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IDEAL PULSED SIGNALS

For Testing Radars

No Carrier Leakage
And Fast, Clean Pulses

New Signal Generators 0.8 - 21 GHz
Better Than All Sclid-State

Reliable “E"” Series Signal Generators consist of all
solid-state modules and a low-noise klystron cavity-
tuned oscillator...they conform to MIL-T-28800B.

Modern radar and ECM receivers require pulsed test
signals with negligible output between pulses. 80 dB
on-off ratio is needed for accurate measurement of
MDS and dynamic range. Polarad Signal Generators

Other advantages of the new “E” Series are:

e Pulse widths from 0.2 to 2,000 us; rates 10-10,000 pps.
¢ Low phase noise sidebands for receiver
sensitivity tests
e Stable, spectrally pure signals
e Accurately calibrated CW, FM, square wave and
pulsed outputs. Digital frequency readout

have no carrier leakage...on-off ratio is infinite. * Low Cost
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From Microminiature Receiving Filters to Transmitting Filters . Gaussian
Bessel . Butterworth . Chebychev . Manotonic or Elliptic Function . Highpass

Lowpass . Bandpass . Band Reject . Coaxial and Waveguide

Whatever your filter needs may be, only K&L can satisfy them all,  Mial Filter Sxown actaal size
Call or write for our descriptive catalog . . . and if you don't find the model
that meets your needs, we'll design one for you.

400 Coles Cirele Salistwry, Md, 21800 301.749-2424 TWX 710-864-9683
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Wavetek introduces the first
microwave signal generator with
intemal sweep.

In the 7 to 12.4 GHz frequency
range, you're going to have a
tough time finding a more
versatile signal generator than
the new Model 907A. Especially
at just $7,295.

The 907A is an all-solid-state,

cw signal source with AM, FM,
and pulse modulation
capabilities—plus its unique
internal sweep feature.

The instrument’s frequency
range is continuously vanable
with front panel or external
voltage control. Output is
displayed on a 3%-digit LCD
Output level is continuously
adjustable {rom 0 to -127 dBm
and leveled to half a dB. Another
3¥.-digit LCD displays the level

You can get FM and pulse
modulation from the 907A's internal
modulator, or these plus AM from
an external source. Because of its
tull modulation capabilities, the

Besides all of the above, GPIB
programming of frequency and
amplitude is optionally available.

We only know of one other
microwave signal generator that
approaches the Model 907A in
versatility, accuracy, and purity
And that's our Model 907 -the 7 to
11 GHz version which goes for
3$6,795. Either one gives you
exceptional performance for the
dollar. And that's something we
put into everything we make

Wavetek San Diego,

9045 Balboa Ave., PO. Box 651,
San Diego, CA 92112, Tel
(714) 279-2200, TWX, 910-335-2007
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Never available until now. . .

Ultra-low distortion
MIXERS

High-level (+17dBm LO)

Guaranteed -55dB
two-tone third-order
intermodulation spec

(below IF output)

Test conditions
RF 1 = 200 MHz, RF 2 = 202 MHz at 0dBm
LO = 180 MHz at+17 dBm

Special Features: ! $19.95

¢ Wide bandwidth Ly Rl e
50 kHz — 1000 MHz

e 1dB compression point +15 dBm

e Low insertion loss 6 dB

e High isolation, o
greater than 45dB / e

Conv. TOMPr.

. loss  level Size
\ 4B (dB: tn) Pric
¢ 3 c?nneCt?r verSIons’ M'::'d (;l’m) rv(un.) mm'.': Connedtions (w -"I‘- he) (Qtyf)
2 pIn versions TFMIH 2 - 500 85 14  apins  021x05x025 $2395(5-24)
TFM-2H 5 - 1000 10 ‘14 4 pins 021x05%025 $3195(5-24)
TFMaH 01 250 85  +13 4pins 021x05x025 $2395(5-24)
NOW. . . improve your systems TAK-IH 2 - 50 85 4 N pins 04208x025 $1995(5-24)
. TAK-IWH 5 -~ 750 90 414 3pine 04x08x025 $2395(5-24)
intermod spec by as much as 10dB TAK-3H 005 300 B85 +13 8 pins 04x08x025 321 95(5-24)
guaranteed. . . specify Mini-Circuits’ ZADASH 2 - 500 85  +14 BNC TNC  115225%140 $4095(424)
3 H ZAD-IWSH 5 - 750 90 ‘14 BNC,TNC  115x225x140 $4495(4:24)
state-of-the-art ultra- low distortion ZAD3SH 005300 85 ‘13 BNC,TNC  115x225x140 $4295(4-24)
Double-f%alanced Mixers. Prices start at ZLWISH 2 — %00 85  +14 SMA 088x150%1.15 $50.95(4-24)
an unbehevable |OW $19.95. o ZLW-IWSH 5§ 750 %0 14 SMA 0B8x150x 1.15 $54 95(4-24)
. . ZAW3SH 00530 B85 413 SMA 088x150x1.15 $5295(4-24)
with off-the-shelf delivery.
ZFMaM 2 - 500 85 414 BNC,TNC  125x125x075 $5395(1-24)
SMA.N
For complete speciﬁcations, ZFM2H 5 100 10 +14 BNS:AT:C 12551252075 $6195(1-24)
performance curves and application ZFM3H 005300 85  +13 BNCINC  125x125x075 $5495(1-20)
SMAN

information, refer to 78-79 MicroWave
Product Data Directory (pgs 161-352)
or EEM (pgs 2890-3058).

Impedance: 50 ohms, lsolation. 30 dB min

Qc‘nmrd, TNC on request Type N and SMA $5 00 additional
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Get 1 watt output from
vyour H-P generator
with a Mini-Circuits amplifier!

0.05 = 1000 MH=
from $l 99

Need more than the 10 mw available from
your signal/sweep generator or synthesizer
for system and subsystem testing?

Just add a Mini-Circuits’' ZHL wideband
amplifier and boost the 10 mw level to 1
watt or +30 dBm. Also, there’s an additional
benefit ... as much as 40 dB isolation will
be added between the generator and the
system under test. And VSWR is less than
2:1 over the full frequency range.

Upgrade your present generator now ...
check the specs and low prices below and
order your ZHL wideband amplifier today
... and we will ship within one week!

GAIN MAX. POWER | NOISE | INTERCEPT

MODEL | FREQ. | GAIN |[FLATNESS| OUTPUTdBm |FIGURE|  POINT Lo ks FRICE

NO. | MHz | dB 4B |1-dB COMPRESSION| db |3rd ORDER dBm|{VOLTAGE|CURRENT |$ EA. QTY.
ZHL-32A |0.05-130 | 25 Min. | +1.0 Max. +29 Min. 10 Typ.| +38 Typ. +24v 06A |199.00 (1-9)
ZHL-3A | 0.4-150 |24 Min. | +1.0 Max. +29.5 Min. 11 Typ.| +38 Typ. +24v 06A |199.00 (1-9)
ZHL-1A | 2-500 |16 Min. | +1.0 Max. +28 Min. 11 Typ.| +38 Typ. +24v 06A [199.00 (1-9)
ZHL-2 | 10-1000 | 16 Min. | +1.0 Max. +29 Min. 18 Typ.| +38 Typ. +24v 06A [349.00 (1-9)
ZHL-2-8 | 10-1000 | 27 Min. | +1.0 Max. +29 Min. 10 Typ.| +38 Typ. +2av | 065A |449.00 (1-9)

Total safe input power +20 dBm, operating femperature 0°C to +60°C, storage temperature —55° C to +100°C, 50 ohm impedance, mput and output VSWR 2.1 max.
For detailed specs and curves, refer to 1979.80 MicroWaves Product Data Directory, p. 364-365 or EEM p. 2970-2971.

Worlid's largest manufacturer of Double Balanced Mixers

- - - -
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M In I-c 'rcu lts

Domestic and International Telex 125460 International Telex 620158 MINI-CIRCUITS LABORATORY
A Dwision of Scientific Components Corp R45/Rev/C
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HP’s new budget-minded
Microwave Spectagiy
Analyzer St
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The new HP 8559A delivers

precision and convenience for
awide range of applications.

-
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HP’s new 8539A Spectrum
Analyzer plug-in with the HP 182T
display is easy-to-use, econom-
ical. and portable. The combina-
tion 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 frequency

span (resolution and sweep time
are automatically optimized),

and then set the reference level
and read signal amplitude.

The 8559A is a high-
performance instrument at a
truly affordable price. 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.

J

XN S
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Liadee

Domestic LS price only |

HEWLETT |
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the basic

device for

microwave
systems

—18-26 GHz
26-40 GHz

Octave Band Capability

Features
® Long Term Stability
® Extreme Temperature Stability
® Fast Switching Capability

® Withstands High Incident Power

® No Damaging Spike Leakage

Electrical Characteristics (@25°c)

measurement

all solid state

Coming
Events

26TH ANNUAL
TRI-SERVICE
RADAR
SYMPOSIUM
JULY 15-17, 1980

Sponsors: US Army
Combat Surveillance
and Acquisition Lab
and Radar and Op-
tics Div., Environ-
mental Research

Institute of Michigan (ERIM). Place: US
Military Academy, Mahan Hall, West Point,
NY. Description: advances in radar tech-
niques, devices and applications. Contact:
Henry A. Amble, Jr., ERIM, P.O. Box 8618,
Ann Arbor, Ml 48107. Tel: {313) 994-1200,

ext. 324.

10TH EUROPEAN
MICROWAVE
CONFERENCE

Sponsors: Associa-
tion of Polish Elec-
trical Engineers,

MSC FLATNESS POWER REQ
TYPE NO FREQUENCY RANGE ENR v MAX MAX

+1.5d8
+20 dB

MC51826W
MC 52640W

18.0 GHz to 26.5 GHz
26.5 GHz 10 40.0 GHz

+20dB
+30dB

+28V, 20mA
+28V, 20mA

MC 7215w 19.9 GHz 10 23.1 GHz +05dB | +t06dB +28V, 20mA
MC 7300W 29.7 GHz to 30.3 GHz 23 dB +05dB | +0.6dB +28V, 20mA
MC 7315w 31.2 GHz to 31.8 GHz 23 0B +05adB | 0648 +28V, 20mA
MC 7350w 34.7 GHz to 35.3 GHz 23 dB +05d8 | +t06d8B +28V, 20mA

YOUR TOTAL MICROWAVE RESOURCE

Custom selected Noise Sources with nar-
row-band (15%) optimization of ENR and
Flatness are available. Please call or write
for a complete Noise Measurement Product
Data Packet.

r JL]
l||= = MICROWAVE SEMICONDUCTOR CORP.
100 School House Road
Somerset, New Jersey 08873, U.S.A.

(201) 469-3311 TWX (710) 480-4730 TELEX 833473
N,
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SEPT. 8-12, 1980 EUREL, IMPI,
URSI and IEEE
Region 8 — in association with Microwave
Exhibitions and Publishers, Ltd. Place: War-
saw, Poland. Contact: Prof. Andrzej Sowir-
ski, EUMC Conf. Chrmn., Industrial Institute
of Electronics, ul Dfuga 44/50, 00-241,
Warszawa, Poland.

EASCON 80 Sponsors: IEEE -
SEPT. 29 - Washington Sect.
OCT. 1, 1980 and Aerospace and

Electronics Systems
Society (AESS). Place: Sheraton National
Hotel, Arlington, VI. Theme: ““The 1980s —
Electronics Systems Decade.’” Contact:
EASCOM 80, 608 H Street, S.W., Washing-
ton, D.C. 20024. Tei: (202) 347-7088.

1980 IEEE INT'L Sponsor: |EEE
SYMPOSIUM ON Place: Baltimore
ELECTRO- Hilton Hotel, Balti-
MAGNETIC more, MD. Theme:

COMPATIBILITY
OCT. 7-9, 1980

A Constellation of
ldeas.’’ Contact:
Thomas J. Bode,
Publicity, EMC '80, P.O. Box 1711, Annap-
olis, MD 21404. Tel: (301) 267-2898.

MILITARY Sponsor: Microwave
MICROWAVES ‘80 Exhibitions and
CONFERENCE Publishers Ltd.
AND EXHIBITION Place: Cunard in-
OCT. 22-24, 1980 ternational Hotel,
London. Topics:
Military applications of microwave engineer-
ing. Contact: R. C. Marriott, Managing Dir.,
MEPL, Kent TN13 1JG. Tel: (0732)
59533/4. Telex: 95604 YNLTD G.

GaAs IC Sponsor: |EEE
SYMPOSIUM Electron Devices
NOV. 4-6, 1980 Society. Place:
tmperial Palace
Hotel, Las Vegas, NV. Topics: linear mono-
lithic signal and power and digital integrated
circuit, development and applications, de-
vice physics, modeling and simulation, etc.
Howard Phillips, Chrmn, Lockheed Micro-
electronics Cent., Space Systems Div., Dept.
62-46, Bldg. 151, Lockheed Missiles & Space
Co., P.O. Box 504, Sunnyvale, CA 94086 2%
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Enhance target detection.

Varian Canada introduces
the first 95 GHz EIA.

Varian Canada, a leader in mili
meter wave technology, has
developed the world's first Ex-
tended Interaction Amplifier for
new millimeter radars.

For demanding fire control re-
guirements; battlefield surveil-
lance; airborne; shipboard and
ground-support mcbile radar,
Varian's 95 GHz EIA provides
coherent source capability.

The new EIA is designed to be
mechanically tuned over 1 GHz
minimum with an instantaneous
bandwidth of 200 MHz and has
demonstrated 2.3 kW peak RF
output at 33 dB gain. Light
weight is achieved by using sa-
marium cobalt and volume is
less than 90 cubic inches.

June — 1980

Varian Canada's millimeter de-
velopments continue to ad-
vance to meet new generation
radar systems reqguiring pulsed
or CW amplifiers in the 35, 95
140 and 220 GHz windows.

24 s
o TRE 23001 EIA

93 M 94 i 4415
FREUVENCY Gt

More information s available
from Varian Canada. Or the
nearest Varian Electron Device
Group sales office. Call or write
today.

Circle\ 10 60 Readir Sérvice Card

Electrcn Device Group
Varian Canada, Inc.

45 River Drive
Georgetown, Ontario
Canada L7G 2J4
Telephone 4160457-4130,
ext. 235

varian

Insist on the original.
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Publisher’s Note: This month’s Sum Up is
provided by one of our Associate Editors,
Dr. J. C. Wiltse of the Engineering Experi-
ment Station at Georgia Tech. Dr. Wiltse
was responsible for assembling the contri-
buted articles on mm wave subjects which
are featured in the issue.

This issue concentrates on millime-
ter wave developments in several areas,
ranging from component design to
satellite systems analysis, and further
to electropolitical questions relating to
government support for millimeter
wave programs. By observing current
technical and trade journals, as well as
symposium agendas, one can see that
millimeter-wave research and develop-
ment activity is at a high level. This
was further confirmed recently by an
announcement by Dr. William Perry
(Department of Defense research di-
rector) that excellent progress is being
made in the military application of
millimeter waves to detection and
guidance systems.

THE MICROSTRIP DIPLEXER

If, several years ago, someone had
asked whether microstrip (or other
forms of TEM lines) would become a
useful and popular type of transmis-
sion line at frequencies as high as 100
GHz, probably most engineers would
have been doubtful, particularly since
several alternate waveguiding schemes
were (and still are) under investiga-
tion. However, much very good devel-
opmental work has been accomplished
by various workers, and the article by
D. Rubin and D. L. Saul illustrates this
point. They have produced a micro-
strip diplexer which provides excellent
electrical properties in the 28 to 40
GHz region, and is also the basis for
the design of a triplexer, an integrated
downconverter, and a frequency stabi-
lized oscillator. Moreover, Rubin and
Saul give specific design and configura-
tion layout information.

NEAR MILLIMETER-WAVE IC’s

The paper by S. E. Schwarz and
D. B. Rutledge addresses the possibil-
ity of developing integrated circuit
techniques and components at much
higher frequencies, using microfabri-

cation technology. The frequencies
discussed include both the submillime-
ter and millimeter wave region. The
authors describe dielectric waveguides,
antennas, a V-coupler, Schottky diode
mixers, integrated receivers, and de-
tector arrays. The results are prelimi-
nary, but the innovative approaches
may help point the way for others.

MILLIMETER-WAVE
COMMUNICATION SATELLITES
An area with a surprising amount of
technical activity in recent years has
been the consideration of millimeter-
wave satellite communications. NASA,
DoD, and the Services have supported
numerous analyses, and study reports
have been published by the RAND
Corporation, MIT Lincoln Laboratory,
and other university and industrial
organizations. The IEEE EASCON ‘79
Symposium included several such re-
ports, for example. In this issue L.
Holland, N. Hilsen, J. Gallagher and
G. Stevens describe an investigation
into the considerations of cost, weight,
performance, and design trade-offs for
frequencies between 18 and 80 GHz,
with primary emphasis on 40 and 50
GHz. In Part | of this article, concep-
tual designs are presented for point-to-
point and broadcast communication
satellites. Channel costs are compared
with current tariffs. Since technical
feasibility is already established, such
cost information is very important for
planning of future satellite systems.

US ARMY MILLIMETER-WAVE
PROGRAMS

Additional subjects discussed by our
other authors include relevant con-
tract activity by the US Army Elec-
tronics Research and Development
Command. This is Part It of the article
dealing with the US Army Advanced
Planning Briefing held in November
1979, the programs in the millimeter-
wave region to be funded from 1980-
1985 are shown. In general, funding is
directed toward the design of low cost
mm-wave components for high resolu-
tion radar, terminal homing device,
wideband receiver and secure commu-
nications applications.

MILLIMETER-WAVE
REFLECTOMETER

A swept 26.5 to 110 GHz reflectome-
ter system is described. Above 40GHz,
considerable inaccuracy is associated
with impedance measurements em-
ploying slotted lines of hybrid imped-
ance bridges. System components are
described and charts relating system
accuracy to coupler directivity and
test mismatch are provided. A com-
puter controlled version of the system
is also supplied.

JAMES C. WILTSE, Associate Editor

World Radio History

Workshops
& Courses

MICROWAVE CIRCUIT DESIGN

Sponsors: U. of Maryland, University
College, UCLA Extension
July 7-11, 1980 — Cent. for
Adult Ed., College Park, MD.
October 27-31, Rm. 6266,
Boelter Hall, UCLA

Fee: $575

Content: Microwave circuit design

techniques, plus lab sessions.

Contact:  Technical Info. — Les Bes-
(Coordina- ser, Pres., Compact Engi-
tor and neering, Inc., Palo Alto, CA.
Lecturer) Tel: (415) 858-1200
Program Info. — Conf. and
Institutes Program, U. of
Maryland.
Tel: (301) 454-5237
UCLA Extension,
Tel: (213) 825-1295

FIBER OPTIC COMMUNICATION
SYSTEMS

Sponsor: Universityof California
Extension, Santa Barbara
Date: July 7-11, 1980
Site: Rm. 1104, Engineering Bldg.,
UC, Santa Barbara
Fee: No. X457 - $550 (enrollment
deadline — June 23}
Descrip- Review of fiber optic tech-
tion: nology, with emphasis on
practical system design and
system components.
Contact: The Director of University
Extension, 1833 Ellison Hall,
UC, Santa Barbara, CA
93106.
Tel: (805) 961-2944.

RADAR TECHNOLOGY

Sponsor: Boston |[EEE AESS (Aero-
space and Electronic Sys-
tems Society)

Date: July 14, 1980

Site: Hotel Thayer, West Point, NY

Lecturer: Eli Brookner, Consulting
Scientist, Raytheon Co.

Fee: $105, member $120, non-

{includes member — by July 6

text) $120, member $135, non-
member — after July 5

Descrip- Sessions on fundamentals of

tion: radar, trends in signal process-

ing, and radar components.
Contact: Duane Matthiesen, V.P. IEEE
IEEE AESS
Technical Info — Mitre Corp., Bedford,
MA. Tel: (617) 271-
2000, ext. 2309

Program Info. — Boston IEEE AESS,
282 Marrett Rd.,

Lexington, MA 02173
=

R

Dates &
Sites:




Better Performance
at alLower Price.

Recent advances in Gunn diode technology and circuit
topology have enabled Watkins-Johnson Company to
K- and Ka-Band offer substantial improvements in its high-frequency

YIG_tuned YIG-tuned Gunn oscillators. For example, the patented

W-J GaAs Gunn diode and coupling loop assembly has
oScill ators greatly increased efficiency and reliability. Improved
performance offers substantial advantages over
from multiplied schemes. And, this performance Is available
at a remarkably low price

watkins-jOhnson These units can also be supplied with drivers and

internal voltage regulators, which provide a fundamental
company source requiring only £15V to operate and 0 to 10V to
tune. All units can be provided with an FM coil for
fine-tuning and phase-locking applications
To find out how a Watkins-Johnson YIG-tuned K- or
Ka-band oscillator can enhance your system's design
and performance, contact the W-J Field Sales Office
in your area or phone Ferrimagnetic Applications
Engineering in Palo A'to, California at (415) 493-4141
extension 2252.

Model # Frequency Minimum Power Linearity Drift (10-60°C) Bias
WJ-5600 18-26.5 GHz 20 mwW +20 75MHz 12-4V @ 525 mA
WJ-5610 26.5-40.0 GHz 15 mW =50 120 MHz 10-2V @ 650 mA

.l | WATKINS-JOHNSON

Watkins-Johnson—U.S.A.: « California, San Jose (408) 262-1411, El Segundo (213} 640-1980 » Georgia, Atlanta 1404) 458-9907 e District of Columbia, Gaithersburg, MD 301}
948-7550 « Massachusetts, Lexington (617) 861-1580  Ohio, Fairborn (513} 426-8303 » Pennsylvania, Haverford (215) 896-5854 o Texas, Dallas | 214) 234-5396 » United Kingdom:
Shirley Ave , Windsor, Berkshire SL4 54U * Tel Windsor 69241« Cable WJIUKW-WINDSOR e Telex 847578 » Germany, Federal Republic of: Manzingerweg 7. 8000 Muenchen 60
« Tel (089) 836011 « Cable WJDBM-MUENCHEN o Telex 529401 e Italy: Piazza G Marconi, 25 00144 Roma-EUR ¢ Tel 59 45 54 ¢ Cable WJROM-1 e Telex. 612278
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Guest Editorial

MILLIMETER WAVES...
Who’s Responding to the Challenge

Andrew S. Kariotis, president
and chief executive officer of
Alpha Industries, joined Al-
pha just after its inception in
1962. He becamne a vice presi-
dent of Alpha in 1964, execu-
tive vice president in 1372,
and president in 1975. He has
been a member of the board
of directors since 1967,

Prior to joining Alpha, he
held various marketing posi-
tions with several high tech-
nology firms in the Boston
area for eight years. These
assignments followed his grad-
uation with honors from the
M.1. T. Sloan School of Man-
agement in 1954.

