our readers to be among
the very first to know: R.F. Design
magazine will sponsor a new conference
and exhibit, for the same technology and
the same people that we serve editorially.
it will be called RF TECHNOLOGY
EXPO, and will be held for the first time
next January 23, 24, and 25 at the
Disneyland Hotel, in Anaheim, California.
It's a pleasure to announce something
which you know is needed, and not just
an exploitative copy of somebody else’s
success. RF TECH EXPO is needed for
the same reason that R.F. Design is
needed: because nobody else is paying
proper attention to RF circuit and system
design techniques. The big electronic
shows are too general and too digital,
while the existing RF shows are too
microwave, to be useful to true RF
engineers and to the vendors trying to
reach them.

Technical sessions at RF TECH EXPO
will turn a rare spotlight on topics and
equipment in kHz, MHz, and lower GHz
frequencies. With your peers in other
companies you'll be able to concentrate
on new ideas and developments in such
areas as RF design, EMI/RFI test and
evaluation, RF computer-aided design,
SAW devices, oscillator design, filter
design, RF test equipment, satellite com-
munications, 800 MHz applications. . .

In fact, you may want to step out and
organize a session, or lead one, or author
a paper. Well, here’s your chance. We're
still very early in the planning of an event
we want to be just as useful to you as it
can be. . .so why don’t you help shape it?
Feel free to call or write us directly. . .or
you can use the return post card you'll
find in this issue, labelled “CALL FOR
LEADERS, AUTHORS, PANELISTS.*

In any event, please plan to come. We
placed it at the Disneyland Hotel, in the
month of January, so you'll be encour-
aged to bring the whole family,
relax. . .and get to know us, each other,
and vendor/exhibitors. (Already com-
mitted, among the latter, are Motorola
Semiconductor, TRW Electronic Com-
ponents, John Fluke Manufacturing,
Wavetek, Amperex, and others.)

The RF engineering fraternity needs
this event, to generate the sense of com-
munity it should have, in the face of cur-
rent pressures. | guess no one needs to
tell you we're in an RF boom. . .spurred
by a healthy demand for new and im-
proved RF communications in military, in-
dustrial and consumer sectors of our
economy. There’s a lot to talk about, to
exchange, to foster, to propogate.

We'll see you in Anaheim!
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Many of today’s complex instrumentation systems
depend on programmable frequency synthesizers.
Varian Instrument Division, Palo Alto, is using
PTS 160 and PTS 200 low noise sources in their
state-of-the-art-products.

The reliability record established by these
synthesizers over the years has been outstanding.

If you need VHF-UHF Synthesizers for precision
frequency control in your system or lab,
follow the leaders, specify PTS with confidence.

FREQUENCY SYNTHESIZER MODELS
IS o MHz, 160 MHz, 200 MHz, 500 MHz
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PROGRAMMED TEST SOURCES, INC. Littieton, MA, 617-486-3008




plug=in Dbl st

attenuators

DC to 1500 MHz

only S1%5 100041

$3.95 (10-49)

IN STOCK . ..IMMEDIATE DELIVERY

* rugged...meets MIL-STD-202
» hi-stability, thick-film construction
» miniature 0.4 x 0.8 x 0.4 in.

« flat frequency response ...
+0.3dB (typ.)

* VSWR less than 1.2:1 (typ.)
* 1W maximum power

« designer’s kit available,
4 of each type (12 units) $39.95

SPECIFICATIONS

MODEL ATTEN.  ATTEN. TOL.
AT-3 3dB +0.2dB
AT-6 6 dB +0.3dB
AT-10 10 dB +03dB
AT-20 20 dB +03dB

For complete specifications and performance
curves refer to the Microwaves Product

Data Director. the Goldbook, EEM

or Mini-Circuits catalog

f

ot t d
] [ ] - -
[ JMini-Circuits
A Dvision of Scientihic Components Corporation
World's largest manutacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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Dear Sir:

| was surprised at the controversy my
remarks about BASIC has sparked. | cer-
tainly don’t think that BASIC is the *‘best”
computer language — but | will say with
certainty that there is more hardware
capable of running BASIC than any other
language in the world. There are better
languages — in fact for most of the ap-
plications described in r.f. design | find
Visicalc type programs to be extremely
convenient. But the fact is that few
machines have these programs installed.
The real advantages of BASIC are:

More machines run BASIC than any
other language;

Numerous pocket calculators run
BASIC;

BASIC is relatively easy to move to
another machine;

BASIC is easier to turn to calculator
language than the reverse;

More machines run BASIC than any
other language.

While other languages are more power-
ful, more elegant, and more modern,
BASIC is still the most universal. Perhaps
the controversy will die out now that new
calculators from both T.l. and H.P. are
programmed in BASIC.

Yours truly,
V.P. O’Neill

Dear Sir:

| must disagree in part with the opinion
expressed by V.P. O’Neil Il (letters, page
6, Sept./Oct. '83). The ideal situation
would of course be to print all software
languages for each engineering program.
However, this does require that engineers
are motivated by their particular com-
puting needs to carry out this program
translation or the work is carried out by
a software person in the employ of a
publishing company such as yours. If
such translations are to be carried out
then it is first necessary to inform
engineers that said software, in a par-
ticular language, for a particular applica-
tion, exists, and has sufficient software
support to enable translation by those
engineers. These translations must then
find their way back to a collating depart-
ment for publication in a book or valuable
space devoted by your magazine for such
translations. As such this would be a
rather sporadic and random article, but

nevertheless of some value.

The best approach, and most efficient
in terms of engineers’ time, would be to
print the program in the three most wide-
ly used languages. In my opinion these
should be Basic, HP41C, T158/59, and a
software person employed by your com-
pany to provide the missing program
translations. This does require that pro-
grams submitted are sufficiently
documented to make this feasible.

My reasons for the above statement are
as follows:

1. An engineer should not waste himself
as a resource translating software, in
company time that is!

2. Software, by its nature, is a time con-
suming activity when being generated
and only time saving when being run —
correctly!

3. Up until a years ago, only the program-
mable calculator was available for desk-
top use and the alternative was a main-
frame of some description.

4. The HP41C & TI58/59 calculators have
now been used by experienced engineers
for 5-6 years and have accumulated a
large but dispersed potfolio of applied
programs.

5. The TI59 is the only calculator to pro-
vide a respectable computing power,
display and magnetic storage all in the
one package — as yet no such “‘Basic”
operating micro-computer provides all
these benefits in one package.

6. | was fortunate, only recently, to obtain
a TI59 for £75 (=$113) which is at least
a half to one-third the price | would have
had to pay for a *‘Basic’’ operating micro-
computer, and that does not include the
TV or monitor which is a very cumber-
some peripheral.

7. 1t will be at least a year or two more
before any manufacturer will be selling a
micro-computer with built-in disc storage,
printer and display (l.c.d. or e.r.t.), and
sufficient memory for most engineering
requirements, that will be easily hand-
carried like the TIS9.

8 The cost of such a micro as defined in
7. will be beyond most U.K. engineer’s
personal pockets for quite some time,
whereas in the U.S. differences in pricing
strategy of micros will not be so pro-
hibitive to engineers wishing to make
such a purchase.

9. | am not trying to imply in 8. that my
company, and others in the U.K., do not
have “‘Basic’’ running micros in our labs
because we do. The problem is in getting
your hands on one the ‘“instant” one
needs to perform such calculations. This
is overcome by owning one's own

May/June
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YOUR SINGLE

for Schottky Diodes.

It starts with a No Compromise Solution to all of your Design Requirements.

As the industry’s leading manufacturer of Schottky diodes, we have more than a
thousand ways to satisfy your most pressing design needs...because we make more
than a thousand different types of diodes.

And we make them in a wide range of configurations including GaAs and Silicon
materials...beam lead and bonded construction...single and multiple junctions...
six different drive levels...and more than 100 package styles.

To this unprecedented level of flexibility we add direct applications assistance
and a delivery commitment to suit the tightest schedule. We'll even supply your
devices to accommodate “Just-In-Time” delivery, to help you avoid unnecessary
inventory buildup. It's all part of a solution that lets you meet your original design
requirements...without having to compromise and without missing deadlines!

So start taking advantage of the flexibility that only the industry’s leading
microwave semiconductor manufacturer can offer. Take a look at our extensive catalog
and if you don't find exactly what you're looking for, call our Senior Applications
Engineer, Stan Howe, at 617-935-5150, Ext. 252. He'll discuss your requirements and
help you target an optimum design solution to your most challenging design problems.

When it comes to Schottky diodes,
»
il Alpha

Alpha is your best single source supplier.
Alpha Industries, Inc. 20 Sylvan Road « Woburn, MA 01801 « Phone: 617-035-5150 « Twx: 710-393-1236 « Telex: 943436 | he Microwave People
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Electromagnetic Compatibility
Testing from 20 Hz to 18 GHz

UFETRY WETIRT

D—.-‘-- _—

e . L
, E‘focft‘n-Metrics CCS-750 computer-controlled system :
provides faster, more comprehensive EMC measure- § L3 { dr 33
ment and offers the flexibility to handle virtually 0 20 Hz to 18 Cl"ld4(.J GHz f}eQu@ncy coverage
any application. The system includes a desk-top O Automatic calibration for improved accuracy
computer system, a Digital Interface Unit and three J Autmnatl(‘:'anlenna selection
EMI receivers to cover a frequency range of 20 Hz 10 O Control of all test parameters
18 GHz (expandable to 40 GHz!). O Reduced data tabulation time
v J . O EMI emissions and susceptibility tests
The CCS-750 system displays signal strength vs. per FCC/VDE/CISPR and Mil-Std 461/462
frequency directly, with automatic correction for FeaLE
3 - juirements
antenna factors and RF attenuation. And all data can
be stored {or later use. An IEEE-488 Interface Bus
controls signal sources as well as all other test Automate your emissions and susceptibility testin
y y 8
parameters, and facilitates integration with other with Electro-Metrics complete CCS-750 system. Call
automated equipment. or write today for more information.
quip y
100 Church Street B e e )
Amsterdam, New York 12010 Tel.: (518) 843-2600

TWX: 710-446-4798
A PENRIL COMPANY
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We're introducing our latest development — the
OSP™ Modular Plug-In Connector. Designed for
cost effective electronic system packaging. More
than just a connector, it's a unique packaging solu-
tion in answer to the demand for high density
packaging. OSP™ connectors eliminate external
cables — modules literally snap together. Multiple

Spectrg

the connector store

o

N~

connectors mate simultaneously. And, they operate
reliably to 26 GHz even when only partially mated.
Components utilizing OSP™ connectors are also
available.

Need details? Send for our 20 page OSP™

booklet.
THE CONNECTOR STORE

See us at the MTT-S Show,
Booth #303/310

Ommni
“Wspectra M/A-COM OMNI SPECTRA, INC.

MA/COM Omni Spectra Inc. 21 Continental Bivd,
Merrimack, NH 03054 (603) 424-4111

OSP is a trademark of Omni Spectra Inc.
INFOICARD 7



I PHASE COMPENSATED I

VOLTAGE

CONTROLLED
ATTENUATORS

U] phase stable over full attenuation range [] internal linearizer [ internal driver
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S TYPICAL PERFORMANCE (AT 200 MHz)
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CONTROL VOLTAGE
DAICO DESIGN BRIEFS: Also offered are 2300 varieties of
The phase compensated volt- MIC & Connectorized Solid-State

age controlled attenuator provides a Switches, RF Relays, Delay Lines &
linear 40dB analog attenuation with Step Attenuators from DC to 6GHz.
a maximum VSWR of 1.25 over the
full range. The phase variation is
typically less than +3° at 200MHz.
Daico phase compensated VCAs are
designed and fabricated utilizing in
house thin-film technology in
accordance with MIL-STD-883B.
They are offered in frequency
ranges through S500MHz and in
connectorized packages or MIC con-
figurations for P.C. mounting.
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TYPICAL PERFORMANCE (AT 200 MHz)

TN

0 10 20 30 40 50
ATTENUATION (dB)
TYPICAL SPECIFICATIONS

frequency 150-250MHz

phase stability 10° max over
specified attenuation

attenuation range 40 dB min

linearity +2dB

insertion loss 4 dB max

VSWR 1.25 max

contro! Oto +5 voits

RF power + 15 dBm max

DC power + 15 volts @ 40 mA
=15 volts @ 40 mA

impedance 50 ohms

size 1.5 x 20 x .6in

connectors SMA

part number 100C1575

DAICO INDUSTRIES, INC.

2351 East Del Amo Blvd., Compton,

CA 90220

Telephone 213/631-1143 » TWX 910-346-6741
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calculator/micro in order to become a
better engineer.

10. In conclusion, | would like to see the
TI59 drop quite substantially in price as
it nears the end of its “‘product life”, in
order that many more engineers can take
advantage of all these useful, experience
— supported TI59 programs. Please keep
on printing them and the exceedingly
useful article in r.f. design — from an
appreciative self-training r.f. engineer.

Yours sincerely,

Mr. C. Levitt (Senior Dev. Engr.)
Motorola (Communications) Ltd.
Jays Close

Baringstoke.

Hampshire.

RG22 4PD.

England.

Antenna Article
Comments
Dear Sir:

The article on gain of grounded
monopole antennas by Ames and Edson
was an interesting overview of the sub-
ject. Unfortunately, | find it a bit hard to
swallow a definition of antenna gain that
depends on the type of transmitting
antenna at the other end of the radio
circuit.

Antenna gain is a very slippery subject
— the numbers you get depend heavily
on the assumptions you start with. My
thesis is that the gain of a grounded
quarter-wave monopole is equal to the
gain of a half-wave dipole using any
reasonable assumptions.

For example, as was mentioned in the
article, the total circuit loss (transmitter-to-
receiver) of two half-wave dipoles in free
space is the same as for two quarter-wave
monopoles over an infinite ground plane
at the same distance. It is true that the
field strength from the monopole is 3 dB
stronger than the dipole, but this is
because of the infinite ground plane —
there is only half as much volume to fill
with energy as in the free-space case. A
more fair comparison would be the
monopole vs a dipole suspended over a
ground plane. In this case the dipole is
3 dB better at its favored radiation angle.
If you average (RMS) the dipole response
over the peaks and nulls of the vertical
radiation pattern, you again find an
average loss equal to the monopole.

A final comparison would be between
a system consisting of two free-space

r.f. design

dipoles vs two “‘free-space’’ monopoles.
A “free-space’’ monopole is one whose
ground plane is large enough not to upset
the driving-point feed impedance, but
small compared to the distance between
the antennas. (The ‘‘ground plane”
antenna with 4 quarter-wave radial wires
is a reasonable approximation.) In this
case, both the half-wave dipole and

quarter-wave wave monopole generate
the same far-field and have the same total
ciscuit loss.

gains as being equal you eliminate the
paradox brought on by equation 7 in the
article, and path loss can be defined in-
dependent of the type of antennas used.
This results in a single gain figure for
each antenna type and avoids the unset-
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308 90°
HYBRID

IN-PHASE
POWER
DIWVIDER

Btock Dlagram=~Typical § & Q Phase Detector.

MODELS: IQF-2-70 (Flat Pack)
1QT-2-70 (TO-8)
RF and LO Input Characteristics

* Frequency

* Impedance (Nominal): .
e VSWR (Max.): .........
e RF POower Level: ......
e LO POwer Level: .. ... .

Output Characteristics

¢ Video Bandwidth: . ...
e Qutput Load (Nominal): . .

(RF to IF, or IF,)
Output Accuracy

« Phase Balance (IF, to IF,):

* Amplitude Balance

R, EO VR v <. 1 T4

10 to 500 MHz (10% BW)
50 Ohms

1.5:1

0 dBm Nominal

+10 dBm Nominal

DC up to 5 MHz

50 Ohms

0-360°

10 dB Typ., 12 dB Max.

90 + 5° Max.

1.0 dB Max.

send for complete specifications. (See Catalog M80-3)

M Mermrimac

INDUSTRIES.

INCORPORATED

P.O. BOX 986, 41 FAIRFIELD PLACE, WEST CALDWELL, N.J. 07007
201-575-1300 ® TWX 710-734-4314 o TELEX 6853128
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Microwave
Engineering
Opportunities

Yig Tuned )5 Drop.in
Products f OmMponentg

-

e Band Pass Filters

.y &

(ALQ184)

L Thin Film VCO

¢ Band Reject Filters Mixers
i nsity Package . A
% H'g?/gé-s 6.0 55x38in) * Oscillators f .
(10 t m up iime (3min e Harmonic Generators Switches
e Fast war :

' Staloc® Filters/Oscillator \
/ k at -54° C) 7
- from cold soa Sets (shown)
« High Tuning accuracy | e
Circulators

e Excellent Frequency
g - Actual size

o glus Multifunction
A ; Omponents
T Broadban

{ dto 18GH;
® Applications — g
LMA i Ground SUppo CM/EVV,

rt, Missi
; Systems, Co Missile

Addington/Yig Tek L ="
Products

For more information about Microwave Engineering
Career Opportunities, please call our Engineering
Placement Office 408/732 3260, or send resume to:
Eaton Corporation, Microwave Components Division,
610 N. Mary Avenue, Sunnyvale, California 94086

An Equal Opportunity Employer
U.S. Citizenship Required

E.T-N

Stability (£1.25 Mt!z max.)

‘,
2 e Digital Worf.iwﬁr e

Linear Su
Tuning |
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tling necessity of assigning a negative
gain (over isotropic) to a grounded quarter
wave monopole.

Alan Bloom, Reliability Engineer
Hewlett-Packard Co.
Santa Rosa, CA 95404

Author’s Answer
Dear Sir:

We agree with Mr. Bloom that anten-
na gain depends in a subtle way on one’s
initial assumptions. However, if one of the
assumptions is the standard formula for
gain (equation 1 of the article), then the
gains of monopoles and dipoles must dif-
fer. One might be able to base a system
of gains, capture areas, and transmission
losses on a forced equality of the gains
of dipoles and grounded monopoles, but
we have not seen such a derivation car-
ried to its logical consequences. We have
followed the conservative approach of re-
taining the standard definitions of gain,

which leads to a non-standard result for
receiving surface waves, because our
work often involves calculating field and
signal levels in systems that include both
space waves and surface waves, as well
as both kinds of antenna. Previous at-
tempts to avoid the distinctions in the ar-
ticle have led to confusion.

We would be the first to applaud a
paper that derives a simpler set of self-
consistent gains, but to be useful it would
have to retain simple formulas for
transmission loss and capture area, and
apply to the same set of examples and
conditions included in our article.

John Ames &

William Edson

SRI International
Menlo Park, CA 94025

Typo
Dear editor:

What appears to be a minor typo error
appears in the article ‘““High Performance

VSWR Measurements” (March/April)
1984, page 32A. The received power is
stated to be:

Pr = P(GrGMZ/(4AR)2

whereas it has been shown to be
represented by:

P; = PiG/:Gin?/(4nR)?

Thank you for a fine article.

Sincerely,
Vance Peterson
Motorola
Plantation, FL

It is your magazine, so if you
care to express your opinion
on any subject, let’s hear from
you. Ed.

HP’s Small Wonders

Let you design
systems fast

® Model 11713A Attenuator/Switch Driver
@ Automatic control for 2 attenuators and
2 switches simultaneously

11713A Driver

8494G Att2nuator

¢

8761B Switch

INFO/CARD 11

HEWLETT
PACKARD

® HP-1B programmable—manual or remote
® Overload-protected internal power supply
® Price $1610¥  *Domestic U.S. price only.

For more information on how the HP
11713A can help simplify your microwave
test set-ups, call your nearby HP sales
office, or write Hewlett-Packard Co., 1820
Embarcadero Rd., Palo Alto, CA 94303.

» -
[ 3
»

SYSTEMS
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for
r.f. design

If you have an idea for an article you would like to see published in r.f. design,
send an outline or call the editor to discuss your proposal. We pay $50 per
magazine page, upon publication, for a contributed feature article. Call Larry
Brewster, (303) 694-1522, or send your outline/article to 6530 S. Yosemite
St., Englewood, CO 80111.

YBRID URCS GENERAL
PURPOSE

{

U.L. Recognized, C.S.A. Certified

SERIES JX5100,
JX5200, JX5300,

Model VSC & VSU Model USC & USU F"-TEHS
® 1-750 MHz ® 750 MHz - 4 GHz
® 35mA @ +15-32V ® 150 mA @ +15-32V ® For use in mini-computers, office machines, medical elec-
® 222"x13"x0.5" ®222"'x13"x08" tronics, industrial controls, etc.
® 1 to 30 amperes . . . 125 or 250 VAC.
Stability:

YA > WYY !
VSC & USC: +.0005% +10 C 1o +45 C . Ser!es JX5100 pro.wdes RFi ?ontr.ol of line l(') grm.md nonée.
VSU & USU: +.003% —25 C to +85 C Series JX5200 highly-effective in controlling line-to-line

interference.
RF Power Output: +10 dbm min. Harmonics: > —50 dbc
® Series JX5300 power line RFI filters offer premium perform-
Delivery: 45-60 days ance in low impedance applications.

H Write for Engineering Bulletin 8211B to \
I I"a”a” Technical Literature Service, Sprague Electric Co.
709 Marshall Street

North Adams, Mass. 01247

MANUFACTURERS OF MICROWAVE PRODUCTS THE BROAD-LINE PRODUCER spnnGUE

19529 Business Center Drive. Northridge. CA 91324 THE MARK OF RELABILITY
(818) 993-1662 OF ELECTRONIC PARTS v e

INFOI/CARD 12 INFO/CARD 13



20
VOTE
ANZAC, 4

v wirtd win witH WIN W,

1 ANZAC! ] ANZAC!
: A A JP AMPLIFIERS : ANZAc

3 THE PEOPLE'S CHOICE——x

Anzac Amplifiers are always a popular choice with discriminating
buyers — people who know Anzac quality. Six new lossless feedback
models and eight new thin film models have entered the arena.
Check their qualifications below. We stand proudly on our record of
quality and reliability. We’re sure you’ll pick Anzac as your next

amplifier.
FREQUENCY | GAIN NOISE 1 dB 3rd ORDER VSWR | CASE| MODEL #
RANGE (dB) FIGURE COMPRESSION PT. INTERCEPT
{MHz) (dB TYP/MIN) (dBm TYP/MIN) (dBm TYP/MIN)
10 - 400 8.5 1.5/2.5 +12/+46 +30/+15 22:1 | TO-8| AM-181
5-500 15 2.4/3.0 =0I5/=8 +12/+8.5 21 | TO-8) AM-171
10- 500 125 2.0/4.0 +4/0 +19/+12 1.5:1 | TO-8| AM-156
20- 500 12.5 EEE +24/+21 +42/+430 21 [ TO-8| AM-157
100 - 600 28 1.6/3.0 +19/+16 +30/+27 21 | FP AM- 160
5-1000 15 2.4/33 0/-3 +12/+8.5 2.1 | TO-8| AM-173
5-1000 15 25/3.8 +4/+2 +17/+14 2.1 | TO-8| AM-174
5-1000 15 3.0/4.2 +8.5/+7 +22/+19 21 | TO-8| AM-175
5-1000 13 4.0/5.0 +13.5/+12 +30/425 2.1 | TO-8| AM-176
20- 1000 9.5 2.0/38 +8/+4 +20/+18 2.1 [ TO-8| AM-154
300- 1000 125 2.5/5.5 +21/+18 +37/+27 21 | TO-8| AM-155
10 - 2000 10 3.9/5.3 +4/42 +17/+13 2.1 | TO-8| AM-178
10- 2000 10 4.2/6.0 +8/+7 +23/+20 21 | TO-8| AM-179
10 - 2000 10 4.8/7.0 +15/+13 +30/+25 2.1 | TO-8| AM-180

Adams [] § Russell

ANZAC DIVISION

80 Cambridge Street » Buriington ¢ MA 01830  (617) 273-3333 « TWX 710-332-0258
INFO/CARD 14



188 variable RF coils.
At very affordable prices.

If you need variable inductors in the
range from .05 uH to 1100 uH, no one gives
you a wider selection than Coilcraft. And
no one gives you lower off-the-shelf pricing!

Coilcraft tuneable RF coils are designed
to meet MIL specs. They feature compact
10mm or 7mm packaging, optional shield-
ing, and one-piece construction for
maximum stability.

For special inductance or Q values, we’'ll
custom-build coils to your specifications
and still save you money!

For all the details on Coilcraft tuneable
RF coils or our other inductive devices,
call 312/639-6400.

Experimenters Kits. Choose kits
covering the range from .0425 to 1.5 uH
or from .70 to 1143 uH. Kits include
shielded and unshielded samples along
with detailed -

specifications. :
Each costs $50, " B
applied against ‘
your first order. h
Call 312/639-6400
to order. :
s £ “« o¢
' “ 0 o8
| . 3 k)
,‘:\\\\‘::\
Chip Inductors Current Sensors
INFOI/CARD 15 INFO/CARD 16
%
Power Inductors Axial Lead Chokes
INFOICARD 17 INFO/CARD 18

1102 Silver Lake Rd., Cary, IL 60013
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¥ e

nd production capa-
bl ;;t-‘- nake sure that tube
- and cavity are compatible. If it
E{;“ 1'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,

ol d* Ay e 1T he
.'f‘f. - ,‘lr.f_

\ ,Ed'n"rpleté cav-

.‘:.;-‘. "‘ d

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 (MH2) 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 kWt
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

INFOICARD 20

: aEnresl
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
415.592-1224

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

Telex: 868-841

varian



Drive ESD problems
into the ground!

NEW Instrument Specialties devices ground high
voltage static discharge with minimum contact stress!

You know how Instrument Specialties’ shielding strips have helped solve your interference
control problems. Now, a design breakthrough can provide your answer to grounding high
voltage discharge.

These new assemblies provide optimum contact force with a minimum of stress on the
contact. Material is either brass, or beryllium coppper, with all its inherent advantages.
Mounting is compatible with all surface textures and materials. Moreover, a complete
spectrum of platings is available to ensure galvanic compatibility.

A few typical. off-the-shelf assemblies are shown here. Special designs, engineered
precisely to meet your requirements, can be produced with a minimum of lead time. And
there’s no charge for consultation.

The Instrument Specialties’ “Mushroom” is a two-piece assembly
consisting of a beryllium copper top plate and plastic push rivet

\
\
L

— ) which mounts through a .250 inch diameter hole.
/J / 97-700
V2 \ 5
' The “Pop-Up” is a spring-loaded brass assembly in a serrated cup for
\ easy snap-in mounting. One pound of compression pressure yields
(s \ S over 1000 pounds contact force per square inch.
8 97710
o
Used with both the Mushroom and Pop-Up assemblies, this brass
contact plate acts as a mating surface of consistent quality which
| 5 mounts in the opposing plane.
97-720

These beryllium copper grounding bars are mounted on chassis and
"y cabinet frame components by riveting. heat staking, or by using
* common hardware such as screws and fasteners. Redundancy of
contact points is attained by varying the number of fingers. Instru-

ment Specialties also offers many custom variations.
97-733

To get your copy of our complete manual, discussing theoretical and
practical aspects of interference and grounding problems and their
solutions, use the Reader Service Card. Or, write directly to the
address shown below, Attn: Dept. RF-11.

1 INSTRUMENT SPECIALTIES COMPANY, INC.
= Delaware Water Gap, PA. 18327
=7 Phone: 717-424-8510 ® TWX: 510-671-4526

Specialists in beryllium copper since 1938
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Multiple Synthesis Techniques
Optimize Instrument’s Performance

Three synthesis techniques — Direct Digital, Direct Analog,
and Phase Locked Loop — are combined in a new 1 GHz fre-
quency synthesizer that provides excellent performance at a
fraction of the price of previous designs.

By Phil Feinberg
Wavetek Corporation

The distinction between signal
generators and frequency syn-
thesizers is becoming more and more
vague as advances in technology im-
prove the performance of both types of
signal sources.

Originally, “Signal Generator”’ referred
to a device that contained some form of
modulation with unspecified residual
single sideband phase noise (SSB phase
noise). A *‘Synthesizer,” on other hand,
was at one time thought of strictly as a
very stable frequency source with no
capability for modulation.

