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* Low Cost K-Bank Links
- Direct Broadcast TV-SAT Antenna
- Implanted Radiator Cancer Therapy
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We’ll Supply the Components...or the Complete Integrated Sub-System!

MODEL PST-103 MODEL MLF101 For all your components or sub-assemblies..from off-the-shelf
freq.: 1.3-1.7MHz LO/RF 0.25-2500MHz to custom designs...contact
ins. loss: 0.2db IF = 0.25-600MHz

isolation: 25db 8.5 dB Conv. Loss Max. EN G EI M AN N

phase bal.: 1 deg. 30dB Typical Isolation
Available in SMA, Type N, Flat Pack, 8-Pin, TO-5 and TO-8 Engelmann Microwave Co. — Subsidiary of Pyrofilm Corporation
; ‘i Skyline Drive, Montville, New Jersey 07045 - (201) 334-5700
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MITEQ

FREQUENCY SOURCES
AGILE PHASE LOCK

- Automatic locking to input reference
frequency

-« Low phase noise

- Fast acquisition time (1 ms)
(PLA-FA Series)

- Alarm options

The Miteq series of frequency-agile phase lock sources automatically lock
to and track the input reference signal. These units exhibit low phase noise

through use of a high Q microwave oscillator. Acquisition times to 1 ms are
available with the PLA-FA Series.

PLA-AA SERIES (100 ms Acquisition)

3.74.2 +13 123.3-140.0 X 30
4449 +13 91.6-102.1 X 48
4.8-5.32 +13 100.0-110.8 X 48
6.65-7.05 +10 109.1-1175 X 60
7.0-7.55 +10 116.6-125.8 X 60
71.2-7.7 +10 120.0-128.3 X 60

PLA-FA SERIES, FAST SWITCHING (1 ms Acquisition)

3.7-4.2 +13 102.7-116.7 X 36
4,449 +13 91.6-102.1 X 48
4.8-5.32 +13 100.0-110.8 X 48
6.65-7.05 +10 109.1-117.5 X 60
7.0-7.55 +10 97.2-104.9 X72
71.2-.7.7 +10 100.0-106.9 X72

MITEQ INC., HAUPPAUGE, NY 11787, (516) 543-8873, TWX 510-226-3781

anuarv — 1981 CIRCI FANN RFADER QRERVVICE £ARD



The mosft significant
rice breakthrough in

OUBLE-DALANCED MIXERS!

/‘WA-

f-Cireuits of course!

$4.50 (|0-49) S

2 : IR .

For demanding industrial

and commercial applications,

where low-cost and high-performance

are critical; model SBL-1 will fill your need.

Model SBL-1

IetlcaclT Srihe neticiseal Don't let the low price mislead you. As the world’s number

one manufacturer of double-balanced mixers, Mini Circuits’
Frequency Range. MHz has accumulated extensive experience in high-volume production
L0 1500 RF 1500 IF 0C-500 and testing, a key factor in achieving a successful low cost/high per-
Conversion Loss. dB Typ. Max. formance line of products.

One Octave from Band Edge 55 7.5
Total Range @98 B
Isolation. dB Typ Min
Lower Band Edge to LO-RF 50 35
One Decade Higher  LO-IF 45 30
Mid Range LO-RF 45 30

The tough SBL-1 covers the broad frequency range of 1-500 MHz with 6 dB conversion loss and

isolation greater than 40 dB. Only well-matched, hot-camier diodes and ruggedly constructed

transmission-line transformers are used. Internally, every component is bonded to the header

for excellent protection against shock, vibration and acceleration.

Here are some of the steps taken to ensure quality: Every SBL-1 is RF tested two times, every solder
LO4F 40 25 connection is 100 per cent inspected under a high power microscope, all transformer leads are

Upper Band Edge to LO-RF 35 ',5 double-wrapped, and all components are rated for more than + 85 °C operation.

One Octave Lower LOIF 30 20 Of course, our one-year guarantee applies to these units.

Signal. 108 Compression Level +1dBm
Impedance. All Ports 50 ohms
Electronic Attenuation Min (20mA) 3dB

worla's 1argest manutacturer of Double Balanceo Mixers

o] - [} [}
[ Mini-Circuits
MINI-CIRCUITS LABORATORY
A Dwision of Scientiic Components Corp 21 Rev IBL

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125460 International Telex 620156
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‘Broadband, 0.5—4.2GHz e Only 0.2dB Insertion loss
Isolation over 30 dB midband, 25 dB at bandedges ® Octave bandwidths
Two way o up to 10 W (matched output )

¢ High performance microstrip construction

® Housed in rugged RFl-shielded aluminum case

¢ Available with BNC, TNC, SMA and Type N connectors

® Meets MIL-202E standards

¢ Also usetul as power combiners
atsignallevels up to +10dBm

Now you can specify and purchase
state-of-the-art power dividers at '3
to '2the price of competitive units, with
immediate off-the-shelf delivery.
from Mini-Circuits, of course.

This breakthrough in price/perfor-
mance is a natural extension of our ex-
tensive experience in high-volume man-
ufacturing, exacting quality-control and
thorough testing. This expertise assures
you highly reliable power dividers with
guaranteed repeatability of performance
at lowest cost.

So, if you are among the thousands
of companies now using Mini-Circuits’
signal-processing units in your systems
designs, add power dividers to the list
of price/performance industry stan-
dards available from Mini-Circuits.

Frequency Insertion ({solation, Amplitude VSWR
Range, Loss,dB dB Unbalance, (All Ports) Power Rating-w
Model GHz Typ. Max_ Typ Min dB Typ Divider Combiner Price Qfty.
ZAPD-1 0510 02 04 25 19 201 120 10W 10mw 1§39.86 -9
ZAPD-2 1020 02 04 25 19 =01 120 10w 10mw 83986 "1-9
ZAPD-4 20-42 02 05 725 19 02 120 10w 10mwW §3995 1-9
Dimensions 2 =2 = 075 Connectors Available: BNC. TNC, available at no additional charge

$5 00 additional for SMA and Type N
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s @ @ - -
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M ln l-c lrcu lts
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TYPICAL CALIBRATION FACTOR CURVES
FOR THERMOCOUPLE MOUNTS
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THE NARDA MICROWAVE CORPORATION - PLAINVIEW, L.I., NEW YORK 11803

TWX: 510-221-1867

Makes accurate measurements
from .01 to 13.7 GHz Inexpensively

This new 30 dB dynamic range power meter is an inex-
pensive, hand size, battery operated device which makes
it easy to measure accurately RF power in the 10 MHz to
13.7 GHz range. It is particularly convenient for use in
radar and TV antenna applications . . . at satellite com-
munication facilities . . . broadcast stations and CATV, as
well as for aircraft applications. Two mounts provide a
dynamic range of 1 yW to 100 mW (—30 dBm to +20
dBm). In addition to the 50 ohm mounts, a 75 ohm mount
is also available for CATV applications. For complete
specifications and information, write The Narda Micro-
wave Corporation, Plainview, N.Y. 11803.

CABLE: NARDACORP PLAINVIEW NEW YORK .
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REVISED

Telecommunications
GaAs FETfower Amplifiers

} & the basic

%:; all solid state
: drlver(IPA)
cmplmer for

; N / // Satellite

Earth Terminals.

~— MSC 98700 SERIES
5.9-6.4 GHz Uplink
power capability

Features
o TWTA Replacements

e High Linear Power Output

e |nternal Voltage Regulation

® Reverse Voltage Protection

e Hermetic FET Devices

Elecincal Characteristics (@ 30°C)

SMALL POWER OUTPUT (dBm)
FREQ SIGNAL @1dB COMPRESSION VSWR D
MODEL RANGE GAIN | POINT IN/OUT TYP
NUMBER (GHz) (aB) MINIMUM TVP!CAL MAX (Amps )
MSC 98703R 5964 40 30 31 1.5/2 01 18
MSC 98713R 5964 as 33 34 15201 25
MSC 98723R 59-6. 4 49 36 37 1.5/201 50 |

NOTES (1) Higher gcnn opnons cvonoble
(2) Recommended supply voltage for best efficiency Vp = + 10Vdc reguiated

atIp (refer table)
(3) Alternate supply vollage Vp= + 13Vac with internal regulation and
veverse voltage protecnon qlso cvollcble at reduced G"ICIel’\CY

YOUR TOTAL MICROWAVE RESOURCE

Custom designed amplifiers with higher
power outputs and optimization of band-
width andl/or efficiency are available.
Please call or write for a complete GaAs FET
Product Data Packet.

I||=|- MICROWAVE SEMICONDUCTOR CORP.
= Um an aftiliate of SIEMENS

100 School House Road

Somerset, New Jersey 08873, U.S.A.
(201) 469-3311  TWX (710) 480-4730

TELEX 833473
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Coming
Events

1981 IEEE/MTT-S
INT'L MICROWAVE
SYMPOSIUM

JUNE 15-17, 1981

Sponsor: |EEE
MTT-S (held jointly
with IEEE AP-S on
June 17-19, 1981}.
Place: Bonaventure
Hotel, Los Angeles, CA. Theme: ""Around
the World with Microwaves,” includes such
topics as CAD and measurement techniques,
microwave and mm-wave solid-state de-
vices, IC’s, etc. Contact: Al Clavin, Hughes
Aircraft Company, Bldg. 268/A-55, Canoga
Park, CA 91304. Tel: {213) 702-1778.

11TH EUROPEAN
MICROWAVE
CONFERENCE
SEPT. 7-11, 1981

Call for Papers.
Sponsors: EUREL,
IMPI, URSI, IEEE-
Region 8, in associa-
tion with Microwave
Exhibitions and Publishers Ltd. Place: Am-
sterdam, The Netherlands. Topics: Commu-
nication systems and broadcast, mw radio
propagation and techniques in radar, remote
sensing and radio astronomy, biological,
medical, and industrial applications, anten-
nas and arrays, active and passive compo-
nents and circuits and CAD, mixers, new
materials, mm-wave components and cir-
cuits and mw measurements. Submit 5 cop-
ies of 300-500-word summary by March 15,
1981 to: Dr. T. G. van de Roer, Secretary,
EuMC 81, Eindhoven Technical University,
P.0. Box 513, 5600MB Eindhoven, The
Netherlands. For exhibitor and registration
information, send to Microwave Exhibitions
& Publishers Ltd, Temple House, 36 High
St., Sevenoaks, Kent TN13 1JG, UK.

14TH ANNUAL Call for Papers.

ELECTRONIC Sponsor: Electronic
CONNECTOR Connector Study
STUDY GROUP, Group, Inc. (ECSG)
INC. Place: Franklin

NOV. 11-12, 1981 Plaza, Philadelphia,
PA. Topics: Sessions
will cover flexible/flat cable circuitry, fiber
optics, test methods and evaluation, RF &
EMI applications, materials, finishes, and
platings, terminations and connector tech-
niques, {C packaging, etc. Submit 200-word
abstract by March 20, 1981 to Papers
Chrmn., ECSG, P.O. Box 167, Ft. Washing-
ton, PA 19034. Tel: (215) 279-7084.

6TH INT'L CONF.
ON INFRARED &
MM WAVES
DEC. 7-12, 1981

Call for Papers.
Sponsors: |IEEE
MTT-S and IEEE
Quantum Electron-
ics and Applications
Society. Place: Carillon Hotel, Miami Beach,
FL. Topics: Millimeter sources, devices or
systems, mm and sub-mm propagation, at-
mospheric physics and propagation, plasma
interactions and diagnostics, guided propa-
gation and devices, etc. Submit 35- or 40-
word abstract by June 30, 1981 to: Mr. K. J.
Button, Program Chrmn., MIT Francis Bitter
Nat’l Magnet Lab, 170 Albany St., Cam-
bridge, MA 02139. Tel: {617) 253-5561. &%
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THERE ARE STILL SOME ANTENNA SYSTEMS
WE DON'T MAKE A RADOME FOR.

The ones we do cover can be
found all over the world. With good
reason.

Experience in the field has
proven that a radome-enclosed an-
tenna system performs better over
significantly longer periods of time
than an exposed
antenna.

Radomes
dramatically re-
duce antenna
failure rates, pro-
long system life,
and allow routine
maintenance
without weath
er interruptions.

January — 1981

From the standpoint of cost-
effectiveness, a radome is a wise in-
vestment, indeed. When you specify
a radome durin? the design and
planning stages of your antenna, the
initial cost savings will virtually pay
for its inclusion in the system.

Antenna maintenance and re-
pair costs are cut considerably. Se-
vere damage from strong winds,
heavy snow, and massive ice build-
ups are eliminated. As are the corro-
sive effects of sand, dust, salt, and
chemical pollutants

And electrical degradation
from wind, rain, snow, and thermal
loads will be reduced

Best of all, you'll get perfor-

sco

CIRCIERNN QEANER CEQVICE CARD

mance as well as protection. The
unique structural design and high
efficiency membrane materials allow
optimum electromagnetic perfor-
mance over extremely broad fre-
quency bandwidths.

Since 1961, we've designed
and delivered more than 700 fully
operational radomes for all types of
communications antennas and radar
systems. Our fabrication and installa-
tion process enables us to build a
radome for any antenna at any time.

Let us design one for you.
Call or write: Electronic Space
Systems Corporation, Old Powder
Mill Road, Concord, MA 01742,
(617) 369-7200/Telex: 92-3480.



Go for the Gold Standard in
Precision Components.

SWR Autotesters
and SWR Bridges

Pre( Son
Adafiars

\'.é
¥ Precision
Air Lines
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With Wiltron,

And you thought we only made
quality microwave instrumentation. Theus

labs of Japan, West Germany. Great Britain
and quite a few others know better
Wiltron js also g precision compo-

ports offer COmMparable performance. The
i R Bridges IS €qually accy-
rate over mogt ofits 10 MH, 0 18 GHz range.

o

—-
Terminations and Open/Shorts

Wiltron Terminations Provide an
accurate reference for SWR measurements
as well as g termination for test instruments
and devices under test from DCto 265 GHz
They are available in GRC- N and WSMmaA
Connectors and feature aged termination
resistors for long-term Stability Maximum SWR
varies from 1 002 at low frequencies to1.135
at26.5 GHz. Wiltron 22 Series Open/Shorts for
the DCto 18 GHz range are offereq with g
Choice of COnnectorg

Precision Air Lines

- Series 19
OpPerates from 210265 GHz with an SWR of
1.006 to 18 GHz ang 1.01 10 26 5 GHz.

Precision Adapters for Accurate
Measurements
Wiltron 50-ohm Series 34 Adapters
virtually eliminate errors causeq by Mismatch
he adapters agre available in GPC-7/N.
SM N

Wiltron also offerg the industry's
Most extensive line of RF detectors with
Coverage up to 34 GHz.
Sogo for the Golg Standarg

0 Wiltron ang your microwavye

Measurements will be as good as pure gold
Remember Wiltron offers yoy Oone source
shopping for Production or deveiopment
Measurement Systems ang cal lab reference
Standards.

For more information. call or write
Walt Baxter Wiltron. 825 East Middlefielq
Road. Mountain View, CA 94043
Phone (415) 969-6500.
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Staff Editorial

ES

JOSEPH F. WHITE, Consulting Editor

THE ZAP — A MEDIA FEAR
PRODUCT?

[t 1s four years since the publi-
cation of The Zapping of Amer-
ica, Microwaves, Their Deadly
Risk and The Cover-Up.' Behind
us are the newspaper stories of
citizens opposing the PAVE
PAWS Radars at Otis Air Force
Base on Cape Cod, MA and Beale
AFB, in CA. Now all those unde
fined fears of microwave have
died out — or have they really?
Were you zapped? That is, were
you left with the gnawing tear of
as yet undiscovered hazards of
microwaves as they emanate
from cooking ovens, communi-
cation towers, radars, intrusion
alarms?

You can tell if you were
zapped by your response the last
time one of your nonengineering
friends greeted you at a cocktail
party with the question “‘Should
| buy @ microwave oven?’’ Those
of you who don’t keep your oc-
cupation a secret recognize the
question. You've heard it often.
How did you answer? | can tell
you how | answered just after
being zapped. Of course, | didn't
realize I'd been zapped at the
time. | answered scientifically,
objectively, and said “Well, all
the facts aren’t in yet.” What |
hadn’t done, however, was an-
swered usefully. All of the facts
are never in on this or any other
subject, and my answer then
would not have helped anyone
either 10 decide to buy a micro-
wave oven or even to reschedule
his decision {within his lifetime
that is). We'll get into facts {the

16

cure tor being zapped) shortly,
but what produced the micro
waves-are-dangerous fear (code
name zap) initially? Where were
the dead, diseased or maimed
bodies? How much broken sky
did Chicken Little find?

While I've encountered few
who actually read Brodeur’s
book, nearly all of my acquaint
ances have heard of its message
through the Press and TV cover-
age ot its expose-like treatment
of microwaves-the-unknown-risk.
As | read it, the essence of that
thesis was that . . . the facts are
not all in about the safety of
microwave radiation, and there-
fore one can’t be too careful. The
backlash from this kind of rea-
soning is fear, i.e. “painful agita-
tion in the presence or anticipa-
tion of danger.'' {Webster, italic
added!). Whether inspired by Bro-
deur’s book and/or any other
source, a surprisingly large num-
ber of us (I checked on how my
colleagues answered the test
question) were zapped into a
condition dictating that the pru-
dent individual should exclude
himself from the near vicinity of
dany strong microwave sources,
whatever “'strong’’ and “‘the near
vicinity'' might prove to be.

Suppose the zap had been ap
plied to the emerging light bulb.
An imaginative reporter might
have argued at that time that if
the electric light should come
into wide use, its effect on the
human situation (being unprece-
dented) would be cause for fear
ful consideration, with, of
course, the slow deliberation be
fore action such fear engenders.

'World Radio Histol

The scenario might continue,
people would be likely to stay
up late at night reading by the
electric light, induced to do this
by its convenience and durability
in comparison to the candle. Fur-
thermore, the spectrum of incan-
descent light would be different
from that of either the sun or of
whale sperm candles for which
some experience exists (albeit
also obtained at considerabie
hazard to the human condition).
This different spectrum might
result in people using higher or
fower intensities in order to see

“Fortunately for Edison, in his time
communication wasn't as efficient as
it is today.”

printed material clearly enough.
Who could tell how this might
have affected human vision, psy-
chology, and behavior? Indeed,
who can say that we aren’t all
off balance today, already un-
witting victims of artificial itlumi-
nation, long hours of nightime
study, days made ar tificially long
or short in windowless buildings
through the ready availability of
electric lights. The facts aren’t
even in yet about the electric
light. Where was a controlled ex-
periment conducted, two groups
living to maturity, one with, the
other without electric lights?

Fortunately for Edison, in his
time communication wasn’t as
efficient as it is today. Those
concerned about the hazards of
incandescent lights didn’t have
the wide and instantaneous audi-
ence provided by today’s com-

fcontinued on page 19)
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ASUREMENT
OMATION.

PLUG IN TO
SWEPT

On the production line, on the bench, or
in the most complex ATE system, no
other swept measurement system 9ven
approaches the total automation of our
new 1038/N-10.
PLUG IN TOTAL BUS CONTROL
Plug the new N-10 Scalar Network Ana-
lyzer into your Pacitic Measurements
1038/D-14 Mainframe. And you turn on
total bus control. All data and function
inputs are digital, and can be entered via
the bus or manually on the front panel.
Driven via [EEE STD 488 bus by your
host computer, the 1038/N-10 complete-
ly automates all insertion loss/gain,
return loss and absolute power meas-
urements. And with your } Power
pulse

NETWORK ANALYZER

Toniy Model 1038-N10

S CHANNEL A CHANNEL B ° o
A o _ Pae
an = oo ]
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— dmplifiors

o Ultra L.ow Noise « Wide Dynamic Range
« Custom Design

WS0ETD  0.01-50 50 . 5 18 1R 0 C/SMA Ultra _
WS0ETC 0.01-50 20 -5 40 45 +23 C/SMA Low Noise
W250G 5-250 43 -5 1.3 15 +25 B/SMA Amplifiers
W500E 5-500 30 5 13 14 0 C/SMA
L60E 50-70 60 .5 10 12 +10 C/SMA
L450E 400-500 27 5 1.2 14 +5 C/SMA
W1GE 5.1000 20 .5 16 1.8 0 c/SMA
W2GHH2 1.2 GHz 30 .5 23 25 +5 AB/SMA
Special [ 135e 1.25.1.35 25 22 e C/SMA
Purpose | wsspca 0.47.0.89 25 2.0 5 C/SMA
Amplifiers | L215G6A 2.15-2.165 11 3.2 =3 C/N
L215GC 2.15-2.165 29 2.9 +7 C/N
W2GH 0.5-2.0 25 3.0 +10 B/SMA
P150P 0.08-150 MHz 60 15 +30 H/BNC
W15GB1  0.05-1.5 20 1.8 L 3 c/SMA
W23GA 0.1-2.3 8 9.0 +20 C/SMA
Wide
PGOF 30-90 MHz 30 +32 +31 5.5 H/BNC +43 Dynamic
P150H2 0.1-150 MHz 27 +3156 +30 6.5 H/BNC +44
PA00C 10-400 MHz 20 +#31  +30 70 H/BNC +42 Range
P500N 2-500 MHz 17 +31 +30 8.0 H/BNC +42 Amplifiers
P10GL 0.5-1.0 30 +31 +30 5.0 H/SMA +42
P1000E 0.05-1.0 GHz 20 +23 +21 5.0 A/SMA %)
P24GB 1.4.2.4 16 +20 +19 8.0 A/SMA 30
P700S 0.6-0.8 a0 +36 +34 35 FS/BNC +47

CASE DIMENSIONS:
(Others Available)

*Standard this model; others may be
specified.

VSWR all models:

2:1 max, 1.5:1 typ.

The devices above are just a sampling of TRONTECH's product line in state of the art low noise and
medium power amplifiers. Our amplifiers are designed so that parameters such as gain, bandwidth,
output power, noise figure, form factor, etc., can be tailored to your specifications. Our products also
include: limiting amps, GaAs FETs, filters, detectors, etc.

TRONTECH, INC. ® (201) 229-4348 o Telex 13 2445

\] \ 63 Shark River Rd., Neptune, N.J. 07753
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rom page 10/} LAFFrED?

nunication media. But had they,
feel sure that someone would
iave had the electric light side-
racked to an unending series of
tudies. Furthermore, as Mr.Bro-
leur’'s book points out in the
ase of microwaves, many of
hese studies would have shown
‘negative’’ results, only eroding
he credibility of those who had
onducted the studies, those who
1ad funded them, even those
vhoé simply were powerful
‘nough to have influenced them.

NORE QUESTIONS YOU HEAR

Another test of whether, or
ow much, you were zapped is
)Y your response to a second
:ocktail party question, “Why
lid the Russians irradiate the
American Embassy with micro-
vaves if not to cause its inhabi-
ants serious harm?’* My unpre-
)ared response to that question
vas, ““Well, you don’t know whe-
her everything you hear about
)olitical events is accurate.”’
Again, very scientific; again, very
inuseful. What | wish | had said
vas, 'If, indeed, American auth-
rities were concerned about mi-
:rowave radiation beamed at the
American Embassy by the Sov-
ets (probably because the Sov-
ats were trying to jam our recep-
jion of their intercountry micro-
vave messages), then the simple
ecourse of installing copper
creening to reflect the radiation
vould have been immediately
pparent to the US Embassy of-
icials through their electronics
pecialists. And what of the al-
2ged higher incident of cancer
nd other mysterious ailments of
he diplomats? ‘‘Well (I wish |
1ad said) diplomats’ lives are not
ypical of the population. Think
f the number of parties they at-
end, their alcoholic consump-
ion opportunities, their unique
iving habits abroad, and so
orth; and therefore one would
ieed data for a control group
vhose lives were known to be
imilar, with the exception of the
nicrowave radiation, to those of
he US Embassy personnel before
oncluding which, if any, of their
ierceived maladies might have
ieen microwave induced.”’

A really persistent cocktail inter-
ragator can introduce a number
of incidents about which you,
the microwave engineer, should
be conversant. No less than the
Consumers Union (CU), in its re-
ports on microwave ovens? rated
them all "‘unacceptable’’ because
... we have been unable to un-
cover any data establishing to our
satisfaction what level of micro-
wave radiation can unequivocally
be called safe.” It cited the fact
that the US standard was 10 mii-
liwatts per square centimeter
whilst the Soviets claim to apply
a standard a thousand times
smatler, 10 microwatts/cm?.
Though not unmindful of their
wit, | am nevertheless reluctant
to give the Soviets so much credit
as to assume that they, in their
wildest dreams, could have anti-
cipated just how much confusion
the simple announcement of a
10 microwatt standard would
cause in the United States.
Doubtless the 10 microwatt level
usually is met in the civilian sec-
tor of the Soviet Union by virtue
of the limited usage of micro-
waves therein. However, it is gen-
erally accepted? that the ‘‘stand-
ard’’ does not apply to the mili-
tary sector.

Indeed, if the Soviets were cer-
tain that exposure to more than

“. . .if the Soviets were certain that
exposure to more than 10 uW/cm?
were hazardous, we should score a
point for détente. . .”

10 microwatts/cm? were hazard-
ous, we should score a point for
détente at their having shared
this concern with us. More about
the basis of the Soviet standard
later.

FACTS & FIGURES

To help you prepare for the
next cocktail party {concerning
microwaves and the environment)
I've gathered some information
from which to begin formulating
enlightened opinion.

Microwaves are Non-lonizing

The photon energy of even the
highest frequency microwave sig-
nals (viewed broadly as the range

World Radio Histol

0.3 to 300 GHz) is only 0.001
eleclron volts {eV) not enough 1
disassociate protons from the ni
cleus of biological tissue mole-
cules, which requires 1,000,000
eV, nor even to ionize tissue
molecules, thereby breaking the
chemical bonds, which requires
10-12 eV. In fact, microwaves’
0.001 eV maximum photon en-
ergy is even an order of magni-
tude below the 0.03 eV thermal
energy associated with molecule
at room temperature; and, as
such, microwaves definitely are
to be considered nonionizing.**
The consequence of micro-
waves’ nonionizing nature is the

*“The consequence of microwaves’
nonionizing nature is, . .threshold
behavior below which effects are
noncumulative.”

any injury they can inflict must
be presumed to be thermal in n
ture, and therefore exhibit
threshold behavior below whict.
effects are noncumulative. By
contrast X-rays, radiations at
10,000 times as high as the higt
est microwave frequencies, are
ionizing. Yet, while there is mu
recent controversy about micro
wave radiation, the public sensi
tivity to the risk of X-rays is evi
dently not nearly so great.

* ... According to John Viltforth
head of the Bureau of Radiologic:
Health in the Department of Healt
Education and Welfare, ‘X-rays ar:
used in more than half the medica
diagnoses in this Country.”®

“This increase is a source of con-
cern because scientific investiga-
tions indicate that low-level expo-
sure to ionizing radiation produce
biological damage, both genetic
and somatic and also that exposur
is cumulative, with effects growiny
linearly as dosage increases (italic
added). Moreover, when the risk i
to the whole population, as in the
case of medical X-rays, biological
damage becomes a public health i
sue of major proportions.”

When your dentist puts a leac
apron on you in preparation for
X-rays and then leaves the roomr
to activate the machine, you
can’t help but be impressed wit!
X-ray’s potential hazards. Yet,



how were the safe levels for
X-rays ever determined? Who
even asks such a question today
at cocktail parties?

The Soviet ‘‘No Effect”” Limit

One might ask, Why not set
the microwave exposure limit be-
low that which causes any dis-
cernible effect? This is effective-
ly the basis for the Soviet stand-
ard. The answer to this question,
as well as a reference point from
which to consider standards in
general, is expressed well by this
DOE/NASA report excerpt.’

