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OUR SPECTRUM ANALYZERS
NEVER FORGET A SIGNAL.

—— Polarad’s Internal
R = g Digital Memory allows
e —— : you to recall a display.

With Polarad’s new 600B Series
Spectrum Analyzers, a display that a|
pears today, can also appear tomor:
row. And because our memory is

o | digital (far superior to variable per-
sistence types), you can expect high
resolution with continuously updatec
displays —without blooming, fading
smearing.

I But you'll be saying a lot more than
—— 4 “thanks for the memory,” once you
.i > 3 put the new 600 Series to work. You'
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also like our phase lock feature that
L Y provides stable, low-noise, narrowbat
) M ? displays and minimizes residual nois
¢ sidebands.

|
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5 The new 600 Series are also light anc

"& 3 compact, so they can be moved fromr
e bench to bench in the lab or be

—— transported for field measurements.

— Polarad’s 600B Series of Spectrum
Analyzers...the performance, ease of
use and versatility you need, at a pric
we know you can afford.

Call us for a demonstration and quot
‘ tion today or write for further inform:
A 7 tion and specifications.
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Selection Guide

—

Model i Frequency
s 1 [ 632B1 | 100 kHz-2 GHz
e 5 [ 630B-1 [ 3MHz-40 GHz
b (64081 | 3MHz40GHz _
A
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From Micreminiature Receiving Pilters to Transmitting Filters . Gaussian
Bessel . Butterworth . Chebychev . Monotonic or Elliptic Function . Highpass
Lowpass . Bandpass . Band Reject . Coaxial and Waveguide

Whatever your filter needs may be, only K&L can satisfy them all.

Call or write for our descriptive eatalog . . . and if you demn’t find the model
that meets your needs, we’ll design one for you.

408 Ooles Cirele Salisbury, Md. 21801 301.749-248¢ TWX 710-864-9683
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1 Watt and now. . . 2 Watts linear output
from 50KHz to 1200 MHZ from 199

If your application requires up to 2 watts for intermodulation testing of compo-
nents... broadband isolation. . .flat gain over a wide bandwidth...or much
higher output from your frequency synthesizer or signal/sweep generator
Mini-Circuits’ ZHL power amplifiers will meet your needs, at surprisingly low
prices. Seven 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 % inch thick aluminum case, with a self-contained
hefty heat sink.

Of course, our one-year guarantee applies to each amplifier.

So from the table below, select the ZHL model for your particular application ‘&
owe'll Ship within one week! CIRCLE 4 ON READER SERVICE CARD
* Gain Max. Power Noise Intercept .
Model Freq. Gain Flatness Output dBm Fgure Point DC Power Price
No. MHz dB dB 1-dB Compression dB 3rd OrderdBm_Voltage  Current $ Ea. Qty
ZHL 32A 051 25 Min =1 (} Max 29 Min 10 Typ 8 Typ 24V () 6A 199 () i9
ZHL. 3A 4150 24 Min 1 0M, 295 Min 11 Ty 38 Typ 24\ 0 bA 199 ( 1
ZHL 1A 2.5 16 Min 13 Max 28 Min 1. Typ 8 Typ 24\ (b 6A 149 (b
ZHL-2 1 15 Min 1O Max 29 Min 18 Typ W Typ 24\ 1 bA 349 () 9
ZHL 2.8 1010 27 Min 1 0 Mg 29 M 10T 38 Typ 29\ ) H5A 44 {x
ZHL 212 1412 24 Min M. 29 140 Typ ™ Typ 26\ 1 75A 524 (¥
ZHL 1 2w 5 50 29 M 10 M; 33 12 Typ 44 Ty 29 09 495 (X <
Total sate input pawer « 20 dBm. aper temperature 0 C to + G¥ Tage wemperamre
55 Cto + 1000 C. 50 ohm impedan: put and output YSWR 2 s« For Mini Circuits sales and distributors listing see page 46 ¢
* 28 5 dBm from 1000 1200 MHZ - - - - g
For detailed specs and curves, refor to M -& t
19800 81 MicroWasves Product Data Direetor Book. »r EEM m Inl rcu' s o
" . A Division of Scienttic Components Corporation E
% BNC connectars are supplied however World's largest manufacturer of Double Balanced Mixers 4
SMA. TNC and Type N connectors are alve available 2625 East 14th Street, Brooklyn, Wew York 11235 (212)769-0200 3
Domestic and Intemational Telex 125460 International Telex 620156 =

Microwave Journal (USPS 396-250) 1s putlished monthly per request by Horizon House-Microwave Inc., 610 Washington Street, Dedham, MA 02026. Sucond Class postage paid at
Dedham MA 02026 and additional offices. POSTMASTER: Send form 3579 to Microwave Journal, 610 Washington Street, Dedham MA 02026



90° SERIES SPECIFICATIONS

World's largest variety of S agra

Freq. Isolation Insertion  Unbalance Unbalance Price

off-the-shelf models WD e e e ne o

£
=
a3

1.41.7

1.5 to 450 MHz...from $12.95 Lo

7.08.0
1
Choose from more than 20 models of 2-way, 90° ) s
power splitters, spanning 1.4-450 MHz, with typically 5D
better than 25 dB isolation and insertion loss less than %
0.3 dB. Models are available in hermetically sealed pin el
packages as well as connector versions. 150250
Of course, if you need a “special” for a specific applica- e
tion, contact us for a prompt, informative response. We - 2550
can supply your needs...at regular catalog prices! =t
For complete specs, performance curves and application IMSCQ250 2550
information, refer to 1980-1981 MicroWaves Product T cantite | el L py e

Data Directory (pgs. 179-216) or EEM (pgs. 2923-3142). * Average of coupled outputs less 3dB  Impedance 50 ohums all models

(IMini-Circuits

MINI-CIRCUITS LABORATORY A DIVISION,OF SCIENTIFIC COMPONENTS CORPORATION
2625 E. 14th St.. Brook'yn, NY 112354&42166-0800.“om. Telex 125460 Int'l. Telex 620156 94 Rev. Orig.
- AR . e malon amd Alntcibhidare llobdinse aas nana AR IRl E & AN RFADER SERVICE CARD

04 k " : 12.95 (5-49)
0.4 5 X b 16.95 (5-49)
04 L 2 . 12.95 (5-49)
(2] L ! 8 12.95 (549)
C4 b i . 12.95 (549)
04 3 X 5 12.95 (549)
0.3 ! ¥ " 16.95 (5-49)
a4 X ! J 12.95 (549)
a3 b ! : 19.95 (549)
0.3 B i 4 19.95 (549)
a3 5 z £ 19.95 (549)
18 03 19.95 (5-49)
15 a3 19.95 (5-49)
18 Qs 19.95 (5-49)
16 04 19.95 (5-49)
16 0.4 19.95 (5-49)
20 03 39.95 (4-24)
2 03 39.95 (4-24)
15 03 39.95 (4-24)
205053 49.95 (4-24)
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FINDING THE RIGHT OIL
RIG IN STORM OR DARK
OF NIGHT COMES EASIER
WHEN YOUR CHOPPER
USES A LITTON LOW TC
MAGNETRON

From —55°C to 150°C, Litton's
L-4642 temperature compensated
magnetron has the frequency stability
and power to get you down fast. With up to 85 KW
out,a TC of 75 kHz/°C and a fixed frequency of 9375

+ 5 MHz, it keeps your helicopter on target every time.

For lightweight airborne weather radar systems, this
durable magnetron weighsonly 3.5 Ibs. It's well suited
to the coming generation of weather radar systems.

For other applications requiring extreme
frequency stability, take a good hard look at these
Litton temperature compensated magnetrons.

For interrogating beacons, the Litton L-4693.
Here's a coaxial magnetron with low thermal drift
and TC to yield high frequency stability in a wide
range of environmental conditions. Minimum peak
power is 65 KW. Tunable frequency is 9365
to 9395 MHz.

The coaxial pulse magnetron
L-5408 is especially suited for use in
all-weather aircraft landing systems.
Operates in J-band with a tunable
frequency of 15,400 to 15,700 MHz.
With a TC of 20 kHz/°C, it's capable
of frequency stable operation over
a wide range of duty cycles without
heater reprogramming. Minimum
peak power is 2.5 KW.

The L-4502 RF stable magnetron
for radars using coherent receivers.
Here's a pulse magnetron featuring 200 KW mini-
mum peak power and closed loop servomechanical
tuning over the 8700 to 9400 MHz range. Thoroughly
ruggedized, it's designed to meet severe environmen-
tal conditions demanding maximum thermal and
pulse-pulse stability as well as tuning sensitivity.
Servo-equipment can be mounted on the tube.

All of Litton's magnetrons feature proven
performance characteristics to lead the way toward
satisfying your most demanding design criteria.

Find out more.

Complete data sheets are available from your
Litton Field Engineer. Or address Litton Industries,
Electron Tube Division, 1035 Westminister Drive,
Williamsport, PA 17701. Phone: (717) 326-3561.

LITTON

ELECTRON TUBE DIVISION
CIRCLE 6 ON READER SERVICE CARD



etectors

the world’s highest output phase detectors

1000 mV (+7 dBm input), less than 1 mV DC offset
The new RPD Series from Mini-Circuits from#15%

These new high efficiency phase detectors offer state-of-the-art performance
while still economically priced. These are the only units in the world offering a
figure-of-merit greater than 125 and at only $15.95.

The figure-of-merit M or efficiency of a phase detector can be defined as the
ratio of maximum DC output voltage (in mV) divided by the RF power (in dBm).
The maximum DC output of the RPD-1 is 1000 mV with +7 dBm applied to the
LO and RF ports, and DC offset is typically 400 micro volts. Thus, its figure-of-
merit M is 143, which represents a highly efficient phase detector. For compari-
son a double-balanced mixer used as a phase detector offers 350 mV DC output
with the same LO and RF inputs for a figure-of-merit M of 50.

So when your system requires a high output phase detector, specify the new
RPD series.

For complete specs, performance curves and application
information request Mini-Circuits techrical bulletin, Q &Ano 3

RPD-1 SPECIFICATIONS

FREQUENCY RANGE

L and R ports

Qurput por:s
SCALE FACTOR
IMPEDANCE

L and R ports

| port
L and R SIGNAL LEVELS
ISOLATION, L-R
MAXIMUM DC OUTPUT. mV

DC GUTPUT POLARITY
(L and R in-phase)

DC CUTPUT OFFSET
VOLTAGE

FIGURE-OF-MERIT. M

1-100 MHz
.DC-50 MHz
8 mV'Degree

50 ohms
500 ohms
+7 dBm

40 dB min
1000 mV typ
750 mV min

Negative
0.2 mV typ

1 mV max
143 Typical

A Civision of Scentitic Components Corporation

Worid's largest maaufacturer of Double Balanced Mixers
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200

MODEL RPD-1
{PHAéEDETECT;ON MAX, OUTPUT vs FREQ. | o L L
> ==} T
A o e e e [JMini-Circuits
_§ I ] 3 ILR-f?der
2SR m P
2 800} 1 4
g sw‘ .l |- - L 1

1 2 § 10 20 50100
Frequency, MHz

CIRCLE 7 ON.-READER.SERVICE CARD

Domestic and International Telex 125460 International Telex 620156
For Mini Circuits sales and distributors listing see page 46
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TECHNOLOGY: EW SYSTEM INTEGRATION

This electronic warfare Supercomponent-N draws
upon the many technologies available from Narda. Ver-
tical integration is the key ingredient at Narda, by us-
ing the in-house capabilities and facilities to develop
this switched oscillator for airborne RF receivers.
Noteworthy is the design innovation to build 8 to 18
GHz modules consisting of 3 ultra stable, low power,
coaxial Gunn oscillators combined with low noise
power GaAs FET amplifiers with hybridized
regulators. An industry first.

CIRCLE 101 ON READER SERVICE CARD
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Inasingle2': inch square high density package are ultra stable Gunn
Oscillators, a unique high performance terminated switch, a multi
stage low noise GaAs FET amplifier, attenuators, filters, couplers
and all electronic circuitry. All designed and manufactured by
Narda’s East and West coast facilities right down to the diodes and
transistors. Narda can do the same for you. (516) 319-9600.

THE NARDA TRADITION.

For 26 years, the people at Narda have been dedicated
to making truly reliable components, supercom-
ponents, sub-systems designed for your microwave ap-
plications. Every major Military Microwave System
contains products engineered by Narda. Designed and
built to the same standard of excellence. Write for
technical information concerning products for EW,
Communications and Radar to Marketing Services
Group. CIRCLE 102 ON READER SERVICE CARD

BREAK THROUGH IN POWER
GaAs FET AMPLIFIERS.

The designs for EW systems in military aircraft cur-
rently in production and other such applications re-
quire stability, low noise operation in high density
amplifiers.

S — v |

The smallest, lightest, high density GaAs FET
amplifiers are now available for the first time in the 6 to
18 GHz and 8 to 18 GHz range. Engineered to exhibit
superior low noise performance and high power out-
put.

Write to our Marketing Services Group for Narda’s
New Catalog. There are 100 models with the widest
dynamic range available. Important note: many
models can be shipped within 48 hours. Another in-
dustry first. CIRCLE 103 ON READER SERVICE CARD
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LOCAL OSCILLATORS
FOR EW APPLICATION.

Solid-State Gunn Oscillators for receivers and radar
systems. Small size, lightweight, offers excellent per-
formance for MIL-Spec applications. Power up to
200mW over the full EW frequency range. Exhibits
high frequency stability and low noise. Gunn-effect
varactor tuned and mechanically tuned oscillators are
available. New technical literature can be secured by
writing our Marketing Services Group, or call us
directly.  CIRCLE 104 ON READER SERVICE CARD

MICROWAVE MULTIMETER FOR MICROWAVE MEASUREMENTS

BOTH ON TEST BENCH AND FIELD

Measure Power, Reflection, Transmis-
sion and DC Voltage. Self-contained
microwave test station that leads the
operator step-by-step through the pro-
cedure, automatically calibrates itself,
selects the proper range, sets zero
references and performs measurements
over the .01 to18 GHz-and it's portable.

CIRCLE 105 ON READER SERVICE CARD

Priced from $5975.

Write For New
Technical Bulletin.

THE NARDA MICROWAVE CORPORATION e PLAINVIEW, L.1., NEW YORK 11803

MICROWAVE JOURNAL



TECHNOLOGY: MICROWAVE COMPONENTS

ATTENUATORS
FOR SYSTEM
AND LAB USE.

Whatever your requirements for attenuation pro-
ducts, you get the same excellence which, for the last
26 years, has made Narda the standard of the industry.
Take Narda's precision miniaturized attenuators for
EW systems. The thin film element between the SMA
connectors of the 4780 series is the secret to the low
VSWR, flat response and high power handling capabili-
ty over DC to 18 GHz...or the precision pads that meet
MIL-A-3933...or one of over 125 models of sub-
miniature, fixed, variable - all designed for optimum
performance to meet your specific system or bench re-
quirements.

Usable flexibility is what you get with Narda's revolu-
tion in precision step attenuators, (the cutaway photo
will give you an idea of the high precision). The Series
700 has successfully completed 3 million steps position-
ing without degradation. Select from the turret at-
tenuator line - DC to 18 GHz, manual or motorized and
programmable, single or dual configuration, 0 to 99 dB,
0 to 9 dB, 0 to 90 dB (or anywhere in between) with a
variety of connectors. Every one of the Narda step at-
tenuators features Narda's precision Micro-Pads™
which meet MIL-A-3933B. You also get the unique de-
tent design which assures resettability to better than
0.05 dB...and with extremely uniform group delay on
all steps. Write Marketing Services Group for our new
literature. CIRCLE 106 ON READER SERVICE CARD

MINIATURIZED FOR EW APPLICATIONS.

Narda’s track record on miniature 2-way power
dividers led to extending the line to 4-way dividers
early this year. Both are packaged in the lightest,
smallest size possible. The enlarged view illustrates
the configuration of the micro-miniature circuitry used
in the power dividers. The electrical performance
features excellent amplitude and phase tracking at the

516-349-9600 e
DECEMBER — 1981

output ports from 0.5 GHz to 40 GHz. These octave and
multi-octave dividers give you equal in-phase divisions
of input power, low VSWR (all ports) and unparalleled
high isolation. Being reciprocal you can use these
dividers to re-combine in-phase signals applied to the
output ports to function as a power combiner.

Both the 2-way and 4-way versions are particularly
well suited for EW systems, wide band LO networks,
phased arrays, multi-octave antenna feeds, or test and
instrumentation systems.

Repeatability of performance, which is so important in
military applications and to system reliability, is
assured through tightly controlled manufacturing pro-
cesses. This high reliability is synonymous with
Narda's standard of excellence established over 26
years in serving the microwave industry. Write to our
Marketing Services Group for our new literature.
CIRCLE 107 ON READER SERVICE CARD

PIN DIODE SWITCHES FOR EW.

A complete line to SPST, SP2T, SP3T and SPAT
switches have numerous MIL-Spec. application as
solid state modulators and attenuators and are par-
ticularly useful for ECM applications. Typical
operating characteristics of 200 nsec. switching speed
and 60 dB minimum isolationover the full2-18 GHz fre-
quency range. A unique microwave integrated circuit
design utilizes shunt mounted PIN diodes, providing
reflective switching of RF inputs up to 6 watts average
or 50 watts peak power. This new line of switches is
available with and without drivers in the same small,
light weight packages. Write our Marketing Services
Group for technical literature.

For special applications requiring switches with
matched impedance in both the ON and OFF state,
linearized PIN attenuators or leveling attenuator
modules, consult the Narda Customer Applications
Engineering Group for assistance in optimizing switch
performance for YOUR application.

CIRCLE 108 ON READER SERVICE CARD

TWX: 510-221-1867 e CABLE: NARDACORP PLAINVIEW NEW YORK narda
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mixer,

standard level (+7dBm LO)

from 500 KHz to 1GHz... hi-rel and industrial
miniature, flatpack, and low profile om$3%

Choose from the most popular mixers MODEL SRA-l TFM2 SBL-1 SBLIX ASK1
] J FREQUENCY, MHz
in the World- Rugged constrgchon and LO. RF 5500  1-1000 1500 10-1000 1-600
tough inspection standards insure oy i il dgc‘s"o R R etk JR L
ERSION L y
MIL‘M'28837/1A performance * one octave bandedge 6.5 6.0 75 7.5 7.0
total range 85 7.0 85 90 8.5
ISOLATION, dB, L TOR
Check these features. .. lower bandedge 50 50 45 a5 50
SRA-1 the world standard, covers 500 KHz to 500 MHz, a9 o B g Lo S

Hi-REL, 3 year guarantee, HTRB tested, . el
MIL-M-28837/1A-03 S performance* $11.95 (1-49). b o g og ki o U R
TFM-2 world’s tiniest Hi-REL units, 1 to 1000 MHz,

only 4 pins for plug-in or flatpack mounting, For Mini Circuits sales and distributors listing see page 46

MIL-M-28837/1A performance* $11.95 (6-49). finding new ways.. ..
SBL-1 world's lowest cost industrial mixers, only $3.95 (100), S Lt EElce

1 to 500 MHz. all metal enclosure. l I 1ni -rc M
SBL-1X industrial grade. low cost, $4 95 (10-49) M!nvlbc.eggomponergo'p?g

10 to 1000 MHz, rugged all metal enclosure. 2625 Eaat 1an LS e maniactnes o Coutle Blanced i
ASK-1 world’s smallest double-balanced mixers, 1-600 MHz. Domestic and International Telex 125460 International Telex 620156

flat-pack mounting, plastic case, $5.95 (10-49).
*Units are nst QPL listed

CIRCLE 10 ON READER SERVICE CARD 74 REV.B



HBE: EXPERIENCE IN MICBOVWAVE TECHNOLOGY

HP’s budget-minded
Microwave Spe
Analyzer




The HP 8559A delivers

precision and convenience for
awide range of applications.

.......

HP’s 8559A Spectrum Analyzer
plug-in with the HP 182T display is
easy-to-use, economical, and porta-
ble. The combination weighs less
than 40 pounds and its rugged
design makes it excellent for field
use. Most measurements can be
made using only 3 controls. You
simply tune to the signal, set fre-
quency span (resolution and sweep
time are automatically optimized),
and then set the reference level
and read signal amplitude.

The 8559A/182T is a high-
performance instrument at a
truly affordable price, $13,115.
For more information on this
budget-minded instrument call
your nearby HP sales office, or write
Hewlett-Packard, 1507 Page Mill
Rd.. Palo Alto. CA 94304.

Dameste U.S price on'y

HEWLETT
BN [ -icon

CIRCLE 11 ON READER SERVICE CARD
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HIGH INTERCEPT

> Play the game
you never lose!

You win everytime - because our standard RF and microwave
components are the best engineered, highest quality devices
available today. And with our million-dollar-ptus inventory, we
can ship any standard order within 48 hours! Since we stock
every item in our 272-page catalog, all you do is order and we
deliver. To top it all off, the price is right. How can you lose?

Tell you what we're going to do. You step right up and we’'ll
send you our catalog - free! And remember. Stack the odds in
your favor. Buy Anzac.

Adams "~ ¥ Russell

£1980. Adams-Russell
80 Cambnidge Street » Burlington » MA 01803 e (617) 273-3333 » TWX 710-332-0258
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cComing
Events

1982 POWER Call tor papers
TUBE Sponsor: Electron
CONFERENCE Devices Society of

the IEEE and the
DoD Advisory
Group on Electron Devices. Place: Naval
Postgraduate School, Monterey, CA. Top-
Ics: Microwave power tubes and tube-
related system needs and problems. Sub-
mit 100 copies of abstracts appropriate for
a 20 minute paper (indicating classified
content if any) by January 22, 1982 to: Mr.
Leonard H. Klein, Secretary, 1982 Micro-
wave Power Tube Conference, Palisades
Institute for Research Services, Inc., 201
Varick St., New York, NY 10014, Attend-
ance at the conference will be by invitation
only.

1982 IEEE MTT-S
INTERNATIONAL
MICROWAVE
SYMPOSIUM
JUNE 15-17, 1982

APR. 26-28, 1982

Call for papers
Sponsors: |IEEE
Microwave Theory
and Techniques
Society. Place:
Hyatt Regency
Hotel, Dallas, Texas. Topics: Original
works in microwaves particularly com-
puter-aided design and measurement tech-
niques, radiometry and remote sensing,
GaAs monolithic circuits, phased array
and active array techniques, microwave
field and network theory and other areas.
Submit 5 copies of a 35 word abstract and
a 500-1000 word summary (up to 6 illustra-
tions) by Jan 8, 1982 to: Steven L. March,
TPC 1982 MTT-S Symposium, COMPACT
Engineering Div., CGIS, P.O. Box401144,
Garland, TX 75040.

1982 IEEE Call for papers
MICROWAVEAND Sponsors: IEEE
MILLIMETER- Microwave Theory
WAVE and Techniques
MONOLITHIC Society and The
CIRCUITS IEEE Electron
SYMPOSIUM Devices Society

JUNE 18, 1982 Place: Hyatt
Regency Hotel,
Dallas, TX. Topics: Original works in mi-
crowave and millimeter wave technology.
Authors are asked to submit 5 copies of
one page abstract explaining the contri-
bution. its originality and importance by
January 15, 1982 to: M. Yoder, ONR-414,
Arlington, VA 22217 Tel: (202) 696-4218.

CONFERENCE Call for papers
ON PRECISION Sponsor: National
ELECTRO— Bureau of Stan-
MAGNETIC dards. Place: NBS,
MEASUREMENTS  Boulder, Colorado.
JUNE 28- Topics: Design, per-

JULY 1, 1982 formance, or appli-
cation of electro-
magnetic measurements, techniques, in-
struments or systems. Submit both a 35-40
word abstract and a 500-1000 word sum-
mary in camera ready form by February
15, 1982. David W. Allen, CPEM, '82,
National Bureau of Standards, 325 Broad-

way, Boulder, CO 80303. (303) 497-3981.
]
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- Millimeter
Dise Sources

ucts for Noise Measurement
.= -and Radiometer Systems
from 18,000 MHz
s to 40,000 MHz

FEATURES

* | ong Term Stability

» Extreme Temperature Stability
* Fast Switching Capability

« * Withstands High Incident Power
* No Damaging Spike Leakage

-
r

. -
téLECTMCAL CHARACTERISTICS (@ 25°C)

5 l Modet Frequency Flatness Power Req
¢ Number Range (MHz) ENR Typ Mas Max
| MC51826W[18000-26500 [ 250dB | +15dB +23dB [ + 28V 20mA
', MC 32640W[26500-40000 | 23.0dB | +20dB $30¢B | + 28V 20mA
MC 7215W [19900-23100 | 25.0¢B 1 0.60 4B + 28V, 20mA
MC 7300W [29700-30300 | 23.0¢B +0 6048 + 28V, 20mA
MC 7315W [31200-31800 { 23.0a¢B +0 60 o3 +28V. 20mA
MC 7350W [34700-35300 | 23 0dB +0 6048 + 2BV. 20mA

|




EUROPEAN MICROWAVE
COMPONENT INDUSTRY

UK microwave component supp-
liers have experienced a sharp
decline indemand during the past
twelve months as the British MOD
buying moratorium remains large-
ly in force. Continental European
suppliers appear to be enjoying a
continuation of the good growth
rates of the past few years. Based
on a series of interviews in Sep-
tember of this year, the Special
Report in this issue details the
views of a sampling of UK and
Continental component manu-
facturers on this and other
subjects.

Sum
®Up

A NEW PHASE NOISE
MEASUREMENT SYSTEM

At some point, performance of
microwave communications and
radar systems is limited by the
phase noise characteristics of their
sources. Historically, phase noise
measurements have been difficult,
time consuming and have suffered
from inadequate accuracy. HP’s
new specirum analyzer system
reduces the measurement of phase
noise to a practical and repro-
duceable procedure which can be
applied to both system verifica-
tion and, more importantly, com-
ponent design.The system is a
significant new addition to the
microwave engineer's measure-
ment resources.

A 100 kW L-BAND
SOLID STATE LIMITER - Part |

The proper relationship between
RF rise time and PIN diode charge
injection time can enhance the
peak power limiting ability of PIN
diodes beyond that which might
be inferred from their bulk break-

down voltage. This property has
been exploited in the design of a
100 kW peak power, self-biasing
coaxial limiter forthe 1250to 1350
MHz band. Four PIN diodes sup-
ported by four GaAs varactor
diodes to provide fast leading edge
current biasing pulses are em-
ployed in the design. Part| covers
design considerations and analy-
sis. Part Il will describe its per-
formance.

IMPROVED MILLIMETER
WAVE DETECTORS

The advent of DC-coupled scalar
network analyzers capable of
storing calibration information
greatly simplified swept frequency
measurements at mm wave fre-
quencies. A new generation of
mm wave detectors for use with
those analyzers employing zero-
bias low barrier Schottky diodes
promises to further improve ana-
lyzer utility at high frequencies.
The fabrication of zero-bias
Schottky barrier diodes specifi-
cally for mm wave applications is
described. A waveguide mount
suitable for the diodes is shown
and the performance of the
diode-mount combination in the
75-110 GHz band is illustrated.

DIELECTRIC LOADED
WAVEGUIDE MATCHING
PROGRAM

A program for the HP 67/69 com-
putes a quarter wavelength die-
lectric transformer for matching
into dielectric loaded waveguide.
The program provides the impe-
dance, length and dielectric width
of the matching transformer for
any value of transformer dielect-
ric constant. Dimensions of cas-
caded quarter wave transformers
for broadband matching may also
be calculated.

Mosad zm{
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Workshops
& Courses

MICROWAVE DEVICES AND
CIRCUITS SHORT COURSE
Topic: Operation, design and
application of micro-
wave semi-conductor
material and devices
and their applications.
Sponsor: Continuing Professional
Education, UCLA
Site: URC Conference Cen-
ter, UCLA
Date: February 22-26, 1982
Fee: $795.00
Contact: G.|.Haddad (313) 764-
3317 Short Course Pro-
gram Office, 6266 Boel-
ter Hall, UCLA Exten-
sion, Los Angeles, CA
90024

FIBEROPTICS SHORT COURSE

Topic: Fiber Optical Communi-
cations
Sponsor: Center for Professional
Development
Site: Arizona State University
Date: March 15-17, 1982
Fee: $450.00
Contact: Center for Professional
Development, College
of Engineering and Ap-
plied Sciences, Arizona
State University 85287
Tel: (602) 965-1740.

SPREAD SPECTRUM
COMMUNICATION SYSTEMS
Topic: Spread spectrum tech-
niques for anti-jam
communications, rang-
ing, and synchroniza-

tion.
Sponsor: Continuing Engineering
Education, George

Washington University
Site: Sheraton Inn La Guar-
dia, Long Island, NY
Date: March29-April2,1982.
Fee: $760.00
Contact: Director, Continuing
Engineering Education,
George Washington
University, Washington,
DC 20052 (800) 424-
9773. B
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LOW NOISE FET AMPLIFER
R61-001

S

‘Drop In?
the [)(winpad

You will find it at Watkins-Johnson Company. Our MINPAC™ low-
profile solid-state amplifiers are the original microwave ‘drop-in’

modules specifically designed to solve your size and integration
problems for STRIPLINE and MICROSTRIP applications.

MINPAC™ features include:

e Small size

¢ Gains from 7 to 40 dB

¢ Frequency coverage of 0.5 to 18 GHz

¢ Narrow through multioctave
bandwidths

* Power output to + 23 dBm
(1 dB compression point)

¢ Noise figure as low as 1.5 dB (Typ)

¢ Available in gain- and phase-matched
and/or gain- and phase-tracked sets

For more information, contact the
nearest Watkins-Johnson Sales Office
or telephone Amplifier Applications ke A el )
Engineering in Palo Alto, California at
(415) 493-4141, ext. 2247.

Also available in
SMA connector
versions.

Watkins-Johnson—U.8.A e Calilornia. San Jose [408) 262-1411: €I Segundo (273) 640-1980 e Florida, Fort Walton Beach (394) 863-4191 e Georgia, Allanta (404) 458-9907 e lllinois. Palatine (312)
991-0291 e District of Columbia. Gaithersburg. MD (301) 948-7550 e Massachusetts. Lexington (617) 8611580 e Texas, Dallas (214) 234:-5396 e Utah, Murray (801) 263-3992 e
Unitsd Kingdom: Dedworth Rd.. Oakley Green. Windsor, Berkshire SL4 4LH e Tel: Windsor 69241 o Cable: WJUKW-WINDSOR e Telex: 847578 o Germany, Federal Republic. of: Manzingerweg 7.
8000 Muenchen 60 e Tel: [0B9) 836011 o Cable: WJDBM-MUENCHEN e Telex: 529401 e Italy: Piazzz G. Marcont, 25 00144 Roma-EUR e Tel: 592 45 54 o Cable: WJROM- o Telex: 612278
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Guest Editorial

William A. Bourke was awarded a B.S.E.E.
degree from Carnegie-Mellon University
and worked as a projectengineer at Sperry
Gyroscope until co-founding the Narda
Microwave Corporation in 1953. He acted
as Executive Vice President until 1959,
when he became President of the com-
pany. In 1971 he was named President and
Chairman of the Board. Mr. Bourke holds
a commercial pilot's license and has been
active in a large number of organizations,
among them Catholic Charities [Board of
Trustees], Cleary School for the Deaf
[President 1977-78), and the Chaminade
High School Advisory Board. In addition
to professional memberships, Mr. Bourke
is affiliated with Tau Beta Pi and Etta
Kappa Nu. Under his leadership, Narda
has become a world leader in microwave
instrumentation and components, pioneer-
ing such technical innovations as the first
6-18 GHz GaAs FET amplitier and a gen-
eral purpose Microwave Multimeter with
wide applications. Itis also in the forefront
of microwave radiation monitoring.

18

Passive Microwave
Gomponents

WILLIAM A. BOURKE
THE NARDA MICROWAVE CORPORATION

Evolution and change, techno-
logical advances, fabrication and
manufacturing process advances,
and the crossing of new frontiers
in miniaturization and higher per-
formance have been the bywords
of the passive microwave compo-
nents business for at least aslong
as we have been involved in it.

The changing world of passive
microwave components has al-
ways been market driven. The
microwave communications appli-
cations, such as point-to-point
microwave and today’s ever ex-
panding satellite communications
systems, have contributed their
demands, but the most visible and
pervasive influence upon passive
microwave component evolution
has come from the world of mili-
tary radar and from the amazing
counterworld of electronic war-
fare. Each forward step in radar
capability to locate, identify, track
and thwart or destroy — as soon
as it is matched by the other side
— must be metby an EW response
for self defense. Any particular
major weapon, a specific fighter
aircraft, for example, has a life-
time in our arsenal of well over a
decade. During that lifetime, how-
ever, its missions and the threats
againstitare constantly changing
and increasing while the space
aboard, the maximum allowable
weight carried and the power
available are relatively fixed. The
systems design engineer is faced
with the problem of addressing
these threats and adding increased
capability within the system con-
straints. In other words, to respond
successfully to the needs of our
customers, we must package many
units in areas previously occu-
pied by a single component.

Once upon a time, a broad line
of passive microwave components
comprised a handful of simple
directional couplers, terminations,
attenuators and detectors availa-
ble in a few standard rectangular
waveguide sizes plus waveguide
to coaxial adapters to intercon-
nect with type “N” connector
coaxial cables. Performance was
typically specified at a fixed fre-
quency or covering a 10 per cent
bandwidth; occasionally we might
have seena 1.5to 1 bandwidth. As
surveillance and countermeasure
needs attempted to address all
the various radar and beacon
bands, the use of miniaturized
coaxial components became in-
creasingly necessary because of
bandwidth considerations. New
connector types were needed to
accommodate miniaturization.
Coaxial components with octave
band performance uitimately be-
came commonplace, as did the
SMA connector.

Typical microwave super component.