14

As was pointed out in these pages a
few months back, the microwave in-
dustry has come of age in the past
thirty years and established its place
both in society and the business com-
munity. The acceptance has indeed
become so complete that it has fairly
well consumed the frequency spectrum
once perceived as frontier territory.
And although new technologies are
making increasingly effective utiliza-
tion of the spectral region, there has
always been the knowledge that this
resource was limited and that exploita-
tion of the mm range was inevitable.

It has been difficutt for people in
the microwave field to be neutral in
their perception of the frequency dec-
ade from 30 to 300 GHz. There have
always been some strong advocates for
its exploration and utilization, and a
larger group who felt (or feel) that
there was little, or no, potential here
for serious consideration. The dichoto-
my — due largely to atmospheric vaga-
ries — persists.

There were basic problems with
these frequencies: they had no satis-
factory solid state approaches to such
essentials as oscillators and transmit-
ters; and the component manufacture
bore a strong resemblance to the jew-
elry business in both craftsmanship
and price. In the world of financial
reality this was an anathema. The
promise of the laser and infrared ap-
plications had the glamour, the good
promise, the financial support and
some fantastic results. The mm region
remained a void between mw and IR.

Lack of financial support from
the government and visibility for mar-
ket potential ties the hands of public
corporations from investing dispropor-
tionate IR&D funds. So the evolution
at this range has been very gradual.
However, we believe that even in this
rather laissez-faire environment, the
diode and circuit developments of the
past decade have been significant.
They have brought the key elements
of mm systems — i.e., the transmitter
and receiver — to a level where a wide
variety of mw systems can now have
their mm counterparts, and function
quite well.

We are recognizing, now, that for
all its benefits, infrared is not a pana-
cea for smart weapons in a battlefield
situation. Mm waves can provide an
adjunct or an alternative in the preci-
sion-guided munitions field.

We have long felt that the mm
spectrum needed but one large systems

NVorld Radio History

push to open up the frequency range
for a variety of potential applications.
The millimeter seeker could provide
this essential drive in this decade.

Once certain key components have
been produced in quantity, and the
proper production methods and tech-
niques established, the long-standing
barrier of price disparity in millimeter
systems will quickly vanish. We should
not, for example, sit quietly by and
concede the high frequency communi-
cations market to foreign development.

The industry now has diodes and
components for transmitters, pulsed or
spread spectrum, which can provide
adequate energy on target for active
systems. Also, the industry has devel-
oped receivers at 94 GHz, for example,
which are comparable in performance
to X-band equipment.

For the short-range applications,
tactical weapons and communications,
we should stop postulating impedi-
ments and start fostering more rapid
development. To date, many of the
advances have been made with a signi-
ficant amount of private investment
as the millimeter frequency range lan-
guished through the infrared period.

If the disparity of armor in Europe
is a serious tactical problem, and if the
millimeter seeker presents a potential
solution for the problem; then we
would expect a clarion call to provide
such systems with some associated
urgency and funding. The systems
houses venturing into the mm field
cannot afford unilaterally to tool up
for production, and the component
suppliers are generally even less well
endowed. If these weapons systems
are to be deployed in the '80s, the sig-
nal must be very clear from the DoD
that they are serious and committed.
In the short run, it may be very cost
effective to solicit a $1M system with
a $0.5M budget and the prospect of
production. There will be takers. But
after a few such ventures with no pro-
duction forthcoming, there will be a
growing reluctance in the industry.
Component houses can neither grow
nor flourish if the systems houses are
required to ask them to cost share ev-
ery development. The same rationale
can be applied to totally vertically in-
tegrated houses with internal cost or
profit centers.

Industry has time and again proved
itself capable of responding to a chal-
lenge when the commitment of the
government is evident. There is an ex-
citing potential here. 3
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94GHz

latching ferrite switches

For over a decade Eleciromagnetic Sciences has been the industry leader
in providing state-of-the-art microwave ferrite switches. We have ex-
tended this technology into the upper millimeter frequency range and
now offer latching switches, circulators, isolators and switching assem-
blies at frequencies as low as 3 GHz and as high as 100 GHz.

Typical performance specifications, Model 409 D-11

Frequency:
Configuration

Insertion Loss:

Isolation:

Input VSWR:

Weight:

Waveguide Size:
Total Switching Time:
RF Switching Time:
Switching Rate:
Switching Energy:

93 to 95 GHz

Single junction waveguide latching
circulator with electronic driver

0.75 dB max. (0.5 dB typ.} room
temperature and 0.85 dB max. (0.6 dB
typ.) 0 to +50°C

18 dB minimum (20 dB typical) room
temperature and 16 dB min. (17 dB
typ.) 0 to +50°C

1.30:1 (1.25:1 typ.) room temperature
1.40:1 (1.35:1 typ.) 0 to +50°C

250 grams

WR 10 (UG 385/U flanges)

0.75 microseconds max.

0.2 microseconds manx.

1 KHz

Less than 100 microjoules
per switching event.

Electromagnetic
Sciences,

125 Technology Park/Attanta §1VG.
Norcross, Ga. 30092
Tel: 404-448-5770 TWX: 810-766-1599

June — 1980
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CANADA DATRON CANADA. LTO . Toronto, Tel 416 233-2930
FRANCE DATRON Vincenne, Te' 808 02 60

GERMANY MICROSE.AN GmEH 1-maningb Muenchen Tel 089 96163
INDIA HIRMAL INTERNATIONAL New Deihi Tel 694089

ISRAEL DAGE ISRAEL Ltd Tel Aviv Tel 03 719191 6

ITALY TELECTRON SpA Roma Tet 5917785

JAPAN NEW MITALS ANC CHEMICALS CORP Ltd Tokyo Tel 201 6585
SWEDEN AIGERS ELEKTRONIK AB  Sundbyberg Tel 08 385475

THE NETHERLANDS DATRON BV Kortenhoef Tel 35 60834

UK C 7 LONDON ELECTRONICS London England Tel 01 527 5641
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Measure transmission and
reflection with
stark simplicity, 1-1500 MHz.

I’s aWiltron.

Here in one compactinstrument,
Wiltron gives you a complete RF Analyzer
for swept measurements on 500 or 75Q
devices over the 1to 1500 MHz range.

Use the Wiltron 640 to make
transmission gain/loss, reflection (return
loss/SWR), absolute power and absolute
frequency measurements. You'll find the
640is one of the easiestinstruments you've
ever used. Simply connect the test device.
You won't need an armful of couplers,
amplifiers, cables or other equipment. All
the circuitry — sweeper, directional signal
separator, calibrated amplifiers, detectors
and display system —is inside the case.
No more muddled measurements.

Wiltron's 640 offers features
you won't find in far bigger, more expensive
instruments.

It gives you the most versatile
marker system available, stable, crystal
accurate, on a dual-trace display with a
*+90 dB calibrated offset.

You can precisely sweep over
the entire 1500 MHz range or over just
1 MHz. Dynamic measuring rangeis 70 dB
(+15 to —55 dBm). Measure return
loss to below 30 dB (1.06 SWR).

Low cost plug-in flexibility.

Five plug-ins are offered:

a swept signal source, log reflection unit,
log transmission unit, linear amplifier
unit and log transmission/reflection unit
for use with external detector and SWR
Autotester.

Ask for Technical Review #7.

For complete details ask for
a copy of Technical Review #7. For an early
demonstration, call Walt Baxter, Wiltron,
825 East Middlefield Road, Mountain View
CA 94043. Phone (415) 969-6500.

WILTROIN
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Critique

¢ of
Microwave Export
Performance

TED SAAD

Sage Laboratories, Inc.

Natick, MA

Special Report

INTRODUCTION

The history of the microwave
industry has been one of feast or
famine. Not too many vears ago,
most of us relied primarily on
the Department of Defense for
our well-being. In more recent
years, however, with the growth
in non-DoD microwave commu
nications and radar and commer-
cial and industrial applications,
our reliance on the DoD has dim
inished. We have also seen a
growth in non-U.S. markets. The
objective of this paper is to dis-
cuss and critigue the Export Per
formance of U.S. Microwave
Companies.

To limit the study, | chose to
concentrate my efforts on those
companies exhibiting at the 1980
MTT Symposium in Washington,
DC, and in particular those that
could be classified as national
rather than multinational organi-
zations. From a list of exh:bitors,
| was able to select 68 companies
that appeared representative of
our industry. A questionnaire

was prepared and mailed to each,
along with a stamped addressed
envelope and a completed ques-
tionnaire prepared by my own
company to encourage participa
tion.

In tabulating the results and
analyzing the data, there ap-
peared to be no surprises. It
seems that because we all talk
with one another, most of us
conduct our export business in
similar fashion. Of 68 guestion
naires mailed, 28 completed
questionnaires were returned. An
additional 7 were returned, but
with financial details omitted.

EXPORT SALES

To help understand the data,
| have arbitrarily divided the
companies into four major
groups (A, B, C and D) based on
sales volume as shown in Table |.
The largest company, reporting
sales in excess of $125 million,
was omitted from this tabulation.
Also, one can argus the validity
of group D, with such a small

TABLE |
GROUP

A B c D
Number of Companies 9 9 6 3
Sales Range (in millions) .3-25 3.35.5 7.0-9.0 12.0-26.0
Total Sales (in millions) 12.74 39.61 49.38 53.20
Export Sales (in millions} 1.15 5.53 10.32 11.39
Export Sales % 9.0 14.7 20.9 21.0

June — 1980

sample. However, the first piece
of data indicates that our per-
centage of export sales increase
with sales volume. Not a surpris-
ing statistic.

EXPORT SALES BY TERRITORY

The next result to examine is
to whom do we export. Here
again, there are no surprises and
once more the tabulation in
Table Il is based on the groupings
indicated in Table I.

TABLE Il
GROUP
Territory A B (G D

Western Europe % 6.7 9.0 136 129

Eastern Europe % .01 .8 -— 6
Japan .5 25 15 26
Canada 2 1.2 16 34
Other 15 1.2 42 58

If you check, you will note that
the data for Group D in Table |
does not correlate with the data
for Group D in Table II. That is
because only two of the three
companies reporting chose to
break out their export sales by
country. Although export sales to
Western Europe show an other
wise uniform progression with
company size, sales to the other
areas appear to follow a more
random pattern. In many in-
stances, it is the statistics from
one or two companies that make
the major differences. For exam

fcontinued on page 21)
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Now you can add famous
Rust-Oleum’ protection to
aviation obstruction markings.

We’re up to any job. Rust-Oleum
offers a full line of tower coatings for
marking aviation obstructions, suchas ,

microwave transmission towers, //\\r

applied with brush, roller, spray or

paint mitten. And because they're

., water reducible, clean-up is fast and
simple.

antennas and smokestacks. Our \ Get our free guide.

Aviation Surface White and
Orange finish coats meet FAA
specifications, including
standards for luminosity
and chromaticity. These
durable coatings are avail-
able in high-gloss and flat
finishes.

High quality, lasting
protection. Backed by the
right Rust-Oleum primer,
our tough vinyl and water-

Rust-Oleum offers a bro-
chure explaining FAA reg-
ulations on tower coatings
—including a guide to
marking patterns. To get a
free copy, contact your
local Rust-Oleum distrib-

base acrylic tower coatings
give years of low-cost pro-
tection against weather-
ing and corrosion without
dulling or fading. No primer is usually
needed on galvanized steel surfaces.
— Easy on,
easy clean-up.
Rust-Oleum tower
coatings can be

&—l& "" .

utor or applications specialist. Or
write us at our home office.

un RUST-
CORPORATION

11 HAWTHORN PARKWAY
VERNON HILLS, ILLINOIS 60061
TELEPHONE (312] 367-7700
TELEX 72-4494

" Rust-Oleum
has the system.

Indystrial
Coating |
Systems
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(from page 17) CRITIQUE

ple, only one company in Group
A and only two companies in
Group B reported shipments to
Eastern Europe. If this exercise
were to be repeated, other coun-
tries and areas should be added
to the list, for example, Israel,
the Middle East, South America,
Africa, etc. In addition, the coun-
tries in Western Europe should be
listed separately.

The discussion to this point
gives the results of the first two
questions. What follows is a tabu-
lation and analysis of the results
question by question. Group E
consists of those companies who
did not submit financial data.

HOW DO YOU SELL
OUTSIDE THE U.S.?

TABLE 111

GROUP
A B C D E

h /% Sales Representative 6 7 6 3 4

2. Company Sales

U el 2722
Personnel ;
3. Export import 3 3 1
Agency
4. Catalogue 2
5. Other |

The numbers will be greater than
the number of companies, since
several companies listed more
than one sales technigue. That
will be true for most of the re-
maining questions.

The results clearly indicate
that for the size companies we are
discussing and for the business
they are in, sales representatives
are the most popular way to sell
outside the U.S. Very often a
small company or one with no
experience oviside the U.S. will
use an export-import agency.
This may be desirable with cer-
tain types of products but with
conventional microwave products
the company must be more in-
volved in the sales effort. And as
any good sales representative
whether inside or outside the U.S.
will state, the principal must re-
spond, communicate and visit to
achieve optimum results.

DO YOU HAVE A SEPARATE
CATALOGUE?

Only two companies reported
having separate catalogue for
sales outside the U.S. The fact is

June — 1980

that technical catalogues, in
whatever language, are easily un-
derstood by most engineers. In
addition, most non-U.S. engineers
are familiar with spoken and
written English. Only one addi-
tional cautionary note. Is it ad-
visable not to include prices in
the main text of the catalogue.
One useful technique is to pre-
pare a separate price sheet (even
for U.S. use) since non-U.S.
prices are affected by duty and
taxes, over which the U.S. manu-
facturer has little control.

DO YOU PURCHASE SPACE
ADVERTISING FOR SALES

OUTSIDE U.S.?
TABLE 1V
GROUP
A B c D
Yes 1 6 2 2
No 8 3 a 1

Here the results are not clear.
One confusing element may be
the excellent international circu-
lation of the professional and
trade publications produced in
the U.S. An ad placed in the in-
ternational edition of most good
U.S. professional or trade publi-
cations will reach the market out-
side the U.S.

DOES YOUR COMPANY EXHIBIT
IN SHOWS OUTSIDE THE U.S.?

TABLE V
GROUP
A 8 (o] D E
Yes 1 9 6 3 S
No 2 0 0 0 2

Of those answering yes, there
were the further questions as to
whether they exhibited in their
own stand (booth) or their Reps’
stand and how many shows per
year.

TABLE VI
GROUP

A B Cc D E

Reps Stand 5 8 3 2
Own Stand 2 1 1
Both 2 1 1 2 2

Average No. of

Shows Per Year 2.3 29 3.0 4.0 27

The exhibits are an important
sales tool for sales representatives
outside the U.S. The exhibits
tend to be more sociable but no
less business oriented. Here, if
there is a language difference, it
can be difficult for the U.S. prin-
cipal unless he speaks the lan-
guage. But the exhibits are worth
attending periodically, but not
every exhibit every year. The
changes are too gradual to justify
the time and expense.

HOW MANY WORKING MAN-DAYS
DO PEOPLE FROM U.S. FACILITY
SPEND ON SALES OUTSIDE U.S.?

TABLE VI
GROUP
E B C D E
Average No.
of Days 13 26 40 150 33

These results indicate the obvi-
ous, that the larger the company
side the U.S. In our own experi-
ence this is perhaps the most im-
portant factor (other than prod-
uct) in sales, both inside and
outside the U.S.

HOW SOPHISTICATED ARE THE
PRODUCTS YOU SELL OUTSIDE
U.S. COMPARED TO PRODUCTS
SOLD IN U.S.?

TJABLE VIil

GROUP

More
sophisticated

Less
sophisticated 1 2 1 1
Same 8 7 6 2 6

This is not a surprising result.
However, based on past experi-
ence (10 years ago) there would
have been more votes for less so-
phisticated products. Products
being sold outside the U.S. are
essentially similar to those sold
inside. Years ago, sales were
probably made through the cata-
logue or advertising alone, but
with the increase in travel and
sales representatives’ experience,
the shift has been in the direc-
tion indicated.
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HOW DO YOU PRICE PRODUCTS
SOLD OUTSIDE THE U.S.?

TABLE X

Te Sell to rep at discount
he sets final price

2. Sell to rep at U.S. price
he sets final price

3. Sameas U.S.

4. Special price list
lower than U.S.

5. Special price list
higher than U.S.

6. U.S. prices, plus shipping
costs, plus import duty

7. All prices negotiated

8. Other

One of the reasons for some com-
panies indicating more than one
pricing procedure stems from the
fact that they use different pric-
ing techniques for different coun-
tries. In examining the resuits as
compared to % of sales outside
U.S., there appeared to be no sig-
nificant correlation. One of the
advantages of selling to the sales
representative at a discount (us-
ually the catalogue price, less the
U.S. rep commission rate) is that
it reduces the import duty and
hence makes the product a bit
more competitive. The disadvan-
tage is that unless you have an
agreement with the rep as to the
price to the customer, he is free
to set his own price.

IS COMMISSION BASED ON A
SLIDING SCALE?

TABLE X
GROUP

At level of commission

$10,000 1 1

$25,000 2 1

$50,000 2 1
$100,000 1

Here too there was no correlation
between these resuits and the %
of sales outside the U.S.

22

TERMS OF SALE?

TABLE XI

GROUP

A B [ D E
1. Openaccount 7 8 5 2 v 14

2.  Letter of credit 1 7 4 3 B
3. Sight draft 2 2 -
4. Time draft

5. Authority to purchase

6. Consignment 1

Two of the companies listing
multiple terms of sale were speci-
fic in citing special terms for cer-
tain countries. This was perhaps
true of the other companies list-
ing more than one term of sale.

COLLECTION SPEED?
TABLE XII
GROUP
A B Cc D E

30 days 1 2 1

60 days 6 4 1 1 4
90 days 2 3 4 2 2
CcOoD 1

Although the collection speed
seems to be a bit slower than for
U.S. sales it is a decided improve-
ment over collection speed of a
few years ago. But just as in the
U.S., one must be persistent in

collecting from customers outside
the U.S.

RFQ VS. CATALOGUE ITEMS?

The results of this question
were compiled and compared to
% of total export sales as shown
in Table XII1.

TABLE XIill

% OF TOTAL EXPORT SALES

GROUP
A 8 C D
Competitive
Quotes 60 33 52 31

Catalogue Sales 38 66 31 64

Other 2 1 17 5

Here the results appear to be ran-
dom. This may be due to the fact
that the companies reporting vary
from one extreme wherein the
company has an extensive range
of catalogue products and
chooses not to deviate, to the
other extreme of the engineering-
systems type company that
chooses to bid every program.

HAVE YOU NOTICED AN
IMPROVEMENT BECAUSE OF
DOLLAR DEVALUATION?
TABLE XIV
GROUP

No 3 3 1 5
Some 6 4 5 2 2
Significant 2 1
SUMMARY

In conclusion, it would appear
that there are differences in our
various export techniques. How-
ever, with the exception of travel
outside the U.S. there does not
appear to be one overriding tech-
nique which above all others gives
rise to export sales. Rather, it
goes back to the basics: good
product, good sales effort, good
communication, good service and
occasionally being in the right
place at the right time. And if
you accept the definition that
luck is when preparation meets
opportunity, then one must add
fuck. ¥
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For some people
acking accurac
sarvival.

s
NULL DEPTH 40 48
T T

| camsosen

!/hen yodrabsolutely have to
I| know where its at, you're on the
right track with an Alpha mono-
pulse antenna.

Call or send for Alpha’s new

Superior in tracking capability,
Cassegrain antennas with mono-
pulse feeds have virtually no side
lobe degradation. Available in
dual linear and/or switchable:cir- | LL E

M:b + +

cular polarizations, these anten- | antenna brochure. Alpha Indus-
nas combine the high perform- tries, Inc., TRG Division, 20 Syl-
ance of a Cassegrain system with sophlstlcated van Road, Woburn, MA 01801. (617) 935-5150
monopulse versatility . . . the Alpha advantage. TWX: 710-393-1236 TELEX: 34936

—3dB Beamwidth  Side Lobe ILevel Net Gain Null Depth Insertion Loss
(Nominal) (Nominal) (Minimum)  (Minimum) (Minimum)
94GHz 18" Diameter 0.6° —18dB 46.0dBi —30d8 2.508
70GHz 18" Diameter 0.65° —18d3 46.0dBi —30dB 1.5dB
53GHz 36'" Diameter 0.45° —18dB 50dBi —35dB 1.5dB
35GHz 96’ Diameter 0.25° —-18dB 54dBi —35dB 1.0dB
9GHz 120" Diameter 0.8° —18dB 46dBi —35dB 0.5dB

di Alpha

The Alpha Advantage
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over the complete frequency range. All
Minipads are production tested using the
latest state-of-the-art swept frequency
techniques. This complete testing
assures that every attenuator will be
within the published specifications.

B DC to 18.0 GHz

B 1 thru 30dB

B -65°C to+125°C

B 2 watts at +25°C

B MIL-E-5400 environment

Bl MIL-A-3933 requirements
B MIL-E-16400 environment
M 0.86 in. long x 0.28 in. diam.

THE
MINIPAD
ATTENUATOR —

e 86109—————[

1 through 12dB Weight: 5 grams (0.175 oz.)

28 diam
\

OUR SMALLEST, LIGHTEST,
HIGH PERFORMANCE FIXED L e =
ATTENUATOR.