... The question of benignity or
peril goes to the heart of the issue
of philosophy of standards. In the
Soviet Union and in several other
countries the operating principle
(apparently) is to invoke a maximal
permissible limit (MPL) of exposure
below which no effects are assumed
to occur. The rationale is that any
effect might be an adverse effect.
While the principle of no-effect has
intuitive appeal, it runs counter to
practicability. Such an MPL for
electromagnetic radiations in the
visible spectrum would leave the
human race and most other forms
of life starving in darkness. A no-
effect MPL for the neighboring in-
frared spectrum would amount to a
decree of death by freezing. But
why not a no-effect MPL for the
microwaves, upon which the flora
and fauna presumably do not de-
pend for nurture and warmth? The
answer lies in a well-confirmed da-
tum, which is the limiting case for a
biological effect: A single 10-usec
pulse of microwave energy that is
absorbed in the head at a dose of no
more than 10 uJ/g can result in an
acoustic response, the phenomenon
known as radio-frequency (RF)
hear'ng, or the Frey Effect (cf.
Frey, 1962, with Justesen, 1975a).
Given the plausible assumption that
a no-effect MPL for occupational
exposure would be based on the
limiting case of demonstrable per-
turbation irrespective of the charac-
ter of the field, i.e., whether conti-
nous wave (CW), or sine- or pulse-
modulated, one’s attention is di-
rected to the Frey effect. That sin-
gle, acoustically detectable pulse —
which can be construed as a very
brief CW transmission—when aver-
aged conservatively over the 8-hour
working day, extrapolates to a max-
imal permissible power density near
350 picowatts per square centime-
ter. To place this quantity in per-
spective, one should note that an
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adult human being emits micro-
waves" at frequencies between 300
MHz and 300,000 MHz at a rate
near 540 nanowatts per square cen-
timeter {Kraus, 1966), a rate that is
more than three orders of magni-
tude greater than would be a no-
effect MPL based on the Frey ef-
fect.

”A no-effect MPL for microwaves
is putatively impractical; more de-
sirable by far is a no-hazardous-ef-
fect MPL — or at least a scientifical-
ly sound body of threshold data on
hazardous effects by which to make
enlightened judgments of benefit
and risk."”’

Threshold Effects & The 10* mW/cm?
Limit

For humans, the eyes and the
testes are the most sensitive to
thermal damage. Both have limit-
ed circulatory capacity for heat
dissipation. For the eyes, past a
threshold temperature damage
occurs due to lenticular clouding
{opacity, i.e. cataract, formation);
for the testes, prolonged heat can
cause temporary sterility (so, too,
can hot baths) but just how much
heat for how long and what the
extent of the resulting sterility
might be is not known.

For the eyes, however, the in-
formation is fairly definitive.
Russell Carpenter** 2 points out
that in 1948 reports were made
of the observation of opacities in
the crystalline lenses of dogs and
rabbits exposed to microwave
radiation at 2.45 GHz (the fre-
quency commonly used for mi-
crowave cooking).

In the 30 years since, the phe-
nomenon has been extensively
investigated. Examining this, as
well as his own data, Carpenter
notes:

... It appears that so far the rab-

bit eye* " " is concerned, the maxi-

mum safe exposure level of 10 mW/
cm? recommended by the American

National Standards Institute and

generally accepted by most of the

For even added safety The American
National Standards Institute {location)
is proposing a new standard (ANSI-C95)
in which the exposure standard would
be 6 mW/cm? for frequencies above
1500 MHz.

** With the Bureau of Radiological Health,
Food and Drug Administration, Win-
chester, Mass.

*** Such cataract formation irradiation
experiments cannot, of course, be per-
formed on living humans.

Western world, is satisfactory. In
our experience an incident power
density of 250 mW/cm? acting on
the eye for 35 to 40 minutes is re-
quired for cataract induction by a
single exposure.

... Multiple exposures at 180 mwW/
cm?, each of one hour’s duration
for 20 consecutive days, are also
cataractogenic . . . Right now (how-
ever) we can speak with authority
{only) for the rabbit.”

Thus the 10 mW/cm? limit is
more than a factor of ten below

~ . .the 10 mW/em? limit is more than
a factor of ten below what the eye
damaging level of 180 mW/em?...”"

the eye damaging level of 180
mW/cm? — and even that level
need be sustained for very pro-
tracted periods to induce full eye
damage.

Thermal Effects Aren’t New — and
Can Be Beneficial

Many human diseases and ail-
ments are ameliorated or cured
by raising the temperature of the
affected organs by a few degrees
centigrade.” Electrically induced
currents provide this heating; this
treatment is called diathermy .
Decades old,'® the methods have
been used medically without the
observation of any effects not re-
lated to the intended heating.
Nor were physicians dealing with
weak sources of power, diather-
my machines then, as now, are

“Diathermy treatments have been
given at levels between 50-1000
mW/em?.”

available from one megahertz to
2450 MHz (the microwave oven
frequency) with power levels of
80-400 watts. Diathermy treat-
ments have been given at levels
between 50-1000 mW/cm?2. Con-
sider just this excerpt:®

“In 1923 Stewart wrote an entire
book in the use of diathermy in
pneumonia (it) reached its greatest
publicity when in 1929, the King
of England, who had worsened on
ultraviolet ray treatment, improved
by (1 MHz} diathermy. At almost
the same moment, across the Chan-
nel, short-wave diathermy was
born.”

{continued on page 22)
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Impedance Measurement.
Hughes makes it fast,
accurate and simple.

Our IMPATT-sourced
millimeter-wave reflecto-
meter is far more simple to
use than slotted lines and
hybrid impedance bridges

its unique design lets
you sweep the full 75-t0-110
GHz bandwidth automati-
cally, for fast, accurate data
without time consuming
point-to-point measure-
ments. And it's packed with
advanced technology.

Like Hughes-built
broadband isolators and
detectors to reduce the
effects of unwanted reflec-
tions and mismatch error.
Or the 1-KHz square wave
modulator that delivers
increased sensitivity and
dynamic range. Or our
rotary vane attenuator for
constant attenuation with
frequency.

A small computer or
desk top calculator can be
added to give you calibra-
tion factors instantly when

|

\

TRIRREESTT s St
B

ANFLECTOMETERN 78 TO 110 Giin

nearly two decades and
includes a broad spec-
trum of components and
instrumentation.

For free application
notes and catalogs, write
or call Hughes Electron
Dynamics Division, 3100
West Lomita Boulevard.
P O. Box 2999, Torrance
California, 90509,

(213) 517-6400

you need them. This lets ,
you factor out the frequency
dependence of test line
insertion loss, coupling
coeftticients and detector
response.

Hughes reflectometer
systems cover frequency
ranges from 40 to 110 GHz
and can be orderedasa com-
plete system or millimeter-
wave components only.

Simplitied reflectometer block cﬁgram.ﬁ T—hrerl:lugheszchn/qg ;xtends_rei/;c_to-m-—
eter measurements into the millimeter-wave region.
So if you need a fast, L e e T 1

accurate and simple system
for measuring millimeter- \

lanciars 1021

wave impedance, come to HGGHES ATRCRAFT COMPANY
Hughes. Our involvement in ELECTRON DYNIMICS DIVISION
millimeter-waves covers Making waves in millimeter-wave
l technolorgy, o, |
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{from page 20) ZAPPED?

“In 1928 Esau, a physicist at Lena,
constructed . . . a machine which
delivered a 3 M {100 MHz) wave at
400 watts . . . In the early days,
overenthusiasm and lack of precau-
tions resulted in moderate and oc-
casionally severe burns; but with
improvement {these) became in-
creasingly uncommon.”’

“Perhaps the first physician to use
microwave diathermy {for more se-
lective body heating) was Denier"!
...a60cm (500 MHz) device at
80 watts.”’

COMAR — IEEE Committee on
Man and Radiation
In 1972, the |IEEE established
COMAR as . . . an objective
scientific body with the charge
{0 establish and maintain a realis-
tic and balanced perspectivet to-
ward the hazards and benefits of
non-ionizing radio frequency
electromagnetic radiations . . "3
D. R. Justesen, Chairman of
COMAR as well as Director of

“Regarding oven leakages, 10 uW and
10 mW standards. . .apples-and-or-
anges comparison.” — D. R. Justesen

the Neuropsychology and Behav-
ioral Radiotogy Laboratories at
the Medical Center, Kansas City,
MO, published a thoughtful re-
sponse to common microwave
radiation hazard questions'? in
which he pointed out that:

a} Regarding oven leakages,
part of the controversy between
the Soviet {10 uW) and the (US)
Food and Drug Administration’s
(10 mW) standards arises because
they .epresent and apples-and-or-
anges comparison. The Soviet's
is a whole body exposure stand-
ard, requiring, for example, that
a person’s entire body should not
receive more than an average of
10 uW/cm? due to microwave
emanation from an oven or other
microwave device. The FDA's
(highly conservative) standard*
for ovens requires that they have
no more than 5 mW/cm? (1 mW/

+ COMAR is planning a 30-minute film for
public broadcast describing the risks and
benefits of microwaves, only a small por-
tion of which will be funded by 1EEE, the
remainder by private contributions.

« This is the maximum allowable leakage.
Most ovens leak far below this limit {e.g.,
0.1 mW/cm?)."?
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cm? when new) emission at a dis-
tance of 5 ¢cm. But this radiation
from essentially a point, or at
worst, a short line source, would
drop off rapidly with distance to
less than 10 uW/cm? at a distance
sufficient to illuminate a person’s
whole body. Acknowledgement
that the FDA microwave oven
standard would also meet the
Soviel standard has been made by
Soviet specialists.'®'?

b) Actually, “the heaviest in-
filtration of RF energy in the ur
ban environment is from FM and
UHF-TV stations. . . " not from
microwave Sources.

This is particularly significant
because the human body’s funda-
mental resonance is in the 30-300
MHz range. Actually, the micro-
wave oven frequency of 2450
MHz, although used for years in
diathermy, has been found re-
cently to be inferior to UHF fre-
quencies {500-1000 MHz) for ef-
fective penetration in the human
body. The primary resonant fre-
guencies are obtained roughly
when the freespace wavelength
equals the major body dimen:
sions. Thus maximum penetra-
tion can be expected as follows:'*

Frutfly over 10,000 MHz
Hamburger over 2,450 MHz
Turkey: over 900 MHz
Adult human: over 100 MHz

¢) The present Chairman, D. R.
Justesen, in a supporting appen-
dix to!® said:

“ .. assumption of hazardous non-
thermal effects. . .fabrication from
the whole-cloth of fear.” — D. R.
Justesen

“The assumption of hazardous non-
thermal effects at low densities of
{microwave) radiation, which are
suspected by some but are as yet
unsubstantiated by anyone, is a
fabrication from the whole-cloth of
fear. This fear, which feeds on the
absence of verified or verifiable evi-
dence, is hampering basic studies
and may therefore restrict medical
development and application of
radio-frequency radiations.”’

10 mW/cm? Applies to Whole Body
Exposure, Too

The human body dissipates
under normal conditions T00W

World Radio History|

and has an absorbing surface of
20,000 cm?.'® Allowing for an
absorption factor of no more
than 50% (the high water con
tent of the body makes for a
poor match to radiation incident
in air), supports a reasonable
whole body exposure standard of
up to 10 mW/cm?. It was this
reasoning which led to the first
US guideline for permissible dos-
ages of radiation' in about 1953.

Cancer Detection & Treatment —
a la Microwaves

Some may say that microwaves
are a jet-set luxury and therefore
do not warrant the assumption of
risk, any risk, just to facilitate
warming cocktail hors d'ouvres
or providing satellite links for
home box office movies.

Not so. Microwaves are being
used to detect tumors deep with-
in the body through microwave
(passive) radiometry.!”'® Cancer-
ous tumors are usually 1-2°C
hotter than surrounding tissue,
possibly because they are less
well irrigated by the blood sup-
ply. By measuring the body’s
own microwave "‘blackbody”’
radiation in the microwave spec-
trum {which propagates better

“Microwaves. . .detect cancerous
tumors. . .microwaves kill tumorous
tissues selectively. . .”

through subcutaneous layers of
fat and muscle than infrared)
some breast tumors have actual-
ly been located which were not
detected by conventional meth-
ods {manual palpation, X-ray
and infrared).'®

Furthermore, once identified,
microwaves kill tumorous tissue
selectively, by virtue of its poor
heat dissipating capability,
through heating. Above 42.5°C
the sensitivity of cells to destruc-
tion doubles for every 1°C in-
crease;'® consider the following:

“’Last June Michael Salcman, a
neuro-surgeon at the University of
Maryland, implanted an antenna in
the brain of a 28-year-old Euro-
pean businessman with glioblastoma

t A value of 100 mW/cm?® was first chosen,
due to miscalculation, but later this was
corrected to 10 mW/cm?; see Reference
16 for a discussion of the development.

{continued on page 24)
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Traditionally. phase shifters have peen sold as
individual seli—contalned units. 10 some €ases,
nowever, an i [
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(from page 22) ZAPPED?

multiforme, a lethal brain tumor
that usually leaves its victim dead
within 24 months of diagnosis.
Salcman removed as much of the
cancer as he could, then inserted an
antenna and a tiny thermometer di-
rectly into the remaining tumor and
sewed up the man’s head with the
antenna still in it. Two times during
the next 48 hours Salcman sent
microwaves directly into the tum-
or, heating it to 45°C (113°F). The
patient was awake and reported no
pain, says Salcman, who has recent-
ly repeated the operation on a 30-
year-old woman.

““There appear to be indications of
a decrease in tumor size,” says
George Samaras, the biophysicist
who developed the technique with
Salcman, “‘but we’ll have to wait
six months to a year to really
tell.”2% %

Risk and Who Should Assess It

Of course, no one can say that
an activity is risk free, regardless
of its benign history. Numerous
examples of carcinogens in foods
and industrial processes, of mis-
haps in chemical and nuclear
processes, of design flaws in
buildings and bridges, autos and
aircraft point to the fact that our
modern lifestyle is not main-
tained without the encumbrances

. .As our understanding. . .grows. . .
the question. . .is not whether we will
have risk. . .but how much risk and
from what source.”” — David Bazelon,
Senior Circuit Judge

of risk. Consider how David
Bazelon,?! Senior Circuit Judge,
US Court of Appeals, Washing-
ton, DC assesses this condition:

“ ... lronically, scientific progress
not only creates new risks but also
uncovers previously unknown risks.
As our understanding of the world
grows exponentially, we are con-
stantly learning that old activities
once thought safe, in fact pose sub-
stantial risks. The question then is
not whether we will have risk at all
but how much risk and from what
source. Perhaps even more impor-

i As of December, 1980, the first patient
to receive this treatment has returned to
an active life and the second patient, who
came into the hospital bedridden before
surgery and walked out two days later, is
also doing well. The surgeon performing
this procedure has increased his case load
from one patient a month to one patient
a week.
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tant, the question is who shall
decide.

... we have learned that even our
experts often lack the certain
knowledge that would ease our de-
cision-making tasks. Often the best
we can say is that the product of
an activity poses a ‘risk of a risk.’

... Some well-meaning scientists
question the wisdom of leaving risk
regulation to the scientifically un-
tutored. . .They observe the public’s
alarm at the prospect of nuclear
power and note that the same pub-
lic tolerates 50,000 automobile
deaths a year.

... To those who feel the public
is incapable of comprehending the
issues, and so unable to make in-
formed value choices, | respond
with the words of Thomas
Jefferson:

‘I know of no safe depository of
the ultimate powers of the soci-
ety but the people themselves;
and if we think them not en-
lightened enough to exercise
their control with a wholesome
discretion, the remedy is not to
take it from them, but to inform
their discretion.’
... Delay from unjustified fear of
the future can in the long run cause
more harm than the risks it prevents
{although) . . . delay that is neces-
sary for calm reflection, full de-
bate, and mature decision more
than compensates for the addition-
al costs it imposes.””

ARE WE MICROWAVE SPOKES-
PERSONS?

If the informed public is to be
the final judge of the risk-benefit
tradeoffs of microwaves, then |
submit that the basis for this in-
formation must come from us,
who practice in the microwave
field daily. This means that the
cocktail party question is not un-
important to the microwave
field, despite its apparently cas-
ual incidence; and, to answer it,
we need to acquaint ourselves
with as much information as pos-
sible about the hazards, myths,
political implications and related
considerations of microwaves
that confront the public aware-
ness. In short, we must each have
an informed viewpoint about
microwave radiation hazards.

This spokesperson role is a
new one for professionals whose
customary reaction to questions

outside of their immediate sphere
of expertise is to defer to the ex-
perts in the field, e.g., "'I'm a fil
ter specialist, not microwave bio
effects.” In this case, that won't
suffice. There just aren’t enough
spokespeople like John Osep
chuk':22 to cover all of the cock

. .microwave professionals, must
accept responsibility for the public
presentation of our field’s strengths.

r7s

tail parties, Kiwanis talks and
other events at which the broad
public interest must be addressed.
Everyone of us, microwave pro-
fessionals, must accept responsi-
bility for the public presentation
of our field’s strengths as weli as
weaknesses and to do so we must
as individuals have our own in-
formed opinions about micro-
waves in the environment.

Hope to hear of your oratory
at the next cocktail party.
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NEW! 8.0-12.4 GHz

YIG

OSCILLATORS

SPECIFICATIONS

Freq. Range 8-12.4 GHz
RF Power Output 15 MW, min
Output Variation 3dB
2nd Harmonic 20dB
Other Spurious 60dB
Freq. Drift0 Cto 65 C 350KHz, C
Linearity 14 MHz
Hysteresis 14 MHz
Tuning Speed 8 mSec
Tun. Sens. 22 MHz/'mA
Dimensions 1.7 inches
Weight 160z

OMNIYIG’S NEWEST

LIMITERS

&

DETECTORS

STANDARD DETECTORS

PRODUCTION YIG OSC.

B 1-4 GHz. RF power output 20-60 mW.
2nd harmonic 16 dB.

W 1.7-4.3 GHz. RF power output 30 mW,
2nd harmonic 20 dB.

B 1-2 GHz. RF power output 30 mW.
Integrated with PIN modulator.

W 2-12 GHz. RF power outputs: 40 mW
@4GHZ, 1I0OMW @8GHz&7mW @ 12
GHz.

B 8-12 GHz. RF power output 15 mW.
2nd harmonic 20 dB

B 12-18 GHz. RF power output 10 mW.
2nd harmonic 40 dB

B 5.9-6.5 GHz. RF power output 50 mW.
2nd harmonic 40 dB

B 2-8 GHz. RF power output 20 mW.
2nd harmonic 60 dB

W 2-18 GHz. RF power output 2 mW.
2nd harmonic 60 dB.

ASK AROUND — WE DELIVER

DMNIYIG@INC.

3350 Scott Boulevard Santa Clara. Ca. 95051

Omniyig Freq. Range K T,
Modei # {GHz) Factor (dBm)
Tunnel
DTOD1P 019> 0.5 800 50
DT2C1P 1.0k 24y 800 -50
DT9A1P 2.0-18.0 450 48
Schottky *
DS1C1IN 0.5- 1.0 2000 54
DS6A1IN 8.0-16.0 1500 52
DS9A1IN 2.0-18.0 1000 -51
*Bias « 100 - 200 namp
STANDARD LIMITERS
Omnlyig Freq. Range Ins. Loss Lkg. Pwr.
Model # (GHz) (dB) (dBm)**
Pin
PLOE1 0.1-0.5 Q15 +20
PL2D1 1.0-2.0 0.6 20
PL4CH 4.0-8.0 1.2 18
Schottky Turn-on
SLOE1 0.1-0.5 0.5 15
SL1E1 0.5-1.0 0.7 S
SL3D1 2.0-4.0 IF2 +14

**Measured at P, 30dBm

DEMOS AVAILABLE TO
QUALIFIED PROGRAMS

Let Omniyig help with any special
limiter or detector requirements you
may have. We also manufacture
zero-bias Schottky detectors, limiter-
detectors, comb generators, isotec-
tors and a broad line of YIG-tuned
filters, oscillators and multipliers.
Ask around, we deliver!

OMNIYIG @ INC.

PASSIVE
FILTERS
FROM

OMNIYIG

COMB-LINE-INTERDIGITAL
HELICAL RESONATOR
WAVEGUIDE
LUMPED AND SEMI-LUMPED
SUSPENDED SUBSTRATE
STRIPLINE

STANDARD FILTERS

OMNIYIG FREQUENCY INSERTION STOPBAl
RANGE LOSS

MODEL REJECTH
NO. (GHz) (dB) (dB)
OFC-110 0.5-1.0 0.75 60
OFC-120 1.0-2.0 0.75 60
OFC-280 2.8-3.5 [0)55) 40
QOFC-290 3.7-42 0.5 40
OFI-190 2.0-4.0 0.75 60
OFI-200 4.0-8.0 0.75 60
OFI-210 8.0-12.0 0.75 60
OFH-300 1.08-1.12 0.65 50
OML-104 2.09-2.15 2.5 30
OFL-260 .065-.075 2.0 30
— EQUALIZERS —
GROUP DELAY
ABSORBATIVE AMPLITUDE
SPECIAL DESIGNS
ARE OUR SPECIALTY

ASK AROUND...WE DELIVEI
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(408) 988-0843 TWX 910/338/7356
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(408) 988-0843 TWX 910/338/7356
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Special Report

The
European

Microwave
Industry

HOWARD I. ELLOWITZ, Publisher e

INTRODUCTION

Consider the fact that US mi:-
crowave component and subsys-
tem companies have seen their
sales grow by an average of 25%/
year and their profits by 35%/
year for at least the past two
years. Consider, also, that sales
into Europe generally represent a
farger proportion of their total
business now than they did two
years ago. How, then, would you
expect the business of their Brit-
ish, French and German counter-
parts to have fared during that
time? And what are their pros-
pects for the next few years?

Answers to those guestions
and others were collected in a se-
ries of interviews conducted in
October 1980 during plant visits
and in meetings during the Mili-
tary Microwaves Exhibition in
London. The picture that em-
erges from the replies is that of a
Evropean microwave industry
which is every bit as vibrant as
that of the US. Long-established
European companies have posted
growths comparable to those re-
ported in the US. In addition,
newer ventures, either those in
volving relatively new companies
or new market efforts by estab-
lished companies, have experi-
enced the well-above-average
growths that are common to new
ventures in the US.

MICROWAVE TUBES

While the nature of the micro-
wave tube business precludes
growth at the rates possible for

lanarv — 181

semiconductor and component
activities, Dr. Christian Schenk,
Marketing Manager for AEG Tele-
funken, Dr. Roger Agniel, Thom-
son CSF Marketing Director,
Peter Butcher, Microwave Sales
Manager at English Electric Valve,
Werner Salecker of Siemens and
J. M. Low, Ferranti, Dundee indi-
cate that each of their operations
has grown at a very acceptable
rate during the past year. In some
instances, there were specific
contributors identified. In AEG's
case, delivery of tubes to four
satellite programs involved twice
the number delivered in 1979. A
new high power TWT line is he-
ginning to contribute heavily to

Giga Instrumentations’s 8-12.4 GHz source
offers pulse modulation with rise and fall
times of 5 nS and pulse widths down to

50 nS.

EEV's results and a new factory
occupied by this line during 1980
is expected to maintain its effect.
Finally, Siemens has benefited
rapidly from a Bell Telephone/
AT&T decision to buy 6 GHz
tubes from outside suppliers.
Most significant growth in
Thomson's tube business during
the past year has come from ex

panded requirements for militar
system and commercial commu-
nications TWT’s. The same is
true at EEV where, in addition,
strong increase in the demand fc
receiver protection devices has
been noted. On the debit side as
far as the tube industry is con-
cerned, according to Peter But-
cher, most of this demand will &
satisfied with solid state rather
than gas discharge designs and
EEV is making a strong effort tc
continue to serve that market.

Ferranti Dundee’s power tubi
growth was an outsized 50% in
1980 but Low ascribes that pe
formance to some maturing pro
grams which took faster-than-
normal delivery of high power
klystrons and TWT's. He also
notes a 50% growth in his expo
sales which consisted largely ot
lower priced gas discharge recei
er protection tubes. The largest
portion of that growth was in tk
US; Japan was also a very signifi
cant customer.

Solid state continues to make
inroads into the low power tube
business. Both Dr. Agniel and
Dr. Schenk project a continuing
decline in the reflex klystron
market of about 20%/year and
AEG further sees an early end t(
the demand for replacement pla
nar triodes. European marine ra
dar magnetron markets are simi
larly impacted by the successfuil
Japanese effort to market syster
which use their own tubes.

For the future, European tubt
manufacturers are looking at the

{continued on page 3(
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European domestic satellite sys-
tems as a major growth opportun
ity for them. Beyond that, there
is continuing interast in higher
power millimeter-wave sources,
military satellite communication
systems and the potential for
amplifier-type transmitting sys-
tems for sophisticated radars.

A NEW INSTRUMENT SUPPLIER

While genuine new ventures in
the microwave business are more
the exception than the rule in
Europe, Giga Instrumentation,
founded five years ago, has a
start-up history which is very im-
pressive. Through September
1980, its sales amounted to 10M
FF, an increase of more than 70%
over last year and a 50% growth
next year is anticipated. 25% of
that volume is export business.
According to Christophe Barbier,
its President, the company cur
rently supplies approximately
90% of the French military re-
quirements for microwave sources
for 1-18 GHz applications. Fur-
ther, he sees his best growth po-
tential in a continuing demand

30

for military radar test sets for
which the Giga instruments are
particularly well suited.

Because the generator designs
rely heavily upon components
imported from the US, it is im
practical to consider US sales.
The company enjoys a unique
position in Europe, however,
and its success addes to the over-
all brightness of the European
microwave picture.

PASSIVE COMPONENTS

In the passive component area,
European company overall
growth rates appear to parallel

Model 455/1 phase locked Gunr oscillator
from G & E Bradley's Microwave Division
delivers 100 mW at 30 GHz.

those of US suppliers. Their ex
perience in new product areas is
similar, as well, with growth ex-
ceeding 100%/year in start-up
situations. Dominique Joannes
Boyau, Marketing Manager of
Tekelec-Airtronic, the French
Johanson licensee, forecasts a
growth in his air trimmer line of
25-30% in 1981. He enjoyed a
100% growth of new GIGA-
TRIM capacitor sales in 1980
and expects a similar expansion
of his new waveguide tuning ele-
ment sales in 1981. Eugene Eis-
enberger, Radiall’s Commercial
Director, indicates a growth ex-
ceeding 30%/year and considers
the fact that their product capa-
bilities compare favorably with
US offerings to have influenced
these result heavily.

Looking at future growth,
both companies consider Ger-
many and England to offer the
best opportunities for increased
export sales in Europe during the
next few vears. In product areas,
Tekelec-Airtronic is retying on
its new GIGA-TRIM capacitors
and new tuning elements to con

fcontinued on page 31)
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ribute significantly to its growth.

dominique Pochard, Technical
viicrowave Manager of Radiall,
xpects that the expansion of
heir attenuator and termination,
soupler and rotary joint lines,
he last of which is particularly
nell suited to the mechanical de-
sign and fabrication strengths of
(he company, will make the ma
or contributions to growth. At
the same time, he indicates that
the Radiall measurement compo
1ent line, which has not been
marketed aggressively, will conti
nue to be deemphasized as will
their waveguide work so that
production volume coaxial busi
ness can be emphasized.
ACTIVE COMPONENTS

At RTC in Paris, an operation
involved in microwave bipolar
transistors and Y IG oscillators
beginning its fourth year has had
impressive results. Jacques Bar
bier, Product Manager for the
Department reports that transis:
tor sales during his third year
were seven times his first year’s
shipments and oscillator sales
tripled during the same period.

He expects both lines to continue
to grow at a 100% per year rate
during the coming 2-3 years. A
medium power GaAs FET line is
cutrrently being introduced with
the expectation that it will enjoy
a similar growth.

~~

The TH 3608 is an 11 GHz, 20 W TWT for
digital microwave links, developed by the
Electron Tube Division of Thomson-CSF.

Existing business is primarily
in the military market and in
cludes some US sales of JAN-TX
qualified devices through Amper
ex. Barbier views ltaly as his
most promising export growth
opportunity and considers Ger
many and the UK to be good
prospects.

Discussions with four UK pro
ducers of active components and

subsystems indicate a growth pat
tern very similar to that shown
by comparable US operations.
Both John Clifford, Sales Direc-
tor for Continental Microwave
and John Penny, General Mana-
ger of Ferranti's Microwave Divi
sion report sales increases of the
order of 25% over last year. Peter
Harwood, Division Manager, indi-
cates that this year’s sales of G&E
Bradley’s Microwave Division
were up by 41% and, according
to Stephen Matykiewicz, Market
ing Manager for Marconi Elec-
tronic Devices Power and Micro-
wave Division (formally AEI
Semiconductor), his sales were
up 100% over the previous year.