The pressure for miniaturization
brought about the introduction of
stripline technologies and many
discrete components shrunk by

[Continued on page 20)
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THE NEW NS-20...
THE COMPLETE INSTRUMENT
FOR AUTOMALTIC NETWORK TESTING

Our new NS-20 Network Measurement
System is an entirely new concept in
network analysis. It integrates our
powerful scalar network analyzer and
our new RF source module into a single
microprocessor-driven design. Now
you can easily run pre-programmed
measurement tests directly from one
front panel, expertly, accurately, and
automatically. .. even without a host
computer in many applications. Total
bus programmability 1s also available if
needed.
ACHIEVE PINPOINT ACCURACY
WITH OUR RF SOURCE.
The compact, source modules permit
vou to test components directly attached
to the port, without intervening RF
cable. The N5-201 RF module smoothly
covers the frequencies from 2 GHz to
18 GHz. Built-in leveling and ratio-
channel functions ensure that vou get
consistently accurate measurements.
When you consider source matching
with better than 15dB return loss and
harmonics better than 45dB below test
signal level, it's easy to see why nothing
even comes close to the NS-20. Con-
sider these advanced features:
* You can store and recall up to 10 test
routines of vour choice, including up
»

:;..v; MODEL 10

PACIFIC “(ASU“( L

18.NS201 RF SOURCE MO0

to 9 markers per set-up, and they
remain in memory even if instrument
ower is turned off.

* Memorized test routines may be
stepped-through at the touch of a
button, allowing rapid use or review
of standardized test set-ups.

o Adaptive sweep automatically adjusts
its speed to that required by the pawer
level input to the analyzer circuits.

¢ The amnalyzer continuously zeros
automatically, without any operator
input required.

* Both cursor frequency and associated
RF power levels are read directly from
the front panel.

* I[EEE-488 Bus option with total access
to the instrument allows remote data
storage and manipulation.

WE MADE THE BEST EVEN BETTER
Like our powerful, proven N-10 plug-in,
the NS-20 offers you a wide range of
innovative, high performance features
vou've come to expect from Pacific
Measurements:

e —60dBm sensitivity.

 .05dB display resolution.

» Precision control of offset.

o Continuous indication of ref line and
offset.

* Balanced detectors to reject even
harmonics.

* Built-in power calibration mode.

* Completely automatic full dynamic
range memory.

On top of that, the NS-20 enables you

to make yeur measurements using dif-

ferent frequency limits. . . without recal-

ibration. And, naturally, it works in

your current 1038/D14 main frame.

We're committed to bringing you a

measurement system that provides

improved test results and higher pro-

ductivity at lower cost. Isn’t it time you

found out why the NS-20 is sweepinz.;,

the field of RF measurement systems?

Just call Ed Mendel, at (408) 734-5780.

Or contact your local PM representative

and ask for a demonstration of the

NS-20 system solution.

—— o e e e

TEaAy MODEL 1038-NS20 NETWORK MEASUREMENT SYSTEM

CHANNEL A

ULE

ENTS INC

waAse

CHANNEL B

o000 v o

L]

PM

PACIFIC MEASUREMENTS 488 Tasman Drive/Sunnyvale, CA 94086/(408) 734-5780/ TWX 910-339-9273
Regional Representatives Worldwide }

i
i
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double
alanced
mixers

standard level (+7 dBm LO)

1 to 1000 MHz
only S$43% (124

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

* Rugged 1% in. sq. case

» 3 Mounting Options-thru hole,
threaded insert and flange

» 4 Connector Choices
BNC, TNC, SMA and Type N

e connector intermix'ng
ma‘e BNC.and Type N available

ZFM-2 SPECIFICATIONS

[From page 18] COMPONENTS

as much as 65 per cent. The vari-
ous discrete stripline passive mi-
crowave components, such as
hybrids, directional couplers,
power dividers, in SMA connector
configuration, seemed to be as
small as they could get as they
were crammed into whatever
space was not taken up by TWT's,
power supplies and antennas.
The higher density packaging
increased the high temperature
performance limits required of
these components well beyond
those imposed by the climatic
extremes, from outer space to
broiling deserts, imposed on the
systems themselves. Components
which may have been originally
designed for 0°C to 70°C were
redesigned for exposure from -
50°C to over 100°C and storage
temperatures of -60°C to +125°C.
Even while these miniature de-
signs were going into production,
they were already being obsoleted
and microstrip transmission line
technology was a new byword
before stripline became common-
place. Microstrip thin-film tech-
nology offered even greater po-
tential for miniaturization because
of the dielectric property of ce-
ramic substrates and differences
in transmission line parameters.
For discrete components, how-
ever, the benefits of miniaturiza-
tion were initially realizable only
below 4 GHz because, at higher
frequencies, the provisions for

microwave integrated circuit sub-
strates. At the same time, solid
state oscillators and ampilifiers,
utilizing the same techniques of
hybrid integrated circuits in strip-
line or microstrip form, have re-
placed their earlier counterparts.

But all of that is already yester-
day as still higher forms of circuit
integration reduce the package
size further. The cables and con-
nectors between oscillators, ampli-
fiers and passive components as-
semblies are now also disappear-
ing, but so is the passive micro-
wave circuit supplier unless he
can also supply the active circuits
in a fully integrated assembly:
today's super component. Only a
few years ago, companies spe-
cializing in passive components
were best known for their direc-
tional couplers, attenuators and
other discrete coaxial compo-
nents. Today in many of those
companies those former skills are
greatly expanded and directed
at creating super components like
that shown in the photograph.
This single smallunitincorporates
three ultra-stable, low noise GUNN
oscillators, a low noise GaAs FET
amplifier, a high isolation PIN
switch plus low pass filters, hy-
bridized regulators and drivers,
directional couplers, attenuators
and electronics all designed and
manufactured by such acompany
evenincluding the GUNN diodes,
the GaAs FET's, resistor chips,

FREQUENCY RANGE, (MHz) connectors and the correlary re- machined housings, connectors,

|LFO RF DC1) 1888 quirements forenough center line etched microstrip circuits and
CONVERSION LOSS, dB  TYP.  MAX distengaioatnesn sonneckors 1o - ‘siipWveEc el
One octave band edge BOL 75 permit fastening limited the pos- Tomorrow? Before long the
Total range 7 8 sible size reductions. sequel to this article will undoubt-
ISOLATION, dB TYP. MIN The marketplace, particularly ably embrace the wide utilization
1-10 MHz tgiﬁFF ig 38 for the ever widening frequency of monolithic microwave inte-
spectrum of EW systems, con- grated circuits. And, will the dis-
Pz LOHF o i tinued to require still broader fre-  crete components market disap-
quency range performance cover- pear? Definitely not. The inno-
500-1000 MHz LO-RF 30 25 : A : y
LO-IF 25 20 ing several octaves and orders of vatorsin microwaves will continue

For complete speciications, and performance
curves refer to the 1980-1981 Micrcwaves Product
Data Directory. the Goldbook or EEM

For Mini Circuits sales and distributors listing see page 46

finding new ways
setting higher standards

- - ] -

[JMini-Circuits
A . . omtrrae T i

Worla s largest manufacturer of Doutle Ealanc:d Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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magnitude in size and weight re-
ductions. The responses to this
pressure took the form of integra-
tion of passive microwave com-
ponents and the development of
solid state replacements for active
components. Today we see the
limitations formerly imposed by
the connectors and cables be-
tween discrete components blown
away by integrating blocks of
components on to relatively few

to create new features, new kinds
of devices and components, new
circuits and new approaches.
Prototypes and breadboards, only
partly simulated on the computer,
will often incorporate discrete
components as will production
systems not requiring extreme
compactness. We do believe that
integrated approaches, however,
will dominate at an increasing
pace. B
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FAULT FINDER.

Pinpoint transmission line faults
within inches. And within minutes.

With Systron Donner’s new Transline
Analyzer, advanced digital algorithms
and Fast Fourier Transform analysis
pinpoint every line mismatch in a
single pass. And give you VSWR,
return loss, and true line attenuation
at the same time. From 2MHz to 26
GHz. Allin arugged, portable, easy-
to-use 35 pound package that
replaces a rack of conventional
analog equipment.

Unprecedented Accuracy
and Speed.

At low frequencies, the Transline
Analyzer pinpoints every fault within
18 inches. At higher frequencies, the
margin of error drops below 3 inches.
And typical start-to-finish time is
seven minutes. Not the hours

it takes an analog system to
produce less accurate results.

Rejects Hostile Signals.

Correlation algorithms and
precise digital filtering provide
accurate measurements, dis-
tinguishing test signals from
interference, even in the most
hostile environments.

Microprocessor keeps it simple.
A built-in microprocessor provides
virtually automatic calibration, thanks
to pre-programming of standard coax
and waveguide propagation, velocity,
and attenuation characteristics.

And special line characteristics can
be stored for future use.

ey , Digital performance. /
An alphanumeric display provides Analog price.
step-by-step prompting, so even a
non-technician can operate the Trans-
line Analyzer effectively. A hard copy
printout provides calibration, data

Systron Donner’s new Transline
Analyzer provides the performance,
speed, and convenience you'd expect

input, parameter selection, actual from digital technology. Yet the price i

’ 4 ] is well within the range of conven-
measurement, and results evaluation tional analog equipment. Call us at : /]
SRR ETE Sat (800) 423-2004 for a brochure with Practical technology from

Furthermore, custom software complete details. Or write Systron SYSTRON MICROWAVE
will be prepared to handle your Donner Microwave Division, 14844 DONNER DI\/|S|ON

special needs. Oxnard Street, Van Nuys, CA 91409.
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BOONTON 1020 SIGNAL GENERATOR

By Hand or by Handshake...
This New Signhal Generator
is Under Control

The New Models 1020 and 1021 AM/FM Pro-
grammabile Signal Generators will simplify your
most sophisticated RF Measurements. Boonton's
engineers have combined their years of RF
instrumentation experience with excellent hu-
man engineering to make available to you these
versatile, high performance RF test systems. |

Consider these outstanding charccteristics:

e 1020: 150kHz2-540 MHz +19dBm output
e 1021: 150kHz-1.08 GHz

o Lowest available AM, FM, aind PM
¢ Non-Volatile Memory [stor

plete front panel set-dps

* FM Deviation from O t@ 300 kHz
* AM Depth from O to 99.9%
¢ PM Deviation fom Offo 3

istortion
up to 93 com-

ians

BOONTON ELECTRONICS CORPORAIION

e Complete I[EEE interface bus compatibility
with talk and listen modes and fixed or
floating free format number entry

* Programmable RF output with O.1 dB resoluiion

e Built in low-distortion oscillator with program-
mable frequency and level

e Reverse power protection with front panel
replaceable fuses

e Fast sweep capability over entire frequency
range

These high performance Boonton Signal Gen-
efotors bri extra measure of accurccy,
reflability, and cbnfidence to the test engineer
(o] techniciang Call or write today for your
capy of outbrodhure déscribing the new Model
1QRO and Modél 1021

P.O.Box 122, Parsippany, NJ O7054 Phone: (201) 887-5110, TWX: 710-986-8241
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Special Report

The European Microwave
GComponent Industry -1981

UK REVIEW

In September 1980 there was
widespread speculation about the
ultimate effect on the British mi-
crowave industry of arecently im-
posed British MOD buying mora-
torium. Originally scheduled to
expire in November 1980 and then
extended to April 1981, the mini-
mal MOD buying activity through
September 1981 made it clear that
its real lifetime is still somewhat
indefinite. As a resulit, the UK mi-
crowave industry is struggling
through a recession.

Responding to questions about
their expectations for 1981, Brit-
ish microwave component and
instrument company executives
forecast, at best, a flat year for
their well established product
lines. These forecasts are in sharp
contrast with the growths of 20-
25% a year enjoyed by those lines
in recent years. Without excep-
tion, any real growth expected in
1981 by a UK microwave compo-
nent supplier is a direct result of
his expansion into new products
or foreign markets.

Malcolm Low, Marketing Man-
ager at Ferranti, Dundee, projected
a no-growth performance for his
ferrite as well as his other estab-
lished component lines. Dr. Colin
Gaskell, Managing Director of Mar-
coni Instruments at Hertfordshire
and Will Foster, Commercial Man-
ager of that activity, similarly saw
little opportunity for growth this
year. In their case, somewhat more
promising prospects are seen for
early 1982 when a number of re-
cently introduced instruments will
begin to contribute.

Dennis Gill, Manager of Mar-
coni Specialized Components Di-
vision attributes the prospects for
aflat 1981 for his ferrite line direct-
ly to the severe cuts in UK defense

DECEMBER — 1981
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expects some contribution from
efforts to improve the price com-
petitiveness of his other product
lines.

A sampling of Ferranti, Dundee 11 GHz
communications components includes a
passband filter, 3-port circulator, coaxial
circulator and isolator and microstrip
Drop-in circulator and isolator.
spending. He does not anticipate
asharpincrease in MOD business
in the near term and is concentrat-
ing on expansion of his export
business into Europe and other
areas.

David McNeil, Managing Direc-
tor, and Terry Allen, Commercial
Director at Gabriel Manufactur-
ing Company, also expect little
real growth for their waveguide
products in 1981. Both recognize
the need for the company to
broaden its product base and offer
components which can compete
with those now available in the
UK almost exclusively from US
producers. They still consider the
military market the sector in which
investment will be most produc-
tive. In sharp departure from its
usual direction, the company is
making a significant investment
in a new microwave instrument
which will require 18-24 months
to bring to market and expects it
to make a substantial contribu-
tion to future growth.

With one of the most optimistic
forecasts encountered in the UK,
Ken Alstaff, Sales and Marketing
Manager at Racal-MESL Micro-
wave, is targeting for a 25% growth
for his year ending March 1982.
According to Alstaff, performance
improvements available in his SAW
components will make that line
the principle contributor to the
expected growth. In addition, he

- an

S

An 8-12.4 GHz Marconi Instrument
signal generator.

Marconi Specialized Component Division
circulators and isolators include versions
for direct connection to stripline.

A similarly optimistic outlook
was held by Mr. M. Esterson, Di-
visional Manager of English Elec-
tric Valve's TWT Operation in
Witham. Mr. Esterson’s operation
occupied new quarters consoli-
dating all of EEV's TWT activities
in September 1980. He anticipates
a factor of 2 growth in 1980-81
and a further doubling in 1981-82.
Principle ingredient of this per-
formance is the strong demand
for EW TWT’s developed specifi-
cally for equipments designed in
the UK and now in production.
The new facility represents acon-
siderable investment in expecta-
tions for an expanding TWT
market. Performance has thus far
outstripped forecasts by aimost 1
full year and further growth may
require substantially more export
business than has been done so
far.

{Continued on page 24]
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+0.5dB
CAN MAKE
OR BREAK
YOUR EW
SYSTEM.

Your EW system must operate
under the most severe temperatures.
So you need a reliable Detector-Log
Video Amplifier that performs under
extreme conditions.

At Norlin, we offer system
designers the ultimate in Detector-
Log Video Amplifiers. Our DLVA’s
withstand extreme environments:

+ 0.5 max deviation —55° to +85°C.
For greater accuracy and superior
resolution. When you first need it . . .
during the system design or
enhancement stage. We can deliver
to you in weeks, not months. And we
carry single, multiple, or extended
dynamic range DLVA's. Order proto-
type or production quantities.

If you really want to be certain
your EW system is the best it can be,
see us first. You'll be convinced that
our proven, tested, and cost-
competitive products are the best
around. Anywhere in the world. Call
our Microwave Marketing Department
(703) 370-0300 and we'll answer your
questions.

NORLIN COMMUNICATIONS

Microwave Systems

5901 Edsall Road
Alexandria, Virginia 22304
TXW: 710-832-0612
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[From page 23] EUROPEAN MICROWAVE

Newly introduced double-ridged
flexible twistable waveguide by
Gabriel Manufacturing.

Flann Microwave has also been
able to grow measurably more
than the inflation rate according

Tube Unit, credits a variety of
changing market conditions for
his operation’s prospects for a
reasonable 1981 performance. The
maturing integrated receiving
TWTA subsystems incorporating
power supplies, gain equalizers
and, insome cases, multiple tubes
represent a significant shift in the
manner in which military systems
are assembled and new opportuni-
ties for tube suppliers. Communi-
cations tube requirements are
moving to smaller packaged TWT's
and, like the military, to inte-
grated tube-power supply pack-
ages. The strong shift to digital
operation of commercial com-
munications systems is also creat-
ing demands for new tube types.

An English Electric Valve X-band dual mode (200W CW, 800W peak) TWT.

|III!I
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The helix TWT assembly area of EEV's tube facility at Witham.

to Alan Frampton, its Managing
Director. In his case, the com-
pany's ability to respond to the
growing demand for millimeter
wave instrumentation will be lar-
gely responsible for 1981 results.
In particular, Flann has been able
to fill the needs related to the
extensive work underway at 94
GHz.

R. H. Phillips, Marketing Man-
ager of ITT Components Group

Finally in the UK, Filtronic
Components is in a somewhat
special situation since it has been
in a pure R&D mode since its
founding. While it will find 1981
relatively flat, Marketing Manager
Robert Gougth anticipates strong
growth next year when a number
ofthe company'’s suspended sub-
strate stripline components will
be made in quantity. Marketing
efforts in the US and Europe will

[Continued on page 26)
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Spanning the millimeter
wave spectrum!

18 GHz 325

~ 30GHz

1KHz 10KHz 100KHz 1MHZz “OMH2z 100MHZ 100GHz 1THz

The MILLIMETER WAVE
PRODUCTS COMPANY
formed by MA/COM

to produce components
and subsystems.

m M/A-COM
MILLIMETER WAVE PRODUCTS INC.
A MACOM COMPANY

Burlington, MA 01803. (617) 272-3000
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double
balanced
mixers

hi level (+17 dBm LO)

(O | | \

5 10 500 MHz
only S$17% 24

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e miniature 04 x 08 x 0.4 in

* MIL-28837/1A-08N
performance*
for-08S specify SRA-IH HI-REL

* NSN 6625-00-594-0223

* low conversion loss, 6dB

* hiisolation, 40dB

* hi reliability, HTRB diodes
SRA-1H SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 0.5-500
IF DC-500
CONVERSION LOSS, dB TYP. MAX.
One octave band edge 55 7.5
Total range 6.5 8.5
ISOLATION, dB TYP. MIN.
low range LO-RF 55 45
LO-IF 45 85
mid range LO-RF 45 30
LO-IF 40 30
upper range  LO-RF 35 25
e ¢ LO-IF 30 20
SIGNAL 1dB Compression level +10dBm

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

For Mini Circuits sales and distributors listing see page 46

finding new ways. ..
setting higher standards

[JMini-Circuits

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

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

72.3REV. A
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Filtronic Components suspended substrate
stripline quintuplexer.

be expanded during 1982 and there
are plans for establishing an
engineering office in California.
According to Gougth, proprietary

Design tailored for high yield, re-
producible results from the manu-
facturing process are heavily cre-
dited for the division’s success in
that market in 1981.

Taking full advantage of its inte-
grated YIG facility, Sivers Lab in
Stockholm closed 1981 with a
30% sales increase (sales have
doubled during the last 2.2 years).
According to Peter Fredholm,
Marketing Manager, YIG-based
MIC sales have been the major
contributor to those results. In
addition, the new emphasis on
microwave education for entry-
level employees of microwave com-
panies in Europe and the US has
spurred sales of the company’s
training equipment and its estab-
lished rotary joint and switch lines
have continued to grow at reason-
able rates.

Sivers Lab 8-18 GHz, 5mW YIG-tuned oscillator
and its stackable L-band coaxial rotary joint.

CAD software which converts de-
signs for high performance fiiters
and multiplexers into mask and
machine drawings and machine
control tapes will permit the com-
pany to compete successfully for
such components.

CONTINENTAL REVIEW

tn contrast to the interrupted
growth of standard microwave com-
ponent lines in the UK, continen-
tal European manufacturers ap-
pear to have had little difficulty in
realizing growths in those same
lines comparable to the excellent
rates enjoyed in 1980. G.J.P.
Sloots of Philips Electronic Com-
ponents and Material Division in
Eindhoven reported areal growth
of 9% for his operation with high
production microstrip compon-
ents the principle contributors.

Lief Bergstrom, Managing Di-
rector, IMA Microwave Products,
reviewed the rapid growth of his
activity during its short history
and projected a continuation of
25-30% per year increases over
the next few years. He credits the
broad growth of military radar
markets in Europe and their de-
mand for tunable LO sources for
the company’s performance thus
far and the bright prospects for
the near term. Recent efforts to
market into ltaly are also expected
to contribute to continued growth.

Confining his remarks to the
magnetron activity at Philips PEAB
in Jarfalla, Anders Lyden, Man-
ager, Sensors and Countermea-
sures Department, reported that
the tube operation, relying prim-
arily on X band types, is presently
growing at a rate of 5 to 10% a

[Continued on page 28]
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TRONTEC

For the best price, performance,
and delivery.

LOW
NOISE

WAOF 1to 40 1.1 13 42 .5 +18 +27
W110H S5to 110 1.2 14 30 2 +5 17
W250G 5 to 250 1.3 15 43 =5 +25 +37
W500H 5 to 500 1.2 14 33 x5 +§ +17
W1GE 5 to 1000 1.6 1.8 20 +.5 -3 +9
W15GB3 50 to 1500 1.7 20 30 +.5 +5 17
W2G2H 1to 2 GHz 2.2 2.5 30 t.5 +§ 17
W25GA 0.510 2.5 GHz 3.0 3.5 30 1 +3 +15

MEDIUM
POWER

P150P 0.08 to 150 60 +30 +42 1.5
P700S 700 + 50 40 +34 +46 6.0
P1GB 0.010to 1 GHz 30 +30 +41 6.0
P2GS-7 0.5 to 2.0 GHz 30 +30 +41 10.0
P175M 150 to 200 MHz 23 +34 +45 8.0
P20GA 1.5 to0 2.0 GHz 20 +30 +40 8.0

The above tables represent a small sampling of our amplifier capabilities. Frequency, gain, bandwidth, noise
figure, and power output can be tailored to your specific amplifier specifications. Please call Trontech for a
rapid response to your particular requirements.

TRONTECH, INC.

63 SHARK RIVER ROAD « NEPTUNE, N.J. 07753
201-922-8585« TELEX 132-445
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Dual-Linear,
Quad-Ridge Horns

W1J]-8326-1 0.75 to 5 GHz
WJ]-8326-2 1.5 to 10 GHz
W]-8326-7 3tol18 GHz
W]-8326-4 6 to 26 GHz

VSWR: 3:1 over band

GAIN: 6 dBi at low end of band
12 dBi at high end of band

BEAM WIDTHS: 90° to 22°

Each pyramidal hom has two
orthogonally placed input feeds
which provide the capability for
horizontal, vertical and (with a
90° hybrid) right- or left-hand
circular polarization.

For our catalog or any other in-
formation, please contact Recon
Applications Engineering in San
Jose, California at (408) 262-1411.

.| i WATKINS-JOHNSON

2525 North First Street
San Jose, CA 95131
Telephone: (408) 262-1411
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An .M A. Microwave Products voltage-tuned Ku band transistor oscillator.

year. Recent sales of Philips fire
control systems on the export
market and the licensing of the
Signal Mark 92 for US production
are expected to sustain orimprove
that rate. A significant increase
would berealized if new demands
for Ku tubes materialize. In his
domestic market, potential appli-
cations for the higher frequency
typesinclude a Bofors 40 mm gun
director and aseeker forthe Swed-
ish Navy’'s RB 50 surface-to-sur-
face guided missile. A SAAB/Bo-
fors consortium is also involved in
efforts to market those systems
internationally.

The general optimism of con-
tinental microwave component
suppliers was evidentin a number
of discussionsin France. Radiall’'s
Dominique Pouchard reported
30% gain in that product line dur-
ing 1981 and expectation of simi-

lar growth in the coming year.
Principle contributors to 1981 re-
sults were increases in isolator
and switch sales, increased sales
of components for applications
above 12 GHz and the relatively
new (1%year old) cable assembly
line which is serving a growing
demand for phased matched types
for military applications.
Dr.Roger Agniel, Thomson CSF
DTE’s Marketing Manager, was
similarly pleased with 1981 and
cited a number of program likely
to play major roles in the di-
vision’s future growth. His space
communications tubes will be used
in the first operational direct
broadcast satellite, the Japanese
DS-2, positioning the company to
play a major role in that market.
With some 35 applications on file
with the FCC for US direct broad-
cast satellites, prospects for ad-

o

Conventional and samarium cobalt magnet versions of Philips PEAB
Ku band spin-tuned magnetron.

[Continued on page 30)
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MEET SOME NEW MEMBERS
OF THE FAMILY

These new cooxial switches are part of o proud
family. One known for performonce, reliobility,
dependability and quolity. Specify them knowing
that dollor for dollar our cooxial switches are the
best products in the industry. TRANSCO quallity.
Nothing less, since 1942.

T ——
-
i - ,'! N
- .P

0-26.5 GHz
0O-18.0 GH:z

;
} 0, 0-26.5 GHz

B

Our family album will give you the application
and installation details for these and hundreds
more. Our 92 page switch catalog is yours for the
asking.

TRANSCO PRODUCTS, INC.

424) Glencoe Rve.
Marina Del Rey, California 90291 U.S.A.

FOR EMPLOYMENT OPPORTUNITIES IN RF ENGINEERING, CALL CHRRLIE TALBOT.
AN EQUAL OPPORTUNITY EMPLOYER M/F.

Tel: (213) 822-O800  Telex 65-2448  TWX 910-343-6469
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double
balanced
mixers

standard level (+7 dBm LO)

1.
S now $39%

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

to 4.2 GHz

* rugged 2 in. sqg. milled
aluminum case

* SMA connectors

* low conversion loss, 7.5 dB
* IF response, DC to 500 MHz
* isolation, 20 dB

* microstrip construction

ZAM-42 SPECIFICATIONS
FREQUENCY RANGE. (GHz)

LO RF 1542

IF DC-03

CONVERSION LOSS, 08 TYP.  MAX

Total range 70 835

ISOLATION @B TYP  MIN

15-20GHz LO-RF 25 20
LO-IF 18 10

20-37GHz LO-RF 215) 7/
LO-IF 18 10

37-42GHzLO-RF 25 20
LO-IF 18 10

SIGNAL 1 dB Compression level +1 dBm

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

For Mini Circults sales and dlstributors listing see page 46

finding new ways
setting higher standards

Mini-Circuits

A Dwsion of Scientitc Components Corporaticn
World's largest manutacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235 (212) 769-0200
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Thomson CSF DCM 80W, 12 GHz circulator for the Telecom | satellite.

ditional business are bright. Ground
station tube demand is also ex-
pected to expand sharply in
Europe as its domestic satellite
systems develop.

Broadband tubes for French EW
equipment are expected to play a
major role in the division's future
growth. A development program
spanning the past 6-7 years is
culminating in requirements for
EW systems for the Mirage 2000.
Production of tubes for these sys-
tems will establish a viable source
of broadband tubes on the conti-
nent.

Prior to the creation of Thom-
son CSF's DCM Division about
three years ago, Thomson's equip-
ment operations were almost the
sole customers of the microwave
device and component depart-
ments which now comprise the
new division. During the past
year, DCM, which is responsible
for all Thomson device and com-
ponent activity except electron
tubes and subsystems, has ex-
panded its outside sales to 25-
30% of its total output.

On an overall basis, the di-
vision's silicon diode volume has
grown in real terms at 25% per
year with the largest number of
units going to communications
equipment frequency multipliers.
Silicon Impatt sales are expected
to benefit in the near term from
widespread military millimeter
system activity. The division’s fer-
rite material facility deals with
types for both control and dielec-
tric resonator applications. Over
the past three years, its sales have
expanded by 50% and, in the past
year, 50% of its sales went to
exports.

While the diode and ferrite
businesses represent roughly 50%

military and 50% commercial
usage, about 80% of its hybrid
activity is for military applications.
A broad line of single and multi-
function assemblies, amplifiers,
oscillators, mixers and bulk a-
coustic wave (BAW) components
is handled by this group with
much of its output targeted for
French military equipments.

CO-PRODUCTION

With few exceptions neither the
British nor the continental Euro-
pean microwave component sup-
pliers indicated significant benefit
from US-NATO co-production pro-
grams. Those that had bid unsuc-
cessfully cited a number of rea-
sons for which European equip-
ment makers involved in produc-
tion of US-designed systems
would stay with US component
suppliers. Foremost among these
were cost considerations. The
need to recover investments re-
quired to duplicate US compo-
nent designs makes it difficult for
European suppliers to be price
competitive. Secondly, European
equipment makers are reluctant
to fund new component qualifica-
tion programs. There was some
feeling that European commodi-
ty, e. g., resistor, suppliers may be
involved in some co-production
programs, however, unless the
European system manufacturer
elects to make his own, US mi-
crowave components selected for
the original design are likely to be
used.

GOVERNMENT R&D
SUPPORT
European microwave compa-
nies have long envied the rela-
tively high level of government
R&D support enjoyed by their US
competitors. Today they see the
[Continued on page 32)
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GORE-TEX' COAXIAL ASSEMBLIES)
_NOT JUST GOOD. GOOD AND T¢

<

polyolefin jacket
applied over the
ruggedizing spring.
Internal graduated-
lenzth springs control
bend radius at the con-
nectors. Although slightly
stiffer than Type P rugged-
izarion, flex life is ex-
cellent. Again, connector
retention force is in
excess of 80 pounds, re-
sistance to plane-compres-
sive force is 300 pounds
per linear inch.

Our high-performance assem-
blies still give you low insertion
loss through 26.5 GHz, phase
and loss stability with flexure
and temperature, excellent
shielding effectiveness, and
superior flexibility and flex life.
Added are high crush
resistance, excellent connector
retention, and good to excel-
lent abrasion resistance, and,
in the case of our armored
assemblies, a very positive limited
bend radius.

=

.

For bench and automatic test
equipment use

GORE-TEX Type P cable assem-
blies are ruggedized by use of a
steel coil spring and an extruded
polyurethane jacket. Tapered
strain relief boots control bend
radius at the connectors. These
assemblies have been flexed more
than 2,000 times over a two-inch
diameter mandrel, with no
significant change in insertion
loss or VSWR; flexure was
performed directly behind the
connectors (the most failure-
prone area of any assembly).
Connector retention force is in
excess of 80 pounds, and
resistance to plane-compressive
force is 300 pounds per linear inch.

The ultimate

Armored GORE-TEX
assemblies (Type A) wear
a stainless steel flexible
conduit. Connector reten-
tion force is well over 100
pounds; resistance to P
plane-compressive force is

800 pounds per linear Q
inch. Bend radius is inten-

tionally restricted to prevent
damage, but excellent flexibility

is maintained. Flex life is in

excess of 10,000 flexes over a three-
inch diameter mandrel.

Many configurations

Many standard connector con-
figurations and variations of these
assemblies are manufactured
routinely, so inquire about what
you need. Special features gener-
ally don't take any longer.

For military applications

GORE-TEX Type R cable
assemblies have a MIL-1-23053/5

CIRCLE 27 ON READER SERVICE CARD

Gore guarantee

Gore puts the specs in black and

white and guarantees that the

assembly you get will meet them.
Use the reader service card

to get specification pages and

brochures or phone us at

{(302) 368-3700 for information.

More from Gore:

Ask about our phase-match-
ing capabilitv for phased-
array radars.

(1ED
uGGE®
GORE-TEX' FLEXIBLE
MICROWAVE CABLE
ASSEMBLIES

P

(;"R;

W.L Core & Assaciates, Inc
Electronics Assembly Divimon
551 Paper Mill Road. PO Box
Newark, Delaware 19711

10

France: W.L. Gore & Associates & Campany SARL
Z.1. De Saint Gué Nauit Rue Jean

Mermoz, 21031 ZVRY CEDEX

Germany: W L. Gore & Company GmbH
Wernher Von Braun St 15-20 D-8011
Putzbruna be1 Muchen

India: Sarg Associates I Lid

Box 54, Ghazabad, U, 201001

Scotland: W.L. Gore & Assogiates (UK Lid)
Queensferry Road. Piireavie Industrial Estate
Dunfermlire Fife

C 1981 W.L Gore & Assactates. Inc

B GORE-TEX 13 a ragistered trademark of
WL Gore & Asscciates, inc
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ITS KIND Rm— A

*

i~

MICRONETICS! il

Solid State Broadhand
Programmable

Noise Generators

Make Micronetics your dependable
source for quality and fast delivery!

Features: Digitally programmable from remote source via GPIB

-FROM s W & rM

"""'1

(IEEE-488 bus line) » Full noise source capability from 10 Hz—1 GHz
* High crest factor (peak to rms ratio higher than 5) < Completely
Solid State = Qutput greater than 10 dBM {10 mw) across given fre-
quency band ¢ 0-99 dB attenuation range in 1 dB steps * Rack-
mounting available
PNG 5100 Series
MODEL NO. FREQUENCY RANGE FLATNESS VSWR
PNG 5101 10 Hz—20 KHz +0.5 DB 151
PNG 5102 10 Hz—100 KHz +0.5 DB 1.5:1
PNG 5103 10 Hz—500 KHz +0.5 DB 151
PNG 5104 100 Hz—3 MHz +0.75 DB 15:1
PNG 5105 100 Hz—10 MHz +1.00 DB 151
PNG 5106 100 Hz—25 MHz +1.25 08 1.5:1
PNG 5107 100 Hz—100 MHz +1.50 DB 15:1
PNG 5108 1 MHz—300 MHz +2.0 DB 1.5:1
PNG 5109 10 MHz—500 MHz +2.5D8 1.5:1
PNG 5110 300 MHz—1 GHz +2.5DB 1.5:1
Write for our latest noise catalog,
covering frequencies down to 1.0 Hz.

micronecticy inc.

36 Oak Street Norwood NJ 07648
1 (201)767 1320 twx 710991 9603
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gap widening as current support
in Europe declines and the burden
of maintaining competitive posi-
tions is shifting further toward
private investment. The large com-
panies, having had the major share
of government R&D funds in the
past, have the biggest adjustment
to make. Many of these, however,
view the freedom to select markets
for investment themselves rather
than being directed by available
support funds as a positive de-
velopment.

There were, of course, com-
ments on the manner in which
available money is being spent.
The difficulty of getting British
support for development of second
sources for items available from
the US was cited. A particular
example was the need expressed
for local suppliers of double-
ridged waveguide components
and wide band sources with which
it was claimed that US suppliers
are having serious delivery pro-
blems.

British tube manufacturers take
issue with the allocation of money
to basic tube research. They feel
that much more benefit would be
derived from its application to
technology and material improve-
ment programs. And, of course,
they question the relative size of
tube and solid state program al-
locations.