Now, however, stability in signal
generators is markedly improved. Syn-
thesizers can include some form of
modulation, as well as being capable of
very fast frequency switching with fine

resolution, enabling simulation of a fre-
quency modulated (FM) carrier signal.

As signal generators and frequency
synthesizers approach each other on per-
formance, it becomes more and more the
application that defines the type of signal
source one needs. With the growing im-
portance of Secure Communications,
Electronic Counter Measures (ECM), and
Electronic Counter-Counter Measures
(ECCM) on the one hand, and the reduc-
tion of communication channel spacing
(from 25 kHz to 12.5 kHz to. . .) on the
other hand, certain key specifications
such as fast frequency hopping and good
close-in phase noise are needed. These
needs have brought about the develop-
ment of a new type of synthesizer de-
scribed in this article.

A Combined Approach

The Wavetek Rockland Scientific
Model 5155A combines three different
synthesis techniques in one instrument,
Figure 1. It has unique performance
capabilities over a 100 kHz to 1000 MHz
frequency range, with excellent close-in
(10 Hz offset) phase noise characteristics;
typically -100 dBc/Hz at 500 MHz.

This synthesizer uses Direct Digital and
Direct Analog techniques to achieve fast
frequency switching in less than 1
microsecond, phase continuous hopping
over a 100 kHz bandwidth, and resolution
of 0.1 Hz or better. Several critical fre-
quencies needed to achieve the intru-
ment’s wide bandwidth are generated by

VWAVEETEEI 01 - 1000 Mie Froquansy Syniwsii et S155A

P ad .
'] *

r.f. design
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flat pack
mixers

(+7 dBm LO)

5 t0 1000 MHz
0n|Y $149 (6-24)

IN STOCK ...

AMMEDIATE DELIVERY

* pin-for-pin replacement
of competitive models

* MIL-M-28837/1A performance*
* extra-rugged construction
* hermetically-sealed

* every unit thermal shock tested,
5 cycles, —54°C to +100°C

* low conversion loss, 6.2dB
* hi isolation, 40dB
* 1 year guarantee

“units are not QPL hsted
LMX-113 SPECIFICATIONS
FREgLéENCY RANGE, (MHz)

5-1000
IF DC-1000

CONVERSION LOSS, dB TYP.  MAX
one octave from band edge 62 70

total range 70 8.0
ISOLATION, dB TYP  MIN
5-50 MHz LO-RF 50 45
LO-IF 45 40

50-500 MHz LO-RF 40 30
LO-IF 85 25

500-1000 MHz LO-RF 30 20
LO-IF 25 17

SIGNAL 1dB Compression Level  0dBm min
finding new ways
setting higher standards

JMini-Circuits

A Dwision of Scientitic Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'kiyn, N.Y. 11235(212) 769-0200
22 INFO/CARD 22 C91-3REV ORIG

a Phase Locked Loop (PLL).

For a better appreciation of this syn-
thesizer design, more must be said about
the advantages and limitations of various
synthesis techniques.

Synthesizer Design

Except for the unique abilities of direct
digital techniques in providing phase con-
tinuous switching, any synthesizer

70 Racal Dana 9087 (multi PLL)
~80 —
Ailtech 382 (direct analog)
A o0
=
8 Fluke 6071A (PLL
D -100 ~ (PLL)
[+ —
@
S -110 -
Q -
(2]
2 _120
E -
a = WAVETEK 5155A
2] 130 — (direct digital,
— el b HP 8662A (muiti PLL)
-140 —
=3 R
| T T T T
1 10 100 10k 100K M

OFFSET FREQUENCY (H2)

Figure 2. Typical Single Sideband Phase Noise Comparison of some In-
direct (PLL and Multlloop PLL) and direct (dlgltal and analog) synthe5|zers

Your company can help us
prevent child abuse.

One of the tragic aspects of child abuse is
that it doesn’t have to happen.

The National Committee for Prevention
of Child Abuse knows how child abuse can
be prevented.

But we need vour company’s help to do
it. We need help in two ways.

The first involves educating vour em-
ployees to the causes and prevention of child
abusc—through literature which we can
make available.

The second way involves helping us set up
additional prevention facilities—through the
donation of money in vour company's name.

The National Committee for Prevention
of Child Abuse is a private. charitable organi-
zation. In the last seven vears we've made
great strides in the prevention of child abuse.

But the problem is still enormous. We
nced vour help. Please mail the attached
coupon today.

And help us put an ¢nd to child abuse

. 3 IR N I O A B W D W B E . I
' Help us get to the heart of the problem.
| |
g Write: National Committee for Prevention of Child Abuse i
. Box 2866, Chicago, lllmons 60690 "
g U Please send us information on how we can help. i
P 0 We want to start helping right now. Enclosed is a check for $ I
g NAME ' '
g "TE : COMPANY — 1
. ADDRESS$ :
CITY STATE zip

| 0
8 % National Committee for ORIl RN m 8
1 R Prevention 0' Ch"d Abl.lse & i‘hc .»\':i\'crlisinéCuguncil, C?)Uf(l '
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specifications can in theory be met by
direct digital, direct analog, or phase lock-
ed loop designs as long as there are no
limitations on packaging or size, power
consumption, or cost. If SSB phase noise
(measured in a 1 Hz bandwidth) is plot-
ted against frequency, Figure 2, one can
see that the different techniques can pro-
duce similar results. Cost usually deter-
mines which design is more acceptable.

In the practical implementation of
meeting specifications within realistic
budgets, however, one or more specific
design goals usually determine whether
one particular technique or another
should be selected. Suppose, for exam-
ple, that a frequency change must be per-
formed in less than 10 microseconds. It
is quite possible to switch this fast with
a PLL design, but if a low spurious is also
needed, a direct digital or direct analog
approach may, as shown below, be more
appropriate.

Indirect Synthesis

In its initial form, the Phase Locked
Loop, Figure 3, was an often used syn-
thesis technique because of its ability to
generate non-standard frequency in-
crements. This was extremely useful for
those applications dealing with signals
derived from a multiplication of a signal
from a lower frequency synthesizer. Thus

if 25 kHz were the specified increment for
a system employing a 32 times multiplier,
the PLL could generate the required step
size of 781.25 Hz.

In a basic PLL system, a Voltage Con-
trolled Oscillator (VCO) frequency is
mixed with a variable set of frequencies
to produce a different frequency close to
a reference frequency. Alternatively, a
Digital Phase Locked Loop, Figure 4,
uses a variable ratio digital frequency
divider to convert to VCO output to the
reference frequency.

In both techniques, a phase detector
then compares the downconverted VCO
output to the stable reference frequency,
with resultant differences generating an
error voltage that drives the VCO to the
proper frequency.

PLL design can be optimized to
separately meet specifications regarding
phase noise, spurious output levels, or
switching speed. Simultaneously meeting
requirements in all these areas is,
however, a problem; PLL design
demands that loop bandwidth be as nar-
row as possible for spurious considera-
tions, as wide as possible for fast tuning
times, and specification dependent for
phase noise performance.

The phase noise requirements of a PLL
further complicates optimizing overall
design. The total phase noise of a well-
designed PLL is composed of the sum of

“You're right.
The workmanship w5

110400 MHz
only S13% 5.4

IN STOCK .. .IMMEDIATE DELIVERY

stiny...only 0.23 x 0.5 x 0.25 in.

* can be mounted upright
or as a flatpack

* low insertion loss, 0.8dB (typ.)
« hi isolation, 25dB (typ.)
* hermetically-sealed

* excellent phase/amplitude
balance

* 1 year guarantee

“"Wait ‘til
you see the { TSC-2-1 SPECIFICATIONS
performance!
FREQUENCY (MHz) 1-400
INSERTION LOSS, dB TYP
(above 3 dB)
1-10 MHz 0.25
10-200 MHz 0.4
We make 200-400 MHz 08
quality ISOLATION, 0B 25
2;3:2: oy _ AMPLITUDE UNBAL. 02
not just an inspection PHASE UNBAL. 28
responsibility. IMPEDANCE 50 ohms
Quartz Crystals ® Crystal Oscillators Tl
Free Catalog ting r-.';g;w:«: standards

We're the First Name in Frequency Control.

BLILEY ELECTRIC COMPANY

2545 West Grandview Bivd., PO. Box 3428, Erie, PA 16508
Phone: (814) 838-3571 ® TWX 510-696-6886

CIMini-Circuits

A Dwvision of Scientihc Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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. Now, HP packs more value
into its economical RF spectrum
analyzers with digital

display and rugged portability.

Measuring RF signals? HP’s economy RF spectrum
analyzers now give you even more value for your
money. We've added digital display, versatile data
I/0 and rugged portability to the excellent
performance and operating simplicity of these
popular spectrum analyzers. The new HP 853A
digital display spectrum analyzer mainframe with
the HP 8557A (10 kHz-350 MHz) or 8558B (100
kHz-1500 MHz) spectrum analyzer plug-in
combines accurate performance and simple
three-knob operation to meet a wide range of RF
measurement applications.

Digital display adds clarity and
convenience.

The HP 853A provides two independent 480-by
800-point resolution traces for flexibility in
storing trace data and monitoring signal changes.
You get a crisp, flicker-free, easy-to-read display.
And the microprocessor-managed display system
includes maximum hold for storing peak signal
values, digital averaging over successive sweeps to
reduce noise effects, and trace normalization to
help detect signal changes in a crowded spectrum.

Rugged portability lets you take it
almost anywhere.

The 853A is designed for transportable use in
rigorous environments. Weighing less than 48 Ibs.,
the analyzers can be taken outdoors for field test
use, or easilymoved around laband productionsites.
The 853A comes with a tilt-bail handle, rubber
bumpers, and a drip-proof front panel cover. What's
more, the HP 853A with plug-in installed is type-
tested to meet shock, vibration and driptest

e

11, Class . Sty ;rdnnanc‘e tests.
! pice of RF plug-ins covers
your applications.
Notable performance specifications of
the 8557A and 8558B plug-ins include

70 dB dynamic measurement range,

1 kHz to3 MHz variable resolution,
full range frequency response of
+1 dB and 70 dB IF substitution amplitude
accuracy of * 1 dB. Basic measurements require
only a three-knob sequence: TUNE to a signal
and read frequency from the LED display, narrow
the FREQUENCY SPAN for closer analysis and
adjust REFERENCE LEVEL to read amplitude
directly. Resolution and sweep speed are auto-
matically adjusted.

U.S.A. list prices for the plug-ins are: HP 8557A
(350 MHz) $6,520; HP 8558B (1500 MHz) $7,925.
The new 853A display mainframe is listed at $5,550*

[

3

For a permanent
record or com-
parison of many
displays, the
853A push-
button controls
can directly
— operate an HP-IB
plotter for hard copy data
recording. Or connect the
853A to a computer (like
the HP-85) via HP-IB and get
trace 1/0 as well as operator prompts

-

G FO

1

HEWLETT
PACKARD

on the CRT. 4 J

To add portability and digital display con-
venience to your RF spectrum analysis applications,
call your nearest HP sales office and ask for
“Instruments” For the same simplicity and per-
formance in microwave applications, ask about
HP’s economical microwave plug-in for the 853A.
For more information about these instruments,
write Hewlett-Packard, 1820 Embarcadero Road,
Palo Alto, CA 94303.

*U.S.A. list prices only
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AUTOMATIC PEAK POWER
MEASUREMENTS F.cq5es

GENERAL MICROWAVE CORPORATION

-

MODEL 478

No other peak power meter World’s most powerful,

can give you all this... most flexible,
most accurate Peak Power Meter

Now you can measure: This fully programmable, microprocessor-based instru-

Peak power automatically ment automatically selects the optimum time base and
Instantaneous power at any point on a waveform ggwer range to fulllz charactefriz? a microw?jv‘fe puise.
e instrument self-corrects for linearity and frequenc
From 0.1 to 26.5 GHz response of the power head, enabling !neasurer?\ent ;
-30 dBmto +15 dBm accuracy to within +0.3dB.
. 10 nsec rise and fall times The pulse waveform is presented on a calibrated CRT,
Pulse widths from 15 nsec to CW displaying a graph in linear or logarithmic units. Peak and
instantaneous powers as well as rise/fall times and pulse
Built-in features include: widths are also digitally displayed.
High-contrast 7"CRT display An oftset feature automatically scales the readout to
IEEE B compensate for external gain and loss with 0.01 dB
us resolution.

Power head self correction Other features include: Keyboard Programmability

e Manual/Automatic Operation ¢ Optional CHL Compat-

POWER HEADS AVAILABLE ibility ® Trigger Delay ¢ X-Y Recorder and Video Outputs
Model F R Pwr. R e Digital Averaging
ode req. Range wr. Range : ;
Bustief (GHz) (dBm) For complete details, write or call
N436 0.75-18 -30to +15
M438* 0.75-26.5 -24t0 +15 General
*For delivery fall 1984 <
Note Low frequency himits extendable with moderate decrease in video M |Crowave
bandwidth. Option 02 100 MHz; Option 03: 500 MHz; Option 13: 5 MHz 155 Marine Street, Farmingdale, New York 11735, Tel: (516) 694-3600
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Millimeter Wave Vector
Network Analysis is here!

Frequency Extenders

Hiinezwer ® 18 to 100 GHz

® Low cost mmW
Frequency Extension
for HP 8409/8410

% @ Internal Local Oscillator

é @ Phase Lockable Versions

CONERIEN LIS TRACKTIE CNEA-7.78
",

’o

e Honeywell’s new, low cost

Network Analyzer Frequency
Extension Unit offers testing

E”

capability in the range of 18-100 GHz.

“S” Parameter Test Sets

® Integrated “S” Parameter Test Set for
HP 8409/8410 Series Network Analyzers

® Full Ka-Band (26-40 GHz) Coverage

e Full B-Band (33-50 GHz) Coverage

® Continuous and Instantaneous Full Band
Coverage

o GPIB/IEEE-488 Buss Compatibility

® Internal Reference Plane Extension

® Internal Crystal Stabilized Local Oscillator

SpaceKom Microwave Center

214 East Gutierrez Street
Santa Barbara, California 93101
Telephone (805) 965-1013

Together, we can find the answers.

Honeywell
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Ray Proof
Technology Leaders Across th Bloard

Ray Proof technology advances the state of the art with:
RF SHIELDED ROOMS: Modular or welded. For EMI,
EMP and TEMPEST facilities. Millimeter wave capability
=100 dB to 94 GHz, and we can test to verify it.
ANECHOIC CHAMBERS: VVHF to millimeter wave. For
antenna pattern, RCS, EMC, flight simulation and FCC
testing width improved absorber materials from our
Advanced Absorber Products operations.
SPECIAL ABSORBER MATERIALS: Flexible or structural.
For aircraft, missile, shipboard and EMC applications.
UL LISTED EMI POWER LINE FILTERS: For shielded
rooms and chambers.

All supported by an advanced R&D program and world
wide turnkey installation capability.

KEENE

s iR O 28 BTG S
RAY PROOF DIVISION
50 KEELER AVENUE, NORWALK, CONNECTICUT 06856-5060 TELEPHONE (203) 838-4555 TELEX # 96-5812

EUROPEAN OFFICE: KEENE INTERNATIONAL LTD., RAY PROOF DIVISION, UNIT 23, MITCHAM IND. ESTATE,
STREATHAM ROAD, MITCHAM, SURREY CR42AP ENGLAND, TELEPHONE 01-640-9214, TELEX # 25635

INTERNATIONAL REPRESENTATIVES:
AUSTRALIA: Epping N.S.W,, 477-5494 @ BELGIUM: Brussels, 02-7352135 ® DENMARK: Copenhagen, 02-804200 ® ENGLAND: Hitchen, 0462-57181
GERMANY: Frankfurt, 06194-2788 @ HONG KONG: 5-220964 @ INDIA: Bangalore, 567443 ® ISRAEL: Te/ Aviv, 49-19-22
ITALY: Milan, 02-4982451; Rome, 06-5139455 @ JAPAN: Tokyo, 3-270-5921; Osaka, 6-231-5051; Nagoya, 52-935-7486 ® NETHERLANDS: Rijswijk, 070-99-63-60
NORWAY: Oslo, 02-282624 ® PORTUGAL: Lisbon, 19-682185 ® SINGAPORE: Sembawang, 65-2570211 @ SOUTH AFRICA: Brixton, 8391824
SPAIN: Madrid, 01-6194108 ® SWEDEN: Stockholm, 08-820400 © SWITZERLAND: Zurich, 01-7105566 ® TAIWAN: Talpe/, 2-7077111

¢1984 Keene Corporation Ray Proof Division
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. Quality at an Affordable Price

all Signal Bipolar

Plastics are Iin!

you are looking for high performance at a low cost, plastic is the
swer! NEC’s plastic packages are affordably priced for all your
HF and UHF applications, and provide economical solutions

» a wide range of amplifier and oscillator design needs. They
kature the NEC highly reliable metallization system of plat-
wm-silicide, titanium, platinum and gold. NEC's quality
evices are available in the popular 32 (TO-92), 33 (SOT-

3), 34 (SOT-89) and 36/37 (Disk-Mold) packages.
figh performance is assured by NEC's stringent qual-

; control procedures patterned after MIL-S-19500.

¢ High insertion gain
Low noaise figure
Wide dynamic range

SOT styles for automatic
insertion and space savings

DISK-MOLD

(apI®s ‘ujen pamsotsy

Optimum Noiae Figure, NF,;¢(dB)

NE734
NE416

0.7 1.0 2.0
Frequency, f{GHz)

\ ‘ : HES, INC.—U.S. and Canada
xclusive sales agents for NEC Corporatlon, MICI’OanG Semiconductor Products.

eadquarters, Santa Clara, CA 95050 « 3260 Jay Street e (408)988-3500 e Tix. 34-6393 or 171197
Europe Contact NEC Electronics (Europe)GmbH « OberrathemStrasse 4 « 4000 Dusseldorf 30 « West German




Consider the source.

HP’s 8656A

programmable signal

generator

8656A SIGNAL GENERATOR 0.1-990 MHz

HEWLETT - PACKARD

EXT AW @hNT AM

EXTFPM @ INT PN

0 EXY

20 W2

LOEXT @)1 Mz

MOD

NPUT / OUTPUT SOuRCE

1V PEAK

peseT sTEY OM

snsider

Versatility.

The HP 8656 A synthesized RF signal
generator is fully HP-IB programmable.
Even your most time-consuming tests can
be readily automated, increasing pro-
ductivity in the laboratory and through-
put on the production test floor.

Performance.

With a frequency range of 100kHz
to 990MHz, the 8656 A's signals are
accurate and stable with good spectral
purity. You get 100 or 250Hz resolution,
an output range of +13 to —127dBm
with microprocessor-controlled unit
conversion, *1.5dB absolute
accuracy and 0.1dB resolu-
tion. Low RFI leakage provides
confidence in micro-volt

10202

MODULATION

level signals. AM and FM are avail-
able from both internal and external
sources and simultaneous modulation
modes are easily generated. All this and
reverse power protection and HP-IB
are standard.

Quality.

The 8656 A incorporates HP's 30 years
of experience in designing and manu-
facturing high performance signal gen-
erators. Our reputation for designed-in
quality and reliability is backed
world-wide by a responsive sales and
service network.

Consider HP

the value.

Economy.

At $7150%, the 8656A is HP's lowest-
priced programmable signal generator.
It’s a price-performance value that makes
good economic sense for both laboratory
and production environments in a broad

range of applications. goisicheoron
Consider the
exceptional value of the ~SYSTEMS
8656A. You may find that it’s just the right
source for you. To put the 8656 A to work
in your particular application, or for help
in choosing from our broad line of signal
generators, contact your nearby HP sales
office. Or write, Hewlett-Packard,
1820 Embarcadero Road,
Palo Alto, CA 94303.

*U.S. domestic prices only.

HEWLETT
PACKARD

INFO/CARD 32
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11.5dB
directional
couplers

0.5 to 500 MHz
only S1B 549

INSTOCK . . .IMMEDIATE DELIVERY

e MIL-C-15370/18-002
performance*

* low insertion loss, 0.85dB
» high directivity, 25dB
« flat coupling, +0.5dB
e miniature, 0.4 x 0.8 x 0.4 in.
» hermetically-sealed
* 1 year guarantee
*Units are not QPL histed
PDC 10-1 SPECIFICATIONS

FREQUENCY (MHz) 0.5-500
COUPLING,dB 115

INSERTION LOSS, dB8 TYP. MAX.
one octave band edge 065 10
total range 085 13
DIRECTIVITY, dB TYP. MIN.
low range 32 25
mid range 32 25
upper range 22 15
IMPEDANCE 50 ohms.

For complete specifications and performance
curves refer to the Microwaves Product

Data Director, the Gotdbook, EEM,

or Mini-Circuits catalog

finding new way
setting higher standards

[JMini-Circuits

A Division of Scientiic Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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control

tier

EG Voltage
i Phase Band pass ;
ZREQ Detector fiter Controlled  p———m
STANDARD Oscillator
A
Low pass

(a159)
10

Figure 3. Phase Locked Loop (PLL) Block Diagram

the residual phase noise of the PLL plus
the phase noise of the reference frequen-
cy standard.

The PLL acts as a low pass filter with
respect to the reference standard so that
within the PLL loop bandwidth (close to
the carrier), the total PLL phase noise is
composed of the noise of the phase
detector, the divider, and the reference
standard multiplied up to the final PLL
frequency.

Outside the loop bandwidth, however.

the PLL acts as a high pass filter with
respect to VCO noise. Far from the car-
rier, total PLL noise is therefore equal to
VCO free-running noise, Figure 5.

In recent years, the ancillary sections
of PLL synthesizers — user interface,
remote programming, and secondary
features including automatic and manual
sweep — have been made simpler
through the application of more
sophisticated microprocessor designs. In
addition, wideband loops have been used

Don't hurt the
one you love.

Every three seconds some-
body gets hurt or killed by an
accident, and we’d hate to see
it be you.

So please take time to be
safe.

And watch yourself.

National
Safety |
Gouncil

If you don’t like thinking about safety,
think where you’d be without it.

*n®

A reminder from the National Safety Council. A non-profit, non-governmental
public service organization. Our only goal is a safer America.




controt
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FREQ ———® Ooiector [ Ratio
STANDARD Divider

Voltage
Controlled
Oscillator

A

- low pass
filter

power
splitter/
combiners

Figure 4. Digital Phase Locked Loop Block Diagram

to improve switching speed over previous
designs, and multiple loops and auto-
matic loop bandwidth switchover will con-
siderably improve close-in PLL phase
noise. Systems and circuits can also be
designed specifically for low noise. Ac-
cordingly, PLL performance has been
improved to compete with direct syn-
thesizers in terms of close-in phase noise
and switching speed.

Cost is perhaps the most important
reason for choosing a PLL synthesizer.
The enhancements descibed above,
however, result in increased cost com-
pared to a basic Phase Locked Loop
design. If design goals call for very low
close-in phase noise (<1 kHz oftset fre-
quencies) combined with a switching
speed of less than several milliseconds,
low spurious response, and fine fre-
quency resolution of 0.1 Hz or better,
other synthesizer types may have to be
considered to achieve desired perfor-
mance at the most economical price.

Direct Analog Synthesis

One well known form of direct analog
synthesis is the ‘‘double-mix-divide”
technique illustrated in Figure 6. The in-
put signal is the same frequency as the
output except that the latter also includes
the next decade digit immediately after
the decimal point. With this technique,
designers have a basic circuit or module
that can be repeated in series as many
times as is necessary to achieve a
desired resolution.

In the final design of such a syn-
thesizer, a drift cancellation loop (DCL),
is often included to provide the wide fre-
quency coverage demanded of modern
frequency synthesizers. As shown in
Figure 7, the DCL uses a VCO with
coarse frequency steps and a range of
variable frequency signals to translate the
input to the DCL to the final output fre-

quency. The effect of VCO phase noise

is reduced by the addition-subtraction

process inherent in the DCL circuitry, but
the phase noise of the synthesized signal
still contributes to the overall phase noise
of the synthesizer.

The double-mix-divide technique has
numerous advantages:

1. Final output switching speed is high,
Figure 8, because it is controlled by
the fast switching time of RF switches
for the frequency increments, and by
the very short delays associated with
double-mix-divide decades.

2. Since circuits can be repeated in
series, as many modules as required
can be daisy-chained together to pro-
duce a final output with resolution as
fine as 0.01 Hz. Better resolution is
theoretically possible and limited on-
ly by the amount of available space
and power.

3. Residual phase noise does not
degrade as resolution is added in the
synthesis chain. At the end of the syn-
thesis block, the 1/10 frequency
divider provides up to 20 dB improve-
ment in phase noise and spurious
response to compensate for any signal
degradation during the double-mixing
process.

4. At offset frequencies close to the car-
rier, total phase noise is dominated by
the phase noise of the reference stan-
dard multiplied by the final synthesizer
frequency. For offset frequencies far
from the carrier, however, phase noise
is limited by residual noise associated
with the synthesized frequencies and
(to a lesser extent) VCO noise in the
drift cancellation loop.

Direct Digital Synthesis

At intervals equal to the period of a
reference standard, Direct Digital Syn-
thesis generates, in a digital phase ac-

__4way0r

10 to 500 MHz
only $7495 -4)

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

*rugged 1% in. sq. case

* BNC, TNC, or SMA connectors
* low insertion loss, 0.6 dB

* hiisolation, 23 dB

ZFSC 4-1W SPECIFICATIONS
FREQUENCY (MHz) 10-500

INSERTION LOSS, dB TYP. MAX
{above 6 dB) 0.6 %S
10-500 MHz

AMPLITUDE UNBAL., dB 0.1 0.2
PHASE UNBAL. 1.0 40
(degrees)

ISOLATION, dB TYP. MIN
(adjacent ports) 23 20

ISOLATION, db 23 20

(opposite ports)

IMPEDANCE 50 ohms

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, the Goldbook or EEM

finding new ways
setting higher standards

[JMini-Circuits

A Dwision of Scientific Components Corporation
World's largest manutfacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
83 3 REV ORIG
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low
_ distortion

MIXers

hi level (+17 dBm LO)

5 to 1000 MHz
only $31% 529

IN STOCK . . . IMMEDIATE DELIVERY
* micro-miniature, pc area only
0.5x0.23 inches
* RFinputup to +14dBm

e guaranteed 2 tone, 3rd order
intermod 55 dB down
ateach RF tone 0dBm

» flat-pack or plug-in mounting
* low conversion loss, 6.2dB
* hiisolation, 40 dB
* MIL-M-28837/1A performance*
* One year guarantee
*Units are not QPL iisted
TFM-2H SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 5-1000

IF DC-1000

CONVERSION LOSS, dB TYP. MAX.

One octave from band edge 6.2 7.0

Total range 7.0 100

ISOLATION, dB TYP. MIN.
LO-RF 50 45
LO-IF 45 40
LO-RF 40 30
LO-IF 845 25
LO-RF 30 20
LO-IF 25 17

SIGNAL 1 dB Compression level +14 dBm min

finding new ways
setting higher standards

[HJMini-Circuits

A Division of Scientic Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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Free running VCO

TOTAL PLL Noise

VCO
improved
by PLL

SSB phase noise (dBc/Hz)

Reference Improved
by PLL

Reference standard

T ! 1

Frequency —a

Figure 5. VCO phase noise and the effect of the PLL on phase noise

performance.

T T T

cumulator (Figure 9), linearly increasing
phase values for the desired sine wave,
Figure 9. The slope of the resultant phase
ramp is directly proportional to the
selected frequency.

A Read Only Memory (ROM) with a
sine function “look-up’’ table converts the
digital phase values to digital samples of
a sinusoidal waveform. A Digital-to-
Analog Converter (DAC) then produces
a staircase approximation to the
sinewave, with the resulting waveform
rich in high frequency components. The
low pass filter removes these components
and provides a pure sine wave output.

The DAC, since it restricts overall band-
width and can introduce spurious and
harmonic components into the final out-
put, is the limiting factor determining
overall performance of direct digital syn-
thesis. Also, a 12-bit DAC operating at
less than 10 MHz is all that is practical
with present technology. This in turn
defines the size of the ROM, since any
increased performance by the sine ROM
will be masked by DAC limitations.