With the exception of G&E
Bradley which counts 40% of its
business in exports to other EEC
countries, the bulk of the sales
of this group is within the UK.
As John Penny pointed out, the
export market for UK producers
has been adversely impacted by
the strength of sterling during
the past two years and, in his
case, export sales have been flat
during the past year.

fcontinued on pane &
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While each of these producers
focuses on rather different speci
fic products, an increasing mili
tary system production activity
in Europe has fueled much of the
growth of all four. Increasing de
mand for solid state linear power
amplifiers up to 4.2 GHz includ
ing a specific requirement for
40 W up to 2 GHz has been a ma
jor contributor to Continental’s
results. John Clifford also be-
lieves that the time and talent
available to system houses to do
this kind of design work in-house
is becoming scarcer and that
more of the business will be avail
able to subcontractors.

Brian Hutchins, Assistant Sales
Manager at G&E Bradley, pointed
to increasing military system de
mands for his phase modulated
phase focked oscullator as a major
factor in last year’s growth. He
also expects that new Q-Band
Gunn sources {100 mW at 26
GHz and 80 mW at 40 GHz) will
make significant contributions
during the next few years.

A complete in-house semicon
ductor capability reinforces an

experienced circuit design group
and enables Marconi 1o respond
effectively (o a growing demand
for its mixers, PIN switches and
other standard and custom com
ponents for applications extend
ing into the mm bands. The cus
tom design portion for military
applications is largely responsible
for Marconi’s dramatic growth
during the past year.

None of the suppliers notes a
serious reduction in demand for
any ‘particular product in the past
year. However, John Clifford
notes the growing use ot synthe
sizers in place of phase locked
oscillators in satellite communi
cations applications. He forecasts
that as much as 80% of the earth
station oscillator business in 1981
will involve synthesizers.

While there are many reasons
for optimism when European mi
crowave companies consider their
prospects for 1981, a few notes
of discord can be heard. The full
effect of the British MOD spend-
ing moratorium is uncertain. Ori
ginally expected to expire in
November, its extension to April

1981 has been announced and,
at this point, it is not possible to
predict its total impact on 1981
business levels. In addition, Euro
pean companies are beginning to
suffer from a shortage of engi
neering staff. Since there was no
concern on this subject voiced
during a similar round of meet
ings in September 1979, the
shortage has developed in are
markably sudden manner. lts ex-
istence is further evidence of the
excellent present health of the
industry but it will certainly af
fect the rate at which it can con
tinue to grow.
SMALL EARTH STATION
TERMINALS

Brightening prospects that a
number of European domestic
satellites (TDF-I, TV-SAT, Tele
com |, ECS) will indeed be
launched during the early '80s
have stimulated a vigorous inter-
est in the small earth station
component market. Virtually ev-
ery company interviewed whose
product line is at all applicabte is
working actively on the develop-
ment of components for small
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-

t

\ /.
u neé&d the
new QBR\110.

Compare these specs.

110 15 vdc

ELECTRONIC

COMPUTER

ground

ENGINEERS

SCIENTISTS
PHYSICISTS

Experiencing all the sensa
tions of flying and operating
a high-performance tactical
aircraft without leaving the
engineering the
electronics to guide a missile
a few feet from a target hun
dreds of miles away these
are only two of the exciting
projects you can be involved
in at Goodyear Aerospace
High-technology opportuni
Les presently eaist for
career-oriented persons in

DIGITAL TECHNOLOGY

e Array and Parallel Processors
e Computer Architecture

e Mini- and Micro-Computers

e Logic Design

e Hardware

e Software

FORWARD REVERSE
FREQ. INPUT GAIN / PHASE 1S0L.
MHz VSWR (dB) (deg.) (dB)

15.01/-177.03
15.23/ 153.97
15.20/ 124.20
15.18/ 96.29
15.26/ 67.56
15.41/ 36.31

the following specalities

FLIGHT SIMULATORS AND
TRAINERS

RELIABILITY ENGINEERING

GUIDANCE, NAVIGATION,
AND CONTROL SYSTEMS

e Arrborne Radar Systems
¢ Digital Image Processing

10.000 1.05
100.000 1.04
200.000 1.04
300.000 1.04
400.000 1.10
500. 000 1.23

-44.72
-40.47
-36.18
-33.37
-31.48

30.7¢ If you have appcable experence n any of these a‘eas p'ease

send your résume to
NOISE FIGURE: 2.5 dB 1 dB8 COMPRESSION:

3rd ORDER INTERCEPT: 423 dBm
e ———

Ed Searle
Goodyear Aerospace Corporation
Akron Ohio 44315

GOODYEAR AEROSPACE

Cqual Opportunity Employer MFHV

Call now or write U S Paten 4,042 887

Q-bit Corporation 311 Pacific Ave Paim Bay. Flonda 32905
(305) 727-1838 TWX (510) 959-6257




earth station apphcations. Sie
mens 1s developing an 11.512.5
GHz GaAs FET amplitier and a
0.9-1.7 GHz IF amplitier which
uses a dual-gate FET, both of
these for satellite TV receivers.
Siemens also has a 14 GHz uplink
tube ready for ECS ground sta
tion applications. Thomson CSF
will supply a 160 W 14 GHz tube
for Telecom | ground stations
and a 17 GHz klystron for TDF-I
stations. Radiall expects to sup-
ply 95% ot Telecom I's earth sta-
tions components. Ferranti’'s mi
crowave division has demonstrat
ed a complete mobile 2-way 11/
14 GHz small earth station in
tended tor the professional por
tion of the market, 1.e., remote
broadcast pickup, teleconferenc
ing, high speed data traffic. That
division also supplies down con
verters, up converters etc. G& E
Bradley is exploring oscillators
for millimeter-wave satellites sys
tem ground terminals. Marconi
Electronics is working toward
components and subsystems fot
the small earth terminal market
EEV considers the market a ma

jor growth area tor 1ts 1W1's and
has amplifiers designed for small
military terminals. Continental
Microwave has supplied compo
nents for large earth stations dur
ing the past 6 years and has 11/
14 GHz designs completed. And
Ferranti, Dundee is developing a
line of multiplexers for earth sta
tion use.

Beyond their prospects in the
satellite earth station market, the
European companies are actively
exploring other opportunities for
growth. Konrad Pobl at Siemens
discussed that company’s present
capabilities in silicon Schottkys
and varactors and their 1 um
GaAs FET currently in produc
tion. According to Pobl, Micro
vave Semiconductor Inc., the
Siemens’ New Jersey subsidiary,
will continue 1o concentrate on
power GaAs FET's and it will
market the Munich-produced low
noise devices. Noting that more
than 50% of new 4-6 GHz link
transmitters are now solid state,
Siemens looks to designs employ
ing paralleled GaAs FET's to re
place IMPATT-equipped trans

mitters wnen periormance re-
guirements are compatible. Witk
the widespread conversions of
links to digital operation, a 7
11% per year radio link growth
estimated. In its first major effo
to penetrate the military market
Siemens is developing a line of
multi-octave low noise GaAs FE
amplifiers for applications to 8
GHz which will use its devices.

In anticipation of requiremen
for millimeter-wave communica
tion satellite system component
AEG is continuing its develop-
ment of 20/30 GHz space seg-
ment tubes. Also, in an unrelate
application of its metal/ceramic
vacuum technology experience,
AEG has developed an extensive
line of vacuum power station
switches intended for use in plac
of the usual oil-immersed de-
signs.

Thomson's tube exports to th
US continue to increase at a slov
rate. While few new opportuni-
ties for tube sales have material-
ized during the past year within
the industrial heating and mm

markets, they are still considerec
fcontinued on page 3

The First Line:
Biconical

Omnidirectional
Antennas

100 MHz through 40 GHz
A6400 Series

Features:

s Multioctave Performance
2-40 GHz 2-18 GHz

0.5-4 GHz 100 MHz-1 GHz
s Slant Linear or Circular Polarization
s Low Deviation from Omni
s Single Antenna or Multi-Antenna

Configuration

B

EM Systems, Inc.

290 Santa Ana Ct., Sunnyvale, California 9408
(408) 733-0611 TWX 910-339-9305

For further information on Antennas,
call or write EM Systems, Inc.
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INDUSTRY

(from page 33)

EEV BS313 high power solid state receiver
protection unit 1s biased during transmission
by a pulse which completely envelopes

RF pulse.

e v

o~ W i

One of Continental Microwave's line of
mechanically tuned microwave synthesizers.

areas of significant growth.

RTC expects to begin to de-
liver 260 mW 8 GHz GaAs FET's
by the middle of 1981. Its devel-
opment of Gunn-based YIG os-
cillators for ECM applications
continues and wider bandwidth
FET-based YIG tuned designs are
being explored. The company is
also watching the 900 MHz mo-
bile telephone market and antici-
pates a strong demand for either
devices or modules, both of
which they would be able to
supply.

Ferranti’s Microwave Division
sees the decision that all UK tele-
phone nodes be refitted to han-
dle 48 K bits/sec within 2-3 years
as an opportunity for a significant
amount of component business.
There was concern here about
possible Japanese interest in mi-
crowave components, especially
commercial equipment GaAs FET
amplifiers. There was also some
speculation that links with Euro-
pean firms are being explored.

G & E Bradley's Microwave
Division is looking at 64 GHz
Gunn oscillators for high data
rate millimeter satellite system
ground stations. In addition, fast
switching synthesizers for fre:
quency agile radar applications
are under study.

MO Valve's new miniature
magnetron capability is a major
consideration in its future plan-
ning. An integrated modulator/
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Ferranti’s 16 THD Isotran,

magnetron assembly will also be
offered shortly. The small tubes
are particularly suited to guided
weapon applications. An available
X-band version is to be followed
by S-, K- and Q-band designs.

Marconi Electronic Devices ex-
pects to expand its line of low-
noise GaAs FET amplifiers for
EW applications. A monolithic
GaAs IC program is also under-
way at Marconi Research Labo-
ratories. Their mm-wave compo-
nent line, particulary mixers, will
be expanded; commercial models
are available up to 94 GHz, re-
search is being done to 200 GHz.
In addition, SAW low loss filters
and oscillators for military and
high quality commercial applica-
tions are in development.

Continental Microwave has a
1 1/2 octave low-phase noise syn-
thesizer with switching speeds of
200 us ready for phase-locked
oscillator replacement in military
applications. It also expects to
introduce a ferrite product line
and is exploring possible entry
into some passive component
markets.

Ferranti, Dundee is developing
TWTA's for military radars and
also plans to offer power supplies
compatible with other manufac-
turers TWT's. The company plans
to continue its high power ferrite
work which takes advantage of its
special test capabilities in that
area. A line of microstrip mixers

World Radio Histo

is contemplated and additional
staff has been added to handle
their sponsored research programs
in filters, TR's and ferrites.
MILITARY MICROWAVE ‘80

The Military Microwaves ‘80
Convention at the Cunard Hotel
in London on October 22-24 sup-
plied final confirmation of the
vigorous health of the microwave
industry, both in the US and
Europe. Products of 238 compa-
nies, the largest number ever to
participate in the series of Euro-
pean Microwave Conference/Mili-
tary Microwaves Exhibitions,
were on display at this year'’s
event.

Dr. John Clarke of the Royal
Surface Radar Establishment
chaired the Technical Program
Committee which prepared a
program of 92 papers in which
nine countries were represented.
Over 700 delegates representing

30 countries registered for the
conference. The applications-
oriented program and the broad
display of devices, components
and subsystems were particularly
well matched and interaction be-
tween conference delegates and
the Exhibition was excellent.

The 1981 Exhibition is sched-
uled for September 8- 11 in Am-
sterdam in conjunction with the
European Microwave Conference.
The next Military Microwaves
Convention will be held in 1982
in the UK.
CONCLUSION

The series of interviews in Oc-
tober of last year together with
the fina! flurry of activity at Mili-
tary Microwaves ‘80 paints a pic-
ture of a European microwave
industry that is difficuit to dis-
tinguish from the present US im-
age if sheer size differences are
discounted. Available existing
markets are expanding and new
markets are emerging to support
growth rates in Europe akin to
those being enjoyed in the US.
Acquisitions of US subsidiaries
by some large European compa-
nies during the past two years
serve clear notice that they may
not be content with simply keep-
ing pace with those rates. Few
of any size did not indicate some
desire for more sales into the US.
That pressure can bnly increase
during the coming years. ¥

MICROWAVE JOURNAL



equipment is essential
to successful mission
accomplishment.

amplifiers are essential
to reliable EW
equipment.

Watkins-Johnson's GaAs FET solid state ampilifiers, ranging in frequency from 0.5 to 20 GHz,
are designed to provide outstanding performance and reliability in a wide variety of applications
Available in standard or custom-tailored configurations. our amplifiers surpass the most
severe environmental conditions and tests

Watkins-Johnson's expertise in high
technology amplifiers includes,
Low-Noise Models

Narrowband Performance
Multioctave Coverage
Medium-Power Outputs

Multiport Units

Limiting Amplifiers

Looping Amplifiers

MINPAC™ Low-Profile Configurations
(Stripline or Coaxial versions)

o TWT/TWTA Retrofits

Watch for
our exciting new

products in
1981!

For additional information concerning these essential amplifiers, or a new MINPAC™ brochure
call or write your local Watkins-Johnson Field Sales Office or phone Solid State Applications

Engineering in Palo Alto, California at (415) 493-4141, extension 2247

Watkins-Johnson—U.S A.: ¢ California, San Jose 408 262-1411 El Segundo (2131 640-1980 ¢ Georgia. Atlanta 404 458-9907 e District of Columbia, Gaithersburg »
3011 948-7550 » Massachusetts, Lexangton (617 861-1580 ¢ Ohio, Fairborn 1513 426-8303 e Texas, Dallas | 214) 234-5396 e United Kingdom: Dedworth Rd  Oakley Gret
Windsor. Berkshire SL4 4LH o Tel Windsor 69241 ¢ Cable WJUKW-WINDSOR ¢ Telex 847578 » Germany, Federal Republic of: Manzingerweg 7 8000 Muenchen
¢ Tel (089) 836011 » Cable WJDBM-MUENCHEN s Telex 529401 e ltaly; Piazza G Marconi 25 00144 Roma-EUR e Tel 59 45 54 « Cable WJROM-| » Telex 6122
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Systron-Donner Advanced

YIG DRIVERS

Any Systron-Donner YIG device may be ordered with a matched
YIG driver to provide accurate voltage/frequency conversion
and to facilitate installation of the YIG device in a system. Two
types of drivers are available: a standard version and a high-
stability version. Both types operate with input power of =15 V

VOLTAGE-TUNED OSCILLATORS

MECHANICAL AND VOLTAGE-TUNED OSCILLATORS

Note 1: Current is steady state. Surge current will be 70% higher.

36 'World Radio Histo

Systron-Donner’s
setting the standards for:

-Yig-tuned devices
-Voltage-tuned oscillators
-Mechanical and voltage-tuned oscillators

Yig-tuned oscillators are available in transistor and Gunn-
diode types.

Specifications are given for typical standard models. In most
cases, standard units with higher (100 mW) or lower (10 mW)
power are also available.

(=20 or =12 V available with some frequencies on special
order), control voltage of 0 to 10 V, and minimum input imped-
ance of 10k®. Units meeting either commercial or military en-
vironmental requirements may be provided. Options available
with 12-bit digital tuning.

MICROWAVE JOURNAL




YIG-TUNED FILTERS

Systron-Donner SDYF-4000 Series reciprocal bandpass filters
are avallable in one, two, three, four, and dual-two stage
versions in single bands and multi-octave versions from 0.5 to
40 GHz. These filters are ideal for use in receiver systems,
frequency synthesizers, or test sets for preselection, signal
sorting. or any other application in which a tunable filters

SYSTRON DONNER

ADVANCED COMPONENTS DIVISION
A Member of the THORN EMI Group
CIRCLE 30 FOR LITERATURE

CIRCLE 31 FOR -Worl:fkadloﬂlsio

Usnoary - 1981

must pass a desired signal or band of signals with minima
attenuation and reject undesired out-of-band signals.

SDYF-4000 Series filters may be ordered individually, with &
YIG driver, as part of a tracking filter/oscillator/driver assem
bly meeting specific system applications.

735 Palomar Avenue,
Sunnyvale, CA 94086
Phone (408) 735-9660




Around
the
Circuit

Carlton V. Phillips was
elected to the Board of
Directors of Ad-Tech
Microwave, Inc. . .Datron
Systems, Inc. appointed Dr. Robert H. Stivers as Mana-
ger of Communications Systems. Dr. Stivers leaves ITT
Defense Communications Div. where he served as Mana-
ger of Satellite Communications. . .Frederick G. Suffield,
Manager of Radar Programs for Teledyne Micronetics
has been elected Director of Region 6 (West) of |IEEE
and a Member of its Board of Directors. . .Sealectro
Corp.’s Board of Directors elected Leonard Kamsky,
Senior Vice President of W.R. Grace & Co. as one of its
Directors, which total nine in number after a recent ad-
mentment in Sealectro’s by-laws. . .Kyocera iInt’l, Inc.
announced the appointment of three regional sales repre-
sentative for its Electronic Component Division. Major
St. John was named Regional Sales Coordinator of
Southern Calif., Don Smithanna becomes representative
of sales of the Midwest and Marty Kazula will coordinate
sales for the Central/Western Canadian Regions. . .Narda
Microwave Corp. appointed William M. Reich as its Pub-
lications Manager. . .William A. Johnston has re-joined
Omni Spectra, Inc. as Sales Manager of its Microwave
Cable Assembly Div. . .Rodger Billings was appointed
Engineering Mar. of Ferrite Devices for Western Micro-
wave Inc. . .Western also announced the appointment of
Richard G. Sanders as its Director of Marketing. . .In a
recent reorganizational move, Scientific-Atlanta, Inc.
divided its Satellite Communications Div. into two sepa-
rate divisions. Ray Stuart was named General Mgr. of
the new Commercial Telecommunications Div. and
James S. Gray was appointed General Mgr. of the Busi-
ness Telecommunications Div.

Hazeltine Corp. received a
$1.2M US Navy contract
from Naval Sea Systems
Command for the develop-
ment of a digitally programmable communications buoy
and buoy interface unit for use in submarine communi-
cations via satellite. . .Sperry Corp.’s Sperry Div. was
granted orders for 50 CAS || collision avoidance systems
valued at $2M from several Japanese shipowners, with
Sanko Steamship Co. Ltd. of Tokyo as the largest single
purchaser. . .Ray-Proof Div. of Keene Corp. received a
contract from Walter Reed Army Institute of Research,
Microwave Research Lab., for the first 96 GHz RF ane-
choic chamber for medical applications. The $107K con-
tract is to design, install and test the chamber to shield
animal tissue experiments from extraneous RF signals. . .
RCA was granted a $203M Navy contract from Naval
Sea Systems command for additional AEGIS Weapon
Systems. . .ITT Avionics Div. announced the award of
$16.3M contract for AN/ALQ-136 radar jammer ECM
sets from the US Army ERADCOM.

Radant Systems, Inc. is a
newly formed US corpo-
ration chartered to design,
develop and produce elec-

PERSONNEL

CONTRACTS

NEW MARKET
ENTRY
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tronically scanned antennas which utilize diode lens
techniques, radar ECCM devices, radomes and other as-
sociated products. Company is headed by Gilbert Bony,
C.E.O. and Richard Park, President and has George Ran-
dig as Chief Engineer and Fred Goodrich as Marketing
Manager. Radant occupies a new 70,000-square-foot
facility located at 255 Hudson Road, Stow, MA 01775.
Tel: (617) 562-3866.

T-CAS America, Inc., a
communications engineer-
ing firm in Falls Church,
VA, has purchased REL,
Inc., a supplier of troposcatter radio equipment based in
Boynton, FL, and REL will be a wholly-owned subsidi-
ary of T-CAS America. . .At the Hewlett-Packard Santa
Rosa Division, a corporate reorganization has resulted in
the formation of two new divisions and a ‘‘technology
center’” — the Signal Analysis Div., managed by Richard
C. (Rit) Keiter, the Network Measurements Div., headed
by Wilhelm L. (Bill) Wurst, and the Microwave Tech-
nology Center managed by George E. Bodway. . .A
110,000 sq. ft. R&D facility was dedicated in Reston,
VI by the Sperry Div. of Sperry Corp. Some 350 em-
ployees there will be engaged in designing and develop-
ing shipboard electronic and combat systems, EW sys-
tems and performing various defense support services. . .
Narda Microwave Corp. has commenced construction of
a new main 150,000 sq. ft. manufacturing plant and of-
fice facility on a 17-acre tract in Hauppauge, Long Island,
NY. . .Ad-Tech Microwave, Inc. has moved its engineer-
ing and manufacturing operations to larger facilities at
7755 East Redfield Road, Scottsdale Industrial Airpark,
Scottsdale, AZ 85260. Tel: (602) 998-1584. A 125,000
sq. ft. building is under construction in Mountain View,
CA to consolidate key administrative and engineering
functions at the GTE Western Division of Sylvania Sys-
tems Group. Some 450-500 employees will be working
adjacent to the division’s main complex. . .Rockwell
Int’l Corp. announced the reorganization of its Electron-
ic Operations into Defense Electronics, with Donald J.
Yockey as President and Commercial Electronics, with
Paul G. Stern as President.

INDUSTRY NEWS

Alpha Industries, Inc. re-
ported second quarter re-
sults for the period ended
September 30, 1980 of
net sales of $6.45M, net income of $1.1M on earnings
per share of 23¢. This compares with 1979 second quar-
ter net sales of $4.7M, net income of $735K on earnings
per share of 20¢. . .Radiation Systems, Inc. has first
quarter results of 1980 for the period ended September
30, 1980 of sales of $1.76M, net earnings of S180K on
earnings per share of 23¢. During the comparable quar-
ter of 1979, sales totaled $1.3M, net earnings were
$162K and earnings per share were 21¢. . .For the nine
months ended September 30, 1980, Raymond Indus-
tries, Inc. reported sales of $29.98M, net earnings of
$4.69M or $4.83 per share. During 1979, nine-month
sales were $24.9M, net earnings totaled $1.0M or $98¢
per share. . .Adams Russell reported year-end results for
the period ended September 30, 1980 of net sales of
$36M, net income of $2.7M or 94¢ per share. This com-
pares with 1979 annual net sales of $28.4M, net income
of $1.9M or 71¢ per share. . .Sealectro Corp. announced
third quarter results for the period ended September 26,
1980 of sales of $10.4M, net income of 693K or earn-
ings per share of 47¢. This compares with 1979 third
quarter sales of $8.3M, net income of $940K of earnings
per share of 64¢.

FINANCIAL NEWS
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Our brawn.

For EW/ECM/ECCM
high power jamming,
our solid state add-on amplifiers
will give your low power
radio transmitters/transceivers
a big boost.

Fact: You've spent lots of time, effort and money to develop a sophisticated, “brainy” radio
transmutter/ transceiver for command, control and communication functions—and it's doing a good job.

Question: How about EW/ECM? Is there a practical way to increase power output, thus expanding operational
versatility and allowing it to also be used as an ECM jammer? (and’or ECCM jamming override to

reduce vulnerability while in communication mode). Replacing the equipment with an entirely new, higher
oower system would work, but the cost could create a problem. What to do?

4nswer: Don't give up on your "brains”! Instead, call in our “brawn”, in the form of a solid state add-on
pooster ampilifier to increase your power output. MPD’s specially designed amplifiers, complete with
automatic T/R switching. are available for frequency bands of 20-100, 100-500. 500-1000 and 1000-1400MHz, with
Jutput powers from 200 watts up to 2KW, in fully militanzed configurations.

The add-on booster amplifier concept is just one more example of MPD's problem-solving capability in solid
state RF/microwave power—for a whole spectrum of applications in detense electronics. telecommunications,
laboratory instrumentation and test equipment.

¥ /) MICROWAVE POWER DEVICES, INC.

330 Oser Avenue, Hauppauge, N.Y. 11787 » Tel, 516-231.1400 » TWX 510.227.6239
World Radio History
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REACH YOUR
KEY CUSTOMER,
THE MICROWAVE

SYSTEM DESIGN
ENGINEER
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The MICROWAVE JOURNAL will again 9 :

provide exhibition management for the 1 -

1981 MTT-S Symposium/Exhibition. ] :: i
P
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Even at this early date, space is at a pre-
mium and the exhibition is rapidly ap-
proaching a sellout. Act now to assure
your participation in this, the most im-

portant microwave meeting to be held in I‘ :
the United States. ‘

Contact MICROWAVE JOURNAL head- { =
quarters now at (617) 326-8220 for floor | =
plan,contract and full details. | s

at the _ attile A
1981 MTT-S Symposium and Exh|b|t|on
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MICROWAVE JOURNAL -
610 Washington Street ® Dedham, Massachusetts 02026 —
Send me additional information on exhibiting at Me 1 5 1 7, 1 98 1
MTT-S 1981. :

; Los Angeles Bonaventure
Name : Los Angeles, California
Title -

Organization

Address Send coupon
. or circle Reader
City *  Service No. 69 for exhibiting information.

Those Interested in attending,

State Zip circle Reader Service No. 70.

Country ________ Phone
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Special Repc

There is & public need for luw
power communications devices
n the 24 GHz band that can
operate without the cost of /i-
censing and frequency coordina-
tion. Available bandwidth, propa-
gation effects, and low output
power will result in a service with
a low probability of unacceptable
interference. The user will have
the flexibility to trade off band-
width, cost and equipment com-
plexity in order to achieve the
level of signal quality that is ac-
ceptable for his specific needs.
Because the equipment will be
based on microwave semicon-
ductors produced in high volume
by a number of US manufactur-
ers, the equipment costs will pe
kept low. At the same time, the
creation of this new market will
help to maintain the competitive
vigor of the US semiconductor
and communications equipment
manufacturing industries.

The Federal Communications
Commission, ecting in response
to petitions submitted by M/A-
COM and General Electric Com-
pany, is making it easier, cheaper
and faster for business users to
get on the air with point-to-point
microwave communications links
in the 21-24 GHz range. The FCC
has already adopted GE propos-
als that would cut equipment
costs by allowing equipment
with a relaxed frequency stability
of + 0.05%, as compared with
the previous requirement of
+ 0.03%. Now, in response to a
M/A-COM request to eliminate
the unnecessary ¢osts and delays
of frequency coordination and
licensing, the FCC has proposed
to allow uncoordinated operation

larniiare — 10021

FCC Opent
Up K-Banc

for

Low Cos!

Communication:

DR. JEFFREY A. KRAUSS, Director, Regulatory Polici

M/A-COM Laboratories, Germantown, v

and temporary licensing in a por
tion of the band. In addition,
M/A-COM has asked the FCC to
create a new personal radio serv
ice with even more flexibility in
the 24.05-24.25 band, which is
now used by police radars and in
trusion alarms. This service
would have equipment that is
technically and economically
compatible with the range ot
consumer electronics products
that will impact our lives over
the next decade. An FCC deci
sion on these proposals is expect
ed around the middle of 1981.

BACKGROUND

While low cost K-band Gunn
oscillators have been commercial
ly available for some years, the
only commercial use of the band
has been police radars and intru-
sion alarms. Even though the FCC
has allocated a huge band of
spectrum (21.2-23.6 GHz) for
commercial communications use,
it is only very recently that there
has been any interest in using
this band for communications.
The reason, primarily, is the rela
tively short path length that is
feasible, due to absorption of the
signal by water vapor and occa-
sional rainstorms. While there are

a number of valuable uses for
short distance point-to-point mj
crowave links, traditional micro
wave communications technol-
ogy has been too expensive for
these applications. The GE and
M/A-COM proposals will result
in very low cost equipment, anc
will let users get on the air quicl
ly with a minimum of paper-
work,

THE GE PETITION

GE filed 1ts petition in Nov-
ember, 1978, asking the FCC to
allow low cost, low power micrt
wave transmitters (up to 100 m
liwatts output power, 55 dBm
effective radiated power) with
50 MHz channel bandwidth and
relaxed frequency stability
(+ 0.05% rather than + 0.03%).
The 21.2-23.6 GHz band is split
into four 600 MHz subbands,
two for common carriers and
two for private use; the GE re
quest pertained only to the two
600 MHz subbands aliocated fo
private use.

MARKETPLACE NEEDS

This low cost microwave
equipment has a great number ¢
uses, and appears to meet mar-
ketplace needs that, until now,



could not be served economical
ly. As a video link it would allow
remote surveillance of parking
lots and satisfy related safety/
security and video conferencing
needs. These needs exists be-
cause it is virtually impossible to
get municipal approval to run a
cable across a public street or
thoroughfare. As a data link, the
low cost microwave equipment
would support local data net-
works running between buildings
on a campus or office park. It
would offer an alternative to the
high speed data channels offered
by (but often unavailable from)
the telephone company. Other
uses include vehicle location
monitoring and flow control.