PRIVATE INVESTMENT

In the face of reduced levels of
British MOD business, the major
share of private investment by UK
microwave component compa-
nies continues to favor military
applications. There are some pros-
pects for commercial communi-
cations business within the UK
but most British companies are
relying on an eventual upturn in
military markets for future growth.
Among the UK companies inter-
viewed, only Ferranti, Dundee and
Racal-MESL Microwave estimated
that military-related programs
took as little as 50% of their inter-
nal development funds.

Thelikelihoodthat TV-SAT, Tele-
sat |, TDF | and other domestic
satellite systems will be realities
during the 80’s has generated high
expectations among continental
European microwave component
manufacturers for a significant

[Continued on page 96]
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ZETAS STANDARD PRODUCTS ARE
TECHNOLOGY AND QUALITY!

—d

| Technology and quality are the

essence of every custom-designed,
custom-engineered microwave
assembly that ZETA makes . ..
whether in prototype or production
quantities.

We do this so well, in fact, that we've
received awards for both technological excellence
and exceptional quality on the same program. Such
as those above, presented to us by General Dynamics
Pomona Division on the Standard Missile.

For more than a dozen years, ZETA has been design-
ing and building signal generation and processing

1Z)

equipment, such as frequency multip iers, oscillators,
synthesizers, comb generators, receivers, and related
subsystems for missile, radar, communication,
navigation, satellite and numerous other critical
applications.

Why settle for technology or quality or production
deliveries? ZETA provides all these, and more—
because performance is our standard product, and
always has been.
Discuss your custom microwave requirements with
ZETA today. We may not win a// of your awards . . . but
then, we might!

ZETA LABORATORIES, INC.

A SUBSIDIARY OF CCT
3265 Scott Blvd. Santa Clara, CA 95051
Phone: (408) 727-6001 TWX: 910-338-7336
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‘ ; ‘ actual size

the world’s smallest hermetically sealed mixers

40 KHz to 3 GHz MIL-M-28837 performance
The TFM Series from Mini-Circuits from#11%

Increase your packaging density, and lower your costs. .. specify Mini-Circuits
miniature TFM Series. These tiny units 0.5” x 0.21” x 0.25" are the smallest,
off-the-shelf Double Balanced Mixers available today.

Requiring less PC board area than a flat-pack or TO-5 case, the TFM Series offer
greater than 45 dB isolation, and only 6 dB conversion loss.

Manufactured to meet all the requirements of MIL-M-28837, the tiny but rugged

TFM units have become the preferred unit in new designs for military equipment. E-Z Mounting for circuit layouts
Use the TFM series to solve your tight space

EDGE MOUNT

problems Take advantage of the mounting
Model Frequency Conversion Isolation dB, Typical Price versatility—plug it upright on a PC board or
No. Range Loss dB. mount it sideways as a flatpack
MH:z Typical
One Lower Band Upper Band
Octave Edge 10 One Edge to One
from Total Decade Higher Mid Range Octave Lower S
LO/RF {F Band Edge Ramge LO-RF LO-IF LO-RF_LO-IF_LO-RF_ LO-1F EA.QTY
TFM 2 11000 DC 1000 60 A 45 4 35 3 2 1195 (149
TFM 3 04 400 DC 400 53 60 60 55 50 45 35 38 1995 (54%9)
TFM 4 51250 DC 1250 6 75 y 45 4 ) 15 {549
TEM 11 12000 5600 W 45 3 2 )9
*TFM 12 800 12500 50 90 3 30
«*TFM 15 10-3000 10800 63 3 30 5 >
«eTEM 150 10-2000 DC 1001 6 6o 3 33 5 85 ¥

oIf Port 1s not DC coupled
»e ) > o pre
iyl R R e For Mini Circults sales and distributors listing see page 46

- - - »
[JMini-Circuits
A r
World's largest manufacturer of Double Balanced Mixers
2625 East 14th Street. Brooklyn, New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156
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News from Yy Washington

C® GETS TOP PRIORITY

FIRST AN/TSC-99
COMMUNICATION SYSTEM

DECEMBER — 1981

GERALD GREEN, Washington Editor

Officials of the Reagan Administration have given command, control,
and communications (C®) top priority in their efforts to rapidly improve
the strategic forces of the United States. In rapid fire appearances on
Capitol Hill, officials of the Department of Defense, from Secretary of
Defense Caspar W. Weinberger to Principal Deputy Under Secretary of
Defense James P. Wade, Jr. stressed the importance of C°.

In testimony before the Subcommittee on Strategic and Theatre
Nuclear Forces of the Senate’s Armed Services Committee, Wade pro-
vided details of the Pentagon’s plans to upgrade C*. According to the
testimony, the following elements of C* will be improved on a top
priority basis:
¢ DoD will upgrade the survivability of our warning satellites and

deploy mobile ground terminals to back up our data processing

capability in order to improve strategic warning capability. Both
satellite and ground-based radar warning systems will be improved
to obtain more definite warning should an attack occur. Surveillance
radars, which would help to detect a surface launched ballistic

(SLBM) attack, will be added to cover potential submarine operating

areas to the Southeast and Southwest.

e A new satellite communications system will be developed employing
extremely high-frequency channels so the President’s orders can be
passed from command centers to commanders and forces. Bombers
will receive very low-frequency and low-frequency communications-
receivers to enhance their ability to communicate with command
centers. Deployed submarines will also receive an upgraded com-
munications package. Atthe sametime, aresearch and development
program will be initiated leading to a command and control system
which will endure for an extended period beyond any initial nuclear
attack.

e E-4Bairbornecommand posts will be deployed to serve the National
Command Authority (NCA) in time of war, and existing EC-135 air-
borne command posts will be hardened against nuclear effects. The
EC-135s will also receive additional enhancements in their ability to
communicate with both the NCA and strategic forces.

The first AN/TSC-99 Communication Central program system has
been completed by Rockwell International’s Defense Electronics Oper-
ations division for the U.S. Army.

The AN/TSC-99, part of the U.S. Army Special Forces' Burst CJom-
munications System, is built by DEO’s Collins Communication Systems
Division ground systems in Dallas, TX.

The system relays secure messages between U.S. Army Special For-
ces tactical operations centers and out-station elements operating in
hostile territory. Through the burst communications technique and the
system’s automated message processing and equipment control sys-
tem, the TSC-99 is able to minimize the time that an out-station is on the
air. This capability significantly reduces the susceptibility of these
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News from Yy Washington

FCC APPROVES EXTENSION
OF PRIVATE NETWORK
SERVICES TO CANADA

U.S. PLANS INCREASED
ACQUISITION OF FOREIGN
TECHNICAL INFORMATION

ground forces to detection and location.

The burst communication system uses single sideband HF as the
primary communication mode and satellite communication for special
requirements. The system features Rockwell’s HF-80 radio equipment
and other commercial equipments specially packaged in two shelters:
receive and transmit.

A second TSC-99 system is being readied at the CCSD Dallas facility
for Army Extension Training Material Validation.

Inwhat appears to be a major policy change by both the FCC and the
Executive Branch of the U.S. Government, the FCC has unanimously
approved the request of a U.S. firm, Satellite Business Systems (SBS),
for authority to extend its private network services to Canada. Since
1972, the U.S. Government had been following a restrictive policy on
use of domestic satellites between the U.S. and Canada.

Implementation of SBS service to Canada will require the Canadian
Government’s concurrence and specific operating arrangements be-
tween SBS and the Canadian carriers, which will operate the earth
stations in Canada. In addition, coordination with INTELSAT will be
required. SBS spokesmen indicated that they hope that these tasks can
be accomplished in 1982, permitting initial service availability as early
as the end of 1982,

Today one thinks of technology transfer as the transfer of technical
information from the United States to foreign governments and indus-
try. The U.S.is now stepping up its efforts to make technology transfer a
two-way street.

The acquisition of foreign technology for U.S. industrial development
is the foundation upon which the Publication Board, the predecessor of
today’s National Technical Information Service, was created by Presi-
dential Order in 1945.

Now, 36 years and several organizational changes later, the availabil-
ity of timely and generally unpublished foreign technical information
has become more important than ever.

Today, about 20 percent of the NTIS collection, some 300,000 titles,
could beidentified as foreign technology or marketing information and
about 1000 new foreign technical reports are becoming available each
month.

Currently, the principal effort of the greatly enhanced program is to
locate and acquire technical information in the form of technical reports
generated as a result of R&D done by foreign government and quasi-
government agencies, research associations, academic institutions,
and similar organizations. Such reports are relatively unknown and
inaccessible even within the countries where they originate.

Surprisingly, it appears that a large number of engineers and scien-
tists in industry are unaware of the wealth of material at NTIS. Officials
of NTIS told Microwave Journal’s Washington Report that it is a funda-
mental objective of the NTIS program to respond to the information
needs of the U.S. industry. Quality and relevance are sought in acquisi-
tions, not just volume.

NTIS is located near Washington, DC, at 5285 Port Royal Road,
Springfield, VA 22161 and can be contacted by telephone (703) 487-4600.
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In keeping with this tradition, Adams-Russell has introduced the \
AN-400 Blade Antenna. There are three of these blades on every

F-18. These high performance antennas, designed for use with the \
AN/ARC-182 Radio Set, each cover three bands - VHF, UHF, and L.

That's quite a feat for a blade only 9 inches tall! And the two inputs (SC and

TNCQ) are isolated by an internal filter, effectively eliminating the need for an
external diplexer. This vertically polarized antenna has a radiation pattern
typical of a quarter-wave stub. Qualified for MIL-E-5400 service conditions, of
course. Similar versions under development for the F-15E, F-14, and other aircraft.
Another innovation in antennas from Adams-Russell.

Adams [ §Russell

ANTENNA & MICROWAVE DIVISION
Haverhill Road « Amesbury, MA 01913 « (617) 388-5210 - TWX (710) 347-6360
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fixed
attenuators

the world's lowest priced attenuators 3,6,10 or 20dB
from DC to 1500 MHz...hermetically sealed

The AT Series from Mini-Circuits $19 5

1000 Quantity
$395(10-49)

Check these features:
v High stability; thick film construction
in a hermetically sealed case
v Rugged construction: Meets
requirements of MIL STD 202
v Miniature Size: 0.4" by 0.8" by 0.2" high
v Flat frequency response: Typically +0.3 dB
v Excellent VSWR: typically less than 1.2:1
v Low cost: $1.95 (1,000 quantity),
$3.95(10-49)
v Delivery: From stock

DESIGNERS KIT AVAILABLE, KAT-1
4 attenuators of each type

AT-3, AT-6, AT-10, AT-20 only $39.95

For Mini Circuits sales and distributors listing s=2e page 46

shown with
cover removed

Attenuation, Attenuation Frequency  Attenuation Change VSWR
dB Nominal Tolerance Range From Nominal Over Max. Power
Model Value from Nominal MH:z Frequency Range, MHz Max.
DC- 1000-
DC-1000  1000-1500 1000 1500
A DC 1560 B 10dB 131 151 1w
Al ydkb DC-1500 6di 8d 1:SHSESAS
A1 1 3dB DC-1500 diB il 131 1.5:1 1w
Al 3dB DC-1500 St Kdl )19 B H B 4

’ .

]
n - [ ]
[JMini-Circuits
A vy ‘ e Lompanpes opor
World's largest manufa.turer of Double Balanced Mixers

2625 East 14th Street, Brooklyn. New York 11235 (212}769-0208
Domestic and International Telex 125460 International Telex 620156
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International Report

U.S. AND JAPAN AGREE TO
REDUCE TARIFFS ON
SEMICONDUCTORS

BRAZIL PROCURES ITALIAN
RADAR SYSTEMS FOR
AIRSPACE SURVEILLANCE
AND CONTROL

ROYAL NAVY LEASES
UHF SATELLITE CAPACITY

DECEMBER — 1981

GERALD GREEN, Washington Editor

The U.S. and Japanese governments have announced an agreement
to lower taritfs on semiconcductors to 4.2 percent starting in 1982.

The agreementis especially heartening since the tariff reduction was
originally planned as an eight year incremental reduction program back
in 1980 when the U.S. tariff on semiconductors was 6 percent and the
Japanese tariff was 12 percent. The governments decided, however,
with considerable assistance from the semiconductor industry of the
U.S,, to accelerate the reductions.

According to the present plan, the U.S. will reduce its tariff in two
stages On January 1, 1982 the U.S. will reduce its tariff to 4.24 percent
and will reach the 4.2 percent tariff on January 1, 1983. The Japanese
will reduce its tariff to 4.2 percent on April 1, 1982.

Although the tariff reductions were agreed to by high officials of both
governments, the Japan Tariff Council must formally agree to the
reduct on and then the Diet must also approve the plan.

Brazil, which is in the process of extending and modernizing its
airspace surveillance and control system, has contracted with an Italian
company for mobile radar systems.

The contract, worth approximately $60 M, was awarded to Selenia for
the radars, including Selenia’'s MRCS-403 and GCA.

The MRCS-403 mobile and control system, is an autonomous system
capable of providing the surveillance and control of airspace. The sys-
tem in its basic configuration is composed of a shelterized RAT-315
three dimensional radar, data processing and display shelter which
is already operative in a number of European sites

The GCA, ground control approach system, is a mobile system
designed to control the aircraft during the approach and landing phase
of a flight. The system consists of a state-of-the-art Air Field Surveil-
lance Radar, a precision approach radar and an operations shelter fully
equipped. The PAR is manufactured by FIAR, Milano, Italy. This GCA
configuration has been ordered by a number of Air Forces throughout
the world.

Her Majesty’s Royal Navy, UK, has recently leased UHF satellite
communications capacity on a MARISAT Satellite

The multi-frequency MARISAT satellites also provide service to the
U.S. Navy at dedicated URF frequencies, and to the commercial ship-
ping and offshore industries at separate L-band and C-band maritime
frequencies.

The MARISAT System, developed and operated by COMSAT General
ofthe U.S. is the world’s first maritime satellite communications system.
Services to the international maritime market include telephone, telex,
facsimile and data communications.
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International Report

ENGLAND EVALUATING
NAVSTAR

CANADA PLANS
COMMUNICATIONS NETWORK

40

Ferranti Limited of the UK has completed a British Ministry of
Defense contract to study the operational navigation and weapon aim-
ing requirements for a wide variety of military aircraft as the first stage in
evaluating the potential contribution of the NAVSTAR Global Position-
ing System (GPS) now under development in the UK.

NAVSTAR is a satellite-based, universal positioning and navigation
system, designed to provide precise 3-dimensional navigation informa-
tion, and developed to arrest the proliferation of differing navigation
systems. Itis planned to be operational in 1985 with eventually eighteen
NAVSTAR satellites circling the earth, probably in three orbits — six per
orkit — giving global coverage under all weather conditions.

With a GPS receiver a user can process the signals transmitted by the
satellites and determine his position within tens of feet, his velocity
within a fraction of a mile per hour, and the time within a millionth of a
second. It is expected that a single NAVSTAR receiver aboard an air-
craft could achieve or surpass the capabilities of many of the current
navigation aids, and do so at a lower equipment cost.

The applications envisaged for NAVSTAR include: precision wea-
pons delivery; en route navigation for space, air, land, and sea vehicles;
aircraft runway approach; photo-mapping, geodetic surveys; aerial
rendezvous/refueling; tactical missile navigation system up-dating; air
traffic control; range instrumentation and safety, as well as search and
rescue operations.

The Canadian government will use Telesat Canada’s Anik B satellite
to provide communications services between some government offices
in Canada.

Field trials are scheduled to start in December 1981 with completion
scheduled for September 1982. It will test the application of state-of-
the-art satellite technology to government operations. The Canadian
Telecommunications Agency will connect an experimental communi-
cations network already established within the Department of Communi-
cations.

The field trial will evaluate electronic distribution of documents and
messages and will test satellite services for voice, computer communi-
cations and teleconferencing. The trial will also involve the Atmos-
pheric Environment Service (AES) of Environment Canada and the
Canada Employment and Immigration Commission.

AES will evaluate the cost effectiveness of transmitting weather maps
between weather centers and of providing access by satellite to data
stored in a central computer. The CEIC will evaluate the effectiveness of
using satellite systems for improving its own administrative communi-
cations and its service to the public.

System earth stations will be erected in Toronto, Montreal, Ottawa,
Kitchener (Ontario) and Bathurst (New Brunswick). B
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Jorrodise

The Latest Space Age Game

At Last. Ferrodiscs qualified for space! Isolators and circulators
with one-fourth the swept volume and one-tweltth the
weight of conventional Ferrite devices - now stabilized at
temperatures as low as -55 and as high as +85°C.
Available in a wide choice of frequency ranges (3.7 -
4.2,4-6.5,12 - 13, etc.) with other parameters
optimized for your requirements. More than a

hundred standard and special models, manufac-

tured and environmentally proven in our own

in-house facilities by the company whose

name is Microwave.

Ferrodisc. The rage of the “ferro-table”
and a big hit in space. Catalog and
technical applications available

from the Ferrite Group,

Microwave Associates, Inc.,
Burlington, MA 01803,

(617) 272-3000.

g s

A M/ACOM COMPANY
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Around
the
Circuit

PERSONNEL

Harold W. Harrison has
been appointed V.P. and
general manager for Ad-
dington Solid State pro-
ducts at Eaton Corporation’s Communications Pro-
ducts Division . . . Louis E.Goetz is the new execu-
tive V.P.and CEO of Systems Research Laboratory,

Inc. . . . Systron Donner’s Test and Measurement
Group has a new director of sales: George Archule-
ta . . . Alpha Industries has announced the promo-

tion of Nicholas A. Bishop to national sales mana-
ger .. .Don V. Lee is V.P. and general manager of
Comstron Corporation’s new Communication Sys-
tems Division . . . Robert E. Bilby has been named
corporate communications manager at TECKNIT
. Keith Larson is the new engineering project
manager for satellite video receiver terminal pro-
ducts at Hughes Aircraft Company’s Microwave
Communications Products . . . William G. Parzybok,
Jr. has been named general manager of the newly
created Electronic Measurement Group at Hewlett-
Packard Company . . . North Hills Electronics, Inc.,
has appointed John Murz, product manager for the
company’'s new microwave product line .. .Dr.
Barry S. Perlman is the new manager for computer
aided design and testing at the microwave technol-
ogy center at RCA Laboratories . . . Eugene Blum
has been appointed to Chief Applications Engineer
at General Microwave Corporation . . .Richard P.
Jansen has been appointed applications engineer at
Rogers Corporation’s Microwave Material Division.
GTE’s Electronic Warfare Organization has named
Robert W. Mark marketing manager . . . Lawrence
W. Coombs is the recently appointed chief engineer
at Diamond Antenna and Microwave Corporation
.. John Kominitsky has been appointed marketing
engineer in the western region at Narda Microwave
Corporation . . . John R. Shaw has been promoted
to sales manager of Texscan's Indianapolis Division
... American Electronics Laboratories, Inc., has
promoted Edgar O. Morgenson to manager of the
countermeasures division . . . Amplifonix Incorpo-
rated has named Edward T. Andrews to the newly
created position of marketing manager.

INDUSTRY NEWS Satellite Transmission
Systems, Inc., a subsidiary
of California Microwave,
Inc., will supply Citibank,
N.A. with a system of ten 11-meter earth stations for
the corporation’s satellite transmission network . . .
TheFil-Shield Division ofFiltron Company, Inc. has

moved to a new facility located at 410 Surf Ave.,
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Stratford, CT Tel: (203) 372-1775 . . . Electronic
Resources, Inc. of Cupertino, California is the new
distributor for Amplifonix’s line of standard RF
modules, amplifiers and attenuators . . . Randtron
Systems, Inc. has announced that it plans to com-
bine two of its operations: Aercom and Contours,
under the name Aercom Industries, Inc. John Mid-
daugh is president of the new company . . . Zebra
Electronics, Inc. is the Omni Spectra, Inc. fran-
chised distributor of coaxial connectors and RF
components in the New Jersey, Maryland and Pen-
nsylvania markets.

CONTRACTS Cincinnati Electronics
Corporation has received
an $8.6M contract from
the U.S. Army Communi-
cations — Electronics Command, Ft. Monmouth, NJ
to produce AN/PSC-3 and AN/VSC-7 radio sets and
ancillary equipment . . . Warner Robins Air Logis-
tics Command, Robins AFB, GA has awarded a con-
tract in excess of $7M to the Hazeltine Corporation
for AN/APX-76 Air-by-Air Interrogator equipment
. . . Antekna, Inc., a subsidiary of Itek Corporation,
has been awarded two contracts totalling $2.5M
from the U.S. Air Force for standard emitter simula-
tors with deliveries scheduled for 1982 .. . RCA
Missile and Surface Radar has received $339M in
contracts for the AEGIS Weapons System for three
additional U.S. Navy guided missile cruisers . . Ea-
ton Corporation’s AIL Division has been awarded a
$5.8M contract to supply two additional microwave
scanning beam landing systems used to land the
NASA space shuttle.

NEW MARKET
ENTRY

Microwave Development
Company has entered the
double-ridged and rec-
tangular waveguide market
with a full line of passive components in all wave-
guide and double-ridged sizes and custom designed
microwave assemblies. Gary F. Watkins, Microwave
Development Company, 10 Railroad St., Lawrence,
MA 01841 Tel: (617) 681-1949.

FINANCIAL Loral Corporation reported
a net income for the three
months ended September
30, 1981 of $5.5M or 54¢
per share, compared with $4.7M or 47¢ per share in
the previous year . . . Sales for the fiscal 1982 first
quarter ended September 30, 1981 at Narda Micro-
wave Corporation rose ten percent to $6M from the
comparable period in 1980 of $5.4M; net income
rose to $515K from $311K in the fiscal 1981 first
quarter . . . Sage Laboratories, Inc. reported net
income of $106K, or 24¢ per share on sales and
contract revenues of $703K for the first quarter of
the 1982 fiscal year ended September 26, 1981, this
compares to netincome of $75K or 17¢ per share on
sales of $623K for the 1980 period . . . For the six
months ended September 30, 1981 Alpha Industries
reported net income of $1.8M up from $1.4M in the
comparable period in 1980 with earning per share of
64¢ up from 54¢. B
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We did it first.

And still do it best.

Solid state Class A linear laboratory
power instruments. Outputs up to 200 watts,
frequency ranges from 1-1000MHz to
4-8 GHz instantaneous bandwidth.

Priced from under $1000!

it all started when we developed the industry's first standard line of RF/microwave high power solid state
Class A linear wideband amplifiers (our Series LWA, well-known tnroughout the world). Since then,
we've kept on improving and expanding the line. Now, our Series LAB brings all the most wanted
design features plus exceptional application versatility to the laboratory user. It is, by far,

the industry’s most complete line of laboratory power—as you like it, with the performance you

need at a price you can afford.

Choose from almost 200 models, in self-contained instrument or rack-mount cases. Frequencies
from 1-1000 MHz up to 7900-8400 MHz. with saturated power ratings up to 200 watts. They all include
built-in power supply and integral cooling. Other design features ‘nclude gain control. internal/external
leveling, external modulation, low distortion, full protection against abnormal conditions, graceful
degradation, and hi-reliability thermal design.

For high power applications, these instruments offer important advantages as replacements
for TWT amplifiers: no tube aging, no misalignment, lower DC vol:age, higher efficiency,
lower noise figure vs. power output.

It all adds up to the highest level of quality you can find anywhere—at prices that prove you can't
afford to buy anything less than the best!

% MICROWAVE POWER DEVICES, INC.

330 Oser Avenue, Mauppauge, N.Y. 11788
Tel. 516-231-1400 « TWX 510-227-6239
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Contract News

MiC
Milli

Devi

crowave And
imeter-wave

ces And Gircuits

KENNETH J. SLEGER
Naval Research Laboratory
Washington, D.C.

This contract news report will
serve to update the more exten-
sive NRL article that appeared in
the July 1981 issue and also to
give a preliminary rundown of FY-
82 contract starts.

CONTRACT NEWS UPDATE

The S-band GaAs FET program
at T1, NO0O014-81-C-2064, is cur-
rently focusing on power FETs
capable of delivering 25 watts peak
power over the 3.1-3.5 GHz fre-
quency band. Recent results from
a 38.4 mm gate width device
yielded 20 watts CW with 6 dB
gain and 33% efficiency at 3 GHz.
The epitaxial doping profile was
not believed to be optimum, and it
is expected that still better per-
formance is possible with an opti-
mum profile and gate recess. Re-
lated GaAs FET work at Tl is
continuing in the development of
a 1 watt, 7-18 GHz hybrid ampli-
fier, NO0O173-79-C-0047. A four
stage amplifier with a balanced
output stage has achieved 20 dB
gain over the 7-18 GHz band. This
can serve as the driver for the bal-
anced 1 watt output stage. To
date, the best performance from a
balanced power output stage is 1
watt from 7 to 17 GHz with 2.5 dB
gain. Further device refinement is
underway to increase the gain to
5 dB or more and the uppper fre-
quency to 18 GHz. InP IMPATT
work at Varian, NO0173-80-C-0096,
is concentrating on the optimum
low-high-medium profile for maxi-
mum power in Ka band. A three
layer epitaxial growth of n”, n and
n*is used for the profile followed
by beryllium or magnesium im-
plants to form the p region. In
general, the best rf results occur-
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red with the beryllium implants.
7.7 watts peak power with 10%
efficiency was obtained from free
running IMPATT oscillatorsat 29.5
GHz. At 33 GHz the peak power
was 4.5 watts with 8.27% efficiency.
Doping profile optimization is con-
tinuing toward the goal of 10 watts
peak power at 35 GHz.

A one year program has been
awarded to Westinghouse Defense
and Electronic Systems Center,
NO0014-81-C-2404, to investigate
cascode GaAs FET structures for
S band power FET amplifiers. The
cascode connection combines two
GaAs FET structures in a monoli-
thic format and is expected to
deliver more power, gain, and
power added efficiency than GaAs
FETs of conventional design. In
addition, the high output impe-
dance of the structure is attractive
for broadbanding. Technical goals
include 1 watt/mm gate width, 8
dB gain at 1 dB compression and
a 40% power added efficiency.
Four cell structures will be fabri-
cated with a peak power goal of
12-15 watts. A dual award for a
nine month study program to es-
tablish a monolithic receiver front-
end configuration viable in wide-
band millimeter-wave receiver sys-
tems has been awarded to Hughes
Torrance Laboratory, NO0014-81-
C-2649, and to TRW Systems,
N00014-81-C-2650. The frontend
will cover the full 75 to 110 GHz
band using a diplex system to
achieve dual band outputs with
extension to an instantaneous fre-
quency multiplex system.

FY-82 CONTRACT STARTS

A follow-on to the S band Si
bipolar transistor amplifier con-
tract at MSC, NO0173-78-C-0019,
isplannedto beginearly in calen-
dar year 1982. Novel device de-
signs and processing will be

stressed for power added efficien-
cy andyield improvement. Optim-
ized transistor cell size will be de-
termined forimplementation into a
final 500 watt amplifier/combiner
demonstration circuit. Exploratory
development work will follow on
the heels of a basic research pro-
gram on GaAs memories finish-
ing up atHughes Research Labora-
tories, NOO173-80-C-0549. The fol-
low-on program will focus on as-
sessment of GaAs enhancement
mode technology for low power,
high speed memory circuits. Fol-
low-ons are open bid.

A variety of wideband, monoli-
thic GaAs FET amplifier programs
are in the planning stage. Band-
widths of interest are 2-8 GHz, 7-
18 GHz and 18-26 GHz. Power
outputs will be 5-10 watts, 1-5
watts and 10 milliwatts, respec-
tively. In addition, a monolithically
compatable high power (> 10
watts) X band GaAs FET technolo-
gy will be pursued which stresses
novel device design and broad-
band amplifier potential. Finally,
aprocurement will be initiated for
a solid state 500 watt X-band
power combiner to be used as a
driver for a CFA.

These programs and planned
program starts are sponsored by
the Naval Electronic Systems
Command: all S-band transistors
and amplifiers, InP IMPATTS, 75-
110 GHz receiver front end, 18-
26.5 GHz monolithic amplifier,
GaAs memory (basic research
phase) and X-band power modules.
The exploratory GaAs memory
follow-on is co-sponsored by the
Naval Electronic Systems Com-
mand and the Naval Air Systems
Command. All other programs and
planned program starts are spon-
sored by the Naval Air Systems
Command. NRL personnel serve
a contracting officer’s technical
representatives on these programs.

]
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“Oak Laminates,’
That Says It All.

Buying stripline subsfrates can
be difficult.

It can be a lot easier with Cak
Laminates. Here. you may find all
the substrates you need.

OAK-600, the PTFE laminate with
the strength and stability of woven
glass cloth. In types FLGTN and
FLGXN.

OAK-700, the PTFE laminate in
types FLGPN and AL.GRN. With all
the electrical homogeneity of non-
woven glass.

D\ ¥Laminates
HVIsm CIRCLE 25 ON READER SERVICE CARD

Materials
Group Inc.

REXOLITE, the substrate with the
most stabie electricals you can
get. Including a dissipation factor
of .000735 at 37 GHz.

Fact is, no one makes more
stripline substrates than Oak. A
major U.S. comeration dedicated
to producing ail the substrates you
need and the copper to ciad them.
For any application, all the way up
to 300 GHz

When it comes to laminates,
“Oak” says it all.

Division Headquarters: Frankin, Nk 03255/ Tel. 603 —534-5735 e Technical Services and Manutacturing Facilities: Frankiin NH
® Hoosick Falls. NY @ Hayward CA e Seoul, Korea e Taipai, Taiwan



contain a wealth of information
on the factors limiting system oper-
ation. Forinstance, itcan be read-
ily determined from these plots if
a flicker or white noise process is
dominant.

PHASE NOISE DEFINITIONS

With the HP 3047A a very broad
definition of phase noise is used;
phase noise is any variation from
the phase of an ideal sine wave.
This definition inciudes determi-
nistic modulation such as power
line sidebands as well as phase or
frequency noise modulation. Both
noise and deterministic phase
modulation appear in all the fig-
ures in this article. However, the
text deals only with noise effects.
The causes of deterministic mod-
ulation are usually phenomena
like power supply ripple or stray
coupling of reference frequencies.
Such phenomena are well under-
stood, if at times very difficult to
eliminate. The effects of noise
processes, however, are less well
known. Examining phase noise
plots, like those generated by this
system can identify the noise pro-
cess causing performance limita-
tions.

Throughout the article we use a
very common measure of phase
noise, L(f). This is defined as the
power that would be measured in
a 1 Hertz bandwidth, f Hertz away
from the carrier. It is measured in
dB below the carrier and so has
units of dBc/Hz.

While there are many possible

noise processes, we will consider
only the two most common noise
generation processes, white and
flicker noise. White noise is fairly
well understood. It is typically
caused by either the random mo-
tion of electrons in a resistance
(thermal noise) or by the random
movement of electrons across a
potential barrier such as a diode
or transistor junction. It is called
white noise because it has a flat
frequency power spectrum like
white light. Flicker noise may not
be as familiar to most engineers.
Although flicker noise is a com-
mon occurance in amplifiers,
multipliers, and oscillators, its
sources are not well understood.
Uniike white noise, its frequency
spectrum is not flat but increases
as the frequency is decreased
(I/f). 1t is called flicker noise be-
causeifalightbulb hasal/f noise,
we would say it was flickering ?

Let us now see how these noise
processes affect the performance
of typical system components,
starting with amplifiers.

PHASE NOISE OF AMPLIFIERS

White noise is inherent in all
amplifiers and has a flat frequency
power spectrum. A sine wave input
of any frequency to the amplifier
would thus be phase (and ampli-
tude) modulated by the white noise
processes. With the typical noise-
figures and signal levels found in
most systems, this forms a white
phase noise floor at approximately
-160 dBc.

A more surprising phenomena
is that flicker noise is also found
in the phase noise of high fre-
quency sine waves. Apparently,
the sine wave is modulated by the
very low frequency flicker noise
because of slight non-linearities
in the amplifier. This conclusion
is reinforced by adding RF nega-
tive feedback to the amplifier, the
best known method for reducing
flicker noise phase modulation. It
has been determined that a wide
variety of well designed amplifi-
ers and other components have a
flicker noise modulation of about
-115 dBc/Hz at a frequency 1 Hz
away from the carrier.®

The noise response of a typical
amplifier is shown in Figure 2.
Notice that at frequencies close
to the carrier, flicker noise is the
dominant process, while at fre-
quencies far from the carrier, white
noise isdominant. One can define
the frequency at which the domi-
nant process crosses over from
flicker noise to white noise as f..
Because the amplitude of white
noise changes with carrier level
while the amplitude of the flicker
noise remains constant, f. will be
dependent on the carrier level.

PHASE NOISE OF
OSCILLATORS

Oscillation occurs at the fre-
quency when the phase shift a-
round the loop, composed of an
amplifier and resonator, is zero
degrees. However, one can ob-
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Fig. 1 Two common noise spectrums.

[Continued on page 50]
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ROCK
SOLID

The microwave
sweeper that'’s half a
billion hours strong.

You can still get solid performance and
solid value in a microwave sweeper.
More than 5,000 Systron Donner S000A
mainframes are in the field. Averaging
better than 100,000 service hours each.
And only 43 have come back for even
miNor repairs.

Solid features.

In bench and line testing applications,
the 5000A is the most practical sweeper
ever designed. The half-rack box tucks
neatly into cramped quarters. The multi-
octave bandwidth plug-in modules
provide exceptional range and flexibility.
And, since the 5000A is permanently
calibrated, you can put it to work
immediatety. And permanently.

Solid value.

The 5000A costs far less than most
other sweepers Yet it offers exactly
the features needed in most sweeper
applications. Without the ornamental
features that keep the competition

in the repair shop more often than
they will admit.

DECEMBER — 1981

Solid specs.

Try to find another sweeper in our price
range that delivers 26 GHz. Or with a
signal as pure as -60 dB non-harmonic
spurious output. You'll see why 5000A
owners keep coming back for more.

Mere’s a solid proposition.
Systron Donner will present you with

a free digital watch —just for watching
the 5000A go through its paces. All you

MJi2s8l

Your Systron Donner sales representative

will present you with a National Semiconduc-

tor multr-function digital watch — just for
taking a closer 100k at the remarkaole SO00A
microwave sweeper. fust matl in this coupon
Or call toll free 300-423-2004 But hurry,
because the offer ends January 31, 1982

OMes hrnitest 10 Jiant e on nand

VO Wil et ctend o peohibintad by Asw

CIRCLE 36 ON READER SERVICE CARD

have to do is arrange for a sales rep to
drop by before the end of January, 1982.
Call to!l free at 800-423-2004. Or mail
in the coupon. Either way, it's a solid
opportunity to evaluate a rock solid
sweeper.