This miniature, high performance fixed
attenuator has been designed to meet the L— 102 +02 ——l
needs of today’s sophisticated microwave 13 through 30dB  Weight: 6 grams (0.212 o0z.)
systems. The Minipad will operate within
the stated specifications in most any
hostile environment be it airborne, ship-
board or land application. VSWR is
typically less than 1.15 at 12.4 GHz and
less than 1.25 at 18.0 GHz while the D iar
frequency sensitivity is normally less than & Model 290. M290. F290
0.05 dB per GHz. The Minipad uses the B Maximum VSWR: 1.07 +0.015{GHz
Unique tube attenuator developed at B Input Power: 2 watts average at +25°C
Midwest Microwave. The tube attenuator derated linearly to 0.5 watts at +125°C
is inherently a very reliable element @ Operating Temp. Range: -65°C to +125°C
because of its basic construction = 8?[‘_%{%‘;6?223“'"'955 Steel SMA per
simplicity. The connectors for the
Minipad attenuator are fabricated from ATTENUATION VALUE ACCURACY
stainless steel. The close tolerance 1.2,3.4.5. and 6dB +0.3dB
machining plus the precise captivation 7.8.9.10 thry 20d8 £0.5dB
techniques ensures an excellent match 21 thru 30 dB *1.008




DC to 12.4 GHz
HIGH PERFORMANCE

B Model 291, M291, F291

B Maximum VSWR: 1.07 +0.015{GHz

W@ {nput Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

@ Operating Temp. Range: -65°C to +125°C

M Connectors: Stainless Steel SMA per
MIL-C-39012

ATTENUATION VALUE ACCURACY
— 12345and6dB +0.3dB
7.8.9.10 thru 20dB +05d8
~ 21thru3odB | 1008

DC to 8.0 GHz
HIGH PERFORMANCE

B Model 292, M292, F292

B Maximum VSWR: 1.07 +0.015fGHz

@ Input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

B Operating Temp. Range: -65°C to +125°C

@ Connectors: Stainless Steel SMA per
MIL-C-39012

ATTENUATION VALUE ACCURACY
1,2,3,4,5,6,7,8,9,10dB8 +0.3dB
11 thru 20dB +0.5dB
21 thru 30dB +1.0d8

DC to 2.0 GHz
HIGH PERFORMANCE

B Model 294, M294, F294

B Maximum VSWR: 1.15

@ Input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

B Operating Temp. Range: -65°C to +125°C

M Connectors: Stainless Steel SMA per
MIL-C-39012

ATTENUATION VALUE ACCURACY
1 thru 2008 +0.3dB
o 21 thru 30dB +0.5dB

DC to 18.0 GHz
INEXPENSIVE

B Model 444, M444, F444

@ Maximum VSWR: DC to 4.0GHz1.25#4.0to
12.4 GHz 1.45 @ 12.4 to 18.0 GHz 1.65

@ Input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

B Operating Temp. Range: -65°C to +125°C

B Connectors: Stainless Steel SMA per
MIL-C-39012

ATTENUATION ACCURACY
VALUE DC to 12.4 GHz | 12.4 to 18.0 GHz
1,2,3,4dB $0.75d8 +0.75dB
5,6,7,80B +0.75dB +1.00dB
9,10,11,12dB +1.00d8 +1.25d8
13 thru 20dB +1.50dB +1.50dB
21 thru 30dB +2.0d8 $2.0dB

Double Male Connectors
(M PREFIX TO MODEL NO.)

—_—
3 .
— 3 ‘5
A\ .-
EB VALUE OVERALL LENGTH
e _1-12dB Pyl ._98"
13-3008 | 1128

Double Female Connectors
(F PREFIX TO MODEL NO.)

dB VALUE OVERALL LENGTH
1-12dB .90"
13-30dB 1.03"

7 ¢« 48
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Around
the
Circuit

Edward J. Sandor was ap”
pointed Sales Engineer for
Rogers Corp.’s Minneapo-
lis, MN territory. . .John
Mulroe has joined Thomson-CSF Electron Tube Div. as
Product Sales Mgr. of Power Grid and Image Tube prod-
ucts. . .Scientific-Atlanta, Inc. appointed Samuel D.
Davis as General Mgr. of its Atlanta Instrument Div. . .
Eugene Kushner was appointed to the newly created
position of Dir. Corporate Development at Polarad Elec-
tronics, Inc. . .Larry Peterson joins Plessey Optoelec-
tronics & Microwave as Nat’'l Marketing Mgr. of Opto-
electronics. . .Glenn DeBella becomes General Mgr. of
Narda Microwave Corp.’s Pacific Coast Operation. . .
Leasametric, Inc. appointed David J. Sobo as Nat’'l Sales
Mgr. . .Harry Marschausen was named Nat’l Sales Mgr. at
JFD Electronic Components. . .Michael D. Minkiewicz
becomes Dir. of Advanced Programs for Eaton Corp.’s
AlL Div. . .Alpha Industries, Inc. appointed Joseph J.
Diesso as Regional Sales Mgr., Optimax Div. . .Frank E.
McDonnel was promoted to V.P., American Electronic
Labs, Inc. . .Adams Russell’s Anzac Division named Mark
R. Rosenzweig as V.P. and Dir. of Marketing.

PERSONNEL

American Electronic Labo-
ratories, Inc. received a
$3M award from the
Northrop Corp., Rolling
Meadows, |L for mw equipment for an AF electronic
device and a $792.8K contract from Hughes Aircraft Co.
for a receiver and special antenna to be used in the US
Roland program. . .Anaren Microwave, Inc. received a
subcontract exceeding $3.5M from Emerson Electric
Co.’s Electronics and Space Div. for production of ad-
vanced receivers for the US Army AN/MSQ-103 Team-
pack system. . .California Microwave, Inc. received a
contract valued at $600K from the Mutual Broadcasting
System to provide the uplink for the MBS satellite
broadcast network. . .Royal Australian Navy awarded
E-Systems, Inc. a $15M order for UHF shipboard radio
equipment, and the ECI Div. of E-Systems was granted a
five-year $46.2M contract to produce UHF shipboard
radio terminals for the US Navy. . .Harris Corp. received
a $1.5M order from Martin Marietta Corp. for a satellite
communications network to handle high-volume inte-
grated voice and data communications between Martin
Marietta facilities in Denver, Baltimore and Orlando, FL.
.. .M/A-COM, Inc. announced that one of its operating
companies, Microwave Associates, Inc., received a $1.4M
contract from Hughes Aircraft Co. for mw components
for the US Roland missile program. . .Central Telephone
Company (CENTEL) of Texas has awarded Valtec Cor-
poration a contract to supply a 8.57 km 14-strand fiber
optic cable for the country’s first 90MBPS fiber optic
telephone system. . .Watkins-Johnson Company received

CONTRACTS

26

a $3.5M contract from the USAF to extend the capabil-
ities of the QRC-259 receiving system.

Soladyne, Inc. was ac-
quired by Rogers Corp. in
a stock transaction involv-
ing 103,500 shares of Rog-
ers common stock with a market value of about $2M. . .
VARI-L Co. moved its corporate headquarters into a
22,000 sq. ft. building in Denver, CO. . .Antennas For
Communications {AFC) was acquired by Microdyne
Corp. in an exchange of .875 shares of Microdyne for
each share of AFC on April 16, 1980. AFC will continue
its operations as a wholly owned subsidiary of Micro-
dyne. . .Loral Corp. and Frequency Sources, Inc. (FSI)
announced an agreement in principle for the merger of
FSI into Loral. The transaction will involve an exchange
of stock valued at $46.4M with an exchange ratio of .75
shares of Loral stock for each of FSi’s 2.2M outstanding
shares, subject to adjustment prior 1o merger. . .Hughes
Aircraft Co. and ITT Corp. announced the formation of
TADCOM, a joint venture which is competing for full-
scale development of Class 2 tactical terminals for
JTIDS. . .Satellite Transmission Systems, inc. will be ac-
quired by California Microwave, Inc. for an undisclosed
consideration following completion of Aug. 1980 audits
of both companies. . .Southern Pacific Communications
Co. {SPCC) announced that it has applied for authority
to construct and operate a $200M domestic communi-
cations satellite system. . .An RFP has been issued by
the AF for the design, full-scale development and testing
of a low cost expendable mini-drone (LOCUST) harass-
ment system. Proposals are due at Aeronautical Systems
Div., Wright-Patterson AFB on July 1, 1980. . .Erik A.
Lindgren & Associates, a Chicago-based manufacturer of
screen rooms, has been acquired by former General In-
strument exec. Williams E. Curran and is being restyled
as Lingren RF Enclosures, Inc.

INDUSTRY NEWS

Adams-Russell reported
second quarter results for
the period ended March
30, 1980 of net sales of
$8.4M, net income of $571K, or 31¢ per share (adjust-
ed). This compares with 1979 quarterly net sales of
$7.0M, net income of $395K, or 22¢ per share (adjust-
ed). . .Scientific-Atlanta, Inc. reported nine-month net
earnings of $8.7M, sales of $134.9M and earnings per
share of $1.79 for the period ended March 31, 1980.
For the nine months of 1979, net earnings were $5.3M,
sales were $90.2M and earnings per share were $1.27. . .
For fiscal year 1979, Rogers Corp. reported net sales of
$92.9M, net income of $4.4M or earnings per share of
$1.71. This compares with 1978 year-end net sales of
$75.2M, net income of $3.2M or earnings per share of
$1.29. . .Omni Spectra, Inc. reported for the six months
ended March 29, 1980 sales of $15M, net income of
$631K or 24¢ per share. This compares with 1978 half-
year sales of $12.8M, net income of $149K or 6¢ per
share. . .For the nine months ended March 31, 1980,
Narda Microwave Corp. had sales of $14M, net income
of $729K or earnings of 96¢ per share. This compares
with 1979 nine-month results of sales of $12.3M, net in-
come of $398K or earnings per share of 56¢. . .For the
first quarter ended March 29, 1980, Frequency Sources,
Inc. reported net sales of $8.1M, net income of $481K
or earnings per share of 20¢ In the same quarter of 1979,
net sales totaled $6M, net income was $320K and earn-
ings per share were 17¢. 3%

FINANCIAL NEWS
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We'reina
class by ourselves!

I wons . OB

L)’Q Series LWA and LAB;
up to 200 watts power;
frequencies from 1MHz to 8400MHz

Higher powers, higher frequencies, more design and linear transistor power amplifier product line acquired from the
performance features, more modeis to fit your applications— Hughes Electron Dynamics Division.

that's the continuing story of MPD Class A solid state linear Complete technical details and specifications are yours for the
amplitiers. The result is a product line that nobody else asking—then, get ready to move to the head of the class in solid
in the industry —repeat, nobody— can even come close state linear power amplifiers!

to matching!

You can now choose from 225 standard MPD models,
available in module or rack-mounted cabinet configura- i
tions for systems applications, as well as self-contained i
instruments for laboratory use. Uitra-broadband frequency X , POWER-FREQUENCY GUIDE
ranges from 1 -1000MHz up to 7_900-8400MHZ, including \ MPD Solid State Class A
our newest high power model with 200 watts saturated power | Linear Power Amplifiers
rating at 500-1000MHz.

These Class A amplifiers are particularly recommended
for applications requiring exceptional linearity and wide
dynamic range. They combine low noise figure with high
power output to yield low distortion amplification of both
single and multi-carrier signals with any form of modulation.
Other standard features of most models include: high
efficiency; high gain; built-in protection against DC input
reversal, thermal overload and infinite load VSWR;
graceful degradation ; drift-free output; field-replaceable o210 Above 8 4 GHz
modular construction. 00000, tactery

In addition, MPD manutactures and markets the wideband aiianed
12 10 100 225 400500 700 1000 480 1700 2000 3700 4000
FREQUENCY, MHz

— . BROAD BAND
——=7 . NARROW BAND

4]

GaAs FET Amplitiers
Comm Bands
37-42GHz

(=
2250 |
|
l 44-50GHz
]
[}

1000-2000

RF POWER OUTPUT, Watts

59-6 4GHz
7 9-84GHz

!/, MICROWAVE POWER DEVICES, INC.

330 Oser Avenue, Hauppauge, N.Y, 11787 « Tel. 516-231.71400 « TWX 510-227-6239
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TABLE 11l
MILLIMETER WAVE TUBES

PROGRAM TITLE AND KEY
INFORMATION

MM /Near MM wave tubes
Complete developments of
TWT and EJA and integrate
with modulator from nano-
second pulser program into
20 pound, one cubic foot
package

High Current Density Cathodes
Tungstate cathodes to provide
10-fold increase in life to sev-
eral thousand hours at

10 A/cm?

Interaction Circuits for

MM Wave Tubes

New circuits to overcome di-
mensional and thermal prob-
lems in metal circuits

T/R Devices for Near-MM
Region
Passive, high power techniques

Low Magnetic Field Magnetron
Oscillators

95 GHz, 1 kW peak power,
using samarium cobalt mag-
nets and electron discharge
machining for anode fabrica-
tion

RF Generation using Non-Lin-
ear Mixing in Crystals

Drive lithium niobate with

35 GHz magnetron

Back ward Wave Oscillator
Development

Establish US source for tun-
able near-MM power

3.2 MM Wave Transmitter
Tube (Advanced Development)
1 kW peak, 50 dB gain, under
15 pounds using PPM and de-
pressed collectors

FUNDED CORE PROGRAM
UNFUNDED INCREMENT 1

APPLICATION

Tank and airborne (RPV)
radar

1 - 100 kW peak power
tubes

MM & Near-MM tubes

Passive receiver protection
devices for single antenna
radar

Lightweight (.5kg)
oscillator for radar

Radar Transmitters

O-type carcinotrons

Lightweight radar
transmitters

FISCAL YEAR

80 81 82 83 84 85

»

-
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TABLE 1V

PROGRAM TITLE AND KEY
INFORMATION

Nanosecond Pulsers

Fast plasma cathode switches,
magnetic nanosecond pulsers,
miniature high frequency in-
verter power supplies. Address
laser application first, then
MM wave.

* FUNDED CORE PROGRAM

APPLICATION

MM radar and CO, lasers

30

and frequency of the TWT.
Lightweight, periodic permanent
magnet focusing and depressed
collector techniques are applied
in a current development to
achieve 25% efficiency in a 50 dB
gain TWT. Timing, application,
and key information on the indi
vidual programs are tabulated

in Table I}

NANOSECOND PULSERS

Target classification requires a
minimum pulse width of 2 nano-
seconds to recognize tanks,
trucks, and artillery. A pulse rep
etition rate of at least 20 kHz is
needed to maintain the required
average power on the target. A
package of 400 cm? or less is nec:
essary for a mini-RPV. Laser rise-
time requirements are not as
stringent, nor is the repetition
rate requirement, but some mis-
sile beacon requirements need a
200 cm? package. Current tech-
nology does not meet the require-
ments and the planned programs
(see Table 1V} benefit both the
mm wave and the laser systems.

George C. Uchrin received his B.S. in E.E.
from Rutgers University in 1949 and joined
the US Army Signal R & D Laboratories the
same year. In the 1950s, he pioneered the
development of transistorized power con-
verters and engaged in the Army’s early ma-
jor drone surveillance programs, AN/USD-4
and 5, and guided the Cornell Aeronautical
Lab in its development of mathematical
modeling of complete drone surveillance
systems. In 1960, Mr. Uchrin joined the
Electronics Technology and Devices Labora-
tory as a member of the Army’s manage-
ment group which guided high power kly-
stron tube developments for the Nike Zeus
discrimination and target track radars. Dur-
ing the next decade, he served as ET&DL
planning coordinator under QMDO (Quali-
tative Materiel Development Objective). He
continues as the Army’s chairman and prin-
cipal contributor in the electronic devices
technology area for the DoD. 5}

MICROWAVE JOURNAL



DETECTORS, GENERATORS
MIXERS, and MULTIPLIERS
Bolometers
Detector Elements
Detector Mounts
Harmonic Elements
Harmonic Generators
Harmonic Mixers
Mixer Mounts
Mixer Diodes
Multiplier Mounts
Multiplier Elements
Thermistor Elements
FERRITE DEVICES
Isolators
Modulators
Phase Shifters
Switches
TE1o COMPONENTS
Adapters
Attenuators
Bends
Couplers
Evacuation Units
Hanged Lengths
Frequency Meters
Hybrids
Insulated Flanges
Loads
Mismatches
Phase Shifters
Pressure Flanges
Pressure Gauges
Probes
Shorts
Sliding Terminations
Switches .
Tees
Terminations
Transitions
Tuners E/H
Tuners
Twists
Windows
ANTENNA PRODYCTS
Horns
WAVEGUIDE and HARDWARE
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Which of
these things
do you want

your future
telephone

todo?




Here are some telephone
services that sooner or later could
be offered to telephone customers
.through ITT's new System 12
telephone exchanges. Which ser-

vices would you choose?

[ | An electronic telephone direc-
| tory—so your phone will look

up the numbers you want

[" ﬁ] Shopping from home—a TV

| screen on your phone will

show you a selection, you'll order
by pushbutton

‘{ | Electronic mail—you'll send
.| and receive letters by a print-
ing device Iin your phone

[ | A telephone information bank
L —to let you call up data from
central files by pushbutton

l' | Banking by phone—your
.| phone will flash your check-
ing account balance, and let you
pay bills from your chair

[ | Newspaper by phone—a
| machine in the phone will

receive and print the morning

paper while you're sleeping

‘ ﬁ| Long distance business con-
.| ferences—you'll “meet” with
business associates over a phone
that carries your picture as well as
your voice

—

| Instant travel service—your
.| phone will flash updated train

ITT

and airline schedules on computer
screen (and then book seats for

you)

| Telephone alarm system —will
| automatically signal police or
fire department when your home
alarm goes off

Imaginary? Not at all.

Many of these things are al-
ready available (or soon will be)
through ITT technology.

And as newer and newer
customer features come along,
they'll all be easily accommodated
by our System 12 telephone
exchanges.

These exchanges are totally
new, totally digital. And so flexible
that advanced customer features
can be added without any interrup-
tion of your telephone service.

Inevitably, as the world's
demand for voice and data com-
munication grows, were moving
toward a total information delivery
network —built around services like
these.

It's what we at ITT call
Network 2000™ A fully digital net-
work, with fully distributed control,
easy to expand and change as
customer needs change.

There's only one exchange
system in the world that meets
all the future requirements of
Network 2000.

ITT's new System 12,

ITT

aN.. N AN WA Do -~ M BN RS B
A AN VRV E SN & W Su ye v
WA N W WS BN VA AN W W

€ 1980 International Telephone and Telegraph Corporation, 320 Park Avenue, New York, N.Y 10022, U.5.A.
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‘Oak’ is the symbol for the Lami-
nates Division of the Oak Materials
Group. It's on the cover of nearly all
cur substrates

To begin with, 'OAK’ signifies a
complete array of Rigid Laminates
in all applicable NEMA and Military
designations.

DAK-910, the UL recognized FR4
substitute that processes perfectly.

Films, Foils, Adhesives and Lami-
nates for Flexible Circuitry and Flat
Cable.

Multilayer Materials, Epoxy and

.-

P

po— .

:

SR S S T R TR

ou Can Tell Our Book
By Its Cover

e e cme

Materials
Group Inc.

(LAY KiLaminates
Division

o

\v ' @ oo
-~
a' ‘o
\'\
N
YT

et

Polyimide systems with the widest
bonding tolerances available

Microwave Dielectric Materiais,
Rexolite and both kinds of Teflon™ for
the taming of the ‘GigaHertz'.

But most importantly, ‘OAK" is our
signature. It means product and ser-
vice from five facilities worldwide,
backed by the solidarity of a major
US. Corporation.

When it comes to laminaies, you
can tell a book by its cover. Look for
the 'OAK’. It could mean as much to
you as It does to us.

Headquarters: Franklin, New Hampshire 03235/ Tel. 603-934-5736 @ Facilities Franklin, NH
Hoosick Falls, NY @ Hayward. CA e Seoul, Korea @ Taipei, Taiwan ® Newcastle upon Tyne, England
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Special Report

INTRODUCTION

NASA studies'? have indical
ed there will be a significant in
crease in both the applications
and volume of satellite communi
cations in the 1980-2000 time
frame. Associated with an in-
crease in damand is the potential
problem ot spectral crowdirg.
Obviously some method of
achieving higher capacity is nec-
essary. One means of obtaining
spectrum relief is to expand the
communications services upward
1o the millimeter-wave region of
the spectrum. The larger band-
widths available at these frequen-
cies will provide capabilities for
higher data rates, and the possi-
pility of extremely narrow peams
can lead to very high reuse of the
freguency assignments.

Traditionally, United States
industry has enjoyed a unique
capzbility which has led to mar-
keting of US satellite technology
abroad. Introduction of proven
US millimeter technology could
have a part in maintaining this in-
dustrial position. Hence, there
exists a need to investigate the
technology associated with use of
the millimeter-wave region of the
spectrum for satellite communi-
cation applications.

Editor’s Note: Part 1l of this article will ap-
pear in a subsequent issue. It will feature a
technological assessment, including such
aspects as propagation, bulk data storage,
space switching equipment, receiver and
transmitter and satellite antennas plus gen-
eral conclusions.

June — 1980

With the potential millimeter
services partially identified by
previous studies, the overall ob
jective of this program has been
to identify the technologies nec
essary to satisfy those services
and to assess the relative risks of
these technologies. This paper is
based upon specific objectives of
the program. These are: (a) to
develop a methodology based on

the technical requirements of po-

tential services that might be as-
signed to millimeter-wave bands
which would identify viable and
appropriate technologies for fu-
ture NASA millimeter-wave re-
search and development pro
grams, and (b) to test this meth
odology with selected user appli-
cations and services.