INITIAL FCC ACTION

Filing a petition asking the
FCC to change the regulations is
only the first step in a long proc
ess. The second step is for the
FCC to issue a Notice of Pro-
posed Rulemaking that informs
the public that it tentatively fav
ors the proposal. The FCC issued
its Notice of Proposed Rulemak
ing (FCC Docket 79-337) in Dec-
ember 1979, proposing to allow
the technical specifications that
GE requested, bul only within
one-third of the two 600 MHz
subbands. This amounted to 8
50 MHz channels or 4 channe!
pairs (for duplex operation).

The purpose of a Notice of
Proposed Rulemaking is to solicit
comments from the public and

interested parties regarding the
proposed new rules. M/A-COM
filed comments supporting the
mar ketplace need for low cost,
short distance microwave links at
K band, but pointed out that the
costs and regulatory burdens of
licensing and frequency coordi-
nation would still exist. Frequen
cy coordination is the process
whereby a potential microwave
user calculates the likelihood that
his microwave link will cause in
ter ference to other nearby micro
wave licensees. Understandably
this can be a very expensive and
time-consuming process. In fact,
it was M/A-COM’s view that the
cost of frequency coordination
could be about the same as the
cost of the equipment itself.
M/A-COM felt that interference
at K band between different
users was extremely unlikely be-
cause of the low power of the
transmitters and the inherent at-
tenuation of the band; thus, fre-
quency coordination would im-
pose a substantial unnecessary
cost upon users. Similarly, it ap-
peared that licensing would serve
no useful purpose, and merely
result in extra costs and extra de
lays of two to three months in
getting on the air.

THE M/A-COM PETITION

Since M/A-COM felt that the
administrative burdens of licen-
sing and frequency coordination
would be so substantial as to de:
feat the intent of the FCC Notice

of Proposed Rulemaking, M/A
COM submitted its own proposal
in the form of a totally separate
petition. The M/A-COM petition
asked the FCC to allow unli-
censed, uncoordinated commun
ication operation in the band

24 05-24 .25 GHz, a band now
used only for police radars and
intrusion alarms. (Intrusion
alarms are low power microwave
transmitters that the FCC allows
to operate without the need for
licensing.)

M/A-COM proposed a maxi-
mum output power of 50 milli
watts for its communications
equipment, a level that is con-
sistent with that of intrusion
alarms and far below police ra-
dars; thus the communications
equipment would be no more
likely Lo cause interference to
existing users than equipment al-
ready allowed in the band.

The keynote of the M/A-COM
proposal was user flexibility. Un-
der its proposal, the sophisticat-
ed user would be able to trade
off bandwidth, frequency stabil-
ity, antenna gain, modulation
and interference rejection in or-
der to optimize for specific
needs. The unsophisticated user
would be able to go into his lo-
cal video equipment store or per-
sonal computer store and buy a
standard design off-the-shelf,
then set it up wherever it was
needed (including, possibly, his
back yard), turn it on and use it.
There would be no need for li-

DOUBLE RIDGE "+conxin. ADAPTERS

® VSWR SPECIFICATIONS 1.30 max (<1.20 TYP}. Lower VSWR options are

available, consult us for application assistance.
CONNECTOR \
FREQUENCY | WAVEGUIDE N SMA TNC
RANGE GHz SIZE APC?
FEMALE | MALE |FEMALE | MALE |FEMALE | MALE
35.82 wRD350D24 | DC213A | DC214A | DC210A fDC211A | DC215A | DC216A | DC209A
4.75-110 DR19 DD213A | DD214A | DD210A | DD211A | COHISA | DD2%6A | DD209A

4rs=119 WRD475024 | DB213A | DB214A | OB210A | DB211A | DB215A | DB216A | DB209A

8.0-18.0 WRD750D24 | DA213A | DA214A | DA210A | DA211A | DA215A | DA216A | DA20SA

180-400 | WRD180C24 DE210A"|DE211A"

* Utilizes MPC3 connector which 1s mode free to 40 GHz

A MMC produces a comprehensive hne of double ridged waveguide devices. Please
consult us for application assistance on your requirements. Send {or full details today!

MAURY MICROWAVE 1ifention! OUR NEW REPRESENTATIVE IS:
O N EASTERN PENN ERSTERN sucer nous & soustor e

s- NEW JERSEY INSTRUMENTATIQR  Peresiem Pe 19020

OF pHILADELPHIA (215) 245-6660

C O R P O R A T i
8610 HELMS AVE , CUCAMONGA CA 91730 USA o TEL 714-987-4715 » TWX 910-581-3408
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ensing or frequency coordina-
ion, because of the small likel
100d of interference. In those
ases where interference did oc-
ur, the equipment would be
mall enough to relocate or
hield.

'HE FCC FURTHER NOTICE OF
'ROPOSED RULEMAKING

Although the M/A-COM peti-
ion dealt with a somewhat dif-
erent frequency band than that
rriginally specified by GE in its
arlier petition, the proposed
i1ses and marketplace needs were
imilar. Consequently, in a Fur-
her Notice of Proposed Rule-
naking issued August 19, 1980,
he FCC incorporated the M/A-
-:OM petition into the ongoing
roceeding and proposed to ap-
iy some of the M/A-COM ideas
o the 21-23 GHz band.

In particular, the FCC pro-
)osed to allow operation in one
0 MHz channel pair (21.800-
’1.850, 23.000-23.050 GHz)
vithout the need for frequency
oordination. The FCC also
isked for comments on the idea
f “temporary licensing’’ in this
yand; the user would fill out a
emporary permit that would
erve as a license while the FCC
s processing the regular mailed-
n license application. This ap-
roach is already applied to CB
nd recreational boating mobile
adio licenses.

The traditional requirement
or a license is tied to the FCC's
raditional role of guaranteeing
reedom from interference to its
icensees. The license is an en-
orcement tool. However, M/A-
-:OM presented the view that at
{band, with such low power
hat made interference very un-
(kely, the licensing process was
n unnecessary burden that sim-
)ly added delay and produced
10 benefits. On the other hand,
he FCC's notion of temporary
censing could eliminate that de-
ay, and thus M/A-COM supports
emporary licensing as a reason-
ble alternative to unlicensed
iperation.

Frequency coordination is
till a burden, and the one 50
AHz channel pair that the FCC
1as proposed for uncoordinated
iperation will not be sufficient.

wnuarv - 1981

One channel pair may be ade-
quate for users that fix their
equipment permanently in place
(GE has said that two channel
pairs should be allotted to unco-
ordinated, fixed operation), but
there are also mobile and tempo-
rarily-fixed requirements. A typi-
cal mobile application would in-
volve low power microwave
transmitters mounted on buses
for controlling traffic signals; in
this way, the bus can keep a
green signal from changing to red
until the bus has cleared the in-
tersection. There will also be a
need for temporarily-fixed video
links to handle conventions, vid-
eo conferences, sports events and
to meet seasonal peak loads on
fixed links. Consequently, M/A-
COM told the FCC that addition-
al channels should be allocated
for uncoordinated operation of
these mobile and temporarily
fixed links.

A NEW PERSONAL RADIO
SERVICE

Since the original M/A-COM
proposal for unlicensed operation
would not impose any eligibility
requirements, anyone would be
allowed to own and operate the
microwave links. The FCC's re-
cent proposal in its Further No-
tice, however, would impose the
same eligibility limitations that
now apply to other private mi-
crowave, found in Part 94 of the
FCC Rules. While these eligibility
requirements are complex and
cover a diversity of categories,
the categories are all institutional
or business-related. A private in-
dividual would not be eligible for
a low power microwave license
under the FCC’s proposal.

M/A-COM believes that there
will be a real need for a personal
radio service in the microwave
band. There will be video appli-
cations: links between a satellite
earth station or an MDS receiver
and the home TV set, and links
between a videotape camera and
a videotape recorder, for making
the modern version of "‘home
movies.’” There will also be data
applications, links between home
computers. These consumer elec-
tronics applications could not be
satisfied under the proposal in
the FCC Further Notice.

f{continued on page 47)

We've made
a great
change in
RT/duroid

materials
for you
+ .02

Now it’s easier to get
electrically predictable
results time after time
with RT/duroids 5870
and 5880 because the
tolerance on dielectric
constant has been cut
in half.

You can specify + .02 at no ad-
ditional cost. With + .02 you get:

W Greater directivity in narrow
frequency band couplers.

W Uniform, predictable phase
velocity in phased array
antenna divider networks.

¥ The same in dual path phase
comparison devices.

W Closer frequency response
curve tolerances in stripline
filters.

MIL P 13949E calls for + .04
tolerance. Our new process
controls make us tighter than
that: + .02 tolerance on the
dielectric constant of RT/duroid
material 5870 (2.33) and of
RT/duroid material 5880 (2.20).

If you want to be tight with your
tolerances and get high yield,
less testing adjustment, and less
rework, you have no other
choice than RT/duroids.

Circuit Systems Division
Rogers Corporation
Chandler, Arizona 85224
(602) 963-4584

EUROPE: Mektron NV, Gent, Belgium
JAPAN: New Metals and Chemicats Corp., Ltd., Tokyo

Circle 28 for immediate Need
Circle 29 for Information Only Py



SMA
TERMINATIONS

0.5,1,2,5AND10WATTS

DC to 18.0 GHz

SMA Connectors

1.05 + 0.008 fGHz Maximum VSWR
-54°C to +125°C

Excellent Reliability

Stainless Steel Connectors

These high performance SMA
Terminations have been designed for
today's sophisticated Microwave
Systems. The connectors are fabricated
from stainless steel and do meet the
requirements of MIL-C-39012. The close
tolerance machining plus the precise
captivation techniques ensure an
excellent match over the complete
frequency range. All MMI Terminations
are production tested using the latest
state-of-the-art swept frequency
techniques.

World Radio Histo

MMI 2444* **

input Power @ 25°C:

Frequency Range:

Connector:

Impedance:

VSWR, Maximum:

Temperature Range:

Construction:
Connector:
Body:

Length, Maximum:

Diameter:

Delivery:

0.5 watt

DC to 18.0 GHz
SMA M/F

50 ohms

1.05 +0.008 {(GHz)
-54°C to+125°C

Stainless Steel
Stainless Steel

0.44"

0.25"

Stock to 30 days ARO

*ALL MMI SERIES TERMINATIONS
ARE AVAILABLE WITH 3.5"
BEAD CHAINS

-add suffix “C"” to model number

**Add M or F to mode!l number to specify

Male or Female.
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MMI MODEL 2055* **

Input Power @ 25 C
Frequency Range:
Connector:
Impedance:
VSWR, Maximum:
Temperature Range:
Construction:
Connector:
Body:
Length. Maximum:
Diameter. Maximum
Delivery:

1.0 watt

DC to 18.0 GHz
SMA M/F

50 ohms

1.05 + 0.008 f(GHz)
-54°C to +125°C

Stainless Steel
Stainless Steel
0.58"

08294
Stock to 30 days ARO

8.

MMI MODEL 2057* **

Input Power @ 25°C:
Frequency Range
Connector:
Impedance:
VSWR, Maxinum:
Temperature Range:
Construction:
Connector
Body:

Length. Maximum:
Diameter. Maximum
Delivery

2.0 watts

DC to 18.0 GHz
SMA M/F

50 ohms
1.05 + 0.008 {(GHZ)
-54°to +125°C

Stainless Steel
Black Anodized
Aluminum
0.92'

0.50"
Stock to 30 days ARO

6.

MMI MODEL 2010* **

Input Power @ 25°C
Frequency Range
Connector
Impedance:
VSWR., Maximum
Temperature Range:
Construction
Connector
Body

Length. Maximum
Diameter. Maximum
Delivery:

5.0 watts

DC to 18.0 GHz
SMA M/F

50 ohms

1.05 +0.01 f(GHZz)
-54°to +125°C

Stainless Steel

Rlack Anodized
Aluminum

1.30"

1.00”

Stock to 30 days ARO

MMI MODEL 2013* **

InputPower@QS"C' 10.0 watts
Frequency Range: DC to 18.0 GHz
Connector: SMA M/F
Impedance: 50 ohms

VSWR. Maximum: 1.05 + 0.01 f(GHz)
Temperature Range: -54°to +125°C

Construction:

Connector: Stainless Steel
Body: Black Anodized
Aluminum
Length, Maximum: 1.62"
Diameter, Maximum: 1.30"
Delivery: Stock to 30 days ARO

CALL TOLL FREE: 1-800-521-4410

Y 4 bl

MIDWEST
MICROWAVE

U.S.A.: 3800 Packard Rd., Ann Arbor,
Michigan 48104
(313) 971-1992 ¢ TWX 81 0-223-6031

ENGLAND: Walmore Electronics Ltd.
01-836-1228

ISRAEL: Racom Electronics Co.. Ltd.
03-453151

JAPAN: Toko Trading. Inc.
03-409-5831

W. GERMANY: Omecon Etektronik
Gmbh e 089-6094084
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BIPOLAR-GaAs FET AMPLIFIERS

FROM THE GLOBAL TELECOMMUNICATIONS COMPANY

J\ MicRowave

These are only a few of the models from our For full product specifications, call or write Hal
wide line of GaAs FET and bipolar solid state Sawert: Avydin Microwave Division, 75 E. Trimble
amplifiers. So, if you don’t see what you need, Road, San Jose, CA 95131 (408) 946-5600.

call us. We're fast on answers, and delivery.

MODEL FREQUENCY GAIN GAIN NOISE VSWR POWER POWER TYPICAL
NUMBER RANGE (dB) VARIATION FIGURE IN/OUT @ 1dB SAT. INTERCEPT
AMA— (GHz) MIN (+dB) (dB MAX) (dBm MIN) (dBm) POINT (dBm)

LOW NOISE AMPLIFIERS

-0709A .755..986 30 0.50 2.0 1.25 +10 = +20
-1020A 1.00-2.00 40 1.00 3.0 2.00 +25 - +35
-1724A 1.70-2.40 24 1.00 2.0 1.25 +10 = +20
-2040A8 2.004.00 40 1.00 3.5 2.00 +30 - +40
-2652A2 2.60-5.20 30 1.00 4.2 2.00 +17 - +27
~4450A 4.40-5.00 30 0.50 23 1.25 +10 = +20
~2060A 2.06.0 40 1.70 6.0 2.00 +14 - +24
-5964A 5.92.6.42 25 1.00 25 1.25 +10 g +20
-4080A7 4.00-8.00 40 1.00 4.5 2.00 +27 - +37
-70120A4 7.00-12.0 30 1.50 7.0 2.00 +13 - +23
“171e2A 11,7422 30 0.50 4.0 1.26 +10 o +20
-144152A 14.4-16.2 30 1.00 6.0 1.25 +10 . +20
-80160A 8.0-16.0 30 2.00 9.0 2.00 +12 = +22
-80181A 8.0-18.0 30 25 9.0 2.00 +12 = +22
LIMITING AMPLIFIERS POWER VAR + dB
-1020L 1.0-2.0 40 10 35 20 = +12 1.0
-1530L 1.5:3.0 40 1.0 4.0 20 - +12 1.0
-2040L 2.0-4.0 40 1.0 45 2.0 2 +12 1.0
-2652L 2.6-6.2 40 1.0 5.5 2.0 - +12 10
-2756L 2,756 65 1.0 6.0 2.0 X +12 1.0
-2060L 2.0-6.0 40 20 6.5 2.0 = +12 1.0
-4080L 4.080 40 1.0 6.5 2.0 - +12 10
=010 7.0-12.0 40 1.5 8.0 20 " +12 15
-8016CL 8.0-16.0 30 20 100 2.0 - +12 15
-80180L 8.0-18.0 30 25 10.0 2.0 = +12 2.0
POWER AMPLIFIERS

-070981 .755..985 50 1.00 8.0 1.25 = +39 —
-10208 1.00-2.00 40 1.00 4.0 2.00 +30 +32 +40
-17208 1.70-2.00 20 1.00 10.0 1.25 = +39 g
-20408 2.00-4.00 40 1.00 5.0 2.00 +29 +31 +39
-37428 3.70-4.20 50 0.75 5.0 2.00 +34 +37 +44
-4450B2 4.40-5.00 47 0.50 5.5 1.25 +34 +36 +44
-696482 5.90-6.40 47 1.00 5.5 1.25 +315 +34 +415
-6471B 6.40-7.10 47 1.00 6.0 1.25 +295 +32 +39.5
-40808 4.00-8.00 40 1.00 5.5 2.00 +27 +30 +37
-1071178 10.7-11.7 47 1.00 7.0 1.25 +29.5 +31 +39.5
-1171228 117422 40 1.00 8.0 1.25 +27 +29.5 +37
-1221278 12.212.7 47 1.00 8.0 1.25 +27 +29.5 +37
-1401458 14.0-14.4 40 0.50 9.0 1.30 +255 +28 +355

1. Connectors are SMA-F, unless otherwise requested.
2. Many other performance characteristics plus a wide range of options are available.
3. Frequency coverage: Models from 755 MHz to 18 GHz.
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Consequently, M/A-COM has
enewed its call to the FCC to al-
ow communications use of the
4 05-24 25 GHz band. This
vould be an ideal band in the
pectrum for a new personal ra-
lio service, technically and eco-
1omically compatible with the
ange of new consumer electron-
cs for video and data uses. Once
igain, the likelihood of interfer-
mnce to existing users would be
rery small because of the low
yower, but the short links {up to
yerhaps 3/4 of a mile) would
neet a need that is expected to
Jrow.

FTHE NEXT STEP

When the FCC Further Notice
nas issued, it specified dates for
:omments to be filed in Seplem-
ser and October, 1980. It nor-
nally takes the FCC staff at least
six to nine months after the com-
nents are received to prepare a
-ecommendation for the seven
FCC Commissioners to vote on.
(The FCC has in the past been
~illing to receive additional com-
Tments filed later than the speci-
fied dates, so long as the com-
ments supply useful information
and there is some reasonable jus-
tification for them being late.)
Thus it appears that a final deci-
sion from the FCC can be ex-
oected in mid-1981.

In recent years the FCC has
adopted a general policy of de-
-egulation and increased users’
flexibility and diversity. The FCC
nas had the opportunity to apply
these philosophies to common
carrier commu iicaticns, cable
television and broadcasting. Un-
til now, it has not really had the
opportunity to address private
point-to-point microwave. M/A-
COM is hopeful that the FCC
will deregulate by eliminating the
unnecessary regulatory burden
of frequency coordination and
licensing delays; we are hopeful
that the FCC will enhance user
flexibility by instituting a new
personal radio service in the
24 .05-24.25 GHz band. Finally,
in spite of the long tradition of
government foot-dragging when
it comes to removing regulatory
burdens, we are hopeful that
these changes will be adopted
and implemented quickly. &

anuary — 1981

Puzzled

about

what, where,
and how

{0 get

1.0 Hz to 40 GHz

olid State
Noise Sources?

Make Micronetics your dependable
source for quality and fast delivery!

FOR USE WITH NOISE FIGURE METERS (Calibrations supplied at various frequencies)

Part Frequency RF Qotput Excess VSWR
Number Range (GHz) Noise Ratuio (DB) (Max)
NSI-26 02—6 LISESFSENS! 1.2
NSI-106 .01 —6 16:5 .5 1.2
NSI-112 1.0—124 1646 £ 5 1.35
NSI-118 1.0—18.0 151646 1.50
NSI-1012 .01 —12.4 15E58EG! 1.35
NSI-1218 12.4 —18.0 185 G2 1.5
NSI-1826 18.0 — 26.5 155 + .75 —_

FOR USE IN SYSTEMS—10 KHz to 18 GHz (Operating Temp.: —55°C to +85°C;
Temp. Sensitivity: 0.01 DB/°C Max)

Part Frequency RF Output
Number Range (GHz) (DB ENR Min)
RFN/30-10 10 KHz — 1.0 30
RFN/25L 1.0—2 25
RFN/258 2—4 25
RFN/25C 4—8 25
RFN/25X 8—124 25
RFN/25KU 124 — 18 25

WAVEGUIDE BROADBAND—18 GHz to 40 GHz (Power Requirements: +28V, 20mA Max)

Frequency Flatness Output
Model Range (GHz) ENR P Max Mates With
NSI 51826W 18.0 — 26.5 25.0 dB +15d8 +2.0dB UG-595/U
NSI 52640W 26.5 — 40.0 23.0d8 +2.0d8 +3.0dB UG-599/U

Write for our latest noise catalog,
covering frequencies down to 1.0 Hz.

microncti

36 Oak Street-Norwood-NJ-07648
(201) 7671320 twx: 710-:991- 9603
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In High Power Attenuators and

WEINSCHEL Offers Standards
Still Trying to Match.

Circle Reader Service 100

WEINSCHEL ENGINEERING

One Weinschel Lane Galthersburg. Maryland 20760
(301) 948-3434/TWX (710) 828-9705 Telex 89-8352.

Medium Power Coaxial
Fixed Attenuators
Models 22 & 23

10 WATTS

+dc — 12.4 GHz — Model 22

»dc — 18.0 GHz — Model 23

» Power Ratings — 10 to 20 W Avg.,
110 2 kW Peak

+ Standard Values — 3 and 6 dB and
10 thru 60 dB/10 dB increments

* Stainless Steel Type N Connectors
— Mate with N per MIL-C-39012

E

Circle Reader Service 101

Medium Power Fixed
Coaxial Attenuator
Model 41

10 WATTS

+dc— 18.0 GHz

*Power Rating: 10 W Avg., 1 kW
Peak

- Standard Values —3, 6, 10 and
20dB

« Calibrated at Five Frequencies
thru 18 GHz

« Stainless Steel WPM Connectors
— Mate with SMA per MIL-C-39012

E

Circle Reader Service 102

High Power Fixed
Coaxial Attenuators
Models 33, 34 & 35

25 WATTS

+«dc — 8.0 GHz — Model 33

+«dc — 4.0 GHz — Model 34

*dc — 1.5 GHz — Model 35

+ High Power — 25 W Avg., 5 kW
Peak

» Standard Values—3, 6, 10, 20 and
30dB

« Stainless Steel Type N Connectors
— Mate with N per MIL-C-39012

3

Circle Reader Service 103



Terminations...

REN

N

High Power Coaxial
Fixed Attenuators
Models 24, 25 & 26

NS \
LR w
M

50 WATTS

*dc — 8.0 GHz — Model 24

+dc — 4.0 GHz — Model 25

+dc— 1.5 GHz — Model 26

* High Power — 50 W Avg., 5 kW
Peak

» Standard Values—3, 6. 10, 20 and
30 dB

+ Stainless Steel Type N Connectors
— Mate with N per MIL-C-39012

E

Circle Reader Service 104

High Power Coaxial Terminations
Models 1426 & 1427

50 WATTS

+dc—8 GHz

* High Power— 50 W Avg., 5 kW
Peak — Model 1426 25 W Avg
5 kW Peak — Model 1427

» Low VSWR — 1.30:1 Maximum

« Calibration Data — dc Resistance
and VSWR Supplied

« Stainless Steel Type N Connectors
— Mate with N per MIL-C-39012

3

Circle Reader Service 105

C2g

Miniature Medium Power
Termination
Model 1419

% y
y

10 WATTS
+dc —18.0 GHz
*Power Rating — 10 W, 1 kW Peak
*Low VSWR — 1.35:1 Maximum
« Stainless Steel WPM Connectors
—Mate with SMA per MIL-C-39012

"

Circle Reader Service 106



ELECTRONICS ENGINEERS:

Smart Terminals

The F-16. It’s just one side of
General Dynamics Fort Worth.

You probably know that we have designed and are building the F-16 fighter for the air forces of
the United States and its allies, but what you may not know is that we're also a growing, divers-
ified electronics operation. We're currently designing some of the world’'s most advanced radar
simulation systems and command and control systems. in addition to other ongoing projects
like airborne stores management systems and replica radars.

We're looking for people who like to see their projects grow from concept through integration
and checkout. We need engineers with a minimum of a B.S. in Electrical or Electronics
Engineering or Computer Science and with the following backgrounds:

. sttems Engineering * Display Systems

+ C°l Systems » Software Development
+ Communications Systems + Digital Circuit Design

+ Computer Systems * RF Circuit Design

» Simulation Systems + Electronic Packaging

+ Radar Systems » Electronic Warfare

If you quahfy and are interested in a career in advanced eiectronics. send us your resume
We're offering outstanding opportunities with umique potential for advancement
You'll also recetve an excellent salary with exceptional benefits, including a savings’stock
investment plan, life'medical insurance. dental plan. and access to an 80-acre recreational
area and 18-hole golf course for employee family use
Send your resume to R.Q. Lee, Director of Electronic Systems and Laboratories,
P. O. Box 748-20EE, Mail Zone 1862, Fort Worth, Texas 76101.

GENERAL DYNAMICS
Fort Worth Division

U S Citizenship Requiret An éaual opportunity employer M F
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Broadcasting TV-Satellite

recnnicdr redwd

WAVE
) O,

Antenna System

R. ROSENBERG

Deutsche Forschungs- und Versuchsanstalt fur Luft- und Raumfahrt e.V. (DFVLR)

Cologne, W. Germany

INTRODUCTION

The antenna subsystem, de-
scribed here, is part of a direct
broadcasting TV satellite. System
design and development ot the
individual components was car-
ried out by the German industry
and managed by Deutsche For-
schungs- und Versuchsanstatt fur
Luft- und Raumtahrt e V.
{(DFVLR), located in Cologne.
Prime contractor was Messersch-
mitt-Bolkow-Blohm GmbH
{(MBB), located in Munich.

Compliance with the require-
ments established by the WARC
77179 (Figure 1) served as a basis
for conceiving and designing the

antenna subsystem. In particular,
suppression of copolarized signals

radiated in the antenna sidelobe
region and of crosspolarized sig-
nals radiated within the earth

tield of view (FOV) was of prime
importance. The antenna system

performs the following major
tasks:

e Reception of the useful RF
signals transmitted by a
ground station;

o Retransmission of the useful
output RF-signals of the satel
lite transponder to an exactly

defined area of the earth’s sur-

face, this area is called the
“supply ellipse’’; and

TABLE 1

ANTENNA SUBSYSTEM SPECIFICATIONS

e Exchange of telecommunica-
tion data between ground ste
tion and satellite.

The antenna system consists
of separate Transmii (Tx}- and
Receive (Rx)-antennas because
with the great difference in fre-
quency (17 GHz up-link and 1Z
GHz down-link), realization of
single Tx/Rx-antenna, meeting
the WARC 77/79 requirements,
was considered extremely diffi-
cult if not impossible. To assure
the required pointing accuracy
for the transmit beam, the Tx-
antenna system provides trackir
signals. Transmission and recep-
tion of the telemetry data is ac-

SYSTEM

SPECIFICATION

Tx-ANTENNA SYSTEM

Rx-ANTENNA SYSTEM

TM/TC-ANTENNA

FREQUENCY
BEACON:

DOWN-LINK: 11.7-12.1 GHz
TELEMETRY: =125 GHz
=17.3 GHz

UP-LINK:

17.3-17.7 GHz
TELECOMMAND: = 18.3 GHz

TELEMETRY: 2.279 GHz
TELECOMMAND: 2.099 GHz

DOWN-LINK: LHC
TELEMETRY: LHC
BEACON: RHC

POLARIZATION

UP-LINK RHC
TELECOMMAND: RHC

TELEMETRY: LHC
TELECOMMAND: RHC

COPOLARIZED SIGNALS:

CURVE A (FIGURE 1) WITH
12% TOLERANCE FOR MINOR

COPOLARIZED SIGNALS:

BELOW CURVE B (FIGURE 1)

QUASI-ROTATION SYMMETRIC
AROUND THE AXIS SATELLITE-
TO-GROUND FACILITY

ELLIPSE AXIS {YAW AXIS)
DIAGRAM 6% TOLERANCE FOR MAJOR
ELLIPSE AXIS
CROSSPOLARIZED SIGNALS: CROSSPOLARIZED SIGNALS:
BELOW CURVE A (FIGURE 1) BELOW CURVE C (FIGURE 1)
BEAMSHAPE: QUASI-ELLIPTICAL | BEAMSHAPE: QUASI-ELLIPTICAL
3dB BEAMWIDTH: 1.62°x 0.72° 3dB BEAMWIDTH: =~ 1.13 x0.5°
DOWN-LINK: =438 dBilN UP-LINK: = 45.2dBi IN 0-30 :10dBiTM, TC
BORESIGHT DIRECTION BORESIGHT DIRECTION 30°60° : 15 dBi TM, TC
GAIN 60°-120°: 10 dBi TM

12dBi TC
(ANGLES RELATED TO YAW AXIS,

REMARKS: LHC (LEFT HAND CIRCULARY}):

ANTI-CLOCKWISE CIRCULARLY POLARIZED IN DIRECTION OF PROPAGATION
RHC (RIGHT HAND CIRCULAR): CLOCKWISE CIRCULARLY POLARIZED IN DIRECTION OF PROPAGATION

lamirnws 1001



CURVE D MINUS THE ON AXIS GAIN
oo FOR GERMANY

CURVE A COPOLAR COMPONENT FOR Tx
CURVE B CROSS POLAR COMPONENT FOR Tx  ANTENNA
CURVE C CROSS POLAR COMPONENT FOR Rx ~-ANTENNA

1.62" x0.72° IMAJOR AND MINOR ELLIPSE AXIS)

RELATIVL ANGLE (0 ¢,,)
AND Rx ANTENNAS

Fig. 1 Reference pattern for co- and cross-polar components of the satellite antennas.

complished by the TM/TC
antenna.