Mail to: Systron Donner, Microwave
Division, 14844 Oxnard Street

Van Nuys, CA 91409

|
{

Practical technology from

SYSTRON MICROWAVE
DONNER DIVISION
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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 t .02 at no ad-
ditional cost. With { .02 you get:

Greater directivity in narrow
frequency band couplers.

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

The same in dual path phase
comparison devices.

Closer frequency response
curve tolerances in stripline
filters.

MIL P 13949E calls for - .04
tolerance. Our new process
controls make us tighter than
that: t+ .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 Chemicals Corp., Ltd., Tokyo

Circle 55 for Inmediate Need
Clrcle 56 for Information Only
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some actual oscillator measure-
ments. Figure 3 shows the phase
noise plot of a high Q crystal
oscillator. The noise can be fitted
with a series of straight lines with
slopes f° ' 2" {73 Notice that
far from the carrier, the phase
noise is flat (f°) which is caused
by a white noise process such as
thermal or shot noise phase modu-
lating the carrier. Closer in, how-
ever, the slope breaks to f', indi-
cating the noise is caused by a

flicker noise source phase modu-
lating the carrier. The most likely
source for both of these processes
is in the amplifier. Still closer to
the carrier, the noise breaks into a
3 slope which indicates that the
noise process is flicker noise at
frequencies inside the resonator
bandwidth. Notice that since the
noise plot changes from ' to f°
at the half bandwidth of the reso-
nator, the Q can be estimated to
be about 250,000.°

NOISE MEASUREMENT ON HP 3047 A SYSTEM
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Scientific-Atlanta’s new Series 1780 Programmable Receiver: high speed microwave measurement has never been easier — ur more accurate

_ At last, the ultimate tool for
high speed antenna measurement

New programmable bardwidth, new millimeter doun-conversion, plus incredible speed.
All available in one package.

his is the receiver you've been
waiting for. OQur new Series 1780
programmable microwave receiver.

You can make definitive mea-
surements of both relative am-
plitude and phase characteristics for
frequencies as low as 100 MHz, all the
way up to 100 GHz.

You can get high data rates and
short measurement times when speed is

critical. Or an outstanding dvnamic
range, extreme sensitivity and siower
measurement times for very low signal
levels. Just by changing bandwidch

settings. What's more, millimeter
conversion is available to measure
high-end frequencies with previously
unavailable sensitivity.

The Series 1780 also offers com-
pletely automatic operation, standard
IEEE-488 interface, post-detection
filter combinations for data averaging,
digital display and a host of other stan-
dard features. In fact, no other receiver
even comes close.

For a brochure, call Bruce Hudson
at (404) 449-2612.

Or write Scientific-Atlanta Instru-

mentation, 3845 . Hig
Pleasantdale Road, Scientific
Atlanta

Atlanta, Georgia
30340. Instrumentation

United States: One Technology Parkway, Box 105600, Atlanta, Georgia 30348, Canada 1640 Bonhill Road, Unit 6, Mississauga,
Ontario, L5T 1C8. Canada. Europe: Horton Manor, Stanwell Road, Hotton, Slough SL3 9PA, England.
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double
balanced
mixers

ultra high level (+27 dBm LO)

'L‘l.\\

.05 to 500 MHz
only S74% 5,

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e miniatL.re 0.4 x 0.8 x 0.4 in.

* low distortion, +38 dBm
intercept point, (two-tone, 3rd
order)

* up to +24 dBm RF input
* low conversion loss, 6 dB
* hiisolation, 40 dB

* hermetically sealed

e MIL-M-28837/1A
performance*
ML 83
VAY-1 SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO-RF 0 .05-500

IF 0.02-500

CONVERSION LOSS, dB TYP. MAX

One octave from band edge 6.0 7o)

Total range 7.5 8.5

ISOLATION, dB TYP MIN

lowrange LO-RF 47 40
LO-IF 47 40

midrange LO-RF 46 35
LO-IF 46 85

upper range LO-RF 35 25
LO-IF 35 25

SIGNAL 1 dB Compression level +24 dBm Typ.

For Mini Circults sales and distributors listing see page 46
finding new ways. ..
setting higher standards

[JIMini-Circuits

A Divimon of Scientiic Componenis Carporation
World's largest manufacturer of Double Balanced Mixers

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

"4 3 REV A
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NOISE MEASUREMENT ON HP3074A SYSTEM

-10

L() [dBc/Hz]
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A 1 10

100 K 10K 100K
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Fig. 6 10 MHz frequency synthesizer phase noise spectrum.

For lower Q oscillators, other
noise effects can be seen. For
instance, Figure 4 shows the phase
noise of a 1 GHz LC oscillator.
Even as far as 40 MHz from the
carrier, the phase noise has an 2
slope, indicating the half band-
width of the resonator is greater
than 40 MHz. At about 10 kHz the
noise breaksintoaf ™ slope, flicker
FM, caused by the flicker noise of
the amplifier frequency modulat-
ing the oscillator.

As a last example, consider the
noise plot of a SAW oscillator
shown in Figure 5. The far out
phase noise is again white, and it
breaks immediately into f°, FM
flicker noise. Apparently the haif
bandwidth of the resonator and
the flicker frequency break, fc,
are at approximately the same
frequency.

PHASE NOISE OF SYSTEMS
With this basic knowledge of
the effects of noise processes on
system components, we can de-
termine the components that limit
system performance. Forinstance,
Figure 6 shows the residual phase
noise of a low frequency synthe-
sizer. Beyond the 6 kHz loop band-
width of the phase lock loop of the
frequency synthesizer, the f?
slope (white FM) of the VCO can
be seen until the white phase
noise of the oscillator (or possibly
the following buffer amplifier)
dominates at about 50 kHz. Below

3 kHz, the white and flicker phase
noise effects of the loop amplifier
can be seen. These have been
multiplied up by the loop by the
ratio of the output frequency to
reference frequency of the loop.®

CONCLUSION

With the introduction of the
Hewlett-Packard 3047A Spectrum
Analyzer System, fast and accu-
rate phase noise measurements
can now be routinely made on a
wide variety of components. From
these measurements, the funda-
mental processes limiting perform-
ance can be identified. Armed
with this information on the exact
nature of the problem, the designer
can optimize his circuit to meet
his phase noise design objectives.
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FET AMPLIFIERS
DROP-IN WIDE BAND
TEMPERATURE COMPENSATED

FERRITES P.Icr@puck.

BANDWIDTH vs. GUARANTEED

PERFORMANCE o " 3 n o,
8-18GHz Specifications for this micromini-
Percent Isolation Inserti VSWR 1 i
= |28 bin | pcn g ature ferrlte device are as good as
l Jae ml ‘ you'll find anywhere. Look at the data
- I f:A g:: 1:;2 and give us a call today. Change your
2 | v s 11‘:37;,, luck with Micropuck™!
13 | 18 I 05 | 140
14 | 15 | 06 1.45
- + + -+
A|5 ! 15 l 08 1!.45

Weight: 600mg

Temperature Range: -55 Cto+95 C
NOTE Case can be soldered 10 metais at temper
stures up to +150 C

please update me.

Actual size.
NAME Y=
FIRM PHONE_
ADDRESS
cITy STATE. 2P

2.5- 10 GHZ MINIATURE CRYSTAL CONTROLLED OSCILLATORS

ELECTRICAL PARAMETERS (general)

Frequency set accuracy at room temperature: £0.001%
Frequency stability: £0.003%

Aging rate: £0.005% per year

Power variation with temperature: £2 dB

Power supply: +15 VDC (other voltages optional)
Temperature Range: -55 to +85°C
(to +125°C with degradation)

ouUTPUT
POWER  HARMONICS
OUTPUT AT AND

MODEL  FREQUENCY  +25°C SPURIOUS CURRENT CONTACT FACTORY FOR
NUMBER (GHaz) (dBm min.) (dBg) (ms nom.) OTHER FREQUENCIES
5044-1311  25-40 +10 >40 100 AND/OR POWER LEVELS
5044-1611 40-80 >10 >40 110
50451911  80- 100 +10 >40 120

please update me.

NAME TITLE

FIRM PHONE.

ADDRESS

CITY STATE__ ZIP

A TECH-SYM CORPORATION
4726 Eisenhower Bivd., Tampa, Fl. 33614
(813) 884-1411 TLX: 52-827 TWX: 810-876-9140
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TRANSMISSIONS

[j o yvou need to: Eliminate cross
talk in installations with antennas in
close proximity?; lsolate and identify
signals coming in to wideband receiver
systems?, Presclect frequencies in
automatic test equipment? s a tunable
filter the last remaining piece of man-
ual equipment in your digital system’

Telonmic's new digitally address-
able tunable rf filters can solve these
problems They ‘re offered in 22 stan-
dard models (3 or 5 sections) cover-
ing 11 trequency bands between 48
MH: and 4 GH:. Each capacitively
loaded Chebyschev filter model tunes
over a 2.1 frequency range for full
octave coverage

A wide choice ot standard com-
puter intertaces s available: RS-232,
TTL senal, and [EEE STD-488 (GP1B)
parallel In addition, a self-contained
BCD controller 1s available

Send for new technical data sheet
to TELONIC BERKELEY INC., 2825
Laguna Canvon Road, Laguna Beach,
CA 92652, 714/494-9401, (Toll Free
SA/854-2436)

The Biggest Little
High-Technology Company
in Laguna Beach

I TeLonic Berketey mc
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THE NEW SPECTRUM
ANALYZER SYSTEM

The HP 3047A Spectrum Ana-
lyzer System combines the speed
and millihertz resolution of Fast
Fourier Transform (FFT) spectrum
analysis with the frequency range
of Swept Spectrum Analysis. This
unique measurement combination
is joined with the powerful com-
putational and control capabili-
ties of an HP desktop computer to
give a wide variety of calibrated
spectrum analyzer measurement.

When making phase noise
measurements, the HP 3047A sys-
tem can measure phase noise
using a frequency discriminator
or by the quadrature phase detec-
tor method from 0.02 Hz to 40
MHz away from carriers in the 5
MHz to 18 GHz range. Phase noise
measurements can be made with
2 dB accuracy and the system
noise floor is -170 dBc/Hz.

Another operating mode of the
HP 3047A system is called direct
spectrum. In this mode, the sys-
tem hardware is used as a down
converter to bring 19 kHz to 40
MHz signals into the frequency
range of the HP 3582A Real Time
Spectrum Analyzer. This allows
the very high resolution and mea-
surement speed of the Real Time
Spectrum Analyzer to be used up
to 40 MHz. In this mode, the sys-
tem is capable of resolution band-
widths as narrow as0.02 Hzand is
one to two orders of magnitude
taster than a Swept Spectrum
Analyzer. An additionatl feature of
this mode is that one can observe
intermittant signals. In swept ana-
tyzer situations one might miss an
important phenomena because the
swept analyzer is not currently
tuned to that frequency. The sys-
tem provides these measurements
over the wide dynamic range of 70
dB, calibrated in both frequency
and amplitude.

MEASUREMENT THEORY

All the phase noise plots in this
article were generated using the
HP 3047A system by the phase
quadrature measurement tech-
nique. If two signals of the same
frequency and 90° out of phase
are applied to a double balanced
mixer, the output will contain a
low frequency signal whose ampli-
tude represents the phase noise
of the sources. This signal can be
amplified and analyzed by a low
frequency spectrum analyzer to
give the noise as a function of fre-
guency away from the carrier fre-
quency.

One of the advantages of this
quadrature phase detector method
is that it uses an inherently wide-
band mixer as the phase detector.
Therefore, only two detectors are
needed to cover the 5 MHz to 18
GHz frequency range of HP 3047A
and this frequency range can be
easily extended either higher or
lower in frequency by adding ap-
propriate mixers and filters.

Another advantage of the quad-
rature phase detector method is
that it inherently rejects ampli-
tude modulation (AM) noise,
whereas other phase noise detec-
tion circuit often do not. In many
systems the AM noise is less than
the phase noise, butin cases where
this is not true, this rejection is an
important advantage.

This phase detector system de-
pends on the 90° phase relation
between the two sources. Unless
the sources are extremely stable,
they will not stay 90° out of phase
for any length of time. A solution
to this problem is to lock one of

the sources to the other with a
phase lock loop. The loop pro-
vides a tuning voltage to one of
the sources to maintain the two
sources at the same frequency
and/or the average, 90° out of
phase. For frequencies relatively
tar from the carrier, the phase-
lock loop does not affect the sig-
nal to the analyzer. For lower fre-
quencies, the phase-lock loop
causes the controlled source to
follow the phase variation of the
other source. This causes the vol-
tage to the analyzer to represent
the frequency noise at low fre-
quencies and phase noise athigher
frequencies.

To avoid this difficulty, tradi-
tional techniques restricted the
loop bandwidth to much less than
the lowest frequency to be mea-
sured. These techniques work welt
with very quiet sources like crys-
tal oscillators, but a narrow band-
width loop can not track the varia-
tions in anoisy source. Therefore,
these techniques have not been
used to measure phase noise close
to noisy signals.

The HP 3047A’'s uniques ap-
proach solves this problem by
adding the computing power of
the HP 9845B Desktop Computer.
The computer software measures
the transfer function of the phase-
lock before the phase noise meas-
urement. This information is then
used to correct for the effects of
the phase-lock loop on the volt-
age to the analyzer. Thus the loop
bandwidth can now be
chosen to be wide enough to keep
a noisy source in lock and yet
measurements can still be made
as close as 0.02 Hz to the carrier.
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At Alpha, 60-90-120 day delivery
promises just aren’t good enough. To
keep on schedule you need more than
promises. With our constantly re-
plenished stock of precision direct
reading attenuators and frequency me-
ters, you can have Aipha components
when you need them.

The TRG Series 551 Direct Reading
Frequency Meter is designed for easy
read-out ard features a cold hobbed
TE414 cavity resonator for maximum
operating Q. Alpha’s indirect drive sys-

tem eliminates inaccuracies introduced by bench handling
of direct drive devices. The Model 551 operates with high
resclution and accuracy over each waveguide band from

18.0to 110 GHz.

Andthe TRG Series 510 Direct Reading Precision Atten-

uator. Frequency insensitive, this rotary
vane attenuator provides accurate

| measurements from 0 to 50 &B over

Woburn, MA 01801
Te'ex: 949436.
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World Radio History

each waveguide band from 18.0 to 220
GHz. Designed for maximum accuracy
with negligible reflection and loss. All
rotating parts are mounted with preci-
sion ball bearings and driven with an
anti-backlash gear train.

Whatever yourapplication:research
development, or production, depend on
Alpha for precision attenuaters and
frequency meters. When it comes to

quality components, you don’t have to wait anymore.
For more information, contact Alpha Industries, inc..
TRG Millimeter Components Division, 20 Sylvan Road.

. (617) 935-5150. TWX: 710-393-1236.
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S.D. PATEL AND H. GOLDIE
Westinghouse Defense and
Electronic Systems Center
Advanced Technology Laboratory
Microwave Operations

Baltimore, MD

INTRODUCTION

For many years investigators
have been seeking and experi-
menting with solid state RF pas-
sive power limiters that will sup-
plant gas TR tubes used for radar
duplexing and receiver protect-
ing. Substantial progress has been
made over the microwave frequen-
cy range for low to moderate peak
powers (milliwatt to a few kilo-
watts) using ferrite and diode
technologies. Ferrite limiters have
seen wide use in low RF power,
inexpensive commercial radars.
However, because of their slow
turn-on response time leading to
high spike leakage, and because
of their increasing insertion loss
with temperature rise caused by
the absorbed incident RF power,
territes have seen limited use in
modern radars of high average
power.

PIN diode limiters, on the other
hand, can be des‘gned to handle
substantial RF power levels,'?
and such limiters have been de-
signed to handle a few hundred
kilowatts of peak power at fre-
quencies below 0.5 GHz. Maddix*
has recently shown that the RF
voltage-handling capabilities of a
shunt-mounted PIN limiter is re-
lated, not only to Vgg, the bulk
breakdown voltage, but also to an
additional factor, which is the rate
of rise of the RF line voltage pulse.
Therefore PIN diodes with rapid
charge injection times, when com-
bined with relatively slow risetime
RF line pulses, can operate as rel-
atively high peak power limiters
beyond the normal Vge design
limits. Thermal or average power
ratings are not affected by this
rate of rise parameter except that
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the use of thin I-regions to obtain
rapid charge injection require ad-
ditional paralleling of diodes for
RF current-sharing.

This paper concerns experi-
ments that have investigated the
enhanced peak-power capability
using the above risetime effects
to obtain a 100-kW peak power,
self-biasing, coaxial limiter, the
output leakage power levels of
which can be handled easily by a
conventional cascaded varactor
limiter to provide adequate re-
ceiver protection.

DIODE TECHNOLOGY

High power PIN diodes used as
switches and duplexers have been
reported in the literature for many
years.>®7 However, the use of wide
I-region PIN diodes as a micro-
wave high-peak-power passive
limiter has seen limited applica-
tion due to the slow RF-induced
turn-on time and the difficulties
associated with the manufacture
of high voltage PIN diodes with
low punchthrough voitage. Low
punchthrough voltage yields low-

est RF cold losses without the
need for a reverse bias voltage to
keep the I-region substantially free
of charge. Ithas been shown' that
a large array of thin PIN diodes
are necessary in order to handle
several hundred kilowatts of power
at UHF. Alternatively, a large re-
duction in the number of diodes
used can be made by increasing
the I-region thickness and utiliz-
ing fast turn-on self-biasing tech-
niques. Thick PIN diodes with low
zero-bias punchthrough voltages
now have become available and
have made possible relatively low
insertion loss in high peak power-
limiting at typical radar band-
widths above 1 GHz.

DIODE BIASING
CONFIGURATION

The concept of self-switching
in which a PIN diode is biased by
a fast-acting detector diode has
also been known for many years.?
inthese designs the reverse break-
down voltage of the PIN diode is
chosen so as to handle the peak
RF voltage swing of the micro-
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e
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Fig. 1 Schematic of quadrodiode limiter showing four-diode symmetry.

61



wave incident pulse. In the device
described in this paper a de-
coupled varactor diode biases the
PIN into conduction on a time
scale considerably shorter than
the risetime of the incident power
pulse so as to minimize the RF
voltage developed across the PIN
diode. Both Si and GaAs diodes
were experimentally tried as bias-
ing rectifiers. It was found that the
GaAs varactor diode provided a
relatively large output current re-
sponse with a leading edge of
approximately 10 ns. We chose a
recently developed (Microwave
Associates) GaAs varactor diode
with a Vg = 450 V, 1.3 pF, 0.5 A
capability. This diode was found
to be reliable and efficient in the
26 dB decoupled self-bias auxil-
iary line. At the full 100 kW line
power, the RF voltage across the
decoupled biasing diode in the

nonconducting direction was 160
volts peak.

Four biasing diodes were cir-
cumferentially mounted in 50 ohm
decoupled lines to drive four PIN
diodes as shown schematically in
Figure 1. In this configuration each
biasing diode supplied 10-ns-rise-
time current pulses of up to 350
mA at 100 kW. The detailed mount,
shown in Figure 2, was designed
so the coupling factor could be
widely varied by rotating or re-
cessing the loop. The ability of
the biasing current to reduce the
PIN diodeimpedance more rapidly
than the risetime of the leading
edge of the incident pulse is criti-
cal to the lowering of the limiter
design voltage rating. In this mode
low voltage PIN diodes can be
made to handle RF line voltages
much greater than the diodes’
VBB.

UPPER DIODE
SPRING FINGER

DETECTOR DIODE MOUNT

REXOLITE COLLAR

SCHOTTKY BARRIER
DETECTOR DIODE

LOWER DIODE
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L

¥ LOOP MOTION

FOR EXPERIMENTS

Fig. 2 Detailed sketch of loop-controlled biasing diode circuit
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HIGH POWER
CONSIDERATIONS

The high power PIN diode limit-
er is shunt-mounted because of
the ease of RF current sharing
and the compatible external recti-
fying GaAs diode biasing network.
The detail for the designis shown
in Figure 3. The maximum peak
and average power that a shunt-
mounted circuit can handle will
be determined by using two sepa-
rate models: thermal and bulk
breakdown.

e Thermal Model

When a high power pulse is
incident on the PIN diode plane,
the diode absorbs a fraction of the
RF energy during the turn-on time,
and the device impedance varies
rapidly from a high to a low value
of diode forward resistance Re.
The power that can be dissipated
by a shunt diode in a line with
characteristic impedance Z, is
given by

4 F*F X F>mc
Po= ——————

Zo x N?
where

Po = Power dissipated in shunt
diode

Re = Forward diode resistance
N = Number of diodes
Pinc = Peak incident power

The maximum power that can be
dissipated by the PIN diode is
limited by the junction tempera-
ture and is given by the transient
equations:

AT,=Ppt/H for0<=t=025r

AT,=Ppf(1-e'7T)for0.25 n<
t<2n

AT,z Po 8 fort> 271'
where

AT = Junction temperature rise
above ambient in °C

H = Heat capacity W-us/°C = 11
Cw’

C; = Diode capacitance in pF

w = Intrinsic region thickness in
milliinches

6 = Steady state thermal resist-
ance, °C/watt

7r = Thermal time constant = H§

With Re= 1.5 ohms at 100 mA, C;
=0.6 pF, 8= 12°C/W, and w= 2.8
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milliinches (70 um), and using
Equations 1 and 2, we vary N until
the AT, is approximately half the
allowed junction temperature for
silicon PIN diodes. According to
White® Equation 2a is accurate to
within 50 percent. The computed
data show that, for N=4, using an
80 kW/3 us incident pulse with a
diode where Rs = 1.50hms, C,=0.6
pF, and 8 = 12°C/W results in a
junction temperature rise of 101°C.
The experimental results dis-
cussed later showed a 115°C tem-
perature rise at 80 kW line power.

¢ Bulk Breakdown Model

A model has been suggested by
Maddix* in which the PIN diode is
charged in a time period shorter
than the risetime of the leading
edge of the RF incident line pulse.
In this model the injected current
Ire into the l-region gives rapid
rise to conductivity modulation
resulting in the reverse RF cycle
seeing the same diode impedance
Zy as the forward RF cycle. The
RF wave experiences a dynami-
cally decreasing microwave im-
pedance such that the RF voltage
developed across the diode re-
mains considerably smaller than
the peak amplitude of the line vol-
tage pulse. By proper selection of
incident pulse risetime and diode
turn-on-time, the RF voltage de-
veloped across the PIN diode will
remain well below V, (the RF peak
source voltage).

This mode of operation leads to
a limiter where V, > Vgg, whereas
heretofore it was necessary in
zero-bias limiter design to pro-
vide Vp < Vga. The maximum peak
power handling capability of the
shunt diodes, assuming a linear
risetime of the leading edge of the
microwave pulse, is given by

Vag® t

Zy o

Prmax =

where

Ves = reverse breakdown voltage
of PIN diode

Zy = mount impedance

t. = incident pulse risetime

ty = diode turn-on time.

A 70 um diode with Vgg = 800 V
mounted on a35ohm transformer
section must turn on 5.5 times fas-
ter than the risetime of an incident
pulse to handle a 100 kW power
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level. This suggests that the PIN
diode must be externally charged
in a time that is brief compared to
the risetime of the input micro-
wave pulse so that the line voltage
does not exceed the rated reverse
bulk breakdown voltage. Thisis a
severe condition for a very wide
I-region diode because of the large
volume necessary to be filled with
charge. Therefore, foragiven PIN
diode where Vgg and ty are fixed,
the transmitter pulse risetime t,
must be adjusted to obtain the
required power handling capabil-
ity. Five different values of t, were
chosen for the experimental eva-
luation of the device performance.

The parameters are:

I-region width w =70 um

Reverse bulk breakdown Vgg =

800 V

Mount impedance Zr =35 o0hms

Measured gated diode turn-on

time t4 = 80 ns

Input pulse risetime t, = 440,

330, 220, 110, and 30 ns

In the limiter mount shown in
Figure 4, each diode develops
approximately the same RF volt-
age because of the axially sym-
metrical arrangement. itis neces-
sary that, in the suggested model,
the transmitter puise leading-edge
rate of rise be specified for the

limiter design to optimize peak
power handling capability.
QUADRODIODE MOUNT

The high power quadrodiode
limiter consists of a four PIN diode
limiter circuit and a quasiactive
biasing diode circuit that supplies
the pulsed bias as shown in Fig-
ure 3. The PIN diodes are shunted
across the 7/8 inch coaxial 50
ohm line in an axial spoke arran-
gement. The biasing diodes rec-
tify a 26 dB decoupled RF signal
received from the high power input
pulse through a magnetic loop.
The PIN diodes are mounted in
the center of an electrically short
length transformer section, and
the biasing diodes are mounted
approximately 45 electrical de-
grees ahead of the PIN diode
plane. Because of dimensional
limitations this distance could not
be reduced to a more desirable
angle of 30 degrees. Under this
latter condition, the coupled RF
voltage would be identical whether
the PIN diodes were biased
(Zs<<Z,) or unbiased (Zs>>2Z,).

The quadrodiode assembly was
fabricated usinga?2.5inch diame-
ter mount and locating the PIN
diodes approximately in the cen-
ter of a6 inch length of a 7/8 inch
OD coaxial line. The PIN diodes
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Fig. 3 Detail of limiter circuit.
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and stubs are arranged diametri-
cally opposite to minimize mount
parasitics. The diodes are mounted
on berylium copper posts and are
fixed in position by two spring
fingers. The zero-biased insertion
loss and input VSWR are tuned by
the movable shorts in the stubs,
and the forward-biased isolation
is optimized by a lumped mica
capacitor and a variable teflon-
loaded line length. A 1 inch cylin-
der of lossy iron provides at least
25 dB of attenuation to the RF
signal leaking past the tuning capa-
citor.

Initial tests at high peak power
levels were made to determine the
temperaturerise of the PIN diodes
and to determine the accuracy of
RF current sharing. The junction
temperatures were measured by
first calibrating the diode voltage
drop at known currents in a heat-
ing chamber at controlled temper-
atures. The mount then was sub-
jected to an 80 kW/3 us incident
pulse where the voltage drop and
rectified current were measured.
Comparison with calibration
charts indicated the highest junc-
tion temperature was approximate-
ly 135°C.

A test was made to determine
the RF current sharing fromOto 5
kW incident power using 10 usec
pulsewidths at 1.3 GHz. A Hall-
effect current probe loop sur-
rounded each PIN diode feedline,
which was returned to ground. No
external biasing currents were
used. The rectified current pulse
amplitudes of PIN diodes were all
within =5 percent, indicating ex-
cellent RF power sharing.

SMALL SIGNAL ANALYSIS

The appendix describes the
computer analysis for four 70 um
PIN diodes shunting a50 0ohm 7/8
inch coaxial line and mounted on
a short 35 ohm transformer. The
worst-case values of cold inser-
tion loss=0.36 dB, input VSWR =
1.17, and isolation = 31 dB are
predicted in the 1250-1350 MHz
bandwidth by using the ABCD
matrix method.

By disconnecting the GaAs bias-
ing diodes and driving the four 70
um PIN diodes in the quadrodi-
ode mount as a switch, a set of
small-signal data was experimen-
tally observed. This data is shown

)
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Fig. 4 Measured parameters of zero-bias
loss, VSWR, and forward bias loss for
quadrodiode limiter.

in Figure 4 over the 1250 to 1350
MHz band. The worst-case meas-
ured values 0f 0.37 dB zero-biased
loss, 1.2 VSWR, and 36 dB gated
isolation were in good agreement
with the computer predictions in
the appendix. Gated isolation was
performed with 100 mA dc through
each PIN diode. The gated recov-
ery period was 17 us fora330 ohm
shunting resistor. The experiment
was run so that the charged PIN's
had to discharge through this
shunting resistor.

Editor's Note: Part Il of this paper wil
describe the high power experiments
conducted on the prototype limiter and
report their results.
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APPENDIX

Small-signal insertion loss, VSWR, and isolation analysis for a
four PIN diode L-band coaxial limiter.

An ABCD matrix method was used to compute the small-signal
insertion loss, input VSWR, and gated isolation of the limiter
device using the following expressions:
2

{czo%(om) 20 +B}
A7
(1)

Insertion loss or isolation, | (dB) = 10Iog.°|

s R

CZ +D

Then the reflection coefficient magnitude (Mn) and input VSWR
(p) are:

I -Lo (3 1+l (4)

ZJN+ZO £ 1'Ir|NI

Input impedance, Zin

Fin =

where A, B, C, and D are the components of an[ ABCD ] matrix of
a limiter dewvice. It 1s assumed that the source and load impedan-
ces are equal to &

The [ABCD] matrix of a device is a matrix multiplication of
[ABCD] matrices consisting of the coaxial line, transformer, and
PIN diode circuit.

A B |ABCD of one-half ABCD of one-half

coaxial line transformer
=|length (2.8 inches) length + step
from input discontinuity (5)
C D| |end capacitance

ABCD of one-half ABCD of
transformer remaining one-

ABCD of four
PIN diodes in

zero bias (insertion] |length + step half coaxial
loss) or forward discontinuity line length
bias (isolation) capacitance (2.8 inches)

The insertion loss and isolation of the device can be computed
by finding [ABCD] matrices of the PIN diodes in the zero-bias
and forward-bias conditions respectively. The
computer program for four 70-um PIN diodes shunted across a
50-ohm, 6 inch long, 7/8-inch coaxial line and mountedon a0.16
inch long, 35-ohm transformer was generated to evaluate inser-
tion loss, input VSWR, and isolation parameters ina 1250 to 1350
MHz bandwidth. The computer input/output printout is as
shown:

PIN DIODE LIMITER: DIODE TRANSFORMER MOUNT

DIODE PARAMETERS
N = 4 No. of Diodes

CT = .5 Total Pin Diode Capacitance (PF)
RP = 3000 REV Biased EQ RES (OHM)

RF = 1ForBiased RES (OHM)

LS = 1 Lead Inductance (NH)

LC = 7.24442 Calculated RES IND (NH)

CC = 3.74707 Caiculated RES CAP (PF)

LB = 100 Biased Choke (MICR-H)

LP = 7.24442E-9 PAR Resonance IND (HEN)
LG = 3Diode PostIND (NH)

CS = 3.74707€-12 SER Resonance CAP (PF)

TRANSFORMER VALUES

ZT = 35 Transtormer IMP (OHM)

CD = 3.44700E-14 Step Discont CAP (FARAD)

LT = 16 Transformer Cond Length (IN)

HO = 1.138 Outer Cond DIA (IN)

CN = .05 N-Connector Loss (DB)

SL = 1.44888E-8 Each Stub Induct (HEN)

LS = 1.25572 Stub Length (IN)

ZS = 100 StubImped (OHM)
FREQ INS. LOSS VSWR ISOLATION
(MHZ) (DB) (#:1) (DB)
1250 .33 1.04 31.3
1270 .33 1.06 34.8
1290 .34 1.08 39.1
1310 34 1.11 39.1
1330 .35 1.14 35.0
1350 .36 117 31.6 ]
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INTRODUCTION

Compared with other milli-
meter-wave components, direct
(video) detectors have undergone
little change in recent years. This
paper describes a new detector
using a low-barrier silicon Schot-
tky diode, which offers superior
sensitivity, dynamic range, and
TSS (tangential signal sensitivity)
in the WR-10 band (75-110 GHz).

Tomillimeter-wave engineers en-
gaged in swept frequency mea-
surements, the development eight
years ago of a new generation of
DC-coupled scalar network ana-
lyzers' sounded like the answer to
a prayer. Swept millimeter-wave
measurements had been difficult
for three reasons: 1) The output
power of most sweep oscillators
was far from flat, with variations
of several dB in the space of a
gigahertz being common. 2) The
sensitivity of most detectors was
frequency dependent. 3) It was
hard to obtain a well matched pair
of detectors. The new scalar net-
work analyzer offered a solution
to all of these problems through
their use of an integral digital
memory, which could store a ref-
erence trace and then display
subsequent swept measurement
on a dB scale normalized to the
stored reference. The same
square-law detector could be used
to take the reference trace and for
subsequent swept measurements.
The normalization would correct
sweeper and detector variations
with frequency, and the use of a
single detector would remove the
need for matched pairs of de-
tectors.

*NASA Goddard Institute for Space Stu-
dies, NY.
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In recent years scalar network
analyzers used in this way have
greatly simplified millimeter-wave
measurements. However, their full
potential has not been realized
because of two shortcomings of
existing millimeter-wave detec-
tors: lack of sensitivity and insuf-
ficient square-law range. Occa-
sionally point-contact detectors
could be found in which these lim-
itations were not severe, but
point-contact detectors, usually
in Sharpless-wafer packages, were
very delicate, mechanically and
electrically, and it was not com-
mon for them to survive a labora-
tory environment for long without
losing sensitivity.

Schottky-diode detectors pro-
duced greatly improved reliabil-
ity, but had such high video im-
pedance (typically many meg-
ohms) that direct connection to a
scalar network analyzer was not
possible in many cases. The small
bias current of the network ana-
lyzer's DC amplifier flowing
through the Schottky detector
diode, caused an offset voltage
that could not be removed using
the analyzer’s input offset (some-
times called “noise level”) adjust-
ment. To overcome this problem
the detector diode could be
shunted by a resistor (typically
100 kilohms) which reduced the
offset voltage sufficiently. Unfor-
tunately the shunt resistor also
greatly reduced the sensitivity of
the detector.

The new detector described in
this article uses an un-biased
low-barrier silicon Schottky diode.
The low video impedance of this
diode allows the detector to be
operated directly in a scalar net-

work analyzer with no shunt resis-
tor. Excellent sensitivity and
square-law range are obtained
over the full WR-10 waveguide
band (75-110 GHz) without retun-
ing. The TSS is substantially bet-
ter than for other un-biased mil-
limeter-wave detectors, which
makes these low-barrier diodes
extremely attractive for ECM ap-
plications, as well as in the
laboratory.