While the current application
of communication satellites is

primarily for point-to-point com-

CosT

PERFORMANCE
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—
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Fig. 1 Analysis technique.
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MINIMIZE COST WHILE
SATISFYING
LINK EQUATION
AND
WEIGHT BUDGET E

munications among a smail num-
ber of relatively sophisticated
ground stations tied into terres-
trial commmunications systems,
future applications might also in
clude a broadcast mode where
many small, inexpensive ground
staiions would be able to com-
muriicate via a larger more pow-
erful communication satellite.
Applications of such a system
might include direct wideband
data or video lines (for telecon-
ferencing) between corporation
locations using rooftop antennas.
The wide-bandwidth and narrow
beam potential of the millimeter
wave frequency band offers ad-
vantages for such broadcast ap-
plications, but anticipated diffi-
culties associated with high at
tenuation of the signal by atmos-
pheric weather conditions must
be overcome.
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Fig. 2 Ground and satellite subsystem categories.
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ERVIROMNNMENTAL SHELTET
METHODOLOGY

The program objectives have
been met by a methodology
which uses an appropriate level
of detail in the subsystem mod
els employed and in the numeri
cal optimization procedure used
for trade-off analyses. After a re
view of the pertinent literature,
the applicabie subsystem models

available from SAMSOY and
Hughes Aircratt Corporation?
were selected as the basis for the
subsystem model library. Models
for the remaining subsystems
were estlablished from published
specifications and from contact
with personnel in the space com
munications industry. The over
all communications link equa

TABLE 1

tion (received) carrier-to-noise ra
tio) was written in terms of the
independent performance param-
eters in the subsystem models.
The total satellite system weight
was expressed in terms of the
same independent variables. Low
er and upper bounds on the per-
formance variables of all subsys-
tem models were established, and
a computerized random-search
optimization procedure was
adoptled for selection of the mini
mal cost {annual cost per channel
to the user) system. The optimi
zation procedure was then uti
lized to establish baseline design
of the point-to-point application
and of the broacdcast application
A satellite communication sys
tem requires both ground and
satellite subsystems; the satellite
subsystems can be further divid
ed into the communications link
and housekeeping subsystems hy
tracing the complete routing of a
communication message from its
initial arrival at the transmitting
ground station to its final depar
ture from the receiving ground
station. | he interrelationships
between the cost models, weight
maodels, link equation, and weight

SUBSYSTEM COST AND WEIGHT MODEL DRIVING PARAMETERS
Subsystem Cost Models

Subsystem

Ground Antenna Dish

Driving Parameters

Diameter

Transmitter Frequency

Radome

Ground Pointing and Control
Dish

Ground Transmitter

Ground Receiver

Transmitter Power
Transmitter Frequency
Receiver Noise Figure

Radome Diameter
Pointing Error

Diameter

Receiver Frequency

Subsystem

Satellite Antenna

Satellite Transmitter

Subsystem Weight Models

Driving Parameters

Antenna Diameter
Operating Frequency
Number of Feeds
Transmitter Power
Operating Frequency

Satellite Signal
Processing

Number of Channels
Number of Subchannels
per Channel

Ground Signal Processing
Bulk Data Storage

Landline Interface
Diversity Link

Satellite Antenna
Satellite Transmitter
Satellite Receiver
Satellite Signal Processing
Attitude Control System
Station Keeping System

Structure and Thermal Control
Satellite Power Supply

36

Baseband Channel Bandwidth

Data Rate

Storage Volume

Data Rate

Number of Television Headins
Number of Voice Multiplexers
Diversity Range

Antenna Diameter

Operating Frequency

Number of Feeds

Transmitter Power

Operating Frequency

Noise Figure

Operating Frequency

Number of Channels

Number of Subchannels per Channel
Attitude Control System Weight
Station Keeping System Weight
Structure and Thermal Control Weight
Prime Power Required

Attitude Control System
Station Keeping System
Structure and Thermal

Control
Satellite Power Supply

Attitude Control Error
Satellite Weight

Station Keeping Accuracy
Satellite Weight

Satellite Weight
Prime Power Required
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budget during system optimiza-
tion are demonstrated in Figure 1.
A detailed description of these
elements of the analysis method
ology follows.

The ground and space subsys-
tems and their categorizations
are indicated in Figure 2. This
shows the specific subsystems
that were modeled to represent
the overall communication link.
Parametric cost and weight mod-
els were formulated for each of
the subsystems included in the
satellite/ground configurations.
In most cases there is one major
driving parameter affecting the
cost while several minor parame
ters are used to specify features
of the configuration. The weight
models normally have the same
independent variables as the cor-
responding cost models. In cases
where total satellite weight is the
independent variable for a sub-
system weight model, an iterative
technique is required for compu-
tations. A summary of the cost
and weight model driving parame-
ters is given in Table 1. The cost
models for the subsystems (and
the weight models for the space-
craft subsystems) are in terms of

the subsystem performance pa-
rameters which appear in the
communication link equation.
The individual subsystem models
are applicable over a specified
range of the performance parame-
ters, and the models are continu-
ous over the allowable range of
the performance parameters.

The methodology for optimi
zation of the communication
link selects all subsystem per-
formance parameters in such a
way that the overall link carrier-
to-noise ratio requirement and
the satellite weight constraint are
satisfied and the total system cost
is minimized. A random search
algorithm which uses a comput
erized random number generator
to select trial points over the pa-
rameter intervals has been devel-
oped and used for most of the
optimizations performed during
the program. The algorithm re-
duces the parameter interval in
successive optimizations until the
density of random points selected
is quite high in the final optimi-
zation step. This methodology
has proven to be effective and ef
ficient. However, for applica-
tions in which the optimal solu

tion lies on the weight boundary,
the random search algorithm re-
quires a significant increase in
computer time. As a result, an in-
teractive man-in-the-loop gra-
dient search algorithm was also
developed as an option to the
random search procedure. Use of
this option (from a remote com
puter terminal) has significantly
decreased the computer time for
establishing the cost-optimal con-
ceptlual design of the satellite
broadcast analysis.

The block diagram of the Sat
ellite Cost Optimization Routine
{SCOR) is shown in Figure 3.
SCOR employs cost and per-
formance models for satellite
communication subsystems and
numerical optimization routines
to determine the satellite link de-
sign which will provide the speci-
fied carrier-to-noise ratio for a
minimum total capital cost. An
nual cost and channel capacity
models have also been incorpo-
rated into SCOR and the comput-
er program calculates and displays
both the capital costs and the
“annual cost per channel to the
ultimate user'’ for the optimized
communication system.

USER INPUTS

—~PERFORMANCE CRITERIA
-SYSTEM ELEMENT COUNT
~ATMOSPHERIC CONDITIONS
~EQUIPMENT PARAMETERS

~PARAMETER SPACE DESCRIPTION
~STEP SIZE IN PARAMETER SPACE
~GRADIENT COMPONENTS

-COST PARAMETERS

-REPORT OPTIONS

SCOR

CONFIGURE SATELLITE SYSTEM
CHOOSE COST & WEIGHT MODELS
CHOOSE C'N TERMS

l

PERFORM OPTIMIZATION

OEANERES

RANDOM SEARCH 'GNRngl‘EﬁTT'VE
E
JECH I TECHNIQUE
WS . T
SN
A

ANNUAL COST MODEL

PREPARE RUN REPORT

l

STOP

MODEL FUNCTION

ALTERNATIVE SYSTEM
CONFIGURATIONS
-SUBSYSTEM DESCRIPTIONS
~-SUBSYSTEM COST & WEIGHT
MODELS

-OPTIMIZATION TECHNIQUES

ANNUAL USER COST
ANNUAL CHANNEL COST

-REPORT FORMATS
SUMMARY
COMPLETE RUN DES

CRIPTION

Fig. 3 Block diagram of the Satellite Cost Optimization Routine (SCOR).
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Annual Cost and Channel Capacity
Models

The following discussion indi-
cates how these models are used
within SCOR to provide addi
tional insight into the economic
viability of the Millimeter-Wave
Satellite Concepts.

The annual cost mode! takes
Into account the capital invest-
ment for the satellite and ground
systems, anticipated lifetimes of
the satellite and the ground sys-
tems, and such financial parame-
ters as the length of the financial
planning horizon, the allowable
return on investment in the regu-
lated industry, the income tax
rate applicable to the corporate
venture, and an annual rate of es-
calation for operation and main-
tenance costs. Property taxes,
fire insurance premiums, and
ground system operation and
maintenance costs are also in-
cluded. The initial capital invest-
ment includes not only the satel-
lites and the communication
ground stations, but also the
tracking telemetry, and control
ground stations. The expression
of annual cost of the system is a
function of these parameters and
takes into account the times at
which the costs and revenues oc-
cur utilizing the concept of net
present value. This uses a dis-
count rate consistent with the
rate of return allowed by the reg-
ulatory agency. The annual
charge for the complete set of
communication channels is relat
ed to the present value of the to-
tal allowable revenues by the
following:

Annual Cost =

k

-+ KH W

where k is allowable rate of re-
turn and H is the length of the
planning horizon. It is worth not
ing that the discounted annual
cost is significantly greater than
just the total revenue divided by
the duration, H. For a typical
case of 10% rate of return and an
8-year operation period, the an-
nual cost is 50% greater than rev-
enue divided by 8 years.
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The above expression repre:
sents the annual charge for the
entire communication system.
The equivalent annual cost per
channel to the user is determined
by dividing that total annual cost
by the effective number of chan-
nels; i.e., by the product of the
number of simplex channels avail-
able and the utilization factor.
Since channel capacity is a some-
what complex function of modu-
lation, multiple-access technigue,
power levels, bandwidth, etc., the
selected approach has been to
start with results computed by
COMSAT Corporation for IN
TELSAT IV and to denormalize
those results to predict channel
capacity for the millimeter con-
cepts. The resulting channel ca-
pacity for the six transponders
in the Application | Concept
{point-to-point communications)
is 66,300 simplex voice channels
or 33,150 full duplex voice chan
nels for frequency division multi
plex (FDM). Similarly, the chan-
nel capacity for time division
multiplex (TDM) in Application |
is 123,672 simplex channels or
61,836 full duplex channels.

The annual cost calculation
models are implemented within
SCOR at a point which follows
the equivalent capital cost opti-
mization technique to minimize
unnecessary computer time re-
quirements. For those scenarios
in which capital investments are
made at different times through
out the financial planning hori-
zon rather than just on initial in-

\

vestment, it would be necessary
to locate the annual cost model
inside the optimization loop Iin
order to properly account for dis-
counting of funds.

The parameters for variation
in the annual cost to the user for
each simplex channel with re
spect to utilization rate after the
annual cost has been calculated
for 100% utilization. The actual
cost per channel is given by the
fully-utilized rate per channel di-
vided by the ratio of the leased
channels to the total available
channels. In this analysis no con-
sideration has been made for pri-
mary and secondary channels
with different charges for guaran-
teed channel availability.

APPLICATIONS

There are many potential ap-
plications of millimeter-wave
communications satellites in both
the public and private sector.
This study used two basic sys-
tems which could be adopted for
a variety of specific end users.
For convenience, the two basic
systems have been designated
point-to-point and broadcast. The
point-to-point system is consid-
ered to provide broadband
{1 GHz) communications among
a relatively small number of earth
terminals, whereas the broadcast
system provides narrowband (50
MHz) communications among a
relatively large number of earth
terminals. Both of the applica-
tions were based on a number of
common assumptions. In order

g
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Fig. 4 Application | — coverage area of point-to-point communications between cities
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RF COAXIAL SWITCHES
DC TO 18 GHz

- SPDT -
___~CS-33SERIES .
__Type ‘Model No.
Failsafe CS-33S10
Failsafe w/indicators CS-33S1C
Latching CS-33S6D
Latching w/indicators e CS-33s6C
- TRANSFER -
_ CS-37 SERIES
Typels & L% =0 K0 _ ModelNo.
Failsafe CS-37510
Failsafe w/indicators CS-37S1C
Latching CS-37S6D
Latching w/indicators C8-3786C

- MULTI THROW -

\ * CS—§8 SERIES

__Type_ PR Y o 1 » _Mog_el No.
SP3T Basic Unit CS-38S13
SP3T w/indicators CS-38S13C
SP4T Basic Unit CS-38S14
SP4T w/indicators CS-38S14C
SP5T Basic Unit CS-38S15
SP5T w/indicators CS-38S15C
SP6T Basic Unit CS-38S16
SP6T w/indicators CS-38516C
SP7T Basic Unit CS-18817*
SP7T w/indicators CS-18S17C*
SP8T Basic Unit CS-18S18*
SP8T w/indicators CS-18S18C*

‘Operating frequency limited to 12 GHzf

Larger size units with N or TNC Connectors, operating DC-12 GHz, are available.

TTL SWITCH DRIVERS

As a special option, on both faiisafe and latching type
switches, drivers can be provided which are compatible
with industry standard low power Schottky TTL circuits.

Two options are provided as follows:

1. All units are provided with a 5 volt (Vcc) connection
and an internal pull-up resistor (R1). When the Svolt
connection is made, the Logic Input current drain
closely resembles two low power Schottky TTL
loads (40 uA).

2. If a high level Logic Input current drive (450 uA @
2.4 Vcc) is available, the § volt (Vcc) connection
need not be made.

SPECIAL FEATURES AVAILABLE
e Special Actuator Voltages, i.e., 12 VDC, 15 VDC
¢ MS Connectors Can Be Installed On Most Models

e Arc Suppression Diodes

RF PERFORMANCE

VNS — = —

VeelOrs—==—— &
R
e LIS
Logic Input O——— == A
Com O—

R

R, = 6.2K ohms
Rz = 2.7 - 6.3K ohms

Switch requires one of the above drivers per position
(except Failsafe). VSW, Vcc, and Com terminals are
common to all positions.

CS-33, 38 SERIES CS-37 SERIES
Frequency 06 GHz 6-12GHz  12-18GHz __ 0-4 GHz 4-12GHz  12-18 GHz
VSWR (max.) 1.25:1 1.40:1 1.50:1 1.25:1 1.40:1 1.50:1
Insertion Loss (max.) 0.2 dB 0.4 dB 0.5 dB 0.2 dB 0.4 dB 0.5dB
Isolation (min.) 70d8  60dB  60dB 70 dB  60dB  60dB

4™ TELEDYNE MICROWAV

1290 Terra Bella Ave., Mt. View, CA 94043 (415) 968-2211 TWX (910) 379-6939
Circle 21 on Reader Service Card
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OTHER PRODUZCTS:
and lIsolators o Multiplexers and
Integrated Components e VCOs

e Circulators









{from page 38/ SYSTEM ANALYSIS

TABLE 2

POINT-TO-POINT APPLICATION BASELINE PARAMETERS

PARAMETERS

Carrier/Noise Constraint Limit {dB)
Weight Constraint Limit (Ibs)
Downlink Frequency (GHz)

Uplink Frequency (GHz)

Satellite Channel Bandwidth (MHz)
Number of Channels (beams)
Number of Positions Per Beam
Reliability {(percent)

Rain Rate {mm/hr)

Number of TV Headins

Number of Voice Mulitiplexes
Digital Data Rate (Mbs)

Bulk Data Rate {Mbs)

Bulk Data Volume (Mb)

Number of Ground Stations

Ground Transmitters Per Link
Ground Receivers Per Link

Channel Capacity

Number of Subchannels Per Channel
Ground Station Bandwidth (MHz)
Diversity Link Receive Cost (K$/mi)
Diversity Link Transmit Cost (K$/mi)

to avoid the necessity of using
ground station tracking antennas,
the satellites were assumed to be
in a geostationary orbit (about
35,000 km) positioned over the
middle of the continental United
States. An available RF band
width of one GHz was assumed
for both applications on the up-
link and the downlink. The up-
link frequency was considered to
be in the 50 GHz band while the
downlink was considered to be
40 GHz.
Application |: Point-to-Point

A baseline conceptual system
was developed for the point-to-
point application which uses six
ground stations, each with single
station diversity for both receive
and transmit. Figure 4 shows the
geographical coverage area. No
radomes are used for the ground
station antennas. For baseline
analysis channelization is as-
sumed to be by frequency-divi-
sion multiplex. As for all analyses
performed to calculate system
cost, the cost for the baseline sys-
tem was minimized under carrier-
to-noise and weight constraints
by the computer program SCOR.
A complete set of the parameters
required for input to this cost
optimization is given in Table 2.
Included are system constraints,
system configuration parameters,
and various assumed constants.
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ANNUAL COST PER SIMPLEX

15.00 Diversity Link Range (mi) 9.940
5060 Ground Station Building Cost (K$) 100.0
a0 Diversity Station Building Cost (K$) 50.00
50 .
Marginal Income Tax Rate 0.48
50.50
Rate of Return on Investment 0.13
1000. - ’ A »
6 Financial Planning Horizon (years) 8
1 Life of Satellite {years)} 8
99.90 Life of Ground System {years) 14
50'00 Tax Constant 0.015
12' insurance Constant 0.012
12 Cost of Debt 0.085
000 Ratio of Debt to Total Capitalization 0.45
3(')0 0 Fraction of Channel Sellable 0.50
ADOS Average Growth of Operating Costs 0.065
1000. Satellite Operating Cost Constant 0.01
6 Ground System Operating Cost Constant 0.04
e Launch Cost (K$/Ib) 5.0
2 Launch Insurance Rate 0.1
66,300 Number of Satellites Purchased 3
5 Number of Launches 2
1000. Uplink Misc. Losses (dB) 7.000
100.7 Downlink Misc. Losses {dB) 8.000
40.30 Atmosphere Temperature (°K) 300.0
1000 T TS T in the relative attractiveness of
o500 these two techniques. The results
2 are plotted in Figure 6. The in-
= 9001 creasing cost for FDM as a func-
2 ok tion of the number of terminals
g and the generally lower cost for
3 8004 TDM than FDM are both due to
8 the fact that FDM channel capac
S 7501 ity decreases much more rapidly
= than TDM channel capacity as
O BT Y M inals are added to th
90 95 99 995 999 more terminals are aaded to the
(101 (51 (N (05 0.1y system.
LINK RELIABILITY (LINK FAILURE RATE)
IN PERCENT 1100————— —— - =
Fig. 5 Annual cost per channel versus link
reliability for point-point service at
40/50 GHz (50% utilization). X 10004 =L
h 4 _
The results for a three-satellite 2
(two in orbit, one spare on % 2 9001
ground) system present annual we
cost data in addition to capital AL S
costs. The total capital cost for 5re
the optimized system is $112.7M. 22 U
This translates to an annual sys- 2> 7004
tem cost of $31.8M and a per S
simplex voice channel annual cost 600 . . s

of $959 (for 50% utilization).
Figure 5 shows that as link relia-
bility increases from 90% to
99.9%, the annual cost per sim-
plex voice channel increases from
$775 to $959 (for 50% utiliza-
tion).

The number of ground stations
was varied from 2 to 10 to exam
ine the effect of this change on
per terminal cost. This was done
for both FDM and TDM signal
processing to determine changes

2 4 6 8 10
NUMBER OF TERMINALS

Fig. 6 Annual cost per channel versus num-
ber of terminals — FDM and TDM
fixed point-to-point system at 40/50
GHz for 99% reliability with 50%
utilization.

Application I1: Broadcast

This application considers the

interconnection of a large num-

ber of earth stations throughout

the United States. Total ground

coverage is required although not

simultaneously. In concept, how-
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ever, an earth station located
anywhere within the US should
be able to communicate with an
earth station at any other point
in the US through this satellite.
Each earth station must be capa-
ble of transmitting full band-
width television or 1.544 Mbps
data as a minimum.

The objective of the broadcast
application concept was to pro-
vide total US coverage using adja-
cent spot beams with 99.5% reli-
ability (rain considerations only)
for wideband uses such as video
distribution. Preliminary power
calculations indicated that very
large (heavy) satellites would be
required for this concept, and a
compromise baseline design with
limited simultaneous beam utili-
zation and with on-board switch-
ing was developed. This design
provides up to 96.5% link relia-
bility with the assumed subsys-
tem constraints (e.g., satellite
weight). Other system configura-
tions such as multiple satellites or
a very large satellite could possi-
bly achieve the desired 99.5% re-
liability; this is a subject for fu-
ture investigation.

The weight of the on-board
switches is the limiting criteria in
performance of the baseline sys-
tem. The resulting ‘‘broadcast”’
link is estimated to be able to
maintain its design value carrier-
to-noise ratio (12 dB) 95% of the
time for the assumed rain attenu-
ation statistics. Such a communi-
cation satellite system would not
be commercially marketable in
the sense of current communica-
tion satellites (e.g., video enter-
tainment); however, there may
well exist suitale applications
such as high volume data transfer
where the time of day for the
data transfer is not critical. For
example, the system being
planned by Satellite Business Sys-
tems (SBS) is anticipated to ac-
complish data transfer using a
satellite link with a bit error rate
of 107¢ with 95% reliability .3

In order to achieve coverage
of the entire continental United
States, provisions were made for
each of 6 channels to select from
among 10 separate ground spot
beams. To achieve the proper
beam size, the satellite antenna
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ANNUAL COST PER

ANNUAL COST PER ONE WAY
WIDEBAND CHANNEL (MS)
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Fig. 7 Annual cost per wideband channel
versus link reliability,

diameter was fixed at 0.6 meter
rather than used as an optimiza-
tion variable. For the required
coverage, 60 spots with diameter
450 km are required. Once six
receive beams and 6 transmit
beams are selected, each beam
carries 20 subchannels which are
switched on the satellite. Any
subchannel of a received beam
may be transmitted on the cor-
responding subchannel of any
transmitted beam.

Figure 7 gives a plot of the
sensitivity of annual cost per
wideband channel to changes in
required system reliability. Relia-
bilities higher than 96.5% were
not possible under the system
constraints without the use of di-
versity stations. Note that there
is approximately a 15% increase
in cost per channel as the reliabil-
ity increases from 90% to 96.5%.
Also, the plot is shown as piece-
wise-linear due to data points be-
ing generated at only 90%, 95%,
and 96.5% link reliability.

In order to examine the cost
per terminal for various numbers
of around terminals and for vari-
ous communication capabilities,
channel availability was defined
as the ratio of the total number
of channels to the number of
ground terminals. Figure 8 gives
annual cost per wideband termi-

£ oot
= 300F 120 TERMINALS
Z 2758
o 360 TERMINALS
~ 225f
o
200
e I 1080 TERMINALS
@ ]75- A A d 1
RO 0.1 0.2 03 04 05
g CHANNEL AVAILABILITY

(RATIO OF NUMBER OF CHANNELS TO

NUMBER OF GROUND TERMINALS)

Fig. 8 Annual cost per wideband terminals
versus channel availability for 95%
reliability.

nal versus availability for 120,
360, and 1080 ground stations
due to absolute launch weight
limits.

The increase in cost per termi
nal is approximately linear with
increases in utilization for all
numbers of ground stations. The
increase is due to the cost of ad-
ditional switching components
and the effects of increased satel-
lite weight on satellite operation-
al systems and launch weight.

For a constant utilization, the
cost may be studied for various
numbers of terminals. For the
increase to 360 from 120 ground
stations, the drop in per terminal
cost is a result of the further divi-
sion of satellite cost. For the in-
crease to 1080 ground stations,
the decrease is less than would be
expected due to substantially in-
creased launch cost for the heav-
ier satellite.
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- HPS New 1300 MHz
Network Analyzer:

When your RF network
measurement needs are large,

but your budget isn’t.




HP’s new 8754A
Network Analyzer brings
speed, convenience and
economy to

RF measurements.

It costs only $11,500

and consists of:

Built-in 4-1300 MHz swept
source with + 10 dBm
leveled output. calibrated
sweeps and crystal
markers.

Three channel receiver

L0 measure any two

transmission or reflection

parameters simultaneously
with - 80 dB dynamic
range.

CRT display for fully cali-

brated rectilinear and polar

lots with resolution to

).25 dB and 2.5° per

major division.

Just add the test set appro-
priate for your application
and youre prepared to make
thorough and accurate mea-
surements quickly and easily.
Here are just a few of the things
you can do with the 8754A:

Transmission Magnitude
and Phase

It's easy to measure loss,
gain and phase shift using just
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the 11850 Power Splitter
(%600). You can completely
identify filter passbands and
skirt characteristics without
misleading harmonic or
SpUrious responses.

Simultaneous
Transmission and
Reflection

Using the 8502 Test Set
(52000) you can see the trade
offs between transmission
gain or loss and input match
in a single test setup. For
complete two-port character-
istics of networks. including
devices like transistors, an
S-parameter test set is
available.