SYSTEM

The antenna system (see Fig-
ures 2, 3) is arranged on that part
of the satellite body facing the
earth. The essential part ot the
system is an antenna tower on
which are mounted the antennas,
the optical sensors and the ther-
mal control elements.

When in orbit, four infrared
sensors arranged at the top of the
antenna tower provide coarse
orientation of the satellite’s Tx-
antenna to the “‘supply ellipse’”
on earth. After coarse orientation
is completed, automratic transfer
to the RF-sensor system assures
fine antenna orientation.

The thermal controt system in-
cludes heat radiating areas, re-
flecting cells (OSR: Optical Sur-
face Reflector), thermal blankets
(SSM: Second Surface Mirror;
MLI: Multi-Layer Insulation),
thermal paints and heater ele-
ments.

Tx- and Rx-antenna systems
use focal point fed offset para-
boloid reflector antennas. By
carefully illuminating the reflec-
tor symmetrically, the offset an-
tennas achieve very high crosspo-
larized signal suppression in ac-
cordance with WARC require-
ments.

The Tx-antenna system in-
cludes a paraboloid reflector, an
elliptical tracking feedhorn with
circular polarizer and an RF-sen-
sor. The antenna transmits both
the useful down-link signals sup-
plied by the output multiplexer
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formed
of the transponder and the tele-
metry signals while simultaneous-
ly receiving beacon signals from
the ground control facitity.

The Rx-antenna system in-
cludes a paraboloid reflector of
identical size as {or the Tx-sys-
tem and an identical feedhorn
appropriately scaled for opera-

Antenna

tion at t
The antenna systerm receves thi

reception and transrm
telemetry and telecommand da
during launch and 1ransfer phas
of the satellite. When in athir,
after deployment of the Tx
Rx-reflectors,

The antenna tow .
for positioning the teedhorns in
the focus ot the paraboloid r

he receive frequal

y

[::]
% useful up-link signals of tt
g ground station and irans
; them to the satellite transponds
= for appropriate frequency ira
¥ lation and amplification. The B
: antenna also receaives (elecon
Z mand signals.
3 The TM/T C-antenna systen
= || CONSISLS G @ Circular wWavi

5°UL{ T8 AE T T A T T horn antenna and provid

on o

these tasks are per

by the Tx- and R

tenna systems, while the TM/TC
antenna acts as redundant

tEem
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Fig. 2 Antenna system.
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GaAs FETS TO YOUR SPECS.

CUSTOM/STANDARD GaAs FET AMPLIFIERS FROM SYSTRON DONNER.

If we don’t have it on the
shelf—we’ll build it for you.
Sure, we have a broad line of
state-of-the-art standard GaAs FET
amplifiers. But maybe you need
something a little different—or a lot
different. Systron Donner is here to
give you exactly what you need.

If you need a custom package, for
example, that's what we'll give you.
(No excuses. No talking you into
something “close.”) If you want us
to integrate mixers or filters or PIN
attenuators in with the FET, that's
exactly what we'll do. And if you
could use some of our design
engineering experience, you've
got it.

A spectrum of standard

GaAs FETs.

If you need state-of-the-art low noise
figures. we've got them. Very high
power out? We've got that, too. Very

high third order intercept? Definitely.

We have more than 100 GaAs FET
amplifiers in our standard line

the chart shows only a very small
sampling.

For radar, ECM, missile control,
RE communications — name
your application.

If yours is a narrow-band, low-
noise application, we can help.
Same with octave and multi-octave
applications. If you want uitra-low
noise with built-in limiting, we can
offer nominal figures as low as 3dB
for X-band radar. True hermstic
sealing, too, just specify it. And, of
course, a full Mil-spec capability.

Fast turnaround. Competitive
prices.

On standard parts our ARO delivery
time is 60 days or better. (Now com-
pare that with the competition!) On

A small sampling of our Standard GaAs FET Amplifiers

je Freq Gain Noise Poat 1 dB  3rd order
range min hgure Comp pt intercept
{GHz) (dB) (dB) (dBm) (dBm)

Low SDA 7277-01 725~ 7.75 30 22 13 +23
noise SDA 9398-01 93 98 30 30 13 +23
SDA 117122-01 117 122 30 3.5 +13 +23
Broad SDA 208013 2- 8 34 60 18 +28
band SDA §0180-05 818 24 75 10 +20
Medium  SDA 204013 2 4 38 65 21 +30
power SDA 408017 4 8 38 60 21 +30
SDA 80124-17 8-124 32 75 21 +30

CIRCILE 270N READER REFRVICE CARD

custom orders delivery is to factory
quotation, of course—but it's still
extremely fast. And even with all this
quick turnaround, our prices remain
very competitive.

Get our complete GaAs FET
brochure.

The bottom line is this: If you need
any type of GaAs FET amplifier
there are lots of good reasons to
call Systron Donner first. Prove it to
yourself. Get our complete 8-page
brochure just by calling or sending
in the coupon below.

. X f _ §F B B J 0 |
SYSTRON DONNER R
MICROWAVE DIVISION

14844 Oxnard St., Van Nuys, CA 91409
Phone (213) 786-1760

TWX: 910-495-1786

| had no idea you covered the whole
spectrum in standard and custom GaAs
FET amplifiers. Please rush me your
complete brochure.

My application:

My key specs: A

Name

Company
Address £
City/State/Zip -

SYSTRON
DONNER

o THORN EM Gonr
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Fig. 3 Block diagram of the antenna system.

flector dishes, bears all compo
nents of the antenna subsystem,
except for the RF-sensor system
tracking receiver. The tower,
which has an overall height of
2800 mm and a weight of 24 kg,
is composed of four external
tubes arranged n a squidare cross
section and joined together by
diagonal braces and sandwich
plates for fixing individual com-
ponents of the antenna system.
To obtain a small mass while si
multaneously maintaining high

Fig. 4 Reflec*or with feedhorn (test set-up).
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stitfness and thermal control de
formation resistance, carbon fi
ber reinforced plastics (CFRP)
are used throughout. The indivi
dual CFRP components of the
tower as mentioned above are
joined by appropriate cement
bonds.

Reflectors

The antenna reflectors are sec
tions of a paraboloid surtace with
a quasi-elliptical aperture (2600 x
1500 mm) and focal lengths of
approximately 1500 mm. The re-
flector rim was determined such
that the measured radiation pat
tern (copolarized signals) of an
available feedhorn resulted in a
-25 dB edge illumination relative
to the peak of the illumination
pattern.

The reflectors (Figure 4) are
fabricated with alumimum hon-
eycomb structure and CFRP sut
faces. A lhree-dimensional sup
port structure made of CFRP
tubes and titanium nodes
strenathens the antenna dishes
Antenna mounting pads are an
integral part of the support
structure.

Overall weight ot a reflectot
including support structure is ap
proximately 12.8 kg. The CFRP
sur faces, lthat provide the retlec
tors with a great stiffness and a
high thermal deformation resist

ance in the operaliuna! 1empera
ture range of - 150°C 10 +100°C,
consist of tour resinaimpregnaterd,
pressed unichirectional carbon f
her layers with a total thickness
of 0.35 mm. The reflacior sur-
face tolerance 15 less than 0.3 mr
RMS (RMS Mean variation of
the real reflector contour from
the specitied ldeal value). For
thermal stability the front and
back surface fiber lqyers are
made of identical CEFRP covers.
The first external Tiber layer is

orientated in the 0° reference i
rection, the layers underneath
run successively at angles of

45°, +45° and 90° o the refer
ence direction. In this weay & 10ss
due to imperfect reflection is of
less than 0.1 dB (equal to 97.5%
reflectivity) for circularly polar-
ized signals at frequencies around
12 GHz. Crosspolarized signals
due to the reftector components
are suppressed by more than 40
dB and the side lobes are in-
creased by less than 1 dB, as
compared with performance
achieved with solid metal retiect
ing surface

Feedhorns

The teed systems design 1s the
principal reason for the extreme
ly good crosspolar clecoupling,
especially for the Tx-antenna
system, and they are manufac-
tured using galvanoplastics from

Fig. 5 Elliptical corrugated feedhorn
(Electrical model)

a nickel atloy and are made struc
turally sttt through the use ot
CFRP bands. The transmit an
tenna feedhorn (Figure 5)

e iscomposed of a truncated
cone with an elliptical basis
and mteral corragations made
up of elhiptical nings with a
separation approsximately
eyuial to the disc thickness

e has alength from the horn
aperture to the rectangular

MICROWAVE JOURNAL



waveguide tlange ot = 400 mm
and is excited by a square
waveguide 20 mm on a side;

has external elliptical horn
aperture dimensions of = b0
x 150 mm;

has a weight of = 1.1 kg made
by lightweight construction;

has a transmit port, a port for
transmitting telemetry signals
and three ports for receiving
beacon signals. The latter pro-
vide sum and two error signals
to the RF-sensor system for
antenna pointing purposes,

has a boresight gain of 18.7
dBu,

has a beamwidth at 3.10 and
25 dB below boresight ampli-
tude of 17, 31 and 45° for the
broad and 7, 12.5 and 23° for
the small main axis;

has a crosspolar decoupling of
32.2 or 31 dB for the ortho-
gonal main axes. The overall
performance for the crosspo
larized signals was cairied out
by optimization of the feed-
horn within the compiete an-
tenna reflector system;

has an insertion loss of tess
than 0.05 dB,

has a reflection coefficient
{SWR) at the input flange
@ 1.

handles a total RF-power of

2 kW without performance de-
graclation; and

is succeeded by a polarizer
{(Figure 6) consisting of a
square section of waveguide
with a fixed c.ifferential phase
shift and a correction section.
In the fixed phase shift sec-
tion, a 90° differential phase
shift between orthogonally
polarized waves is achieved by
the well-known principle of
inserting a dielectric plate in

the 45° plane of the waveguide.

The correction section consists
of a 25 mm long square section
loaded with small dielectric
plates in the symmetry and
45° plane, thus providing for
an adjustable differential phase
shift of up to + 10°, dependent
on the arrangement of the di-
electric plates. An adjustable
amplitude variation of as much

as * U.3 dB s achieved by
changing the coupling factor
between the two or thogonal
waves.

Due to fabrication inaccura

cies, the feedhorn does not radi-
ate a circular polarized field even
when orthogonal field compo-
nents of equal amphtude and a
90° relative phase excite i1t; 1.e.,
there i1s a crosspolarized interfer-
ing radiation component. The
correction section of the polar-
izer compensates the resulting
differential amplitude and phase
differences of the orthogonal
field components such that, to-
gether with the feedhorn, the
radiated field is almost circularly
polarized. The receive antenna
feedhorn:

has a length from the horn
aperture to the circular wave-
guide flange of = 275 mm
with a circular excitation sec-
tion 14 mm 1n diameter;

has an elliptical horn aperture
=47 x 118 mm;

has a weight of = 0.9 kg;

has an insertion loss of less
than 0.05 dB;

has a reflection coefficient
(SWR) at the input flange of
less than 1.12; and

has an integrated polarizer in
the horn'’s throat.

RF-SENSOR SYSTEM

The infrared sensors available

today are no longer capable of

fulfilling the high WARC require-

ment for the pointing accuracy
of the Tx-antenna which is 0.1°
in any direction. This function
must be performed by RF or
monopulse sensors which are di-
rectly integrated in the Tx-an-
tenna feed system. The RF-sen-

sor system consists of an RF-sen-

sor and a front-end unit at the
high-frequency end and the re-
ceiver unit at the low-frequency
end.

RF-Sensor

The RF sensor has to assure:

e Transmission of high transmit

power (up to 2 kW) at low at-
tenuation and minimum de-
gradation of the transmit
signals;

'World Radio Histol

e Generation of largely decou-
pled error signals of the ante
na main axes; and

e Generation of a sum signal re
qguired for tracking signal
production.

From a functional view, the
RF-sensor together with the Tx
feedhorn represents a monopuls
system. A terrestrial beacon sta-
tion, located in the Tx-antenna
boresight, generates signals whic
are received by the feedhorn of
the satellite Tx-antenna. If the
Tx-antenna boresight does not
point exactly in the direction o’
the beacon station, two error sit
nals are generated in the ortho-
gonal principal feedhorn planes.
The values of these error signals
are proportional to the error an
gles. By phase comparison of th
error signals with a sum signal,
simultaneously produced in the
feedhorn, the sign of the error
angle can be determined, becaus
the error signals change in phase
around boresight while the sum
signal remains phase constant.

The RF-sensor (Figure 6) is a
highly sophisticated waveguide

Fig. 6 RF-sensor and rectangular waveguic
polarizer (Electrical model).

system and a detailed descriptio
of its function would go beyonc
the scope of this paper. There-
fore, only its basic set-up and tt
major parameters will be presen
ed. The complete RF-sensor in-
cludes a mode coupler, a correc
tion coupler and a diplexer with
ortho-mode-absorber. The mode
coupler basically is a multimode
waveguide junction for selecting
the energy components of diffe
ent waveguide modes.

A central rectangular wave-
guide is designed such that, witt
respect to the propagation capa
bility of waveguide modes, in o1



direction only the useful Tx-sig-
nals can pass, while in the oppo
site direction only the sum and
error signals from the T x-feed-
horn are allowed to pass. The
correction coupler generates
largely decoupled error signals
from the strongly intercoupled
error signals supplied by the

ror signal ports greater than
30 dB;

e The phase shift between the

error signals and the sum sia-
nal is less than 2° each; and

o The complete RF-sensor has

dimensions of 136 x 130 x
136.5 mm and a total weight
of 1.36 kg. To minimize phase

Fig. 7 Front-end unit of the tracking receiver. (Electrical model).

mode coupler. A diplexer, con-
sisting of a 10 dB waveguide cou
pler, separates the sum signal
from the transmit power, cross-
coupled by reflections. An ortho-
mode-absorber suppresses this re
flected transmit power.

The error signals and the sum
signal, separated by the RF-sen-
sor, are supplied to the front-end
unit of the tracking receiver. The
Tx-signal input port is connected
to the output multiplexer of the
satellite transponder. Most im-
portant features of the RF-sen
sor are:

e The insertion loss for the
transmit signal path is less than
0.06 dB, for the sum signal
path less than 0.1 dB without
diplexer and for the error sig
nal paths 0.6 dB each;

e The reflection coefficient
(SWR) for the transmit signal
input port is less than 1.06,
for the sum and less than 1.2
at the error signal ports;

e The decoupling between sum
and transmit signal port is
greater than b6 dB, between
the error signal ports and the
transmit signal port greater
than 35 dB cach, between the
error signal ports and the sum
signal port greater than 56 dB
each, and between the two er
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shift variations between the
tracking channels, copper be-
ryllium (CuBe), with a high
thermal deformation resistance,
is used as material for the RF-
SENsor.

Tracking Receiver

The tracking receiver has the
task of processing the high-fre-
guency sum and error signals
supplied by the RF-sensor and
delivering at the output two dc
error voltages to the satellite’s at
titude control system for Tx-an-
tenna pointing purposes.

The receiver is of complete
three-channel design, correspond-
ing to the tracking signals sup-

Fig. 8 Receiver unit of the tracking receiver
(Electrical model).

plied by the RF-sensor, and is

composed of a front-end unit

(Figure 7) and a receiver unit

(Figure 8). The front-end unit

consists of one waveguide isola

tor for each channel to achieve a

(SWR) less than 1.1. An integral

rectangular waveguide bandpass

filter with a center frequency of

17.3 GHz and a 3 dB bandwidth

of 900 MHz suppresses Cross-cou-

pled transmit signal power by

more than 60 dB. A succeeding
frequency downconverter shifts
the high {requency signals 1o an

intermediate trequency of 70

MHz. The 70 MHz signals are

passed to the receiver unit by co-

axial cables for further process-
ing. The receiver unit contains

atl functional groups for extract-

ing the pointing error informa-
tion with respect to the two prin-
cipal planes of the Tx-antenna.

As the receiver unit is a highly

complex electronic device, this

paper will only describe i1ts basic

set-up and present the most im-

portant parameters. The three

tracking signals supplied by the

front-end unit are converted to a

second intermediate frequency

of 2.5 MHz through amplifier,
filter and mixer units. The ampli-
fication synchronization of the

2.5 MHz-amplifiers is ensured

through automatic gain control

{AGC) circuits. An automatic

frequency control (AFC) unit as-

sures the frequency stability of
the first 70 MHz-frequency con-
version in the front-end unit. The
receiver output supplies two er-
ror voltages on dc-level. The am-
plitude of each voltage indicates

the amount and the sign the di-

rection of the Tx-antenna point-

ing error.
Most important features of Lhe
tracking receiver are:

e Input sensitivity for the sum
channel is -85 dBm and for
the two error channels - 110
dBm each;

e Resolution accuracy is less
than 0.015° for less than 0.01°
Tx-antenna deviation from
nominal boresight;

e Input SWR at the front-end
unit is tess than 1.2;

e Noise figure of each error
channel between front-end in-

MICROWAVE JOURNAL



put ang error vottage output Is
less than 14 dB,
Receiver output bandwidth is
8 H.
For an angular regicn of 0.3°
around boresight of the Txan
tenna, the recewver output et
ror voltages are directly pro
portional to the antenna point
ing error (linear range)
At angles greater than 0.3" up
10 1% only the error direction
is indicated, not the absolute
value (hmiter range); and
At angles greater than 1°, the
error voltages at the receiver
output are undefined. In this
case, coarse orientation through
tour intrared sensors 1s re-
quired in order to return into
the defined control range of
the RF-sensor system of less
than 1° around Tx-antenna
boresight.

po

Fig. 9 TM/TC antenna on top of the anten
na tower with deployéd refiectors
{Electrical model).

TM/TC Antenna System

The antenna consists ot a tul
flar aluminium waveguide sex
tion with @ 110 mm diameter and
3 total length of 658 mm (Figure
3). On one side of the tubular
~vaveguide antenna the TE
mnode is excited wvith a coaxia
feed. The second open side 1s
arovided with a metallic cone,
fixed at a distance of 87.5 mm
icross the antenna aper ture, and
1 reflecting rim with a 167.5 mm
diameter, mounted at a distance
of 62.5 mm helow the open an
tenna aperture. With this con
struction a quasi-omnidirectional
radiation pattern is achieved
which i1s rotation symmetrical 1o
the axis connecting satellite and
ground station {yaw axis), with a
soverage of 07 to 1207 related 10
the above-mentioned axis.

Orthogonal to the coaxial feed
for the B0 §2 coaxial cabling, a
septum consisting of ahsorbing

anuarv — 1981

marterial 1S Inser ted INto the wave
guide serving as an ot thogonal
mode-absorber. An integrated
circular polarizer comprises five
couples ot bolts arranged oppo
site to each other and set up at
45" angles to the electric field
ector thus producing a differen
tial phase shift of 90° between
two or thogonal electric held ve
tors entering the polarizer se
tion in phase.

Most important features of the
TM/TC antenna system are

e Gain in the range ot 0° to 30
glated to the vaw axis is 10
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POPULAR OCTAVE BANDS — STANDARD DESIGNS
These units are internally terminated circulators (isolators) with SMA female connectors Many are available from stock

Frequency Isolation Insertion Loss Size
GHz Model No. dB min. ; ¢ _Height  Width  Thickness

s

S-T-R-E-T-C-H OCTAVE BANDS — STANDARD DESIGNS
Both circulators and isolators are available with either SMA-male or female connectors. Model Nos. shown are

isolator versions with SMA-female connectors.

Frequency Isolation Insertion Loss VSWR Size
(GHz) Model No. (dB min.) {(dB max.) (max.) i Width Thickness

POPULAR NARROW BAND — STANDARD DESIGNS

Frequency Isolation Insertion Loss VSWR
(GHz) Model No. (dB min.) (dB max.) (max.) Height Thickness

SPECIAL DESIGNS
o Multi-Junction 4, 5, 6 or more Ports ¢ Special RF Power Requirements
¢ Stripline Tab Drop-ins e N or TNC Connectors (lower frequency units only)

OTHER PRODUCTS: e RF Coaxial

™ TELEDYNE MICROWAVE ©it.. et
e Multithrow e Multiplexers and
1290 Terra Bella Ave., Mt. View, CA 94043 (415) 968-2211 TWX (910) 379-6939 Integrated Components ¢ VCOs
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250 Watt Ku-Band TWT

recnnical reature

for Satellite. .
Communication

R. H. OHTOMO
Hughes Aircraft Company
Electron Dynamics Division
Torrance, CA

881H TWT

INTRODUCTION

Hughes Aircraft Company is
currently building over 100 RF
terminals (RFT) for Satellite
Business Systems (SBS) to pro-
vide voice, data, facsimile, and
teleconferencing services to pri-
vate networks in the United
States.! The high power ampli-
fiers for these terminals use trav
eling-wave tubes to obtain the
final stage amplificalion and
transmitter power. In each RFT,
two tubes are paralleled to
achieve either a phase combined
high power mode with a fail-soft
feature, or a conventional
switched redundant low power
mode. Design considerations and
performance data on the 881H, a
250 watt CW, 14 GHz TWT are
presented. *

Key design goals were to
achieve excellent communica-
tion characteristics, reliable op-
eration, long life, together with
ease of maintenance. The PPM
focused tube uses a uniform pitch
helix and a long attenuator io
achieve the desired communica-
tion characteristics. A modulat-
* Paper presented at INTELCOM '80 Los

Angeles, CA. on Nov. 12th, Components

Symposia, Tubes for Communications
Systems.

January — 1981

ing anode gun with low cathode
loading and an integral ion pump
contribute to long tube life. A
single-stage depressed collector is
used to achieve approximately
25% overall efficiency. The EPC
which provides the voltages to
the TWT also incorporates many
protective features for the tube.

TUBE DESIGN

Beam Optics and Focusing

The electron gun for this tube
is a modulating anode type with
0.3 microperveance. The cathode
nominal voltage is 8.6 kV and
the anode normally operates at
+200 volts with ability to switch
to cathode potential in the beam
off mode. In order to achieve
long life, a low cathode loading
of 0.75 A/cm? was selected for
the dispenser cathode. This re-
quired a 50:1 area compression
gun. Another important factor in
achieving long operating life is
excellent beam optics. Careful
selection of circuit-to-beam di
ameter ratio, a PPM focusing de
sign using samarium-cobalt mag
nets with conservative plasma
wavelength-to-magnetic period
ratio resulted in excellent beam
transmission where typically less

AVE
owVJO
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than one percent of the beam is
intercepted by the helix at full
power output. To protect the
helix from excessive electron
bombardment during abnormal
conditions or power supply mal
function, a beam scraper was in
corporated between the electron
gun and the input helix as well as
between the output helix and
collector.

Circuit and RF Couplers

The RF circuit is a two-sec-
tion-conventional helix support
ed by four shaped beryllia rods.
Various shapes were evaluated
for dielectric loading effects, cir
cuit impedance, thermal loading
and ease of manufacturing. The
helices have uniform pitch with
slightly different pitch between
the input and output section to
optimize RF performance. Inter-
nal reflections of the RF signal
between the internal attenuator
and input and output couplers
result in gain and power variation
across the frequency band. Spe-
cial long attenuators with tapered
loss consisting ot thin carbon
films on the support rods have
resulted in extremely smooth
gain and power curves. Stability
from oscillations is also achieved
by proper placement and design
of the attenuator. Short circuit
stability of the tube input and
output was achieved under pulse
condition over a wide range of
cathode voltage.

TABLE |

TYPICAL OPERATING PARAMETERS

Cathode voltage -8.6 kV
Cathode current 270 mA
Anode voltage +200 volts

Body current 2mA

Collector voltage -4.5 kV
Heater voltage 6.3 volts
Heater current 1.7 amps
Vac-ion voltage +3.4 kV

RF input and output to the
tube are through coax lines
which transition to WR-75 wave
guides. [nitially arcing problems
were encountered at the output

RO



transition at high power but were
Jater eliminated by changing to a
cylindrical window design.

Collector and Body Cooling
The single-stage depressed col
lector used for the tube is a sim-
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ple and rugged design incorporat-

ing a cylindrical isolation ceramic.

The high voltage depressed elec-
trode is attached to the |.D. of
the ceramic while cooling fins op
erating at ground polential are
attached to the O.D. of the cer
amic. The fins provide 1600
square cm (250 sq. in.) of cooling
surface. Cooling air is directed
transverse to the tube and with
100 CFM of flow, the collector
can dissipate 1.4 kilowatts of col-
lector power. A thermal switch

is attached to the collector which
shuts off the power supply when
the temperature exceeds a certain
value.

Body cooling is accomplished
by conduction to a finned extru-
sion attached to the baseplate.
Part of the cooling air is chan-
neled to cool the body. Packag-
ing of the tube consists of an-
choring the collector to the base-
plate, tying the waveguides
through rigid waveguide supports
to the baseplate, attaching the
wiring harness, and covering the
assembly with three sheet metal
covers. A photograph of the
881H is shown in Figure 1.
Physical dimensions of the tube
are approximately 55 cm (21.6
in.) in length, 13 ¢m (5.2 in.)
width at collector end, 7.6 cm
(3.0 in.) at gun end, and 6.2 cm
{2.4 in.) high exclusive of the
handles. TWT weight is 5.0 kg
(11 Ibs).

TUBE PERFORMANCE

RF Characteristics

Over 100 tubes have been built
to date and typical RF perform-
ance data are shown in Figures 2
through 8. Saturated output
power and small-signal gain (10
dB backoff) plotted in Figures 2
and 3 respectively show the ex-
tremely smooth characteristics as
a function of frequency. Typical
saturated output power is 270
watts with 46 dB gain. Small-sig-
nal gain is about 55 dB with gain
variation of 1 dB over the band
and gain slope of less than 0.25
dB per 100 MHz.

Phase shift from small signal
to saturation is typically 40° as
shown in Figure 4 AM-to-PM at
saturation is 3.5° per dB. The
transfer curve with drive relative

1o saturation isshown in Figure 5.
Typical operating parameters
of the 881H are listed in Table |
and phase and amplilude sensit
ity figures are given in Table |1

TABLE (I
PHASE AND AMPLITUDE SENSITIVITY

Phase sensitivity
Beam voltage
Anode voltage
Collector voltage

0.8 degree/V
0.1 degree/V
0.06 degree/V

Amplitude Sensitivity

Beam voltage 0.007 dB/V
Anode voltage 0.002 dB/V
Collector voltage 0.001 dB/V

Ground current as a function
of collector voltage shown in
Figure 6 indicates the relative in
sensitivity over a wicle range of
collector voltages. The collector
supply is unregulated and can
vary over 1000 volts about its
nomina! value of 4.5 kV. Inter
modulation characteristics are
presented in Figure 7 and group
delay in Figure 8
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Life Considerations
The cathode is the only ele-
ment in the tube that has a wear
out mechanism. In order w
achieve long lite, a low cathode
loading has to be selected. The
minimum four-year lite require
ment dictated the selection ot a
conservative cathode loading ot
0.75 amperes per squiare centi-
meter with cathode operating
temperature of 1020°C. Estimat
{continued on page 62)
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The bhaffling disappearance of linearizers from varactor-

HE CASE OF THE tuned systems can at last be explained. Our new GaAs

Hyperabrupt Tuning Varactors are so incredibly linear -

j as low as 0.1% - that they need no expensive linearizing
DISAPPEARING circuitry whatsoever. In fact, a simple process of deduc-
tion (after a close examination of ourrevealing linear-

*LT ity curves) will prove that our GaAs Hyperabrupts are

LI | \I J_JARIZERS more inherently linear than Silicon Abrupts with their

linearizers.
So, be baffled no more. The solution is elementary.
GaAs Hyperabrupt Varactors by Microwave Associates.