Other problems occur when the
selected frequency is not an exact sub-
multiple of the reference frequency.
Under such conditions, ROM phase
quantization errors are exhibited and
spurs will be generated at offset frequen-
cies directly proportional to the number
of points in the sine table.

Despite these limitations, applications

exist that can make use of the unique ad-

vantages of direct digital synthesis. Those

advantages are:

1. Phase continuous switching is made
possible, since the phase accumulator
retains the last phase value prior to a
frequency change and the new fre-
quency can start with that value.

2. Frequency switching speeds of less
than 1.5 microseconds are possible
since the only relevant delays are
those through the digital circuitry and
the output low pass filter. For the DDS
technique, ‘‘programming delay” is
more appropriate nomenclature than
“switching speed.”

3. Frequency update rates on the order
of the reference standard are
theoretically possible although several
clock cycles may be more realistic.

4. Phase control is possible either by
resetting the phase accumulator to
zero phase or by setting an arbitrary
value (providing a parallei load into the
accumulator).

5 Frequency resolution is limited only by
the number of bits in the accumulator
and values of 0.001 Hz or better are
easily obtainable across the entire fre-
quency band.

6. Construction of a DDS synthesizer re-
quires virtually no circuit alignment
(except the DAC and low pass filter)
and uses readily accessible low cost
integrated components.

May/June



We're #11In
Ferrite Products...

For Many Reasons.

We recognize that today’s markets demand products capable of meeting the expanding needs of
the industry concerning high-quality, high-volume microwave ferrite devices.

M/A-COM produces products in waveguide, coaxial, stripline and MIC configurations, within high-
volume, modern facilities.

Our extensive capacity and resources enable us to produce these products in quantity with the
highest standards of quality. These standards are reflected at all levels of production and
engineering.

ml“:' 7Y

M/A-COM MICROWAVE COMPONENTS, INC.
FERRITE PRODUCTS GROUP
53 SOUTH AVENUE
BURLINGTON, MA 01803
(617) 272-3000
TWX 710-332-6789 || TELEX 94-9464

X
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Matrix keeps Coaxial Switching
from turning into a Shell Game

EXPERIENCE IS IMPORTANT.
WE HAVE 15 YEARS OF IT

If you're buying a high frequency
switching system, it pays to deal with
a company who really understands the
business. Matrix does. We've been
designing state-of-the-art reed relay
switchers for over 15 years. To the
toughest electrical and packaging
specs imaginable. Our customers in-
clude government agencies, defense
contractors, the TV industry and more.
So don’t get burned by the old shell
game. Deal with the leader and be
sure.

WE BUILD TO YOUR SPECS
AND MAKE '‘EM WORK

Why spend months designing a
custom switching system when we
can do it faster and for less money
using our standard reed relay modules.
We assume total systems responsibility
including computer compatibility, con-
trol panel, status indicators, scanning
functions and power supplies. And we
can switch any type of cable system -
coax, twinax, triax, common ground,
floating ground - you name it.

100 MILLION OPERATIONS
WITH OUR REED RELAYS

We use hermetically sealed field
replaceable reed switches with a life
expectancy of 100,000,000 opera-
tions! And being modular, repairs can
be made in minutes. That's also why
our system never becomes obsolete
regardless of how fast or how big your
requirement grows. Talk about big
systems, we're delivering a 4,000
point switcher to a major government
agency.

So whether you're dealing with IF, RF,
video, pulse, audio or dc, there’s

a Matrix switching system to meet
your precise needs.

000 e
00 00
000 00
L 3.4.4 .90
000000
000000
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COMPUTER COMPATIBILITY

Just apply a control input from your
computer and the system will instantly
route your signal to as many points as
needed. Our IEEE interface is compati-
ble with the General Purpose Interface
Bus, with RS-232 and 16 bit parailel
interfaces also available.

NEW PRODUCTS

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

So don’t get caught in the old shell
game when Matrix has the answers to
your switching problems.

M AT R I x SYSTEMS CORPORATION

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



Now! MMICs out of the
lIab and onto the shelf.

Avantek® MODAMP™
silicon monolithic microwave
amplifiers are the new alterna-
tive to hybrid modules—small,
highly-reliable cascadable
building blocks for frequencies
through 3 GHz. And, they are
now in production and avail-
able from stock.

Available in micro-X and 70-
mil transistor packages,
MODAMP monolithic am-
plifiers permit greatly in-
creased circuit and packaging
density, while meeting the per-
formance and reliability re-
quirements of both military
and commercial applications.

In any application, the
MODAMP monolithic am-
plifier assures highly predict-
able, reliable performance
without fine-grain gain ripple,
and with excellent temperature
stability.

MODAMP silicon monolithic
amplifiers are now available,
and priced from $10.25 to

No Single Component Tells the Entire Avantek Story

Gain vs. Frequency

ONOLITHIC
IGROWAVE

ODAMPS .-

NOW IN DistRyp

20 I I

MSAO01 SERIES ~

L et
15]- MSA02 SERIES N

1 T

MSA03 SERIES

Gain, dB
>

wn

0.2 0.5 1.0 2.0

Frequency, GHz
$21.80 in 100 piece quantities.*

Contact your nearest Avantek repre-

sentative or call us for details on

this latest family of Avantek modular

amplifier products.

o W I N
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Applied Specialists, Inc. uTIO"

(Applied Engineering Consultants)
Washington, D.C., Virginia
Maryland (301) 595-5373
Baltimore (301) 792-2211

{800) 638-8555
Component Distributors, Inc. (Beacon)
Ft. Lauderdale, FL (305) 971-4950
Huntsville, AL (205) 883-7501
Raleigh, NC (919) 781-0262
Peak Distributors, Inc. (Dytec Central)
Arlington Heights, IL (312) 255-0707
Pen Stock Company (Cain-White & Co.)
Los Altos, CA (415) 948-6552
Sertek, Inc. (Cain Technology)

Los Angeles, CA (213) 478-2251
(714) 997-7311

Spirit Electronics, Inc. (Thorson)
Scottsdale, AZ (602) 998-1533

Avantek

Semiconductor Marketing
3175 Bowers Avenue

Santa Clara, California 95051
(408) 727-0700

Copyright 1983 Avantek, In¢
Avatek is a registered trademark of Avantek, inc

*U.S. Domestic Prices Only



The Model 5155A
Synthesizer

Combining Phase Locked Loop cir-
cuitry, Direct Analog Synthesis, and
Direct Digital Synthesis into one instru-
ment, Figure 10, the Wavetek Mode!
5155A HF-UHF frequency synthesizer
provides the primary benefits of each of
the basic synthesizer types described
above.

A patented* Direct Digital Synthesis
technique is used to generate lower fre-

quency increments from the 10 kHz digit
to the 0.1 Hz digit. This circuit does the
work of six double-mix-divide modules,
reducing the space requirements, com-
ponent count, alignment, and test time,
while increasing reliability. The DDS also
enables phase-continuous switching over
the entire 0.1 to 1000 MHz frequency
range as long as only the DDS in-
crements are changed. In accordance
with the earlier discussion of direct digital
synthesis, output signal phase control is
also possible. With a simple modification
to the existing circuitry, an external TTL

signal can be used to increment the
phase of the final frequency by 90° and
any multiples thereof.

Since the spurious response of the
DDS technigue is not as good as the
response dictated by the design goals,
the 100 kHz and 1 MHz digits are ob-
tained with direct analog techniques. At
the output of the double-mix-divide sec-
tion of the 100 kHz digit, the divider im-
proves both phase noise and spurious
response of the DDS (the input to the
double-mix-divide section) to an accept-

Band Band Band
fin pass pass (B 10 =P pass P>
filter filter filter
 «— Panel Control fin + Afog
10
f1 o o O [ ]
ROASER o
+ 4+ 4 e +
Figure 6. Direct Analog Synthesis Block Diagram (double-mix-divide)
: Band pass low pass
5 filter filter f<>|.|(
Band pass
filter
Voltage
Controlled
Oscillator
Afon
Figure 7. Drift Cancellation Loop (DCL) Block Diagram

36
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The high performance

requirements of your Your ChOice

RE%%‘{:_'#G For High Quality

can be realized with Communiqations
Reaction Instruments’ Eqmpment

standard or customized
Receiving Equipment.

MULTI-
COUPLERS

Reaction Instruments’ line of Receiving
Multicouplers covers the HF, VHF and UHF
bands with four units which are optimized for
electrical performance and mechanical configuration.
The Models 410 and 410-2 can serve as off-the- shelf
commercial replacements for the CU 2289 & CU 1382 HF
Multicouplers; the Model 6854 is a companion to Reaction

Instruments’ Model 685 VHF Receiver; and the Model 414, covering
the entire 20-1200 MHz band, can be used with other VHF/UHF
surveillance receivers.

Model 410-2 Dual configuration

Rear Panels

Please Write or Call

BN REACTION
B /\/STRUMENTS
1916 Isaac Newton Square West

Reston, Virginia 22090
Phone: (703) 471-6060

Multicouplers ® Receivers ® Signal Distribution ® Frequency Converters ® Processo
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able level.

The remaining digits are generated
with a UHF cancellation loop utilizing a
locked VCO to generate the range of fre-
quencies needed to move a 10 MHz band
anywhere in the frequency range of the
instrument. Locking is used to improve

reliability and VCO phase noise char-
acteristics at lower offset frequencies.
The PLL design was selected so that loop
bandwidth provides low phase noise as
defined in the design goals while being
large enough to maintain the desired fast
switching speeds.

Performance

Combining synthesis techniques gives
the Wavetek Model 5155A Frequency
Synthesizer unique and impressive
specifications, including:

- Wide frequency coverage: 0.1 to 1000

MHz
Figure 8 — Switching Speed Comparison

100m
B @ Fluke 6071A (PLL)
10m —
2
cSn Racal Dana 9087 @ @ HP 8662A (multi PLL)
£ (multi PLL)
&
10 @ Ailtech 382 (direct analog)
M =y
WAVETEK 5155A
(direct digital & analog, PLL)
Tu

l 1 I I 1 I | I l
COST —»

Our SAW Filters are
Top Performers

You can expect the best from the company that first developed

and mass produced SAW filters for commercial use. In fact,

we've produced more SAW crystals than any

other company in the world.

e Full line of stock SAW filters

e SAW delay-line and SAW resonators

e Pulse compression/expansion devices

Our capabilities include:

e Advanced mask maker and
wafer stepper

e Custom Computer Aided
Design services

o Complete technical assistance

Write or call for complete
literature: Crystal Technology,
1035 East Meadow Circle,
Palo Alto, CA 94303,

Phone (415) 856-7911,

TWX 910-379-6625.

Ask for our SAW Sales Department.

v WA
P9 Crystal Technology

A Siemens Company

[ e 9.1 Me
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The new Model 5155A Synthesizer
is ideal wherever a very pure, high
frequency signal source is needed
at a reasonable price...in the
laboratory and in production for
communications or radar.

WIDE RANGE: From 100 KHz to
1 GHz, frequency can be set
precisely in 0.1 Hz steps.

LIGHTNING FAST: Switching
occurs in as little as 1 usec.
Optional conversational GPIB
interface is ideal for ATE systems
(BCD is provided to realize full
switching speed).

NEW Model5155A \GPIB

1 usec el

switching

TRANSIENT-FREE SWITCHING:
Because frequency shifts of less
than 100 KHz are phase-continuous
(due to our patented Direct Digital
Synthesis), no switching transient
can interfere with phase-coherent
or frequency-agile radars,
frequency-hopping communications
systems or cellular telephones.

LOW PHASE NOISE: Noise is
exceptionally low, particularly
close to the carriers where low
phase noise is most important for
signal multiplication or closely-
spaced communication channel
testing. Typical performance is
— 100 dBc/Hz at 10 Hz offset
(500 MHz) and —90 dBc/Hz at

1 Hz offset.

LOW COST: Under $15,000 ,
(U.S. Price)...thousands less than
you would have to pay for this high
level performance elsewhere.

Call us or write for more details
before you spend too much and get
too little for your money.

WAVETEK:

Wavetek Rockland Scientific. Inc.
10 Volvo Drive

Rockleigh, NJ 07647

(201) 767-7900

The world’s fastest
switching synthesizer
now goes to 1 GH1.

very low J

phase noise

under
$15,000
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Figure 9. Direct Digital Synthesis Block Diagram

- Fine resolution: 0.1 Hz

- Phase-continuous frequency switching:
100 kHz bandwidth

- Fast switching speed: <1 microsecond
for frequency changes less than 10 MHz
- Excellent close-in phase noise: typicai-
ly -110 dBc/Hz at 100 Hz offset for a 500
MHz carrier frequency, and -90 dBc/Hz
at 1 Hz offset

Summary

Since no one synthesis method can
satisfy all requirements, the performance
of a frequency synthesizer can be op-
timized by properly using different
methods in conjunction with one another.
Cost is often the overriding factor in deter-
mining synthesizer performance, but
design ingenuity can play an even more
important role.

In the Wavetek Model 5155A HF-UHF
synthesizer, several techniques — Direct
Analog, Direct Digital, and Phase Locked
Loop — were used to increase perfor-
mance while maintaining a close watch
on overall cost. Direct digital synthesis is
used to control component count while
providing ultra-fast switching speeds with
phase-continuous frequency changes.
Direct analog synthesis and a fast switch-
ing PLL, on the other hand, maintain low
noise and fast switching while providing
a wide frequency coverage not possible
with direct synthesis alone.
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If you checked any or dll of the
items below, then you must order
from Wavetek. Because Wavetek
specializes in small, lightweight,
high-performance programmable

In addition to three standard
configurations, Wavetek
programmable attenuators can be

custom-designed for your specific
applications. And we can produce
them in volume quantities at
surprisingly low prices.

For complete information, contact:

Wavetek Indiana, Inc., 5808
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Low-Power VHF/UHF
Synthesizer Design

A background in phase-noise sources and estimating
techniques as applied to frequency synthesizer design.

By Henry W. Anderson
Watkins-Johnson Company
Palo Alto, CA 94304

introduction

Frequency synthesizers are crucial
elements in modern communications
receivers; their performance can enhance
or limit overall receiver effectiveness.
Phase noise is a principal measure of
synthesizer performance. This article pro-
vides the reader with a background in
phase-noise sources and estimating
techniques, and leads into the discussion
of a specific synthesizer design. Design
goals and circuit implementation are also
discussed. Measurements are presented
to show design results and areas for im-
provement. Following the measurements
is a brief discussion of synthesizer per-
formance effects on the overall receiver.

Phase-Lock Loop Background

Synthesizers, as do all phase-lock
loops (PLL), have many sources of phase
noise. The three sources discussed here
are shown in Flgure 1. They are
frequency-reference phase noise. (er),
phase detector and loop-filter noise
(enT), and voltage-controlled oscillator
(VCO) phase noise (e,). Estimating the
impact of these phase-noise sources is
important in the initial stages of a syn-
thesizer design. Estimates are also
valuable for comparing or evailuating ex-
isting designs.

Frequency-reference phase-noise
spectrum information can be gleaned
from reference-oscillator data sheets.

Phase-noise information is typically pro-
vided by a graph of the single-sideband
phase-noise spectral density, L (f), with
dimensions dBc/Hz. This data and the
divider ratio, R, allow the reference
oscillator phase-noise spectrum to be
translated to the divider output. The
governing relationship is, 20 log (1/R}).
Note, however, that a finite lower limit to
en exists regardless of how large R
becomes. This lower limit is determined
by the technology used in the divider. The
counter division ratio R, the counter
technology, and the reference-oscillator
phase-noise spectrum all have to be
taken into account to minimize frequency-
reference effects on overall synthesizer

FIGURE 1. SYNTHESIZER PHASE NOISE SOURCES BLOCK DIAGRAM.
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noise. ent. This often-overlooked source is
Phase-detector output and loop-filter in- usually the limiting phase-noise con-
put noise are modeled as one source, tributor inside the synthesizer’'s loop

Figure 2. WJ-8627 series receiver

160 MH2
WJ-8627-2 20-100 MHz —>® 214 MH2z

180-260 MHz 138 6 MHz

WJ-8627-4 100-180 MHz > 214 MHz

121 4-201 4 MHz

160 MHz
WJ-8627-6 220-440 MHz 214 MHz

t

380-600 MHz 138 6 MHz

160 MHz
WJ-9040/IFT100 500-1000 MHz 214 MHz

f

660-1160 MHz 1386 MHz

FIGURE 3. WJ-8627 RECEIVER SERIES FREQUENCY PLANS.
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bandwidth. A technique for estimating the
effect of enr is obtained by taking the
Laplace transform transfer function from
ent to the synthesizer output. Since the
area of interest is inside the loop band-
width, the obtained transfer function can
be simplified to:

L (fm) = 20 log NEnt(fm) gBc/HZ
Ko

Enr (fm) is the loop-filter input equivalent
of noise-voltage spectrum (V/\/Hz), which
can be obtained from manufacturer data
sheets. The phase-dectector gain cons-
tant Ko, in V/radian is the detector ouput-
voltage range divided by its range in ra-
dians. Note that the above equation does
not contain the loop gain, but only N, Enr
and K,. Therefore, to reduce the con-
tribution of this noise source to the
synthesizer-ouput phase noise, three
measures can be taken.:
1. select a different frequency plan that
allows a longer division ratio, N.
2. choose a lower input-equivalent noise-
voltage loop amplifier.
3. use a higher-gain phase detector.The
The first two options are straightfor-
ward, therefore, only the third will be
discussed in detail.

Gain constants vary with the type
phase detector. A popular TTL digital/fre-
quency detector has an output swing of
1.5 volts and a range of 4n radians;
therefore, it has gain constant of 0.12
volts/radian. A similar CMOS circuit has
a gain constant of 0.4 volts/radian when
operating from a 5-volt supply, or 0.72
volts/radian when operated at 9 volts. A
discrete circuit sample-and-hold phase
detector operating with a 10-volt output
swing has a gain constant of 2.0 volts/ra-
dian. Comparing the phase-detector con-
tants, a 24-dB phase-noise improvement
is realized by selecting the sample-and-
hold detector over the TTL phase/fre-
quency type. It is also seen that the
CMOS circuits offer performance be-
tween these two extremes.

Estimating the VCO contribution to syn-
thesizer phase noise requires knowledge
of the frequency range (AF) and the
available tuning voltage range (AV). This
information is used to calculate the VCO
gain.constant, Kvco(MHz/volt):

Kveco = AF_+M MHz/volt
AV

M = frequency overlap or design margin.

Next, assume a residual noise voltage,
En, riding on the VCO tuning voltage in-
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FIGURE 4. SECOND LO SYNTHESIZER BLOCK DIAGRAM.

put, En and Kvco are then used to
calculate the VCO's incidental frequen-
cy modulation (IFM):
IFM=KycoEn Hz in 1-Hz
bandwidth

A realistically achievable lower limit for
En is 0.1 uV. The VCO phase-noise
spectrum is then obtained by using:

IFM  4Bc/Hz

V2 fm

Looking at these two relationships, only
two ways to improve phase noise are
noted: Lowering the value assumed for
E,, which, in an actual system may be
impossible, or reducing Kvco. The VCO
gain constant, Kvco, can be lowered by
increasing the available tuning-voltage
range or by reducing the oscillator fre-
quency range. These last two parameters
are not usually at the sole discretion of
the synthesizer designer, since power
supply voltage and other system limita-
tions may apply. However, using band
switching in the VCO accomplishes the
desired reduction of Kyco. A limit on the
number of band switches, however, is im-
posed by physical circuit limitations.
These limitations are imposed by layout
constraints and/or the losses associated
with the band-switching circuitry.

The discussion of PLL phase-noise
sources provides a model for looking at
synthesizer phase noise and techniques
for making estimates. These techniques
are simplified and must be expanded for
an actual design. They can, however, be
used for quick comparisons between
designs and for looking at the effects of
circuit trade-offs within a design. Starting
with these simple estimation techniques,
the low power, low phase-noise syn-
thesizers of the WJ-8627 series receivers
were designed. A typical WJ-8627
receiver is shown in Figure 2.

L (fn) = 20 log

r.f. design

Design Goals

Design goals established for the new
series of recievers include low power con-
sumption, improved performance, com-
monality between units and circuit
simplicity.

A goal of one-half the power consump-
tion of the existing design was set.
Therefore, all design decisions were
made with power as a primary concern.
Higher-efficiency amplifiers were con-
sidered, new low-power technology ex-
plored, and frequency plans evaluated for
their impact on power consumption.

The performance improvement goal
was characterized by a 45-dB FM ultimate
signal-to-noise ratio (S/N) specification,
with no video bandwidth restricting filter-
ing (less than B/2 cut-off). This related
directly to a more stringent synthesizer
phase-noise requirement. The relation-
ship between receiver incidental frequen-
¢y modulation and measured FM ultimate
SIN, shown below, was used.

Afaus="197 (:3B) Hz in a B-Hz
o SIN bandwidth
20

Afrms= incidental frequency modula-
tion in a specified bandwidth,
B.

B=IF bandwidth in Hz

The Afaus value was then linked to the
single-sideband phase-noise spectrum, L
(fm), by the following equation, evaluated
with fm equal to the IF bandedge (B/2):

Afrus

V2 tmV/BI2

This point and a -20 dB/decade line
through it define the required phase-noise

L (fm) = 20 log dBc/Hz

performance for a given S/N goal. Improv-
ed FM detector and video circuitry
capable of sustaining the 45-dB level is
also required.

Commonality of circuitry designs,
printed-circuit boards, chassis, and fre-
quency plans increase potential manufac-
turing flexibility and reduce maintenance
training. The use of similar circuits in-
creases production, field technicians’
familiarity with the various WJ-8627 series
receivers, and is also greatly enhanced
by common connector placement on all
functional modules. A flexible frequency
plan is required to allow the circuit com-
monality goal to be met.

Circuit simplicity provides the long-term
benefits of easy, straightforward align-
ment and troubleshooting, thus
eliminating the requirement for highly
trained personnel to handle routine
maintenance.

Circuit Implementation

In designing the WJ-8627 series of
receivers, trade-offs had to be made in
circuitry to fulfill the goals of low power,
high performance and flexibility, while still
maintaining a simple design.

The frequency range to be covered was
divided into four coverage bands: 20 to
100 MHz, 100 to 180 MHz, 220 to 440
MHz, and 500 to 1000 MHz. Frequency
plans for each frequency band were con-
sidered individually, and then in com-
bination, to provide maximum com-
monality. The final frequency plans are
shown in Figure 3. The common in-
termediate frequencies of the dual con-
version plans allow common circuits to be
used in all cases. Note that a fixed 2nd
local oscillator (LO) frequency is used.
Synthesizing a fixed frequency has the
design advantages of low power and high
performance. Also, a fixed 2nd LO re-
quires that all receiver tuning occur in the
ist LO, thus providing the flexibility to
choose a single conversion frequency
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scheme, as in the 100-to- 180 MHz band,
by simply eliminating the 2nd LO. A closer
look at Figure 3 reveals that the 1st LO
frequencies are relatively low. Since
power consumption of roughly propor-
tional to frequency, low LO frequencies
help conserve power.

Turning to the synthesizers, let's look
at the circuit implementations that met the
design goals for the 220 to 440 MHz fre-
quency range. The fixed-frequency 2nd-
LO synthesizer has been developed
around a voltage-controlled crystal
oscillator (VCXO). Figure 4 shows a 2nd-
LO block diagram. The excellent phase-
noise performance was inherent in the
2nd-LO design. CMOS large scale in-
tegrated circuitry, coupled with low-power
prescaling, resulted in minimal power
consumption, and a single production ad-
justment provided alignment ease.

The 1st-LO synthesizer will be ad-
dressed in three major sections: the fine
frequency PLL, the upconverter, and the
output PLL. A block diagram is given in
Figure 5.

Some important factors of the fine-
frequency PLL design are the VCO, the
CMOS digital dividers, and the sample-
and-hold phase detector. The low-
frequency VCO provides very good
phase-noise performance with low power
consumption. CMOS dividers in both the
reference and N, dividers greatly reduce
power consumption over typical bipolar
(TTL) designs. Selection of the sample-
and-hold phase detector was based on its
superior phase-noise and reference side-
band performance, compared to other
types discussed previously.

The upconverter circuit provides two
functions. First, it allows a low-frequency,
high-performance, fine-frequency PLL to
be injected into the output PLL at useable
frequencies. Second, it filters the un-
wanted mixer products to keep these
spurious products from entering the out-
put PLL. Note that the 50-MHz frequen-
cy oscillator is amplified and used as the
upconverter LO. This provides an ex-
tremely low noise LO without the need to
generate it by more complicated means.

Both amplifiers in the upconverter are
designed using power amplifier techni-
ques that enhance efficiency.

The output PLL will be presented in
several parts in the following discussion:
The phase detector, N, divider, voltage-
turnable filter (VTF), digital-to-analog con-
verter (DAC) and VCO.

A sample-and-hold phase detector is
used again, not only because of its
superior performance, but also to carry
common circuitry in both the fine-
frequency and output PLLs. This in-
creases the similarity between both PLLs,
thus lowering cost and troubleshooting
time.

Previous N, dividers had been large
power consumers, typically 2.5-t0-3.5
watts in the VHF/UHF frequency range,
but design improvements enable power
consumption to be reduced to 1.5 watts.
The selection of an output PLL reference
frequency of 500 kHz and a divide-by-2
prescaler was determined on the basis of
providing the lowest power-consumption
design available. Further reductions in
power will become possible as the next
generation of digital logic becomes com-
mercially available.

The VTF is the key component in
eliminating mixer-related spurious
responses in the output PLL. It must
eliminate spurious respsonses without
adding appreciable phase shift and,
therefore, instability to the PLL. Reduced
labor costs are achieved by realizing all
resonator coils with microstrip lines.

The DAC circuit provides coarse tuning
of the VCO and and tuning voltage re-
quired by the voltage-tuned filter. Low
output noise voltage is required in those
applications to reduce potential AM-to-PM
conversions, which can severely degrade
synthesizer phase-noise performance.
CMOS integrated circuits and a band-gap
reference meet the above requirements.
They also consume very little power.

The output PLL VCO is the most com-
plex and critical circuit in the 1st LO syn-
thesizer design. Poor performance in this
critical circuit can overshadow the entire
design. The specific oscillator chosen is
a quarter-wave transmission-line type.
Figure 6 shows a sketch of the VCO cir-
cuit. Inherent mechanical stabiltity, fow
signal radiation, and the elimination of the
need for a high-Q coil are factors in the
oscillator selection. The multiband VCO
reduces Kvco, and thus, reduces phase
noise. This VCO design is used in all fre-
quency range receivers to increase cir-
cuit commonality. A five-band design is
used in the 380-t0-600 MHz synthesizer
shown.

Performance Measurements

Performance measurements were
made on a 220-t0-440 MHz receiver. Total
power consumption of the receiver
measures 14 watts. Eight watts is
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FIGURE 7. WJ-8627-6 SYNTHESIZER PHASE NOISE MEASUREMENTS.

dissipated in the synthesizers. Both LO
synthesizers are housed in a common
chassis consisting of one-third the
receiver volume. A free-air temperature
rise of 16°C was measured in this
module.

Synthesizer phase-noise performance
measurements are shown in Figure 7.
Measured performance for the 2nd-LO
PLL, fine-frequency PLL and 1st-LO syn-
thesizer are presented. Also shown is the
required phase-noise performance deriv-
ed from the 45-dB FM ultimate signal-to-
noise ratio goal. Second-LO performance
is 30 dB better than required. The fine-
frequency PLL phase noise is approx-
imately 20 dB below the specification.
The 1st-LO synthesizer measures to the
required specification. Ultimate FM
measurements of 46 dB indicate that the
overall receiver phase noise integrates to
below the design specification.

The overall receiver phase-noise per-
formance is determined by the 1st-LO
synthesizer output PLL. Further investiga-
tion reveals that the VCO is the primary
contributor. Therefore, improving the
VCO phase noise directly improves
receiver performance. Since the
measurements were recorded on a
5-band VCO, the PLL background discus-
sion for reducing Kvco is again ap-
Adding more bands would decrease VCO
phase noise. This fact has been utilized

in the development of the synthesizers for
the other receiver frequency bands, and
better phase-noise performance has been
verified.