Impedance

Measure and display
impedance in polar form with
convenient Smith Chart
overlays. Test sets are avail-
able for both 50 and 75 ohm
systems. The 8754A5 crystal

HEWLETT

(ép] PACKARD

Circle 23 on Reader Service Card

markers give precise
frequency data. In addition,
probes are available for
in-circuit measurements.

Add a storage/
normalizer and
increase the 8754A’s
capabilities even
more!

The HP 8750A
Storage/Normalizer can
automatically remove
system frequency
response variations. And
you can make compari-
son measurements easily
because normalization
directly displays the
difference between two
responses. The 8750As
digital storage permits
flicker-free displays.
even for measurements
requiring slow sweep
rates.

Best yet, all this capability
is offered at an affordable
price. A call to your nearby
HP field sales office is all you
have to do to get more infor-
mation, or write 1507 Page
Mill Road, Palo Alto,

CA 94304.

Domestnie US prices only




" Precision Insertion Loss
~ Measurements were never
so Fast...

Easy...
Aceurate...
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as with the 1290 Receiver

Dramatically Reduces Test Time
and Operator Training

Look at these features:

e Self-contained with all local oscillators and mixers
e Automatically measures and displays insertion loss
® 100 dB measurements from .01 to 18 GHz

e Expandable to 40 GHz

® Accuracy: .52 dB per 100 dB, Resolution: .01 dB

e AFC problems virtually eliminated

e Synthesizer and IEEE-488 bus control available

A no-obligation demonstration will convince you, too.

MICRO-TEL CORPORATION

6310 Blair Hill Lane
Baltimore, Maryland 21209
Telephone: 301/823-6227
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Toward NMM Wave
. Integrated Circuits

Interest in the near-millimeter
(NMM) portion of the spectrum
is presently increasing. More than
175 papers were contributed to
last December’s Fourth Interna
tional Conference on Infrared
and Millimeter Waves, and a new
quarterly, the /nternational Jour-
nal of Infrared and Millimeter
Waves, has been announced.'
Several emerging applications are
encouraging development of tech-
nology for frequencies above 100
GHz; moreover, microfabrication
technology is making it easier to
develop this region of the spec-
trum. However, it appears that
NMM apparatus will not consist
of familiar components scaled
down to the new size; interesting
new engineering problems ap-
pear. This is, after all, the region
of the spectrum where micro-
waves and optics meet, and the
appropriate technology should be
a judicious combination of tech-
nigues borrowed from botit these
fields. Finally, the NMM region
represents something of a last
frontier in the crowded radio
spectrum. New services must now
look to millimeter waves for new
chunks of bandwidth. When the
NMM spectrum has all been
claimed, newcomers will have to
make the long jJump to optical

FREQUENCY (G2
100 1000 10,000 109 000 1.004.000

CLEAR
ATMOSPHE RE
«l

e
FAIR WEATHER
CUMULUS CLOUD

\ B{AI'\ 110 moihi)
|

-
00 10 1 01 01 001 0001
WAVELENGTH fmmi
Fig. 1 Attenuation of the clear atmosphere.
Also shown are additional attenua-
tions due to fair weather cumulus
cloud and to rain (10 mm per hour).
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frequencies, as the intervening
far-1R is closed by heavy atmos-
pheric absorption.
Undoubtedly, one reason for
the past neglect of NMM waves
has to do with the fact that at
mospheric absorption has its on
set here, as shown in Figure 1.2
Maximum atmospheric penetra-
tion is obtained in windows lo-
cated between the molecular ab-
sorption lines, especially near
136 and 230 GHz. In these win-
dows useful propagation through
a clear atmosphere can be ob-
tained over several kilometers.
Penetration of fog is better than
with optical radiation, because
fog particles tend to be much
smaller than the NMM wave-
length; however raindrops, which

are larger, cause considerable loss.

Another factor which has slowed
NMM development is that dielec-
trics are relatively lossy. At A = 1
mm some of the more transpar-
ent materials are® polyethylene
(absorption coefficient 0.2 dB/
cm), polypropylene (0.2 dB/cm),
TPX (.26 dB/cm), optosil fused
quartz (0.4 dB/cm), polystyrene
(1.3 dB/cm), and silicon (2.2 dB/
cm, provided that the resistivity
is more than 10 2-cm) Fortu-
nately several ot the materials on
this list, such as silicon and fused
quartz, are quite convenient for
fabrication of the small struc-
tures that are necessary, and the
fact that semiconductors are rea
sonably transparent makes it
possible to integrate dielectric
waveguides with semiconductor
devices.

Notwithstanding the atmos-
pheric absorption, there is in
creasing interest in NMM waves
for short-haul communications.
Unoccupied NMM bands are
available, and at these wave-
lengths high-gain antennas are

World Radio Histo

conveniently small. There is also
a great deal of new astronomical
work to be done; here balloon-
borne and satellite observing
platforms as well as ground-based
telescopes are used. There is a
need for NMM-wave instrumen-
tation for plasma diagnostics: de-
tectors are needed for observa-
tion of synchrotron radiation,
and plasma interferometers need
to operate at frequencies near
plasma frequencies of the dense —
fusion plasmas now being studied.
Spectroscopic applications exist
for pollution monitoring, atmos-
pheric studies, and also general
research.

All these applications require
circuits analogous to those of a
lower-frequency microwave re-
ceiver. Metallic waveguides, how-
ever, are quite lossy at NMM
wavelengths, and the small di-
mensions of such guides make
them expensive and difficult to
use. It thus appears that low-loss
dielectric waveguides will be the
best choice in this waveguide re-
gion. Since free-space propaga-
tion is a part of most applica-
tions, antennas compatible with
the dielectric waveguides must be
designed. At the other end of the
waveguide a transition structure,
necessarily metallic, must be pro-
vided to concentrate the radia-
tion across the depletion region
of a suitable mixer diode. Local
oscillator power must be sup-
plied, combined with the signal,
and applied to the mixer. The
required components are likely

A - -
WAVEGUIDE THICK SILIEON
MEMBRANE SUPPORT

Fig. 2 Typical dielectric-rod waveguide
supported on a dielectric membrane.
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to be very small; for example, at
1 mm wavelength a typical sin-
gle-mode silicon waveguide will
have cross sectional dimensions
around 200 micrometers. Such
small circuits are most easity
made using microfabrication
techniques similar to those in 1C
technology. With this kind of
fabrication it is natural to con-
struct entire circuits as a single
unit; they will then have the us-
val 1C advantages of ruggedness
and low cost. In some cases it
may be desirable to construct ar-
rays of identical structures, for
example for imaging; with micro:
fabrication this can readily be
done. Eventually it may also be
possible to integrate low-frequen-

X &
(S0
“\\\“\Q* 1 .
o 4
3 o ASICONY
BISMUTH AN CUB R e

BOLOMETER
“V COUPLER™

E: SILICON DIOX!{DE
TAPERED MEMBRANE
TRAPE 20IDAL g
ANTENNA

Fig. 3 Diagram of tapered-dielectric
waveguide antenna.

cy components such as |F ampli-
fiers as well. Aside from the prob-
lem of the local oscillator, which
still presents difficulties, it does
not seem far-fetched to envision
small, inexpensive, integrated
NMM receivers for, say, office-to-
office communications use.
Although production of inte-
grated circuits can be rapid and
inexpensive once the masks are
made, the design of NMM de-
vices can be tricky. Because of
the rather odd shapes that arise
in practice, mathematical analy-
ses of new devices can only be
approximate. On the other hand,
one may well be reluctant to haz-
ard the considerable effort of
mask-making for a new IC when
the design is unproven. Moreover,
it i1s difficult to measure such
things as impedance at NMM fre-
quencies. For these reasons, mi-
crowave simulation of new de-
signs is a very useful technique.
We have tested various device de-
signs by means of scale models
enlarged for use at 4 - 8 GHz,
with the tests being carried out
in an anechoic chamber. One
must, of course, use dielectric
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materials with refractive index
equal to that expected in the ac-
tual device at the NMM wave-
length. Usually dielectric losses
and departures of metals from
ideal conduction do not have
much effect and can be neglected.
Devices for wavelengths as short
as .01 mm have been simulated,
with good agreement always be-
ing obtained.

DIELECTRIC WAVEGUIDES

A promising approach to the
basic NMM waveguide is shown
in Figure 2. The dielectric wave
guide is similar in principle to the
glass light-guiding fibers now be-
ing introduced for telephone
communications, but in an I1C
the guide must be supported in a
different way. A basic principle
is that no waveguide can be
placed on a substrate that sup-
ports surface or bulk waves slow-
er than the wave being guided.?
If this condition is not fulfilled
the energy will quickly escape
from the guide, dispersing into
shock waves in the substrate. For
this reason the waveguide cannot
simply be placed on a thick slab

Si1 SUBSTRATE

/

SI MEMBRANE

$10, MEMBRANE

WAVEGUIDE
ANTENNA

LOW FREQUENCY

Fig. 4 Photograph of a 119-micron version
of the antenna sketched in Figure 3.

of the same material, because the
guided wave travels faster than
the bulk wave in solid dielectric.
However, the waveguide can be
placed on a thin membrane, as
the surface waves of the mem-
brane are comparatively fast.
Figure 2 illustrates a typical pos:
sibility: a silicon waveguide
etched out of a silicon wafer and
supported by a thin silicon mem
brane. The membrane is in turn
supported by thicker silicon, suf-
ficiently distant so as to not in-
terfere with propagation in the
guide.

After fabrication the structuré
can be placed on a slab of quartz

'World Radio Histo

for additional physical support.
Because quartz has a lower re-
fractive index than silicon, the
support layer will not affect
propagation much.

NMM ANTENNAS

In order to terminate the di-
electric waveguide in an antenna,
it is only necessary to taper it.
An example of such an antenna®
is shown in Figure 3. In this case
the dielectric waveguide is simply
constructed in a wedge-shaped
piece of silicon to provide the
desired taper. Figure 4 is a photo
graph of such an antenna for use
at a wavelength of 0.119 mm.
This antenna has a well-confined,
single-lobed pattern, as shown in
Figure 5, making it suitable for
use as a feed horn for a primary
mirror. The 3 dB beamwidth is
about 35 degrees and the gain is
about 13 dB.

Other kinds of NMM antennas
have also been built. Metal an-
tennas cannot be deposited on
the surface of a thick dielectric,
because the guided wave will be
faster than bulk and surface
waves of the dielectric; thus en-
ergy will quickly be lost into
shock waves. However, it may be
possible to build metal antennas
on sufficiently thin dielectric
membranes; conventional micro-
strip antennas are of this type.
Another approach is to encase a
metal antenna entirely in dielec-
tric, in which case it operates
just as it would in air, except for
change of scale. An example of
such a device, intended for use at
0.119 mm, is shown in Figure 6.
In this case the metal V antenna
is evaporated on a quartz sub-
strate, and an identical quartz

1
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60 30 30 60
ANGLE FROM ANTENNA AXIS (DEGREES)

Fig. 5 E- and H-plane patterns of the
antenna of Figure 4.
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Fig. 6 V antenna and microbolometer detector for 119 microns, encased in crystal quartz

“sandwich’’ structure.

superstrate is placed over it to
give a "'sandwich’’ structure.®
This kind of antenna is more
suited for use with two-conduc-
tor metallic transmission lines
than with dielectric waveguides,
but it has found an application

in connection with far-infrared
detection. A very small bismuth
film bolometer can be deposited
directly at the antenna terminals,
as shown in the figure. Because
the bolometer is quite small
{1/25 - 1/200 wavelength in size),
very little captured energy is re-
quired to heat it and a video NEP
of around 107° watt/Hz'? with

1 MHz bandwidth can be ob-
tained at room temperature.
These antenna-coupled bolome-
ters may replace pyroelectric de-
tectors for some far-infrared vid-
eo detection applications {such as
plasma diagnostics) because of
their greater speed.

V COUPLER

When diclectric waveguides are
being used, there must be a way
to extract the energy from the
guide and apply it to a mixer di-
ode. In conventional microwave
practice one might make a transi-
tion to hollow metal waveguide,
and then mount the diode inside
the metal waveguide on a post.
With the microfabricated dielec-
tric guide, however, it is more
convenient to deposit a metallic
antenna, which we call a V cou-
pler, directly on the dielectric
structure. The V coupler {which
can be seen in Figures 3 and 4)
resembles the V antenna used in
the sandwich structure. In this
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case no superstrate is used, and
advantage is taken of the tend-
ency of the metal structure to
couple 1o modes of the dielec-
tric. Because in this case the di-
electric is a single-mode wave-
guide, good coupling is obtained
between the guide and a load
connected at the terminals of the
V. Coupling losses as low as 0.7
dB have been measured.

SCHOTTKY DIODE MIXERS

With a waveguide made of
semiconductor it should be feasi-
ble to construct a diode mixer
directly in the waveguide mate
rial, at the V coupler’s terminals.
Schottky diodes have often been
constructed for use at 300 GHz
and beyond, but in most cases
they have been three-dimension-
al structures. Typically the diode
will consist of a very small (about
1 micrometer) metallic dot on
the semiconductor surface, to
which contact is made by a kind
of cat-whisker, which also serves
as an antenna to couple energy
into the diode. Diodes of this
kind have given very good per-
formance, although at 300 GHz
and above, mixer noise tempera-
tures still tend to be orders of
magnitude above the “quantum
limit"”" hv/k. 1t should be benefi-
cial to eliminate the cat-whisker,
because it is difficult to contact
and reduces the ruggedness of the
structure, but planar diode struc-
tures present their own difficul-
ties. Small dimensions and care
fully chosen doping profiles are
required to assure sufficiently
smal! values of their RC time
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constants. Further constraints
are raised by the need for integra
tion with a planar coupler or an-
tenna. For example, one might
wish to deposit a metallic V-cou-
pler on epitaxial material, as the
latter can help to reduce RC. But
this cannot be done, inasmuch as
the heavily-doped layer of the
semiconductor will act as a met-
allic ground plane, short-circuit
ing the coupler. Figure 7 shows
one form of an ‘ntegrated Schot-
tky diode/antenna structure for
A =1 mm. In this figure the rec-
tangular areas at the terminals of
the V coupler are photolitho-
graphic “windows’ in which dif-
ferent levels of cdoping are pro-
duced by ion implantation, re-
sulting in one ohmic and one
rectifying contact. Very careful
mask alignment 1s required to
keep the diode’s dimensions
down to tolerable levels. Per-
formance data are presently be-
ing obtained for this structure.

Fig. 7 Integrated Schottky diode/antenna
structure for A = 1 mm.
Photo courtesy of G.-G. lau.

INTEGRATED RECEIVERS

It should be possible to com-
bine antennas, waveguides, and
diodes into integrated circuits,
like the simple receiver sketched
in Figure 8. Here the signal and
LO channels are combined by a
3 dB hybrid coupler made by
bringing two dielectric wave-
guides near each other so their
fringing fields couple. A balanced
mixer is used to avoid loss of
power and to cancel local oscilla
tor noise. Various other integra

{continued on page 52)
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Fig. 8 Proposed integrated NMM receiver
including two antennas, 3 dB hybrid
coupler, and balanced mixer. An
integrable LO has not yet been
developed.

ble components based on the di-
electric waveguide can readily be
imagined. For instance it should
be possible to use a closed circle
of waveguide as a ring resonator,
coupling to it by means of the
fringing fields as in the case of the
hybrid coupler. Development of
such a resonator may eventually
help to solve the vexatious prob-
lem of local oscillators for this
frequency range. The conven-
ience and cheapness advantages
of the IC are largely dissipated if
a bulky, expensive, external local
oscillator must be used. One
promising approach here is the
use of harmonic mixers, which
have recently provided noise
temperatures as low as 2500 -
3000 K for reception at 200 -
230 GHz.7 In addition to the
noise-suppression advantages of
the harmonic mixer, the reduced
LO frequency should make it
easier to produce an integrated
LO. Some semiconductor nega-
tive-resistance devices, such as
the IMPATT diode, are usable at
frequencies as high as 300 GHz.
One problem with semiconduc
tor NMM oscillators is likely to
be low power, because of the
small dimensions such devices
will probably be required to have.
With IC technology it may be
possible to get around the prob-
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lem by replicating a large number
of structures, provided they can
be made to oscillate in phase.
For example, a number of nega:
tive-resistance devices might be
fabricated around the circumfer-
ence of a single waveguide ring
resonator. This however is only
speculation; the LO problem is
still a long way from solution.

DETECTOR ARRAYS

Microfabrication technology
allows us to construct arrays con
taining numerous identical ele-
ments, such as the detector array
shown in Figure 9. This detector
consists of a planar metallic cir-
cuit, interspersed with small bis-
muth-film bolometer elements,
constructed on the surface of a
guartz cover slip. Radiation to
be detected impinges normally on
the detector. If we assume the
metal circuit to be lossless and if
no radiation is reflected, then all
the incident energy will be used
to heat the bismuth, as we desire.
In order to eliminate reflection
the detector must effectively ter-
minate free space in its charac-
teristic impedance. As far as the
resistive component is concerned,
this can be done by shaping the
metal circuit into a transformer
of appropriate dimensions, but
there will still remain an un-
matched reactive component
arising from capacitance and in-
ductance in the metal circuit and
dielectric reflection from the thin
substrate. Interestingly, this reac-
tive mismatch and its associated
reflection can be largely eliminat-
ed through the use of an adjust-
able metal shorting plane placed
behind the detector plane and
parallel to it. This refinement is
similar to the shorting plunger
used in a conventional waveguide
mixer mount. In the present case,
however, the adjustability is an
interesting feature, since there
are not many convenient ways to
tune a NMM integrated circuit. A
detector array of this kind, with
400 identical detector elements,
has been tested at a wavelength
of 1.3 mm, with the adjustable
backshort working to reduce re-
flections as expected. With opti-
mal adjustment, more than 50%
of the incident radiation was
coupled into the bolometers.

DE
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Fig. 9 Diagram of planar detector array for
A = 1.3 mm. (Not to scale.)

CONCLUSION

On the basis of what has al-
ready been done, it seems safe to
say that integrated receivers for
wavelengths near one millimeter
can be made—with the exclusion
of the local oscillator. The rate
of progress in this field will de-
pend mainly on the rate at which
the motivating applications ex-
pand. Development of solid-state
sources for this region, particu-
larly integrable ones, will present
interesting scientific problems.
Spinoffs of the results into such
related areas as far-infrared de-
tection and imaging can be ex-
pected.
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A New Tool for M||I|meter Waves

INTRODUCTION

In 1976 we published an arti-
cle in this journal' describing our
efforts to date with millimeter-
wave MIC's. We had begun to ex-
plore the many possibilities of
using low dielectric substrates at
the higher frequencies. Among
the circuits which showed con
siderable promise was the edge
coupled bandpass filter. Two of
these filters, designed for differ
ent passband frequencies, were
incorporated into microstrip d.
plexer torm. The 1976 results, al
though encouraging at the time,
fell far short of performance lev-
els subsequently attained.? Exam-
ples, before and after, of contig-
uous diplexers are shown in Fig-
ures 1 and 2. For these and all

ATTENUATOR (dB}

4 il L |
8 29 30 31 32 33 34 35 36 37 "83940

26 27 2
Fig. 1 Onginal attempt at diplexer (1976).
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Fig. 2 Diplexer in below-cutoff waveguide
using printed circuit transitions
{1978).
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other measurement data, the fig
ures include transition losses.
EXPLAINING THE DIPLEXER

Using Z, as the output and in
put characteristic impedances,
two different bandpass filters are
connected to a common junction,
preceded by different length lines,
also of impedance Z,. At the in
put port of a lossless filter, the
out-of-band admittance is purely
susceptive. The added line lengths
between the junction and each
input port are calculated to make
the admittance of each bandpass
filter appear as an open circuit
at the center of the opposing fil
ler's bandwidth. This transforma
tion is easiest to understand with
the aid of a Smith chart (Figure
3): Here Y1, the input admit-
tance of Filter 1 (32-36 GHz
bandpass), is shown over 28-32
GHz, bandpass range of Filter 2.
As can be seen, Y1 is highly sus
ceptive. If no transmission line
were used between Filter 1 and
the junction, the 28-32 GHz filter
would be severely loaded. Adding
a Z, impedance transmission line
to the input of Filter 1 rotates

‘FILTER 1 F|LTER228 32 GHz
3236 GHz e
. ‘
28 36 GH, M= e

Fig. 3 Out-of-band effect of added trans
mission line between bandpass filter
and diplexer junction.

World Radio Histo

Technical Feature

D. RUBIN and D. L. SAUL
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San Diego, CA

the latter’s susceptance around
the Smith Chart so that it appears
as Y2. Here the transmission line
was of sufficient length to make
Filter 1 appear as an open circuit
at the center frequency (30 GHz)
of Filter 2.

Similarly, a transmission line is
placed at the input of Filter 2 of
sufficient length to make it ap-
peatr as an open circuit at the cen-
ter frequency (34 GHz) of Filter
1. Slightly different length lines
could have been used to minimize
the out-of-band susceptances
somewhat more than shown. Ex
cept near the crossover point of
contiguous filters, input RF with-
in the diplexer range is directed

to the proper bandpass filter al-
most as if the other filter were
not present.

FABRICATION

Open-ended microstrip is well
known for its radiative properties.
This affects open resonators® by
causing considerable rounding off
of the attenuation at the low fre-
quency end of the bandpass re-
sponse. Radiation effects can be
greatly reduced by enclosing the
filter within a below-cutoff wave-
guide housing.

MICROSTRIP LINE

UPPER FOIL
BECOMES

MICROSTRIP
LINE

DIELECTRIC =
SUBSTRATE A
A - STEPPED
- < TRANS
FORMER
WAVEGUIDE : SECTION
OUTLINE B ~ LINEAR TAPER

CROSSOVER SECTION
LOWER FOIL BECOMES GROUND PLANE

Fig. 4 Printed circuit to waveguide

transition.

Since the addition of dielectric
will increase the electrical dimen-
sions of a waveguide, the fre
quency al which higher order
modes can exist will be lowered.
For the 0.01" thick Duroid used
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Fig. 6 Total triplexer losses.

up to 40 GHz and the 0.005"
thickness above 40 GHz, a 10%
reduction in the waveguide di-
mension parallel to the micro
strip has been found to be suffi-
cient. Figure 4 shows a diagram
of the printed circuit to wave-
guide transition used for almost
all of our final circuits.

The design of each bandpass
filter proceeds as follows:

(a) Calculate the number of sec-
tions and even and odd mode
impedances (Zge and Z ) re
quired for the desired ripple
and bandwidth.