— — Wy A complete dossier is available for your examination.
. a— Call or write the Semiconductor Sales Department.
W Micrawave Associates. Inc.. Burlington, MA 01803

(617) 272-3000.
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{from page 60) K,-BAND

ed mmnimum life and average life
for a 10% cathode emission de-
gradation was based upon a num-
ber of control triodes tested at
Hughes. Based upon this data,
the minimum and average life ex-
pectancy is 25,000 and 36,000
hours respectively. The saturated
power and gain degradation at
the end of this period is estimat
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Fig. 8 Group delay.

potential thereby shutting off
the beam. The EPC will automat-
ically recycle after one second.
If the fault still exists, or if a sec-
ond fault occurs within ten sec-
onds, the EPC goes to State B
shutting off high voltages except
the heater. In case of low line
voltage, reset is automatic once
normal line voltage is restored.
State B fault can be reset man-
ually or from a remote site. State
C fault causes all voltages to be
off including the heater.
Abnormal and fault conditions
which cause the EPC to switch to
various protective states are
shown in Table |11,

ed to about 0.7 dB and 3.0 dB,
respectively. In a redundant sys-
tem, tube life is further extended
when heater voltage of the tube
in standby is reduced from the
operating point. In the SBS sys-
tem the heater voltage is reduced
by 0.6 volts during standby cor-
responding to a 50°C tempera
ture reduction.

An appendage 0.2 liter per sec-
ond ion pump is permanently at-
tached to the tube which aids in
extending tube life. Special pro-
cedures are exercised during the
manufacturing process to outgas
and thermally stress the various
components beyond the level ex-
pected during its life time. The
collector is outgassed at 30%
above its normal power level, and
the gun is high potted at a higher
potential to prevent flash over
and microdischarges between
cathode and anode.

TUBE PROTECTION AND
MAINTENANCE

Electronic Power Conditioner and
TWT Protection

In addition to supplying all the
voltages required by the TWT,
the Electronic Power Conditioner
(EPC) has protective features to
maintain safe operation under
abnormal and fault conditions.
Three types of fault reaction are
as follows:

e Stale A — Beam off

e State B — High voltage off,
except heater voltage

e State C — All voltages off

A State A fault causes the
TWT anode to switch to cathode
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TABLE I}

FAULT CONDITIONS
AND PROTECTIVE STATES

State A — TWT high helix current
— High voltage faults

State B — TWT temperature high
— EPC temperature high
— Interlock open

State C — TWT heater voltage abnormal
— Line voltage abnormal

Other special features include
a three-minute time delay from
cold start to full on and less than
0.5-second delay between stand-
by and full output power. For a
primary power failure of less
than three seconds, the HPA can
return to its previous state within
1.5 seconds after power is re-
stored.

Ease of Installation and Maintenance

One of the attractive features
of the 881H is the ease with
which it is installed in the system.
Six captivated screws hold the
tube vertically in position to a
transmitter plate. The input and
output waveguides are then con-
nected. Mating two connectors,
a high voltage and a low voltage
connector, completes the instal
lation. To avoid time consuming
voltage adjustments, the cathode,
anode, and heater voltages are
automatically set at one of sev-
eral discreet values specified on
the nameplate. Prior to tube in
stallation, the EPC can be
checked out with a portable light
weight "‘diagnostic load,” to veri-
fy proper operation.

[World Radio History|

CONCLUSION

The demand for high-power
communication systems at K-
band has created the need for a
development of the 881H, a 250
watt CW, 14 GHz helix TWT. De-
sign considerations directed to-
wards achieving excellent com-
munication characteristics, reli
able operation, long life, and ease
of maintenance, together with
performance data which demon-
strate some of these goals were
presented. It is hoped that the
881H will also fulfill other com-
munication systems needs of the
future.
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Special Report

Electromagnetic

Waves

and
Biology-

International

Symposium Report

F. E. GARDIOL

Ecole Polytechnique Federale de Lausanne

Lausanne, Switzerland

The small village of Jouy-en-
Josas, better known for a particu
far cloth printing technique,
played host to an International
Symposium from June 30 - July
4, 1980 which was organized by
A. J. Berteaud and B. Servantie
under the sponsorship ot URSI
Commission A and the French
organizations CNFRS and CNRS.

This symposium presented
material of particular interest in
the microwave community, since
most of the papers dealt with ef-
fects observed in the microwave
range — most often in the vicin-
ity of the ISM frequency at 2.45
GHz.

The opening address by Pro-
fessor Latarjet, of the Academy
of Sciences, covered considerable
ground, considering first the sub-
tle self-balancing processes which
govern our environment — which
are often hard-pressed to take
care of human interventions. He
remarked that nowadays people
require increasingly severe safety
standards, and then questioned
whether the discrepancies ob-
served in microwave biological
experiments might not be due to
inhomogeneous heating of the
cell matenial, causing migration
of metal ions.

lanuarv — 10R1

Mr. Rechen, of the Bureau of
Radiological Health discussed the
outstanding paradox: how Is it
possible that, while based on sim-
ilar scientific experiments, the
tolerated radiation levels in dif
ferent countries would vary over
a range of roughty 1000 to 1?
The selection of a safety level
depends not only on scientific
findings, but also on administra
tive and sociopolitical criteria,
and very different approaches
can be chosen to set up a safety
standard.

The first session considered
celtular physiology, and nine pa-
pers described the survival and
growth of various kinds of isolat-
ed cells, in the presence of a
number of chemical substances,
with and without microwave ra-
diation. Most of the experiments
appeared to be rather involved
and most results were not readily
understood, by non-biologists.
Generally, microwave irradiation
produces effects similar to those
of a temperature increase, how-
ever there are subtle differences.
The growth of certain yeasts is
very strongly frequency-depend-
ent, sharp resonance lines were
observed.

Physiology and reproduction
of rats, mice, rabbits and frogs

were the subjects of the second
session. Studies carried out in
Kiev (USSR) stiow an ““inhibi-
tnon’ of the nervous system anc
1 dlecrease ot the capacity for
work of rats at power levels as
tow as 50 uW/cm?*. Such results
would be most significant, if on
could trust them. Unfortunately
the English text, read by a
French speaker, did not contain
sutficient details on the experi-
mentation procedure and answe
to guestions were rather non-
committal. Quite on the con-
trary, most of the other papers
presented at this session as well
as at the whole symposium were
very thoroughly documented,
specifying the number of ani-
mals tested, the measurement
procedures, the comparison witl
sham-exposed animals and the
statistical signiticance, 1f any, of
the results obtained. At 5 mW/
cm?, the only significant results
repor ted were a smaller food in
take for the same growth rate o
rabbits (interesting for breeders
and some decrease 1n heart tre-
quency tor rats. Rats exposed ai
birth 1o power levels of 5 to 10
mW/cm? exhibited growth
anomalies.

The third session considered
biochemistry and mechanisms.

fcontinued on page 6
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SCHOTTKY BARRIER DIODES

The Metelics schottky barrier
diodes for mixer and detector
applications are manufactured
using technigues which produce
oxide structures of highest qual

ity and inherent reliability. Hi-rel
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into the products even in com-
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- ance of Metelics devices has led
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Availability:
Discrete Chips,
Packaged Chips
Beam Lead Singles,
Beam Lead Quads,
Matched Pairs

= : Other Diode Products:

. Hi-Power PIN,

- Vgg 2 1600V @ 10uA

a4 Fastest SRD
{multiplier)T,=20p.s.
Hi(Q) Silicon Tuning
Varactor

METELICS is a two year minor

ity owned company specializing

in high technology microwave

semiconductor devices and

components.

metelics
CORPORATION

1031-C E. Duane Avenue
Sunnyvale, Calitomia 94086
(408) 737-8184
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(from page 63} ELECTROMAGNETIC

Several odd results were reported,
most of them for irradiations at
several mW/cm?. In several in-
stances, microwaves were applied
together with chemicals almost
at the lethal dose. Unfortunate-
ly, the practical significance of
the presented data was not read-
ily obvious for the non-biologist.

Physiopathology was at the
center of the fourth session. Dr.
Szmigielski, of Warsaw, clearly
and accurately presented meas-
urements carried out on mice
and rabbits inoculated with Sta-
phylococcus aureus. Exposition
to microwaves at 5 mW/cm? did
not change the death rate; at 15
mW/cm?, on the contrary, the
death rate increased significantly.
Several other papers were in
close agreement. In same cases,
however, the humoral immunity
was stimulated by microwave
irradiation.

The study of behaviour was
considered during the fifth ses-
sion, covering experiments with
trained monkeys, mice and rats.
Monkeys consistently reduced
their ambient temperature by a
few degrees while microwaves
(6-8 mW/cm?) were on. Irradiat-
ed rats made fewer mistakes
when requesting food than non-
irradiated ones! A statistical
study on a large group of Polish
workers showed that irradiation
between 7 and 30 MHz is much
more damaging than between 3
and 7 GHz. The conditions of
test were not outlined and there
was no control group to compare
with the experimental group.

The positive effects of micro-
waves were taken up on the last
day of the conference, under an
American flag celebrating the
Fourth of July. By then, some
of the participants had already
left. Mr. Gautherie presented a
thorough review of the status of
microwave thermography in
France, considering both con-
tact and antenna probes. Hot
spots deep inside the body can
be detected with a radiometer,
the only microwave source being
the patient himself. It was thus
possible to determine whether
some breast tumors were malig-
nant or not; in the cases consid-
ered, infrared thermography con-
sistently gave wrong answers.

World Radio Histo

Brain tumors can also be investi-
gated in this way. Thermography
was also used together with hy-
perthermia: the internal heating
produced can then be accurately
controlled. Hyperthermia is in-
creasingly used in cancer treat-
ment; after considerable investi-
gations on animals, limited ap-
plications in actual cancer pa-
tients are taking place, generally
in conjunction with X-ray irradi-
ation and chemotherapy. In sev-
eral instances, malignant tumors
did actually decrease or even
vanish.

What conclusion can be drawn
from the many papers presented
at the symposium? For the bio-
logical effects of microwave ex-
posure, the new results add to
the rather large data base already
available, roughly confirming
what is already known: no or
little effects below 1 mW/cm?,;
some effects, generally harmless
between 1 and 10 mW/cm?;
more pronounced effects which
can become harmful beyond 10
mW/cm?. Present tendencies in
several countries to reduce safe-
ty standards from 10 down to
1 mW/cm? seem to be at least
partially justified.

The East-West disagreement is
not over: Soviet scientists still
claim to have observed effects at
much lower levels. Unfortunate-
ly, as before, their results could
not be corroborated by similar
research in Western countries
{which is much better docu-
mented).

Some rather vague ideas are
stifl coming up concerning the
absorption process at the cellular
level; a lot of research remains to
be done to better understand the
phenomena.

Finally, it is quite doubtless
that microwaves have a large part
to play in medical applications,
for the detection and treatment
of cancer. The few cases de-
scribed certainly show great
promise. It is now necessary to
build up a larger data base in or-
der to draw statistically signifi-
cant conclusions.

For the complete papers of the
symposium, contact Dr. Bert-
eaud, CNRS, 2 rue H. Dunand
94320 Thiais, France. &
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NEC high power
microwave tubes.

NEC offers an exceptionally wide  in the Ka/Q band. This 30GHz— W Klystron
variety of high power microwave 500W six-cavity ampliier is al- 5.855 —6.425GHz: 0.4 1.7 3.3kW
tubes. All models feature excellent  ready in operation as an uplink for ;;g: ;;igg: gk;” Tt
efficiency and fully-proven reliability. Japan's communications satellite. : { o B

. & B TWT
SATCOM GROUND TERMINALS NEC also supplies 6GHz TWTs

and klystrons which have estab- i s o 2’41 2?(;:,2 128

For the latest satellite communica-  lished a reputation for ruggedness  y4.0_14.5GHz: 0.25 1 3kW
tion systems, NEC has developed and long service life in more than  27.55 — 30.05GHz: 0.7kW
the world's first klystron amplifier 300 sockets worldwide. 34.77 — 34.89GHz: 0.6kW

TROPOSCATTER SYSTEMS

For lrans-horizon communi
cation systems, NEC makes
compact klystron tubes.
Ranging in output power

from 1 —20kW, NEC klyst-
rons have demonstrated out-
standing efficiency in 250
sockets around the world.
M Klystron

1.429 — 1.525GHz: 1kW
1.7 — 2.0GHz:

1 2 10 20kW
2.0 — 2.4GHe:

1 2 10kW
2.4—2.7GHz:

1 2 10kW

UHFTV

B Klystron
0.47 —0.86GHz: 10 30 40kW

PLASMA-HEATING

B Klystron
28, 35GHz: 5kW (Pulse operation)
45GHz: 2kW (Pulse operation)

For full information write to:
Electron Device Sales Divi-

sion(T4511), NEC, PO. Box 1
Takanawa, Tokyo, Japan.

NEC

Nippon Electric Co.Ltd.

Tokyn .laps

30GHz-500W six-cavity klystron.
Featuring a built:in stepping motor for easy
tuning. Microcomputer controls available
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Brain Cancer Therapy
Using an Implanted
Microwave Radiator

LEONARD S. TAYLOR
University of Maryland
College Park, MD

INTRODUCTION

A historic innovation in the
medical application of micro
wave trequencies occurred at the
University ot Maryland Hospital,
on June 12, 1980 when a S-band
microwave radiator was surgical
ly implanted in the brain of a
human patient, a young man
with a brain tumor which had re
sisted other forms of treatment.
Several watts of microwave en-
ergy al 2450 MHz were injected
to raise the temperature of the
volume of tissue around the rad
ator to 45°C; a nun-interfering
temperature sensor, mounted on
the antenna, monitored the tem-
perature of the tissue during the
thermotherapy.

Microwave hyperthermia treat
ment of cancer is now being used
at more then two dozen institu
tions in the United States, princi
pally in the treatment of tumors
close to the body surface. The
application of microwaves
through an implanted radiator to
cancers in solid interior organs,
the brain in this case, was con
ceived by the author in 1976."2
The completion he first p
tient treatment using a mMicro
wave syringe device is @ mile-
stone in the treatment of internal
tumors

The patient had been diag
nosed as having a brain tumor
two years ago and despite sur
gery, chemotherapy and tonizing
radiation, the tumor had appar
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ently continued to grow. In the
hyperthermia treatment at the
University of Maryland Hospital,
the neuro-surgeon first surgically
removed about one-half the le-
sion, which had grown to a tan-
gerine-sized mass; the remaining
portion was not surgically acces-
sible without destruction of vital
brain tissue. The radiating ele-
ment, a simple coaxial needie an-
tenna, was implanted in this por-
tion, about three inches into the
brain, and the tissuies tempera-
ture elevated to 45°C using 2450
MHz microwave power for one
half hour. Another hour-long
treatment followed later the
same day, and again two days
later before removal of the radi
ator. The patient was conscious
during the thermotherapy and
was released from the hospital a
few days later to return home.
Two other brain cancer patients
have since received similar ther
apy. It will be many months be
fore the success of these proce-
dures can be determined since
establishment of a cancer cure
depends on the absence ot recut
rence, but test results so far are
encouraging.

HISTORY

Heat has been used as a cauter-
izer and as a therapeutic agent
for a variety of diseases since the
beginnings of recorded history.
Hippocrates wrote, 'Give me
power to produce fever and | will
cure all disease.”” However, the
therapeutic effects of relatively

gentle heating in the treatment
of cancer were not recognized
until the latter half of the nine
teenth century when physicians
in Europe and the United States
became aware of the fact that
skin cancers sometimes disap-
peared when the patient also suf-
fered a fever due to some unre-
lated disease such as malaria. The
American physician, William Co-
fey, was a pioneer in this field in
the 1890s. Coley injected his
cancer patients with erysipelas
toxin to cause fever and inflam-
mation and thus achieved cancer
cures in a number of cases. Coley,
however, dismissed the idea that
heat was the therapeutic agent
and held to the belief that some
bacterial by-product was the
cause. His work seems to have
had little impact and to have
gone without notice in Europe,
and it was not until 1911 that a
remarkable German physician,
Christian Muller, became the first
to successtully treat large num
bers of cancer patients using
thermotherapy. Mulier pioneered
the application of electromagnet
ic fields {long-wavelength dia-
thermy) combined with X-ray
therapy in the treatment of a
wide variety of malignancies and
wrote extensively about his theo-
ries, which involved the effi-
ciency of heat in increasing the
circulation of blood and lymph
atic fluid to tumors, but there
were few successors. A 1958 sur-
vey of the literature revealed over
500 reported instances of cancer
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hermotherapy during the pre-
eding decades, but interest in
his form of cancer therapy
23ems to have tapered off al-

hough it never disappeared com-

letely. For example, in 1936
Jenier became the first to use
ricrowaves {80 cm diathermy)
ombined with X-rays to treat
umors, but in general there was
loss of interest in this applica-
ion of thermotherapy. The
ause may have been the uncer-
ain nature of the amount of
ieating required, the poor fol-
>w-up on the patients treated,
he interest in other new tech-

iiques provided by nuclear medi-

ine, or simply the intervention
if the wars in Europe. Whatever
he reason, physicians also began
o fear, without evidence, that
he application of heat to cancer
atients would metastisize the
isease to distant parts of the
ody. Thus, it was not until the
960s, when research workers
regan to scientifically establish
he radiobiological principles in-
olved, that interest in this
fourth modality’’ of cancer
herapy began to spread again. It

s now known that in some situa-

ions hyperthermia can destroy
umor cells with negligible dam-
ge to normal cells, and can be
iarticularly potent againsi hy
ioxic cells in the tumor core
vhich are a principal problem in
umor control because they are
he most radiation and chemo-
esistant. It is also now generally
ccepted by hyperthermia re-
2archers that a) there is a
1arked increase in sensitization
0 ionizing radiation with in-
reasing temperatures above a
emperature threshold which is
t about 40-41°C; the sensitivity
pproximately doubles for each
legree increase and b) the sensi-
ization is probably greater for
nalignant cells than for normal
issue. There is considerable evi-
lence that a mechanism of hy-
ierthermia sensitization may be
he denature or inactivation of
nzymes and other proteins
vhich are involved in the repair
wrocesses of radiation-induced
ONA strand breaks. Hyperther-
nic exposure above the critical
emperature produces prolonged
nactivation of enzyme systems
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so that the time interval between

hyperthermic exposure and irrad-

iation is not critical. It is also
known that in hyperthermia the

poorly vascularized central tumor

regions undergo a relative tem-
perature rise with respect to nor-
mal tissue with consequent ef-
fects on cell membrane permea-
bility, tumor biochemistry, pH,
immunogenicity and inflamma-
tory response, which all appear
to enhance tumor cell killings.

MICROWAVE HYPERTHERMIA

A number of methods of creat-
ing controlled local hyperthermic

fields in patients are possible de-
spite the body’s cooling mecha-
nisms. All have been tised with
some success. Indeed, because of
the great variation of types of
malignancies, it must be expect-
ed that each method may even-
tually find its place in clinical
procedures. Electromagnetic

fields within the spectral range of

kilohertz to gigahertz frequen-
cies may be used to produce hy-
perthermia and have indeed been
used medically since the begin-
ning of this century to treat oth-
er conditions which respond to

mild heating. At the low-frequen-

cy (10°-107 Hz) range, the depth
of heating is large, but there is
excessive heating of fat in some
geometries and the field cannot
be well localized or shaped. At
the high-frequency end of the
microwave spectrum, because of

the relatively high loss tangent of

tissue, the depth of penetration
into tissues is so small that the
use of frequencies in C and X

bands does not appear promising.

Thus, interest in microwave hy-
perthermia has centered in S and

L bands, particularly at 2450 and

915 MHz, where the energy is
deposited in relatively larger vol-
umes. These particular frequen-
cies have also long been available
for medical use in diathermy.

However, although selective heat-

ing of fat is not troublesome at
these frequencies, the depth of
penetration of plane waves into

tissue (the “‘skin’’ depth at which

the energy deposition is reduced
by a factor of e™') is still quite
limited, varying from about 0.8
cm to 1.2 cm at 2450 MHz and

'World Radio Histo

915 Mz, respectively, for high
waler content tissue such as mu
cle, brain and organs. {(Applica-
tion of 915 MHz rather than
2450 MHz generally requires co
respondingly large radiating
elements.) Also, the problem of
standing waves produced in fat
layers surrounding muscle and
organ tissue appears. Neverthe-
less, microwave hyperthermia
treatment of cancer patients us-
ing external microwave applica-
tors is underway at a number of
clinics and records of satisfactou
results have been widely reporte
for tumors accessible to such
treatment.

IMPLANTABLE RADIATORS

The basic difficulty in the hy
perthermia of deep lying tissues
by external microwave radiators
is that the field is attenuated by’
the intervening tissue which is
heated to a high temperature.
This problem can be reduced to
only a limited extent by simulte
neously concentrating the energ
of several radiators from differir
angles or by cooling the surface
Some tumors can be reached by’
passing the radiator through a
body orifice to the proximity o
the malignancy. There is long-
standing medical precedence for
this procedure; conventional dic
thermy (0.4-3.0 MHz) using me
allic orificial electrodes applied
directly to the vagina, cervix, re
tum and prostate has been used
in the treatment of a variety of
conditions in which the increase
of blood and lymph flow due tc
heating has therapeutic value.
Microwave hyperthermia treat-
ment of a number of cases of
cancer of the prostate have beer
carried out in this way by Men-
decki® and his associates, for ex
ample. To meet the problem of
cancers deep in solid organs, the
writer designed a simple coaxial
needle antenna. A coaxial guide
or cable is useful, of course, sinc
it has no low-frequency cutoff.
The radiator is obtained, simply
by open-ending the outer con-
ductor and having the inner con
ductor extend out beyond it foi
the proper length for matching.
This microwave syringe can be
made from commercial coaxial



Fig. 1 Microwave syringe (needle antenna)
constructed in semi-rigid coaxial
waveguide.

teflon-filled waveguide (Figure 1)
connected by standard connec-
tors and cable to the microwave
generator. Subminiature semi-
rigid coax is a spin-off of the
computer industry; it is available
in a variety of materials, includ-
ing copper and stainless steel,
down to 0.2 mm diameters;
standard OSSM connectors can
be used down to the 0.5 mm di-
ameter guide. Thus injection of
microwave energy into tissue at
any depth is feasible. The smaller
diameter coax is small enough to
pass through standard hypoder-
mic needles which can be used to
facilitate entry if necessary. Min-
iature coaxial cable can also be
employed when a flexible radia-
tor is required. To prevent dam-
age to the soft tissue of the brain
by motion of the radiator, a flex
ible cable is desirable, and the
writer constructed a syringe in
UG/178BU, (Figure 2) a minia-
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Fig. 2 Microwave needle antenna (coaxial
cable form) used in brain cancer
therapy.

.

ture coaxial tetlon-filled line with
a 1.8 mm diameter, for brain can-
cer therapy. This was the antenna
used in the patient treatment at
the University of Maryland Hos
pital. Typically in these applica
tions, power levels of less than
ten watts are required and only
short lengths necessary so that
the relatively hmited power
transmission capability and high
altenuation of these waveguide
and cable types are not a prob-
lem. It is also noteworthy that
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the needle antenna devices are
well-matched (and broadband)
when inserted in tissue; SWR's of
less than 1.1 are readily obtained
by adjusting the length of ex
posed inner conductor,

The energy deposition pattern
of the needle radiator can be un-
derstood on the basis of the work
of Wait,* King® and others on
the propagation of waves along
buried insulated wires and the
radiation o fmonopoles in lossy
media. The needle may be re-
garded as a short open-circuited
insulated section of transmission
line, with complex propagation
constant whose value is deter-
mined by the physical parame-
ters of the needle, insulator and
surrounding tissue medium. The
standing current wave on the
needle is one source of radiation.
An attenuating traveling wave is
also excited which propagates
back towards the generator on
the coaxial outer conductor; it is
assumed that the needle depth in
tissue is large enough (a few cen-
timeters) so that reflection from
the surface, which would result
in standing-wave hot spots, is
negligible. The current wave on
the bare outer conductor also
contributes to the radiation into
the tissue. The thermographically
observed heating patterns agree
with the calculated parameters.
The fact that the radiation is
from a distributed current source
is quite important. Consider the
radiation pattern of an elemen-
tary dipole: in the near field, the
energy disposition pattern is pro
portional to (sin*@ + 4 cos*6),
where 8 is the angle with respect
to the dipole axis. Consequiently,
the heating pattern (surfaces of
constant energy deposition) is arn
ellipsoid with major axis in the
forward direction. (In the far
field the absorbed energy pattern
is propor tional to sin’#, with a
null in the forward direction; the
far-field radiation pattern of an
antenna i1s generally quite difter
ent from the near-field absorp-
tion pattern in a lossy medium.)
The heating pattern of the needle
antenna does show an ellipsoidal
pattern of this type in thermo-
graphic studies (ignoring the
slight attenuated tail progressing

.-ri._‘ > Hi ory|

back towards the denerator), as
may be seen from Figure 3. How
ever, for the elementary dipole
the energy deposition per unit
volume decreases radially first as
1"® exp[- 2k,rRee'] and only
achieves the stower rate of de-
crease, 1 2 exp[-2kqorRee'?],
more like a plane wave, as we en
ter the far field at radial distances
greater than A\y/mRee!? (about
0.5 cm in tissues at 2450 MHz.)

= ’°- 10cm —-l

rig. 3 Energy deposition pattern (infra-red
photograph) of needle antenna in
phantom material. The antenna co-
axial outer conductor terminates at
the center of the ellipsoidal pattern.
This pattern would not deposit
the energy into appreciable
depths in the tissue, and only
conduction and blood perfusion
would be available to distribute
the energy, as in the case of a
simple heated needle. The distri-
buted current, however, produces
a lower rate of energy deposition
than the elementary dipole and
the needle radiators do experi-
mentally display energy deposi-
tion patterns with significant
amounts of power being delivered
once a one centimeter diameter in
good agreement with theory. It
should be emphasized, however,
that in vitro studies cannot accu-
rately predict the heating pattert
which will be obtained /in vivo,
where blood perfusion will be the
dominant mechanism in remov-
ing thermal energy, and afiecting
the temperature profiile. It can be
argued, however, that the therma
scale fength associated with blood
perfusion is ot the same order ot
magnitude as the attenuation dis
tances associated with microwave
absorption. Cor sequently blood
per fusion cannot have an order
of magnitude eftect upon the
volume of heated tissue, although
it will smooth ottt the pattern.
This expectation is confirmed by
in vivo animal experiments.

{continued on page 71)
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1g9. 4 Photograph of the needle antenna
inserted 1n a human brain.” A Vitek
temperature probe, used for thermal
field mapping, 1s seen inserted to the
right of the antenna cable.

IEATING PATTERN EVALUATION

The most convenient method
if in vitro heating pattern evalua
10N involves the use of semi-solid
rtificial materials called “‘phan
oms’ which have the same d|
ectric properues as tissue. In
he split phantom techniqgue, th
achiator is placed between the
falves of a large sty im mold
iled with phantem mater
\fter a short period (~ 30 s) 0
igh power (~ 50 W) of C\
adiation, one halt ot the mold
[ckly removed, and a thermo
raphic analysis 0f the tempera-
ure distribution across the othel
nold face s ramidly accom
ilished. Commercially available
ntra-red systems provide an in
rared picture of the mold face
s well as continuous tempera
ure profiles over the entire area.
Jecause the procedure is carried
ut during a bnet period, com
iared to times required for ap
weciable thermal conduciion,
he observed pattéern s the en
rgy deposition patiern. In the
bsence of thermographic cam
fas, a hiquid crystal sheet placed
n contact with ihie phantom can
1€ used as an inexpensive substi
ute, and a photograph will pro
e a permaneni record of the
leating pattern. In our work we
lave been fortunate 1o enjoy the

ineiarys 10021

cooperation of the Bureau of
Radiological Health, which has
permitted us the use of its ther
mographic facility.