LIMITATIONS OF THE
DETECTOR

In order to understand the be-
havior of a Schottky-diode detec-
tor it is useful to analyze two spe-
cial cases. First, the detector is
operated in a DC load resistance
R. which is very small compared
with the video resistance Ry of the
detector. In the second case the
DC load resistance is made very
large compared with the video
resistance. The equivalent circuit
of the detectoris shown in Figure 1.

RF CHOKE
(a)

SIGNAL 4 E

(b) DC RF
BLOCK CHOKE

4 4 4
SIGNAL(~) vI. \f, n-‘ V|° R.

V,=V,cos wt R,
Vo =Vo + Vi cos wt

lo

Fig. 1 (a) The waveguide mounted detec-
tor, and (b) the equivalent circuit.
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The DC I-V curve of a Schottky
diode can be approximated well
over the range of interest by:

i=i, [€FV-1)

(1)

The video impedance is given by:
di -1_ 21
2)

Rv=( Qv e
For the case R. <<Ry, the DC
output voltage across the load R,
is given by:
. T

Vo = Ry 'Ti o

{exp[a vicoswil- fat  (3)
The case of R >> Ry requires

that the DC detected current Io
approaches O. This occurs when:

T
J’O {exp(Vo +aV, cos wt)
-tfdt=0, ()
which can be solved iteratively for
Vo.
Equations 3 and 4 were solved
by computer to enable us to pre-

dict the DC output vs RF input
characteristics of a commercially
available Schottky-diode detector.
The diode’'s DC |-V curve was
measured to determine the con-
stantsin Equation 1:i0=7 x 107° A,
a=35V~". The resulting rectifica-
tion characteristics are shown in
Figure 2 for the cases R, = 100 kQ)
and Ry =90, It is clear from these
curves that the 100 k2 load redu-
ces the low-level sensitivity by 16
dB, while the power level at which a
1 dB deviation from square-law
occurs is almost the same in the
two cases. Because the departure
from square-law is in opposite
senses for the two values of R,
one would expect to find an iter-
mediate value of R, which would
result in an extended square-law
range at the high-power end. Un-
fortunately, when operating this
detector with a scalar network
analyzer, the 100 k(2 value of R,
was necessary to allow the input
offset voltage to be nulled, as
explained in the introduction.

10"

Experimental measurement of
the rectification characteristics of
the same detector, at 95.5 GHz,
gave the results shown in Figure
3. These results agree well with
computed results based on the
DC |-V curve shown in Figure 2.
For the two cases Ry >> 4 meg-
ohms and R_ = 100 kilohms, the
low-level sensitivities differ by 16
dB, and the curves depart from
square-law by 1 dB near 40 mV
and 1 mV DC output, respectively.
Alsoshownin Figure 3is the recti-
fication characteristic of the new
low-barrier diode for R, >> 30
kilohms.

THE LOW BARRIER
DETECTOR

The use of a low-barrier Schott-
ky diode with video impedance
around 120 kilohms overcomes
all the difficulties of conventional
Schottky-diode detectors. The low
video impedance enables the off-
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Fig. 2 Computed rectification characteristics for a silicon Schot-
tky diode detector with very high- (upper curve) and very low
(lower curve) DC load resistances relative to the diodes video

resistance R,=4 megohms.

Fig. 3 Measured rectification characteristics at 95.5 GHz for the

conventional silicon Schottky-diode detector with load impe-
dance R . >>4 megohms (upper curve) and with R.=kilohms
(lower curve). The middle curve is for the new low-barrier

Schottky detector.
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set voltage, produced by the bias
current of the scalar network
analyser flowing through the di-
ode, to be nulled using the ap-
propriate control. The detector
sees the network analyzer as a
relatively high-impedance load so
the superior performance, dem-
onstrated for the open-circuited
detector in Figure 2, can be
approached.

Schottky barrier diodes are
usually dc biased in the forward
direction for operation as low level
detectors at microwave frequen-
cies. External bias is necessary
for both silicon and GaA Schottky
barrier diodes as they both exhibit
barrier height, =0.35 volts and
this addtional voltage is needed
to bias them in the nonlinear
region.?

In the early 70’s extremely low
barrier height silicon Schottky
barrier diodes (Zero Bias Schottky
Detectors) were developed which
exhibited a barrier height, <0.15
volts®, and do not require external
biasing for low level detector
applications.? Zero bias Schottky
barrier diodes are fabricated by
using heavily doped p- and n-type
silicon material and low barrier
height metals such as palladium,
platinum for p-type and hafnium
for n-type silicon.®

Millimeter wave zero bias Schott-
Ky barrier diodes were fabricated
by depositing a platinum-nickel
alloy on heavily doped p-type sil-
icon. Zero bias Schottky barrier
diodes were fabricated by planar
techniques. A 5000 - A° layer of
Si0O2 was grown on epitaxial sil-
icon by reacting silane and oxy-
gen at 450 °C. Multi dot array
(honey comb) structure windows
(2um in diameter and 4um apart)
were etched in SiO, by photo-
lithographic techniques. Platinum-
nickel alloy and gold were depos-
ited by RF sputtering on the entire
wafer, and the unwanted excess
metal on the oxide were etched
off by the photo-lift off technique.
Ohmic contact to the p+layer was
obtained by electroplating nickel
and gold after etching the wafer
to 4 mils. in thickness.

Zero bias Schottky barrier beam
lead diodes for mm frequencies
are also being developed and will

*tower than that of Silicon point contact diode.
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be available in the near future.
The |-V curve of the new diode

shown in Figure 4, together with

that of the conventional silicon

Schottky detector used in this
comparison. The difference in
video impedances is clear: 28
kilohms vs. 4 megohms.

Fig. 4 1-V curves of the low-barrier diode (left) and the conventional silicon Schottky
diode (right), showing the radically different video resistances at zero bias: 28 kilohms vs 4
megohms.
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[From page 69] DETECTORS

The low-barrier diode was in-
stalled in a waveguide mount
originally designed as a mixer.*
Figure 5 shows the details of the
mount, which uses a stepped
transformer to reduce the wave-
guide height to one quarter of the
standard height. A fused-quartz
microstrip RF choke presents a
low impedance to RF at the plane
of the waveguide wall, while cou-
pling the DC output to an SMA
connector. The whisker - post
hole in the brass block is reamed
to 0.0200 in. diameter. The 0.0198
in. alloy-25 beryllium copper
whisker post is plated with gold
until it is a firm, smooth fit in the
hole. A .0005 in. diameter gold
plated phosphor-bronze contact
whisker® is then mounted on the
chamfered end of the whisker post,
and the diode is then contacted.

The rectification characteristic
of the new detector is shown in
Figure 3 (middle curve) along with

that of the commercially available
conventional Schottky-diode de-
tector. When operated with a
Pacific Measurements model
1038-V12 scalar network analyzer,
the detectors gave the results
shown shown in Figure 6. A 100 K
ohm shunt was required with the
conventional Schottky detector,
but the low-barrier diode was able
to operate directly into the ana-
lyzer. Itis clear from Figure 6 that
the low-barrier detector is 12 dB
more sensitive than the conven-
tional Schottky detector, and has
adynamicrange 23 dB greater. At
high output levels the square-law
compensation built into the net-
work analyzer improves the dy-
namic range of the low-barrier
detector, while degrading that of
the conventional detector; this can
be seen comparing Figures 3 and
6.

The broadband performance of
the low-barrier detector is shown
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in Figure 7. For this measurment
the backshort was positioned as
close to the diode as mechani-
cally possible. It is clear that the
sensitivity of the detector varies
by less than £2.5 dB across the
full WR-10 band. We believe that
with a modified backshort which
can be positioned closer to the
diode, it should be possible to
reduce this variation by a factor of
two.

The tangential signal sensitivity
was measured at 94 GHz and
found to be -46 dBm using a video
bandwidth of 1 MHz.

CONCLUSION

It has been shown that the prob-
lems of poor sensitivity and limited
dynamic range, often encountered
with conventional millimeter-wave
detectors, are overcome by using
zero bias Schottky barrier diodes.
The WR-10 low-barrier detector
reported here has a sensitivity of
-60 dBm and a dynamic range of
50 dB at 95 GHz when operated
with a Pacific Measurements
1038-V12scalar network analyzer.
The sensitivity of the detector is
within £ 2.5 dB from 75 to 110
GHz, with fixed tuning, and it is

4

219\9\&%

e

LOW-BAR‘RIER DETEETOR

©
\0\
©
©

FREQUENCY RESPONSE

RELATIVE SENSITIVITY (dB)

75 80 85 90

95 100 105 110

FREQUENCY (GHz)

Fig. 7 Frequency response of the low barrier Schottky detector. The backshort was fixed

throughout the measurements.

believed that a small modification
to the design will improve the
flatness by a further factor of 2.
The TSS is -46 dBm for a video
bandwidth of 1 MHz, which makes
the detector extremely attractive
for radar, communications, and
ECM application, as well as in the
laboratory.
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INTRODUCTION

Resonator test methods for de-
termining the dielectric constant,
K’, and the dissipation factor, DF,
of copper clad laminates for mi-
crowave applications currently ap-
pear to be the most practical for
routine testing. For sensitive mea-
surement of both K',p and dissi-
pation factor the use of a loosely
coupled resonator element is most
popular. With loose enough ca-
pacitive coupling the loaded Q of
the resonator is very nearly the
same as the unloaded Q and may
be used directly for determining
the losses due to conductor and
dielectric. The method for stripline
resonator elements has been made
a standard.' The method requires
minimally a leveled X-band man-
ually adjustable frequency gen-
erator, a frequency meter or
counter and a means for measur-
ing the microwave power level
transmitted through the test fix-
ture.

To determine the electrical
properties at X-band frequencies
one determines the dimensions of
the resonator element, the reson-
ant frequency (at maximum trans-
mitted power) and the half power
band width of the response curve
Simple calculations are used to
obtain the K’ and dissipation fac-
tor, DF.

There have been other methods
used for determining electrical
characteristics. One procedure
involves placing the specimen in
a waveguide resonant cavity and
determining the change in reson-
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ABSTRACT

The stripline resonator test me-
thod offers advantages over other
methods, butvariables in running
the test need attention. Modifica-
tions of the method can be made
to study temperature effects, to
measure high dielectric constant
materials and to compare single
specimens of varying thicknesses.
Other methods should be consi-
dered for their potential ad-
vantages.
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ant frequency and Q of the cavity.?
One may place a closely fitting
specimen in a shorted transmis-
sion line and then determine the
properties by observing the shift
in the location of the standing
wave minimums at a fixed fre-
guency as well as the reduction of
the voltage standing wave ratio
(VSWR). The problem with such
methods has been the time to
prepare and measure specimens
as well as the rather exacting pre-
cision with which one must de-
termine the position or frequency
changes.

A time domain reflectometer
may be used to measure the
propagation velocity of a signal
along a transmission line in the
material of interest. This method
requires that one assume that the
K'app is independent of frequency.

The purpose of this paper is to
share some thoughts about the
stripline resonator test method
andto offer some ideas that should
be considered for incorporation
in the standard procedure. The
following topics will be discussed:
e Advantages of stripline over

microstrip measurements
e Test variables that should be

considered

e Recommended modifications
for the ASTM D 3380 fixture

o Modifications of the ASTM D
3380 fixture for high K’ ma-
terials

e A semi- or non-destructive
single specimen stripline me-
thod.

WHY PREFER STRIPLINE OVER
MICROSTRIP FOR A RESONA-
TOR TEST?

Specimen preparation is faster
and simpler. The microstrip me-
thod requires well controlled etch-
ing of a photomasked pattern for
every test made. For stripline the
specimen needs to be merely
etched free of copper foil. Both
methods require proper rinsing
and drying of course.

There can be a problem with
microstrip patterns varying in
dimension (measurable) or in the
quality of the etching job, such as
undercut or the like. Occasionally
specimenscan beirretrievably lost
due to a mask failure.

The specimens from the strip-
line resonator test may be retained
and selected ones used later for
direct comparison with current
materials under test to verify that
there has not been a drift in test
results. In other words ‘one can
retain reference standards as a
control of the test method. For
microstrip the retained specimens
are actually a part of the test fix-
ture so that a comparisonis notas
readily made.

The ability to control the tem-
perature during a test either to
remove that as a test variable or to
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deliberately observe the vifect of
temperature is an important fea-
ture of a test method as will be
discussed below. With the strip-
line method temperature can be
readily adjusted by use of various
means for controlling the temper-
ature of the aluminum clamping
blocks on either side of the spec-
imen. Because of the very high
thermal conductivity of the alum-
inum blocks and the fact that the
blocks and pressure plates on
either side of the specimen as-
sembly are in very good contact
with most of the area of the spec-
imen one can be assured that
thermocouple readings in the
plates represent the specimen with
little lag in time.

To control the temperature of a
microstrip specimen it would be
necessary to set up the test ar-
rangement in an oven, preferably
with forced convection and pro-
portioning control. Such an ar-
rangement would be limited to
mild temperature variations. Very
high temperatures could damage
connectors or other components,
and very low temperatures could
give moisture condensation prob-
lems not encountered in the
clamped stripline.

The stripline method is not
limited to a given thickness. Thin-
ner specimens may be stacked to
the nominal value and thicker ones
may be machined to the nominal
value. The concern about several
layers with air inclusions during
test is handled by use of a fluid of
similar K’ to the material under
test. In the microstrip case one
either must limit the test to only a
certain thickness panel or provide
a series of etched pattern designs
that will represent a changein the
method to some extent and leave
some question about how well the
different thicknesses actually
correlate.

Losses in the stripline method
are confined to the dielectric and
the conductor. Since the conduc-
tor is part of the fixture the DF of
various specimens is readily com-
parable even though the exact
contribution of the conductor to
the loss may not be known. The
microstrip losses include radia-
tion losses that could be affected
by ambient conditions. In addi-
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Fig. 1 Cross sectional sketch of the
arrangement of RT/Duroid 6010 specimen
cards around the resonator pattern card for
evaluation of the eifect of Kv variance vs
proximity to the resonator.

tion the conductors in the micros-
trip specimen are partof the spec-
imen and their contribution to the
losses can be ambiguous.

It is quite easy to use the strip-
line method to explore material
for localized uniformity by mov-
ing an oversize test card to a ser-
ies of positions over the resonator
pattern. Once a microstrip spec-
imen has been prepared the loca-
tion of the test area on the speci-
men is fixed.

ATTENTION TO VARIABLES
IN THE STRIPLINE
METHOD ARE REQUIRED

As with any test method it is
important to take into account the
effect of test variables. This is
either done by compensating for
observed deviations or by con-
trolling the variable within limits
that minimize its effect on the
results. The following list covers
variables found to be important to
the success of a testing program.

Material for the Resonator
Pattern Card

It is important to use material
for the resonator pattern card that

is similar to the material being
tested. Since the card carrying
the resonator is adjacent to the
resonator element it will have an
appreciable effect on the appar-
ent values for both K’ and DF.
For an example of the impor-
tance of proximity to the resona-
tor of a layer of dielectric in the
stripline assembly we ran a series
of tests with 10.5 K' material,
RT/duroid 6010 laminate, where
the resonator card was .008 inch
thick and the specimen consisted
of two stacks of two .025 inch
cards each. By substitution of
each of the cards in turn with a
series of four other specimens of
differing K’ in a range of 10.37 to
11.02 K' we obtained 16 K'gpp
readings. A regression analysis
yielded the following result:

K'app = 0.19K,
+0.37Kz + 0.71K5
+0.27K4 +5.78

where the subscripted K's repres-
ent the K’ values for each of the
card positions in order through
the stack except for the pattern
card. The card at position 3 is the
one that is in direct contact with
the resonator as shown in Figure 1.

The standard error of estimate
for the constant was 0.039, and
for the coefficients was 0.09.

THICKNESS OF THE SPECIMEN

Since the stripline resonator is
behaving as a TE mode line in the
homogeneous medium of the
specimen and the card bearing
the pattern, one would not expect
the variation in geometry of the
cross section due to thickness
variation of the specimen to have
any important effect. Deliberately
varying the width of the resonator
element for a given thickness has
little effect as long as the dielect-

L f. N
in. GHz
1374 10.2707 1
.3196 10.11408 2
.5049 9.9917 3
.6865 9.9946 4

TABLE |
EXAMPLE DETERMINATION OF AL USING RT/DUROID 6010 SPECIMEN E

f/N L tN
2.49864 1.4119
3.33058 1.62049
5.07038 1.68161
10.27070 1.71532

A linear plot of L f/N vs {,/N glves a slope of -A L
For this example of A L=0.0391 in.
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ric medium is close toisotropicin
dielectric constant.

However the end fringing cor-
rection is related to the thickness
and has a second order effect on
the reading one obtains. One
needs to determine this fringing
correction, delta L, by empirical
means. This is done by measure-
ments of a given series of speci-
mens with a series of resonator
pattern cards with resonator ele-
ments that are 1, 2, 3, and 4 half
wave lengths in the material to be
tested. For a given specimen card
pair, frequency and resonator
length data are obtained with each
of the resonator pattern cards. By
linear regression one can then
determine the delta L value that
fits the data.

If aseries of specimen pairs are
selected to cover the range of
thicknesses that are expected to
be encountered by the fixture then
the delta L values associated with
them will be found to be strongly
correlated to the thickness. Such
a correlation can then be used as
a correction for deviation of the
thickness of specimens or speci-
men stacks from the nominal
thickness value for which the fix-
ture was designed.

In the case of the high K’ mate-
rials the 4 half wave length reson-
ator used for day-to-day testing is
quite small and variations in the
delta L value due to thickness var-
iances can have significant effect
on the results. Thus one should
correct delta L for measured
specimen thickness to avoid er-
roneous test results.

Pressure

The dielectric constant appears
to be a function of the clamping
stress. Particularly with the high
dielectric constant material we
have noted a pressure depend-
ence of the apparent K'. This is
believed to be an elastic response
of the soft substrate that actually
stretches the resonator element.
In fact, excessive pressure on such
a soft substrate can cause the foil
in the resonator to stretch beyond
its elastic limit causing a drift in
the readings obtained.

Clamp Time
In the case of high K’ materials,
the time at which the specimen is
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TABLE Il
A L VARIATION FOR RT/DUROQOID 6010
CERAMIC — PTFE SPECIMENS

Specimen Thickness (in.) AL

A 0.0480 0.0381
B 0.0500 0.0393
C 0.0525 0.0431
D 0.0488 0.0397
E 0.0488 0.0391
F 0.0490 0.0399
G 0.0537 0.0437

Linear regression gave the equation:
A L=-.0157+1.126 (thickness, in.) r=.92

clamped has a log relationship to
the observed K’ presumably due
to viscoelastic response of the
substrate.

Both pressure level and time of
clamping would affect the degree
to which air is included in the
clamped assembly due to surface
roughness of the dielectric mater-
ial left when the copper foil with
its surface texture has been re-
moved with etching. These asper-
ities would gradually collapse
under stress reducing the air layer.

Reflection in the Fixtured Due to
Electrical Discontinuities

One should be aware of this
problem in spite of the fact that
the loosely coupled resonator is
quite insensitive to reflections
elsewhere in the fixture or cable
connections. The foil probe lines
of the pattern card can become
fatigued and fracture microscop-
ically leading to spurious reson-
ances that are often misleading
especially when they occur near
the resonant frequency of the
specimen being tested. The band
broadening effect of a spurious
resonance near the f, of a speci-
men can raise the apparent dis-
sipation factor.

Our experience with copper
fatigue led to some modifications
of the fixture used in the ASTM
D3380 Method. This is to be
covered further.

Temperature

Unfortunately the materials that
seem most suited for microwave
applications are based on a poly-
mer, PTFE, that is inconsiderate
enough to undergo a crystalline
rearrangement as the temperature
is passed through the room tem-

perature region. This transition
may be detected by calorimetry
or by thermal expansion measure-
ments. The transition involves a
two step reordering of the crystal
lattice nominally occuring at 19
and 30° C with the 19° C step being
the major one. Aside from this,
polymeric materials do exhibit a
variation of K’ and DF with tem-
perature. This may be simply
thermal expansion effect on den-
sity, the case for PTFE compo-
sites. For some polymers the
temperature change can affect
the response to electric fields due
to molecular changes other than
density.

The point is that temperature
should be considered an impor-
tant variable to control. For a
given material it is worth while to
evaluate the thermal coefficient
of dielectric constant in the tem-
perature region to be encountered
in testing. This would be used to
make a correction on readings for
observed deviations from a stan-
dardized temperature.

Itis valuable to develop data on
the variation of the permittivity
over a wide termperature range
for design information. This can
be done quite readily by clamping
a resonator assembly between
aluminum blocks that may be
heated or cooled. Fluid from a
laboratory constant temperature
bath may be circulated through
clamp blocks on a fixture for con-
venient control of temperature
during routine tests.

Thermal History

Above we discussed the room
temperature crystalline transition
for PTFE. There appears to be a
thermal lag in this transition that
is similar to the difference between
the crystalline melt and freeze
points of 327°C and 315°C re-
spectively. It is observable as a
thermal history effect. Normally
one would expect to oven dry
specimens after etching and then
condition for a day in standard
laboratory atmosphere before
testing to control this variable.

Recommended Modifications to
the ASTM D3380 Fixture

There are several problems with
the standard fixture. In order for
[Continued on page 76]
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[From page 75] TEST METHODS

TABLE 11l
THERMAL HISTORY EFFECT ON A SPECIMEN OF RT/DUROID 5870

Readings are arranged in chronological order.

Condition Test fixture
temperature, °C
as rcvd. 35
as revd. 25
as rcvd. 15
1hr./0°C 15
thr./0°C 25
thr./0°C 35
1hr./150°C 35
1hr./150°C 25
1hr./150°C 15

Dielectric  Constant Reading
2.336
2.340
2.368
2.368
2.352
2.343
2.330
2.335
2.356

one to change resonator cards it
becomes necessary to completely
disassemble the fixture. The strip-
line launcher pins are particularly
susceptable to damage with this
sort of repeated handling. It is
necessary for changes in the re-
sonator pattern card to be made
periodically due to wear and tear
of daily use and the likelihood of
an operator fumble. In addition
changes in the cards become a
necessity if one is to use a series
of patterns with the resonator
length varied in order to deter-
mine the delta L end fringing
correction.

These problems have been re-
solved with some modifications
so that the ground plane foils and
the resonator pattern card may be
changed without disturbing the
launcher assembly (Figure 2a, 2b).
The resonator card makes a lap
joint contact with permanent strip-
line cards that in turn connect to
the launcher pins. The permanent
cards are clamped between two
pairs of clamping plates. The first
pair permanently clamps the cards
about the pins but the second are
loosened for card and foil changes.
The permanent cards have edges
that extend beyond the clamp
plate so that they, being thicker
than the pattern card, are able to
absorb stresses from mishandling.

In addition the revised design
has the added flexibility to be
usable in cases where the pattern
is etched directly on the speci-
men card, for comparisons of
copper foils, for example. Such a
capability can also be used for the
measurement of bonded stripline
assemblies after environmental
exposures.

There is a further problem with
the 3mm coax-to-stripline fittings.
The small size is sensitive to mis-
handling, especially when it must
support either a crystal detector
mount and cable or an attenuator
and heavy flexible coaxial cable
connected in the test setup. We
are planning to evaluate the use
of type N coaxial/stripline adap-
ters as shown in Figure 2.

MODIFICATIONS FOR 10.5 K’
SPECIMENS

For the reasons given earlier we
have used modifications of D3380
for high K’ materials. In addition
the confidence built up with expe-
rience at the lower K’ values rein-
forced this preference.

The resonator card was rede-
signed to preserve what we felt
were the important features of the
D3380 method as shown in Figure
3. The probe line widths are in-
tended to maintain the 50 ohm Zo
while the resonator width was
planned to maintain a 25 ohm Z,
value. The resonators are of 1, 2,
3, and 4 half wave-lengths at 10
GHz to make it convenient to
determine delta L experimentally.
The capacitive gap was deter-
mined by trial and error to obtain
an insertion loss of the fixture of
about 40 dB when the power level
of the circuit at resonance is
compared to the power level
through the fixture when the re-
sonator card is replaced with a
straight through line.

It is important to avoid air gaps
when testing high K’ material.
Voids in the system contribute
much more error than they wouid
for low K’ value materials. We
accomplished this for our resona-
tor pattern card by using a high
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A RT/duroid 5870 stripline card
carries two 0.098 wide striplines
spaced 2.186 on centers. Upper
edge extends 0.100 beyond edge
of D. Ground plane foil 1s etched
back 0.200 from the extended
edge.

B RT/duroid 5870 cover card. Up-
per edge is 0.050 beyond edge of
D Ground plane foil is etched
off back 0.150 from extended
edge.

C Type N-to-stripline launcher
body and cover plate. Two
required.

D Aluminum clamp bar,0.50x0.25
x 3.00. Two required.

E Brass RDH screw and nut #6-32
UNC. Four required.

F Butt hinge, brass, 1 x 0.75. Two
required.

G Brass RDH screws #4-40 UNF
0.14 long. Fit into blind holes
tapped into D and H. Eight
required.

H Aluminum clamp plate, 0.25 x

2.00 x 2.70. Two required.

Aluminum clamp block. 0.75 x

1.00 x 2.00. Two required.

J Steel ball, 0.375 diameter, press
fits into |. Two required.

K Copper foil ground planes, 2.5 x
7 x 0.0014. Two required.

L Pattern card, 0.010thick RT/du-
roid dielectric with ASTM D3380
pattern. If testing materials in
the 2.20 to 2.35 range of K’ the
probe line widths should be 0.106.

M Test specimen, .062 x 20 x 2.7.
Two required.

N Hole bored and tapped both ends
for1/8inch NPT fortemperature
control by fluid circulation.

e o -

(i1 D (]
. t+0.080 0.063 |RADIUS
- :~0.032
125 o £==
[ ¥ l— RE-
; SONATOR
| o788

LENGTH, L - 0.016

v g
fimy g
PATTERN

N L

4 0.689
3 0.507
2 0324
1 0.124
0 NONE

pooow

Fig. 3 Detail of resonator pattern card.

temperature pressing technique
to bring the exposed surface of
the copper foil pattern flush with
the surface of the card.
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Fig. 2 Exploded end view of modified fixture for ASTM D3380.

The fixture is somewhat ditfer-
ent from the fixture for lower K’
value materials besides being
smaller (as shown in Figure 4). We
found that one cannot readily
purchase coax-to-stripline adap-
ters for K’ at 10.5. The line width
for 50 ohm Z; is too small for the
launch pin normally available even
in 3mm coax. Our solution was to
build our own by using a flange
type 3mm coaxial semi-rigid
cable-to-pin adapter. The pin is
filed to a cone shape. Half of that
is filed away to form a half cone
that can lay upon the striplinein a
notched out area of the cover
board. To minimize the reflections
we found that additional notches
in the circuit board on either side
of the strip were needed.

[Continued on page 78]
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[From page 77] TEST METHODS

A SEMI-ORNON-DESTRUCTIVE
SINGLE SPECIMEN METHOD

Modifications of the stripline
method permit using a single
specimen free of copper on one
or two sides for what can be a
semi-destructive test. The fixture
consists of aresonator pattern on
aPCB thatis solder reflow bonded
by its groundplane to a brass
block. Semi-rigid 3mm coaxial
cables are soldered into the block
so that the center conductors are
capacitively coupled out of the
plane of the resonator. Thus the
connections to the fixture need
not interfere with clamping the
fixture anywhere against a board
much larger than the fixture.

The resonant frequency for such

a fixture is a function of the thick-
ness and dielectric constant of
the specimen against which it is
clamped. Calibration is accom-
plished by accumulating reson-
ant frequency data for a series of
taminates of selected different K’
values based on another test such
as the D3380 method. Specimens
of aseries of thicknesses for each
dielectric constant are measured
and a polynomial is determined
by regression analysis that fits the
data well.

Such afixture may besetupina
wide frame for scanning panels.
This is valuable as a tool for eval-
uating the uniformity of panels
and providing feed back to the
laminating process.

|\1

e — B d
o]
(AW e—

A RT/duroid 6010 strip-

line board, 0.048 di-
electric thickness, 1.10
x 2.20 with two .016
wide striplines spaced
1.200 on centers.
Ground plane is etched
back 0.200 from the
upper edge. Four V
notches are cutin both
sides of the striplines
on the opposite edge.
The notches start0.015
from the center line of
the strip, are 0.065 wide
and are 0.10 deep.

B RT/duroid 6010 cover

board, 0.048 dielectric
thickness, 1.05 x 2.20.
Ground planeis etched
back 0.150 from the
upper edge. Two V
notches,0.10 wide and
0.075deep, are cut from
the opposite edge cen-
tered over the striplines
of A.

C

H

3mm jack/flange ter-
minal (Cable Wave
Systems P/N 625-001).
Two required.

Flange mount plate,
brass, 0.50 x 0.250 x
2.200.

Firstclamp block (per-
manent), brass,0.3125
x 0.750 x 2.200, rabbit-
ted edge to fit D. Two
required.

Brass RDH screw & hex
nut, 6-32 x 0.9. Nine
required.

Second clamp block
(for card change),
brass, 0.3125 x 0.500 x
2.200. Two required.
Brass butt hinge, 1 x
.75 (loosely fastened).
One required.

Brass RDH screw, 4-
40 x .18, fit blind holes
tapped into G and J.
Four required.

Third clamp block 1.00
x 1.25 x 2.00. Bore a
hole through the 2.20
dimension and tap both
ends for 1/8 inch NPT
and fit with tubing con-
nections for circulating
fluid from a constant
temperature bath. Two
required.

3/8 inch diameter steel
ball, press fit into J.
Two required.
Copper foil ground
plane, 0.0014 x 1.50 x
2.20. Two required.
Resonator patterncard.
See Figure 3.

N Test specimen, .050"

dielectric thickness.
Two required.

Dowel pin and screw
to align clamp blocks
on one side.

Fig. 4 Exploded end view of test assembly for high K’ materials

modified from ASTM D3380.
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Measurements may also be
made on open areas of PCB’s
prior to assembly with components
as a non-destructive in-process
test.

CONCLUSION

Other test methods that are less
destructive or non-destructive are
desired. One idea that is appeal-
ing is to use an entire panel as a
parallel plate waveguide resona-
tor. Such a technique has been
evaluated for small ceramic spec-
imens with good results > * °
How to handle the edge effects of
the panel needs to be understood
and the use of higher mode re-
sonances needs to be investigated.
In the case of the PTFE based
laminates which have dielectric
constant quite insensitive to fre-
quency, it should be reasonable
to use lower frequencies than
microwave to obtain the funda-
mental and lower harmonics ofan
entire panel for simple evaluation.

Until other such methods be-
come standardized, however, the
stripline resonator method ap-
pears to be a reliable and practi-
cal method for production control.
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An HP 67/97 Program
T0 Match Dielectric Loaded

Waveguides
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Technical Note

GIUSEPPE CATTARIN
Selenia SPA, Rome, Italy

Methods for dimensioning trans-
formers to match dielectric slab
loaded waveguide Figure 1a are
rather long or inaccurate. The
literature' provides many formu-
las, which are not as yet in an
explicitform, and require iterative
methods for their calculation or
approximate graphic solutions.
Remanence ferrite phase shifters
Figure 1b*> which have different
impedance levels in the two pos-
sible operation states present a
further concern.

This program computes the A/4
matching section impedance, and
the length and the width (¢) in mil-
limeters of the transformer for
any value of transformer dielec-
tric constant. The input data
needed are the frequency in MHz,
the waveguide width (a) in mm,
the parameters P+, P- which are
the normalized loaded ferrite die-
lectric waveguide impedances (Z;
n/Px = 377/Px) and the dielectric
constant (g) of the transformer
material. The program uses the
average of P+ and P-. This as-
sumption does not affect the final
result since the difference between
the two valuesis very small. When
a ferrite-free dielectric slab is
being matched the same number
should be stored twice, as P+= P-
=P.

Input data storage locations are
presented in Table 1.
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TABLE |
INPUT DATA STORAGE LOCATIONS
DATE MEMORY
Frequency (MHz) A
a  (mm) B
P+ (o}
P- D

£ E
The calculation is initiated by keying A.

The calculator will then com-
pute and print the transformer
parameters in the following
sequence:

Transformer Impedance, Zr, in
Ohms

Transformer Length, 1, in
millimeters

Transformer Width, ¢, in milli-
meters

The program can also be use-
fully utilized to calculate the di-
mensions of cascaded quarter
wave transformers having broad-
band matching. In this case, the
impedance of the transformer
steps should be evaluated before-
hand as in references*®. The impe-
dance values thus obtained are
stored one by one in register 9,
and calculation of the dielectric
thickness is begun by keying GSB
1. Print out in this case is only the
dielectric length, 1, and the width,
c, in mm.

This program has been used to
dimension transformers foralarge
number of frequenciesin S, C and
X band with very good experi-
mental results, so we are sure
that, when the approximations of
the theory are satisfied, the for-
mula works very well.

Fig. 1 a.
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The theory of dispersive lines provides
the transformer length:

Rivista Tecnica Selenia Vol. 7, No. 1,
1980.

velopment of several advanced high-power
ferrite devices from L to X band. @

HP’s advanced measurement technology assures
you of outstanding performance from a wide range
of high precision OEM microwave components:
@ Four models of electro-mechanical latching

HP’s Small Wonders

give you a big advantage.

87618 18 GHz
Switch

33320G 4 GHz
Attenuator

SPDT switches, DC —18 GHz, 26.5 GHz

® 25 models of manual programmable step
attenuators, DC —4 GHz, 18 GHz, 26.5 GHz,
0—11dB,0—70 dB, 0—110 dB values

® Two models of broadband detectors, 10 MHz
—18 GHz, 26.5 GHz

® Two models of coaxial attenuators,
DC—12 GHz, 18 GHz,and 3, 6,
10, 20, 30 dB values

{ OEM prices available on all models.
Maximize your advantage in short order.
Call your nearby HP sales office, or write to
[ Hewlett-Packard Co., 1820 Embarcadero Road,
Palo Alto, CA 94303.

33340B 18 GHz
Attenuator

333308 18 GHz
Detector

333118 18 GHz
Switch

| 04913A
HEWLETT

_: ("/” PACKARD
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BIG NEWS

Anaren Model 42040
shown actual stze

NOW — the smallest packages
offer the best performance. Announcing Anaren'’s
new line of 2, 4 and 8-way in-phase power dividers.

Anaren delivers everything you
want in multi-octave power dividers
— without the fat.