(b) Use Bryant and Weiss
MSTRIP? or other program
to find the line widths and
gaps needed to obtain these
impedances. Also note the
effective even and odd mode
dielectric constants €ge and
€00 Use Dell-Imagine for-

mula®
(c) ot %. Zoe + Zoo

Zoe \/foe *+ Zoo V€00
to find the lengths needed to
compensate for the differ
ences in phase velocities of
the two modes.

(d) Use Silvester and Benedek®
or other end capacity compi-
lation to determine the end
capacitance at the ends of the
half-wave resonators.

(e) Using a good graphic analysis
routine, plot attenuation vs.
frequency.

(f} Noting the percent shift in
the center frequency (mainly
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Fig. 7 Three-channel integrated down-
converter — transparency used for
MIC.

caused by the end capaci

tance), decrease each line

length by the same percent.
(g) Compute and graph again.

One iteration is usually suffi

cient for resuits.
A FEW USES FOR THE DIPLEXER
Triplexer

Figure 5 shows the diplexer

used as part of a microstrip tri
plexer. A 12 GHz input band-
width is divided into three 4 GHz
output channels. The output
ports of the first hybrid coupler
contain identical midband band-
pass filters. Frequencies within
their bandpass are transmitted to
the next hybrid and recombined
at its output. All other frequen-
cies are reflected from the band
pass filters and combined at the
isolated port of the first hybrid.
A noncontiguous diplexer is then
used to separate the high and low
frequency bands. Figure 6 shows
the result. The triplexer was inte-
grated with three modified rat
race mixers’ to form an integrat
ed three-channel downconverter
with 4-8 GHz IF outputs. Figure
7 shows the transparency layout
used for the integration, Figure 8
the unit itself. For this circuit,
only the transition and triplexer
were covered by the reduced
height housing. Total input to
output conversion loss for the
three channels is shown in Figure
9. The triplexer losses were ob-
tained by removing the mixers
from the rubylith layout and ex-
tending the triplexer output lines
to the LO input transitions. This

Fig. 8a Threechannel integrated dowr-

converier, covers off.

% «°

Fig. 8b Three-channel! integrated down
converter, covers on.

aliowed direct measurement, ex
cept for the addition of a second
transition and some lossy micro-
strip transmission line. Conver
sion losses taken near the craoss-
overs are probably in erior due to
inaccuracies caused in setting LO
frequencies.
Diplexer-Mixer

Often, balanced mixers are
used with high IF frequencies
simply because it is inefficient to
couple LO power through a 10
dB (or so) coupler to a mixer di
ode. The coupler provides isola
tion between the RF and LO
potts. Figure 10 shows how full
LO power can be applied to the
diode through one arm of a di-
plexer with excellent isolation
and without loading the RF port
In this case,the diode must be
resonated and transformed 1o ap-
pear, at the junction, simtlar to
Z, over the LO and RF ranges.

At the higher millimeter wave
frequencies, high power local os
cillators and mixer diodes can
both be costly. A well designed
diplexer-mixer would require half
the LO power and half the diodes
of a balanced mixer. The latier,
necessary for reducing LO noise
close to the carrier, is really not
necessary for high IF frequencies.
For 4 GHz bandwidths, and a LO
to upper RF frequency spread ot
8 GHz, our lowest conversion
loss has been 11 dB. Not much
time was spent with this mixer;

MICROWAVE JOURNAL
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Fig. 9 Total conversion losses for integrated

downconverter.
careful matching to the diode

should work to lower these losses

considerably.
Frequency Stabilizer

A noncontiguous diplexer can

be used as a frequency discrimi-

nator by sensing its crossover fre
quency.® The crossover, which is
designed to occur about 8-10 dB
below the bandpass attenuation,
is very sharp, i.e., many dB/GHz,

presenting a much higher effec-

tive Q at this frequency than oth-
er planar resonators.? The detect

DIODE

- ok

BIAS RESISTOR m

0.
N

L.P.FILTER
COUP CAP

s
BY PASS CAP i | I

YW.F OUT

Fig. 10 Possible configuration for mixer-
diplexer.

ed output voltages (Figure 11)
must be differentially amplified
with considerable gain and fed
back to the VCO. If the output
voltage difference is very slight
for a small change in oscillator
frequency, the dc feedback volt
age will be noisy, resulting in 0s
cillator phase noise. Our MIC
Gunn oscillator used simple mi-
crostrip transmission lines (and

the varactor) as a resonator. With-

out feedback the resonator, and

the diode parameters, determined
the free running frequency. When
the feedback loop was closed, the

output frequency was precisely

that of the crossover. Phase noise

was observed by mixing with a
crystal comb generator, convert

ing to 40 MHz, and applying to a
low frequency discriminator. The
phase noise was found to be low-

er by one or two orders of mag-
nitude when compared to free
running.
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Fig. 11 Frequency stabilized microstrip oscillator.

Unfortunately the effective
dielectric constant decreases with
temperature, causing the cross-
over frequency to increase. Tem-
perature compensation must
therefore be used. This could be
done simply by locating the di-
plexer away from the oscillator in
a constant temperature enclosure.
We chose, however, to use an 1C
temperature sensor* mounted in
proximity to the diplexer. The
sensor produces a current output
proportional to the absolute tem
perature. This is used to form a
voltage ramp (as a function of
temperature) which is fed back as
a correction bias to the VCO. The
discriminator voltage modulates
this bias. The integrated VCO has
shown a temperature sensitivity
of 0.35 MHz/°C, about three
times better than many commer-
cial waveguide VCOs.

WHAT'S NEXT?

Certainly three diplexers can
be used to form a quadriplexer.
One diplexer can be used to sepa
rate two frequency bands. Each
output would go to another
smaller bandwidth diplexer to
divide its frequency band.

* Analog Devices Model AD590.

There are undoubtedly many

other uses for these devices. Any
ideas?
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Cover Story

REFLECTOMETERS

for Milimeter-Wave Measurements

MARK CRANDELL
PAUL A. CRANDELL
Hughes Aircraft Company
Electron Dynamics Division
Torrance, CA

There are various techniques
available to measure impedance
at millimeter-wave frequencies.
Slotted lines and hybrid imped-
ance bridges are available, but in-
accuracies associated with resid-
ual SWR, probe interference, and
coupling factors limit the useful-
ness of these devices. In order to

simple but reasonably accurate
reflectometer system has been
shown to offer an attractive alter-
native. In this article we present a
broadband, practical, millimeter-
wave reflectometer and discuss
its performance characteristics,
measurement range, and practical
accuracy limits.

REFER~
ENCE
P, P, ]SHORT P,
t te ki
~ l | uNIT l MATCHED
(ny ARl e/a_‘ UNDER - AN
J\—’/ COUPLER 1| [ISOLATOR! |COUPLER?2 TEST COUPLER 3 LOAD
SIGNAL
SOURCE
g ——
THERM=
44— '—— ISTOR
s MOUNT |

Fig. 1 Ideal reflectometer system.

overcome these limitations, the
development of two basic types
of network analyzer systems
have been attempted for meas-
uring impedance. The first meth-
od uses a paraliel pair of reflecto-
meters with downconverters,
which gives a real-time plot of
impedance vs. frequency when
used with a low frequency net-
work analyzer. This method
works well at frequencies up to
40 GHz, but requires a synthe-
sized, phase-locked sweeper at
millimeter-wave ranges. The sec-
ond and more promising method
is the six-port network analyzer.
However, this technique is still
under development at the present
time.

In the absence of a reliable im-
pedance measuring instrument at
millimeter-wave frequencies, a
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A simplified block diagram of
an ideal reflectometer system is
shown in Figure 1. Power from
the signal source is applied to the
unit under test and incident, re-
flected, and transmitted power
levels are measured at ports |, R,
and T, respectively. From this
information the insertion loss
(IL), the return loss (RL), the
voltage reflection coefficient (I'),
and the SWR of the unit can be
determined from the following
relationships:

IL =-101log (P,/P;) in dB (1)

RL =-10log (P,/P;) in dB (2)

Tl = (P/P)'? (3)
14T
SWR = ST (4)

where P;, Py, and P; are the inci-
dent, reflected, and transmitted
powers. It should be noted that
Pi, Pr, and P are measured indi-

rectly by measuring Pj, P;, and Pt.

It is thus necessary to determine
the system calibration factors.

To calibrate the system, the
power calibration factors K; =
Pi/Pi, K, = P,/Prand Ky = Py/Pq
are first to be determined. This
procedure can be done in a rela-
tively straightforward manner.

To make a measurement, the
unit under test is placed in the
system and P}, P, and Pt are
measured. By using Equations
(1) through (4) with the follow-
Ing substitutions:

(Py/Pi} = (K /K ) (Py/P) (5)
and
(P,/P) = (K /K)P,/P)) (6)

the unit parameters can be found.

In a practical reflectometer
several potential sources of error
must be considered in calibration

-3
é:#’q?sf?Q‘} INPUT
5 SEL COUPLED
& é’qog SRS . POWER, P,

L TEST PORT o
=T MISMATCH &
o ;’ Pw»s (]
3 4
20— OUTPUT <&

POWER, P, Z =

DIRECTIVITY, D = - 10 LOG (P, P}

Fig. 2 Directional coupler definitions.
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Fig. 3 Reflectometer error limits.

and measurement. One of the
major sources of error in meas-
urements of high return loss is
caused by the directional coupler
directivity. Referring to Figure 2,

the directivity, D, of a terminat-
ed coupler, is definedas D = -10
log- (e Pl

When a unit under test is
placed at the test port, the volt

age reflection coefficient associ-
ated with it combines with the
voltage reflection due to the di-
rectivity of coupler 2 (I'p =
107°79) Depending on the rela-
tive phases of the two reflection
coefficients, the resultant meas-
ured return loss will be:

-20 log (I - ITpl) < RL<-20 log
(I + ICg)) (7)

From this relationship, the error
limits can be estimated as shown
in Figure 3a where the error lim-
its are plotted as a function of

coupler directivity and measured

p-—
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Fig. 4 Automated miilimeter-wave reflectometer system.
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{from page 60) REFLECTOMETERS
return loss. For example, a return
loss of 22 dB as measured with a
coupler having 40 dB directivity,
which is typical for millimeter-
wave directional couplers, gives
an error limit of +1.2 dB and

1.0 dB. From these values we
find that the input SWR of the
unit lies between 1.15 and 1.20,
i.e., 0.069 < |I'| <0.089.

Another source of error, as
shown in Figure 2, is the test
port mismatch. Some of the
power reflected from the unit
under test is reflected from the
test port due to its mismatch and
then redirected to the unit under
test. This multireflection arrives
at the measurement port down
from the primary reflection and
introduces a measurement error
depending on the relative phases
of the two signals. Figure 3b is a
plot of measurement error versus
measured return loss as a function
of test port mismatch. For exam
ple, if we measure a return loss of
5 dB for a particular unit and our
test port has a SWR of 1.5:1, the
error limits from Figure 3a are
+0.55 dB and -0.60 dB.

When measuring low values of
return loss (large SWR), there is a
potential error due to any mis-
match looking back into the sig-
nal source. This error is mini-

mized by placing an isolator be-
tween couplers 1 and 2.

Both thermistors and detectors
can be used for power measure-
ments in reflectometers. An ad-
vantage of a thermistor is that it
measures power directly; how-
ever it does not have sufficient
dynamic range in this system. An
advantage of a detector is that it
is fast enough to work in swept
measurements and has a large dy-
namic range; but its disadvantage
is that it needs to be calibrated.

The reflectometer described
above can be automated with a
computer or desk-top calculator.
The automated system is a fast,
accurate method of measuring
component parameters with a
minimum of test error. By using
the computer to determine the
calibration factors Kj, K¢, and K,
the frequency dependence of test
line insertion loss, coupling coef-
ficients, and detector response
can be factored out.

Figure 4 shows a block dia-
gram of a computer-controlled
millimeter-wave reflectometer
system. An IMPATT sweeper
source, controlled by the sweeper
main frame, plug-in, and comput-
er, is swept through the desired
frequency range. The output
power is directed through the

TABLE |

MILLIMETER-WAVE COMPONENTS FOR REFLECTOMETER SYSTEM

item Qty. Model No. Description
1 1 4772XH- Full Band Sweep Generator
2 1 4572 XH-1000 Direct Reading Attenuator
3 1 4571XH-1000 Direct Reading Frequency Meter
4 3 4532XH-1010 Directional Coupler
5 1 4561XH-1000 Termination
6 3 4511XH-1000 Ferrite Isolator
7 3 4732XH-1100 Flat Detector
8 1 4567 XH-1100 Adjustable Short

X =1 - K,Band (26.5-40 GHz)
2 — Q-Band (33-50 GHz)
3 — U-Band (40-60 GHz)
4 — V-Band (50-75 GHz)
5 — E-Band (60-90 GHz)
6 — W-Band (75-110 GHz) |
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test line as shown into the termi-
nation. The modulator is used to
square-wave modulate the output
signal at 1 kHz. This allows am-
plification of the detector output
at 1 kHz with a narrow band-
width, thus increasing sensitivity
and dynamic range. The rotary
vane attenuator is used to set the
reference power level of the sys-
tem and to ensure that the atten-
uation is constant with frequen-
cy. The frequency meter is used
to measure specific frequencies
and as an additional marker on
the display. The isolator is insert-
ed between couplers 1 and 2 to
reduce the effects of unwanted
reflections, particularly in meas-
uring high SWR values of the unit
under test. The three couplers
with their isolators and detectors
form the incident, reflection, and
transmission channels. The broad-
band isolators are used with the
broadband detectors to reduce
the mismatch error. The matched
load and short terminations are
used to calibrate the system as
discussed above. The waveguide
switch is employed for measure-
ment convenience. In using the
waveguide switches, due care
should be exercised when meas-
uring low SWR values.

The outputs from the three
amplifiers are fed into an A/D
converter and then into the com-
puter. The display can also be
used for real-time monitoring and
adjustment. The plotter is used
for a permanent record of the
test data.

The system shown in Figure 4
covers a full waveguide band. In
this system detectors are used to
measure power because of their
advantages over thermistors. Re-
flectometer systems of the type
described in this article have been
built in the frequency ranges
from 40-110 GHz. All the milli-
meter-wave components are built
at Hughes Aircraft Company,
Electron Dynamics Division. The
reflectometer system can be sup-
plied with just millimeter-wave
hardware or as a complete sys-
tem, depending on specific needs.
Table | lists the components
needed for a typical reflectometer .2
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microwave processing circuits, antennas, rotary joints, GaAs
FET amplifiers, IMPATT diode combiners, limiters, swit-
ches, voltage-controlled PIN diode attenuators, or mixers.

Any questions? Feel free to call Dr. Graham at (213)
883-2400, extension 1605 or 3045. And by all means send
your resume to:

Hughes Aircraft Company
Missile Systems Dept. JM-6
Professional Employment
Fallbrook at Roscoe

_________ 4 Canoga Park, CA 91304

HUGHES AIRCRAFT COMPANY

MISSILE SYSTEMS

Equal Opportunity M/F/HC Empleyer.

U.S. Citizenship Required.
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Design Microstrip Oscillators
with Coupled Line Matching

CARLOS CORREIA da SILVA BARTOLO
FRED E. GARDIOL
Ecole Polytechnique Federale de Lausanne
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SHAMSUR RAHMAN MAZUMDER

SPAR Technology Ltd.

Chemin de Bellerive, Lausanne, Switzerland

Montreal, Canada

INTRODUCTION

Very small dimension oscilla-
tors can be realized using micro-
strip design where the solid state
diode, TED or IMPATT, is placed
directly on the substrate. All
matching, tuning and biasing
functions are carried out with mi-
crostrip circuits, allowing one to
obtain in this fashion a very com-
pact (flat) package. The reduc-
tion in size, in comparison with
comparable waveguide realiza-
tion, is, however, accompanied
by a loss in flexibility: tuning
and matching are more easily
made in waveguide designs,
where tuning screws can be used
for this purpose. No similar ad-
justable devices exist in micro-
strip. Of course, it is possible to
mechanically reduce the length
of a matching stub by scraping
part of the upper conductor
{trimming). However, this is a de-
structive one-way process.
Lengthening a stub is also feasible
technically by using adhesive-
backed metal strips. The opera-
tion, however, is tricky and must
be carried out with great care.

Even so, the microstrip ap-
proach presents smaller capabili-
ties as far as tuning and matching
are concerned, in contrast with
waveguide where such operations
are done with successive adjust-
ments of tuning screws, a quite
reversible and non-destructive
process. In order to effectively
use the microstrip approach, it is
desirable to separate the twa
processes of tuning (adjustment
of signal frequency) and match-
ing (adjustment of the imped-
ance presented by the circuit to
the microwave diode). In a prac-
tical design, one should be able
to carry out the two operations
quite independently.
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STATEMENT OF THE PROBLEM

A microstrip microwave gener-
ator is schematically represented
in Figure 1.

A tuning network, generally
consisting of one or two open-
ended stubs, provides a reactive
impedance component across the
diode terminals. Adjustment of
this reactive component, by trim-
ming off the stub lengths, serves
to adjust the frequency of the
signal: the oscillation occurs at
the frequency at which the sus-
ceptances of the diode and of the
outside circuit just cancel each
other out.

The remaining real part of the
generator impedance is in general
different from the line imped-

TUNING
NETWORK
{REACTIVE)

N

MATCHING

DIODE NETWORK

ance, most often chosen at the
conventional value of 50 2 , so
that some kind of transformer is
necessary to connect the genera-
tor to the load. The design is
completed by a biasing network
and also suitable filters and
decoupling.

The conventional approach
would be to use a quarter-wave
transformer (either simple or
multiple section). Unfortunately,
the impedance ratio of such a
transformer is fixed once and for
all by the design. There is no sim-
ple way to modify the imped-
ance ratio of a transformer real-
ized on microstrip: one would
have to reduce the width of the
sections as well as their length.

TRANSMISSION
LOAD

(TRANSFORMER)

BIAS
NETWORK

/ll

LINE

Fig. 1 Schematic representation of a solid state oscillator on microstrip.

1 » MATCHED

$  LOAD

STUB
&
I
=
(U]
&= COUPLED LINE
-~
INPUT
.
REFERENCE ELECTRICAL LENGTH 0 1
PLANE
|

LENGTH 0,

|

STUB

Fig. 2 Matching circuit consisting of a coupled line with two open-ended stubs.
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The transformer cannot be ad-
justed to fit the particular diode
used, hence a loss in perform-
ance and a need tor different cit
cuits corresponding to different
types of diodes. Furthermore,
the measurement of the diode
impedance is a delicate and tedi
ous process. In practice, it would
be highly desirable to have an ad:
justable design, in which some
limited amount of trimming is
still possible. In the case of IM-
PATT oscillators, a large imped
ance is required for maximum
power transfer to the matching
network: this means that very
narrow lines are required. They
are difficult to realize accurately
in practice, and may tend to heat
up as the dc biasing current has
to flow through them as well.

In essence, what is required is
avariable, or at least adjustable
transformer, in which the imped-
ance ratio can be modified by
some simple means, for instance
by trimming a stub, as is done
for tuning. As the process cannot
be repeated easily in the case of
error {(do it right the first time!)
the two operations should be
non-interactive (orthogonal).

USE A COUPLER FOR MATCHING

An interesting way to solve
this problem was found by con
sidering the input impedance pre
sented by a directional coupler,
when two of its ports are termi-
nated by reactances (open-ended
stubs) and the fourth one is
matched (Figure 2). The theoret-
ical study of the structure, using
impedance matrix characteriza-
tion, is presented elsewhere.'
Loci of constant conductance G
and constant susceptance B lines
are shown as a function of stub
lengths in Figure 3 for one parti
cular design. There is a singular-
ity, near which small changes of
phase produce large changes of
admittance (high sensitivity). Far
from the singularity, however,
smooth variations can be ob-
tained. Of particular interest is
the possibility to adjust the real
part G of the admittance without
modifying the imaginary part B.
As an example, setting 0, = 45°,
the value of G can be varied be

66

tween 1 and 2.5 mS while the
imaginary part remains approxi-
mately constant. This approxi-
mately covers the range required
to match an IMPATT oscillator
diode. The reactively terminated
coupled line thus behaves as an
adjustable transformer. An addi-
tional practical advantage is that
it provides directly the required

dc decoupling for the bias circuit.

180

PRACTICAL REALIZATION

The method was used to de-
sign an X-band IMPATT oscilla-
tor on an Epsilam 10 substrate
(Figure 4). The IMPATT diode
(type HP-5082-0435) is located
at the T-junction, fitting in a hole
drilled through the substrate, be-
tween the upper conductor and
the ground plane. The length of
the two open-ended stubs S, and

0y

0

Fig. 3 Input admittance of coupled-line matching circuit for 8 = 120°, Ze = 6752,
Zoo = 33€2. Solid lines represent the real part G (in millisiemens),* dashed
lines the imaginary part B. Electrical lengths 8, and @, are in degrees.

TUNING S,
STUB
0,
MATCHING
STUB
OUTPUT
DIODE ]
LOCATION

0,

BIAS

S,

Fig. 4 Microstrip oscillator circuit layout showing tuning stubs S, and S, (frequency) and

matching stubs 8. and 0, (power).

*(S) Siemen is a unit of conductivity in the MKS rationalized system.
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S, was adjusted for oscillation at
the design frequency of 10.4
GHz. A half-wavelength section
of line between the diode and
the coupler input serves to avoid
interferences between the stubs.
The length of stub 8, is adjusted
for maximum output power (Fig-
ure 5): the adjustment must be
made carefully, as the curve pre-
sents a rather sharp maximum.

The signal produced was obsarved
on a spectrum analyzer — the line

is quite sharp and there are no
spurious oscillations.

100 { mw .

75 4

44 mA

B~

25 A a -\ 40 ma

0

10 20 30 40 50
Fig. 5 Output power as a function of alec-
trical length of stub @,, at 10.4 GHz,
for 8, = 15%, 6 = 120", Z,, = 6792,
Zoo = 3382

CONCLUDING REMARKS

A new approach to create sol-
id state oscillators on microsirip
was developed. The two opera-
tions of frequency tuning and
impedance level matching were
carried out independently. A sig-
nal power level of 100 mW was
ohtained at the design frequency
of 10.4 GHz.

Further refinements consid-
ered are the addition of varactor
diodes for fine tuning and match
ing. Variable capacitors with ade-
guate biasing circuits placed at
the ends of stubs S, and S, can
be used to adjust the frequency
of operation or to FM modulate
the signal. At the end of stub 0,,
a variable capacitor can be used
to adjust the power level (ALC)
and for amplitude modulation of
the signal.
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and 5880 because the
tolerance on dielectric
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Product Feature

Constant Gamma

MICROWAVE ASSOCIATES, INC.
Burlington, MA

Hyperabrupt Tuning Varactors

Microwave Associates is now offer
ing a standard product line of GaAs
Hyperabrupt Tuning Varactors with
the added feature of ‘constant gam-
ma.’”’ In this discussion, constant gam-
ma is defined, the advantages to the
circuit designer are described, and an
approach to proper diode selection is
discussed.