CONCLUSION

The cytological and architec
turah variation of malignant dis
eases 15 extensive. Thus, the de
sign of devices which can pro
duce controlted hyperthermal
fields tor the wide variation of
malignant structures has become
a principal problem affecting the
potential of hyperthermia treat
ment. The successes achieved
over the last few years using mi
crowave-induced hyperthermia
indicate great promise for this
modality. Of course, patient
treatment by invasive applicators
1s a medical decision complicated
by numerous physiological con
siderations and the fear of injury
to nearby vital structures; the
danger of burns due to micro
wave hotspots is real, and ace
guate thermal monitoring is es
sential. Nevertheless, hyperther
mia may be the only viable al
ternative, for many patients. The
patients involved in the program’
i1 the University of Maryland
were diagnosed as atihicied with
glioblastoma multiforme, the
most common {orm of brain tu
mor. Ghoblastoma is an invasiy
lesion, typically found in the
deep central white matter and
often inaccessible to surgery. It
has no effective treatment at
present and represents one per
cent ot all cancers in the US.
Other malignancies which have
shown very low patient survival
rates with conventional radiation
or chemotherapy are now also
being considered for treatment
by thermotherapy at the Univer
sity of Maryland Hospital.
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Product Feature

35 GHz,

30 kW
TWT

VARIAN ASSOCIATES
Palo Alto, CA

Close-up of top section of VTA-5700
TWT within its beam-focusing electro-magnet

The new Varian VTA-5700 is a cou-
pled-cavity TWT rated at 30 kW peak,
3 kW average power at 34.5-35.5 GHz.
An early model has been operated at
9 kW average and a 30% duty cycle.
Developed under contract to the us
Army Ballistic Missile Defense Ad
vanced Technology Center at Hunts-
ville, Alabama for initial application
in a radar under design at MIT Lincoln
Laboratory, the tube offers power
levels fa1 beyound that previously avai-
able in the 35 GHz band and its an-
noucement culminates an 18-month
development effort.

The tube performance is derived
principally from two major features
First, it employs an electron beam
with a current density of 1000 am-
peres/cm? and a power density of 50
megawatts/cm’ with a transmission
efficiency of 99%. Secondly, its cou-
pled-cavity structure is a radical de-
parture from the classical stacked disc
approach. The mechanical design of
the new structure substantially relieves
requirements for extreme dimensional
precision in its parts and enhances the
tube’s produceability. It also facilitates

RF matching of the sections, minimiz
ing phase and gain variations over the
tube’s 1 GHz bandwidth.

Qver the 34.5-35.56 GHz bandwidth,
the tube has a minimum gain of 50 dB
at a rated saturated output of 30 kW
peak at a 10% duty cycle. Typical op-
erating conditions and power and gain
characteristics are shown

The Lincoln Laboratory radar will
be installed at the Kwajalein National
Missile Range. While techniques such
as pulse compression, frequency agil-
ity and coherent signal processing have
been readily applicable only at lower
frequencies to enhance radar perform-
ance, the VTA-5700 affords the op-
portunity to employ them at 35 GHz.

TYPICAL OPERATING CONDITIONS

Peak Output 30 kW
Drive Power 0.5wW
Gain, at saturation 53 dB
Beam Voltage 47 kV
Cathode Current, peak 4 A
Body Current, peak 0.04 A
Duty Cycle 10%
Load SWR 1.15

Circle 133 on Reader Service Card
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[ HP: EXPERIENCE IN MICROWAVE TECHNOLOGY

The 1300 MHz Network Analyzer—

Untilnow
performance like this
- was beyond reach:




* Over 3 Decades of

Swept Frequency Coverage
* 100 dB Dynamic Range
» Direct Measurement of Group Delay

HP’s 8505A Network Analyzer
brings the precision, resolution and
range you need for the measurement
of phase and magnitude of trans-
mission and reflection, group delay
and deviation from linear phase. And
any two parameters can be measured
and displayed simultaneously.

® Test signals come from the
8505A5 built-in high performance
sweeper with exceptional spectral
characteristics and a wide variety of
sweep modes (including two in-
dependent start stop sweeps) to
accommodate virtually any test
requirement.

o The 8505As 500 kHz to 1.3 GHz
frequency range gives you the broad
coverage you need to characterize
such networks as filters. transistors.
antennas. cables. SAW devices
and crystals.

® Your measurements are fast
and accurate thanks to a swept
display with a marker system that
provides a high resolution digital
readout of the parameters value
at the frequency of any of five vari-
able markers. And group delay
measurements are made directly: no
calculations required. Or you can
observe phase distortions directly in
the form of deviarion from linear
phase using the 8505A5 revolutionary
electronic line stretcher.

o With optional phase-lock
capability. the 8505A can be locked
to such precision signal sources as
the HP 8640 and 8660 Signal
Generators. This provides the
stability and resolution needed to
characterize ultra narrowband
devices such as crystal filters.

Januarv — 1981

Get the speed,
precision and efficiency
of automatic
measurements.

2

Because the analyzer is program-
mable, via the Hewlett-Packard
Interface Bus (IEEE-488). you

can combine the 8505A with a com-
puting controller such as

HP Model 9825A Desktop
Computer to configure a powerful
automatic measurement system.
With remarkably simple pro-
gramming you can make many
measurements quickly and with
enhanced accuracy. and easily
format the data to the form you
want. The result is high throughput
for cost-effective operation in

both production test and design lab
applications.

Find OQut More.

We've only touched on the high-
lights of the 8505A's performance
and capabilities here. For complete
data, contact your nearby HP field
sales office. or write 1507 Page Mill

Road, Palo Alto, CA 94304.
HEWLETT

(610] PACKARD

CIRCI FAR NN RFANFR SFRVICE CARD

Add capability with HP’s
Storage-Normalizer.

The companion HP 85014
Storage-Normalizer brings these
additional features to the 8505A
Analyzer:

e Digital storage for flicker-free
displays.

o Normalization (o remove errors
and make direct comparisons.

e Magnifier for up to a tenfold
increase in resolution.

e CRT Labeling that presents
major 8505A settings and
marker data.

o Signal Averaging that raises
signal-to-noise ratio, thereby
improving narrowband group
delay and low signal level
measurements.

Group Delay of 70 MHz bandpass filter
with and without averaging (Vert scale
Snsec/dw)

When the HP-1B programmable
8501A is combined with the auto
matic 85)5A ‘computing controller
combination. the system offers
versatile display capabilities for
text and graphics plus high-speed
digitizing for fast. yet precise and
comprehensive measurements.

Reflection Coefficient data reformatted
to impedance magnitude and angle

45906A
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Buriington, MA

Sole US Source
or SI. GaAs

Large Area,
Undoped

MICROWAVE ASSOCIATES, INC.

Microwave Associates has devel-
oped and refined growth techniques
for high purity, undoped semi-insulat
ing gallium arsenide using the high
pressure liquid encapsulation Czoch-
ralski technique. These new techniques
eliminate the need for chromium to
achieve the semi-insulating (S.1.) prop-
erties and, thereby, eliminate the prob-
lems associated with chromium out-
diffusion during subsequent processing.

Undoped semi-insulating GaAs sub-
strates are used for processing a variety
of GaAs devices, such as low noise
FET's, power FET's ar.d GaAs inte-
grated circuits. Improved performance
or simplified processing can be ex-
pected in all these devices due to the

elimination of chromium from the
substrate. Increased device yields can
be expected due to the high degree of
uniformity of electrical properties in
these substrates.

Resistivities obtained are typically
in excess of 10" ohm-cm and mobili-
ties are in excess of 4000 cm*/V-sec
over the length of the crystal ingot
and across the diameter of an individ-
ual substrate, as illustrated in Figure
1a & b and Figure 2a & b. This high
degree of uniformity insures consistent
device yields from all substrates from a
given crystal. Active device layers can
be made in these substrates by direct
jon-implantation or by epitaxial
growth. No degradation of resistivity
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is seen in uncapped wafers after an-
nealing at 750 'C for 30 minutes or in
capped wafers annealed at 850 C for
30 minutes, assuring that the wafers
can be utilized for ion-implantation or
epitaxial growth.
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Fig. 1b Resistivity across undoped semi
insulating GaAs wafer.
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Fig. 2a Mobihity along axis of undoped
semi-insulating GaAs ingot.
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Fig. 1a Resistivity along axis of undoped semi-insulating GaAs ingot.
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Fig. 2b Mobility across undoped semi-
insulating wafer (inches).
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Crystals have dislocation density
sofiles typical of Czochralski GaAs.
Figure 3 shows a typical profile where
‘he etch pit density ranges from a low
of 15000 per cm” to a high of >
100,000 per cm® at the wafer edge.

DISLOCATION DENSITY »

=15

10% em

DISTANCE FROM CENTER WAFER Tinchest

Fig. 3 Etch pit across undoped semi-insulat
ing GaAs wafer.

Substrates are polished to a high
Jegree of surtace perfection for um-
orm and reproducible device process-
ng. Round wafer shapes of up to
hree-inch diameter permits the eco-
1omies of large-area processing and
wtomatic wafer handling.

Polished substrates are presently
wailable in orientations of (100) and
Y° off (100) from stock.

High substrate quality is maintained
)y routine measurement of a variety
»f electrical and crystallographic prop-
wrties. The electrical resistivity and
1all mobility are determined using the
righ impedance van der Pauw method.
“rap levels are determined through the
1se of a variety of measurements, in-
luding transient spectroscopy, photo-
uminescence, and resistivity versus
emperature measurements. Wafors are
jualified for use in epitaxy or ion-im-
llantation by annealing followed by
an der Pauw measurement. Disloca-
ion densities are determined by the
1se of selective etchants and micro-
copic examination. Only ingots which
re fully qualified for FET processing
ire fabricated as undoped S.1. substrates.

An ongoing de velopment program
s focussing on obtaining even higher
juality substrates. A substantial effort
s directed toward increasing the uni-
ormity of electrical and mechanical
roperties and toward reducing the
evel of background impurities of
vhich may lead to device degradation.
significant improvements are expected
n levels and distribution of disloca-
ions and other crystallographic de-
ects. New measuroments are under
levelopment which will give improved
orrelation with actual device perform-
nce. As advances are made in crystal
juality and evaluation, they will be
ncorporated into production sub-
trates. For more information contact:
serry Porter, Microwave Associates,
nc., 43 South Avenue, Burlington, MA
11803; (617) 272-3000.

sircle 131 on Reader Service Card

annarv = 1QR1

Frouauct reduwure

Spectrum Analyzer
AcCcessories

POLARAD ELECTRONICS INC.
Lake Success, NY

Model 6488 interface adapter.

Two accessories for the Polarad 600
Series Spectrum Analyzers significant-
ly expand their capabilities and the
range of applications for which these
moderately priced analyzers are suited.

DATA INTERFACE ADAPTER

The Model 6488 Data Interface
Adapter enables the digital memory of
the analyzers to “‘talk’ and “listen’’ to
IEEE-488 Bus compatible accessories
such as desk-top computers, data re-
corders and plotters. With the data in-
terface, spectrum display data in the
digital memory may be stored, recalled
and processed. The adapter is compati-
ble with the HP Model 9825A com
puter and Tektronix Models 4051 and
4052 graphic computer systems. An
X-Y plotter can be used to produce
multi-color hard copy fully calibrated
readouts.

With split memory analyzer opera-
tion, any stored display may be direct
ly compared to incoming signals for
production line or field test purposes.
The external controller can be pro-
grammed to process a number of sig-
nals, i.e., add them, take differences,
obtain averages, maxima, minima, etc.,
and the interface adapter permits the

results to be displayed. The Model
6488 has a buffer read/write memor
equal in size to that of the spectrum
analyzer and handles entire display
wave forms.

CASSETTE RECORDER

A second accessory, the Program-
mable Digital Cassette Recorder, Mo
el 6700, can be used for recording,
storing and recalling spectrum dis-
plays. It employs a standard {Philips
type) C60 tape cassette which can re
cord up to 60 displays on each side.
Any of these can be recalled to the
analyzer display by key pad entry.

For production and field test ap-
plications, remote storage and recall
of any number of reference spectrur
displays for on-screen comparison tc
real time signals is facilitated. Simpl¢
go, no-go measurements of frequenc
and/or amplitude are simplified by t
comparison method avaitable with tl
recorder.

The Model 6488 interface adapte
is priced at $1,575; the Model 6700
Cassette Recorder at $2,000. Deliver
for both is 60-90 days.

Circle 132 on Reader Service Card

Model 6700 programmable digital cassette recorder



HOW TO SUPPLY YOUR BUSINESS WITH

TECHNICAL TALENT THROUGH
GOVERNMENT FUNDING and more....

CETA For Your Business will tell you how to
properly acquire and run effective CETA programs
amounting to as much as $250,000.

Also, WE WILL SHOW YOU HOW your business
SHOULD:

® GENERATE RENEW ABLE CONTRACTS AVERAGING
$100,000 IN 30 DAYS

@ ESTABLISH OR INCREASE CONSISTENT CASH
FLOW

@ INCREASE PROFIT FROM SALES (50 - 80%)
® OPEN NEW MARKETS FOR PRODUCTS

AND BENEFIT BY:

@ REIMBURSEMENT FOR OVERHEAD EXPENSES

@ OPENING OR INCREASING BANK LINES OF CREDIT
® ADDING NEW PROFIT CENTER

@ ACCRUING NEW TAX ADVANTAGES

® INCREASING QUALIFIED TECHNICAL TALENT

To begin, you must be decisive and act immediately!!!

Send your $95.00 (TAX DEDUCTABLE) investment by
check or money order and receive this New Six-Sectioned
detailed, step-by-step Publication. Guaranteed and PROVEN
TO WORK™!
J & G INDUSTRIES, INC. P.O. Box 2069
Columbia, Maryland 21045
Allow 10 days for delivery

INDUSTRIES, INC.

PHONE (812)-372-8869

P.0. BOX 1203

COLUMBUS, INDIANA
47201

ATTENUATORS:

*Rotary
*Programmable
*Cam Actuated
*Toggle Switch
*Push Button
*Rocker Switch
*Fixed

PRECISION LOADS

RETURN LOSS BRIDGES
POWER DIVIDERS
RESISTIVE DIVIDERS

RF FUSES

DETECTORS

FEED THRU TERMINATIONS

Write or call
for comprehensive CATALOG 79-10

CIRCLE 52 ON READER SERVICE CARD
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Microwave
Products

Hardware

CABLE TRIMMER

A tiimming machine for UG/ 141 and UG
085 coaxial cable trims to connector spec
fication MIL C 39012B. Two ditterent
bushings are included to handle two cabl
1ze5 {0.1417 and 0.085""). Machine pro
duces a clean cut and s rugged and easy to
operate. Trimmung takes 15 seconds or less
and set up time s mimimpl. Size 513" W
x 1112 Lx4"H Price S680. Avail

Qtf theshelt, F.O B. delivery U.Z., Inc.
Culver City, CA. Jerry Hoffman,
{213) 839-7509.

Circle 152.

Systems

HIGH POWER AMPLIFIER FOR
SATCOM SYSTEM

The Model 10517 154 25 kW TWT

C band transmutter with IPA designed to
imphify communmication and data signals
10 a power level suited for satellite com
munication. Unit operates from 5.96.4
GH2z with a 70 dB gain and offers small
uze, selt dipgnostie capabitity, tull panel
metenng, tehiability, fault protection and
reguiation Model employs a long life, con
servative design. MCL, Inc., LaGrange, IL.
Frank Morgan, (312) 354-4360. Circle 151.

Tubes

MINI-TWT FOR 7-17.5 GHz BAND

Model F 2169 1s a CW mumiature traveling
wave tube designed for use in multitube
phased array ECM and radar systems Umit
covers the 7-17.5 GHz frequency range and
has over 55 dB small signal gain over the
entire band, plus mimimum output of 45 W
over the 8 13 GHz band Tube uses a vane
loaded helix type slow wave structure and
1s PPM focused with Sm Co magnets. Iso
lated focus electrode 1s featured for turming
powet supply on or off. This metal ceramic
tube 15 conduction cooled and may be
mounted 1in any position. Collector 15 1so
lated and can be depressed up to 50% of
the collector voltage. For multiple tube
mounting, tubes can be placed adjacently
on .800" centers. ITT Electron Tube Divi-
sion, Components Group N. America,
Easton, PA. Jack Myers, (215) 252-7331.

Circle 180.

BACKWARD-WAVE OSCILLATOR
SPANS 110-170 GHz BAND

Model RWO 170 s a backward-wave o
lator with an electromic tumng range of
110 170 GH¢z at average power output of
10 mW, mimmum 1 MW BWO s cunted fo
avequide Lransmussion Yystems and mr
acdar vystems. Tube and magnet system
torm asingle unit with weight 0f 2 kg (4.5
[t} Heater voltage 4 6.3 * 2% Vac, and
delay oltage s 500 2500 Vdc typica
y, maximum 2700 Vdc while delay hine
cutrent s up to 15 mAde max mum Max
m temperature range of unit may be
from 20 to 55 C Siemens Corporation,
Iselin, NJ. (201) 494-1000. Circle 153.

75 W TWT FOR EARTH STATIONS

The TH 3641 s a 75 W traveling wave tub:
which operates in the 5925 6.425 GH¢
uphink band. Its principle apphtation is for
small 6 GHz rarth stations in “"domestic’”
atellite telecommunications systems. Tube
offers better than 25 efficiency at satura
tion, with only one collector stage. Model
has average operating hfe which exceeds
15,000 hrs. Mode! offers low AM PM coef
ficient and broadband helix TWT perform
ance Thomson-CSF, Electron Tubes Div.,
Clifton, NJ. (201) 779-1004.

Circle 155.

15 kW GRID-PULSED TWT

Model VTC 5762A2 1s a grid pulsed travel
ing-wave tube developed for use in either
awrborne or sut face radar systems. Tube de
livers a peak power output of 15 kW, min.
over the 5.4.6.9 GHz frequency range.
Maximum drive power 1s 250 mW at a
2.2% duty cycle. Weight. 26 Ibs. Size: 28"
long. The metal ceramic tube 1s air-cooled
and may be mounted in any position. Var-
ian Associates, Electron Device Group,
Palo Alto, CA. (415) 493-4000.

Circle 182.

Materials

EMI/RF{ GASKETING WITH
PRESSURE SEAL

A composite EMI'RF [ shielcding and pres
sure seal sttip, Pola-H™ s designed for H
{magnetic) field shielding but also provides
E {electric) field and P {plane wave) shield-
ing petformance as well. Gasketing consists
of continuous solid-copper conductive
paths 1n a sohd silicone pressure seal. Pro
truding tips of the cut copper are plated
with tin alloy for low contact resistance at
the mating surfaces. Minimal compression
characteristics with mimimal compression
set are featured. Matenial is rated for use
within the 56 C to +240 C temperature
range. Tight seal up to 250 psi (17.58 kg
cm-) offered. Size 18’ (548.64 cm) or 9°
(274. cm) strip lengths, .25-.625" (3.18
15.88 cm) widths; .125-.500"" (3.18-12.70
mm) heights. Material usually used in gas
kets larger than 3" (76 mm) sq. Metex
Corporation, Electronic Products Div., Edi-
son, NJ. (201) 287-0800. Circle 183.
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INStrumentation

1-40 GHz LOCK BOX FREQUENCY STABILIZERS

Senes MS 160 are frequency stabilizers which cover 1-40 GHz
in two nput ranges. Sample ot the RF to be phased locked is
connected to either the Type N rear panel connector for 118
GHz or the type UG 595 U waveguide on the front panel for
1840 GHz Control functions are TTL implemented so that
the mstiitment may be manually operated or automatically op
erated trom remote intelligence. Frequency stability of vari
ous models ranges from 4 10" ht to 8/10"'hr. Price: From
$5075. Del 4590 days Niagara Scientific, Inc., E. Syracuse,
NY. (315) 437-0821. Circle 149.

FREQUENCY COUNTER FOR 1.3 GHz BAND

A 1.3 GHz frequency counter, Mode!l DC508A, 15 designed for
commumications apphications in the 9601215 MHz band and
12151300 MHz band. Frequency resolution i1s 0.01 Hz in 1
sec from 10 Hz to 25 kHz. Frequency from 10 Hz to 1.3 GHz
15 shown on a mine-digit LED display. Prescalar input measutes
frequency from 100 MHz to 1.3 GHz, and direct input from
10 Hz to 100 MHz. Input SWR 15 2.2 or less. Input sensitivity
15 20 mV RMS from 100 MHz to 1.1 GHz and 40 mV RMS
over the 1.1:1.3 GHz band Available with oven-controlled
t'me base option or time base and tracking generator combina
tion Price: S$1.400 (US) Del 2 wks. ARO. Textronix, Inc.,
Beaverton, OR. (503) 644-0161; 1-800-547-1512.

LOW COST, AUTOMATIC SCALAR
MEASUREMENT SYSTEM

Model HP 8755P s
a low cost, auto-
matic scalar ana-
lyzer system which
contains a micro
processor-hased
sweep oscillator RF
plugin and fre-
quency response
test set for measurement of insertion loss or gain and return
loss {calibrates and measures up to 500 points) of devices,
components and networks operating in the 0.04-18 GHz fre
quency bands. System command is provided by a computing
controller and system control is achieved via HP-Interface Bus
which implements |IEEE-488. Basic performance characteristics
are determined by the HP 8755 test set for measurement range
{60 dB range for all these detector inputs}, and by the 8350A
83592A sweeper for test signa! frequency and power level ac-
curacies {less than 20 MHz and less than 1.5 dB at 20 GHz).
System offers amplitude resolution of 0.1 dB over full screen
range at 10 dB/division sensitivity (100 dB range) which im-
proves to 0.02 dB if the signal falls within * 2 divisions of
screen center (40 dB). With 1 dB/division sensitivity setting,
resolutions achieved at 0.01 dB over full 10 dB screen range or
0.002 dB in middle range (4 dB). Price: Automatic Scalar Net-
work Analyzer, $45,930. Reduced performance and cost op-
tions are available. Del: 20 wks. Hewlett-Packard Co., Palo

Circle 179. Alto, CA. (415) 857-1501. Circle 145.
RADIO FREQUENCY FILTERS
For HF-VHF-UHF Equipment - 5 to 2000 MHz
T -
R

Test our quick reaction capability:
:24 hour quotes 10 day protos

Serving Major Equipment Producers Since 1967

Microwave Filter Co., Inc., 6743 Kmne St

Janunarv — 1981

BAND-PASS

BAND-REJECT

- -
R

‘A-g ’

Speed Planning:

Call us now

For “ON-LINE”

Feasibility Advice

315-437-3953
TWX 710-541-0493

' |

.30 day production

Sytacuse, NY 13057

I
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RF FIELD SENSOR SYSTEM

COMPUTER-CONTROLLED PHASE NOISE
ANALYZER

An automatic, computer controlled phase noise analyzer,
Mode!l 900, is designed for continuous measurement of direct
phase noise contributions from various subsystems within a
CW or pulsed radar system. This automatically calibrated in-
strument has a sensitivity of 115 dBc/Hz, typical, X-band,
and includes capabilities for full frequency ranges of 1 GHz to
12.4 GHz and 1-18 GHz. Max. residual error 1s 0.5 for 1 12.4
GHz and 1.0° for 12.4-18 GHz. Unit has 0-65'C operating tem-
perature; - 40-65°C non-operating temperature. Completely
self-contained, a rack-mounted option is available and model
features digital controls. Size: 7° H x 19" W x 24" D. Weight:

Novel RF field sen-
sor system uses bal
anced, 1sotropic
probes to respond
to any incident
field, regardless of
polarization, and
allows true sum-
ming of all incident
electric or magnetic
fields in the 1 MHz

80 Ibs. Frequency Engineering Laboratories, Farmingdale, NJ.
(201) 938-9000.

MICROPROCESSOR-CONTROLLED VECTOR
ANALYZER

Model ZPV s a mictoprocessor -controlled vector analyzer for
automated test set-ups. Unit features complete GPIB (IEEE
488) contiol and measures: complex voltage and voltage ratio;
S parameters, impedance and group delay. Frequency range is
0.1-2000 MHz. Basic unit consists of a dual-channel vector
voltmeter which measures magnitude and phase and a micro-
processot-controlled analyzer section to weight, normalize and
convert the measured voltage vectors into the desired complex
quantity. Options permit intelligence of the set to be matched
with the requirements of the specific application. Polarad
Electronics, Lake Success, NY. Gene Kushner,
(516) 328-1100.

Circle 178.

to 500 MHz fre-

" quency band. Sys-
tem includes a
completely shielded
metering instru-
ment with separate
sensor probes, and
a field sensor re-
peater connected
to the metering in-

sttument via a fiber-optic cable. Three sensor probes span elec-
tric field strengths from 10 100 V/m full scale and two sen-
sots cover magnetic field of 1 and 10 A'm full scale. System
provides true reading of incident radiation. Size: metering in-
strument and repeater each measure 15¢cm x 15¢cm x 9 cm.
Price: $7,650, including metering instrument, repeater, fiber
optic link and five proves. Del: 69-90 days ARQO. Amplifier
Research, Souderton, PA. (215) 723-8181.

Circle 148.

Circle 144,

80
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Superb performance in
new quartz oscillators.

O High Short-term Stability. 0O Fast Warmup.
[0 Low Phase Noise. O Low Power Consumption.
HP's new 10811A/B Oscillators than 5 parts in 10" for a

are designed for equipment
requiring a compact, rugged.
precision frequency source.
Ideal for instruments, communi-
cation and navigation equipment
and precision time keeping.
Look at the superb perfor-
mance you get:
e Aging rate: <5 parts in 10"%day
¢ Phase noise: better than 160
dBc at 10 kHz offset
e Warm up: within § parts in 10°
of final frequency in 10 minutes
¢ Time Domain stability: better

HEWLETT
PACKARD

CIRCLE 48 ON.READER.SERVICE CARD

I-second averaging time
¢ Power consumption: approxi-
mately 2 watts, after warmup
» Qutput frequency: 10 MHz
(10.23 MHz on special order).
Both are plug-compatible with
HP's 10544 Senes oscillators, and
offer higher performance. Price
is $800* (add $100* for B model
with provisions for shock mount-
ing). Call your nearby HP sales
office, or write to Hewlett-
Packard, 1507 Page Mill Road,
Palo Alto, CA 94304.

*U.S. domestic prices only.
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{F DETECTOR GIVES 75-OHM
'ESTS FOR SCALAR NETWORK
\NALYZER

Tocks! H500 Sealar Netwaork Analyzer otfers
n RF detector (560 71N75) whach mea
@6 transnussion 1oss o1 gain and power
P75 ol test devices. Instrument oper
ver the 12000 MH2 range and has a
pauency response at £ 0.5 dB maxamum
1 50 dBm sensiivity. Measurement

Ot acy ! ed by network analyzer
hict tomatically subtracts trom test
it residuats stored in memoery durning

alibravon Mard copy oUiput Culyes pro
di permanent record of test results. De

tor has type N male connector and may
0 used Interchangeably on A, B, or R
hanneis of network analyzer, Uit include
tield replaceasble Schotiky diode moduls
riee §270, Maodel 560 71N75. Dei: 90
s Wittron Company, Mountain View,
{A. Walt Baxter, (415) 969-6500.

Circle 146.

Components

LEXIBLE COAXIAL
SSEMBLIES
iOR TEST EQUIPMENT

Cruggedized 190 O,.D. Gore-Tex  micro
rave cable assembiy s designed for use
th nucrowave test eguipment n labs,
roduct sreas and in the field. Assem
ias have impedance of 50 ohms * 1 ohm,
elding effactivencss of greater than 100
B down at 1 GHz plus a capacitance of
6 pf/tt and tme delay of 1.2 nsec/ft, max
num and dislectric wathstanding voltage
£ 1000 V, RMS. Crush resistance is in ex
¢s of 300 Ibhs/linear 1, plus excallent
#xibility {mimimum bend radius of 17
nd long flex hfe. Performance tested ove
2" D mandrel with no significant changes
1 SWR {1.25 maximum, through 18 GHz!}
1 inserbon loss (from 08 dB/ft at 1 GHz
60 dB'ft at 26.5 GHz). Constructed
ith polyurethane jacket 15 mils thick over
scdmium plated steel spring, with patented
e Tex PTFE dielectric and maolded, 1ap
ed PVC strain-rehief hoots at the cannec
5. Waight: 28 gm/ft cable, plus 15 gm
#r pa af SMA connectors. W.L. Gore &
ssociates, Inc., Electronic Assembly Div.,
lewark, DE. (302) 368-3700. Circle 163.