Excellent amplitude and phase
balance. High isolation. Low input
and output VSWR. Flat frequency
response with low insertion loss.
Reciprocal operation as combiners.

All this and more in packages up
to 48% smaller than anything on the
market. That makes Anaren power
dividers ideal for your EW and ECM
systems — especially airborne
applications.

In addition to small size, we give
you a big selection. With 18 models,
we've blanketed the .5 to 18 GH;
range in each output configuration
See for yourself.

Bigger performance, smaller
size, competitive prices. For com-
plete information on these pro-
ducts, special or custom products
and all of Anaren’s quality stripline
components, contact us today.

84

VSWR Phase
Isolation | Amplitude Max. Insertion | Balance | Dimensions

Model | Frequency Min. Balance Input/ Loss (Degrees Lxw
Number (GHy) (dB) (dB Max.) Output (dB Max.) Max.) (inches)
2-WAY

42000 0.5-2 22 04 257101 05 2 160x170
42010 1-4 20 0.4 1.30/1.20 05 3 150x 140
42020 2-8 20 04 1.35/1 28 0]55) 4 150 x 1.00
42030 4-12 19 04 1.40/1.30 0.6 8 1.00 x 1.00
42040 6-18 18 0.5 1.50/1.40 08 10 0.75 x 1.00
42100 2-18 18 06 1.50/1.40 12 10 1.58 x 1.00
4-WAY

44000 0.5-2 22 0.6 1.45/1.28 09 4 320 x 260
44010 1-4 20 0.6 1.45/1.30 09 4 3.00x2.30
44020 2-8 18 06 1.50/1.40 0.9 6 175x200
44030 4-12 18 0.6 1.60/1.40 1.2 10 120 x 2 00
44040 6-18 17 08 1.70/1.50 16 14 103x200
44100 2-18 17 08 1.70/1.50 18 14 175x200

All Models 038 inches in thickness. Allow 0.03 inches in all dimensions for sealant buildup Please wnite for
complete specifications on our 8-way models

Anaren
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Anaren Microwave Inc.
6635 Kirkville Road

E. Syracuse, NY 13057
Phone: (315) 432-8909 TWX: 710-541-1507
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MICROSTRIP
DROP-IN ISOLATORS
AND CIRCULATORS

A new line of Microstrip Drop-in Isolators
and Circulatorsis described in atwo-page
brochure from Aertech Industries. Desig-
nated the Aer-Drop™ Series. The units are
available in discrete frequency ranges from
2.1 to 14.5 GHz. Insertion loss is typically
0.4 dB, isolation 20 dB and VSWR 1.3:1.
Units are available on Kovar carriers to
simplify installation and minimize device
breakage. The brochure presents a detailed
description of the line, as well as electrical
specifications and outline drawings. Aer-
tech industries, 825 Stewart Drive, Sunny-
vale, CA 94086, (408) 732-0880. TWX:
910-339-9207.

Circle 178.

ATTENUATORS AND OTHER
COMPONENTS

Alan

A new 40-page attenuator catalog, No.
82-13, has just been released by Alan
Industries. This catalog features high
performance fixed attenuators and ter-
minations operating from dc to 18
GHz and step attenuators that operate
by dial, toggle, push-button or rocker
switches, from dc to 2 GHz. Other
components are programmable attenu-
ators, broadband detectors for video
through UHF, return loss bridges, RF
fuses and reactive power dividers/com-
biners. Alan Industries, Inc., 745
Greenway Drive, P.O. Box 1203, Col-
umbus, IN 47201. Bill Kennedy, Tel:

812-372-8869. Circle 179

DECEMBER — 1981

RF MODULE CATALOG

A 4 page data sheet lists a standard line of
plug-in RF amplifier modules for a variety
of applications. Models for low cost appli-
cations in TO-39 packages feature cover-
age to 400 MHz. A series of amplifiers in
TO-12 packages are intended for general
application at frequencies from the kHz
range through 400 MHz. A TO-8 series
offers somewhat higher output powers
and a multi-stage series in 4-pin DIP offers
higher gain and output power. Amplifonix
Inc., 220 Route 13, Bristol, PA 19007
Circle 180.

[Gentinued-on, page 86]

directional
couplers

19.5dB

0.1 to 2000 MHz
only $79% 1.4

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

* rugged 1% in. sq. case

¢ 4 connector choices
BNC, TNC, SMA and Type N

* connector intermixing male
BNC, and Type N available

* low insertion loss, 1.5 dB
« flat coupling, =1.0 dB

ZFDC 20-5 SPECIFICATIONS
FREQUENCY (MHz) 0.1-2000

COUPLING, db 19.5

INSERTION LOSS, dB TYP. MAX
one octave band edge 0.8 14

total range LS 238
DIRECTIVITY dB TYP. MIN
low range 30 20

mid range 27 20

upper range 22 10

IMPEDANCE 50 ohms

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, ‘he Goldbook. cr EEM

For Minl Circults sales and distributors listing see page 4¢

finding new ways. ..
setting higher standards

[ JMini-Circuits

A Dision of Sciendific Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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[From page 85] CATALOG UPDATE

MICROWAVE COMPONENT RFI SHIELDED CASES CATALOG

CATALOG

directional
couplers

10.5dB E
°* wEC yerOWE
Ner .
=z 1%
0
3 ., Oz
i (8]
-
° - 1 4L
A 0
0
p} An 8-page catalog describes low cost
] RF1 shielded cases and accessories.
&> Catalog contains photos and drawings
[ J

110 500 MHz
only 32995 (4-24)

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

s rugged 1% in. sq. case

¢ 4 connector choices
BNC, TNC, SMA and Type N

s connector intermixing male
BNC, and Type N available

* low insertion loss, 1 dB
« flat coupling, +0 6 dB

ZFDC 10-1 SPECIFICATIONS
FREQUENCY (MHz) 1-500

COUPLING, db 10.75

INSERTION LOSS, dB TYP. MAX.
one octave band edge 0.8 1]
total range 1.0 1.3
DIRECTIVITY 0B TYP. MIN
low range 32 25
mid range 33 25
upper range 22 15
IMPEDANCE 50 ohms

For complete spectfications and performance

curves refer to the 1980-1981 Microwaves Preduct

Data D rectory, the Goldbook or EEM

For Mini Circults sales and distributors listing see page 46

finding new ways. ..
setting higher standards

[JMini-Circuits

A Dwvision of Scientiic Components Corporation
World's largest manulfacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
81-3REV A
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This 40-page catalog covers NEC's com-
plete line of microwave product transis-
tors, GaAs FETs and diodes. Performance
curves, specifications and detailed pack-
age outline drawings are included. The
catalog is divided into small signal, medium
power and power categories. California
Eastern Laboratories, Inc., 3005 Demo-
cracy Way, Santa Clara, CA 95050. (408)
988-3500

Circle 181.

describing a variety of blank cases,
standard size cases and a custom series
plus accessories. It also features the
RFT series which offers greater shield-
ing effectiveness. Cases are effective
from 60 to = 100 dB at 100 MHz and
are available with an optional nickel
plate finish. Various configurations are
noted in the numerous outline draw-
ings. A series of die cast boxes and a
comprehensive group of gaskets are
also shown. COMPAC, 279 Skidmore
Road, Deer Park, NY 11729. Tel:
(516) 667-3933. Circle 206

CRYSTAL OSCILLATOR
BROCHURE

'Y

\".

1 comsuon corporotion

Comstron >ader in
oscillators for military, commercial and
deep-space applications can assist with
crystal oscillator requirements.
Through proprietary computer-gener-
ated design, testing and production
techniques, Comstron delivers state-of-
the-art low noise performance on
VCXO0s, TCXOs, oven controlled crys-
tal oscillators and phase locked sources
to 1 GHz. Design for Optimum Per-
formance (DOP) programs provide op-
timization of performance and sensi-
tivity analysis. Comstron Corp., 200
East Sunrise Highway, Freeport, NY
11520. Len Borow, (516} 546-9700.
Circle 207

TUNNEL DIODE LINE BROCHURE

» OSCILLATORS
ot TeCTOR
AMPLIFIERS
HWITCHES

uls e,
(ustom L om yonents 0

A complete line of tunnel diodes for
amplifiers, detectors, mixers and
switches is described. Each product
section includes specifications, perfor-
mance curves and applications, plus
product features and schematic draw-
ing. Package outlines for type 23 pack-
age provided. Custom Components,
Inc., Box 334, Lebanon, NJ 08833.
Tel: (201) 236-2128; TLX: 132-445.
Circle 208
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PRECISION CERAMIC
MACHINING BROCHURE

A 4 page brochure lists the machining ser-
vices available for aluminum oxide, ferrite
garnet, sapphire, quartz, fused silica, titan-
ates and other ceramic materials. Photo-
graphsillustrate sample shapes which can
be handled. Ellis Ceramtek Inc., 215 An-
nandale Center, Clinton, NJ 08809.
Circle 182.

COMPLETE OSCILLATOR
CATALCG

This brochure covers a broad spectrum of
oscillators including fundamental oscilla-
tors, oscillator multipliers, and push-push
oscillators. Other types detailed in the
literature are mechanically tuned, phase-
locked, crystal and special purpose oscil-
lators. EMF Systems, Inc., 121 Science
Park, State College, PA 16801 (814)
237-5738.

Circle 183.

270-PAGE PRODUCT
AND APPLICATIONS MANUAL

A new, 270-page product and applications
manual is offered free of charge by Fre-
quency Devices, Inc. Twenty-six product
families of Analog Signal Filters, Instru-
ments, Telecommunications and Data
Communications Components, Low Dis-
tortion Sine Wave Signal Generators and
Modular Power Supply Products are in-
cluded. Complete electrical specifications,
mechanical specifications and applications
support data are provided, for each pro-
duct described. Frequency Devices, Inc.,
25 Locust Street, Haverhill, MA. John C.
McGuire (617) 374-0761.
Circle 184.
[Continued on page 88)

MODULAR RF DISTRIBUTION
SYSTEM BROCHURE

A 6 page brochure describes a line of mil-
itarized, high reliability RF distribution
system modules for satellite ground sta-
tion, shipboard, mobile and laboratory
applications. Primary and secondary units
for low noise distribution of 5 MHz refer-
ence signals are described. As many as 56
outputs are available from a single chas-
sis. Frequency Electronics Inc., 3 Dela-
ware Drive, New Hyde Park, NY 11040.
Circle 185.

DECEMBER — 1981

JOHANSON ENGINEERING
ECLIPSES THE INDUSTRY

b

ot
@E"'

For over 35 years Johanson engineering has set the standard of quality
for the variable capacitor industry. The Giga-Trim" (gigahertz trimmers) are

tiny variable capacitors that are a cost
effective means of fine tuning RF hybrid

and microwave circuits. Now, a new

improved series provides an increased
Q factor of >3000 to > 5000 and a zero

temperature coefficient. Electronic

Accuracy through Mechanical Precision.

U S PatentiNo 3 469 160

ofamaorD

Manufacturing Corporation
400 Rockaway Valley Road
Boonton. New Jersey 07005
201-334-2676 TWX 710-987-8367
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double
balanced
mixers

hi level (+17 dBm LO)

5 10 1000 MHz
only S31% 524

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

» ultra low distortion
1 dB compression at +15 dBm

* guaranteed 2 tone, 3rd order
intermod 55 dB down at each
tone O dBm

* micro-miniature, 0.5 x 0.23in.
pc area

« flat pack or plug-in mounting
* low conversion loss, 6 dB

TFM-2H SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 5-1000

IF DC-1000

CONVERSION LOSS, dB TYP. MAX.

One octave from band edge 6.2 7.0

Tota! range 7/ = 8]

ISOLATION, dB TYP. MIN
_O-RF 50 45
LO-IF 45 40
_O-RF 40 30
LO-IF 85 25
LO-RF 30 20
LO-IF 25 17

SIGNAL 1 dB Compression level +14 dBm min

For Minl Circuits sales and distributors listing see page 46

finding new ways . ..
setting higher standards

[JIMini-Circuits

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

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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[From page 87) CATALOG UPDATE

SOLID STATE MICROWAVE
COMPONENT CATALOG

A 40 page catalog describes a line of solid
state attenuators, modulators and phase
shifters for application at frequencies
ranging from 0.2 to 18 GHz. Complete
specifications for both digital and analog
control versions of the components are
provided. Schematic and outline drawings
are shown, and a glossary of terms is pro-
vided. General Microwave Corp., 155 Mar-
ine Street, Farmingdale, NY 11735.

Circle 186.

MICROWAVE POWER
TRANSISTOR BROCHURE

M‘:::f‘ D00t IMD L
Tranawtor®

‘l -

! N2

'. )

A 4 page brochure provides complete data
for a line of emitter-ballasted silicon bipo-
lar transistors offering output powers up
to 5W at 3 GHz. Tables provide maximum
rating, static and function electrical char-
acteristics. Typical operation under a var-
iety of conditions is illustrated by a set of
12 graphs. International Microwave Devi-
ces, 51 Chubb Way, Somerville, NJ 08876.

Circle 187.

ATTENUATOR CATALOG

This attenuator catalog contains specifi-
cations and prices on a wide range of
units, including fixed attenuators, coaxial
switches, rotary attenuators, solid-state
programmable attenuators and more. JFW
Industries, Inc., 2719 East Troy Avenue,
Indianapolls, IN 46203 (317) 783-9875.
Circle 188.

SIGNAL PROCESSING
COMPONENTS CATALOG

This updated catalog details a wide range
of double balanced mixers and thin film
voltage controlled oscillators. Wideband
mixers up to 18 GHz, plus a family of low
frequency mixers are described with com-
plete specifications, outline drawings and
photographs. Information and specifica-
tions forthe V72T and V82T series oscilla-
tors ranging from 2.7 to 4.5 GHz are also
included. Magnum Microwave Corpora-
tion, 1080-C East Duane Ave., Sunnyvale,
CA 94086. Contact David Fealkotf (408)
738-0600.

Circle 189.
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SATCOM
SHORT FORM CATALOG

At FORY
-uoc“ L0

Telemetry

and

Satellite
ommun

products

ications

A new 17 page, fully illustrated short form
catalog lists all of Microdyne's telemetry,
satellite TT&C and meteorological satel-
lite receivers, precision RF signal genera-
tors the latest state-of-the-art, high fade
rate diversity combiners and many other
related products. Microdyne Corporation,
627 Lofstrand Lane, Rockville, MD 20850.
(301) 762-8500.

Circle 190.

PASSIVE
MICROWAVE COMPONENTS

This 39 page catalog is representative of
Microtech's capabilities in the design and
manufacture of flexible and rigid wave-
guide assemblies and passive microwave
components featuring frequencies rang-
ing from DC to 40 GHz. Items manufac-
tured include, but are not limited to, coup-
lers, terminations, windows, attenuators,
and tees in both rectangular and double
ridged waveguides. Microtech, Inc., 1425
Milldale Rd., Cheshire, CT 06410. Bill
Broer (203) 272-3234, TWX 710-455-3729.

Circle 191.

SEMICONDUCTOR CATALOG

M/A’s latest semiconductor catalog cov-
ers a complete line of devices including
packaged mixer diodes, beam lead and
chip mixer diodes for MIC applications,
detectordiodes, packaged control diodes,
beam lead and chip PIN diodes for MIC
applications, multithrow TR switching
modules, tuning varactors, multiplier var-
actors, parametric amplifier varactors, Si
and GaAs IMPATT diodes, Gunn diodes.
Microwave Associates, Inc., Second Ave-
nue, Burlington, MA 01803. Larry Ward
(617) 272-3000.

Circle 192.

DECEMBER — 1981

GUIDE TO SIGNAL
PROCESSING COMPONENTS

A
.

. 3 =

{!’ .

Mini-Circuits Laboratory will pro-
vide its free 205-page catalog, giv-
ing over 1,000 performance curves,
technical application notes, reli-
ability data, environmental speci-
fications, frequence selection
guides, features of each compo-
nents, temperature ratings, schem-
atics and dimensions, as well as
pricing information. Mini-Circuits
Laboratory, 2625 East 14th St.,
Brooklyn, NY 11235. Harvey Kay-

fie. (212) 769-0200. GWSIERD
[Continued on page 90]

power
splitter/
combiners

10 to 500 MHz
only §$7495 Q-4

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e rugged 1% in. sq. case

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

¢ hi isolation, 23 dB

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

INSERTION LOSS dB TYP  MAX
(above 6 dB) 0.6 1.5
10-500 MHz

AMPLITUDE UNBAL., dB 01 0.2
PHASE UNBAL 1.0 4.0
(degrees)

ISOLATION, dB TYP. MIN
(adjacent por:s) 28] 20
ISOLATION, db 23 20
(opposite ports)

IMPEDANCE 50 ohms

For compiete specifications and performance
curves reder to ihe 1980-1981 Microwaves Product
Data Directory, the Golobook or EEM

For Minl Circuits sales and distributors listing see page 46

finding new ways. ..
setting higher standards
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double
~dlanced
mixers

standard level (+10 dBm LO)

ekl
50 KHz to 2000 MHz
only $26% 2

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

* miniature 0.4 x 0.8 x 0.4 in.

* MIL-M-28837/1A performance*
* low conversion loss 6.0 dB

* high isolation 25 dB

SRA-220 SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO. RF 05 - 2000
IF 05 - 500
CONVERSION LOSE. dB TYP  MAX
One octave from band edge 60 /35!
Tota' range 70 90
ISOLATION, d8 TYP MIN
05- 5 LO-RF 25 20
LO-IF 25 20
5-1000 LO-RF 4c 30
LO-IF 4C 30
1000-2000 LO-RF 30 20
LO-WF s 15
Signal 1 dB Comgression level —3dBm

For complete ¢peciticaiions @nd performance
curves refer 1o the 13301981 Microwaves Product
Data Directory the Sefdbook or EEM

s QP

For Mint Circults sales and distributors listing see page 46

finding new ways. ..
setting higher standards

Mini-Circuits

vieon o' Scientks Componens Corperaten
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[From page 83) CATALOG UPDATE

STRUCTURAL COMPONENTS
CATALOG

Newton Instruments pocket size catalog
lists the manufacturer's complete line of
structural components for the communi-
cations industry. Distribution frames, cable
racks, equipment racks, frames and hard-
ware in all sizes are schematically detailed.
Newton Instrument Company, Inc., Box
2915, Durham, NC 27705. (919) 596-8251.

Circle 193.

DC COUPLED DETECTOR/LOG
VIDEO AMPLIFIERS

This literature provides a profile of DLVA
products available in the 1 to 18 GHz fre-
quency range. Catalog includes technical
data, tracking graphs, and stability over
temperature graphs. All models are avail-
able for immediate delivery in standard
configurations. Norlin Communications
Microwave Systems, 9125 Gaither Road,
Gaithersburg, MD 20760. Bruce Duerson
(301) 943-5210. Circle 194,

[Continued on page 92)

“LAMI-NETS” BROCHURE

A six-page brochure describing the North
Hills *Lami-Nets” technology is available.
The literature describes an approach to
combining thermal lamination packaging
techniques with integrated microwave strip-
line assemblies resulting in lightweight,
rugged, low-cost 'super-components’.
Both active and passive elements can be
used in basic microwave assemblies. Active
elements include mixers, detectors ampli-
fiers and diode switches ano attenuators.
Passive elements include filters, isolators,
couplers, attenuators and dividers. North
Hills will combine these elements into
complete, laminated stripline microwave
circuits to customer specifications. North
Hills Electronics, Inc., Glen Cove, NY
11542. John Mruz (516) 617-5700.

Circle 195.

MICROWAVES
ON THE MOVE

Management consulting firm serving
with distinction the microwave industry
in matching your career objectives with
needs into the 80's and beyond.

We welcome contact by technologists
who have proven skills in design, devel-
opment and management of microwave
devices components and subsystems.

Specific areas of interest are:

1) in passive and active componentry
(MIC a plus), mixers, filters, control
devices, sources, multipliers, fet
amplifiers and instrumentation.

2) Antenna systems design and asso-
ciated components.

Advance degree in EE or physics help-
ful, not necessary.

Communications Careers offers an
analytical informative and broadband
market perspective.

Direct inquiry by calling collect (617)
396-7491 day or night.

No references required.

COMMUNICATIONS
GAREERS
CONSULTANTS

BOX 325/104 CHARLES ST.
BOSTON, MA 02114
CONTACT: (617) 396-7491




When Timing Is Importa..
You Can Gount On
AERTECH For Mixers

m RF Frequencies from 2 to 18 GHz
m IF Frequencies to 5.2 GHz 12— o
@ Guaranteed Isolation Greater Than 23 dB Whether your application is communications,

EW, or radar, Aertech car deliver mixers when
you need them . . .in fact many of the standard
production units shown here are available from
stock. In addition, mixers can be integrated
Double Balanced Mixer Selection Guide with other Aertech components such as
—— amplifiers, isolators, and P'N diode modules to

"RF wd LO Port Frequency {CH2)

"2 3 4 5 6 7 8 8 10 m 12 3 4 15 18 17 18 provide complete subsystems.

S B Ll e

m Guaranteed Conversion Loss Less Than 6 dB
m Delivery, Stock to 90 Days

MXSS00 | .
< rasoo™] Coniact us today for fast service on all your
Ram it i i H
o WxBs00 |, | mixer requirements . . .or send for our detailed
-
Cwnwersion MXMBS00 |
XS0 brochure.
lg— MX12500
MXM12500 |
, i) T i
N o o L. A e s
MX2001
R Mx2001 e
- MXS000 -
-— MX7000 .! - »
High |t | MXBO0OA +—o i — L > -
Isolation |—! MX 11000 +—-| ot oA ¢ -
r— MX1200CA — .
- +— mx16000A w . - .
ot ——M X1 SCDOA ———td N
e | 2 FEY Y ) | _=—}—mxiso00a——» AYs '
T el wxasoo e N ! T VR I - FUR. _
- MHX5500 » \
-l MHX7500 -
High “Mﬂn);asoo i
el -~ W%
Rk t«?ﬂ%l%%‘——’
- f- MHX Y6000A - v & e
- MH X 15000A - ve .:.kv:s 4...:5,?5
| | = MHX18000A — |-/ a subsidiary of TRW

825 Stewart Drive, Sunnyvale, CA 94086, (408) 732-0880, TWX: 910-339-9207
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[From page 90] CATALOG UPDATE

MEASUREMENT SYSTEM
DATA SHEET

SPECTRUM ANALYZERS

Jower
splmer/
combiners

2 way 0°

10 to 1500 MHz
only $499 ...,

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

* rugged 1% in. sq. case

* 3 mounting options-thru hole,
threaded insert and flange

¢ 4 connector choices
BNC, TNC, SMA and Type N

* connector intermixing
male BNC and Type N available

ZFSC-2-5 SPECIFICATIONS
FREQUENCY (MHz) 10-1500

INSERTION LOSS,

above 3 dB TYP. MAX.
10-100 MHz 0.25 0.6
100-750 MHz 0.5 1.0
750-1500 MHz 0.8 1)
ISOLATION, dB 25
AMPLITUDE UNBAL ., dB 0.2 0.5
PHASE UNBAL.

(degrees) 5 10
IMPEDANCE 50 ohms

For complete specifications and pe-formance

curves refer to the 1980-1981 Micrawaves Product

Data Director, the Goldbook or EEM

For Minl Circulits sales and distributors listing see page 46
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setting higher standards
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A data sneet on the new NS20 network
measurement system is offered. The in-
strument described 1s an RF source and
network analyzer in a single system design.
The stand-alone system offers nigh accu-
racy and the highest degree of automation
available with today's technoiogy. Deli-
neated in the data sheet is the complete
system including the D14 mainframe, MS20
plug-in, NS201 RF miodule with a 2-18.5
GHz and two detectors. Pacific Measure-
ments Inc., 488 Tasman Drive, Sunnyvale,
CA 94086. Ed Mendei (408) 734-5780.
Circle 196.

New 16-page brochure describes their
600B Series spectrum analyzers with
new enhanced performance capabili-
ties and versatile accessories. Design
refinements and new accessories pro-
vide significantly upgraded perform-
ance capabilities. “B’* Modeis replace
the popular ‘A’ Models with the same
compact size, easy to use controls, and
internal digital memory and data proc
essing interface. The third generation
includes many circuit improvements,
RF module integration and a new IF
design to provide enhanced perform-
ance. Polarad Electronics, 5 Delaware
Drive, Lake Success, NY 11042. Joe
Schindler, (516) 328-1100.

Circle 210

RECEIVE AND TEST
EQUIPMENT BROCHURE

ACTION
NS

o sour CATA0S

This brochure features a compiete line of
ancillary RF receiving and test equipment.
Describec in the brochure are HF and
VHF/UHF multicouplers, video distribu-
tion amplifiers, IF to tape and tape to IF
predection converters, programmable pre-
selectors tunable notch filters, FDM exci-
ter and group delay set. This equipment
has excelient performance specifications
and can be modified Yo suit specific user
requirements. Reaction Instruments, Inc.,
1916 Issac Newton Square, Reston, VA
22090. (703) 471-6060.

Circle 197

FILTER, SWITCH AND
ATTENUATOR LITERATURE

c
ALC guectroNCS ™

RLC ELECTRONICS, INC

RLC ELECTRON'CS INC.

Three six page, four color microwave data
sheets detailing coaxial switches, filters
and attenuators cover specifications, ap-
plications price and ordering information.
RLC Electronics, Iinc., 83 Radio Circle, Mt.
Kisco, NY 10549. (914) 241-1334.

Circle 198.

[Continued on page 94)
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- PEAK PERFORMANCE FROM
- YOUR SATELLITE EARTH STATION

... with Avantek
low-noise

and medium-
power amps.

You can count on
high performance and
long-term reliability
with Avantek low-noise
and medium-power
satellite communication
amplifiers.

Avantek has a wide
variety of amps for you
to choose from. Our 6
GHz uplink drivers put
out 5 watts of RF power
with exceptional linear-
ity. Our 4 GHz down-
link amps are already
offering superior per-
formance in numerous systems
worldwide, with noise figures
as low as 80°K. And our
advances in GaAs FET tech-
nology now let us offer lower
noise figures at 12 GHz.

Fully integrated front ends
simplify your downlink system
architecture and reduce overall
cost. Avantek is the leading
supplier of integrated uplink
and downlink assemblies for
Inmarsat, including the trans-
mitting power amplifier.

Choose the quality
manufacturer.

Whether you’re designing a
satellite system for CATYV, data
or other commercial or military
communications, Avantek has a
high performance amp to fit
your need.

Avantek components have
been proven in leading satellite
systems—including Intelsat and
SBS—where top performance
is essential.

SV

¥ 1981 Avantek, Inc. Avantek is a registered trademark of Avantek, Inc.

All Avantek amps
are backed by the manu-
facturing innovation,
rigid quality controls and
full technological inte-
gration that have made us
the leader in low-noise
and medium-power
amps. These amplifiers
use many of the same
space-qualifiable tran-
sistors that are on the
satellites themselves.

Wed like to help
you build an exceptional
earth station. For more
information or a free
oopy of our 1981-1982
catalog, contact your
nearest Avantek rep-
resentative. Or write, telex or
call us today.

Avantek, Inc., 3175 Bowers
Avenue, Santa Clara, CA 95051.
Telex 34-6337. TWX 910-339-
9274. Phone (408) 496-6710.

Contact Avantek regarding
current openings for Microwave
and Telecommunications
Engineering professionals.

|

e
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[From page 92] CATALOG UPDATE

10 MHz - 4 GHz
AMPLIFIER BROCHURE

This 8 page Trontech amplifier brochure
provides technical information, applica-
tion data, and specifications for the low
noise and medium power amplifier pro-
duct line. Over 150 models are listed from
the frequency band of 10 MHz through 4
GHz. Trontech, Inc., 63 Shark River Road,
Neptune, NJ 07753. Charles Brand (201)
922-8585.

FERRITE DEVICES AND FILTERS
BROCHURE

A brochure detailing a complete prod-
uct line of ferrite devices and filters is
offered including complete table
specifications and updated informa-
tion on applications for isolators, cir-
culators, filters and special designs.
This 10-page catalog includes product
photographs, performance curves and
schematic diagrams. UTE Microwave
Inc., 3500 Sunset Ave., Asbury Park,
NJ 07712. Tel: (201) 922-1009;

10 MHz - 40 GHz
MICROPROCESSOR-BASED
SWEEP GENERATOR
BROCHURE

A new family of microprocessor-based
sweep generators covering the 10 MHz to
40 GHz range is described in this 24-page
6600 Series brochure. Also included is the
560 Scalar Network Analyzer which when
used with the 6600 Sweep Generator forms
a network analyzer system with 40 dB
directivity over the 10 MHz to 18 GHz
continuous-sweep range. Graphics illus-
trate controls, test setups, applications,
accuracy charactenstics, specifications,
and test results. This iInformative brochure
documents recently developed techniques
for making the most accurate transmis-
sion loss/gain and return loss measure-
ments. Wiltron Company, 805 East Mid-
dlefield Road, P.O. Box 7290, Mountain
View, CA 94042-7290. Walt Baxter (415)
969-6500 Twx: 910-379-6578.

Circle 199. TLX: 132-461 UTE APK. Circle 211 Circle 200

Broadband
0.5 to 18 GHz or 18 to 40 GHz with a single feed.
Includes sector scan, manual, and continuous rotation modes.
Other coverage available from 0.1 to 40 GHz.
Digital interface for computer control.
New technology lowers cost.
—
L.
> |

AN T

¥ 0
[
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R

)

i“ EM Systems, Inc. 290 SANTA ANA CT, SUNNYVALE, CA. 94086 (408) 733-0611 TWX: 910-339-9305
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METALLIC

RESISTIVE

DIELECTRIC

INDUCTIVE/CAPACITIVE

Johanson can
tune your waves.

Microwave tuning elements are a unique money saving
means of introducing a variable reactance into wave-
guides, cavities and other microwave structures. They are
excellent for applications requiring precision, low loss high
resolution tuning. The self-locking constant torque drive
mechanism (U.S. Patent No. Re 30,406) eliminates the need
for locking nuts and assures stable, noise free adjustment
in applications from L to W band.

Electronic Accuracy through Mechanical Precision

Manufacturing Corporation
400 Rockaway Valley Road Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367
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[From page 32] EUROPEAN MICROWAVE

growth of commercial business.
As aresult, theirinvestment plans
are much more heavily weighted
toward commercial applications
than those of their British counter-
parts.

Peter Weissglass, Managing
Director of Sweden'’s Institute of
Microwave Technology, forecasts
an explosive growth of a com-
mercial/consumer market for mi-
crowave devices for use with satel-
lite services in Europe. He views
the satellite TV projects now under-
way as the basis of arapid expan-
sion of European domestic sys-
tems into other communications
services. The 200W channels of
the systemsin development elimi-
nate the need for earth terminal
low noise amplifiers, reducing
terminal costs significantly and
expanding potential markets.

Weissglass is a firm believer in
the proposition that monolithic
technology is essential to products
truly suitable for mass marketing.
However, he questions the ability
of classical microwave houses to
handle such markets and forecasts
the entry of experienced mass
marketeers who will simply buy
the required technology.

CONCLUSIONS

The heavily military-dependant
UK microwave component com-
panies are weathering a rather
sudden decline in demand. At this
time, there is no indication that
the military markets will improve
during the next6-12 months. There
is also little activity which pro-
mises to improve commercial de-
mand in the UK in the near term.
British companies are faced with
prospects of little or no growth, at
best, unless they can expand pro-
duct lines or compete more suc-
cessfully for export business.
Many are more busily engaged in
those efforts than they have been
for many years.

Continental European manufac-
turers continue to enjoy the
growths to which they have be-
come accustomed during the past
few years, rates comparable to
those of US suppliers. The immi-
nent growth of commercial de-
mand on the Continent together
with continuing military require-
ments there represent opportuni-
ties to maintain those rates. B

MICROWAVE JOURNAL



Signal processing technology on the move.

Ron Mosolgo on turning adaptive processing
theory into the reality of hardware.

Modern electronics systems must handle an ever-increasing number
of signals arriving at the same frequency and bandwidth —for multipur-
pose radar, secure communications, electronic warfare, automatic test
equipment, image processing, and other vital areas.

At Lockheed Electronics, Consulting Scientist Ron Mosolgo says:
“What we need are processors that continuously adapt themselves to the
electromagnetic environment, reject the signals we do not want, and
optimize the reception of the ones we do want.

“And at Lockheed, we are now beyond just the theory and research for
such processors—we have the hardware solution. We are actually build-
ing such a high-technology system. The Lockheed adaptive array
processors will be all-digital, high-speed modular systems capable of
going to higher-order solutions because of their modularity”

Being at the forefront of signal processing technology is nothing new
at Lockheed. With long experience in radar signal processing, the com-
pany has developed unique optical pulse compression and solid-state
signal correlation techniques. For moving target indication and Doppler
processing techniques, the company today holds a leadership position in
hybrid analog/digital charge couple devices.

And now, in answering the need and building the hardware for adap-
tive array processors, Lockheed is once more leading the way.

= rlockheed Electronics
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PTS SYNTHESIZER FLEXIBILITY

RANGE, INTERFACE
CABINET, ATTR
EXTRA OUTPUTS

= = [ —l— 200

More basic performance per dollar. . .
and more options to meet your specifications

WAVETEK
PTS ROCKLAND
160/200 5600

160 MHz or
200 MHz v NO

Built-in
GPIB or NO

par. program

Optional
Resolution v
0.1 Hz — 100 KHz

Metered

Output NO
20us
Switching 7

99 dB
programmable
Attenuator

Price. PTS160, 1 Hz Res. Rem. only, TCXO, $4,625.00 — (Sample)

% PROGRAMMED TEST SOURCES, INC.
BEAVERBROOK RD., LITTLETON, MA 01460

FREQUENCY SYNTHESZERS  (697) 486-3008 CIRCLE 78 ON READER SERVICE CARD

PRODUCT FEATURE ——

MICROWAVE ASSOCIATES
Burlington, MA

A new low cost, low noise NPN
transistor, the MA 42197, is avail-
able for commercial applications
including TV, CATV, radio links
and IF amplifiers.

The MA 42197 is priced at less
than $1.00 in quantities of 1,000
($3.90 each in 1-99 quantities)
andisencased inaTO-92 package.