Performance Implications

What are the implications of low power
consumption and low phase-noise perfor-
mance? Low power consumption allows
convection cooling, thus eliminating
acoustic and electrical noise, additional
power, and the problems associated with
mechanical vibration due to the presence
of a fan. The costs associated with forced-
air cooling are also eliminated. Electronic
circuit reliability rapidly increases as the
stress of high temperatures is reduced,
thus increasing the mean time between
failures and reducing maintenance costs.
Lower phase-noise levels allow higher
signal-to-noise ratios, thereby enhancing
post-detection processing effectiveness.
Reciprocal mix, which is characterized by
the loss of small-signal sensitivity in the
proximity of a large signal, is also
reduced.

Conclusion

A simple phase-noise model for fre-
quency synthesizers has been presented.
The phase-noise model is useful in the
early stages of a synthesizer design to
analyze trade-offs. This is shown in its ap-
plication to comparing types of phase

detectors. It is also useful in evaluating
existing designs. The PLL background
section is followed by a discussion of a
compact-receiver synthesizer design.
Design goals and implementation
highlights of the WJ-8627 VHF/UHF
handoff receiver series have been
presented. Measured performance of a
WJ-8627-6 (220-to-440 MHz) receiver
synthesizer is given, and its implication
to receiver performance has been briefly
discussed.
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Negative Feedback
Amplifiers

By Marlin E. Greer
Murray State University
Murray, Kentucky 42071

egative feedback manipulates an amplifier’s parameters.

Most of these changes, except for loss or gain, are im-
provements for the majority of situations. This article will look
at the effect of feedback on gain and impedance levels. Other
parameter improvements of feedback are the reduction of distor-
tion and the increase of bandwidth.

Noninverting Amplifier

The noninverting amplifier is a very important configuration
that offers an increase of input impedance in return for the
sacrifice of gain magnitude. The closed loop gain, A’, is given
by the following formula:

_Ret R (1)
R,

A

| =+

Figure 1. Noninverting Amplifier

Effect of Open-Loop Gain On Closed-
Loop Gain

The noninverting amplifier is a negative feedback amplifier
that corresponds to the most classical type of negative feedback.
It has a voltage summation at the input (the input voltage plus
the feedback voltage) and a current summation at the output.
Because of this arrangement it is sometimes identified as series-
parallel since series is associated with voltage summations and
parallel with current summations.
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The circuit in figure 2 corresponds to a generalization of this
type of feedback:

o 0 +
A A
- =
Vin
B
o~

Figure 2. Block Diagram of Negative Feedback

In figure 2, the block shows that **A” represents the open loop
gain of the amplifier and that block ‘‘B’’ represents the feed-
back loop. The closed loop gain A’ can now be calculated.

PRSAR S IR
A
AV, =V, (1 + BA)

A _VO_ A (2)
V., 1+BA

The value B is the fraction of the output voltage that is fed back
to the input. This value is given by the division of the output
voltage across the resistors R, and Re.

B=R,/(R +Rg)

When A is larger, A’ reduces to 1/B which is identical to equa-
tion 1.

The factor 1 + BA can be shown equivalent to the open-loop
to closed-loop gain ratio:

1+ BA = BA
BA=_N_xa=A_ 3)
R + R A

It is often more convenient to compute the gain ratio than 1 + BA.
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Effect of Feedback on Input Impedance

Without feedback, the input impedance would be the Ry, of
the amplifier. But when the feedback loop is closed, the voltage
at V(-) will rise from zero to just under V,, causing the voltage,
and hence the current, to be much smaller than would be ex-
pected. This decrease in current caused by the negative feed-
back makes the apparent size of R;, extremely large. The out-
put voltage, V, is given by the input voltage times the nonin-
verting gain.

A BA)V'"

The differential voltage across the input resistance, Vg, is just
the output voltage divided by the open loop gain.

Figure 3. Input Voltages

The impedance is given by the input voltage divided by the in-
put current.

Vin _ Vin (4)
n  Vin (1+BAR,

in

Z, = (1 + BA)R,

Inverting Amplifier

The inverting amplifier does not have the advantage of in-
creased input resistance, but does have other assets such as
a simpler closed loop gain formula.

Re ©)

r.f. design

Effect of Open-Loop Gain on Closed-
Loop Gain

The inverting amplifier is an example of a type of negative
feedback that is sometimes called parallel-parallel. This designa-
tion refers to the fact that current summation occurs at both the
input and the output due to the parallel connection at both
places.

The inverting amplifier is show in figure 4.

Re
w
R,
+ >
A —0
vin
. = +

Figure 4. Inverting Amplifier

The aqtion of the op-amp holds the voltages at the inverting
and noninverting inputs close to each other. Since the nonin-
verting input is at ground, the inverting input will be close to
ground. This effect is called virtual ground. The virtual ground
at the inverting input causes V,, and R, to behave as a current
source. This effect is shown in figure 5.

RF IFIF

W—->

V(=)

Figure 5. Current Source Effect

In analyzing the circuit in terms of current, note that the feed-
back resistor current is approximately equal to the input current
because of the high input impedance of the op-amp.

|ln = lRF
Vin _ Vo
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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
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tance, and a hermetically
sealed package. To date,
we've delivered more than
75,000 worldwide.
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any of more than 500 Acrian
products for communica-
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or Telex: (408) 996-8522 TWX
{910) 338-2172.

Acrian Inc., 10060 Bubb Road
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Which gives the approximate closed-loop gain equation for
the circuit:

A’=-Rf/R

The op-amp does not hold V(-) perfectly at zero, causing a small
error voltage.

-V
Vi = V(=) = —
d ) =

This error voltage slightly modifies the currents that will flow in
the two resistors by adjusting the voltages that appear across
each resistor.

Vin - Vid (Vo-Vid)
R Re

Vv \Y
F*F(Vin i Xo) =R, (Vo b _A—O)

-(R\V, +_':|_Vo_+ RF% ) = ReVin
-ARe
Re+R,
V_.O = -Re = -AR¢ BB - % (6)
Vin Ri+Rya+Rea RI+RF+RIA W
A’'=-A (1-B)
1+BA

The equation reduces to equation 5 for large A when Rl / (R,
+ Rg) is substituted for B.

Effect of Feedback on Input Resistance

The signal is not connected directly to the op-amp input in
the inverting amplifier configuration. This causes the input im-
pedance to not benefit from the potential high input impedance
of the op-amp.

Re

ONLE

ZOP Rm
+

Figure 6. Input Impedance

r.f. design

\\\I

MICROWAVE
FREQUENCY
CONTROL

Low Phase Nolse. CINOX offers a complete line of
TO-5 and other coldweld crystals for microwave
applications.

Available frequencies range up to 250 MHz.
Frequency tolerances as tight as £.0005% at
operating temperature, with stabilities of +.0005%
from -10°C to + 60°C, or +.0001% from 73°C to
77°C, are available. Typical crystal aging is within
+.0001% per year under normal ambient conditions.

CINOX is the industry leader in low phase noise
crystals, currently supplying crystals for applications
requiring -170 dbc @ 1KHz. When aerospace and
defense engineers need performance under the
stress of high shock and vibration, CINOX is the
preferred source.

Call today to discuss your precise application with
a crystal sales engineer. Or, write for a copy of our
complete, up-to-date product catalog.

® OCXO0O'’s

® TCXODO's

o VEXO’s

¢ PRECISIONCRYSTALS
e CHANNELCRYSTALS

CINOXCORPORATION

4814 GRAY RD., CINCINNATI, OH 45232
PHONE 523/542-5555 TWX 810-461-2749
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DALE
MEASURES UP

Check our expanded line of temperature
compensated crystal oscillators. It includes both
military and commercial models in frequently
specified styles — with stock frequencies available
fast! Here's a quick look at our lineup, including the
new hermetically sealed TCX0O-30 and TCXO-32
now in production.

Model No. | TCX0-22 | Tcx0-24 | Tex0-26 | Toxo-30 | Tex0-32
Freq. Range 3 MHz to 15 MHz
Stock Freq. i3 7:;, 10 MTIz 1
Stability +1, 1'5_ 7 ‘;1 s 13 +1
(vrpr&"E‘; ST l oo Cwo | Lo
Case Style Epoxy Metal with Hermetic Seal

Contact Dale today for complete price and delivery
information, plus assistance with custom modeis.
Phone 602-967-7874

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282
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The input impedance will be the input resistor in series with
the parallel combination of the impedances of the two paths
designated Z; (for feedback path) and Zyp (for op-amp path).

Miller’s Theorem

It turns out that the apparent impedance looking into the in-
put side of R is reduced by the open loop gain. This effect is
known as Miller's Theorem. Miller's Theorem states that an im-
pedance path (resistor, capacitor and inductor) that is connected
across an inverting amplifier has its impedance reduced by one
plus the voltage gain (1 + A). This effect can be easily calculated.
Note that Miller's Theorem applies only to a component that is
connected from the output to the inverting input of an amplifier
and is effected by the gain between the points that it is con-
nected. That is, the Miller resistor in Figure 6 is connected across
the open-loop not the closed-loop gain.

oV, =-AV,

Figure 7. Miller Resistance

The apparent impedance at the input side of R is given by
Ohms Law as:

Because of the action of the inverting amplifier, the voltage at
the output, which is also the other side of R is increased to
-AV,,. This causes the voltage across R to be dramatically
increased.

Vi = Vip = (-AV;)) = Vis(1 + A)

Va

Vi _ Vi (14 A)
Re

Re

IF=

vln

ZF e e,
Vil + A) 1 R

1+A

This result now allows us to determine the input impedance to
the entire inverting op-amp amplifier.

7)

Ze

May/June



Z.=R +

in

If A is large, the Rg contribution will be extremely small com-
pared to R,.

Z,= R, ®)

Output Impedance of the Inverting
and Noninverting Amplifier

To determine the output impedance of active circuits, it is
necessary to examine the development of voltages in the cir-
cuit when driven from the output. The input is removed from the
signal source and grounded. This makes the inverting and
noninverting amplifiers appear the same so that the result will
apply to either configuration. A voltage source which will be
called V, is attached to the output. The output impedance is
then the ratio of that voltage, V,, and the current that results.

Re

}

.I}-_W I
+

4

<+

Figure 8. Circuit for Calculating Output Impedance

The voltage that will be developed at the input is determined
by the feedback ratio, B, since V, falls across Re and R, as a
voltage divider.

R
Voo N BY, ©)
1+ Re
This voltage is amplified by the op-amp itself and so is increas-
ed by the open loop gain to ~AV,,. The minus sign enters from
the fact that the voltage BV, in the above equation is presented
to the inverting input.

+
-AV,, = BAV Vo

Figure 9. Voitage Across the Output Resistance

The quantity -AV,, is equal to -BAV,, found by multiplying
both sides of Equation 10 by —A. It can now be seen why negative
feedback reduces the effect of output impedance. Without feed-
back the voltage across the output impedance r, would have
been V,. The presence of feedback has dramatically increased
the voltage across r, to:

CONSULTING,
DESIGN,
and FABRICATION

« EM SENSORS
Current Probes
Antennas
FCC & CISPR LiSNs

*+ NMANOSECOND TRANSIENT SUPPRESSORS
Coaxial Lines
Power Lines
Telephone Circuits

1/0 Semiconductor Circuits

Fischer Custom Communications, Inc

P.0.Box 581 Dept.J
Manhattan Beach, Ca. 90266
213) 545-4617
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High-—Frequency Wafer Probing
Accurately Up to 6 GHz

. With CerProbe’s SL-1 Series
H|gh-Frequency Probe Cards

Our new SL-1 probe card per-
forms reliably at frequencies up
to 6 GHz using advanced micro-

stripceramicblades. A controlied-

impedance environment ensures
a high-quality transmission path
for microwave signals to and from
the wafer under test.

M2 5ROBE
CER’PR
’/m\\

pro

ping the FY

With the SL-1, wafer probing can
be performed on GaAs devices.
The SL-1 is also useful for prob-
ing VHSIC walers. Probes are
available with integral inductors,
resistors, and bypass capacitors.

125 S. Rockford Drive @ Tempe, Arizona 85281 e (602) 967-7885
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Dedicated to Quality.

“Programmable Attenuators

° Y F 50P-136 50AP-002
" i IN ouT _Single Supply Programmable Analog Programmabie
: TTL Control Logic 10-500 MHz
o seaam | | 20-400 MHz  0-30 DB Continuously Variable
{ 0-127 dB in 1 dB steps $ 90.00 (1-9 qty.)
: $ 450.00 (1-9 qty.)
50AP-008
. 50P-076 PCB Mount
Wideband Programmabie Analog Programmable
R DC-1000 MHz 50-500 MHz
(#h 0-127 dB in 1 dB steps  0-40 DB Continously Variable
\‘ ; $ 360.00 (1-9 qgty.) $ 135.00 (1-9 qty.)

—— - l— —

JFW Industries, Inc.
2719 E. Troy Avenue

Indianapolis, Indiana 46203 w
(317) 783-9875
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Vro - Vo "("BAVO)

V., = (1 + BAV.
This rise in voltage due to the negative feedback and the
amplification by the open-loop gain increases the current above
what would be expected based on V| alone. Hence a reduced
apparent resistance.

. o VO
PRS- SS i i SR ARR USRS
le (1 +BA)V,/r,
(10)

*T v eA
In order to examine the combined output impedance, the effec-
tive size of Rg from the output side must be determined. To ex-
press the size of the voltage at the input side of Re, express the
differential input voltage in terms of A.

-V
A

The voltage across Rg is the difference between the output
voltage and V.

Via =

Ve = Vo = (=Vo/A) = (1 + 1AW,

A+1
VHF - —A- Vo
The apparent impedance due to Re will reflect this voltage.

V, V,

ZF=_= —_——_—
lne. A+ 1V,/Re

Rl i L (1
A+1

This result is the other part of Miller's Theorem taken from the
output side of a Miller resistor.

The composite output impedance of the amplifier with feed-
back can now be found as the parallel combination of these two
effective resistance sizes.

Re
1+BA  1+A

o (12)

Summary

Negative feedback reduces the gain of an ampilifier to a lower
value; a value that is determined primarily by external resistors.
This allows for good precision in gain setting and good
temperature stability of gain since resistor coefficients are much
more controllable than active device parameters. This resistor
determination of gain quality is a good approximation as long
as the open-loop gain is much greater than the close-loop gain.

Output impedance of an amplifier is reduced by the open-loop
to closed-loop gain ratio allowing the amplifier to act as an ex-
tremely low-resistance source. Input impedance in the non-
inverting amplifier is increased by this gain ratio. The inverting
amplifier tends to be a low input impedance device because of
the effect of the apparent resistance on the feedback element
known as Miller’s Theorem.

A guartz
resonator
for UHF
oscillators
has
surfaced...

Introducing the surface acoustic wave (SAW) reso-
nator. This fundamental-mode UHF resonator is
manufactured with semiconductor processing tech-
niques using quartz as a substrate. The high-Q reso-
nance of the SAW resonator arises from phased
reflections across the surface of the device — similar
mathematically to the resonance of a laser. The
quartz SAW resonator makes an excellent frequency
control device for UHF oscillators from 300 to over
1000 MHz. SAW resonators are used in RF applica-
tions from precision instrumentation to high-volume
consumer electronics.

For more information on the characteristics and ap-
plications of the quartz SAW resonator please

contact:
i ' (] 1]
n . ] |

RFMonolithics, Inc.
4441 Sigma Road
Dallas, Texas 75234
(214) 233-2903
TWX: 910-860-5474
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Basic Program for Designing
an RF Amplifier Using an
Inherently Stable Device

A program written in Basic that performs the same calcula-
tions as a previously published program (May/June 1982) for
the TI-59* programmable calculator.

By D.R. Hertling and R.K. Feeney
School of Electrical Engineering
Georgia Institute of Technology
Atlanta, Georgia 30332

rogrammable calculators have been an extremely valu-

able asset to RF designers. These very reliable and port-
able devices can do more calculations in a few minutes than
can be done manually in hours. One disadvantage of these
calculators, however, is that a considerable amount of time
is usually required to develop software. Another dis-
advantage is that they are very input/output limited. Until
recently the only alternative was to use a large computer
to do these tedious calculations. Large computers, however,
are not as accessable or as convenient to use as a calculator
which can be carried in a brief case or even a pocket.

Recently new small, portable computer featuring full
keyboards and using Basic language have become available.
These machines fill the gap between calculators and
personal or large computers and thus designers now have
available three levels of computing power.

One of these new portable computers in the Texas Instru-
ments CC-40*. This computer is about the size of a text-
book and is battery powered. It has a built in 31 character
5x8 dot matrix liquid crystal display and is therefore
usable stand alone on your desk or on the bench. A peripheral
port allows interfacing to printers, mass storage, or other
accessories including an RS-232 interface. The CC-40 has
a standard typewriter keyboard and a numeric keypad.
The computer uses standard ASCIlI characters and has
both upper and lower case alphabetic characters.

The following program demonstrates the advantages of
using a higher level language. This program calculates
the Linvill stability factor, optimum source and load termin-
ations, and the transducer gain for an inherently stable
device whose Y parameters are known. This program performs
the same calculations as a previously published [1] program
for the TI-59 programmable calculator. The TI-59 program
took 449 steps but the basic program takes only 38 lines.
Furthermore the basic program contains many lines dedi-
cated to making the program interactive. The CC-40 has
an additional advantage of up to 31 alphanumeric characters

56

for both prompting and displaying output. The program
is written to be stand alone, however, it is a simple
matter to add statements to print output.

*A registered trademark of Texas Instrument, Inc.

Using the Software

Use of the software is extremely simple as the CC-40
prompts the user to enter data and warns the user if the
device is potentially unstable. After the Y parameters of
the device are entered the computer calculates C, GS, BS,
GL, BL and GT stops with C displayed. Successive pressings
of enter will display the rest of the output in the order given
above. If the device is potentially unstable (C<0 or C>1) the
operator is alerted and execution is halted.

To run the program simply push the run key (or type run
from the keyboard) and press the enter key. The computer
will display each of the following lines for approximately 1
second.

OPTIMUM TERMINATIONS FOR AN
INHERENTLY STABLE DEVICE
ENTER THE Y PARAMETERS

The user_will then be prompted to enter the real and
imaginary partsofy,, y,y, andy_in that order.

g|=?
b =7
b, =¥
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100
110

120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510

520

Appendix B - Program Listing

REM  XKOKOK K K K KKK 3K K K o K K 3K K 5K oK 0K 0K K K K K X KK K ok
REM X OFTIMUM TERMINATION FROGRAM X

REM % FOR AN INHERENTLY STABLE DEVICE X
REM X% AUGUST 1983 X
REM 50K KK 3K KKK KK 0K K 3K K 3K K K K 3K K K 2K K K 3K oK K KK 0k
DIM G(2s2)»B(2+2)

DISFLAY "OFTIMUM TERMINATIONS FOR AN":!FAUSE 1
DISFLAY “*INHERENTLY STARLE DEVICE®(FAUSE 1
DISFLAY "ENTER THE Y FARAMETERS®" (FAUSE 1
INFUT "gi=7*3G(1,1)

INFUT *bi=7"iR(1s1)

INFUT "dgr=7"3iG(1y2)

INFUT "br=7"5RB(1,2)

INFUT *gf=7"3iG(2y1)

INFUT *"bf=7"3iB(2,1)

INFUT "go=7"3G(2y2)

INFUT "bo=T"iR(2y2)
F=G(1y2)%XG(2s1)-B(1y2)XR(2s1)

Q=G (1y2)%XRB(2y1)4+G(2r1)%XE(1+2)
M=SQR(F"2+Q72)

C=M/(2XG(1y1)XG(2y2)-F)

IF C<1 THEN IF C&>=0 THEN 360 ELSE 320
DISFLAY "DEVICE FOTENTIALLY UNSTAEBLE®:FAUSE
DISFLAY USING 350sCiFAUSE

STOP

IMAGE LINVILL STAEB. FACTOR C=#.3###

DISFLAY USING 350,CiFAUSE

GS=SAR( (2%G(191)%XG(292)~F)"2-M"2)/2/6G(252)
ES=-R(1y1)+Q/2/G(2+2)

GL=6GSXG(2r2)/G(1s1)

BL=-R(2y2)+Q/2/6(1+1)

DISFLAY USING'GS=#.##¥""""",G8IFAUSE
DISFLAY USING*RS=#.#%##7"""",RSIFAUSE
DISFLAY USING"GL=%#.##%""""",GL {FAUSE
DISFLAY USING"EL=%.%#4#"""""yRL ! FAUSE
YFM2=G(2,1)"24+R(2,1)72
R1=(G(1s1)+GSIX(G(2s2)4+6GL)-(E(1y1)+RS)X(R(2,2)+EL)
I1=(G(1s1)+GS)X(R(2y2)+EBLI+(B(1,1)+BS)X(G(2,2)+6L)
DEN=(R1-F)"24(I1-Q)"2

GT=4X%CSXGLXYFM2/LEN

GTDR=10%L.OG(GT)

DISFLAY USING*GT=#%,%%dB"»GTDR:FAUSE

STOF

r.f. design
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CURTIS RFI FILTERS...

|

N
UL Recognized,
CSA/VDE
Approved RFI

Filters are 100% Tested for
Quality, Spec Compliance.

& CURTIS iwovsraes. e

After bQ is entered the computer does the calculations. If
the device is potentially unstable “DEVICE POTENTIALLY
UNSTABLE" is displayed. Pushing enter will then result
in the Linvill stability factor being displayed. If the device
is inherently stable, the value of C will be displayed.
Successive pressings of enter will display GS, BS, GL,
BL and the transducer gain GT in dB in that order.

Example

Calculate C, optimum terminations, and GT for a device
with the following Y parameters.

YiYe 8.5 + j3.5 0-).2
= allin mmhos
Yi¥Yo 40-j20 .35 + }.75

y =G + B y =G +)8B

Figure 1. Amplifying Device with Terminations.

Appendix A - Definitions and Equations

YiYe g, +ib, g, + jb,
vl = =

YiYo gy + ib; g, + jb,

Iy

Cernonoo ()
2g|go -Re (Y1Y|)

4G.G |y ?

G )

T=
[y, + Yo (Yo + Y -Yevel?

(29,9, - Rely,y )2 -1 yy,| 4%
Gg = )
2g

[}

1YY )

By = b+ 4

29,

(29,9, -Relyy -l yyid 21" Gyg,
G, = )
2gl =g

l m(y fy r)

©®)

B.=-b,+
2g,




10 to 2500 MHz
fI'Om $].995Psw 1211 (500 qty.)

Now, for your wideband systems design, under —$20.00
SPST and SPDT pin diode switches that operate over the
10 to 2500 MHz range with less than 1 dB (typ.)
insertion loss at 1000 MHz, 1.5 dB at 2500 MHz.

No waiting, immediate delivery . . . with one year guarantee.
Call or write for 64-page, catalog or see our catalog in the
Gold Book, EBG, EEM or Microwaves Product Data Directory.

SPECIFICATIONS for
PSW 1111 (spsT) and PSW 1211 (spPDT)

FREQUENCY RANGE 10-2500 MHz
INSERTION LOSS
10-2000 MHz 1.7 dB max.

2000-2500 MHz 2.7 dB max.

ISOLATION
10-500 MHz 40 dB min.
500-1000 MHz 30 dB min.

1000-2000 MHz 25 dB min.

2000-2500 MHz 20 dB min.
SWR 1.5 max. (“on" state)
SWITCHING SPEED 1 psec. (max.)
MAXIMUM RF INPUT +20 dBm
CONTROL +5V (5 mA max.)

OPERATING TEMPERATURE ~ —54°C to +100°C H — — —
STORAGE TEMPERATURE ~54°C : :100°c m Ml .1"6. rcu.ts

A Division of Scientific Components Corporation

PRICE (6-24) World's largest manufacturer of Double Balanced Mixers
PSW 1111 $29.95 P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500
PSW 1211  $29.95 Domestic and International Telex 125460 Internationa! Telex 620156 C80 REV. ORIG.
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\
/ Finally.
-/ Telemetry products that

aren’t hand-me-downs.

Repco designs RF Links products
~ specifically for monitor and data
transmission applications.

Most RF Links products available to the
Telemetry market were modifications of two-
way radios. Then they were adapted as
telemetry products, possibly with some conces-
sions in quality and compromises in function.

Repco thinks you deserve better.

We design products exclusively for your data
transmission and monitoring needs. We offer
design and engineering services. And, we have
a dealer network to support your RF needs in
over 700 locations throughout
North America.

These days, with the cost of
wireline data transmission
rapidly escalating, a lot of

people are turning to wireless for
a wide range of applications.

We'll send you our free Applica-
tions Manual. It'll give you the speci-
fics on the kinds of products avail-

able and show you how RF Links and
low cost modems will work for you.
For further information call or write: Bob Lowell,
Repco Incorporated, 2421 North Orange Blossom
Trail, Orlando, Florida 32804, (305) 843-8484
TELEX 56-6536
Repco. The one resource you can depend upon for
telemetry products that were designed to be
telemetry products.

Distributed in Canada by Repco Radio Canada,
Ltd 1750 Plummer St., Unit 20 Pickering, Ontario,
Canada L1W3L7, (416) 839-5914
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The computer will calculate and display the following.

C= .899

GS = .623E-02
BS=-.149E-01
GL = .256E-03
BL=-.122E-02
GT = 21.45d8B

As mentioned above the program was kept simple to
compare it to the TI-59 program. Users can easily add
print commands or change the prompts to customize the
program to suit their needs. Also, since Basic Programs
are easy to read, the program can easily be modified to
run on other machines.

References

D.R. Hertling, R.K. Feeney, “Design of RF Amplifiers, Part
1I: Using Inherently Stable Devices,’’ r.f. design, Vol 5, No. 3,
pp. 30-33, May/June 1982.

Second Solution

As a second solution to the program offered by D.R. Hertling
and R.K. Feeney in the previous article (Basic Program for
Designing an RF Amplifier Using an Inherently Stable Device)
we offer a version written for the Commodore 64*. This program
was written by Jeff Schoenwald of Rockwell International
Science Center, Thousand Oaks, CA 91360.

*Commodore 64 is a registered trademark of Commodore
Business Machines, Inc.

READY.

180 REM *

110 REM &«  OPTImMuM TERMINATION *
115 REM #PROGRAM FOR AM INHERENTLY%
120 REM # STRBLE DEVICE *
138 REM % MODIFIED FOR THE *
135 REM # COMMODORE-64 COMPUTER #
146 REM

143 PRINT CHRS$(142),"D"

150 DIM G<2.2)>,BC2,2)

155 POKES3289, 13:POKE 53281, 13:PRINT"2" 'PRINT" @I'

160 PRINT" OPTIMUM TERMINATION FOR AN"

170 PRINT" INHERENTLY STRBLE DEVYICE"

175 FOR T = 1 702000 :NEXT :PRINT"J"

180 PRINT" siabaa ENTER THE ¥ PRRAMETERS":FOR T=1T02000:NEXT
183 PRINT "0*,CHR$(14)

199 INPUT" #,HI=";6C1,1)
208 INPUT" BI=",B(1,1)
210 INPUT" #R=",06(1,2)
220 INPUT" dBR=";B(1,2)
230 INPUT" AF=",06C2,1)
248 INPUT" WF=",8C2,1)
258 INPUT Ho=",6(2,2)
260 INPUT" @WBO=",B(2,2)

270 P=06(1,2>#G(2,1>-B(1,2)%B(2,1)>

280 Q=0(1,2)%B(2,1)+G<2,1)%B(1,2)

299 M=SER(P1R+R212)

300 C=M/C24G(1,1)%GC(2,2>-P)

318 IFCL] THEN IF C>8 THEN 360

320 PRINT CHR$(142),"8 SUEVICE POTENTIALLY UNSTABLE"

336 PRINT" LINVILL STAB. FACTOR C= “,C
342 END
360 PRINT" LINVILL STAB. FACTOR C= ",LEFT$(STR$CC),Sy

370 GS=SORC(2#G(1,1)¥6(2,2)-P) 12-M12>/2/G(2,2?
380 BS=~B(1,1)>+Qr2/6G¢2,2>

398 GL=GS#G(2,2)/6¢1,1)

400 BL=-B(2,2)+Q/2/G(1,1)

410 PRINT" #wS= ", 068
420 PRINT" “&sS= ",BS
430 PRINT" #6L= ", 0L

440 PRINT" #BL= ",BL

459 YFM2=G(2,1)12+B(2,1)12

460 R1=(5C1,1)+GS)#(GCR,22+6L)-(BC1, 1)+B5)#(B(2,2)+BL)
478 11=(G(1,1)+GS)#(B(2,2)+BL)+(B(1,1)+BS)#*(G(2,2)+GL)
480 DEN=(R1-P)12+(I1-Q)12

490 GT=4¥GS#GL¥YFM2/DEN

500 GTDB=12#L0G(CT>/L0G(18)

510 PRINT" a5T= “,LEFT$<STR$(GTDB>,6)>, "DB"

520 END

RERDY,

r.f. design

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 ER80055 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
2" x 2" x 4" H
MODEL ER8005
2.25" x 2.25” x 4.25" H
OPTIONS __ MANY OPTIONS ARE AVAIL-

ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

ELECTRONIC RESEARCH COMPANY SERIES 8000
PRECISION OVENIZED CRYSTAL OSCILLATORS
ARE THE ULTIMATE CHOICE WHERE PROVEN
RELIABILITY AND FREQUENCY STABILITY IS RE-
QUIRED. THESE OSCILLATORS ARE IDEAL FOR
APPLICATIONS WHERE A PRECISION TIME BASE
IS TO BE MULTIPLIED OR SYNTHESIZED RE-
QUIRING A LOW PHASE NOISE SOURCE. ALL
ELECTR.ONIC 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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Why mix and match the
tools you use for rf testing?
Instead, you can equip
your entire test loop with instru-
ments from Amplifier Research that
have been thoroughly tested and
work well with our high-perfor-
mance 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 provides 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

leveling preampilifiers,
field sensor systems,
fiber-optic telemetry links,
matching transformers, directional
couplers,and power combiner/
dividers.