For PN junctions, the dependence
of junction capacitance, Cj, on applied
voltage, V, is given by:

CO
G = ——= (1)
| Vo,
{1 ae =)
¥
where:
¢ = the built-in potential (p = 1.3

volts for GaAs)
- a constant (mathematically

o
equal to junction capacitance
when V = 0)
v = the capacitance - voltage slope

exponent {(gamma)

For simple abrupt junction varactors,
gamma is constant and nominally equal
to 0.5. The junction is referred to as
hyperabrupt when y > 0.5, and for
most commercially available varactors,
the value of y varies widely with ap-
plied voltage.

From Equation {1}, we observe that
gamma is determined as the slope of
the plot of junction capacitance Cj,
versus total voltage {applied voltage
plus built-in potential) on log-log graph
paper. A typical plot of the new con-
stant y hyperabrupt tuning varactors is
illustrated in Figure 1 where the slope
of curve (1) is a constant y = 1.25 over
the applied voltage range of 2-20 volts.
Notice that constant gamma is not
maintained &t low applied voltages, so
Co, = 6.6 pF is a mathematical value
determined by extending the constant
slopeto V=0 (or V+ ¢=1.3). The
capacitance versus applied voltage
curve (2) is also shown in Figure 1 for
the chip, and curve Q) illustrates the
C-V curve when the chip is mounted
in an ODS-30 package having package
capacitance of 0.17 pF.

The primary purpose of the con-
stant gamma hyperabrupts is to per-
mit the designer to achieve linear fre-
quency tuning without the use of a
linearizer. For a simple resonant cir-
cuit comprised of an inductance, L,
and the varactor junction capacitance
Ci(V), the frequency-voltage retation-
ship is given by:
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{Typical Hyperabrupt).

Fig. 2
cs  Gitv)

o~

Conan

CAPACITANCE RATIO Wt

(,_4
CX0) =
T Z’ 00
18 ==
17} oa
gy 06 s
ERE
E 14 08
e 10
)
it
1010 16 20 25 30
t
FREQUENCY RATIO R~ (o
min
Fig. 3 Optimum 7 selection for linear
tuning.
1 1
f (V) = =
2m/L C(V) 2m/L C,
2
2
\%
1+ — {2)
Y

and the desired vy for linear tuning is
2.0. However, in nearly all microwave
circuits, the varactor is not the only
capacitance in the resonator. Instead,
the capacitance of the active element,
or parasitic or stray capacitance, or
purposefully designed decoupling ca-
pacitance are a portion of the resonant
structure. An analysis has been per-

formed of the simple series circuit il-
lustrated in Figure 2 where the fixed
capacitance, Cg, is in series with the
varactor. The results of this analysis
provides guidance to the selection of
a suitable <y for the circuit designer.
Now the total capacitance, Ct, of the
resonant circuit can be expressed in
terms of a coupling factor, K, as:

i3

CriVI - Cyo

V
{1 IO SN BC
[ 3 S w
where:
Cro

S CO
Total C of Resonatorat V. =0
Varactor Junction Cat V=0

When Kg = 1, the varactor is fully cou-
pled and optimum y = 2. When Ky > 0,
the varactor becomes heavily decou-
pled and only narrow-band frequency
tuning is possible. For intermediate
values of coupling in the range 0 < K
< 1, an optimum value of constant 7y
for linear frequency tuning is predict-
able. The result of the analysis is illu-
strated in Figure 3.

In this illustration, the optimum 7y
value is plotted versus the frequency
ratio, fmax/fmin. With the coupling fac-
tor, K, as a parameter. Notice that
linear tuning can be achieved for con-
stant gamma within the limits 1.0 <
¥ < 2.0 depending on the coupling
factor.

This simplified analysis may be
used for selection of constant gamma
hyperabrupts under various coupling
conditions. A decoupling limit occurs
when the Cmax/Cmin is not available in
the varactor. Most broadband tuning
requirements are optimized in user cir-
cuits with 1.2 <1y < 1.4, while circuits
with narrow tuning bandwidth needs
utilize y = 1.0.

Four new standard series of GaAs
hyperabrupt tuning varactors are avail-
able with constant y of 1.0 or 1.25
over the ranges 2 - 12 volts or 2 - 20
volts. Capacitance values are available
from 0.4 pF to 10.0 pF at -4 volts in
each series. Q performance is roughly
equivalent to silicon abrupt junction
varactors.

Other values of y are available by
special request. Data sheets with fur-
ther details are available.

Circle 102 on Reader Service Card
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Product Feature

Muiti-Octave
Single Band
Sweep Generator

TEXSCAN CORP.
IngGianapolss, IN

The new XR-1500 is a single band phase-locked sweep
generator covering the 10 1/2 octaves from 1- 1500 MHz.
The instrument incorporates features which make it ap-
propriate for a wide range of applications.

A sweep across the entire 1- 1500 MHz range without
band breaks and flat within * 0.25 dB is available. In
this mode, residual FM is approximately 20 kHz and
drift is 500 kHz/5 min.

In sweep modes covering up to 2 MHz, however, a
phase-lock loop is incorporated which improves stability
to 1 kHz p-p residual FM and long-term drift of 50 kHz/
5 min. These characteristics make possible the alignment
and adjustment of circuits with bandwidths as narrow as
5to 10 kHaz.

The XR-1500 employs a clocked-marker system
which avoids the ‘‘beat’’ problems which can be encoun-
tered with harmonically generated markers. A 100 MHz
crystal source is divided by 10 and by 100 to provide 10
and 1 MHz markers whose amplitudes are held constant
by a level and clip circuit. Marker width and amplitude
may be adjusted for convenient display and markers may
be tilted for greater visibility on steep-sided response
curves.

Qutput level is controlied by two step attenuators
and an infinite resolution vernier. The total range is over
70 d8.

Key specifications for the XR-1500 include:

Frequency Range 1-1500 ViHz
Maximum Power Output + 7 dBm
Frequency Accuracy + 20 MHz

+0.2 dB (1-9 dB)
+ 3% (10-60 dB)

Attenuation Accuracy

Power Consumption 50 watts
Size 4’'H.x12""W.x15"'D.
Weight 18.5 Ibs.

Price 1s $2,850 with delivery in twelve weeks. &

Circle 101 on Reader Service Card
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Multi-Octave PIN Diode

ATTENUATORD

NEW

Multi-Octave

Digitally Programmable

Attenuators
from 0.1 to 18 GHz

, Mode! | Mainband S}ygtch Band

| 3450 .5-2GHz 1-6 GHz
3452 2-8 1-10
3298 8-18 6-18

e Frequency Range: 0.1-18 GHz
e Attenuation Range: Up to 60 dB

e Step Size: As low as 0.1 dB

® Exceptional flatness and accuracy

® Small Size, Low Power Consumption
e L ow VSWR and Insertion Loss

® Binary or BCD Programming

The new wideband 345 Series together with
the Model 3298 provides a family of digitally
programmable attenuators with the speed
and reliability of the PIN diode and a high
degree of accuracy, flatness and resolution
over the range of 0.1 to 18 GHz.

:,_ - "w ,.- -o'y“.‘ ; ..q
'MICROW.
GENERAL MICROWAVE CORPORATION

155 Marine Street, Farmingdale, L.I., New York 11735

: Tel: 516-694-3600

Circle 35 on Reader Service Card
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Microwave
Products

Devices

HIGH POWER BALANCED RF
TRANSISTORS FOR 800 ViHz BAND

Models DBL45-12, DBL60-12 and
DBL80-12 are balanced RF power
transistors for the new 800 MHz com-
munications band and offer rated RF
power output across the entire 806-
866 MHz band. Devices are designed
for high power, base/mobile dispatch
service. Model DBL45-12 has power
output of 45 W, (min.) at power input
of 15 W (min.). Mode!l DBL60-12 of-
fers power output of 60 W, (min.) at
power input of 20 W. Unit DBL80-12
has a 80 W power output at 27 W
power input. All operate froma 12.5V
supply voltage. Communications Tran-
sistor Corp., San Carlos, CA.

(415) 592-9390. Circle 105.

Components

HERMETIC SMA BULKHEAD
FEEDTHROUGH ADAPTOR

Unit #705627-101 is a redesigned her-
metic SMA bulkhead feedthrough
adaptor. Model utilizes a 50 £2 solder-
in Kovar glass seal with welded con-
tacts. Component has SWR of 1.25
maximum from 2.0-18.0 GHz. Mating
face is a SMA jack (female) on both
ends in accordance with MIL-C-
390128. Avail: stock. Price: $7.82in
1,000 piece gty. Cablewave Systems
Inc., North Haven, CT. Steven Raucci,
Jr., (203) 239-3311. Circle 117.

TUBULAR LC FILTERS
COVER 1-1000 MHz RANGE

Series FA-3800 are miniature high per-
formance LC filters for use in the
1-1000 MHz frequency band. These
units replace larger tubular filters and
offer excellent control of passband and
phase response. Attributes of the mod-
els are achieved through synthesis pro-
cedures and component topology un-
available for tubular design. Available
with SMA or BNC connectors for di-
rect tubular replacement, or pins for
PC board mounting. Comstron Corp.,
Freeport, NY. Leonard J. Borow,
(516) 546-9700. Circle 119.

WR28 ROTARY JOINT

Rl

5 O
)

A single channel L-style WR28 wave-
guide rotary joint, Model RC12900,
operates from 26.5-40.0 GHz. Unit has
a maximum insertion loss of .5 dB,
SWR of 1.50, maximum, and 10 kW
peak power handling capability. Model
can be pressurized up to 30 psig and
rotates at 60 rpm with a torque of
<20 oz.-in. Size: 3" H. x 2" D. hous-
ing x 1.88" arm L. MAST Microwave,
Burlington, MA. Chris Theophile,
(617) 273-4640. Circle 125.

BROADBAND DIRECTIONAL DETECTORS

.5-18 GHz — with Unequaled Flatness

V
A
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KRYTAR

574 Weddell Drive, Unit 5 e Sunnyvale, CA 94086
(408) 734-5999

o7 & KRR
pET OV - ,,”ALU’”‘YS out
3L;ot, aos VBT
IN
Frequency
Frequency | Sensitivity | Directivity | Max | Sensitivity
Model (GHz) | (dB) (GHz)|(dB) (GHz) [VSWR | (uv/uw) | Price
12118 1124 | +21-8 18 1-8 135 40 $675
| %301-124, ] 15:8-124) | L
1818S 2-18 +.502-12.4) | 1702-12.4) | 1.35 10 $775
- | +712-18) ]15:12.4-18 | 3
18208 1-18 +.5(1-12.4) [1711-12.4 1.35 10 | $875 |
|| #7118 |150124-18 | ) =
1850S 5-18 212, 14..5-18 1.40 10 | $975
| |12:12.4-18 l l

Circle 36 on Reader Service Card
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BROADBAND BANDPASS FILTER
WITH HIGH SPURIOUS REJECTION

Broadband waveguide bandpass filters,
series 1300B, cover full waveguide
bands in the 12-60 GHz range. Units
have attenuation of 0.8 dB, typical,
1.5 maximum and SWR 1.4, typical.
Rejection is 60 dB minimum at fre-
quencies 15% above and below the
edges of the passband. Dimensions:
1.0-1.32" square x 3.5-7.0"" L. Price:
$1450 for stan. full-band models. Del:
60 days. Epsilon Lambda Electronics
Corp., Batavia, IL. Robert Knox,

(312) 879-6006. Circle 123.

MODULAR, STANDARD
WAVEGUIDE SWITCHES

A line of standard waveguide switches
of modular construction, with inter-
changeable drive head assembly and
full band specifications is offered

Both magnetic latching and failsafe
types are available. Drive voltages,
manual override and manually operat-
ed styles provide 42 interchangeable
drive head combinations. Ten combi-
nations of port and waveguide flange
styles make 168 to 420 standard wave-
guide combinations per waveguide size.
Logus Manufacturing Corp., Deer Park,
NY. (516) 242-5970. Circle 124.

4-WAY POWER DIVIDER SPANS
10-1000 MHz BAND

The PD-1000-4 is a 4-way power divid-
er which covers the 10-1000 MH2z fre-
quency range. lsolation between out-
puts is 25 dB, min. from 10-20 MHz
and 30 dB, min. from 20-1000 MHz.
Insertion loss is typ. 0.6 dB from 10-
400 MHz and 1.25 dB from 400-1000
MHz over split loss. SWR is 1.5 from
10-20 MHz; 1.2 from 20-1000 MHz.
Impedance is 50 £2. Offered with BNC,
TNC and SMA connectors. Del: from
stock. American Microwave Corp.,
Damascus, MD. (301) 253-6782.
Circle 116.

MM WAVE VARIABLE
ATTENUATOR SERIES

Model 75-110 A is a variable attenua-
tor designed for the 75-110 GHz band.
It has a power capability of 0.3 W; in-
sertion loss is 0.5 dB and max. SWR is
1.2; max. attenuation is 25 dB. Mode!
75-110 AE is a direct-reading variable
for the same band attenuator with a
0-50 dB range. Type 75-110 AV is a
micrometer-controlled 0-30 dB for
high resolution measurements in the
75-110 GHz band. Thomson-CSF
Components Corp., Electron Tube
Div., Clifton, NJ. Anthony Laconti,
(201) 779-1004. Circle 128.

LOW LOSS ISOLATORS FOR
3.7-4.2 GHz BAND

\'—’

Model 101104141, an isodaptor, and
Model 101104142, an isolator, per-
form optimally over the 3.7 to 4.2
GHz range. Both the isodaptor, with
waveguide input and SMA coax out-
put, and the isolator, with SMA coax
in and out, provide insertion loss of
0.15 dB max. while maintaining a
1.1-1 SWR and 26 dB minimum isola-
tion. Either unit is available in a
weather-proofed version for installa-
tion close to an antenna. Price:
101104141, $375; 101104142, $230,
in small qty. Del: 6-8 wks. ARO.
Eaton Corporation, Communications
Products Div., Addington Microwave
Components, Sunnyvale, CA. Jim Wil-
son, (408) 738-4940. Circle 120.

DISTRIBUTORS Blake Associates
Medford, MA 02155
TWX: 710-328-0463

7233 Lake Elleanor Drive
Orlando, FL 32809
Phone: (305) 855-4020
TWX: 810-850-0183

Circle reader service number to receive your copy
of our new short form catalog on Precision Adapters.

Call or write for our new, full line Microwave Component Catalog

CLM Sales
Zero Governors Road 3618 Briarstone Road

Why wait? Precision fmm Coaxial Adapters

Now available from the Microwave Component Division,
Omni Spectra can fill your requirements now.

These rugged adapters offer quality construction and
performance for use in test and instrumentation
applications. Standard configurations offer transitions
from precision 7mm to OSM, OSSM, OSN or OST plug

and jack configurations.
e D.C. TO 18 GHz

® LOW VSWR (as low as 1.06:1)

e MEETS MIL-C-39012 REQUIREMENTS
e STOCK TO 4 WEEK DELIVERY
¢ AVAILABLE FROM LOCAL DISTRIBUTORS

Omni
Spectra

220 Reservoir Street

Phone: (617) 449-3112

van Nuys, CA 91401

(214) 234-7400 TWX: 910-495-1728

Phone. (914) 576-2888
TWX: 710-563-0612

Phone (213) 989-1133

Microwave Component Division
Omni Spectra, Inc.
21 Continental Boulevard

Merrimack, New Hampshire 03054
(603) 424-4111

TWX 710-366-0674

Cavalier Components, Inc. Compucon Distributors Hall-Mark Electronics Corp.
559 North Avenue
Randallstown, MD 21133 Needham Hgts , MA 02194 New Rochelle, NY 10801 Worthington, Ohio 43085
Phone. (617) 391-7890 Phone (301) 922-7717
TWX. 710-862-0222

Hall-Mark Electronics Corp. Hall-Mark Electronics Corp. C.W. Swift & Associates
PO Box 222035
Dallas, TX 75222
Phone: (214) 234-7300

969 Worthington-Galena
Phone: (614) 846-1882

Waltronic Sales

15216 Burbank Boulevard 3350 Scott Boulevard, Bldg 4

Santa Clara, CA 95051
Phone (408) 727-1200
TWX: 910-338-7655
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Circle 37 on Reader Service Card

71



90° QUADTRATURE HYBRIDS
SPAN 200-18,000 MHz

“H" series 90 quadrature stripline hy-
brids cover the 200-18,000 MHz range.
Typical specifications for Model 7012
include: 7-12 GHz frequency range;
20 dB min. isolation; 0.5 dB max. in-
sertion loss, SWR max. of 1.35; phase
balance of + 3 and * 0.3 dB amplitude
balance. Units are provided with sealed
SMA steel connectors per MiL-C-
39012, with captivated center conduc-
tors. Price: $95, except Model H1218
(12-18 GHz) — $125. Del: from stock.
Engelmann Microwave Company,
Montville, NJ. Carl Schraufnagl,

(201) 334-5700. Circle 122.

MICROMINIATURE
RF CONNECTOR LINE

Line of square flange mounting micro-
miniature RF connectors save 45% of
the panel space of conventional SMA
connectors. Nanohex units have a
square mounting flange measuring
.281"" per side, feature a telescoping
interface and provide low SWR up to
12.4 GHz. Units come in screw-on,
snap-on, or slide-on matings and offer
extended dielectrics. Sealectro Corpo-
ration, R.F. Components Div., Mama-
roneck, NY. (914) 698-5600.

Circle 114.

2.5 W RADIAL LEAD THICK
FILM RESISTOR

A 2.5W FLATSO resistot is power
rated based on 70°C operation with
maximum na load temperature at
150 C. Radial lead thick film resistor,
Model FL2-% has a voltage rating of
10,000 V, maximum, with tempera-
ture coefficients available at + 100,

+ 250 and + 500 ppm/ C. Size:
1.125" L. x .690"" H. x .175" T_, with
radial leads that are copper solder
coated. For printed circuit mounzing,
lead bending is not required. Price:
For standard TC, $1.34 t0 $2.34 in
lots of 1,000 pieces depending on tol-
erance. Del: 6 wks. ARO KDI Pyro-
film Corp., Whippany, NJ. Bili Dodge,

(201) 887-8100. Circle 121.

GaAs PULSED IMPATT SOURCE

Model AT-SP44 is a GaAs pulsed IM-
PATT source in the 8-10 GHz band.
Power outputis 12 W + 1 dB over the
0-60°C heat sink operating tempera-
ture range. Source requires a constant
current modulator to provide pulse-
widths of 50 ns to 1 us, pulse repeti-
tion frequencies of 0-3 MHz, and duty
factors of 0-15%. Rise and fall times to
10 ns can be obtained. The dc to RF
efficiency is nominally 18%. Frequen-
cy stability over temperature is typical-
ly + 12 MHz. Size: 3%" x 1" D.
Weight: 3 oz. Price: $1900, 1-9 qty.
Avail: 30-60 days. Ad-Tech Micro-
wave, Inc., Scottsdale, AZ. R. C. Hav-
ens, (602) 941-1290. Circle 115.

VANE TYPE POWER DIVIDER
SWITCH

Model P/N 39D06100 is a vane type
power divider waveguide switch for
failsafe redundant system integration.
Switch covers the 7.05-10 GHz fre-
quency band and operates from 28
Vdc * 10% at .5 A max. current, with
pull-in and hold at 20 Vdc and 28 Vdec.
Switching time is 100 ms maximum.
SWR is 1.15, max. for positions 1 and
3; 1.2, max. for position 2. Power han-
dling is 1.5 kW CW. Transco Products,
Inc., Venice, CA. Ray E. Williams,
(213) 822-0800. Circle 129,

PROGRAMMABLE ATTENUATORS

PA50—Shown gzre e |

jigd
Attenuation Ranges
0-127 dB, 1 dB Steps Pa-54
0-63 dB, 1 dB Steps PA-51
0-15dB, 1dB Steps PA-50
0-12.7dB, 0.1dB Steps PA-534
0-1.5dB, 0.1 dB Steps PA-53

Frequency DC-1250 MHZ
High Accuracy—Low VSWR
Choice of Connectors
Choice of Drive Voltages
Available Stock to 6 Weeks

Texscan

CORPORATION

2446 North Shadeland Avenue, Indianapolis, Indiana 46219
Ph: 317-357-8781 « TWX' 810-341-3184 « Telex: 272110

CLEVELAND OF COLORADO - (303) 751-3252
1602 S. Parker Road, Suite 102, Denver, Colorado 80231

CLEVELAND ENTERPRISES - (505) 266-5594

6201 Copper Avenue N. E , Albuquerque, New Mexico 87108

RF ASSOCIATES, INC. . (213) 478-1586
1621 Pontius Avenue, Los Angeles, California 90025

RF ASSOCIATES - (415) 494-3331
800 San Antonio Road, Palo Alto, California 94303
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REPRESENTATIVES

IMR - (617) 256-8251

Scuth Cheimsford, Massacusetts 01824

ROI - (212) 423-7330

210-30 23 Avenue, Bayside, New York 11360
PRW CORP. - (201) 366-9421

162 Highview Terrace, Dwver New Jersey 07801
Q. T. - (703) 941-4242

7127 Little River Turnpike, Suite 205, Annandale, Virginia

22003

Circle 38 on Reader Service Card

PA54—Shown

Attenuation Ranges

0-127 dB, 1dB Steps PA-54

0-63dB, 1dB Steps PA-51

0-15 dB, 1dB Steps PA-50

0-12.7dB, 0.1dB Steps PA-534
0-1.5dB, 0.1dB Steps PA-53
Frequency DC-500 MHZ

High Accuracy—Low VSWR

Choice of Connector & Drive Voltage
Available Stock to 6 Weeks

SPARTECH - (404) 432-3644

P 0. Box 1285, Smyrna, Georgia 30080
TRUEX - (305) 859-2160

4864 South Orange, Orlando, Florida 32806
MICRO SALES - (513) 433-8171

P.0 Box 450, Centerville, Ohio 45459
PALATINE - (316) 788-0621

221 W. Market, Derby, Kansas 67037

AIREP - (214) 349-4360

10155 Plano Road, Dallas, Texas 75238

ElA - (312) 271-3774

1400 Renaissance Dr., Parkndge, IL. 60068
6357 Greenleaves Rd., Indianapolis, IN. 46220
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Hardware

MODPAK RFI SHIELDED
PACKAGES

Modpak system of shielded packaging
has RF connectors designed to provide
typical SWR of 1.2 or less up to 1.5
GHz when a 50 ohm microstrip PC
board is installed in the case. Mounting
clip and connector locking system per
mit PC boards to be positioned and re-
tained quickly. Other features include
direct access to circuits and choice of
connectors. Avail: from stock — 1 day,
for 26 stand. packages; 3 wks., for
custom models; 4 wks., for models
fabricated from customer drawings.
Adams-Russell, Modpak Division, Bur-
lington, MA. Susan MacDonald,

(617) 272-3330. Circle 103.