The MA 42197 is asilicon planar
transistor with interdigitated geo-
metry. Atlc=5 mA, 60 MHz noise
figure is 1 dB maximum and gain
at1dBcompressionis 28 dB. Per-
formance at 450 MHz at Ic= 5 mA
includes a noise figure of 1.7 dB
and gain of 14 dB.

Typical noise figure and power
output curves are shown below.

Detailed data sheets and sam-
ple transistors are available from
Microwave Associates Semicon-
ductor Department at (617) 272-

3000. B Circle 213.
[

8 30 /

X | (=450 MHz)

g I B

3 20 i Y

- (=60 MHz) 4

? 1.0 H

2 | i
0.1 0.2 05 1.0 10 100

lc(mA)

Optimum noise figure vs. collector
current @ 60 and 450 MHz.

SN\

POUT (dBm)
& 2

Y
#\(

5 %
4/ N—1-450 MHz
%
-10/A/
-15
1 2 4 6 10 20 40 100
le(mA)

Typical power output @ 1 dB compression
point vs. collector current.



Microwave
Products

Subsystem

Ku TO C BAND
TRANSLATOR

Model DC12/4 Ku to C-band frequency
translator provides block down conver-
sion of the 11.7 to 12.2 GHz satellite fre-
quency assignment to 3.7 to 4.2 GHz con-
verting C-band receiving equipment to
Ku-band use. The unit can also be used to
downconvert a Ku-band video signal into
anunused channelin a 24 channel C-band
TV receiver at a cable TV head end. The
DC12/4 interfaces directly with a 12 GHz
LNA and 4 GHz receivers or converters
and is suitable for video, message or data
carriers. The self-contained unit is de-
signed for unattended operation and has a
remote summary alarm, and front panel
monitors for key operating parameters.
Designed for rack mounting the unit mea-
sures 1 3/4" in height. LNR Communica-
tions, Inc., Hauppauge, NY. Nancy Wagner
(516) 273-7111.

Circle 170.

Device
0.5 ym GaAs FET

Series ALF3000isa 0.5 um gate GaAs FET
for oscillator and low noise amplifier appli-
cation up to and above X-band frequen-
cies. The device features a recessed gate
structure and is available in chip and
packaged form. Typical performance of
the chip is 0.9 dB noise figure, 13.5 dB
associated gain at 4.0 GHz, and 1.5 dB
noise figure, 11.0 dB associated gain at 8.0
GHz. Price: $62.50 in 100 quantity. Availa-
bility: stock. Alpha Industries, Inc.,
Woburn, MA. Nancy Knowlton (617)
935-5150.

Circle 145.

HYPER ABRUPT TUNING
DIODES

Diode types KV 3201, 3901 and 3902 ofter
capacitance swings as high as 8to 1 from
3t0 25V and 3V capacitance values of 11,
25 or 29 pF. The low inductance devices
have Q values up to 400 at 50 MHz and can
be used up to 1 GHz in voltage controlled
oscillators and filters. All types are availa-
ble taped and reeled for automatic inser-
tion and are sealed in hermetic glass DO-
34 packages. Price: from 64¢ to 70¢ each
(100-999). Delivery: 60 days in production
quantities. Frequency Sources, Semicon-
ductor Dlvision, Chelmstord, MA. (617)
256-8101.

Circle 151.

Instrument
POWER METER THERMISTOR
MOUNT

Model TM400 thermistor mount features
installation of replacement thermistors,
high sensitivity thermal compensation and
is calibrated for effective efficiency. The
assembly consists of four thermistor ele-
ments selected for matched thermal and
resistive characteristics. Detector and
thermal compensation elements are iso-
lated thermally from the aluminum case
and the tightening nut for the connector
has a plastic jacket for maximum thermal
isolation. Model TM400 is interchange-
able with and equivalent to the HP478A
thermistor mount and is normally used
with the HP4318 power meter. Microne-
tics, Inc., Norwood, NJ. Gary Simonyan
(201) 767-1320.

Circle 168.

DIGITAL STORAGE

OSCILLOSCOPE

Model PR8101 digital storage oscillator
oscilloscope features a 20 MHz sample
rate, a 10MHz bandwidth, 8 bit resolution,
4K memory (expandable to 8K), dual chan-
nel, pre and post trigger data capture, cur-
sor control and |IEEE-488 interface. The
model also features dual mode capability
functioning as an analog oscilloscope in
‘real-time’ mode and providing for single
sweep storage in the ‘stored’ mode. Price:
$5400. Micro-Pro, Inc., Colmar, PA. John
Grimes (215) 822-8971. Circle 169.

requirements

MICROWAVE MINIATURES

for Avionics, ECM/EW, Space and Ground Stations

e Surprisingly small packages
e Custom designed to meet your exact

¢ Flexible housing configurations
* Hermetically sealed MIL SPEC reliability
e Fast turn-around

KW Filters . ..

Band Reject
Phase Linear
Highpass
Lowpass

twice actual size

Filters

Bandpass: 3% of Center Frequency
to Multi-Octave Bandwidths

Products shown approx.

KW Engineering, Inc.

4565 Ruffner Street

San Diego, CA 92111
Tel. 714-571-8444

Multipliers oo

KW Frequency Multipliers . ..
from simple multiplier/filter combinations
to multiple amplifier/multiplier/filter
combinations

DECEMBER — 1981
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World Conference — ITU Plenipotentiary

Delegates from 155 Countries
Nairobi, Kenya — October 1982

PLENICOM 82

AN INTERNATIONAL TELECOMMUNICATIONS EXHIBITION

Horizon House Expositions, Inc. announces PLENICOM,
an international telecommunications exhibition to be held
concurrent with the World Conference of the ITU Plenipo-
tentiary in Nairobi, Kenya, October 1982. The merging of
the developed and developing worlds for telecommunica-
tions becomes possible at the time of PLENICOM. The
market for products is best identified with .the needs and
programs of all 155 member countries attending the Pleni-
potentiary Conference. There is no other occasion in the
decade of the 80’s that represents the prestigious assemb-
lage meeting in Nairobi, Kenya, in October of 1982 for the
Plenipotentiary Conference. It is inconceivable that any
company providing a product or service can afford to miss
this priceless opportunity. The Government of Kenya has
recognized the great value of this meeting by establishing
the agreement and authorizing the establishment of an
exhibition for this occasion.

The ITU Plenipotentiary Conference is an assembly of
senior officials - Ministers, Vice Ministers, Directors General,
Chief Planners and Systems Engineers - those individuals
directly responsible for purchases of equipment used in the
national networks.

As the UN agency that coordinates the planning and
operation of the world’s national and international networks,
the ITU convenes its Plenipotentiary Conferences atirregular
intervals - the last being in 1973. Thus, it is almost a decade
since there has been a comparable gathering of top
telecommunications officials. Their stature and competence
emphasize the importance of decisions made at a Pleni-
potentiary - major economic and political policy issues as
well as a range of technical, operating and equipment
considerations affecting radio, telephone, telex, satellite,
digital switching and transmission, and data.

At present, the plans are to open the Plenipotentiary
Conference on September 28, 1982. The exhibition, while
presently scheduled for October 11, reserves the right to
move the schedule forward by one week to open on
October 4 if the plans and programs of the Conference
change. The exhibition is to start at the time nearest the
conclusion of the opening ceremonies, at which time the
key political figures involved with this exhibition are able to
schedule themselves to participate in this program. Ade-
quate notification will be provided to all exhibitors and
potential attendees to the exhibition of any changes should
they occur.
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A PLENARY HALL

Exhibit space in Nairobl Is quite limited. interested companies are urged to contact one of the following sales offices.

EUROPE

HORIZON HOUSE
25 Victoria Street

ITALY ONLY
Rassegna Internazionale Elettronica

EXPOSITIONS

SALES REPRESENTATIVES

UNITED STATES

610 Washington Street
Dedham, MA 02026

Tel: (617) 326-8220

Tix: 951 659 MICROSOL DEDM

100

London SW1H OEX, England
Tel: 44-(1)-222-0466
TiIx: 851-885-744 MICSOL G

JAPAN

Tokyo Representative Corporation
Yamaguchi Building

2-12-9 Kanda Jimbocho
Chiyoda-ku, Tokyo 101, Japan
Tel: 230-4117,4118

Tix: J26860

CIRCLE 82 ON READER SERVICE CARD

Nucleare Ed Aerospaciale (RIENA)
Via Crescenzio, 9, 00193 Rome, Italy
Tel: 06/6569343/4/5

Tix: 611407 RIENA |

FRANCE ONLY

S International, 27 rue du Mans
92400 Courbevoie, France

Tel: 334.31.10

Tix: 613600 F
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Microwave Products

1.5 MHz - 2.0 GHz
MODULATION METER

Model 4101 modulation meter is capable
of automatically measuring either AM or
FM modulation of RF signals in the 1.5
MHz to 2.0 GHz frequency range at levels
as low as 3 mV. Standard-de-emphasis
networks of 50, 57 and 750 usecs are selec-
table making Model 4101 useful for check-
ing FM transmitters and two-way trans-
ceivers. De-emphasis networks may be
turned off when checking signal genera-
tors or other linearly modulated signals. A
variety of ranges are selectable to assure
maximum meter deflection for any modu-
lation level. Price: $1095 (domestic U.S.)
Delivery: 30 days. Wavetek Indiana, Inc.,
Beech Grove, IN Jerry Bush (317) 787-3332.

Circle 175.
TUBE

Sy

TWT FOR SATELLITE
TERMINALS

Model 677H traveling-wave tube provides
125 watts of CW output power over the
frequency range of 5.925 to 6.425. The
tube is metal-ceramic construction with
PPM focusing and conduction cooling. A
modulating anode is utilized for switching
beam current during normal operating
sequencing and under fault conditions. A
standard “Pierce” design is used for the
electron gun, and the collector is single-
staged depressed type with conduction
cooling to the baseplate. Alnico VIl mag-
nets provide the focusing field, and the
coaxial input and output connectors pro-
vide a low-profile package. Hughes Elec-
tron Dynamics Division, Torrance CA (213)
517-6000.

Circle 177.

14 GHz EARTH STATION TWT

Model TH3639 traveling wave tube isa 160
watt, 14 GHz brazed-helix traveling wave
tube for both national and international
satellite communications systems. The
tube is designed primarily for small, unat-
tended stations. Tube cooling is by con-
duction only, beam confinement is by
permanent magnets and the overall effi-
ciency is about 28%. Thomson — CSF
Electron Tubes, Clifton, NJ. (201)
779:1004. Circle 159.

DECEMBER — 1981

Material

TIGHT DIELECTRIC
CONSTANT TOLERANCE
SUBSTRATE

The dielectric constant tolerance for
Epsilam-10 microwave substrate has been
improved from 10.24 .5t0 10.2+ .25 mak-
ing the material more suitable for use In
standard microwave integrated circuit

design. The water absorption specifica-
tion has also been reduced from 0.5% to
less than 0.1% allowing for wider varieties
of environmentally sensitive applications
without hermaticity or conformal coating.
Smaller quantities of solutions of all kinds
are absorbed during manufacture. The
substrate is available in 9" x 9" sheets in
thickness of .010, .025, .050. and .100
inches and 9" x 18" sheets. 3M, Depart-
ment EP81-16, St. Paul, MN. (612)

733-9214.
Circle 167.
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advantages to the designer:

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

Patent #4 161,704

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

8 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.

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
numoer below for complete literature.

MicmDe/a;/
DOfvisicr:/ yUNIFORM TUBES, INC.

Collegeville, PA 19426, U.S.A. ® Phone: 215/539-0700
TWX: 510-660-6107 ® Telex: 84-6428

O

UTI

GIRCLE 83 ON READER SERVICE CARD 101



&
=
7
s
--
>
=
>
=

Today’s Technology at
Yesterday’s Prices

509 OFF ON
THESE ARTECH TITLES

As a specialized technical publisher, Artech House is committed to meeting
the specific information needs of students and engineers. Our books offer
close-up solutions to real problems. Artech House has established a firm and
growing reputation within the microwave community as a reliable source for
consistently qualitative technical information.

FERRITE CONTROL
COMPONENTS

GALLIUM ARSENIDE
MICROWAVE BULKAND
TRANSIT-TIME
DEVICES

AVALANCHE
TRANSIT-TIME
DEVICES

DESIGN,
PERFORMANCE

AND APPLICATIONS OF
MICROWAVE SEMI-
CONDUCTOR CONTROL
COMPONENTS

ADAPTIVE
ELECTRONICS

LASER
APPLICATIONS

(2 Volume Set), Lawrence Whicker,
Vol. 1, 320 pp.; Vol. 2, 325 pp. 1974.
Softcover. Now only $17.50 per set.

The most complete compilation of papers on Ferrite
Control Components ever assembled.

Lester Eastman, 255 pages. 1972.
Softcover. Now only $11.00.

This collection of classic papers presents a thorough
historical overview of the Gunn effect, and describes
the modes of operation of Gunn devices, as well as the
technological aspects of GaAs crystal growth and
processing.

George Haddad, 582 pages. 1973.
Softcover. Now only $15.50.

This comprehensive reference volume covers all
aspects of the avalanche transit-time diode and its
applications.

K. Mortenson and J. Borrego, 284 pages. 1972.
Softcover. Now only $10.50.

This collection of superior papers provides the micro-
wave component designer with essential information
on basic component definition, performance, circuit
configurations, component limitations, and practical
hardware results.

Wolfgang Gaertner, 280 pages. 1973.
Softcover. Now only $13.00.

This authoritative collection of articles focuses on the
device and hardware aspects of adaptive electronics.

W.V. Smith, 199 pages. 1970.
Hardcover. Now only $13.00.

An introduction to coherent light and its wide range of
applications. Covers time and space coherence, dif-
fraction, holography, non-linear optics, and pulsed
lasers.

Artech House, Inc. ® 610 Washington St., Dedham, MA 02026 ® 617-326-8220
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Microwave Products

CONDUCTIVE SURFACE

COATING

ECCOSHIELD®ES is a highly conductive
surface coating formulated for RF shield-
ing applications. The coating is used to
improve the RF integrity of metal housings
or shielded rooms; and has produced a
greater than 100 dB insertion loss from 15
kHz to 10 GHz. The coating is available in
6 oz pressurized spray cans, with normal
coverage about 30 sq. ft. or 700 linear feet
of 2" wide seam at surface resistance of
less than 0.1 ohm/sq. The product is suffi-
ciently fluid so that it will readily flow into
cracks. Emerson & Cuming Microwave
Products, Canton, MA. Joe Flaherty (617)
828-3300. Circle 148.

Amplifier
900 MHz RF AMPLIFIER
Model LNA1100 amplifier provides typical
gain of 13 dB in the 20 to 900 MHz range
and a noise figure of 3.0 dB at 900 MHz.
The unit features typical gain flatness of &
0.5dB, maximum input and output SWR of
2.0 in a 50 system and typical output
flgower at 1 dB of compression of 6 dBm.
heunitis a self-contained hybrid general
purpose amplifier with all bias, matching
and de-coupling components in a TO-8
package. Price: $65.00 each in 100 quantity.
Availability: from stock. TRW Semicon-
ductors, Lawndale, CA. (213) 679-4561.
Circle 157.

100 W VHF AND UHF OEM
AMPLIFIERS

Models V100 and U100 wideband ampli-
fiers allow operation at 100 to 160 MHz
and 225-400 MHz in 100 watt increments.
The units require 28VDC, 10 A maximum
and 2-4 W drive for Class AB operation,
and harmonics are -20 dB. The V100 and
U100 may be combined in pairs or quads
to achieve a high power wideband system.
Price: $695 each (1-3) for V100; and $1295
each (1-3) for U100. Availability: from
stock to 30 days. RF Power Labs, Inc.,
Woodinviile, WA. Larry Kezner (206)
481-8833. Circle 154.

PRECISION
TUBE
COMPANY,

INC.

MICROWAVE (FIELD)
SALES ENGINEER

Precision Tube Company, the origi-
nators of the semi-rigid coaxial
cable, requires an individual with
expertise in the application of coax-
ial cable for MicroWave
Transmission.

The person we are seeking must be
capable of providing designers with
application support and have the
ability to sell a prospective cable
buyer on the merits of Precision
Coaxitube.®

The territory to be covered is world
wide and the base of operation will
be from our facilities in North Wales,
PA. The applicant for this position
must be prepared to travel more
than 50% of their time.

Forward resume to A. J. Zuercher,
President, Precision Tube Com-
pany, Inc., Wissahickon Ave., North
Wales, PA 19454.

TEMPEST, Surveillance Loop Antennas

MANUFACTURERS AND FABRICATORS
OF METAL TUBING

TECOM introduces compact loop
antennas for TEMPEST, RFI-EMI/
EMC measurements, and transport-
able surveillance use. Five types
cover 1kHz to 50MHz — some with
usable response down to 20Hz. All
are compact: 44 in. high, 24 in.
wide; weight 10 Ibs. Each yields
deep azimuth nulls for great bear-
ing accuracy, as well as outstand-
ing E-field and common mode
noise rejection.

Types 201323-1 and -2 are active
antennas using a balanced coup-
ling network, with sensitivities
approaching theoretical limits, cov-
ering 1kHz to 5SMHz, and 100kHz to
50MHz, respectively. Types 201323-
3, -4 and -5 are passive antennas
covering 1kHz to 10MHz, 1kHz to

ELECTRICALLY SMALL ANTENNAS. NEW FROM TECOM

1MHz, and 1kHz to 100kHz,
respectively. Excellent S/N per-
formance compares well to active
antennas below 100kHz.

All models are supplied com-
plete with compact carrying cases,
25 feet of coax, and tripod.

The new electrically small an-
tennas from TECOM. Call your
Tech Rep or write for full infor-

ECOM

INDUSTRIES INC.

21526 Osborme St , Canoga Park, CA 91304
(213) 341-40°0 » TLX 69-8476
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GO FOR EXPOSURE WITH

AN MIT-51982 |

Location: Dallas, Texas
Site: Hyatt Regency at Reunion
Dates: June 15-17, 1982

The MICROWAVE JOURNAL will again provide exhibition management
for the 1982 MTT-S Symposium/Exhibition.

Early participation will assure your choice of a preferred location at this, the most important annual microwave
meeting to be held in the United States. With the exhibitor list growing yearly, space is sure to be at a premium.
Contact MICROWAVE JOURNAL now at (617) 326-8220 — WATS: (800) 225-9977.

1981 MTT‘S EXhibitorSl 156 organizations exhibited at Los Angeles, June 15-17, 1981.

Advanced Absorber Products, Inc.

A.E.G. Telefunken Corp.
Aercom Industries

Airtron Div. Litton Industries
Alford Manufacturing Co.
Alpba Industries, Inc.
American Electronic Labs
American Technical Ceramics
Amphenol North America,

Div. Bunker Ramo Corp.

Amplica Inc.

Amplifier Research

Anaren Microwave, Inc.
Andersen Labs.

Anzac Electronics/Adams Russell
Applied Engineering Products
ARRA Inc.

Artech House

Automatic Connector, Inc.
Avantek, Inc.

Aydin Microwave

Baytron Co., Inc.

Bendix Corp.

Electrical Components Div.
Cablewave Systems Inc.
California Eastern Labs, Inc.
Central Microwave
Cleland & Co.
Communitronics Ltd.
Compac Development Corp.
Compact Engineering, Inc.
Compex Corp.

Daden Associates

Delta Microwave

Dexcel, Inc.

Diamond Antenna &
Microwave Corp.

Dielectric Labs., Inc.

Eaton Corp., Elect. Instr. Div.

EEV, Inc.

EIP Microwave

EMC Technology

MICROWAVE JOURNAL

EMF Systems Inc.

Electronic Navigation Industries

Engelmann Microwave Co.

EPSCO, Microwave Inc.

Epsilon Lambda, Electronics Corp.

EPSCO, Microwave Ine.

Filtronics

Frequency Sources, Inc.

Fujitsu Microelectronics Inc.

Gamma-f Corp.

General Microwave Corp.

W. L. Gore & Associates, Inc.

Hewlett-Packard Co.

Honeywell, Inc.

Horizon House

Huber + Suhner Ltd.

Hughes Aircraft Co., El. Dyn. Div.

ITM Systems Inc.

Integra Microwave

International Microwave Corp.

Isotronics

Johanson Mfg. Co.

Journal of Electronic Defense

KDI Pyrofilm Carp.

K & L Microwave, Inc.

Keene Corp., Chase Foster Div.

Keene Corp., Ray Proof Div.

Kevlin

Krytar

KW Engineering

Litchfield Microwave Lab

Locus, Inc.

Logimetries, Inc.

Lorch Electronics

Luxtron

3M Company

M/A-COM Component
Companies

Magnus Microwave

MAST Microwave

Materials Research Corp.

Maury Microwave Corp.

610 Washington Street ¢ Dedham, Massachusetts 02026

Send me information on exhibiting at MTT-S 1982.

Name

Title
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McDougall/McLaughlin Co.

Merrimac Industries, Inc.

Metelics

Microlab/FXR

Micronetics, Inc.

Micro-Now Instrument Co.

Microphase Corp.

Microtek Co., Ltd.

Microwave Applications Group

Microwave Exhibitions &
Publishers Ltd.

Microwave Journal

Microwave Power Devices, Inc.

Microwave Semiconductor Corp.

Microwave Supply Center,
Div. Cleland Co.

Microwave Systems News

MicroWaves

MIDISCO

Millis Research

Mitec Electronics

Miteq, tnc.

Motorola, Inc.

Mitsubishi Electronics

Narda Microwave Corp.

Norsal Industries Inc.

OK't

Omega Labs

Omni-wave Electronics

Pacific Measurements Inc.

Parametric Industries, Inc.

Passive Microwave Techno!ogy

Plessey Optoelectronics &
Microwave

Polarad Electronics, Inc.

Premier Microwave

Q-bit Corp.

Raytheon Co.

RF Associates, Inc.

RHG Electronics Lab Inc.

RL Components, Inc.

Rogers Corp.

Organization

Sage Labs, Inc.

Sivers Lab

Solid State Technology

Solitron/Microwave

Space Microwave Labs., Inc.

Sprague Goodman Elec. Inc.

Struthers Electronics Corp.

Summit Engineering

Systron-Donner Corp.,
Adv. Comp. Div.

Systron-Donner Corp.
Microwave Div.

Technical Research &
Manufacturing

Tekform Products Co.

Tektronix Inc.

Telecommunications

Teledyne Microwave

Texscan Corp.

Thinco,-Div. Hull Corp.

Thomson-CSF Comp. Corp.
Electron Tube Div.

Thomson CSF Comp. Corp.
Semiconductor Div.

Thorson Co.

TRAK Microwave Corp.

TRW RF Semiconductors

Transco Products Inc.

A. J. Tuck Co.

U-Z, Div. Dynatech

Uniform Tubes

Varian Assocaites, EDG

Vectronics Microwave Corp.

Vichem Corp., Gel-Pak Div.

Watkins-Johnson Co.

Wavetek

Weinschel Engineering

Western Microwave Lab

The Wilkinson Co.

Wiltron Co.

Wincom Corp.

Zeta Labs, inc.

Address

City

State

Country,

MICROWAVE JOURNAL



Microwave Products

TVRO REMOTE ANTENNA
POST AMPLIFIER

Model IFLA 463 TVRO post amplifier cov-
ers the frequency range from 950 to 1450
MHz with 40 dB gain and a noise figure of 5
dB. The amplifier is available as a single
unit or as part of a dual redundant panel
with single or redundant power supply.
The Model IFLA 463 is designed for use in
satellite video receiving terminals where
the TVRO antenna must be located at a
signicant distance (up to Y2 mile) from the
receiver electronics. The unit is compati-
ble with block down conversion receivers
using the industry standard 1 GHz inter-
face. Price: $600.00. Delivery: stock.
Hughes Microwave Communications Pro-
ducts, Torrance, CA. (213) 517-6100.

Circle 166.

40 GHz SSMA CONNECTORS

SSMA type coaxial connectors operate
over the DCto 40 GHz range with a SWR of
1.05 +.010f{GHgz), insertion loss of .05 dB.
Cable connectors are available in plug
and jack configurations with flange types
for .085, .047, and .034 diameter semi-rigid
and RG-315 cable. Price: from $3.90 each
in 100-249 quantity. Delivery: 12 weeks
ARO. Solitron/Microwave Connector Div-
ision, Port Salerno, FL. (305) 287-5000

Circle 212

MICROWAVE
DIODE CORP.

ok >
we®

N\l

* POINT CONTACT DETECTOR
DIODES for UHF, S, X, & K
BANDS

* TUNING DIODES
* 4-LAYER DIODES
* GERMANIUM DIODES

MICROWAVE
DIODE
CORPORATION
Washington Street
West Stewartstown, N.H. 03597
(603) 246-3362

Miniature 30-170 MHz Antenna

Type 201820 Antenna 1s a miniature,
dual polarized directional antenna
operating over the frequency range of
30-170 MHz (Usable down to 20 MHz
and up to 200 MHz)

The antenna when fully assembled
1s410Lby410Wand weighs 12 Ibs
A total of eight elements are easily
removeable for quick assembly &
disassembly into a carrying case

The 201820 has a directivity of 5-7
dB above isotropic, separate outputs
for simultaneous verticai & horizontal
polarization and 20 dB front-to-back
ratio

The ultimate 1n size and performance;

ELECTRICALLY SMALL ANTENNAS. NEW FROM TECOM

Type 201820 i1s 1deal for portable
surveillance, Tempest and RFI/EMI
applications.

One more of a new family of elec-
tricalty smali antennas from Tecom;
watch for more announcements and
call or write for more information.

ECOM

INDUSTRIES INC.

21526 Osbcerne St, Canoga Park, CA 91304
(213) 341-4D10 » TLX 69-8476

CIRCLE 86 ON READER SERVICE CARD
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THE ELECTRIFICATION OF

EGYPT — PART i

Co-sponsored by the

Ministry of Electricity of Egypt
In cooperation with the
Egyptian Insitute of

Electrical Engineers (EIEE).

AT RAMSES HILTON
AND MERIDIEN HOTELS

JUNE 6-9,1982

inteject

INTERNATIONAL ELECfRICAL E

Horizon House Expositions, Inc. announces
INTELECT 82, the second in a series of interna-
tional electrical expositions to be held in Cairo,
Egypt during June 6-9, 1982.

EGYPT: An Expanding Electrical Market

Egypt and other developing countries in the Mideast are
updating their current means of generating electricity.
The Egyptian Government is planning to construct sev-
eral generating plants in the near future utilizing sources
of energy including the following: hydro-powear, pumping
storage, solar and wind energy, nuclear power and coal.
At least 700 million dollars are being spent each year in
Egypt as capital investments in the electrical sector for
generation, transmission and distribution. Modern tech-
nology is required for Egypt to fulfill its goals for
electrification.

Booth Space
The cost for space rental will be (US) dollars $290.00 per
square meter. Shell scheme is available on a rental basis.

The Conference Program
A broad range of technical presentations will take place
covering the subjects of finance, operations, economics,
values of tariff and related subjects. The conference pro-
gram consists of presentations from Egyptian officials
and from INTELECT exhibitors. Topics include:
e GENERATION
o TRANSMISSION
¢ DISTRIBUTION
e NONCONVENTIONAL SOURCES

OF ENERGY GENERATION
o ILLUMINATION
o INSTALLATION
e POWERSYSTEMMANAGEMENT AND ECONOMICS

106 CIRCLE 88 ON READER SERVICE CARD

Thetechnical program chairman is Dr. Salah M. EI-Sobki,
Secretary General of the EIEE and Professor of Electrical
Power Engineering at Cairo University. Dr. Sobki will
chair a distinguished steering committee consisting of:

e Abdel Hamid El Sayaad, Chairman of the Rural Electri-
cal Authority

e Fayek Farid Fargallah, Chairman of the Cairo Ultility
Zone

e Eng. Zaher Zeid, 1st Undersecretary of State for the
Ministry of Electricity

e Eng. Hussein Serry, Chairman of the Egyptian Elec-
tricity Authority

e Dr. Mohamed El-Fouly, Deputy Chairman for Nuclear
Power Plant Authority

e Moustafa Saleh, Consultant Engineer and Board
Member of the EIEE

e Dr. Aly F. El-Saiedi, Deputy Executive Chairman of
Nuclear Power Plant Authority

To take advantage of the opportunity INTELECT 82 Is
oftering, you must act quickly. For more Information,
please write or call HORIZON HOUSE EXPOSITIONS,
Inc.:

UNITED STATES

610 Washington St., Dedham, MA 02026
Tel: (617) 326-8220

Tix: 951659 MICROSOL DEDM

EUROPE

25 Victoria Street

London SW1H OEX England
Tel: 44-(1)-222-0466

TIx: 851-885-744 MICSOL G

HORIZON HOUSE

EXPOSITIONS

MICROWAVE JOURNAL
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MARISAT L-BAND
AMPLIFIER

Model LA6046 solid state power amplifier
delivers 45 watts CW from 1636.5 to 1645.0
MHz with an input drive level of 100 mWw.
The amplifier may be internally leveled to
provide power flatness of £0.5 dB over an
operating temperature range of -41° C to
+65° C, operating voitage is +28 VDC at 6.0
amps maximum. Harmonics are specified

at -10 dB for the second and third and -50
dB for all others from 5 to 40 GHz. Non-
harmonic spurious is specified at -75 dB
between 200 and 5000 MHz and -85 dB
from 5 to 40 GHz. Incorporated in the
amplifier is a forward and reflected power
monitor and a detected RF power output
monitor. Overall size of the unit is 1.25 x
2.5x7.5 inches excluding projections and
weight is 1.75 Ibs. Amplifiers are available
with output powers to 70 watts. RFD, Inc.,
Tampa, FL. (813) 872-1502.

Circle 155.

HIGH POW
DIODE SWIT

Models From 10-200W CW

(100-1000W Peak)

Frequency Range
50MHz-1000MHz

Insertion Loss as Low as
Isolation to 90 dB

Solid State

TTL Compatible

0.3dB

Many Configurations Available
MIL-Spec & Hi-Rel Models Available

Lorch Electronics announces a new line of TTL compatible high power diode switches, Series
500, which offers a variety of models in several configurations, power ratings
and frequency ranges in the overall span of 50 to 1,000 MHz. All models are

available in SPST, SP2T, and

SPA4T configurations.

A wide range of specials is also available, with different connector options,

packages and configurations.

[

DECEMBER — 1981

CIRCLE 89 ON READER SERVICE CARD

LORCH ELECTRONICS CORP.

105 CEDAR LANE ENGLEWOOD, NEW JERSEY 07631+ 201-569-8282 « TWX: 710-991-9718
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Ve & B
!; 3
HIGH PERFORMANCE

ISOLATOR

ADAPTORS

IN COMPACT PACKAGES

‘_'_________.J

Cover the freq. spectrum
from 2.6-18 GHz

e Standard models cover most current bands in use.

e Special designs adaptable to your needs.

e |n production for Satcom, Point to Point, Radar etc.

FREQUENCY WAVEGUIDE STANDARD
RANGE SIZE-NUMBER FLANGE
(GHz) WR STYLES
3.7-4.2 229 CMR
4.4-50 187 UG
59-6.5 159, 137 CMR, UG
7.0-8.4 137, 112 CMR, UG
10.7-11.7 20, 7D CMR, UG
11.7-12.7 90, 75 CMR, UG
14.0-145 75, 62 UG
FEATURES:

¢ All aluminum construction.
* Magnetically shielded.

* SMA connectors standard—others on selected
units are also available.

e |solation 20 dB min.—Insertion loss 0.4 dB max.,

VSWR1.25 max.—Improved specs available.

For prompt service and price quotations
on your specific needs write or call:

u7E|MIGROWAVE ING.

3500 Sunset Ave., Asbury Park, N.J. 07712

ACTION
LINE:

(201)
922-1009

CIRCLE 90 ON READER SERVICE CARD
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Component

SUB-NANOSECOND
ECL CLOCK TO 500 MHz

Model CO-533KE clock oscillator provides a stable ECL 100K
sub-nanosecond logic compatible output at any specified fre-
quency in the 150-500 MHz frequency range. The oscillator oper-
ates from -4.5 VDC, with -5.2 VDC operation optional. The unit is
factory set to within £.001% of the specified frequency and a
frequency adjustment for setting to within +.0001% is an availa-
ble option. The standard model provides stability better than
+.0025% over 0° to 70° C; with higher stability and wider temper-
ature range models available. Price: from $275 for 1-4 quantity.
Delivery: 5-10 weeks. Vectron Laboratories, Inc., Norwalk, CT
(203) 853-4433.

Circle 176.

DOUBLE-RIDGE WAVEGUIDE

The frequency range from 3.5 to 18 GHz is covered by three
double-ridged waveguide sizes; WRD350, WRD475, WRD750.
Components available for each size include 90° E and H plane
bends, 90° twists, straight sections, bulkhead feed-thrus and
matched terminations. Special variations of the standard units
are available upon request. ARRA, Inc., Bay Shore, NY. Mike
Geraci (516) 231-8400.

Circle 141.

0.5 TO 18 GHz MIXER

Model MD-170 mixer covers the 0.5 to 18 GHz range and features
a+12dBm 1 dB compression pointand an 8 dB typical conversion
loss. The mixer has an IF bandwidth of 2 to 5000 MHz and a
port-to-port isolation of better than 20 dB. The MD-170 is
designed for military application and comes in a hermetic drop in
module or a connectorized housing. Price: $565, in small quan-
tity. Delivery: from stock. Anzac Division, Adams Russell, Bur-
lington, MA. (617) 273-3333.

Circle 142.

3 GHz ATTENUATORS

Model AT-53 coaxial fixed attenuators for use from DC to 3 GHz
are available in 1 dB steps from 1 thru 10 dB and 2 dB steps from
10 thru 20 dB. The units exhibit a SWR of 1.2 nominal and 1.35
maximum, and are supplied in 50 ohm nominal impedance in
BNC, TNC, and SMA connectors. Price: from $15.00 to $20.50
depending upon connector type. Availability: stock to 30 days
ARO. Elcom Systems, Inc., Boca Raton, FL L. Pollachek (305)
994-1774.

Circle 147.