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

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

160 School House Road, Souderton, PA 18964-9990 USA
Phone 215-723-8181 ¢ TWX 510-661-6094
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Impedance Matching Program Using

Stern’s Stability Factor

By Bert K. Erickson
General Electric Company
Syracuse, N.Y.

omputations for amplifier impedance
matching, maximum gain, and stabili-
ty are interrelated to the extent that in-
dependent evaluations are seldom
satisfactory. While impedance matching
is simple, stability involves characteristic
equations and maximization techniques
that are difficult to analyze and require
computers to perform the calculations.
The stability factor proposed by Stern has
withstood the test of time and has
become easier to use with the availabili-
ty of microcomputers. Linvill’s stability
factor is also well known as a simple pro-
cedure for evaluating the source and load
admittance that will provide maximum
gain for a device that is inherently stable.
While optimum gain is an objective, most
amplifier matching networks are design-
ed with the conductance larger than nor-
mal to diminish parameter variations and
to make potentially unstable devices per-
form as useful amplifiers.
With Stern’s stability factor defined as

k = 2911 + Gsl(gze + Gu) ()
lyrzy21] + Re (yizy21)

it is obvious that k can be made to exceed
unity as required for stability by simply in-
creasing either Gs or GL. However with
the transducer gain defined as:

Gr= 4|y21|2GsGy @)

[(y11+Ys)yzetYL) — yiayai[?

an arbitrary choice for Gs or G will not
provide as much gain for the same value
of k as can be obtained from Stern’s
equations.! The computation of these
values for Ys and Y. unfortunately in-
volves finding the roots of a 3rd order
equation and the suggestion is often
made that one of the approximate solu-
tions be used. A popular approximation
involves mismatching Gs to g11 and G,

Gg

Bg

Potentially Unstable
Amplitier Having

y Or s parameters L. )
@
X
Potentially Unstable
Amplifier Having R

y or s parameters

Figure 1. Circuit Configurations

9

Press A
to enter
Re Y & Im Y

|

Press E after
each entry of
GU» BI' G|2

Gz2. 2nd By,
to store them
at Ry to Ry,

BI?- G?l BZI'

Use Pgm EE-03
to enter
Y| and Yo

Press RST to
store G and B
at Rs; 1o Ry,

¢

Press E to
store G & B
at Ry, to R,y

l

-

Enter K

Use Pgm EE-03
to enter
18| and (8¢

[

Enter Z,
3

I

[Yf and JY°
are stored
at R to Ry,

|

RST

A

I

Press A to
store G & B
at Ry to Ryy

Press B
to print

k
Gs
G,
B

To repeat enter
k and press B

Figure 2. Flow Diagram for Tl 59 Impedance Matching Program Using

Stern’s Stability Factor




Given: g,y = 1.5 E-03
b11 = 3.5 E-03
g12= 0.0
b12 = -3.0 E-04
g21 = 5.6 E-02
b21 = -1.1 E-02
g2z = 1.0 E-04
bzz =75 E-04
k=10

Procedure:

1. Read both sides of the
magnetic card.
2. Press A to address the subroutine.
3. Enter gy4; Press E
Enter byy; Press E
(Look at the display before pressing
E because the value will not be
printed)

Enter b,,; Press E
4, Press INV EE
5. Enter k; Press B
6. Wait for the following lines to be
printed.
10. (k)
.0306959311 (Gg)
.0020463954 (G,)
-.0112486458 (Bg)
-.0012665531 (B)
22.18348764 (Gy)
28.72074199 (Rg)
10.52482993 (Xg)
353.3207819 (R.)
218.6769591 (X,)

Figure 3. Calculator control re-
quired when the input data is real
and imaginary y parameters.

to g2z by the same ratio.2 This ratio can
be obtained from k and the y parameters.
Bs and B, follow from substitution in ad-
ditional equations. The y parameters for
a bipolar transistor will usually show that
b2z is much larger than gz, allowing bzz
to represent B_ as a first estimate. This
relation forms a starting point for a
method of successive approximations
that can provide surprisingly good results.
Assuming matched conditions, the input
and output admittance of the transistor
can be expressed as:

Ys*= Qg = Bs = y11 - V12¥21 )
y22+ YL

Y= G — BL = yo — Y12¥Y21 (4)
yit+Ys

64

Given: sy =0.792
LS” = —1074
Is+2| = 0.070
(512 =26
Isa1| =1.995
(821 =

ISzzI = 0.659

[522 = -60.8

k =10

Procedure:

1. Read both sides of the magnetic
card

. Press 2nd pgm 03 SBR CLR

. Enter |s14]; Press x &t

. Enter /sq4; Press A

. Enter |sy2|; Press xzt

. Enter /s42; Press B

. Enter |sy4|; Press x 2t

. Enter (s2y; Press C

NN BWN

9. Enter |sy,|; Press x 22t
10. Enter /s,,; Press D
11. Enter 50; Press E
12. Press RST to emit from EE
Pgm 03
13. Press 2nd A (Wait for the polar
y parameters to print)
14. Enter k; Press B
15. Wait for the following lines to be
printed.
10. (k)
.0126035888 (Gg)
.0100365508 (G
-.0297546207 (Bs)
-.0147390775 (B
12.77199845  (Gy)
12.07023061 (Rs)
28.49546583 (Xs)
31.56418452 (R)
46.35327123 X0

Figure 4. Calculator control required when the input data is a set

of polar s parameters.

Given values for k and the y parameters,
Stern’s equations assign fixed values for
Gs and G, leaving Bs and B, as
unknown variables. Starting with Y =G
- jb22, an approximate value for Y§ can
be calculated. Now substituting this
value in Eq. 4 an improved estimate for
B, can be obtained, and the process can
be repeated until B converges to values
that have a difference as small as
desired.

Hertling and Feeney discovered that
this iteration could be readily pro-
grammed for a TI59® calculator and
described the program in the March/April
1982 issue of r.f. design.3 During the
period when Linvill and Stern were
publishing articles about stability
analysis, y parameters were dominant
and s parameters were thought to be
desirable. Today most devices are
characterized with s parameters and it is
convenient to have analysis programs
that will accept s parameter data. With
due respect to Hertling and Feeney, at
this point we would like to present a ver-

“sion of their program that uses the EE

module to enter either y or s parameter
data and requires only one magnetic card
for data entry and program execution.

Figure 1 indicates the known and
unknown parts of the circuit configuration.
The y or s parameters for a device, known
at prescribed operating conditions, are
stored in the data registers, a value for
k is entered, and the unknown source and
load admittance or impedance will be
printed as an output. The program will ac-

® A registered trademark of Texas Instrument, Inc.

cept y parameter input data in either rec-
tangular or polar form and s parameter
data in polar form. Figure 2 shows a flow
diagram for the sequence of calculator
control required for each type of input.
Figures 3 and 4 show examples of the
control sequence required to produce the
results listed in references 3 and 4 for y
and s parameters. Gr is the transducer
gain in dB, Y printouts are in mhos and
Z printouts are in ohms. The labels shown
in parentheses are not printed. Enter a
different k and press B for another print-
out. There is no need to read the
magnetic card before additional sets of
data are entered and run through the pro-
gram. A program listing is included for
readers who may desire to reproduce this
program.

References

1. Hejhall, R., **RF Small Design us-
ing Admittance Parameters,’’ Motorola
Semiconductor Products, Inc., Ap-
plication Note 215.

2. Hardy, J.K., High Frequency Circuit
Design, Preston, 1979.

3. Hertling, D.R. and Feeney, R.K.,
“Design of RF Amplifiers Part 1: us-
ing Potentially Unstable Devices,"’ r.f.
design, March/April 1982, pp. 30-33.

4. Hertling, D.R. and Feeney, R.K., “RF
Amplifier Design Program,” r.f.
design, March/April 1983, pp. 32-35.
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Tl 59 Impedance Matching Program |

Using Stern’s Stability Factor i OEM STEP

ATTENUATORS

3000 SERIES
DC to 1.25 GHz*

. 0.1 dB Repeatability to
oo 1,000,000 Operations
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Modulatlon measurement reaches
new peaks in performance

For sheer performance there is A MODULATION and weighted noise measure-
nothing to compare with the METER THAT'S ments.
new Marconi 2 GHz Modulation A COUNTER, * A non-volatile memory, built-in

Meter.

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

on FM and =+ 1.0% on AM. AND optional GPIB interface ... all

« Direct tuning to a known input AUDIO ANALYZER further reduce test time and cost
signal, or set to automatic to locate of ownership.

any signal in a fast 500ms. This latest modulation meter from
* A total measurement package that includes Marconi reaches new peaks in performance,

AM, FM, and phase modulation, frequency, and sets new standards in value-for money. Call

noise, r. f. power, frequency response and Marconi to evaluate how cost-effective the new

signal to noise ratio. Options provide distortion Marconi 2305 will be for you.

marconi W
instruments

U.S.: 100 Stonehurst Court, Northvale NJO7647
{201} 767-7250 (East] {714) 857-2326 (West}
U.K.: Longacres, St Albans, Herts AL4 OJN
Country Code 44 [0727) 59292. TELEX 23350

FRANCE: 1) 687-36-25 GERMANY (089) 845085

N2305A See us at MTT Booth #316
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FP-22 Economy Series

DC to 18 GHz, SMA, 2W

1to 3dB, +.75/6dB,*1/10dB,*1.25/20dB,*1.5
FP-27 High Specification Series

DC to 8 GHz, SMA, 2W

1,2,3 and 6dB, ¥0.3/10 to 20 dB,*0.5

FP-28 High Specification Series

DC 12 GHz,SMA, 2W

1,2,3 and 6dB, *+0.3/10 to 20dB,*0.5

HFP-50 High Power Pads
DC—1 GHz, 50 ohms, 10W
1,2,3,6,10,20dB, BNC/TNC/N

FP-45 From $11.50 (BNC) (1-49pcs)
DC to 2 GHz, 50 ohms, 1W

3, 6,10 and 20dB, BNC

FP-50 From $15.00 (BNC) (1-9pcs)
DC to 2 GHz, 50 ohms, 1W

1 to 20dB, BNC/TNC/N/SMA

FP-75 From $15.00 (BNC) (1-9pcs)

DC to 1200 MHz, 75 ohms, 1W

1 to 20dB, BNC/TNC/N/F

FP-50 and FP-75 are individually calibrated at

30 MHz and 1 GHz

YOUR KIND OF WORK DEMANDS OUR KIND OF QUALITY

Texscan

Texscan Instruments ¢ 3169 N. Shadeland Avenue e Indianapolis, Indiana 46226 « (317) 545-4196
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PULSED SIGNAL

SOURCE

For component testing, ECM,
plasma research. For radar,
Tacan, DME, or other simulation.
For any application requiring a
high power puised source, we
ofter the versatile PH40KB.

The PH40KB features contin-
uously variable power output,
pulse repetition frequency, and
pulse width.

Stability is excellent, as are
rise and fall time characteristics.

Cavity oscillator plug-in heads
make possible a range of fre-
quency from 150 to 6100 MHz.
And higher output frequency can
be achieved by the use of plug-in
magnetron heads.

TO MEET YOUR SPECS
For more information on the
PH40KB, a review of your spe-
cifications for different source
characteristics, or information on
any of Epsco’s numerous high
power microwave products, give
us a call today.

411 Providence Highway
Westwood, MA 02090

(617) 329-1500.
TWX: (710) 348-0484.
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Active Transistor
Bias Regulators

By Gary McCollum
California Eastern Laboratories, Inc.
Santa Clara, CA

ipolar and GaAs FET transistor

biasing can be a problem during
testing or evaluation. With bipolar
transistors, when dual power supplies
are used they must be continuously
re-adjusted, for as the device heats up,
h.e rises and therefore, the collector
current increases. The other alterna-
tive is a handful of resistors and/or
potentiometers for different voltage
and current conditions. With GaAs
FETs, the problem is their sensitivity
to both voltage and current.

These four bias regulators were de-
veloped to overcome these difficulties.
They are constant voltage, constant
current, with the voltage and current
independently adjustable.’ 2 3 The four

versions cover most biasing require-
ments for NPN or PNP bipolars, and
small signal GaAs FETs.

Circuit Operation

Circuit No. 1 is for biasing N chan-
nel GaAs FETs. V. is variable from 0
to +10 volts, ancﬁ is variable from
0 to 100 mA. When tP:e plus and minus
supply is turned on, integrator U1
ramps to the voltage set by the voltage
divider R1-R2. U2 ‘‘bootstraps’ R7 so
that the set voltage is independent of
the IR drop. U3 sets the gate voltage
to match the IR drop in R7 with a frac-
tion of the reference zener D2 voltage.
Zener diode D1 clamps the gate volt-
age from going more than a few hun-

dred millivolts positive or a few volts
negative.

Circuits 2, 3, and 4 for bipolar trans-
istors operate similarly. The difference
being the elimination of integrator U1,
as ramping on of the bias voltages is
not required for bipolar transistors.

References

1. D. Lane, CEL, “Smart” Bias Supply
for Delicate MW Transistors. Micro-
wave Journal, 6/78, pp. 126 & 142.

2. G. McCollum, CEL Application Note
ANB80901, Two Stage GaAs FET LNA
Bias Supply, 8/81.

3. G. McCollum, CEL, Application Note
AN81901, FET Bias Supply, 11/81.

Circuit #1. N-Channel GasFet Bias Regulator

4.7.F 25V

U1, U2, U3 — 741 Op Amp

=t 1 b
1t

100K

2N3019

-15v

5.6K

74
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+15 Circuit #2. NPN Bipolar Bias Regulator

2K

+15V

-15V

5K 2N3019 1N5226

6.8V 5.6K

U1, U2 — 741 Op Amp

+28V Circuit #3. NPN Bipolar Bias Regulator -15Y

Circult #4. PNP Bipolar Bias Regulator

5K +28V

+15V

1N5226
6.8V
5.6K

U1, U2 — MC1436 Op Amp U1, U2 — 741 Op Amp

r.f. design
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All-Matched Port Switching
for Medium-Power Applications

For certain microwave signal switching
applications, the switching “‘trees’ re-
quire use of SPDT models with all-
matched ports. This means that the
unused secondary port gets switched to
an internal matched load. A typicat ap-
plication might be where two active
amplifiers or sources are combined in an
SPDT switch, as shown in Figure 1.

By using the HP 33311B Coaxial
Switch, or other similar industry models,
the internal 50 ohm terminations of the
switch are connected to the unused
secondary port, thus providing a well-
matched load for either unused amplifier.

With a power rating of 1 watt for each
internal termination, such a switch easily
handles most instrumentation jobs, where
signal generators and amplifier output
powers are in the 10-100 mw range.

In other system test applications, such
as transponders with 5-10 watt plus out-
puts, another solution must be sought.
Fortunately, a 5-port version of the same
HP 33311B SPDT Coaxial Switch switch
serves this higher power requirement.

Model HP 33311B-C05 has both in-
ternal 50 ohm terminations removed and
each replaced with another broadband
SMA connector. In operation then, 1 or
2 external medium-power terminations
serve to absord the unused channel, up
to the full power carrying capacity of the
switch. See Figure 2.

With a specified insertion loss of 0.5 dB
at 18 Ghz, a 10 watt average signal pass-
ing through would provide approximate-
ly 1.1 watt heating of the switch frame
which is well heat-sinked. Thus, the ap-
plication of Figure 2 with 10-watt exter-
nal loads could easily serve- 10-watt
signals.

Excellent repeatability results from use
of edge-line design which switches only
the center conductor. After one million
switchings, repeatability is typically <0.03
dB.

The switch operates from DC-18 GHz
with <1.4 SWR at 18 GHz. It also features
isolation of >90 dB between ports. The
actuating mechanism momentarily re-
quires 24 Vdc (5 Vdc optional) at 3 watts.
They automatically disconnect after the
30 ms switching time.

SPDT and 5-port switches shown can

76

be automatically programmed via the HP-
IB bus by use of HP’s 11713A Attenuator/
Switch Driver. Each HP 11713A provides
logic and drive power for as many as 10

L L

switches, either via the bus or by manual
pushbutton on the front panel. Thus, even
relatively complex switch matrices can be
automated.

SPDT Switch E 3 Figure 1.
A ! All-matched ports of
s SPDT switch automati-
3 b cally terminate unused
S f S signals.
S 5
("2} ("2
Power Amp L ¢ ITJ 2
<1W
Power Amp — To Test
D\ 1w
e 1
5-Port Switch

Figure 2.

5-port version of same
switch applies unused
medium-power signals

Sl

<4 Motion »

to external power loads. a

10w

Tz ‘-l-'a ‘T"t Tls
—» To Test

System

1ow

System

é ——— 10W Terminations ———

HP-33311B-C05 5-port Coaxial Switch is
compact and operates from DC-18 GHz
with 90 dB isolation.
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Announcing three new series
in our attenuator family

MDA Series

Miniature
Programmable Attenuators

Advanced electrical construction of this series uti-
lizes one EMI-RFI filter per bit and all bits intercon-
nected to a single common filter for the opposing
polarity. Standard units are arranged in binary
sequence but other attenuation steps and control
voltages are available.

CA Series

Continuously Variable Attenuators

Select from 14 mode! numbers in a wide range of
frequency bands up to 18 GHz. Lightweight and as
small as 2.375" x 1.734" x .500". Attenuation as high
as 40 dB. VSWR is 1:5:1 to 1:8:1 based upon range.
Impedance: 50 Ohms. -65°C to +125°C minimum
temperature range. Screwdriver adjustment allows
the attenuation to be set and held for extended pe-
riods of timé.

CAL Series

You get top performance, excellent electrical char-
acteristics in miniature sizes. Sizes assmallas1” x 1"
x 2.5". Attenuation as high as 127 dB. VSWR is 1:3:1
@ 500 MHz and 1:4:1 @ 1 GHz. Logic: 4, 6 and 8 bit.
Switch life: 10 million operations. Switch speed:
6 milliseconds.

CA Series

CAL Series

Continuously Variable Attenuators

These lightweight, little attenuators are big on per-
formance. Only 1.581” x 1.500" x 1.100". Attenua-
tion as high as 25 dB. Frequency range: DC to 400
MHz. Impedance: 50 Ohms. Srewdriver adjustment
with locking nut allows the attenuation level to be
set and held. Resettability is 0.2 dB.

We listened to your specifications. Now they are found in our series MDA, CA and CAL.
All designed in a variety of models to meet your needs. All built to our high standards of
construction and accuracy. Contact us today for your requirements.

Alan

Alan Industries, Inc.
P.O. Box 1203

Columbus, Indiana 47202
Phone: (812) 372-8869

Attenuators: Programmable ¢ Cam Actuated  Rotary  Manual Switch ¢ Fixed « Continuously Variable
Accessories: Loads e Dividers e Terminations ¢ RF Fuses ¢ Bridges
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IF YOU HAVEN‘T
READ THIS AD
YOU PROBABLY
DON‘T KNOW
ABOUT THE
MOST
EFFICIENT
HIGH ANGLE
OMNI-
DIRECTIONAL
ANTENNA
EVER
DEVELOPED.

There are 280,000 channels in the HF
spectrum of 2 to 30 MHz. . .and the
Henderson collapsible helical
monopole antenna makes them
available to you for clear “‘long haul’’
communications at any time of night
or day. The Henderson antenna
actually changes its resonant length
to any wavelength within the 2-30
MHz band without the use of a base
tuner/coupler. . .providing gain of at
least two power doubles. (6 dB).
Certified for command control by the
USAF and USN. . .suitable for
portable, tactical, shipboard, and just
plain communications. . .0.A.
length 30°. . .installed in 30 minutes.

Write Al Henderson
for further details or circle
info/card number below

SIGNATURE

ANTENNA
SYSTEMS

591 Maple Street
Livermore, California 94550
Phone: (415) 447-7397

Wideband Amplifier

MEL TEC, Division of EPSCO, Incor-
porated announces the availability of its
Model 980 Wideband Amplifier. Extreme-
ly high input impedance and high current
output capability are combined with pin-
programmable gains of 10X, 5X, 2X and
1X for use with passive transducers, sen-
sors, and conventional linear networks up
to 250 kHz. Thick film microelectronics
technology is used to produce the

amplifier which is packaged in a low-
profile ceramic 14 lead DIP, or in a metal
package for high noise environments re-
quiring welded sealing. The Model 980
may be used to drive 50 and 75 ohm
systems with very low distortion (<0.1%
up to to 250 kHz), and can be operated
over a -55°C to +125°C temperature
range. Quiescent supply current for the
Model 980 is typically 10mA. The Model
980 delivery is stock to six weeks. Pric-
ing (ceramic): qty 1-9 at $39.00 ea

qty 10-24 at $35.00 ea

qty 25-99 at $32.00 ea

MEL TEC, Division of EPSCO, Incor-
porated, Westwood, MA 02090,
NFO/CARD #139.

Quartz Resonators

A new line of ultra-precision quartz
resonators will be produced in a recently-
completed manufacturing clean room at
Colorado Crystal Corporation in
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Loveland. The certified facility provides
the conditions necessary for an advanced
generation of 5th-overtone, 10-MHz
crystals at AT- and SC-cut (stress com-
pensated) configurations. Both offer
substantial improvements in many areas
including: increased nominal Q (1.25
million for the AT and 1.3 million for the
SC cut), better short term stability, re-
duced aging changes, and lower phase
noise. Use of a clean environment for all
critical processes after cutting — clean-
ing, plating and packaging — results in
a finished crystal with state-of-the-art
specifications and improved yields. Col-
orado Crystal Corporation, Loveland,
CO 80537, INFO/CARD #138.

Automatic Radio
Direction Finding Systems

The TC-5100 series of Automatic Radio
Direction Finders cover the HF/VHF/UHF
frequency range. One DF antenna and
processor operates from 1.5 to 1000 MHz
covering a wide range of modulations
(AM, FM, CW, SSB, Pulse, etc.) and ap-
plications. The DF processor uses a
patented phase/amplitude technique to
determine a line of bearing (LOB). System
response time is better than 100
milliseconds. The patented DF antenna
is very small, measuring 3.5 x 22 inches.

The TC-5100 may be integrated with the
most standard single IF channel surveil-
lance and test receivers. Several versions
are available for manpack, mobile, or
fixed site operation. Tech Comm, Inc.,
Ft. Lauderdale, FL, 33314, INFO/CARD
#136.

Frequency Management
Devices

A revised 20-page “‘Guide to Quartz
Frequency Management Devices,” has
recently been published by CTS Corpora-
tion, Knights Division, Sandwich, lllinois.
The Knights Division, a member of the
Electronic Products Group, manufactures
quartz crystal products for use in the data
processing, communications, instru-
ments and equipment and military
markets. The 2-color quartz management
guide features photographs and outline
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drawings of available crystal products. in-
cluded are complete electrical and
mechanical specifications of both stan-
dard and custom designs of precision,
military, and microprocessor crystals;
TCXO-TCVCXO, ovenized, S.C. cut, vol-
tage controlled crystal and hybrid clock
oscillators; and standard/discriminators
and custom filters. Crystal performance
curves and a MIL versus commercial
cross reference for MIL-equivalent
crystals are contained in this guide. CTS
Corporation, Knights Division, Sand-
wich, IL, 60548, INFO/CARD #137.

1200W RF Generator

RF Plasma Products has recently in-
troduced a new compact, solid state 1200
watt RF Generator. Available in 13.56
MHz or 40.68 MHz, the HFS-1200G RF
Generator is designed to be mounted on

a 19" rack or in a single cabinet measur-
ing 24" wide, 27" deep and 41" high. All
controls, control switches, meters and
LED status lights are front panel mounted
and access to the equipment is provided
by a hinged door and easily removable
covers. The HFS-1200G generator con-
sists of a crystal controlled oscillator, solid
state buffer driver and a one tube power
amplifier that is air cooled. The output cir-
cuit is a conventional *‘PI"’ tank with front
panel controlled variable capacitators for
both tune and load. RF Plasma Pro-
ducts, Inc., Cherry Hill, NJ 08003, IN-
FO/CARD #135.

Tunable Bandpass Filters

Telonic Berkeley Inc. has introduced a
series of tunable bandpass filters that of-
fer continuous tuing without the reset-
ability problems of servo feedback. The
Telonic Berkeley TCD Series Tunable
Bandpass Filters are iris coupled, 0.05dB
Tchebyschev design cavities available in
three and five section configurations.
Each section is capacity loaded to tune
over a 2:1 frequency range. The result is
a high Q filter that provides minimum in-
sertion loss and is tunable over any one
octave in the 32 MHz to 3 GHz band. A
self-contained microprocessor based on
control provides easy interface with the
customer’s digital system. The unit is
automatically tunable to any center fre-
quency within the range of the filter ar-
ray. RS232, IEEE-488 (GPIB) and 8-4-2-1
parallel BCD interfaces are available. The
standard bandwidth is 5% of center fre-
quency and tuning resoltuion is 0.5% of
center frequency. In addition to the TCD
Series, a TCK Series of tunable bandpass
filters is also available that features

microprocessor controlled multi-octave
systems for continuous tuning over as
many as six octaves. Complete TCK
Series systems, with power supplies and
RF bandswitching included, are effec-
tively ‘‘black box” type multi-octave
tunable filters. Available options include
special octave tuning ranges, special
bandwidths (2% to 8% of center fre-
quency), and special customer configura-
tion interfaces. The TCD 32-63MHz
Series 3-Section Tunable Bandpass Filter
is priced at $2400.00 with 6-8 weeks
delivery ARO. The TCK 2-Octave,
3-Section system in priced from $5600.00
with delivery 8-10 weeks ARO. Telonic
Berkeley, Inc., Laguna Beach, CA
92652, IMFO/CARD #133.

Software for
EMI Testing

New, for HP 8568 and 8566 Spectrum
Analyzer systems is the HP 85864A EMI
Software, a general purpose BASIC pro-
gram for automating MIL-STD and com-
mercial EMI testing. Operation of the soft-
ware requires no programming ex-
perience, and only minimum knowledge
of sepctrum analyzer operation. The user

& v

E

DC to 7.5 GHz Amplifiers!”

W 46ps Rise/Falltimes.
W +19dbm Linear Power!
B Low Noise, Good VSWR.

B Electronics Co.
f: ... advancing microwave technology

Box 490, Chester, New York, 10918, U.S A, Tel. (914) 782 5000

We weicome your inquinies for applications assistance and complete Iiterature

WE have a broad line of
AC & DC wideband amp-
lifiers, Multi-GHz Opti-
cal Transmitters

& Receivers!