[ERIES OF DUAL-IN-LINE
IROADBAND NOISE
IENERATORS

|2G saries of Noizeg™ models are dua
ne broatdbant nose generators wath fri
jencies from 100 Hz to 2 MHz Campo
ant fratures white Gaussian nose, 14-PIN
1P, quslified peak factor of 5 1 tmim
N} and frequency flatness of = 0.5 dB
mperiture coafticieni 0.05 4B/ C
) cad impedance 15 600 ¢ and
parating voltage for the maodel i« +15 V
It contorms to MIL STD 202 and s het
wiically sealed. Size: 0.870" < 0.50”" W
02407 H Weight 10 gm tmaximum)
riee S90 and up tar 1.9 gty Del: Stock
3 6 whks ARO. Micronetics, Inc., Norwood,
1. Gary Simonyan, (201) 767-1320.
Circle 164.

snarv ... 1QR1

SYNIHESIZEU FREQUENC

SOURCE

Moddel P 1853 10 5 asyntd

JOENCY ROUTDE Oeuignett 10 Operat ot
18.8 532 GHz treauency band in 10 MHz
frats s, Freo . y
11 P ! Povns 1enat 13
. W ope ior B, 10, o
100 MH fast ' {nat

Poce: S15D00, 1.4 gty § 30 days ART
Miteq Inc., Hauppauge, NY

(516) 543-8873. Circle 181

Patent Pending
Part No. Shown' M6-413E3 LTR

3 — 10 Pgosition Latching Switches

These small, multi-position switches have 1,000,000 cycle
reliability (each position). A hard-copy print-out of the |
first 100,000 cycles can be supplied. Each position has a |
50-ohm termination. It can be ordered 3. 4, 5. 6. 7, 8, 9, or 10
position. Options available: Supression diodes, power recepta-
cle, internal TTL drivers compatible with DC or 115 volts AC
actuation.

]

SPECIFICATIONS:
Operating frequncy dc3 GHE 38 Gz Bl 4 Gz 12 4038 Gk
VSWR tmaximumj 21 t1 1810 153
Insertion loss (max ) 0zds DiaB 04 4B 05a
Isolation imimimum) 80 48 0 aB oy ey Buad
Actuating voltage 24-30 VI 128 YT nomenii)
Actuating current 60 millamps maximum at 28 Vdcand 72 ' F
Impedance 50 onme
Switching time 20 o maxifiae
RF power Aveege S0 watts
Operating mude AChaNG wWith S8t SE-00RIINgG CuCuitly, SUPPIEABIOA DOGM, r6seL CONNO

s el Ingmning circuiesy. TTL rever and 50 ohm seimingson oF eact

unendrgized Guiput (Wsh avagie in lgweleve! logic)

UZ guarantees all it's single pole, multiposition and transter
switches; (1) Will show less than 1200 Ohm resistanca charnae
after 100,000 cycles. and (2} Will show no interautients
in 1,000,000 cycles

Uz Inc SEND FORNEW CATALOG

A Dynatech Company 9522 West Jefferson Bivd
Culver City. CA 90230 {213} 839-7503 TWX. 910-340-7055
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50 W STUD-MOUNTED
TERMINATIONS & RESISTORS

A senes of 50 W stud mounted termina
tons and resistors, PMS 500, are powe
components operating at 100 C amtnent
temperature Ternunations are 50 ohms

1 2% and resistors are offered from 10500
ohms. Terminations have 4 SWR of less
than 1. 101 at 500 MH2z. Studs are mickel
plated per specificatton QQ N 290, Class 1
Grade D Piice: S24 25 each, 100 pieces
Avail: Fiom stock. KDI Pyrofilm Corp.,

Whippany, NJ. (201) 887-8100. Circle 158.

YIG MULTIPLIER

Model YM1134 1s a multioctave, YIG mul
tipher. Unit may be used as a local nscilla
tor, with output signal having all harmon
ics and spunious down to 60 dB. Model ac
ceptsanput of 1.2 GHz at 1 W, autput
range 1s 2 8 GHz with RF power output at
$10 dBm Siza 1.7 cube Weight 16 oz
Analog driver or 12-bit TTL also available.

Omniyig, Inc., Santa Clara, CA. William
Capogeannis, (408) 988-0843.

4

N9 10w 0g yyy, 91y,

Pass and Low Pass Filters
amarkable Dimension. ..
One to

Patent 24 161 704

“In-A-Cable” Band Pass and Low Pass filters offer unique application

advantages to the designer:

B They decrease size and weight requirements in today's
sophisticated electronic/microwave packages.

® They outperform conventional rigid tubular filters.

® They lower assembly costs and parts requirements.

Circle 167.

O

UTI

Micro-Coax® “In-A-Cable” Band Pass and Low Pass filters truly have
extraordinary dimensions. The filters are embedded and monolithically
sealed in coaxial cable, then formed to specification. The custom-fit
filters eliminate the need for additional cable assemblies and accom-
panying connectors, and the testing of each component part. Complete
coaxial assemblies can be supplied for almost any hard to achieve
package.

Get extra quality, improve your package design and lower your costs
with “in-A-Cable" filters today. Phone or write for fast action or circle the
number below for complete literature.

MicroDelay,
LGVrRsiels/ UNIFORM TUBES, INC.

Collegeville, PA 19426, U.S.A. ®* Phone: 215/539-0700
TWX: 510-660-6107 » Telex: 84-6428
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MULTICOUPLERS COVER
1 MHz TO 4 GHz RANGE

A hine of multicouplers designed for anten
na distribution and communication systems
cover the 1 MHz to 4 GH:z frequency range
Models have up to 32 output ports and of
fer one octave to two decade bandwidths
Units feature low ncise {6 dB at 470 MHz}
with spurious-free wide dynamic range and
excellent 1solation between outputs, plus
high reliability. Modular design permits in
corporation of input fimiters and channel
filters (HP, LP, or BP). Del: 60-90 days.
North Hills Electronics, Inc., Glen Cove,
NY. Herb Marx, (516} 671-5700.

Circle 174.

LOWER PARASITIC REACTANCE
THIN FILM CHIP RESISTORS

A line of thin film alloy chip resistors fea
tures a wide sheet resistivity range and min
imum parasitic reactance Resistor element
sheet resistivities range from 10 to 3000
ohms/sg with mimimum parasitic reactance
at frequencies from dc to 2 GHz. Pro-
duced on alumina or berylha substrates,
these resistors provide ground edges for im-
proved part-to-part uniformity. Power
transfer rating 1s 1-150 W. Contacts are
high adhesion, solder-over-nickel, with gold
available also. Size: from 0.040"" x 0.020"
x 0.010” t0 0.375" x 0.250"" x 0.063"
Price: From $1.50 each. Piconics, Inc.,
Tyngsboro, MA. Irving Kadesh,

(617) 649-7501. Circle 175.

VHF TUNABLE BANDPASS
FILTER

Model HP5BT-30 76-N is a VHF tunable
bandpass filter which covers a greater than
octave band from 30-76 MHz with a power
handling capability of 50 W CW when te:
minated in a load of 3 to 1. Model has a
passband which 1s only 3" of the tuned
frequency and 1ts 40 dB rejection band-
width 1s himited to 6% maximum. Selectis
ity is achieved via five High Q, gang tuned
resonators. When opetated in a 50-ohm
system, SWR is less than 1.3, typical, at
center frequency, (1.5, maximum}. Price
$2,675, single qty. Availl 8wks K& L
Microwave, Inc., Salisbury, MD. Charles
Schaub, (301) 749-2424. Circle 159.

VOLTAGE CONTROLLED
BANDPASS FILTER

A voltage controlled bandpass filter, =VTF
1450, 1s tunable from 1425 1525 MHz.
Umit uses a tuning voltage ot 2 15 Vdc and
tuning rate of 1 usec. The 3 dB points
above mudband loss are at = 20 MH2z max
mum;, the 40 ¢lB points are at = 75 MH2z
maximum. Insertion loss for the model s
9.0 dB maximum at * 10 MHZ and filter
has SMA Female connectors. Size 26" %
14" x 1.0". Price’ $1,200, small gty
Avail 6 8 wks. Triangle Microwave, Inc.,
East Hanover, NJ. James Beard,

(201) 884-1423. Circle 168.
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[UNABLE, DUAL-CHANNEL
JANDPASS FILTER

‘he 501800 15 a tunable, dual channel
1andpass filter with a 7.8-8.5 GHz tuning
ange. Tracking accuracy between is

2 MH: between filters at any frequency
vrange. A 10 turn shaft tunes the unit
cross its entire range. 3 dBbw 1s 16 + 1
AHz and 25 dBbw s * 60 MHz maximum
nsertion loss of filter 1s 1.5 dB at fo * 2
AHz munimum and SWR s 1.4 maximum.
Jomes with SMA female connectors and is
onstructed of aluminum with temperature
ompensation. Price: $1560, small gty.
\Wwail 6 8 wks., ARO. Coleman Microwave
>o., Edinburg, V1. (703) 984-8848.

Circle 170.

JHF DUAL ISO-FILTER

An ultia hugh frequency dual 1so-filter,
Nodel 103600027, uses a sharp cutoff
omb line filter plus two high petformance
ertite isolators integrated on a common
round plane stiucture. Model covers the
94-554 MH:z band with an insettion 1oss

if 1.3 dB, max. Rejection at 614 and 438
AHz 15 greater than 40 dB. Both input and
wtput SWR remain belaw 1.3 for all load
onditions. Single and dual 1so-filters cov
1ing bandwidths as wide as 70% from 500
MH2z to 18 GHz are available Price: (Maodel
03600027} $1,395, small gtys. Del: 8-12
vks, ARO. Eaton Corp., Communication
‘roducts Div., Sunnyvale, CA 94086. Jim
Noore, (408) 738-4940

20WER UPCONVERTER FOR
SAT COM EARTH STATION

Aode! UC7041 15 a S ro O-hand power up-
:onverter with power output of 10 mW
min.}. at a frequency in the 35-45 GHz
requency range. Outputs up to 100 mW
ire avatlable as options. Unit has an instan
anenus handwidth of 2 GHz and broad-
santd 2 4 GHz signals are translated to the
igher Q-band frequencies with a conver-
on loss of 7 dB to drive the TWT trans
ntt chain. Configuration includes an op
ional high-power C band phase-locked lo
:al osciitator. LNR Communications, Inc.,
4auppauge, NY. Jeannie Piotrowski,

516) 273-7111.

i1YBRID RF AMPLIFIER
SPANS 5-300 MHz

Viodel QBH 103 1s a 15 Vdc, RF amplifie
mth 11.5 B gain, 7.0 dB noise figure at
25 C Amphfier gxhibits a gain flatness of
I 5 dB, maximum, * 25 dB, typ:cal and
jain vs temperature of = .5 dB from 54 C
0 71 C. Unit has high reverse isolation
yrealve than 25 dB). SWR /oyt fur the
nit 1s less than 1.5 1 for 50 ohm system
Amplitier includes an internal decoupling
“hoke insenies with the power supply and
s housed v a TO 8 can Fiish for header
< gobd plated Kovar and cap s mickel
Neight 2.3 gm. Q-bit Corporation, Paim
3ay, FL. (305) 727-1838.
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LUW FREQUENLY VARKIABLE
ATTENUATOR

A low frequency, continuously vanable at
tenuator, Model 0682 40F, operates over
the de to 60 MHz frequency range with a
minimum attenuation range of 40 dB and
1t 1s equipped with a direct reading dial in
1 dB increments. Insertion loss s less than
0.5 dB and SWR 1s 1 5 maximum. Connec
tors are SMA, Type N or TNC, also avail
able with 75 ohm impedance. Size- 2.5" x
1.54"" x 1.5"". Price. $175, small gty. Avaul
stock to 4 wks. ARO. ARRA, Inc., Bay
Shore, NY. Mike Geraci, {516) 231-8400.

Circle 173.

1L LUVIFALIDLE
PROGRAMMABLE
ATTENUATORS

A tine {of TTL) compatible attenuators s
available in the dc to 1300 MH2 frequency
range. Attenuators are supphied mn 4, 6 or
8 cell configurations and provide incremen
tal attenuation in 1 or 1 dB steps to a
maximum of 127 dB. Attenuators can be
pecified tor 50 or 75 ohm applications
and operate from 24 28 Vdc. Price $4.50
pet cell, with TTL option. Del. 4 6 wks
Texscan Corporation, Indianapolis, iN.
Raleigh B. Stelle, H!, {317) 357-3781.
Circle 16¢

Circle 171.
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ANZAC MIXERS .

JOBLL BALANCED

... to 18 GHz!

Circle 172.

Circle 166.

Now - Microwave Mixers from Anzac. Eleven new
hermetically sealed -models cover 0.5 to 18 GHz in
octave, multi-octave, and special interest bands.
Termination-Insensitive versions as well as regular
double-balanced units. In either flatpack or connec-
torized configurations. From stock. Send for complete
data.

Anzac Microwave Mixers. Going up to 18 GHz!

Adams

£1980 Adams-Russell
80 Cambrnidge Street ¢ Burhngtur « MA 01803 » (617) 273-3333 * TWX 710-332-0258

Russell
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Texscan gives you 15 years of experience in
16 standard filter types for any application.
Call us today for our new 68 page
component catalogue.

Texscan

Texscan Corporation Texscan instruments Ltd. Texscan GMBH

2446 North Shadeland Avenue 1, Northbridge Road Peschelanger 11

indianapolis, Indiana 46219 Berkhamsted, D800 Munchen 83

Ph: 317-357-8781 Hertfordshire west Germany

TWX: 810-341-3184 England, UK Ph: 0896701048

Telex: 272410 Ph: 04427-71138 Telex: 5-22915
Telex: 82258
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FUNDAMENTAL-OUTPUT,
YIG-TUNED TRANSISTOR OSCILLATOR

A fundamental-output, Y1G-tuned transistor, Model AV-7248, oscil-
lator with GaAs FET buffer amplifier and integral tracking YIG fil-
ter offers a low - 40 dBc maximum harmonic content over the 2-8
GH2z tuning range as well as + 14,8 dBm (30 mW) minimum output
power with + 30.0 dB maximum variation, and + 0,1% tuning linear-
ity. Unit exhibits a maximum 20 MHz frequency drift over the 0°
1o +65°C case temperature range, Model suited for use as signal
source in lab sweep generators as well as a local oscillator for spec-
trum analyzers and microwave receivers. Size: 2" D, x 1.4" L hybrid
construction package with gold, thin-film and includes low-induct-
ance FM coil. Weights: 17 oz, Avantek, Inc., Santa Clara, CA. John
Hyde, (408) 727-0700.

Circle 156.

MIXER-PREAMPLIFIERS COVER
3.7-4.2 GHz BAND

Models MPA4200A and MPA4201A are mixer-preamplifiers designed
for the 3,7 to 4.2 GHz communications band. The units feature
double-balanced mixers which provide isolation greater than 20 dB.
|F bandwidth for the former is 880 + 20 MHz and 1112.5 + 20 MHz
for the latter model. Noise figure for both models is 12 dB max, and
RF-IF gain of both is 18 + 0.75 dB. The MPA4201A has an integral
isolator on the RF port to provide input SWR of less than 1,25:1;
MPA4200A input SWR is 1,5:1 (max.). Aertech Industries, Sunny-
vale, CA. W.S. Patton, (408) 732-0880.

Circle 169.

TERMINATIONS FROM
dc TO 18 GHz

Models T180M and Model T130M are two versions of a dc to 18 GHz
50-ohm termination, The T180M unit isa SMA male, 1 W CW, 1 kW
peak load, Its maximum SWR over the dc to 18 GHz frequency band
is 1,15, and the SMA stainless steel connector complies with require-
ments of MIL-C-39012, Model T130M operates to same performance
specifications, but it is provided with a beaded chain and #6 eyelet for
front panel mounting. Price: $15, T180M; $20, T130M, Del: Stock
to 30 days. Engelmann Microwave Co., Montville, N.J. Carl Schrauf-
nagl, (201) 334-5700.

Circle 157.

MIXER SERIES IN
COMMUNICATIONS BAND

A series of mixers designed for communications band applications,
include Models M63T-1 and M66T-1 mixers, which operate in the
1.7-2.3 GHz band. Typical conversion loss for M63T-1, which has a
LO drive level of +7 dBm, is 7 dB; for M66T, typical conversion loss
is 6.5 dB at LO drive level of +13 dBm. Typical isolation is L-R, 25
dB; L-1, 28 dB for the units, Mixers are hermeticaily sealed in a TO-
8 package and can be mounted on printed circuit board. Avail: From
stock, immediate delivery, Magnum Microwave Corporation, Sunny-
vale, CA. David Fealkoff, (408) 738-0600.

Circle 160.

HIGH AVERAGE POWER,
DUAL CHANNEL ROTARY JOINT

Model 2255 is a high average power, dual-channel rotary joint in WR-
284, offered for use in azimuth axis of AF ground terminal surveil-
lance radar. Both channels operate in the 3.1-3,7 GHz frequency
band with 15 kW average power and 170 kW peak power. Size: 25"
L x 5" D. Kevlin Manufacturing Co., Woburn, Mass. Ernest Lattanzi,
(617) 935-4800.

Circle 162.
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Schottky

Diodes
From
Aertech

~ / \
@

Our cost-effective product line
features a broad series of uy wave
Schottky diodes, including N-type
low turn on, medium turn on, and
high turn on, plus a complete line o
PIN diodes. Both Schottkys & PIN
devices are also available in chip
and beam lead forms.

DETECTOR APPLICATION!

Zero Bias
T, -60dBm @ 10GHz TYF

Pkg. H —@— A2S26
Pkg. P r A2825
[Pl (L (== A2S25
STARVED L.O. MIXER,
APPLICATIONS
RF performance at

P =-10dBm

V.-140mV@1 mAtyp

Pkg (1) Part number
Conversion Loss @ 9.375GH

6.5dB typ 7.0dB tyj

P A2S272 A2S273
L A2S274

A28275

DOPPLER APPLICATIONS
Noise figure performance.

Part/Pkg!" f=1KHz f=10KF
Typical Typical

NF, NF,
A2S252/L 18dB  10dB
A2S257/P 18dB  10dB

(1) Other packages and special testir
available.

DUSTRIES
a subsrd:ary of TRW
825 Stewart Drive
Sunnyvale, CA 94086
(408) 732-0880
TWX 910-339-9207
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10,000
different
microwave

components
fromasingle

source.

That’s our
bag.

You don’t have to wait weeks for the
microwave components you need. And
you don’t have to shop several suppliers.
At Microlab/FXR we keep the widest
possible inventory of precision com-
ponents in stock at all times. Most orders
are shipped the same day we receive
them. Send for our new catalog.

MICROLAB/FXR.
the supermarket
of microwave

components

m

Ten Microlab Rd., Livin‘gston, N.J. 07039
Telephone (201) 992-7700
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NewEEDLiterature

INT'L PUBLICATION ON
MEASUREMENT METHODS

Publication 510-1-3 contains standard
methods of measurement for radio
equipment used in satellite earth sta-
tions as well as measurements com-
mon to subsystems and combinations
of subsystems plus measurements in
the IF range. This standard is a further
refinement of a previously published
510-1 standard dealing with measure-
ments common to subsystems in the
intermediate frequency range. It sets
conditions for measurement of return
loss, input and output levels, ampli-
tude/frequency characteristics, static
automatic gain control characteristics,
dynamic characteristics and group-
delay/frequency characteristics. Inter-
national Electrotechnical Commission,
Geneva, Switzerland. 34 01 50,

TLX 28872. Circle 137.

BOOKLET ON GYROTRONS

A 14-page booklet provides an “Intro-
duction to Gyrotrons.’’ Literature pro-
vides a description and test results of
gyro-devices, including gyrotron oscil-
lator, gyroklystron amplifier and gyro
TWT. Booklet has introductory sec-
tion, plus sections on basic characteris-
tics, programs and results for each type
of gyro-device, gyrotron operation and
future projects. Performance charac-
teristics, schematic drawings and pho-
tographs are included in each section.
Varian Associates, Electron Device

Group, Palo Alto, CA. (415) 493-4000.

Circle 143.
DOUBLE BALANCED MIXER
CATALOG

A line of double-balanced mixers is
described in a catalog which includes
comprehensive data sheets on expand-
ed line of low frequency mixer prod-
ucts from dc to 2300 MHz and micro-
wave mixers up to 18 GHz. Informa-
tion on satellite communications band
mixer line is included. Magnum Micro-
wave Corp., Sunnyvale, CA. David
Fealkoff, (408) 738-0600. Circle 140.

DATA SHEET FOR FUSED
FEEDTHROUGH ADAPTOR

This two-page bulletin contains infor-
mation on electrical, mechanical and
environmental characteristics of fused
feedthrough adaptors. Applications
and mounting instructions also includ-
ed. Cablewave Systems, Inc., North
Haven, CT. Steven Raucci, Jr.,

(203) 239-3311. Circle 136.

VARIABLE CAPACITOR CATALOG

A 16-page manual on variable capaci-
tor design includes seven sections cov-
ering variety of capacitor types, styles
and characteristics. Format incorpo-
rates design concept which tabulates
capacitors by part number, product
photo and characteristics. Provides de-
tailed dimensional drawings and elec-
trical characteristics for line. Johanson
Manufacturing Corp., Boonton, NJ.
Eric Fagerlund, (201) 334-2676.
Circle 139.

APPLICATION BROCHURE
ON CONDUCTIVE COATING

A full color, four-page brochure de-
tails applications for EMI conductive
coatings on plastics used in electronic
enclosures. Literature includes “how
to’’ information, with pointers on sur-
face preparation, thinning formuias,
spraying procedure and electrical test-
ing for acrylic finish application to
plastic substrates. Brochure contains
recommendations on selection of
equipment and list of plastic substrates
compatible to spray conductive coat-
ing procedure. Tecknit, Cranford, NJ.
R. Bilby, (201) 272-5500. Circle 141.

CATALOG OF SMALL SIGNAL,
LOW NOISE TRANSISTORS

A large format, 52-page booklet de-
scribes a family of 15 small signal, low
noise transistors. This 1980 four-color
catalog contains specifications, per-
formance graphs, photographs and cir-
cuit diagrams, plus package drawings
and dimensions. Also provides descrip-
tion of gold metallization and ballast
resistor features. TRW RF Semicon-
ductors, Lawndale, CA. Bernie Lind-
gren, (213) 679-4561. Circle 142.

CATALOG OF MICROWAVE
COMPONENTS AND ASSEMBLIES

An 80-page catalog describes micro-
wave components and assembly prod-
uct line. This 1980 catalog highlights
continuously variable attenuators,
fixed attenuators, and coaxial compo-
nents such as directional couplers,
power dividers and waveguide prod-
ucts. A removable chart is included
which lists all waveguide sizes and
flanges as well as electrical specifica-
tions and mechanical dimensions.
ARRA, Inc., Bay Shore, NY. Mike
Geraci, (516) 231-8400.  Circle 135.
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commercially ay:
and made in Amenqc

MSC 88000 SERIES \
Features /,U A 4
® Broadband Linear Gain

owest Thermal Resistan

Electrical Characteristics (@ 25°C)

MODEL TEST pourtV | pour" PIN PACKAGE
NUMBER FREQ YP MIN NOM NOM P TYPE
(MHz2) w) W) (mW) v (mA) (co'w)
C-BAND SERIES
MSC 88000 6000 0.060 0.050 8 8 90 a5 FLIP-CHIP HERMETIC
MSC 88001 6000 0.200 0475 40 8 150 35 FLIP-CHIP HERMETIC
MSC 88002 6000 0.400 0.350 %0 9 300 25 FLIP-CHIP HERMETIC
MSC 88004 6000 1.000 0.800 200 9 700 20 FLIP-CHIP HERMETIC
MSC 88012 6000 3.700 3.500 800 10 2000 7 FLIP-CHIP HERMETIC
X-BAND SERIES
MSC 88100 12000 0.060 0050 16 8 %0 a5 FLIP-CHIP CARRIER
MSC 88101 12000 0200 0175 56 8 150 38 FLIP-CHIP CARRIER
MSC 88402 12000 0.400 0350 125 9 300 25 FLIP-CHIP CARRIER
MSC 88104 12000 1.000 0800 280 9 700 20 FLIP-CHIP CARRIER
Ku-BAND SERIES
MSC 88199 15000 0.030 0.025 6 8 70 40 FLIP-CHIP CARRIER
MSC 88200 15000 0410 0.100 25 8 120 35 FLIP-CHIP CARRIER
MSC 88201 15000 0.250 0.200 70 8 160 2 FLIP-CHIP CARRIER
MSC 88202 15000 0.450 0.400 140 9 325 23 FLIP-CHIP CARRIER
MSC 88204 15000 0.900 0.800 316 9 675 15 FLIP-CHIP CARRIER

NOTE (1) Power Output at the 1 dB Gain Compressicn point 1s defined as
the point where further increases In Input power cause the out
put power to decrease 1 dB from the linear portion of the curve

NOTE (2) Thermal Resistance determined by Infra Red Scanning of Hot
Spot Channel Temperature ot rated RF operating conditions
Reterence MSC Application Note TE-242

YOUR TOTAL MICROWAVE RESOURCE
The MSC series of GaAs FETs are designed
for linear power amplifiers and for oscilla-
tor applications from 2-14 GHz. Higher fre-
quency S$tate-of-the-art devices are also
available. Please call or write for a com-
plete GaAs FET Product Data Packet, and
the MSC 24-Page Product Guide.

I|'='- MICROWAVE SEMICONDUCTOR INC.
aw ¥ an affiliate of SIEMENS

100 School House Road

Somerset, New Jersey 08873, U.S.A.

(201) 469-3311 TWX (710) 480-4730 TELEX 833473
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Now Available...

IWAMPLIFIERS

0.05-1200 MHz o $S199

- : ZHL-2-8
MGQ-M dehvery

If your application requtres up to 1 watt for intermodulation
testing of components ... broadband isofation ... flat gain
over a wide bandwidth ... or much higher output from your
frequency synthesizer or signal/sweep generator . ..
MiniCircuits’ ZHL power amplifiers will meet your needs, at
surprisingly low prices. Five models are available, offering a
selection of bandwidth and gain.

Using an ultra-linear Class A design, the ZHL is
unconditionally stable and can be connected to any load
impedance without amplifier damage or oscillation. The ZHL
is housed in a rugged '3 inch thick aluminum case, with a
self-contained hefty heat sink. BNC connectors are supplied;
however, SMA, TNC and Type N connectors are also available.
Of course, our one-year guarantee applies to each amplifier

So from the table below, select the ZHL model for your
particular application now ... we'll ship within one week!

|  GAIN | MAX. POWER NOISE | INTERCEPT

MODEL | FREQ. | GAIN [FLATNESS| OUTPUTdBm  [FIGURE POINT DC POWER PRICE

NO. MHz | dB | dB  [1-dB COMPRESSION*’ dB 'Srd ORDER dBmVOLTAGE [CURRENT | S EA. QTY.
ZHL-32A |0.05-130 [25 Min. | +1.0 Max +29 Min 10 Typ +38 Typ +24vV | 06A t199.00 (1-9)
ZHL-3A [0.4-150 |24 Min. | +1.0 Max. | +29.5 Min 11 Typ.| +38 Typ +24V | 06A  [199.00 (1-9)
ZHL-1A | 2-500 |16 Min. | +1.0 Max +28 Min. |11 Typ.| +38Typ +24V | 06A  [199.00 (1-9)
ZHL-2  [10-1000 [15 Min. | + 1.0Max +29 Min. [18 Typ.| +38 Typ +24v 0.6A [349.00 (1-9)
ZHL-2-8 [10-1000 |27 Min. | +1.0 Max +29 Min. |1o Typ.| +38 Typ. 24V 065A [449.00 (1-9) |
|ZHL-2-12{ 10-1200 | 24 Min. | +1.0 Max +29 Min.* |10 Typ.| +38 Typ +24v l 0.75A  [524.00 (1-9) |

Total safe lnpul power 20 dBm operat-ng temperature ) C 1o +60° C. storage temperalure 55° C to +100° C, 50 ohm impedance input and output VSWR 2 1 max
“+28 5 dBm from 1000- 1200 MHz
For detailed specs and curves. refer to 1980/81 MicroWaves Product Data Directory, Gold Book. or EEM

World s largest manulacturer of Double Balanced Mixers
- - - ]
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M .c ts
Domestic and International Telex 125460 International Telex 620156 ln l Ircu l
MINI-CIRCUITS LABORATORY
A Dwision of Scientitic Components Corp C46 REV F
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