1.0 - 18.0 GHz MICROWAVE
QUADRUPLEXER

A miniature microwave quadruplexer divides the frequency
range from 1to 18 GHz into four channels: 1to 4 GHz, 4to 7 GHz,
7 to 11 GHz and 11 to 18 GHz. Cross-over loss is 5 dB maximum
with a maximum band insertion loss of 1.2 dB to within 3% of
crossover. SWR is 2.0. The unit measurers 2.8 x 2.6 x .81 inches.
Contours Div. Frequency Sources, Inc., Sunnyvale, CA. Leon
Becker (408) 727-8500.

Circle 152.

TV BASE-BAND SPLITTER

Model 3329 VB separates or combines base band audio and video
signals. Audio output loss is 4.0 dB maximum while video output
has a maximum roll-up (at 4.2 MHz) of 4 dB. Mutual isolation is 25
dB and return loss is greater than 15 dB. The unit has 75 ohm
impedance and type F connectors. Price: $58.00. Delivery: 10
days. Microwave Filter Company, Inc., East
Syracuse, NY Emily Bostick (800) 448-1666.

Circle 163.

MICROWAVE JOURNAL
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Ku-BAND DUAL CHANNEL
ROTARY JOINT

Model FRJ2660 Ku-band dual channel rotary joint offers an SWR
of less than 1.3 and a power handling capability of 20 W CW. The
unit has a sum channel insertion loss of 0.20 dB maximum and a
difference channelloss of 0.35 dB maximum. Sage Laboratories,
Inc., Natick, MA. Ken Paradiso (617) 653-0844.

Circle 161.

OCTAVE BAND DIGITAL
ATTENUATORS

Eight models of series 345 programmable PIN diode attenuators
coverthe frequency range from 0.5 to 18 GHz in octave or greater
bandwidths and provide 60 dB of attenuation in steps as low as
0.25 dB with binary or BCD logic. Each unit is an integrated
assembly of a PIN diode attenuator, and a driver consisting of a
hybridized V/I converter and 8-bit TTL compatible D/A converter.
A connectionis available to monitor the D/A converter output, or
apply an over-riding analog control signal. Accuracy of attenua-
tion at 60 dB is within £ 1.5 dB at +25° C. The operating range is
-65° C to+110° C with a temperature coefficient of + 0.03 dB/° C.
The 8 - 18 GHz model measures 2 x 3 x 0.8 inches, the largest unit
for 0.5 - 1 GHz is 2.56 x 3 x 0.85 inches. General Microwave
Corporation, Farmingdale, NY. Moe Wind (516) 694-3600.
Circle 153.

.141 CABLE SMA PLUG

Part No. 55-624-2003-31 is an SMA cable plug for .141 semi-rigid
cable featuring an internal thick wall design which provides a
stainless steel mating face over the soft copper cable jacket. The
thick wall design prevents flaking and smearing of the copper
across the teflon butt mating surfaces, serves as a built-in stop
for the cable jacket eliminating the usual fixturing and the cable
dielectric remains in place after soldering and trimming. RF
Components Division, Sealectro Corporation, Mamaroneck, NY
(914) 698-5600.

Circle 156.

10 uS FREQUENCY
SYNTHESIZER

Model 6802 direct frequency synthesizer covers 750 to 1000 MHz
in 1.0 MHz steps with +15 dBm output. Switching time is 10 us,
spurious outputs are less than -50 dBc and harmonics less than
-25 dBc. Phase noise measured in a 1 Hz bandwidth is -75 dBc at
100 Hz, -85 dBc at 1 kHz and -100 dBc at 100 kHz. Inputs are a 10
MHz reference which establishes the long term stability, +28 and
+5 volts and TTL compatible, BCD commands on 10 lines. The
unit measures 40 cubic inches. Zeta Laboratories, Inc., Santa
Clara, CA. (408) 727-6001.

Circle 158

2.5TO 18 GHz ATTENUATORS
ARE FLAT THROUGH X AND
Ku BANDS

Series 960 lossy-line attenuators are designed for signal level
control in the 2.5 to 18 GHz frequency range. The 12 models in
the series are for level setting and channel balancing where
tlatness of attenuation and minimal phase shift vs. attenuation
are of prime consideration. The uncalibrated 960 and calibrated
961 are thumb wheel controlled and are suited for bread board
application;, Model 929 is designed for system applications
requiring low RF leakage and are varied with a screw adjustment.
Model 963 is suited for measurement system level setting with
rapid movement slider control. Each model is available in 3, 6, or
10 dB values. Linear phase shift is 1°/dB x f{(GHz); insertion loss
is less than 1.0 dB and frequency sensitivity is less than 1.0 dB.
Weinschel Engineering, Gaithersburg, MD. (301) 948-3434.
Circle 160.
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¥ “You wanted our
Epsilam 10
improved
resistance
dielectric

[

Mike Toner

Manager 5

Microwave Produ!
Laboratory/3M

) v oL

“We now
deliver +.25”

“Epsilam 10®is a copper-clad, ceramic-filled
Teflon® alternative to alumina substrates.
Durable, large sheets, 100% tested and
certified for thickness and a Er of 10.2. But
stripline and microstrio designers wanted
more. So we now deliver improved tolerance
of £ .25 instead of + .5, together with greatly
improved resistance to water absorption.”

And “deliver” 's a key word. 3M manufactures
and inventories a full line of quality substrates
from Er 2.17 to Er 10.2. A major commitment
in facilities, equipment and personnel assure
you of product when and where it's needed.

For a FREE full line selection guide, write
on your company letterhead to: Microwave
Products/3M, 225-48, St. Paul, MN 55144,

Teflon® 1s a registured trademark of DuPant Company

3M Hears You...

MID/SIE A4 AL DEARED SERAIAE /A ARM 1Na
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SWITCH

1P10T RF
Coaxial Switch

Options
you need
MULTIPLE POSITION

N “‘ OAxlm

1P6T RF
Coaxia! Switch

with built-in terminatians.*

‘Patent 4298847

Options Available:

Frequency from DC 26.5 GHz

Actuation voltage 6-48 VDC, 115 VAC

TTL drivers also available with low level logic
50-75 OHM terminat on, unused ports
Indicating circuits

Write for new Switch Catalog

Latching, latching with reset, fail safe or normally open

Typical specifications for multi-position switches shown

Frequency DC-3GHz  3-8GHz  B-12 GHz
VSWR (Maximum) 121 131 141
Insertion Loss (Maximum) 0.2 d8 034d8B 0.4 d8
Isolation (Minimum) 80 dB 70 dB 60 dB

Complete line of RF Switches from DC - 26.5 GHz

Dynatech/U-Z Inc.

9522 west Jefferson Bivd . Culver City, CA 90230
Telephone (213) 839-7503 « TWX. 910-340-7058
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SMALL EARTH STATION
VTO AND MIXER

Model TVO-8370 varactor tuned oscillator covers the 3.6 to 4.2
GHz frequency band (optional coverage of 3.5t0 4.1 GHzand 3.7
to 4.3 GHz is available) with a minimum of 10 mW output power
and typical output power variation of £0.5 dB over the full tuning
range. It features -90 dBc/Hz at 50 kHz offset from the carrier.
Typically the TVO-8370 will operate with all specified perfor-
mance characteristics into a 2.0 VSWR. It requires 15 VDC at 50
mA maximum bias, and maximum tuning voltage of 14 VDC.
Model UMX-4220 double balanced mixer is optimized for 3.7 to
4.2 GHz RF-port operation and will accept an LO frequency
range of 2.4t05.5 GHz. IF-port responseis DCto 1.3 GHz and the
mixer features 6.0 dB maximum, SSB conversion lossand0.2dB
maximum peak-to-peak conversion loss and 0.2 dB maximum
peak-to-peak conversion flatness over any 40 MHz segment of
the 3.7 to 4.2 GHz RF range. Price: TV0-8370, $64.00; UMX-4220,
$38.00 both in 100 quantity. Delivery: 15-30 days ARO. Avantek,
Inc., Santa Clara, CA. Mark Selinger (408) 496-6710.

Circle 162.

CONNECTORFLANGE GASKET

Model 4780 connector RFI-EMC shielding flange gasket fits
standard BN/BNC flanges and Model 4795 fits standard type N
and UHF flanges. Both gaskets feature monel fibers for positive
electro-magnetic shielding. Price: Model 4780: $3.50, Model
4795: $3.20. Delivery: 3-4 weeks. ITT Pomona Electronics, Pom-
ona CA. Carl W. Musarra (714) 623-3463.

Circle 173.

MICROMINIATURE
BANDPASS FILTER

A typical microminiature bandpass filter from a new series has a
center frequency of 180 MHz, a 1 dB bandwidth of 60 MHz, 3 dB
bandwidth of 75 MHz and 40 dB isolation from DC to 120 MHz and
above 240 MHz. Insertion loss at center frequency is 2 dB. The
unit measures .4 x .4 x 1.8 inches. Filters are available with
spurious free response to 12.4 GHz. Price: from $250.00 in unit
quantity. Availability: 6 weeks for small quantity. RLC Electron-
ics, Inc., Mt. Kisco, NY. Alan Borck (914) 241-1334.

Circle 174.

40 GHz PLUG/JACK
ADAPTOR

Model 9128 SM connector plug/jack adaptor operates over the
frequency range from DC to 40 GHz. The unit features 1.3 maxi-
mum SWR, a maximum insertion loss of .05 db x f (GHz) and is
designed for use as a connector saver or as a referenced two port
device in network analysis. The body is stainless-steet and the
center contact and complete transmission path is beryllium
copper. The unitis 0.54 inches long. The connector is designed
to interface with and directly replace subminiature connectors
having a 10-36 UNS-2A thread size. Kevlin Microwave Corpora-
tion, Woburn, MA. (617) 935-4800.

Circle 164.

OCTAVE MIXERS COVER
17O 6.4 GHz

A series of octave band double balanced mixers operate down to
0 dBm LO power without external bias. Conversion loss is 6 dB
maximum at frequencies above 2 GHz, 7dB, typical, from 1-2
GHz. IF frequencies up to 500 MHz are standard for models
operating down to 1 GHz; others offer IF's to 1 GHz. (1-2 GHz)
Units measure 1 x 1x3/8". Price: Model 1250: $275.00. Availabili-
ty: stock to 8 weeks for straddle and octave bands. Norsal Indus-
tries, Inc., Central Islip, NY. (516) 234-1200.

Circle 165.
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Microwave Products

DIODE HOLDER

Diode holders for securing and tuning microwave diodes into
precise attitudes for optimum circuit performance are offered.
The self-locking constant torque drive mechanism of the rotor
screw maintains low dynamic tuning noise and high Q through-
out the full excursion of the diode holder travel. The unit facili-
tates one-hand tuning and lessens mechanical tolerances in cir-
cuit fabrication and provides precise adjustment resolution.
Applications include impatt diode transmitters, high-power wave-
guide limiters and switches, Gunn oscillators, detectors and mix-
ers. Price: less than $5.00 each in 1,000 quantity. Availability: 8-12
weeks. Johansan Mfg. Co., Boontan, NJ. Bob Kapner (201)
334-2676.

Circle 171.

COAXIAL LOWPASS FILTERS

Series HPL/KW coaxial lowpass filters for cutoff frequencies
from 30 MHz to 450 GHz can handle up to 10 kW average input
power and feature a 13 pole Zolotarev design. SWRis less than or
equal to 1.2 to 1.35 up to fc. Typical response for Model A ver-
sions with a signal passband of 0.6 to 1.0 maximum free signal
passband is 5:1, Model B with a signal passband of 0.2 to 1 fsp
maximum is 5:1. Passband insertion loss is less than 0.3 dB (fps)
and spurious levels are typically greater than 60 to 80 dB greater
than 2.4 GHz. Average input power rating is up to 10 kW (contin-
uous) into a matched load; up to 2.5 kW (short term) into an open
or shorted toad; and up to 5 kW (continuous) with a 3:1 SWR load.
Filters are supplied with type SC, HN or N right-angle connec-
tors. CIR-Q-TEL, Inc., Kensington, MD. Paul Leo (301) 946-1800.

Circle 140.

DIODE SWITCH COVERS
2-3000 MHz

Mode! SW-2000-1 SPST PIN diode switch covers the frequency
range from 2 to 3000 MHz. The unit features 50 ohm impedance
and SWR of 1.25 maximum. Insertion loss is typically 0.8 dB to
400 MHz, 1.2 dB to 1000 MHz, 2.1 dB to 2000 MHz, and 3.3 to 3000
MHz. Switching speed is typically 5 us; power handling is 2 watts
CW and harmonics are -60 dB¢ at 0 dBm. On-to-off isolation is 70

dB, minimum to 2000 MHz and 60 dB, minimum to 3000 MHz.
Price: (1-9) $230.00. Delivery: from stock. American Microwave

Corporation, Damascus, MD. (301) 948-6800.
Circle 143.

VOLTAGE CONTROLLED
OSCILLATORS

Series C8000 voltage controlied oscillators provide center fre-
quencies between 8 and 13 GHz with a 6% electronic tuning
range. Output power is +10 dBm minimum over a temperature
range of -20° Ct0 65° C., D.C. input voltage is between -5 and -18
V depending on frequency, with tuning voltage typically 0 to -25
VDC. Spurious outputs are -60 dBc maximum and phase noise is
-85 dBc/Hz maximum 100 kHz from the carrier. Price: From
$1,400 for small quantities. Ad-Tech Microwave, Inc., Scottsdale,
AZ. R.C. Havens (602) 998-1584.

Circle 144.

20 - 500 MHz 20 W SWITCH

Part No. 100C1592is a SP2T solid state 20 watt CW switch which
covers the 20 to 500 MHz frequency range. Insertion loss is .5 dB
maximum (20-300 MHz) and .75 dB maximum (300-500 MHz),
isolation is 65 dB minimum (20-300 MHz) and 55 dB mini-mum
(300-500 MHz) and SWRis 1.2 maximum at 20 - 300 MHz and 1.25
at 300 - 500 MHz. The switch contains an internal single line TTL
driver and switching speed including driver delay in 10 us maxi-
mum. DC power requiredis+5V at220mA,-15t0-30V at-20 mA.
Daico Industries, Inc., Compton, CA. (213) 631-1143.

Circle 146.
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PHASE SHIFTERS
Continuously Variable/Octave Bandwidth

=

A) Frequemy octave between 256 mhz - 8 ghz
hift: 0-380" continuous
C) Contral: 0-28 UDC

DIRECTIONAL COUPLERS
3-50 dB/Multiple Octive Bandwidth

j

A) Frequency 101 bandw dth between 200 mhz - 18*
Directivity: 18:20 db typical
C Coupling Factor 3-50 db
‘18 1 bandwidth model available

ATTENUATORS
10 dB - 100 dB / DC to 21 GHz

=

Frequency. DC - 21 ghz
B) Attenuation: 10 db - 100 db
3db HYBRID$/90°-180

3dB HYBRIDS
90° - 180° / Multiple Octive Bandwidth

A) Frequency 10:1 bandwidth between 200 mhz - 18 ghz
B) Isolation: 18/20 db typicat

Dynatech/U-Z Inc.

9522 wves: Jefterson Blvd , Culver City, CA 90230

Telephone (213) 839-7503 « TWX. 910-340-7058
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THE DIFFERENCE BETWEEN

QBH110... LOW IN/OUT VSWR AND HIGH
REVERSE ISOLATION ... WITHOUT PADS!

QBH-110 15 vdc .

FORWARD
FREQ. INPUT GAIN / PHASE
MHz VSWR (dB) fdeg.)

10.000 1.05
100.000 1.04
200.000 1.04
300.000 1.04
400.000 1.10 15.26/ 67.56
500.000 1.23 15.41/ 36.31

NOISE FIGURE: 2.5 dB 1 dB COMPR

3rd ORDER INTERCEPT:  +23 dBm
7 "

/ /if’n_//\

[

15.01/-177.03
15.23/ 153,97
16.20/ 124.20
15.18/ 96.2¢9

Call now or wnte US Patent 4,042 887

Q-bit Corporation 311 Pacihc Ave Paim Bay, Florida 32905
(305) 727-1838 TWX (510) 959-6257
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Microwave Products

3.7 - 4.2 GHz POWER DIVIDER

Model D1634M is 16 way isolated stripline power divider covering
the frequency range from 3.7 to 4.2 GHz. It provides a minimum
output isolation of 20 dB between adjacent boards with typical
isolation figures as high as 25t0 30 dB. The unit can be utilized as
either a power divider or combiner with a maximum SWR of 1.25
in either case. Total passive insertion loss is 1.2 dB maximum
with a typical amplitude balance over any 40 MHz bandwidth is
less than .01 dB, full frequency band amplitude balance is + 0.3
dB and phase symmetry of balance is maintained over the full
frequency within + 4° maximum. The unit operates over the -55
to + 125 Ctemperature range with power handling capabilities up
to 50 watts CW, 3 kW peak. Price: $275 per unitin small quantities.
Delivery: from stock. Engelmann Microwave Company, Boonton,
NJ Carl Schraufnagl (201) 334-5700.

Circle 149.

ZERO BIAS
SCHOTTKY DETECTORS

Model DZN19 zero bias Schottky detector offers a frequency
range of 100 kHz to 21 GHz with a K factor of 1000 minimum open
circuitand 600 minimum with a 3K ohm load. Flatnessis +1.5d8B,
(£.76 dB 10 MHz to 14.5 GHz), TSS is -53 dBm minimum and the
square law region covers -10 dBm to -35 dBm. Model DZN20
operates over the 100 MHz to 18 GHz frequency range witha TSS
of -561 dBm minimum; all other specifications are the same as
those for DZN19. Units are supplied with SMA male inputs and
SMA female outputin a 1.17” long package. Price: DZN19, $210
and DZN20, $195.00. Delivery: 6-8 weeks ARO. Omnlyig, Inc.,
Santa Clara, CA (408) 988-0843.

Circle 172.

Ultra Precision
&P

Hardware for Millimeter Applications

The A.J. Tuck Co. specializes in electroforming ultra-precision
hardware which cannot be produced by conventional means such
as casting, fabrication, or dip-brazing. [

A.J. Tuck Co. has no product lines of it's own. All work is to
specialized customer requirements. Our specialties are:

o Millimeter Components

« Transitions, Waveguide to Waveguide ‘

» Filters—low pass, high pass, band pass, cavities

« Antenna components such as feeds, pclarizers, orthomode
transitions and horns

¢ Overmoded waveguide components

¢ Elbows and bends

¢ Miniature double ridge waveguide

A.J).Tuck Company

P.O. Box 215
Brookfield, CT 06804
Telephone: (203) 775-1234
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Engineers

COMSAT Laboratories has immediate openings for:

MICROWAVE
ENGINEERS

To design and develop solid-state microwave
devices and circuits, including Gallium Arsenide
FET's Diodes, etc. Duties will include monolithic
and some hybrid circuit design.

This position requires a MSEE or PhD and a
minimum of 3 yrs. experience in the design of
active and passive microwave circuits.

COMSAT offers an excellent salary and benefits
including Thrift and Savings, Stock and Retire-
ment Plans, Medical/Dental/Life Insurance,
Continuing Education, and Federal Credit Union.

Send resume including salary history, to Dept.

' COMSAT

COMSAT LABORATORIES

22300 Comsat Drive
Clarksburg, Maryland 20871
(A suburb of Washington DC )

An Equal Opportunity/Affirmative Action Employer
MICROWAVE JOURNAL




Advertising index

Reader Page
Service Number
Number

73 Aertechindustries ......... 91
62 Alan Industries,Inc......... 82
48 Alpha Industries,Inc........ 60
64 Anaren Microwave, Inc. .. ... 84

32 Antenna & Microwave
Division Adams Russell .. .37

12 Anzac Division
Adams Russell .......... 14
84 ArtechHouse ........... 102
75 Avantek Inc. ............. 93
61 Aydin Vector Division ...... 80
16 Boonton Electronics ....... 22
Communications Careers .. .90
Communications

Satellite Corp. ......... 112
92,93 Dynatech/UZ,Inc. ... .. 110,111
80 EM Systems,Inc........... 94
27 W L Gore & Assoclates ..... 31

11,63 Hewlett Packard Co. .. 12,13,83
Horizon House Expositions, Inc.
88 Intelect’82 ............ 106
82 Nairobi October 1982 . ... 100
Horizon House, Iinc.
MTT-$1982 ........... 104
17 Hughes Aircraft Co. .. COVER 4
77 Insulated Wire,Inc. ........ 95
99 taltel/SIT ............. 50D*
67,76 Johanson
Manufacturing Corp. .. .87,96
3 K &L Microwave,Inc. ....... 3
81 KW Engineering,Inc. ....... 99
6 Litton Industries, Inc. ... ..... 6
79 Lockheed Electronics . ..... 97
30 Locusyine. ........¢5%. 58,59
89 Lorch Electronics, Inc. . . . .. 107
57 MetelicsCorp. . ........... 76
98 Microlab/FXR ........... 114
28 MicroneticsCorp. ......... 32
20,34 Microwave
Associates,Inc. ....... 25,41
86 Microwave Diode Corp. . ... 105
43 Microwave Power
Devices,Inc. ........... 43
2,9 Microwave Semicon-
ductor Corp. ... COVER 3,15
4,5,7, Mini Circults Laboratory .. 4,5,7

Reader Page
Service Number
Number
AN . @ v rvm B 11,20,26,30,
ABEIN W .52 T e e B 34,38,46,50,
3538} 0 om oA BB B 54,64,66,70,
SO MO VST PP N s 77,78,85,86,
3030 ey aih- L ilie @B e 88,89,90,92,
SHID2N Lt 4 55 90 F SO0 2 F @B me Loroe ¥ ue 113
58,59,
65,66,
68,69,
70,74,
97
QIS Mbtr s -k AT R Bl Rene < b 109
3BMIteqal x. it AL lrone e 51
101-108 Narda Microwave Corp. .. 8,9
54 New England
Executive Search ........ 72
18 Norlin Communications . . . .. 24
25 Oak Materials ............ 45
19 Pacific Measurements, Inc. ..19
1 Polarad Electronics .. COVER 2
Precision TubeCo. ....... 103
78 PTS Communications ...... 98
94 QBitCorp. ............. 112
55,56 RogersCorp.............. 52
60 Sage Laboratories ......... 79
39 Scientific-Atlanta. . ........ 53
100 SiversbLabs ............ 50A*
53 Solitron/Microwave ........ 7
15,36 Systron Donner Microwave
110 Division . ............ 21,49
50 Tech Systems Corporation
Technicraft Division . ... .. 65
85,87 Tecom
Industries, Inc. .. .... 103,105
41 TelonicBerkeley .......... 56
8 Thomson CSF/DCM ..... 50C*
44,45 Trak Microwave Corp. ...... 55
46,47
24 Transco Products, Inc. ..... 29
42 Triangle Microwave, Inc. ... .57
22 Trontech,inc. ............ 27
95 A.J.TuckCompany....... 112
83 Uniform Tubes,Inc........ 101
90 Ute Microwave,Inc. ....... 108
13,23 Watkins Johnson Co. . . ... 17,28
29 Zeta Laboratories,Inc....... 33

*Euro Global Edition

Sales Representatives

Bernard Bossard
Vice President

Howard Ellowitz

Publisher

Sandra Pasqualucci
Mgr. Sales/Marketing Administration

NEW ENGLAND, EUROPE
NEW YORK STATE,
MID-ATLANTIC, NORTHEAST,
SOUTHEAST, AND MIDWEST
Ed Johnson

610 Washington Street
Dedham, MA 02026

Tel: (617) 326-8220

TWX: 710 348 0481 L

Bronwyn Holmes,
Derek Hopkins
25 Victoria Street
London SW1H OEX, England
Tel: 44-(1)-222-0466
TLX: 851-8885744

Yamaguchi Bidg.
2-12-9 Kanda Jimbocho
Chiyoda-ku, Tokyo 101 Japan
Tel: 230-4117, 4118
Cable: REPRETIV Tokyo

TLX: J26860

DECEMBER — 1981

PACIFIC & MOUNTAIN
TIME ZONES

John Cotsworth

1000 Elwell Court

Suite 234

Palo Alto, CA 94303
Tel: (415) 969-3886

Tokyo Representative Corporation

power
splitter/

combiners
2 way 0°

-

I &1 1

10 to 1000 MHz
only $1995 .4

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

* miniature 04 x 08 x 04 in.
* MIL-P-23971/15 performance*
* low insertion loss, 0.7dB
* hi isolatior, 25dB
* excellent phase and
amplitude balance

PSC-2-4 SPECIFICATIONS

FREQUENCY (MHz) 10-1000

INSERTION LCES

above 3dB TYP  MAX
10-100 MHz GG BNIZ0)
100-1000 MHz 7, 2
ISOLATION, dB 25dB TYP
AMPLITUDE UNBAL 02 TYP
PHASE UNBAL 2 NP
IMPEDANCE 50 ohms

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, th2 Goldbook or EEM

rits are not GPL s fed
For Mini Circuits seles and distributors listing see page 46

finding new ways. ..
setting h'gher standards

[HAMini-Circuits

A Dwicron of Scientific Components Corporation
World's largest manutacturer of Double Balanced Mixers

2625E. 14th St. B'kiyn, N.Y. 11235(212) 769-0200
90 3REV ORIG

CIRCLE 97 ON READER SERVICE CARD



A lot
of people
supply
microwave
components
if you're
able to wait.

Microlab
keeps 10,000
in stock.

o
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

®
Ten Microlab Rd., Livingston, N.J. 07039
Telephone (201) 992-7700
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Newaj:/DLiterature

LOSSLESS FEEDBACK
AMPLIFIER BROCHURE

A brochure describing the application of
lossless teedback technology to RF ampli-
fiers for improved noise figure and output
performance power is available. The pub-
lication details design approach, expected
performance improvements and includes
a list of the manufacturer's lossless feed-
back products. Anzac Division, Adams
Russell, Burlington, MA (617) 273-3333.
Circle 131.

LOW LOSS DIELECTRICS
BROCHURE

A six-page full color brochure describes
the line of Di-Clad low-loss microwave PC
substrates with dielectric constants rang-
ing from 2.1 to 10. Detailed in the publica-
tion are Di-Clad 522 and 527, standards
for military program designers; 810 and
806 which produce high yields on small
circuits and 870 and 880 which assure
reproduction of circuit designs for sys-
tems operating above C-band. Keene
Corporation, Chase-Foster Division, Bear,
DE. Larry Girouard (302) 834-2100.
Circle 132.

PIN DIODE SWITCH CATALOG

A brochure detailing a complete line of
standard microwave PIN diode switches
operating over the 100 MHz to 18 GHz
frequency range is available. The line fea-
tures a variety of switches including octave
or multi-octave, currentor TTL-controlled,
and reflective or non-reflective units. Re-
cent additions to the line are high-speed
multi-octave multithrow switches. General
Microwave Corporation, Farmingdale, NY.
Moe Wind (516) 694-3600.

Circle 137.

STRIPLINE CIRCUIT BOARD
MANUFACTURING

Literature describing the manufacturing
capabilities for precision microwave strip-
line circuit boards is available. The 4-page
illustrated brochure highlights production
methods and manufacturing tech-
niques to successfully plate-thru-holes
and edges and describes bonded assem-
blies and the close front-to-back circuit
registration available. Soladyne, Inc., San
Diego, CA. Lloyd Wigman (714) 279-7872.

Circle 134.

SOLID STATE MICROWAVE
BROCHURE

A 4-color, 16-page brochure describes a
line of solid state microwave products.
Amplifiers for radar applications, broad-
band amplifiers for electronic warfare,
amplifiers for communication systems and
limiting amplifiers are detailed. Included
in the publication are technical discus-
sions, warranty provisions and product
descriptions. Varian Solid State Microwave
Division, Santa Clara, CA. (415) 493-4000.

Circle 138.

ATTENUATOR DATA SHEET

Series 763 High Power Attenuator is des-
cribed in this data sheet. Specifications,
outline drawing and Derating Curve for
the bidirectional attenuator available in 3,
6,10, 20and 30dB versionsare included in
the hiterature. Coverage from DC to 6 GHz,
low VSWR and flat frequency response
are features of the attenuator. The unit is
suited for testing in the small-signal range
where high power 1s used for the signal
source. Narda Microwave Corporation,
Plainview, NY. (516) 349-9600.

Circle 139.

TEM CELL LITERATURE

A brochure describing a line of TEM cells
for electromagnetic testing is available.
Included are details for the CC-series of
TEM cells with features, specifications
and applications for each deliniated. Instru-
ments for Industry, Inc., Farmingdale, NY.
Ronald Richards (516) 694-1414.

Circle 133.

RF ROTARY JOINT MANUAL

A 400-page technical manual for RF rotary
joints contains twenty pages of technical
information on the design aspects of rotary
joints and three hundred and fifty pages of
consumated designs are pictured and de-
scribed. Kelvin Microwave Corporation,
Woburn, MA. (617) 935-4800.

Circle 135.

GaAs MESFETS NOTE

A six page technical note, “Reliability
Study of High-Power Microwave GaAs
MESFETS" (Technical Note TN80901) in-
cludes data on failure modes, area of
safety operation, and screening by gate
leakage under RF operation. The note also
explains how to eliminate gradual degra-
dation and catastrophic failure. California
Eastern Laboratories, Inc., Santa Clara,
CA. Jerry A. Arden (408) 988-3500.
Circle 136.
]
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610 WASHINGTON STREET
DEDHAM, MASSACHUSETTS 02026
2. PRIMARY END PRODUCT OR SERVICE
PLANT geject a primary end product (or service performed) from the follow-
l | ing list which most closely describes the end product of the plant in
which you work and insert its number designation in this box. PLACE
v‘%gﬁ Select an item from the same list which most closely describes the STAMP
product or service that is your own work and insert its number HERE
D designation.
ORIGINAL EQUIPMENT MARKET
1 Radar Systems 12 Passive Components (includ-
2 Weapons Control, Ordnance, Fus- ing Antennas), Devices,
ing Systems Subsystems
3 Ground Support Equipment, 13 Materials, Hardware . 3
Aircraft/Missile 14 Industrial/Commercial Control, N lc ROWAV E
4 Navigation, Telemetry Systems Processing Equipment
5 Electronic Warfare Systems 15 Industrial/Academic Laboratories 3 ,ou R NA L
6 Communications Systems, Consultants .
Equipment 16 Government/Military: Research, 610 WASHINGTON STREET
7 CATV Broadcast Systems Design and Engineering
8 Data Transmission, Computer 17 Other (please specity) DEDHAM’ MA 02026
Systems ‘ USER
o lé:i?;/rs;(;tro-omlcalSystems, 18 Government/military
‘ 19 Industrial/commercial
10 Test and Measurement Equipment 20 Technical Library
11 Active Components (including .
Power Supplies), Devices, 8Osl (eleare.spumiy)
Subsystems
SEE REVERSE — MUST BE COMPLETED
NAME
PLACE
COMPANY STAMP
STREET HERE
CITY/STATE/ZIP
COUNTRY

(% /JOURNAL
>+ COMPUTER CENTER
610 WASHINGTON STREET
DEDHAM, MASSACHUSETTS 02026



Power Transistors

Products for Avionics
Pulse Power Amplifiers

_\ Pulsed

ELECTRICAL CHARACTERISTICS (@ 25°C)
e RN Test ‘1 Px: | Pw | Eff | Ve 2 “
A0 & ¥ . Model Frequency | Min { Min. | Max
- X . Number (MHz) ‘{ W | W | (%,_4_ V) (*C/W)
600 150 | 35 | 50 1 0.09

U - MSC 1600M 1090

- MSC 1550M | 1025-1150 | 550 | 150 | 33 | 50 | 0.09
MSC 1450M 1090 450 | 90| 38| 50 | 0.2
MSC 1400M | 1025-1150 | 400 | 90| 35| 50 | 0.12
% | MSC1350m 1090 | 350 | 70| 35| 50 | 020
- MSC 1325M | 025-1150 | 325 | 70 . 35 | 50 | 0.20
. MSC | 300M 1090 300 | 70| 35| 50 | 0.20
MSC 1250M | 1025-1150 ) 250 | 60 | 35 | 50 | 0.20
MSC 1175M | 1025-1150 | 175 | 30 ] 35| 50 | 0.30
MSC 1150M | 1025-1150 | 150 | 25| 35 | 50 | 0.30 |
MSC1090M | 1025-1150 | 90 | 13| 35| 50 | 0.60
MSC1075M | 1025-1150 | 75 | i3} 35| 50 | 060
MSC 1035M | 1025-1150 30 3{ 35| 50 1.00 |
MSC 1015M | 1025-1150 | 15 | 15| 35| 50 | 2.00 |
MSC 1004M | 1025-1150 4| 05| 35 28 | 500
MSC 1002M | 1025-115¢ 2 |025] 35| 35 | 10.00 |

B

NOTE These devices are ~haracterized under the follow -
ing pulse conditions (pw = 1C psec. duty =1%).

YOUR TOTAL MICROWAVE RESOURCH
MSC Avionics power transistors are hermetically
sealed Silicon N-P-N grounded base transistors
providing high gain, efficiency. and puised output
power at frequancies up to 1215 MHz. These tran-
sistors are available with internal input/output
 matched AMPAC™ packages. and the internal
“input matched IMPAC™ package. They are ideally
iited for microwave integrated circuit (MIC) de-
igns over broad bandwidths.
MICROWAVE SEMICONDUCTOR CORP.
A Siemens Company

. New Jersey 08873 (1.S.A
i1 TWX (7101 480-4730 TELEX 833473

~ CIRCLE 2 ON READER SERVICE CARD



There are a lot of Hughes TWTA's operating in a lot laurels and fade into mmmm uld be
of places around the globe. We have put over 3.000 of little value to you. But we MMW )
of them into the field since 1969 and some have Hughes has been a major factor in the :
logged over 40,000 hours of continuous operation business for a long time. And we mteﬂdbb&hh
This kind of longevity doesn't just happen. It's the for a long time to come. :
result of excellent design and top quality. And expert For all your present and future TWTA'!.‘.Lbe
service. Whenever you need it. Hughes provides the Hughes. For more information write Hughes Aircraft
expertise, the repair and even a “loaner” Company, Electron Dynamics Division,
TWTA for you to use while we're getting i Instrumentation Ampilifier Products,
yours back in shape. , 3100 West Lomita Bivd., Torrance,
If we were intending to rest on our ] ! Ca 90509. Or call (213) 517-6000.
HUGHES AIRCRAFT COMPANY

ELECTRON DYNAMICS DIVISION

Where innovation inTWTA technology is a tradition
CIRCLE 17 ON READER SERVICE CARD
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