*k DC7000H
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can select from a library of common con-
ducted and radiated tests (supplied), or
easily configure his own tests. Test
results can be stored in the data library
and plotted in various formats for a per-
manent hard copy record. And the
diagnostic features of the soft-
ware/analyzer combination permit the
rapid analyses of emissions. The new HP
8586A software, listed at $3020, runs on
HP Series 200, Models 226 and 236 com-
puters. An HP 85650A Quasi-Peak
Adapter provides quasi-peak detection for
commercial testing.

Hewlett-Packard Company, Palo
Alto, CA 94304, INFO/CARD #165.

RG Chip Resistors

The Resistive Products Division of
TRW offers product specifications for its
recently introduced line of RG chip
resistors in a new 4-page color bulletin.
The bulletin includes performance data
such as characteristics, limits, and test
methods. Tape packaging specifications,
ordering information, and color band
identification is furnished through illustra-
tions. Additionally, each bulletin includes
a photograph and outline drawings which
provide dimensional information. RG chip
resistors are designed for surface mount-
ing and automatic placement where low

5
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cture Excellence. ™

No matter how you look at it, Sawtek offers you the highest performance in
surface acoustic wave (SAW) filters and resonators. Sawtek’s wideband 70 MHz IF
filters for TVRO applications are available in bandwidths from 10 MHz to more
than 36 MHz. The superior rejection and group-delay performance of these filters
compliment even the finest receivers. Moreover, you can avoid costly assembly
and tuning time and maintain signal quality in your IF for years under the most
demanding field conditions without adjustment.

Sawtek's resonators provide that same reliability with quartz stability for your
local oscillators at fundamental frequencies up to 1000 MHz. Many standard fre-
quencies including 668, 674, and 680 MHz are in production at competitive prices.

Quality and performance have made Sawtek the leading manufacturer of VSB
filters for the CATV industry and, if what you need is not among our hundreds of
standard products, we can provide technical assistance and rapid response to
new design and production requirements. You can rely on us for the engineering

support you need.

When your system demands the advantages of
SAW Technology. . . Demand SAWTEK.

P.0. BOX 18000, ORLANDO, FL 32860, (305) 886-8860
TELEX 529118 TWX 810-862-0835
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TC (less than 100 ppm/°C) and tolerances
to 1% are required. They are also de-
signed for applications where superior
solderability is necessary — their hot
solder-dipped nickel contacts withstand
prolonged immersion in solder with no de-
wetting of contacts. TRW Electronic
Components Group, Boone, NC 28607,
INFO/CARD #134.

10-Watt Power Module

Acrian, inc., has announced the UTVA
PM10, a 10 watt peak sync reference
ultra linear UHF TV power module for
broadcast bands 4 and 5. It was design-
ed for use as a driver or output stage in
low power television transmitters or
transponders. THe UTVA PM10, which
functions across 470-860 MHz, offers ex-
cellent linearity, 9dB power gain, 1dB
gain ripple, and 15dB input return loss.
Output return loss is also 15dB. The
UTVA PM10 has excellent IMD perfor-
mance (test conditions: P-sync 10W (-8,

-16, -7)) IMD 1 is -54 dBc and IMD 2 (test

conditions: P-sync 10W (-8, -16, -10)) is
-56. The UTVA PM10, part of Acrian’s line
of broadcast power modules, is currently
available at a cost of $654.50 in 100-piece
quantities. Acrian, Inc., Cupertino, CA
95014, INFO/CARD #140.

Digital IC’s Utilizing GaAs
Harris Microwave Semiconductor, Inc.,
recently announced the release for
general sale of two devices in a family of
products which have been developed to
take advantage of the processing speed
improvements made possible by the in-
herent capabilities of gallium arsenide
over silicon-based technology. These first
devices offer typical processing speeds
five times those possible with silicon ECL
products of similar complexity. These pro-
ducts are the HMD-11141-1, a four-bit
Universal Shift Register, and the
HMD-11016-1, a divide by 2/4/8 binary
counter. The principal applications for
these first products are expected to be in
high speed signal processing at the inter-
face between microwave and digital por-
tions of electronic warfare and com-
munications systems and in test in-
strumentation equipment. The Shift
Register performs the standard opera-
tions of shift left, shift right, parallel and
serial outputs and hold, accepting either
serial or parallel inputs and operates with
clock inputs of 1400 MHz (1.4 GHz)
typical and 1.0 GHz minimum. ECL pro-
ducts with similar functions operate at
rates under 400 MHz. The Binary Counter
provides simultaneous synchronous out-
puts at one half, one fourth, and one
eighth the data rate input, working with
input data rates of 1.8 GHz minimum and
2.2 GHz typical. The divider can be used
in counting and frequency synthesizer
functions and, with the Shift Register, has
been demonstrated to execute multi-

May/June



NAME ONE PLAGE WHERE
YOU GAN FIND SPEGIFICATIONS
FOR 38,000 ICs?

IC VMIASTER.

You could spend hours sifting through hundreds of
integrated circuit catalogs, data sheets and advertisements.
Eventually, you might find what you are looking for. Or you
could turn to IC Master and find the part you need in seconds.

That'’s because IC Master is the industry’s only complete,
single source on ICs with a problem-solving editorial format.

It answers the three basic questions: Is the part made? Who
makes it? What's the part number?

To find a part in IC Master, you only have to think of the
technical parameters that meet your needs. For example: Who
makes a 64K dynamic RAM with an access time of 120 ns or
faster? In seconds, IC Master leads you to all the appropriate
suppliers, many of whom have supplied detailed data sheets on
their products. IC Master is also the first place to look for
advanced product data sheets.

Two volumes packed
with IC data.

The 1984 edition of IC Master is filled with facts, figures,
charts and tables on every integrated circuit currently available,
as well as nearly 1,000 related product categories. And its alter-
nate source directory with 60,000 listings is the world’s most
complete.

Eleven Master Selection Guides, grouped by application,
organize all standard products by type, function and key specifi-
cations. The applications covered are: Military/Digital/Interface/
Linear/Memory/Microprocessor/Microcomputer Support
Boards/Microcomputer Boards/Microprocessor Development
Systems/Custom-Semicustom ICs/PROM Programmers.

Supporting sections also include a complete military
parts directory, an index to the products of more than 220
manufacturers of ICs and board-level microcomputers, and
addresses and telephone numbers of IC manufacturers” sales
offices and distributors.

A special bonus.
QOrder your 1984 IC Master today for $35 and we'll include
a one-year subscription to Integrated Circuits Magazine as a
bonus. Return the coupon to: IC Master, Hearst Business
Communications, 645 Stewart Ave., Garden City, NY 11530.
Or call: (516) 222-2500.

'_EEIC MASTEF
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Circulation Department

Hearst Business Communications
645 Stewart Avenue, Garden City, NY 11530
(516) 222-2500 Ext. 314

[ Please send me the 1984 IC MASTER and enter my one-year sub-
scription to Integrated Circuits Magazine for $95.00 (plus sales tax;
California 6'2%, New York 8"4%, Illinois 4%)

O Enclosed is my check.

(] Purchase order enclosed.

[ Charge to my credit card: (] VISA [C] Master Card
Name
Title
Company
Address
City
Card No.
Signature ___

State Zip

Exp. Date
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plex/demultiplex operations. The
HMD-11141-1 and HMD-11016-1 are
available two weeks ARO and are priced
at $393.00 (U.S.) each at 100 pieces. Har-
ris Microwave Semiconductor,
Milpitas, CA 95035, INFO/CARD #141.

Continuously Variable
Attenuators

Two new series of continuously
variable miniature attenuators have been
announced by Alan Industries, Inc. They
are the CA series with a selection of fre-
quency ranges to 400 MHz. Impedance
rating for each series is 50 Ohms. Four-
teen model numbers in the CA series of-
fer attenuation ranges of 10, 20, 30 and
40 dB depending upon the frequency
range selected which are: 1-2 GHz; 2-4
GHz; 4-8 GHz; 8-12.4 GHz and 12.4-18
GHz. Insertion loss (max.) is 0.5 dB up
to 4 GHz and 0.75 dB from 4-18 GHz.
VSWR is 1.5 to 1.8 based upon range.

Dimensions: 2.375 x 1.734 x ,500 inches.
Prices from $195 to $235. Three model
numbers in the CAL series offer attenua-
tion ranges of 0-25, 0-15 and 0-10 at fre-
quencies of DC-50, DC-200, and DC-400
MHz, repectively. VSWR for the DC-400
MHz is 1.4 and is 1.2 for the others.
Dimensions: 1.581 x 1.500 x 1.100 in-
ches. Price $95 each. Alan Industries,
Inc., Columbus, Indiana 47202,
INFO/CARD #142.

Power Amplifier and
Transistor Series for
Cellular Applications

California Eastern Laboratories, Inc.,
announces NEC’'s MC5313A power
amplifier module series and the
NEMO0900 power transistor series for
cellular applications. The MC5313A
covers the 825-845 MHz cellular fre-
quency range with high power output of
10 W typical, 20dB gain and typically 35%
efficiency. Its three stage design with in-
dividual supply pins allows optimum
design flexibility. This thick film, broad-
band UHF power module is designed for
13.8 volt operation at temperatures rang-
ing from -40 to 110° C. It can withstand
an infinite output mismatch at 16.5 volt
supply and 6 watts output, making it
highly suited for operation in hostile en-
vironments. The NEM0900 series of NPN

HIGH DYNAMIC RANGE

RF AMPLIFIERS

available from stock.

Model

Frequency

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
competitively priced. Many models are

Gain N.F.

3rd I.P.

PF797A 800-960 19.5 5.0

97333. Telephone (503) 757-1134.

@JANEL LABORATORIES
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PF811 0.1-32 MHz 17.5d8 4.5d8
PF749-1 146-174 16.5 4.0
PF804 215-320 27 4.0
PF7410C  406-512 16.5 4.5

In addition to RF Amplitiers, Janel manufactures a wide range of stan-
dard Power Dividers and other rf components. Custom designs can be
provided tor unusual applications. For detailed information, coll or
write Janel Laboratories, Inc., 33890 Eostgate Circle, Corvallis, OR

+42dBm
+35
+35
+35
+35

For more than twenty years, Raytheon professionals have
defined the leading edge in state-of-the-art countermeasure
technology. Help us stay out in front. Join us in beautiful
Santa Barbara and become a vital part of our growing
Electromagnetic Systems Division.

We are seeking Component Engineers in the area of
RF/Microwave. Successful candidates will be responsible
for microwave components and assemblies, and generation
of specification and test procedures, investigation of com-
ponents problems and failure analysis. Will provide technical
interface with engineering, design, test, manufacturing and
procurement departments.

In addition, we are seeking engineers with passive or active
component experience.

At Raytheon, you can enjoy a competitive salary and a com-
prehensive new benefit package that includes a Stock
Ownership Plan and a tax sheltered Savings and Investment
Plan. Best of all, you'll enjoy the terrific lifestyle you'll find
in Santa Barbara.

For immediate consideration, send your resume including
present salary and/or requirements to: Randy Rothring.

\RAYTHEON

Electromagnetic Systems Division
Equal Opportunity Employer

epitaxial UHF power transistors are
designed specifically for base stations in
the 800-960 MHz bands. This 24 volt,
common base series is available in a low
cost metal ceramic stripline package in
power levels of 30, 40 and 60 watts.
California Eastern Laboratories, Inc.,
Santa Clara, CA 95050, please circle
INFO/CARD #143.

Surface-Mountable
Oscillator

A series of surface-mountable crystal
oscillators just announced by Statek
Corp. are claimed to have the smallest
size and lowest power consumption of
any surface-mountable oscillator
available, from 2 MHz down to 10 kHz.
Model SQXO-2-SM oscillator draws 2 mA
at 2 MHz and only 0.2 mA at 10 kHz. It
is packaged in a standard 24-pin leadless
ceramic chip carrier 0.4 x 0.4 x 0.085 in.
Standard calibration tolerances are: (A)

RAYTHEON SEEKS

COMPONENT ENGINEERS
RF/IMICROWAVE

RAYTHEON

Dept. RFD 584
6380 Hollister Ave.
Goleta, CA 93117
805-967-5511

U.S. Citizenship Required
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Plan to be in SAN FRANCISCO
MAY 30 - JUNE 1, 1984

To Aitend The m
1984 IEEE/MTT-S MICROWAVE
SYMPOSIUM/EXHIBITION MTT-S
and Take Full Advantage of ...

AN OUTSTANDING TECHNICAL PROGIRAM — the trad-

tional forum for announcing significant microwave technology and application developments will
feature sessions on:

Field Theory « Acoustic and Magnetic Devices « Biomedical Aspects of Microwaves o FET
Ampilifiers e Filter Systems « FET Oscillator Stabilization « Communications Fiiters « Semiconductor
Control and Freguency Conversion « mm-wave Applications « MIC Techniques « FET

Modeling « mm-wave Techniques « Planar Transmission Line Structures « IMPATT and Bipolar
Oscillators « Dielectric Waveguides « Microwave and mm-wave Measurements « Optical and
Submillimeter-wave Technology « mm-wave Mixers « Six-port Measurement Techniques

SPECIAL WORKSHOPS AND PANEL SESSIONS — provide

unigue opportunities for dialogue with recognized specialists from all over the worid on these
subjects:

mm-wave Measurements « MMICs « Japan/USA Competition in Technology e Testing and
Timming of Miniature Batch Processed MICs « 40 GHz+ Coaxial Connectors « Clinical
Hyperthemia

« Suspended Stripline Filters « Field-Theoretical Methods for Microwave Probiems « Industrial
Applications of Microwaves

THE LARGEST MICROWAVE EXHIBITION OF THE YEAR —

more than 200 microwave component, device, instrumentation, material and
subsystem suppliers will display their latest products and be prepared to discuss
your needs at production or engineering levels.

A FULL SOC|AL PQOGRAM — spouses tours, an exhibitor reception

and the MTT-S award banquet complement the program and exhibition activities.

Complete the coupon below and return it to Microwave Journal to receive the
Advance Program, advance registration form and hotel reservation forms.

MICROWAVE JOURNAL o 610 Washington Street « Dedham, Massachusetts 02026
Send me additional information on attending MTT-S '84

Name Title
Organization

Address

City, State, Zip Code

Country Phone

MTI-S Member? [ Yes [ No
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JOHNSON
JOHAISON
JOH!s'SON

Johnson
delivers
coaxial

connectors
when you want
them.

For RF applications of 8 GHz and
below, Johnson delivers coaxial
connectors to your specifications.

Our miniature connectors replace
SMAs in non-military applications
for one-third less cost. We also can
customize connectors to meet your
design criteria. Our network of more
than 250 distributors helps fulfill your
prototyping needs, and delivers
standard product promptly.

Write for your free catalog. or call
1-507-835-6307. Telex: 290 470.
TWX: 910-565-2161.

X/ JOHNSON

Components Division
€ F JOMNSON COMPANY WASECA MINN S6093
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+0.018% and (B) +0.03%. Frequency-
temperature stability is typically +0.02%
from -40 to +85° C. Shock resistance is
1000g, vibration 10g. Price: approxi-
mately $50, 100 quantity. Delivery 10 to
12 weeks. Statek Corp., Orange, CA
92668, INFO/CARD #144.

MIC Electronic
Attenuators

KDI Electronics, Inc., Engelmann Divi-
sion has announced the DAP1023 Elec-
tronic Attenuator. Using MIC thick film
technologies, the device has an attenua-
tion range from 0 to 42 dB in 6 dB steps.
This unit is designed for use between .9
GHz and 1.2 GHz with a VSWR less than
1.5to 1 and a maximum insertion loss of
4 dB. The DAP1023 is hermetically
sealed in a plug-in package and operates
over the temperature range from -54° C
to +85° C. KDI Electronics, Inc., Whip-
pany, NJ 07981, INFO/CARD #145.

* 'sfﬁl:s
|

International Crystals are
manufactured to meet rigid
specifications in a plant where

| temperature and dust control are

NIEm

INTERNATIONAL CRYSTAL MFG. CO., INC.

10 North Lee, P.O. Box 26330, Oklahoma City,
Oklahoma 73126 405/236-3741
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Ferrite Core Chokes

A new line of ferrite core chokes featur-
ing a wide range of inductances and cur-
rents has been introduced by South
American Development Corporation. With
inductances from 0.27 to 100,000
microhenries, current ratings from 0.1 to
32 amperes, and energy storage up to
0.007 watt-seconds, these chokes are
designed for use in power, audio and RF
applications. Unit costs begin at $0.17 in
production quantities. South American
Development Corp., Hyde Park, NY
12358, INFO/CARD #147.

RF Small Signal
Bipolar Devices

The MRF571, MRF572 and MRF573
feature ion-implanted arsenic emitters
and gold metalization for reliability.

important factors.

Every crystal is subject to tests
that assure the customer the very
best product available. All
International Crystals are
guaranteed for the life of the
crystal, subject to certain
restrictions under warranty.

ICM manufactures high quality
precision crystals for land mobile,
military, aerospace and the
broadcast industry.
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The large, empty space on the

left is brought to you by RT/duroid®
6010—the new soft substrate

from Rogers that can shrink a cir-
cuit by 30%. And let you design

in higher quality and reliability

to boot.

MAKE CIRCUITS 30%
SMALLER. AND
INFINITELY BETTER.

RT/duroid 6010 has a dielectric
constant as high as many ceramic
substrates—yet it's soft, durable
and easy to work with. It lets you
position components much more
compactly, without resorting to
touchy ceramics. And compo-
nents—uwith their interconnecting
traces—can be etched on a sin-
gle board, virtually eliminating
wirebonding. That means faster
assembly. Superior reliability. And
cost savings, across the board.
SHED UNWANTED
INCHES, FAST.
On RT/duroid 6010, one board
can do the work of several. Or an
oversize board can shrink to fit an
undersize space. And you'll get all
the 6010 you need, quickly and
cost-efficiently. That's a promise
from Rogers.

SEND FOR A FREE SAMPLE.
Just mail the coupon, or call 602-
961-1382. We'll have you design-
ing on RT/duroid 6010 faster than
you can say, “Think small”.

|
|
|
|
|
|
|
|
I
: LOOK AT ALL THE SPACE YOU SAVE
! WITH RT/DUROID 6010.
|
|
|
|
|
'

~ 1€
o =EET -

© ROGERS

Rogers Corporation
Microwave Materials Division
Box 3000

Chandler, AZ 85224
602-961-1382

Please send a free sample of space-
saving RT/duroid 6010 to:

Title
Company
Address

City State
Zip
Telephone

© 1984 Rogers Corporation

|
|
|
|
|
|
|
|
|
|
| Name
|
|
|
|
|
|
|
|
|
|
|
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with
mass appeal.

Now you can enjoy all the
benefits of acoustic wave tech-
nology at the lowest possible
price, thanks to the mass produc-
tion capabilities of Signal Tech-
nology Ltd., our sister company
in Swindon, England. Their fully
automated production facility
includes 100% computer testing
and special assembly equipment
that can produce up to 2,000
finished devices per hour (that's
one device every two seconds).

Available from Andersen

These devices are distrib-
uted in the U.S. and Canada by
Andersen Laboratories. We have
SAW devices for all international
broadcasting standards at
common IF frequencies, as well
as low band VHF filters. Many
devices are available from stock.
Just call Don Lowcavage at
(203) 242-0761.

@ ANDERSEN
LABORAIORIES

Andersen Laboratories, Inc. 1280 Blue Hills Avenue,
Bloomfield, CT 06002. Telephone (203) 242-0761
TWX 710-425-2390.

Andersen SAW products are available in the United
Kingdom and Europe through our sister company,
Signal Technology Ltd., Swindon, Wiltshire, UK
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SAW deviceé

Because the exceptional fine-line
geometry allows lower noise anc higher
gain at high frequencies, the devices can
be used in numerous general purpose ap-
plications ranging from 0.5 GHz to 2.0
GHz. The MRF570 series is an excellent
choice for low noise pre-amplifiers,
oscillators, mixers, multipliers and power
microwave converters for receiving and
transmitting purposes. Motorola
Semiconductor Products, Inc.,
Phoenix, AZ 85036, INFO/CARD #146.

Silicon Tuning Varactors

M/A-COM Semiconductor Products,
Inc. announces their new MA-4K000
series of abrupt junction high,
capacitance silicon tuning varactors.
These varactors, utilized in general tuning
and AFC applications, feature high break-
down voltage, high Q and thermal oxide
passivation. These devices are the logical
choice where high reliability and low
leakage are important design criteria.
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This series of diodes is ideally suited for
tuning applications in many radio, TV and
AFC circuits from HF to VHF frequencies.
M/A-COM Semiconductor Products,
Inc., Burlington, MA 01803, IN-
FO/CARD #148.

Circuit Analysis Software
Communications Consulting Corp. has
introduced its CADEC™ software
package for analysis and optimization of
virtually any type of electronic circuit. The
program runs in the frequency domain
and allows the interconnection of active

COMPUTIS AIDED DLMAN
ICTRONIC CIRCUIT
Settweare Pachage

and passive elements, as well as complex
interconnections. Fourier Transform
capability allows transformation of results
into the time domain, and all results can
be displayed both in tabular and graph
formats. CADEC™ is available for the
Tektronix 4051/52/54, the H-P 9845B/C,
H-P Series 200 machines (9816/26/36),
and H-P Series 500 (H-P 9020) Systems.
Communications Consulting Corp.,
Upper Saddle River, NJ 07458, please
circle INFO/CARD #149.

-l e gme o= om

800 MHz Antennas

Two new models of 800 MHz portable
antennas have been introduced by Cen-
turion International. Specially designed
for new cellular radio applications, the
800 MHz antennas are extremely
durable, and are available for immediate
shipment. The “Tuf Duck’ Ya wave whip
antenna for 800-1,000 MHz features a
.130 diameter cable radiator, encap-
sulated in high gloss PVC, with an ap-
proximate length of 3%2 inches. The “Tuf
Duck’ Style E antenna for 800-1,000
MHz use is a ¥a wave flexible coaxial
antenna with elevated feed point and
strain relief base. Approximate length is
8 inches. Centurion International, Inc.,
Lincoln, NE 82846, INFO/CARD #150.
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TV-Stereo System IC

Three integrated circuit (IC) configura-
tions have been announced by dbx Inc.
for the dbx TV-stereo system, which was
recently selected as the industry standard
for television stereo broadcasting. (The IC
chips, above, were photographed with a
standard-size paper clip to provide a
sense of scale.) The smaller IC at the top
left is designed for applications where
space is at a premium. Its SO-package
style makes it ideal for portable sets. The
large IC to the left of the paper clip is for
low-cost implementations. Its 22 pin DIP
(dual in-line package) contains all the cir-
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cuitry needed to provide the heart of the
dbx-TV noise reduction system. The four
IC chips to the right of the paper ciip are
designed for ultra-high quality implemen-
tations. The SIP (single in-line package)
keeps space requirements down for these
ICs. dbx Inc., Newton, MA 02195,
INFO/CARD #151.

Dual In-Line Header

ASPE, Inc., announces the latest addition
to its line of new generation flat packs, an
innovative combination flat pack and dual
in-line header. A high performing unit, it
is available at substantially reduced cost,

thanks to advanced production tech-
niques employed in manufacture. The
new flat pack’s two-piece construction is
sealed on two different planes to ex-
tremely tight tolerances, and helium leak-
tested to exceed military specifications by
a factor of three. ASPE, Inc., Fairfield,
NJ 07006, INFO/CARD #152.

[T 5 ]

Power Meter

This microprocessor controlled, digital
power meter incorporates significant cir-
cuit developments, providing the user
with auto-range, auto-cal, auto-zero
average time and power-up mode selec-
tion, power linearity correction and full
GPIB compatibility. Virtually eliminated
are the problems of zero drift and range
errors. Accuracy is 0.5%, supported by
comprehensive self-checking and
diagnostic facilities. High efficiency in
automatic test applications can be
achieved with the Marconi 6960 by the
ability to select response speeds down to
an exceptional 25ms. Automatic calibra-
tion is a unique feature of the 6960, and
is performed by a few key strokes to turn
on the internal 50MHz power reference,
adjust the gain for the sensitivity and then

GIGATRIM

VARIABLE CAPACITORS
For Fine Tuning_Circuits

® Qualitiedto
MIL-C-14409D

Qs to
~5000
@250 MHz

@®Zero 1C

@ Capacitance

’ ® Sapphire
Dielectric

Electronic Accuracy Through Mechanical Precision

(HohansonO

Manutacturing Corporation
400 Rockaway Valley Road, Boonton, New Jersey 07005
201-334-2676 - TWX 710-987-8367

Ranges:
.34.2pF
to.8-8 pF

Actual Size

turn off the power reference. Model 6960
is priced at $2,250 and is available for
delivery within 45 days. Marconi In-
struments, Northvale, NJ 07647,
INFO/CARD #153.

AC Magnetic Field Analyser

Magnatek Corporation has introduced a
new AC Magnetic Field Analyser de-
signed to detect power frequency distur-
bance from stray magnetic flux generated
by transformers, motors, generators, or
other noise makers in electronic
enclosures. Magnetic flux can inhibit per-
formance factors of sensitive electronic

P

e Radiated Susceptibility Testing 10 kHz - 18 GHz
e Enclosure Treated with R.F. Anechoic Material
W e Emissions Testing: 20 Hz to 18 GHz

e Modern Semi-Automatic Swept EMI Receivers
e Mobile EMI Vans for Remote Site Testing
e 25 Years of EMI/EMC Experience
e EMC Consulting; Custom EMI Filter Designs

Call or Write For Capabilities Brochure!

TECHNCLOGY CORPORATION
EMC Engineering Services Division
18435 SusanaRd.,Rancho Dominguez, CA 90221,(213) 537-4750, TWX: 910-346-6773

components, such as cathose ray tubes,
disc drives, magnetic files and circuit con-
ductors. The Magnatek probe and in-
tegrator have been developed to analyse
the stray flux field density and its
derivative in power frequency ranges of
40 Hz to 10K Hz. The analyser’s probe
is a calibrated pickup coil sensitive to the

200 V/m Testing;
Fast Turnaround!

Seven Large Shielded Enclosures!
MIL-STD-461A/B & Commercial Specs!
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derivative of flux density (dB/dt). The ac-
tual value of fiux density (B) is measured
by passing the probe output through an
integrator whose signal can be sensed by
any oscilloscope or high impedance AC
meter. Magnatek Corporation, Boulder,
CO 80301, INFO/CARD #154.

1 GHz and 2 GHz
Synthesized Generators

Texscan announces the availability of
two new synthesized signal generators
covering from 10 Hz to 1 GHz (SSG-1000)
and 10 Hz to 2 GHz (SSG-2000). Tuning
in 10 Hz steps (20 Hz, SSG-2000), the
output level is from -137 dBm to +13 dBm
in 0.1 dB steps. The SGG-1000 uses a
fundamental oscillator over its full fre-
quency range, giving excellent spectral
purity. Advanced frequency synthesis
gives fast lock (less than 5 mSecs, 10
MHz step) and good SSB noise perfor-

mance (130 dBc, 10 kHz away at 100
MHz.) The 2 GHz unit (SSG-2000) uses
frequency doubling from 1 to 2 GHz with
sub-harmonics greater than 25 dB down,
and a tuning step of 20 Hz. Internal fre-
quency, amplitude or phase modulation
is provided with frequencies from 10 Hz
to 99.9 kHz in 10 Hz steps. A non-volatile
memory stores up to 10 front panel set-
ups and both instuments are program-
mable using IEEE 488 or HPIL. Reverse
power protection up to 50 W is provided
as standard. Delivery is 12 to 16 weeks
ARO. Texscan Corporation, In-
dianapolis, IN 46226, please circle
INFO/CARD #155.

Automatic HF Measuring for
Capacitance, Q-Factor, and ESR
An automated system is now available
from Boonton Electronics to measure
capacitance, Q-factor, and effective
series resistance (e.s.r.) of capacitors and
forward-biased PIN diodes with high
repeatability to 2.0 GHz. Based on a
resonant-line method pioneered by Boon-
ton and described in ASTM F752-82 and
the Department of Defense-approved
EIA-RS-483-1981 standards, the 174
system includes, besides the resonant
line, a 1021 r.{. signal generator, a 9200A
r.t. millivoltmeter, and an H-P 85B con-
troller together with appropriate software.
Although the device under test must be

manually inserted into the resonant line,
either in series at the short-circuited end
of the line or in shunt at the open-circuited
end, the system then proceeds through
a self-prompting menu to establish proper
test frequencies and levels, fit observed
data to a *‘universal resonance curve,”
and calculate and display the measure-
ment values. A two-channel version is
also available, consisting of one addi-
tional resonant line and associated hard-
ware, which allows one line to be loaded
while a measurement is under way on the
other line to improve throughput. Values
of capacitance can range from a fraction
of a picofarad to greater than 1000 pF,
depending on the mode of insertion and
the test frequency. Test levels do not ex-
ceed 3 mA or 0.2 V. Price: Model 174,
$27,945. Availability: 6 weeks. Boonton
Electronics Corporation, Randolph, NJ
07869, INFO/CARD #156.

Cost-effective,
reliable filter solutions
to RFI/EMI problems

LMI
manufactures
a broad line of
high performance,
long life power and
communications line
filters, filter panels,
and power factor
correction networks.
These are now widely
used in shielded
rooms, data proces-
sing centers, com-
munications centers,
hospitals, ground
support facilities,
shielded cabinets and other
secure or RF controlled areas.

Our power line filters are

- designed
-~ and manu-
factured to
MIL-F-15733E, UL

and other specs; our
communications line
filters exceed
MIL-STD-HBK-232.
All models have
standard power sys-
tems, voltages, current
and frequency ratings
for easy interface with
circuit breakers and UL
and NEC requirements.

Write or call for catalog F-300.
LectroMagnetics. Inc.

6056 West Jefferson Blvd.

Los Angeles, CA 90016

(213) 870-9383

IMIT @ LectroMagnetics, Inc.
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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
CPo664 (30V), CP665 (40V), and CP666 (50V) have
third order intermodulation intercept >+40 dBM, and
50 Ohm VSWR <1.5 to 1 over 0.5 to 50 MHz range.

HIGH VOLTAGE RF FET

“’ TELEDYNE

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

A complete series of Highpass,
Lowpass, Bandpass and Band Reject
Filters with temperature coefficients of
less than 10 ppm/°C are available from
KW Engineering. A typical device exhibits
a center frequency of 250 MHz, with a 1
dB bandwidth of 5 MHz. The shift in
center frequency over an operating
temperature range of -55° C to +125° C
is 200 kHz Maximum. Approximate size
is 1.3 x 0.6 x 0.3 inches. This series of
fiters are available in frequency ranges
from 100 MHz to 5 GHz. The devices
have been designed to meet or exceed
the requirements of MIL-STD-202F. KW
Engineering, Inc., San Diego, CA
92111, INFO/CARD #157.

Continuously Variable
Coaxial Attenuators

RLC Electronics announces the exten-
sion of its continuously variable at-
tenuator line. The attenuators are de-
signed for low frequency operation of
DC-800MHz and offer low insertion loss
and VSWR. This is accomplished with
good impedance matching and level at-
tenuation. They are available in 50 ohms
or 75 ohms with Type N, TNC, BNC and
SMA connectors and in attenuation
ranges from 0-20dB. The units meet the

environmental requirements of MIL-
A-3933 and would be used where a con-
tinuous adjustment of signal level would
be required. RLC Electronics, Mt. Kisco,
NY 10549, INFO/CARD #158.

Synthesized
Signal Generator

Comstron has announced the
availability of a Synthesized Signal
Generator, Model 740A, for under
$10,000 with all these features: AM, FM,
phase and pulse modulation. Excellent in-
close phase noise. Spinwheel and
keyboard entry of all functions. Non-
volatile memory for 40 complete con-
figurations. 20 mSec. settling time.

LOWEST PRICED, HIGHEST QUALITY ATTENUATORS = BNC $11.00,SMA$14.001-0:4
puss| AND TERMINATIONS -BNC$5.6010t4,5MAS5,.6010ta, MIL.HI-REL.NETWORKS

Model Impedance Frequency

UNIT PRICE (4) EFFECTIVE B-15-82

GHz
MT 75 7% DC 10GH;
Feed thru Terminations shunt resistor
FT.50 50 0C-10GH:

FT.75 75 DC 500MH:
F1.90 93 DC-150MH2
Directional Coupler, 30 a8
s0 250-500M Mz
Oecoupler saren r
1000 ) OC) 5GMr

CA 50 (N to SMA) 50 DC-4 2GHz

Induciive Decouplers serres nductor
017uM DC-S00MHz

6 BuH DC-55MM2

50 C-1 5GHz
50 DC-15GH2
Reaclive Multicouplers 2 snd 4 oulput poris
TC-125-2 50 15-125MHz
TC-125-4 50 15 125MH2
Resistive Power Dividers 3 4 and 9 ports
30 50 DC-2 0GH:r
50 0C-500MHs
50 DC-500MH2
Double Balancea M
DBM-1000 50
DBM S00PC 50

AF Fuse, 18 Amp and 1 16 Amp
FL-50 0

ety
$-1000MM2
2-500MH2

DC-15 Gz

FL-75 7% DC-15 GHz

S

(g/com SYSTEMS INC.

r.f. design

Number (2) Ohms (Power W) Range BNC TNC N SMA UMF PC
Fired Attenuators 110 20 ¢8
AT-50(3) 50 ( 5W DC + 5GHs 1400 2000 2000 1600
AT-51 50 (SW DC ¥ 5GHz 11 00 1500 1800 1400 12 od
AT-52 50 (YW ©OC 15GHr 1480 2050 205 1950
AT.53 50 ( 25W OC 30GHz 1400 1700 15 00
T-54 50t 25W DC-4 2GHz 1800
AT-7S0/AT 90 TS0r 9| SW OC-15GMz(750MHiha 00 2000 2000 1800 (—g_‘
Detector Zero Bias Schotthy
cosy 50 014 2GHz 54 00
Resistive Impedance Transiormers Mimimum Loss Pads (B ]
RT-50 75 50 t0 75 DC 15GHz 10 50 19 %0 19 50 17 50 '
AT-50'93 50 t0 93 DC 10GH: 1300 1950 1980 1750
Terminalions
CT 50 (3} 50 ( SW DC 4 2GHz 115 1500 1500 1730
cT 51 50 (5W DC-4 2GHz 950 12 00 200 950
CY 52 S0 (1w DC-25GMz 10 50 18 00 1500 13 00 15 50
CT-53 ™ 50 { SW DC-4 2GMz 3 80 5 80 1 A
CT-54 50 (2w DC-2 0GHz 14 00 13 00 15 00 17 50
cT 75 75 | 25W4 0C-2 5GHz 105 1500 1500 1300 1550
CcT-93 93 (25w DC-25GM: 1300 1500 15 50

Mismatched Terminations 105110 31 Open Circut Shor Circut
MT-51 50 DC-J 0GH, 25.50 23

104 o Capactive Coupier seres capaciton
12 00

Fixed Attenuator Sets 3 6 10 and 20 dB in plashic case
D [

meters fully tested and Quarantasd Fabricaledrom W . S0eC Migh A adst
Spec plated pants andconnactors n i

Spe. tabre 3) Cavora
without notice SMPpIng 33 00 Domest e o7 $15 00 Foreign 0n Pepad Orders

4032 CLINT MOORE ROAD. BOCA RATON, FL 33431

25 50 25 50
25 50

10 50 19 50 19 50 17 50
10 50 19 50 1950 17 50
1300 19 50 19 50 17 50

60 00

1800 1800 17 00

13 00 13 00

12 00 18 00 18 00 17 00
1200 18 00 18 00 17 00

84 00 84 00 76 00
48 00 84 00 84 00 80 00

34 00 S7 00 47 00
37 00 81 50 81 %0
54 00 54 00
54 00 54 00

- B84 50
8y 00 71 00 61 00

34 00|

12 00 18 00 17 00
1200 18 00 17 00

Mo aihet 870 g0ld 2) Sew catalogforcomplete Mode! § og9 €

niabel of utit 4} Price subjectio change
Delivery 13 stock 1o 30 days ARO

V/

305-994-1774
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When you need output power of
30 dBm and up. When you need
frequency upwards of 2 GHz.
When you need very high effi-
ciency. That's when you need to
call EPSCO.

Our high power amplifiers fea-
ture solid state design flexibility
and modular construction. So
when your need is for a combi-
nation of performance levels to
satisty critical EW or telecommu-
nications requirements, we can
meet your specifications with
minimum turn-around time.

SOME TYPICAL

EXAMPLES

+ 3.5 Watt power output, 9.6-10.3
GHz, 18 dB gain, and greater
than 10% efficiency.

» 5 Watt power output, 2.7-3.0
GHz, 28 dB gain, and greater
than 20% efficiency.

+ 10 Watt power output, 5.9-6.4
GHz, 41 dB gain, and greater
than 16% efficiency.

For more information and
discussion of your high power
amplifier needs, and how
EPSCO can fill them, give us
a call today.

-~ o oy o -
' =W i) microwave
411 Providence Highway
Westwood, MA 02090

(617) 329-1500.
TWX: (710) 348-0484.
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Superb level accuracy. 10 Hz resolution
across entire frequency range. IEEE-488
bus programming. The RF frequency
coverage over the range 100 kHz-1120
MHz (doubler option from 560 MHz) is
derived from a crystal reference driving
a 10 Hz steps synthesizer, thus produc-
ing the desired features of accuracy,
stability and spectral purity. The modula-
tion and output stages have been design-
ed to comply with with the requirements
of radiocommunications, with amplitude,
frequency, phase and pulse modulation
facilities (optional). The precision at-
tenuator is protected against accidental
reverse power. Ease of operation is

achieved by a microprocessor which ser-
vices the front panel controls, and allows
remote programming of the instrument by
the IEEE 488 bus. Delivery is 4 to 6 weeks
ARO. Price $7,600; 560 MHz doubler to
1120 MHz $900.00; and pulse moculation
is $1,000. Comstron Corporation,
Freeport, NY 11520, please circle
INFO/CARD #166.

Waveguide To Coax Adapters

A new series of high power double-
ridge waveguide to coax adaptors with
operating frequencies over the entire
waveguide band is being introduced by
Continental Microwave and Tool Com-

Monolithic Filter Lesson

The lesson is simple, really.

To get the most for your
filter dollar, just call
PTI — the premier
U.S. manufacturer of g
standard and custom
monolithic crystal
filters. Since 1965
we’ve been
supplying
many of the
world’s leading
commercial and
military communications equip-
ment producers.

Piezo Technology offers the
widest range of high-performance
quartz filters available anywhere.
Choose from over 100 standard
models at 10.7, 21.4, 30, 45, 70, up
to 200 MHz.

Plus custom models from below
5 MHz to 300 MHz. Capable of in-
corporating linear phase and con-
trolled group delay; guaranteed IM,

phase noise and amplitude linearity
— able to meet the toughest envi-
ronmental specs.

If you’re in the market
for a better filter, let us
give you a lesson you
won’t forget. Contact
B your local PTI
representative.
We’ll supply the
right engineering
%  and the right
product at the right
price.
To put you at the head of the

class.

Piexzo Technology, Inc.

P.O. Box 7859, Orlando, Florida 32854-7859
(305) 298-2000 TWX: 810-850-4136
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pany, Inc. Continental Double-Ridge
Waveguide To Coax Adaptors feature
power ratings from 500 to 1000 WATTS-
CW, depending on size and configura-
tion. Operating over the entire waveguide
band, they are offered in top wall and end
launch designs. Available in 4 standard
sizes from WRD-650D28 thru
WRD-350D24, Continental Double-Ridge
Waveridge To Coax Adaptors are con-
structed from 6061 aluminum and
finished with a high temperature coating.
VSWR nominal is 1.25/1; max is 1.50/1
Continental Double-Ridge Waveridge To
Coax Adaptors are priced according to
configuration, size, and quantity with
delivery from stock to 4 weeks. Continen-
tal Microwave and Tool Company, Inc.,
Bradford, MA 01830, INFO/CARD
#128.

Variable Capacitors

Seal-Trim® Variable Ceramic
Capacitors are now available in a hous-
ing designed to facilitate automatic tun-
ing. Available in capacity ranges of
.5-2.5pF to 6-25pF. Size .180" dia.; height
.11 above board. Printed circuit ter-
minals are .020"" wide spaced on .140"
centers. Tapered top guides .025" square
drive tuning tool into precise alignment.

Seal-Trim® Capacitors are high perfor-
mance Thin-Trim® variable ceramic
capacitors encapsulated in a protective
housing which inhibits intrusion of dirt,
dust, solder flux and cleaning agents dur-
ing assembly and environmental con-
tamination during use. They are design-
ed for applications including crystal trim-
ming, filter networks, interstage coupling,
microprocessor clocks, and impedance
matching. Price: 9630 Series $0.65 each
in 10,000 piece order quantities. Delivery:
4 to 6 weeks. Johanson Manufacturing
Corporation, Boonton, NJ 07005, IN-
FO/CARD #127.
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High-Efficiency Amplifiers
Three new high-efficiency models have
been added to Watkins-Johnson Com-
pany’s TO-8 amplifier line. The WJ-A70-2
provides output power of +19.0 dBm
across the 10 to 250 MHz frequency
range. The amplifier supplies 8.5 dB of
gain with a noise figure of less than 3 dB.

The WJ-A70-3 is a high-power version of
the WJ-A70-2, delivering +22.5 dBm of
output power. The WJ-A81-1 covers the
20 to 250 MHz frequency range. It pro-
vides output power of +12.5 dBm with a
2 dB typical noise figure and consumes
only 18 mA of DC current. Watkins-
Johnson Company, Components Ap-
plications Engineering, Palo Alto, CA
94304, INFO/CARD #126.

For a power resistor that
stays non-X up to vht,

there’s only one choice.

The Carborundum® Type SP. Only
Carborundum has a ceramic power re-
sistor that behaves like a pure resis-
tance rather than an inductor and/or
capacitor. It operates from low audio
frequencies up into the vhf range.
Each unit is a solid body of resistive
material. No windings, no film. Ideal
for frequency-sensitive rf applications
like feedback loops.

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

Our Type 234SP, for example, is

TNC Connector Series
Designed For Cellular
Radio Applications

Automatic Connector, Inc., a major
manufacturer of R.F. coaxial connectors,
cable assemblies, microwave com-
ponents and fiber optic connectors, has
developed a new miniaturized TNC con-
nector series to meet the demanding
dpecifications of the cellular radio. The
new TNC series is a low cost, high per-
formance coaxial connector suited for
critical applications and environments. It
features a *‘value engineered’’ design us-
ing screw machine components. The con-
nector is smaller and lighter in weight
than the standard TNC connectors, but
is intermateable. Mating face gaskets and
a specially designed backnut weather-
proof the connector for outside en-
vironments. The new series consists of a
“D"” hole type bulkhead mounted cable
jack that is designed for mounting on the
radio as the antenna connections. It uses
a crimp style cable termination to assure
a cost effective volume oriented assembly
procedure. The mating plug connector
utilizes the improved Automatic wedge-
lock® style cable termination. This
design approach has fewer loose com-
ponents and reduces your normal cable
assembly time by more than 50% over
the standard “UG"’ type connectors. The

immersed in oil, it will handle even
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connector requires no special assembly
tooling. The center contact is soldered
and the backnut is clamped against the
cable braid, thus providing excellent
signal continuity and superior cable reten-
tion. The connector is also totally field ser-
viceable. Automatic Connector, Inc.,
Commack, NY 11725, INFO/CARD
#124.

Portable VHF/CATV/UHF
Signal Level Meter

A portable VHF/CATV/UHF Signal
Level Meter that covers 50 MHz to 450
MHz and 470 MHz to 810 MHz in four
bands and features easy tuning,
automatic turn-off to conserve battery life,
built-in speaker, large easy-to-read meter,
and three 20 dB attenuators to provide
measurements from -30 dBmV to +60
dBmV has been introduced by B&K Preci-
sion/Dynascan Corporation. Designated
Model 430, the unit can be used in a wide
variety of applications including tetevision
an FM antenna installation and servicing;

r.f.

greater power overloads.

Other Carborundum Type SP resis-
tors—including high-power, water-
cooled configurations—are rated from
2.5 to 1000 watts. For further details,
call or write E. B. (Woody) Hausler at
(716) 278-2143.

about the size of a 2-watt carbon comp,
but dissipates a full 10 watts in 40°C
ambient air. Moreover, it can consis-
tently absorb surges of over 10X rated
power for several seconds and come
back for more with very little AR.
Forced-air-cooled, water-cooled or

The Carborundum Company
Electric Products Division
P.O. Box 339

Niagara Falls, New York 14302

CARBORUNDUM
A Sohio Company

design INFO/CARD 78 91



® ap O
SEMI-RIGID

CABLE
ASSEMBLIES

AEP delivers
economy,
quality and
performance well
beyond the reach of
“do-it-yourself”
procedures! You get
100% yield of elec-
trical and mechanical
characteristics. . .
without scrap. Instead
of going through the
purchasing hassle. . .
buying cable. . .devel-
oping sophisticated tool-
ing and training personnel,

you can now call on AEP for straight
answers and quick response delivery. We
produce in all sizes and specs, including
special purpose types, for cables ranging
from .045" to .250" dia. Optional platings
include gold, silver, tin and tin/lead. Rigor-
ous quality control assures the identical
precision and accuracy found in AEP's
high reliability Subminiature RF Connect-
ors. Contact AEP now. We won’t throw you
acurve.

Send tor Free Brochure.

/ 7> Applied
Engineering Products

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

satellite antenna site selection and in-
stallation; MATV and CATV installation,
maintenance and servicing; and check-
ing rf output on VCRs and home com-
puters. B&K-Precision test instruments
are sold through electronic distributors.
The Model 430 Signal Level Meter is pric-
ed at $850. Available: In Stock. B&K-
Precision/Dynascan Corporation,
Chicago, IL 60639, INFO/CARD #123.

Coaxial NEMP-Protectors

SUHNER Series 3402 Protectors are
used to protect communication equip-
ment against the effects of a nuclear elec-
tromagnetic pulse (NEMP). They feed
coaxial lines RF-shielded into prolected
areas but divert surge voltages induced
by a NEMP to ground. The gas-filled
surge arrestor is mounted directly be-
tween the outer and center conductors
whilst optimum impedance matching is
maintained. This ensures an excellent
current loading capacity and virtually loss-
free operation at frequencies up to 2500
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MHz with low VSWR. This new design
(patent pending) is available with series
N and 7-16 connectors. SUHNER Series
3402 Protectors are also used to protect
against damage caused by lightning.
Huber & Suhner Ltd., CH-9100 Herisau,
INFO/CARD #159.

Thermal Cutoffs

A new line of thermal cutoffs is now
being introduced into North America by
Chatham Components, Inc., Chatham,
New Jersey. Manufactured by Uchihashi
Metal Industrial Company, LTD., Japan,
Elcut Thermal Cutoffs are the ultra in
miniature., They are non-resettable and
because of a unique surface treatment
process, maintain long term temperature
stability. All cutoffs are housed in non-
electrically conductive cases and most
have UL, CSA and/or VDE approval.
There are five series of cutoffs available
totaling over thirty types. The ‘01" Series
features operating temperatures ranging
from 74° C to 164° C with electrical
ratings of 2 amperes and 250 volts. The
‘02" Series features operating
temperatures ranging from 74° C to 145°
C,5Aand 7 A, 125 V. 03" Series has
operating temperatures ranging from 74°
C1t0164°C, 2 A, 250 V. The “X’’ Series
operates at 100° C to 187°, 3A and 5A,
250 V. And lastly, the ‘U5 Series
operates at 100°Ct0147°C,2A and 2.5

HI-POWER RF

HENRY RADIO

APPLICATIONS:

PLASMA Generation

MEDICAL Applictions

NUCLEAR Magnetic Imaging
COMMUNICATIONS Applications

The new, dynamic

AMPLIFIERS, TRANSMITTERS,
POWER GENERATORS

10-10,000 WATTS! — 2-500 MHz Frequency Range!

HAS THE PRODUCT YOU NEED.

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

NMR, Nuclear Magnetic Resonance

HENRY RADIO

2050 S. Bundy Drive, Los Angeles, CA 90025
TOLL FREE 1-800-421-6631 ¢ In Calitorria cait (213) 820-1234

INFO/CARD 80



A, 250 V. The ultra-miniature size of Elcut
Thermal Cutoffs and non-electrically con-
ductive cases allows unparallel design
possibilities and tremendous cost reduc-
tions. Chatham Components maintains a
sizeable inventory and delivery on items
not in stock takes usually less than four
weeks. Chatham Components, Inc.,
Chatham, NJ 07928, INFO/CARD #160.

Tubular Bandpass Filters
Coleman Microwave Company is proud
to introduce a complete line of tubular
bandpass filters. Available are 5 sizes
ranging from .250-1.250 inches diameter.
The tubular design opens up a wide var-
iety of package and connector styles, as
well as lower cost. Filters are available
over a frequency range of 20-12000 MHz.
Prices and delivery available upon re-
quest. Coleman Microwave Co., Edin-
burg, VA 22824, INFO/CARD #161.

Times-44 Frequency Multiplier

The AX44-100-60 is an unconditionally
stable times-31 frequency multiplier with
an input frequency of 100 MHz. The in-
put power is 10 dBm and the output
power is 13 dBm. All harmonics and
subharmonics are less than -60 dBc. DC
voltage is 15 volts. Size: 1.4 x 2" x 4",
Price: $2200. Delivery: 60 days. Other
models available with input frequencies
from 10 MHz to 150 MHz. A.l. Grayzel,
Inc., Needham, MA 02194, please cir-
cle INFO/CARD #162.

Feather-Weight Headset

Telex has introduced a super light
headset for hand-held landmobile
transceivers. The ProCom 352-1C weighs
a mere 2.6 ounces when worn with the

{

r.f. design

headband. However, the snap-on head-
band is removable so the headset weighs
only one ounce and can be clipped
directly onto eye or sunglass frames for
even greater convenience. When using
the headset, the radio remains on the
operator’s belt. There is no longer any
need to hand hold the radio for com-
munications. The headset is equipped
with an in-line push-to-talk switch which
also clips to belt. The headset plugs
directly into ICOM or Ten-Tec hand-held
transceivers. The unit carries a suggested
list price of $129.95 and is available now

at local two-way radio dealers. Telex
Communications, Inc., Minneapolis,
MN 55420, INFO/CARD #163.

Transmitter Detector

Tactix has announced the release of a
portable wide-band transmitter detector
designed to counter the threat of
eavesdropping. The TTX-310 is a profes-
sional, ultra-sensitive receiver that allows
an untrained user to detect and locate the
presense of eavesdropping devices
within minutes, even in a highly active
broadcasting area. Utilizing the latest

High quality attenuators don’t necessarily have to include high quality
prices. Kay attenuators are designed and manufactured with high quality
components but we do not subject our buyers to high prices. The Model 439
was designed to offer all of the superior specifications of the Mode! 432D but at
a reduced cost, providing a $36.00 savings to the customer. Kay is able to
produce low priced attenuators with superior specification by using teflon, gold
and silver component in our custom developed and in-house manufactured

switches.  Listed below are some of the more common attenuators. Check
the prices for yourself.
INSERTION
ATTENUATOR MODEL IMPED- FREQ. ATTEN LOSS
TYPE NO. ANCE RANGE RANGE STEPS AT 1GHz PRICE*
Standard 432D 500 DC- 1GHz 0-101dB 1dB .7d8 $265
In-Line 442D 750 DC- 1GHz 0-101dB 1dB 4dB $265
Miniature 439A 500 DC-1.5GHz 0-101dB 1dB 5dB $229
InLine 449A 750 DC- 1GH:z 0-101dB 1dB 4dB $229
Rotary 500A 500 DC- 2GHz 0- 10dB 1dB .2dB $175
510A 750 DC-15GHz 0- 10dB 1dB .2dB $175
Rotary Bench: 5050 500 DC- 1GHz 0- 81dB .1dB .8dB $589
Programmable 4440 500 DC-15GHz 0-130dB 104B 2dB $299
4457 750  DC- 1GHz 0-127dB 1dB 3dB $375

*Single Quantities. Discounts for Quantity Orders.

If you don't see an attenuator that fits your requirements call us for
information on our complete line of standard products. Kay can also design an
attenuator to fit your specific needs. We have designed over 250 different
special attenuators in the past.

We also offer a very substantial discount schedule for quantity purchases.
For a complete catalog or to place an order call Chris Meagher at (201) 227-2000,
ext. 105.

K A Kay Elemetrics Corp
12 Maple Avenue
Pine Brook, NJ 07058-9797

USA

Tel: (201) 227-2000
TWX: 710-734-4347
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technology, the TTX-310 incorporates
R.F. hybrid circuitry and 10 high intensity
light emitting diodes to form a bargraph
which instantly displays user proximity to
transmitter. With a detection range from
1 MHz to 1.3 GHz, this desk top detector
will give immediate warning when some-
one wearing a bugging transmitter enters
the room; even with sub-carrier and dif-
ficult to detect low power ‘‘wireless
microphone’ types. The Tactix-310
model comes fully equipped with a
rechargable battery, charger, telescoping
antenna, and a hand held probe to allow
quick, yet highly accurate sweeps.

GET 10 TIMES MORE RFI PROTECTION
WITH A LINDGREN “DEI” SCREEN ROOM

~ Lindgren’s double-electrically-isolated (DEI) screen rooms offer 120 dB RF
attenuation of electric and plane waves from 14 KHzto 1 GHz.. .up to 10
times more shielding than any other type of screen room.

This patented design keeps your design/test area interference-free
‘despite rising ambient RFI levels. You get shielding equal to conventional
solid-sheet-metal enciosures without sacrificing the see-through,

- hear-through and lighter-weight advantages of screen.

DEI design is superior because inner and outer screens of 0.011” dia. 22 x
22 bronze mesh are electrically separated, except for a single grounding
point. Doors feature separate inside and outside RF seals on all four
edges, with a single handle that assures an RF-tight closure by applying
cam pressure at three points.

Built of panel modules, Lindgren RF enclosures can be moved, expanded
or reshaped easily. OQur patented overlapping pressure joints maintain fuil
shielding integrity no matter how many
times they're reassembled.

For more details, ask for our
technical catalog on
RF enclosures.

LINDGREN
RE ENCLOSURES
1228 CAPITAL DRIVE

ADDISON, IL 60101
(312) 628-9100
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Special features include a ‘'silent” or
“chirp” transmitter alarm function, which
can be pre-set to notify the user in either
audio or visual output when transmitter
is nearby, or when someone enters the
room with a covertly disguised one. An
L.E.D. displayed battery check circuit to
check battery power level is standard. En-
cased in a rugged structural resin plastic
covering, this unit is equally at home in
the field, the office, hotels, automobiles,
and business meetings; yet it remains
under 5 pounds. The overall compact size
is9”L x 8.5"'"W x 2.5”’H. Tactix, Belmont,
CA 94002, INFO/CARD #164.

2 Way Miniature Power Divider

Sage Laboratories, Inc., is now offer-
ing the 2 way model FP3230 Miniature
Power Divider that operates in the 2-18
GHz frequency range. it has an isolation
from 17 dB at 2 GHz to 20 dB at 3 GHz
and greater than 24 dB from 5-18 GHz.

This miniature power divider also offers
1.5/1.4 maximum input/output VSWR,
amplitude unbalance of .2 dB maximum,
phase unbalance of 4 degrees maximum
and an insertion loss of 1.3 dB maximum.
Dimensions of this unit are 1.25 x .50 x
.38 inches. Sage Laboratories, Inc.,
Natick, MA 01760, INFO/CARD #110.

Universal Counter

A universal counter which can function as
a unit event counter, frequency counter
and microwave counter to 1.3 GHz is now
available from OK Industries Inc.
Designated Model 502, it can measure:
period, from 500ns to 10s with resolution
selectable to 100ps; frequency ratio
(FA/FB) with periods averaged 1, 10, 100,
or 1,000; and time interval (A to B) from
500ns to 10s with resolution selectable to
100ps. The 502 offers all the features and
flexibility of the 200 MHz Model 501, plus
microwave capability. For added versatili-
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ty, the 502 has three inputs: an “A" in-
put DC to 200 MHz, an **A” input 50 MHz
to 1.3 GHz, and a *‘B” input DC to 2 MHz.
In addition, the 200 MHz and 2 MHz in-
puts offer 1M ohm impedance, while the
1.3 GHz input offers 50 Ohm impedance
and features a preamplified prescaler for
superior sensitivity. Delivery is stock to 4
weeks. Cost is $875.00. OK Industries
Inc., Bronx, NY 10475, INFO CARD
#111

New Literature

Coaxial Cable Catalog

A new coaxial cable catalog, ‘““RF
Transmission Line, The Complete
Catalog and Handbook,™ has just been
released by Times Fiber Communica-
tions, Inc. (TFC), an affiliate of Insilco Cor-
poration. The 42 page catalog includes
a selection guide and application notes
which engineers and purchasing agents
will find helpful. A complete guide to the
most recent series of MIL-C-17 coaxial
cables is also included. Times Fiber
Communications, Inc., Wallingford, CT
06492, INFO/CARD #172.

Electronic Materials Catalog
Electro-Science Laboratories is now

distributing its new 1984 catalog. Thick
film materials described in the catalog in-
clude cermet conductors, resistors and
dielectrics, materials for surface mounting
including solder pastes and organic
adhesives, materials for packaging,
hybrid circuits, flexible circuits, pc boards,
optoelectronics, sensors and high fre-
quency applications. Electro-Science
Laboratories, Inc., Pennsauken, NJ
08110-0596, INFO/CARD #170.

Electronic Hardware Catalog

Promptus Electronic Hardware, Inc.,
has published and released the new 1984
Catalog of their complete line of Elec-
tronic Hardware. This 220-page edition
features illustrations and descriptions of
Promptus’ large off-the-shelf inventory of
shoulder screws, retainers, panel screws,
male and female swage type stand-offs,
pusher screws, washers, handles, and
much more. Promptus Electronic Hard-
ware, Inc., Long Island City, NY 11105,
INFO/CARD #171.

RF and Microwave Selector
Guide and Cross Reference
Motorola’s new RF and Microwave
Selector Guide and Cross Reference
(SG46R2) now is available. The guide has
been revised and contains all the updated

AMPLIFIERS, éMHz;1 GHz

MODEL
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~ A~ accs:: o IR

S/N
A \AVDIN
S\VECTOR oiv

e Cascaded

Assemblies
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MISSING
LINK

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

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

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

When you need high rel and
tight specs in smalil 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, Minerai Point, Wl 53565
Phone 608-987-3363, Telex 467581
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information concerning Motoroia’s broad
line of RF Semiconductors. Motorola
Semiconductor Products Inc.,
Phoenix, AZ 85036, INFO/CARD #173.

Industrial Catalog

Joseph Electronics recently announced
publication of a new industrial catalog No.
050. This attractive 496-page catalog
features comprehensive specifications
covering more than 100 major product
lines. Joseph Electronics, Niles, IL
60648, INFO/CARD #174.

Oscillator Guide

Now available from Dale Electronics,
Inc., is a 7-page catalog featuring com-
plete specifications for Dale oscillators.

Products include: Hybrid Crystal Clock
Oscillators in Resistance Welded Metal
Packages and ceramic plus Temperature
Compensated Crystal Oscillators. Dale
Electronics, Inc., Columbus, NE 68601,
INFO/CARD #175.

Antenna Catalog

Centurion International has published
a new, eight-page catalog on their ““Tuf
Duck” line of portable antennas. The new
catalog lists more than 20 antenna
models, including the company’'s new
800 MHz antennas for cellular radio ap-
plications. Plus, Centurion’s full line of
connector styles to fit virtually any porta-
ble radio on the market is included. Also
included in the catalog are several other

RF BRIDGES

Fixed or Variable
Directivity (balance) 40 or
50 dB options.

1-900 MHz RF
Instruments

RF Amplifiers

RF Analyzers

RF Comparators

RF Switches

Hybrid Divider/Combiners
RF Detectors

Impedance Transformers
Precision Terminations
Precision DC Block
Filters

Available 50 or 75 Ohms

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, Arizona 85036, U.S.A.
INFO/CARD 85

Telephone (602) 254-1570

|

new additions to the Centurion line, in-
cluding a 5/ wave VHF gain antenna, a
new Y% wave flexible whip antenna for
UHF, a 2 wave flexible cable antenna for
UHF, and the Tuf Duck “Slim Mini"”
3-inch antenna for 118-225 MHz. Cen-
turion International, Inc., Lincoln, NE
68501, INFO/CARD #176.

Electronic Test
Instuments Catalog

Global Specialties (an Interplex Elec-
tronics, Inc., company) has completed its
1984 edition of “‘Instuments for Testing
and Design,” a full-time catalog of the
more than 80 precision test instruments,
logic probes, logic monitors and solder-
less prototyping systems associated with
the Global name. The catalog also
features several new products, including
the Global-Data® line of high quality com-
puter peripherals. The Global catalog
offers an overview of each product
category, followed by detailed descrip-
tions and specifications. Of particular
note is the recently-introduced 1301 triple
power supply which boasts separate 5
VDC (fixed) and variable 5 to 18 VDC out-
puts. Take a look, too, at the new Model
6002 1 GHz Frequency Counter with fre-
quency measurements from 5 Hz to 1
GHz, and period measurement too!
Global Specialties, New Haven, CT,
06509, INFO/CARD #115.

Sourcebook for the
Telecommunications Industry
COMPUCON, INC., a subsidiary of
A.C. Nielsen Company, announced the
availability of their latest industry study,
“Unraveling Opportunities in Business
Communications — Voice and Data’’,
Volume Two. This comprehensive com-
munications industry study contains

.
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You Demand Precision . . .
We Build It!

High precision ovenized crystal oscillators for use in counters,
synthesizers and communications systems.

+ Up to 1x10 '°/24 hr. aging

+ Single side band phase noise (BW-1Hz) at 1 KHz-160dB

+ Frequencies from 1 to 120 MHz

* MIL-SPEC, JANTX Radiation-hardened capability

« + 5x10 ' from 0 to 50°C

* MIL-SPEC temperature ranges
+ Fast warm-up options available
* Various mechanical configurations

Call or write with your oscillator requirements!

@ AUSTRON mc

P.O. Box 14766 + Austin, Texas 78761 + (512) 251-2313 - TWX 910-874-1356
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valuable information on private voice and
data networking including six industry
surveys of over 400 respondents.
Separate chapters are devoted to such
topics as circumvention of the public
switched network, rescue common car-
rier markets and local area network.
COMPUCON, INC., Dallas, TX
75380-9006, INFO/CARD #116.

Power Supply
Engineering Handbook

A new 116-page Engineering Hand-
book from the Power Products Group
describes over 700 different linear and
switching power supplies and DC/DC
converters available from Compower
Corp., Stevens-Arnold Inc., and Power
Products Division. This handbook also in-
cludes a comprehensive 22-page
technical section on “Principles of Power
Conversion’’. Important topics include:
linear power supplies, switching power
supplies, DC/DC converters, power con-
verter testing, power converter applica-
tion, and thermal management and
reliability. In addition, a Power Conver-
sion Glossary defines over 100 of the
common terms used with power supplies
and DC/DC converters. Power Products
Group, Pompano Beach, FL 33069,
INFO/CARD #117.

RF/Microwave
Instrumentation Catalog
Polarad has issued their new 8 page
RF/Microwave Instrumentation catalog.
Specifications and information on more
than 14 instruments are described.
Polarad Electronics, Lake Success, NY
11042, INFO/CARD #118.

Electrolytic Capacitor Catalog
United Chemi-Con, Inc. has just issued
its new 256-page catalog of aluminum
electrolytic capacitors. This catalog is the
most comprehensive to be published on
this product line and the table of contents
reads like an encyclopedia of capacitors.
The catalog portion details 45 different
series; from the Alchip micro-miniature
series that is used like a chip capacitor
and has a capacitance value as low as
.1uF, to the MWU series designed for
large frame computer use that has a
capacitance value greater than 1.6
farads. United Chemi-Con, Inc., Rose-
mont, IL, 60018, INFO/CARD #112.

Wiring and Cabling Catalog
Complete guidelines for selecting and
installing coax, twinax/triax & quadrax
cabling used in computer networks and
data distribution systems are described
in a new, free 50 page catalog, from the
manufacturer, Trompeter Electronics of
Chatsworth, California. The catalog
describes and illustrates thousands of

r.f. design

items for installing and distributing hard-
wired multi-terminal computer networks
for comptiance with recent fire prevention
regulations. Over 30 families of plugs,
jacks, panels, looping plugs, cable
assemblies and termination hardware in
coax, twinax/triax or quadrax versions are
included for such related applications as
telecommunications, telephone, TV
broadcast, CATV, CCTV, ETV, missile
and space telemetry and aircraft for in-
formation transmission and retrieval.
Trompeter Electronics, Inc.,
Chatsworth, CA 91311, please circle
INFO/CARD #113.

IFI’'s Wide Selection of
Broadband Power Amplifiers
include:

*MODEL M406P
This combination pulse/cw
broadband amplifier provides R.F.
output of 1030 watts cw into a 50
ohm load over the frequency range
of 10KHz to 220 MHz; and a pulsed
output of up to 4000 watts over the
same frequency range.

*MODEL 5300
This self-contained, ultrabroadband
amplifier provides instantaneous
band width of 10 KHz to 250 MHz
minimum. The electronic gain
control {of 40 dB minimum) has
front panel adjustment. Other IF|
features include a remote detector
input and an automatic leveling
system for constant output. Other
models are available with coverage
of up to 500 MHz,

Instrument Rental Catalog

Continental Resources, Inc. recently
issued its 1984 Electronic Instrument
Rental Catalog. This 68-page catalog,
featuring over 1500 items, contains exten-
sive listings of analyzers, meters, oscillo-
scopes, generators, microprocessor
development systems, recorders,
telecommunications equipment, and
more. All items appear with full specifica-
tions and monthly rental rates. In-
struments are fully tested, calibrated
(traceable to the National Bureau of Stan-
dards), and guaranteed to meet manufac-

*MODEL 1600
This Class A, solid state amplifier
incorporates IFl's proprietary
broadband techniques to provide
instantaneous bandwidth over a
frequency range of 500 KHz to 30
MHz. Rated for 130 watts of
continuous RF output, this amplifier
is unconditionally stable, with full
protection against damage to
internal circuitry and power supply.

eNo tuning or bandswitching

eFully protected

*Rugged commercial construction

eSystem compatible, modular

“Now you know why we say
‘Depend on (FI'"’

INSTRUMENTS

FOR INDUSTRY, INC.
151 Toledo Street
Farmingdale, N.Y. 11735
{516) 694-1414
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MINIATURE
WIDEBAND PIN
DIODE SWITCHES

Now you can select the state-
of-the-art miniature wideband
pin diode switch you need from
our stock. AMC Series SW-2000
pin switches (SPST and SPDT)
measure only 1” H x 1.2 W x
0.75" L. And, hundreds of these
units have already been used to
solve solid state switching
design problems in communica-
tion, aerospace, microprocessor
and surveillance applications.

Check these specifications:
e SPST through SP5T Con-
figurations Available

e Frequency: 2-2000 MHz
(usabte to 4000 MH2)

¢ Switching Time: 5 Lisec
Typical

¢ Insertion Loss: 1.5 dB, maxi-
mum (SPDT)

¢ Isolation: 40 dB, minimum
e SMA Connectors

e RFIControl Terminals

e RF Power 1 watt CwW

* Available with one load
TTL Drivers

Standard models and quan-
tities available from stock.
Special switches designed to
your specifications.

For solutions in solid state
switching contact:

AMERICAN
MICROWAVE CORP.

P = "o el T o T
6835 OIney-Laytonsville Road
Gaithersburg, Maryland 20879
(301) 948-6800
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turer specifications. Continental
Resources, Inc., Bedford, MA 01730,
INFO/CARD #1189.

Automated Scalar Network
Analyzer Brochure

This new 18-page brochure describes
Wiltron’s family of ten automated scalar
network analyzer systems covering the 10
MHz to 40 GHz range. Included is the
new precedent-setting Model 5669, which
covers the entire 10 MHz to 40 GHz range
with a single coaxial test port. Optional
units are described that offer accuracy
that is equivalent to 60 dB directivity and
that automatically locate faults in
transmission lines. All units feature high
directivity and test data from which
system residual errors have been sub-
tracted to achieve the highest measure-
ment accuracy. WILTRON Company,
Mountain View, CA 94042-7290, please
circle INFO/CARD #120.

Connector Catalog

A new edition of TRW Cinch Con-
nectors Distributor Catalog No. CD-12A
that provides complete data on the wide
range of the Division’s products is now
available through the TRW Cinch Con-
nector Authorized Distributor Network. In-
cluded are complete mechanical, elec-
trical, and environmental specifications,

dimensional drawing with conversions to
millimeters, product illustrations, and
easy-to-read distributor product part
numbers. TRW Electronic Components
Group, Elk Grove Village, IL 60007,
INFO/CARD #121.

Full-Line Catalog

A comprehensive, 92-page catalog,
featuring a complete line of production
tools, test equipment and accessories for
the electronics and telecommunications
industries, is now available from OK In-
dustries.Inc. The catalog spans over 150
products which are widely used in such
areas as wire-wrapping, circuit design
troubleshooting and repair, and pc board
assembly, rework and testing. The 12 pro-
duct sections covered are: New Products,
Solder/Desolder Tools; IC and Compo-
nent Handling Tools; PC Boards & Ac-
cessories; Production Aids & Ac-
cessories; Screwdrivers, Pliers & Cutters;
Enclosures, Fans, 19"’ Sub-racks; Test
Equipment; Wire Wrapping Tools and Ac-
cessories; Wire and Cable; and Wire
Wrapping Machines. OK Industries Inc.,
Bronx, NY 10475, INFO/CARD #114.

Hand Tool Catalog

A new, 144-page catalog now being
issued free by Electronic Tool Co., Inc.,
of Pleasantville, New York, is a com-

e

\ A101

SHORT

WAYS
to simplify

any connector configuration which fits
the space limitations of your PC board and
chassis design. Ease of installation reduces your
assembly costs Direct interface between PC board and
chassis lowers RF loss and VSWR. Our “F” connectors are engi-
neered to meet todays’ stringent demands limiting

RFI under new FCC regulations. Ava connectors
are available in all the most wanted standards
and our custom designs are as unlimited as
your imagination. Take the shortest distance
to a good connection. Contact Ava today.

design

provides
a variety of “F”
connectors for OEM

chassis or printed circuit
applications. You can select

A/@A
Ava Electronics Corp.
4000 Bridge Street, Drexel Hill, PA 13026 (215) 284-2500

.
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prehensive buyer’s guide illustrating and
describing hundreds of hand tools, tool
kits, test equipment and related products.
Included in the newly revised ETCO
catalog is an expanded section covering
a complete line of tool kits of interest to
personnel involved in repair,
maintenance and servicing of electronic
and electro-mechanical equipment.
Name brand hand tools, in addition to an
extensive coverage of test equipment are
also fully illustrated and described in
detail with important specifications. A
special section of the catalog lists prices
for all the product shown. Electronic Tool
Co., Inc., Pleasantville, NY 10570,
INFO/CARD #132.

Optoelectronics Catalog

International Devices, Inc. has released
a 12-page, full color catalog containing
detailed information on its broad line of
LED lamps, and its more than 90 varieties
of numeric, alphanumeric and dot matrix
displays. The catalog contains informa-
tion on International Devices’ industrial
quality LED lamps; ultra-bright LED
lamps; two-chip LED lamps; integrated
resistor LED lamps; tri-state LED lamps;
low profile LED lamps; rectangular LED
lamps; single and double digit
numeric/overflow displays; low current
GaP numeric displays; and 0.50-inch digit
height alphanumeric and dot matrix

displays. Data information features,
dimension drawings, mechanical and
electrical specifications, connections and
selection guides. International Devices,
Inc., Santa Ana, CA 92704, INFO/CARD
#131.

Test Accessories Catalog

A 128-page catalog of electronic test
accessories — test leads, patch cords,
cable asemblies, adapters and black
boxes — has been published by ITT
Pomona Electronics. This 1984 catalog
of test accessories features specifications
and photographs of 817 products, 80 of
which are new products. ITT Pomona
Electronics, Pomona, CA 91766,
INFO/CARD #130.

VSWR Systems & RF
Accessories Catalog

Telonic Berkeley Inc. has released an
8-page catalog covering its complete line
of VSWR Systems and RF Accessories.
The catalog includes descriptions, photos
and specifications for Telonic Berkeley's
broad line of VSWR Detectors, TRB
Series Rho-Tectors, Terminations and
Mismatches, TRK Series Kits, Coaxial
Switches, Series 8500 RF Detectors,
Fixed Value Coaxial Attenuators, and
TLP Filters. Telonic Berkeley Inc.,
Laguna Beach, CA 92652, INFO/CARD
#129.
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SHIELDED GOIL FORMS

For RF applications fr

Send for information on the wide selection of Micromu high
performance, high Q shielded coil forms for RF variable
= AR inductors and transformers

O0KHzto 150 MHz
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“# | MICROMETALS, INC.
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!
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1190 N. Hawk Circle, Anaheim, CA 92807 . (714) 630-7420 » TWX 910-591-1690
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HIGH
POWER

EPSCO

SOLID STATE

AMPLIFIERS

PULSED AND
CW SIGNAL
SOURCES

’
- ’

Say you have a specific high
power need. A 10 Watt GaAs
FET ampilifier, a 100 KW pulsed
signal source, a 500 Watt CW
source, or a 40 KW cavity oscilla-
tor perhaps.

Or maybe you have to develop
a high power microwave system
or subsystem.

Whatever your high power
need might be, EPSCO is your
“first call” microwave resource.

TO MEET YOUR SPECS
In amplifiers, EPSCO design
flexibility and modular construc-
tion give you the broadest possi-
ble combinations of output power,
gain, frequency, and efficiency.

in sources, both pulsed
and continuous, our tuneable
plug-in oscillator heads provide
frequency range coverage from
10 to 6100 MHz. And higher out-
put frequency can be achieved
by the use of plug-in magne-
tron heads.

For more information on
EPSCO’s numerous high power
products, give us a call today.

(A= um)(microwave
411 Providence Highway

Westwood, MA 02090

(617) 329-1500.
TWX: (710) 348-0484.
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RF DESIGN
ENGINEERS

Wulfsberg, a leading manufacturer of aviation-related
communication equipment including airborne radio telfe-
phone, FM air mobile communications and AM air/ground
communications equipment, has engineering openings Now.

COME GROW WITH US

A growing market and new expanded lab facilities cause
us to look for engineers with the following qualifications:

e BSEE
o At least 3 years experience in RF circuit and radio
design techniques

Qutstanding employee benefits including year-end profit
sharing.

Enjoy an unexcelled “quality of life” in this attractive
Kansas City metropolitan location. Let us tell you about it.

If qualified, please forward your resume to Jerry Henson,
Director of Personnel.

i1Ta WULFSBERG

‘\--,' ELECTRONICS, INC.
11300 West 89th Street ® Qverland Park, Kansas 66214

we Are An Equal Opportumty Employer M F

gentof ent
Sgeses

(RF CIRCUITRY)

Shure seeks a highly qualified VHF/UHF circuit
designer. A keen interest in developing circuitry
products for professional audio applications, as
well as a minimum of 3 years related work ex-
perience and BSEE are required.

The right engineer will be actively seeking an
innovative research environment which expects
and rewards versatility.

Shure has meant quality sound for over 50
years and can offer you excellent salary and
benefits plus outstanding opportunity for pro-
fessional growth.
Send resume in confidence to:
Cheryl Young
SHURE BROTHERS INC.

222 Hartrey
Evanston, Il

s"““E

THE SOUND OF THE PROFESSIONALS. . WORLDWIDE
Equal Opportunity Employe-

Our Reader Service Card
brings you more information
about products, companies,
and services advertised in
the pages of

Infuclesigni

Be sure to use this valuable
free service to help you
make better informed
management decisions.

RF ENGINEER
Colorado

l:'\ﬁ’é\‘&! ®5 ¢ ' d

Manu“acturer 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 W
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Northrop DSD Electronic Counter-
measures Technology is the heartbeat
of today’s national defense. It quickens
to the challenge and represents our
ability to out-think...out-maneuver...and
out-caiculate rapidly.

Experienced professionals can join our
opportunities and work along with an
outstanding corps of R&D engineers in
an exciting, technologically progressive
and advanced product design and
development environment.

Northrop DSD. The Core of advanced
ECM technology. The place for a new
career.

ELECTRICAL DESIGN/
DEVELOPMENT
ENGINEERS

Positions require BSEE or equivalent,
and design and development experi-
ence in one of the following specialized
areas:

ANALOG: Specialist in videoamplifiers,
fiters, A/D and D/A conversion;
background should include feedback
theory analysis and computer-aided cir-
cuit analysis.

DIGITAL: Design/develop high speed
signal processing and control systems,
microprocessor-controlled hardware;
D/A - A/D conversion; digital filters;
direct memory access utilizing TTL,
DTL, ECL, CMOS.

Core of e«
America’s
Defense ;™

NORTHROP

MAKING ADVANCED
TECHNOLOGY WORK

RECEIVERS: Conceptual design,
fabrication, and test of state-of-the-art
receiver systems for ECM/Elint applica-
tions. Familiarity with system architec-
ture, signal processing, and channeliz-
ed, set-on, and micro-scan techniques
is desirable.

POWER SUPPLIES: Develop high/low
voltage linear/switching power systems
and modulators: magnetics and feed-
back theory analysis.

MICROWAVE: Active/passive micro-
wave integrated circuit design, familiar-
ity with filter detectors, wave guides,
high frequency solid state amplifiers and
S-parameters.

PROJECT ENGINEERS

BSEE, or equivalent; experience in one
of the following areas:

* High efficiency broad band solid state
RF power amplifiers having precision
linearity. Strong documentation skills
required.

* Military receiver HW design for preci-
sion phase track receivers to DOA re-
quirements using ultra-precision inter-
nal phase/amplitude alignment.

MANUFACTURING
TEST EQUIPMENT
DESIGN ENGINEERS
Individuals with BSEE, BSCE, BSCS or
equivalent, and related experience. Pro-
jects will involve design of automated/
semi-automated test equipment sys-
tems.
* HARDWARE: Microprocessor/MSI,
LS|, analog and RF circuits.
* SOFTWARE: Real-time microproces-
sor controlled software programming
in Assembly, PASCAL and Fortran.

Northrop offers an outstanding salary
and comprehensive benefits package
including complete medical and dental
coverage, company supported savings
program, and more.

For immediate consideration,
call our 24-hour toll free number:
1-800-821-7700 Ext. 120.

Or send resume with salary require-
ments to: Supervisor, Staffing.

NORTHROP
CORPORATION
DEFENSE SYSTEMS DIVISION
600 Hicks Road,

Rolling Meadows, IL 60008

Equal Opportunity Employer M/F/V/H. U.S. Citizenship Required.



RF/MICROWAVE
ENGINEERS

Representing companies (in New England and National-
ly) with hundreds of opportunities for RF and Microwave
Engineers means we are the one contact necessary for
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
Professional, confidential, free resume preparation ser-
vice. Client companies assume all interviewing, employ-
ment and relocation costs.

Nationwide
Business Service

PERSONNEL CONSULTANTS
ESTABLISHED 1937
145 STATE STREET,
SPRINGFIELD, MASSACHUSETTS 01103

MAKE SURE YOU KNOW
ABOUT EVERY POSITION

USA's largest personnel system for engineers
We can help you in every cCity. every state
New Positions datly. Confidential and no fees

Engincers(.

®e e008ox 252 Latham, New York 12110 00 0 @

/f/HARRIS IN FLORIDA

HARRIS DATA COMMUNICATIONS DIVISION specializes in the
design and development of custom high-real UHF communications
equipment. These activities offer stimulating challenges to the RF En-
gineer interested in designing for state-of-the-art performance in a non-
production environment. In addition, you will enjoy the benefits of being
part of the Fortune 300 HARRIS CORPORATION while living in one of
the most desirable areas on the East Coast of Florida. Immediate openings
include:

SR. RF STAFF ENGINEER —MSEE or equivalent with 10+ years
experience in UHF/Microwave. Receiver Transmitter design and de-
velopment. Will develop concept designs thru technical trade-off studies,
allocate subsystem performance budgets, and actas a technical consultant
to detail circuit designers.

RF PROJECT ENGINEER—BSEE with 8+ years experience in the
development of UHF/M crowave communication equipment. Willdirecta
team of 5-8 Engineers and have cost, schedule and performance responsi-
bility.

SR. RF DESIGN ENGINEER—BSEE with 3~ years experience in
design and development of RF communication circuits. Specialists re-
quired in solid state power amplifiers. low noise front ends, frequency
sources, synthesizers and filters. Familiarity with CAD techniques highly

desirable.

GROWTH POSITIONS:

$25-65,000 + .
30 + years National coverage. Ground/
mobilefaircraft communications related
equipment. Design, Devel. Quality/Re-
liability, Test, Mfg. All Fees Paid. Long-
berry Employment, 930 Main Place,
P.O. Box 471, Niles, Ohio 44446. (216)
652-5871.

ELECTRONIC ENGINEER (R.F.)

— Michigan—
Fast growing CATV manufacturing
company is seeking an individual to as-
sume responsibilities for design and
application engineering. This position
requires BSEE and experience with R.F.
circuits. Salary commensurate with ex-
perience. Send resume to:
Ron DeVries
C&D Electronics
P.0.Box 177
Gennison, Ml 49428
(616) 669-2440

102

A. W. Riggert
HARRIS CORPORATION, GDCD
P. O. Box 91000
Melbourne, FL 32902

An Equat Opportunity Employer M F H VV
U.S. Citizenship Required
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Whodunit?

Check the Clues to Find Out.

Most control components look alike. Can you tell who made
these and if they’ll do the job for you? Check the clues.
Only one manufacturer has a 24-month warranty.
What about thermal shock and bond pull? And
laser-welded seals? Who has the new modern
facility with complete Hi-Rel capability and

a large manufacturing capacity? Finally,

check the logo and company signature.
Whodunit? We did!

Send for complete catalog of single
and multi-throw switches, limiters,
attenuators and phase shifters.

M/A-COM MICROWAVE CIRCUITS, INC.
SOLID STATE CIRCUITS DIVISION
6 WENTWORTH DRIVE

HUDSON, NH O305) #1
(603) 880-19M

TWX 710 228 0199 . INFOICARDS2 in a Serie




incredibie!

1watt 07 to 4.2 GHz amplifiers...only $895

Now is the time to rethink your design decisions—
if you require up 1o 1 watt output for low-distortion intermodulation
testing ... broadband isolation . .. flat gain over wide bandwidth—or if you
need much higher output level from your signal/sweep generator
or frequency synthesizer — you can now specify Mini-Circuits
new ZHL-42 power amplifier .. . for only $895.

Using ultra-linear Class A design, this state-of-the-art four-stage
amplifier provides 30dB gain, flat (+1.0dB) over the 700 to 4200 MHz
range, is unconditionally stable, includes overvoltage protection, and can

be connected to any load impedance without amplifier damage or oscillation.

One week delivery ... and, of course, one-year guarantee.

finding new ways
higher standards

and
Mini-Circui

[HJMini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

2625 East 14th Street, Brooklyn, New York 11235 (212)934-4500

Domestic and International Telex 125460 International Telex 620156

setting

IMIEAIA AN AN

ZHL-42 SPECIFICATIONS

Frequency. . .
Gain............ 5
GainFlatness.

Power Out @ 1dB CP
VSWR In/Out

Nolse Figure .

Supply

Third Order Intercept
Second Order Intercept

7t042GHz
30dB Min.
+10d8

+ 29dBm Min.
2.01Max.

o 7.5d8
+158V @ 690mA
38 dBm Min.

. 48 dBm Min.
7" x 3Ya" X 24"h