Antennas

COMPACT, SPINNING DF ANTENNA
SYSTEM

- | 5

A spinning DF antenna system con-
sists of L6-24 spinning DF antenna,
EP-30 pedestal and EC-60 control/dis-
play unit. Antenna provides DF cover-
age over 1-18 GHz frequency range,
with wide selection of band breaks and
polarizations, as well as switched or
simultaneous RF outputs. Antenna
consists of a rotating dish and foam-
filled feed, enclesed in c'ust cover to
protect elements and provide a smooth
surface to reduce rotation resistance.
Permanent magnet dc torque motor
rotates the antenna clockwise or coun-
terclockwise at speeds variable to 200
rpm; maximum torque is 1.5 foot
pounds. A synchro control transmit-
ter/tachometer provides three-wire an-
tenna position and velocity informa-
tion. Control/display unit has a four-
decade digital display for bearing read-
out, and has three front panel select-
able modes of antenna operation:
SCAN, SLEW and SECTOR SCAN.
Size: L6-24, 8" x 15"; EC-60, 5.25"" H.
in standard 19’ rack. Watkins-Johnson
Company, Palo Alto, CA.

(415) 493-4141. Circle 108.
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CIRCULAR POLARIZED mm HORN
ANTENNAS

Model CA-16 and CA-17 are circular,
polarized horn antennas which feature
half-power beamwidths of 60° nomi-
nal, input SWR of 2.0 maximum, and
minimum gain of 6 dBi. Size: CA-16
(18.0-26.0 GHz) — 2.9” L. with an in-
put flange mating to UG 595/U; Model
CA-17, (26.5-40 GHz) — 2" L. with an
input flange mating to UG-599/U.
Weight: Model CA-16, 40 oz.; Model
CA-17, 20 oz. Sanders Associates, Inc.,
Microwave Division, Manchester, NH.
(603) 669-4615. Circle 107.

Instrumentation

SYNTHESIZED SIGNAL
GENERATOR

F
i
i

Synthesized signal generator for pro-
grammable (IEEE-488) AM/FM meas
urements covers 0.4 to 520 MHz
(standard), 0.4 to 1040 MHz. Model
SMS supplies output signals calibrated
from +13 to - 137 dBm with calibrated
modulation capabilities for AM, FM
and PM. Instrument has microproces-
sor control and offers frequency reso-
lution of 100 Hz on an 8-digit display
and amplitude resolution of 0.1 dB on
a 3%-digit display in uV, mV, dB uV or
dBm. Polarad Electronics, Inc., Lake
Success, NY. Gene Kushner,
(516) 328-1110.

Systems

L BAND RF POWER AMPLIFIER
OFFERS 1600 W CW

A solid state Class C RF power ampli-
fier, PA 1385-122/4800 provides 63
dB gain and 1600 W CW output power
over the 1370-1400 MHz frequency
range. Output flatness is + 0.5 dB.
Harmonics are = 85 dB, spurious =

85 dB and input/output impedance
is 50 ohms. Load SWR protection to
infinity at all phase angles is provided
and BITE status indicators monitor
overall amplifier performance down to
replaceable module level. Prime power
is 208 Vac, three phase, 47 to 420 Hz.
Microwave Power Devices, Inc., Plain-
view, NY. (516) 433-1400. Circle 106.

{continued on page 74)

Circle 109.

MILLIMETER
WAVEGUIDE
COMPONENTS

MDL now offers a complete line
of WR-28 millimeter
waveguide components with
over 100 standard items
readily available, as listed
in our component catalog.

In addition, we have an
expanding line of WR-15,
WR-10, WR-8, WR-7, and WR-5,
operating from 30 GHz to 200 GHz.

For information about other
frequency ranges, or for
applications with special
electrical or mechanical

requirements, write or call:

10 Michigan Drive
Natick, Massachusetts 01760
(617) 655-0060

Microwave
Development
Laboratories,Inc.

Circle 39 on Reader Service Card
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Radar Technology Courses

LECTURER: Or. Eli Brookner, Consulting Scientist, Raytheon Company,
Equipment Division, Wayland, Mass. 01778, (617) 358-2721
LOCATIONS: Hotel Thayer, West Point, Eindhoven University of
New York Technology, Eindhoven,
Nether ands
DATES: July 14, 1980, Monday; Aug. 26 and 27, 1980;
8 AM — 9:30 PM; day 9:30 AM to0 5:30 PM
before Tri-Service Radar
Symposium
MEALS Lunch and Dinner and Two Lunches and
INCLUDED 3 coffee breaks 4 Coffee Breaks
IN PRICE:
MATERIALS $38.00, 432 page, 8%" X 11" hardcover book, Radar Tech-
INCLUDED nology, Dr. E. Brookner (Ed.), copies of over 550 vugraphs
IN PRICE:
PRICE: $105 IEEE Members 295 Dutch Guilders
$120 for nonmembers; add
$15 for registration after
July 5.
COURSE Fundamentals of Radar; present and future trends in signal
CONTENT: processing (SAW, CCD, uP, FFT); components {solid state,
gyrotron); Tracking {a—g and Kalman filters in simple terms);
How to look like a genius in detection without really trying.
SPONSORS: Boston IEEE/AESS Eindhoven Un. of Tech-
282 Marrett Rd. nology, Dept. of Electrical
Lexington, MA 02173 Eng., Eindhoven, Nether-
lands, 1n cooperation with
IEEE BENELUX and
Boston IEEE/AESS.
CONTACT: Dr. Ely Brookner Dr. Eduard T. Maanders

Phone (040) 473427,
473447,473417
{Eindhoven Un.)

Circle 40 on Reader Service Card

Phone (617) 358-2721
X2366 (Raytheon)

MIC Schottky Detectors

Broadband performance in rugged, low-cost,
miniature detectors is achievable in our 2086-6000
series Schottky Diode Detectors. These
hermetically sealed units provide low VSWR, flat
response and high sensitivity. Available in octave
and multi-octave configurations. Typical units are:

Sensitivity TSS
Freq. Range Flatness VSWR v/ :
Part Number mV/mw Min.
(GHz) _W(dB tYp.) {max.) (min)  (~dBm)

2086-6024-00 4- 8 +0.6 25 1600 53

2086-6040-00 .01-18 =E140) 1.6 500 45
Units are available in biased and

unbiased configurations, in either
output polarity, and in matched sets.

Available for Inmediate Delivery

Omni
Spectra
Microwave Component Division

Omni Spectra, Inc.

21 Continental Boulevard
Merrimack, New Hampshire 03054
(603) 424-4111  TWX 710-366-0674

Call or write
for our new full line
Microwave Component Catalog

Circle 41 on Reader Service Card
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(from page 73) NEW PRODUCTS

Materials

EPITAXIAL GaAs WAFERS
FOR HYPERABRUPT VARACTORS

Material doubles the maximum tuning
ratio of a varactor by tailoring the dop-
ing profile in the active region of the
epitaxial layer to suit the capacitance
change needed. Carrier concentration
is given a negative ramp from the sub-
strate interface towards the surface of
the epitaxial layer, or the carrier con-
centration near the surface can be in-
creased by growing a doping spike.
Tuning varactor wafers for all frequen-
cies, X to Q band, are available as is
material for Read IMPATT devices.
EM Chemicals, 500 Executive Blvd.,
Elmsford, NY. (914) 592-4660.
Circle 111.

LOSSY ROD, BAR AND SHEET
STOCK FOR TRANSMISSION LINES

ECCOSORB® MF is a series of eight
magnetically loaded epoxide rod, bar
and sheet materials designed for use as
absorbers, attenuators and termina-
tions in waveguides, coaxial lines and
striplines. Eight members of the series
permit the choice of eight different
loadings, for all of which the approxi-
mate relative impedance magnitude is
in the 0.4-0.5 range. Attenuation at
8.6 GHz ranges from values as low as
1.5 dB/cm for the lightest loading to
65 for the highest loading. Materials
have a service temperature of 180°C,
density of 1.6-4.9 g/cc, durometer of
85 Shore D and tensile strength of

> 8000 psi. Thermal expansion is

30 x 10 %/°C and thermal conductivity
is 10(BTU) (in)/(hr) (ft?) (F) and water
absorption in 24 hrs. is < 0.3%. Emer-
son & Cuming, Canton, MA. Jeanne B.
O’Brien, (617) 828-3300. 3

Circle 110.

ERRATA

A number of errors and omissions
were made in the publication of the
article “’Digital Radio Measurement
Using the Spectrum Analyzer,”” Engel-
son & Garrett, in the April 1980
Microwave Journal. Interested readers
may obtain an accurate reprint copy
of the article by writing to Mr. Len
Garrett, Tektronix Inc., DS 58-741,

PO Box 500, Beaverton, Oregon 97077.

The Advertising Index of the May
1980 Microwave Journal improperly
listed MAST Microwave/Megavolt
Corp. as Divisions of Unaworid
Corporation. &
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RESEARCH STUDY

DIGITAL MICROWAVE
RADIO MARKETS

¢ Reviews key technological and market trends in
conventional DMR market and also in the Digital
Termination System market for systems such as
the Xerox proposed XTEN satellite/terrestrial
network

e Analysis of tradeoff between analog and digital
microwave radio for thin, medium and dense
routes, with discussion of future probable trends.

e End-User market is analyzed by segment and also
by frequency band used, with discussion of likely
impact of fiber-optics and other new technologies.

e Supplier industry structure, with discussion of
supplier strategies and analysis of market share
by frequency band.

® Ten-year market projection of growth in DMR re-
quirements by Bell. Independents, Specialized
Carriers, etc.

e 158 pages; 33 illustrations; published March 1980;

price  $895.00

For free descriptive literature and detailed table of

contents, contact:

INTERNATIONAL RESOURCE
DEVELOPMENT INC.

30 High Street

Norwalk, CT 06851 U.S.A
Phone (203) 866-6914

WU Telex 643452

Circle 50 on Reader Service Card

MICROWAVE TUBE
ENGINEERING
MANAGEMENT

Outstanding Technical managerial opportunities now exist
at LITTON-Electron Tube Division, one of the worid's
leading manufacturers of Magnetrons and related micro-
wave power tubes, at our expanding facilities in Williams
port, Pennsylvania.

In particular, we are seeking several qualified individuals
to assume positions of responsibility in the area of Pro
duction Engineering Management. The successful candi
date will be responsible for directing the activities of Engi-
neers and Technicians and providing Technical support to
the Product Groups. The scope of the positions entail
maintaining customer product performance standards in-
corporating the most cost effective methods possible.

Qualified applicants will have had a demonstrated leader
ship abitlity, a B.S.E.E./Physics or related discipline and a
background in vacuum tube technology (Magnetron ex
perience desirable). Individuals with experience in the
fields of Microwave Power Tubes; Transmitter/Receiving
Tubes; Gas Filled Power Tubes; and/or X-Ray and Beam
Devices, are also encouraged to apply. Additional imme
diate opportunities exist in the areas of Design and Pro-
duction Engineering.

In addition to an excellent compensation/benefit package,
we offer a progressive relocation policy designed to meet
individual needs during an extraordinary economic period
in the housing market.

Interested individuals are invited to submit their resumes
in complete confidence to:

H

1035 Westminster Drive, Williamsport, Pa 17701

PERSONNEL MANAGER
LITTON
ELECTRON TUBE DIVISION

(sn equal opportunity employer (M/F/H/)

June — 1980
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RF Design
Engineers

put your
career
on target...

at ITT Avionics in Nutley,

New Jersey where you

could be involved in
sophisticated systems such as:

= Strategic/Tactical ECM Systems

= Electro-optical Countermeasures

= Tactical Navigation

= Computerized YVORTAC System

= C? Communication-Navigation-
ldentification

Projects employ advanced signal processing
techiniques such as: « DTDMA « Spread
Spectrum « Frequency Hopping « Multiple
Access Applications « Match Filter and
Correlation Techniques « FFT

To qualify, you should have BSEE or Physics for
assignments in low frequencies through various
microwave regions.

» Active/passive devices implemented in stripline
and microstrip at frequencies up to 3 GHz.

» Interface RF circuits with peripheral analog and
digital controls. « E/W oriented RF Design
specification, integration and test from UHF to
20 GHz. » Experience in solid state components
and TWT’s. « Know SAW, frequency synthesizers.
» Notch filtering technigques. « Solid state
hi-power amps. * Millimeter waveguides.

Call COLLECT to John Dowd at (201) 284-2436 or
send resume to Mr. Dowd, ITT Avionics

Division, 390 Washington Avenue,

Nutley, New Jersey 07110.

ITT AVIONICS DIVISION

An Equal Opportunity Employer, M/F
U.S. Citizenship required.
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New
Literature

FILTER SHORT FORM CATALOG

A short form catalog describes over
1,000 RFI/EMC filters and feedthru
capacitors. The 44-page booklet pro-
vides complete mechanical and elec-
trical specifications for filters rated
from 0.5 to 400 A. It describes parts
manufactured for both military and
commercial applications and provides
a questionnaire form to assist in speci-
fying non-standard parts. RFIl Corpo-
ration, Bay Shore, NY.
(516) 231-6400.

1980 COAXIAL FILTER CATALOG

Catalog C/80 describes filters and traps
for use in the 5-1000 MHz frequency
range (CATV, MATV, and CCTV) for
50 and 75 ohm systems. Information
on over 700 filters, including bandpass
(narrowband, wideband and diplexed),
lowpass, highpass and band reject
types is featured. Booklet is divided
into six sections: Bandpass Filters;

Circle 155.

Low and High-Pass Filters; Pay TV
Traps & Filters; Special Purpose Net-
works; Traps, General Purpose; and
World Channel Allocations. Microwave
Filter Company, Inc., East Syracuse,
NY. Emily Bostick, (315) 437-3953.
Circle 140.

DATA SHEET ON BeO SUBSTRATES

Data Sheet 7707-5 provides technical
information about beryllium oxide
substrates. This four-page sheet dis-
cusses thermal conductivity, surface
finish and dimensional tolerances and
lists available substrate specifications.
Valley Design Corp., Littleton, MA.
Frank A. Reed, (617) 486-8933.
Circle 158.

ACOUSTIC SIGNAL PROCESSING
HANDBOOK

Vol. 1l of a Handbook of Acoustic
Signal Processing is on Pulse Expan-
sion/Compression |F Subsystems for
Radar. Booklet covers specifying reso-
lution of bandwidth, side lobe suppres-
sion, system bandwidth, dynamic
range S/N ratio, theme noise limita-
tions, effects of Doppler frequency
shift and other influential parameters.
Anderson Laboratories, Inc., Bloom-
field, CT. F. Richard Cosma,

(203) 242-0761. Circle 132.

CATALOG ON RF DIODES AND
TRANSISTORS

An illustrated, 24-page booklet on RF
diodes and transistors describes func-
tion, application and essential parame-
ters of the product line. Separate sec-
tions cover variable capacitance tuner
diodes, hyperabrupt variable capaci-
tance tuner diodes, Schottky barrier
diodes and RF transistors. In addition
to industry standard RF diodes and
transistors, alternatives which offer
same performance at lower cost are
listed. A product index and package
artlines for over 125 types are includ-
ed. An O.E.M. price list is provided in
an accompanying leaflet. Ferranti
Electric, Inc., Commack, NY.

{(516) 543-0200. Circle 136.

COAXIAL CONNECTOR ASSEMBLY
PROCEDURE MANUAL

A fully illustrated manual provides in-
formation on trimming instructions
for flexible and semi-rigid coaxial ca-
ble. The manual includes a detailed
display of tools, methods, and techni-
cal data needed to complete cable as-
semblies that meet requirements of
MIL-C-3901 2 connector specification.
Omni Spectra, Inc., Microwave Con-
nector Div., Waltham, MA. Ernest J.
Devita, (617) 890-4750. Circle 154.

If you need

high dynamic range,

low VSWR...

Q-bit
( QBH 104

Compare
these specs

-

QBH-104 15Vdc

You need
f the new
-~ QBH 104

10-10,000 MHz
2 to 12 Sections
0.5 to 70% Bandwidth

COAXIAL

FILTERS

BANDPASS AND LOWPASS

FREQ. INPUT FORWARD REVERSE QUTPUT

MH2z VSWR GAIN / PHASE 1s0L. VSWR

5.000 1.24 11.61/-176.2 -46.66 1.20 I
50.000 1.16 11.93/ 167.1 -40.53 1
100.000 1.16 11.89/7 '162.2 -35.87 1 |
150.000 1.16 11.87/ 137.7 -32.78 1
200.000 1.16 11518167/ 123,13 -30.53 1%
250.000 Wl 11.85/ 108.8 -28.83 g
300.000 1 o0l 11.88/ 94.5 -27.42 1 !
350.000 1017 11.947 79.6 -26.22 1
400.000 1.16 12.02/ 64.3 -25.15 1
450.000 OIS 12.10/ 48.6 -24.19 1 |
500.000 1.13 1§28 9)/8 816 -23. 1 {

bl -

Calinowior wiite U S Patent 4,042,887 {

Q-bit Corporation 311 Paciic Ave Palm Bay, Florda 32905
(305) 727-1838  TWX (510} 959 6257

/[Z/ =bit |
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3’’ Dia to 114’'’ Dia
B Available Folded

L Premium Delivery Available—Consult Factory

Texscan

CORPORATION

2446 North Shadeland Avenue * Indianapolis, Indiana 46219
Ph: 317-357-8781 « TWX: 810-341-3184 » Telex: 272110
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RF! SHIELDED CASE CATALOG

Catalog No. 0380 is an eight-page,
two-color catalog which describes a
series of low cost RF 1 shielded cases,
RF transfer switches and accessories.
lllustrated with photos and drawings,
the catalog has information on a var-
iety of blank cases, standard size cases
and a custom series. The RFT series is
described and accessories such as cir-
cuit boards, feedthroughs, RF connec-
tors, test cables, adapters, die cast
boxes, gaskets, coaxial terminations,
attenuators and an RF transfer switch
line are shown. COMPAC, Deer Park,
NY. (516) 667-3933. Circle 135.

CAGE JACK CATALOG

A condensed, 20-page two-color cata-
log describes cage jacks and includes
information and data about plugs and
patching products. Typical insertion/
withdrawal force distributing curves,
current ratings and current carrying
capacities for the line are shown. Six-
teen pages are devoted to listings/de-
scriptions of PC jacks and plugs, botl
insulated and non-insulated types.
Each product is identified by a part
number. Cambion, (Cambridge Ther-
mionic Corporation), Cambridge, MA.
William G. Nowlin, (617) 491-5400.
Circle 134.

BOOKLET ON EPOXY HAZARDS

A 24-page booklet on the hazards of
working with epoxy products describes
and identifies health and safety haz-
ards, and features 11 ‘Do and Don't”’
rules. "Epoxy-Wise is Health-Wise'"
also presents a collection of case his-
tory accounts of how careless workers
got into difficulty by not observing
these precautions. A related section
details certain procedures practiced by
some workers to protect themselves
and proceeds to show how and why
the procedures can be inadequate.
TRA-CON, Inc., Medford, MA. M. M.
Vitale, (617) 391-5550. Circle 157.

SMA CONNECTOR CATALOG

Catalog SMA-9 covers a complete
SMA connector line. It contains com-
plete technical specifications and
drawings as well as cross references to
MIL-C-39012, Series SMA, listings.
Reference plane dimensions are pro-
vided. Sealectro Corporation, RF
Components Division, Mamaroneck,
NY. (914) 698-5600. Circle 141.

CATALOG ON HERMETICALLY
SEALED SMA IC LAUNCHERS

An eight-page catalog (No. 203A) de-
scribes a complete line of hermetically
sealed SMA microwave integrated cir-

cuit launchers. Brochure features a de-
scription of products; electrical, envir-
onmental and mechanical specifica-
tions; installation instructions; and
outline drawings. Cablewave Systems,
Inc., North Haven, CT. Steve Raucci,
(203) 239-3311. Circle 133.

CATALOG OF MILLIMETER WAVE
PRODUCTS

Data for its complete solid state milli-
meter-wave product line is featured in
a 100-page catalog. Products are listed
in an alphabetical capability index
which shows the frequency bands in
which products or capabilities lie.
Hughes Aircraft Company, Electron
Dynamics Division, Torrance, CA.
(213) 534-2121. Circle 137.

BROCHURE ON SCHOTTKY
BARRIER DIODE QUADS

B-4216B is a brochure which describes
a series of Schottky barrier diode
quads developed for use as double bal-
anced mixers and for other applica-
tions such as phase detectors, AM
modulators and pulse modulators.
Complete specifications for a low bar-
rier, a medium barrier and a high bar-
rier series of the beam lead quads are
available in the brochure. Microwave
Associates, Inc., Burlington, MA.
(617) 272-3000. Circle 139. %

11713A Driver

HP’s Small Wonders

Let you design
systems fast

@ Model 11713A Attenuator/Switch Driver

@ Automatic control for 2 attenuators and
2 switches simultaneously

® HP-IB programmable —manual or remote

® Overload-protected internal power supply

8494C Attenuator

June — 1980

87618 Switch

D
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® Price $1200*

More than 350 other measurement
components are described in our new,
96-page microwave test catalog.

For your copy call your nearby HP

sales office, or write Hewlett Packard Co..
1507 Page Mill Road. Pzlo Alto. CA 943(4.

HEWLETT
PACKARD

*Domestic U.S. price only.

OESIGNED FOR

 HP-1B 2

SYSTEMS

77




A lot
of people
supply
microwave
components
if you're
able to wait.

Microlab
keeps 10,000
in stock.

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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NEC is one of the world's largest manufacturers of Schottky diodes for commercial, military and
- hi-rel applications. Delivery is immediate, prices are competitive.

SINGLE -BATCH MATCHED SIMILAR TO HP
ND4974-7E ND4976-7E " 5082-2800
ND4973-7E ND4975-7E 5082-2810
ND4972-7E ND4971-7E 5082-2811
ND4981-7E ND4982-7E 5082-2835

 microwave semiconductors

, 3005 Democracy Way, Santa Clara, CA 95050 (408) 988- 3500
Excluswe sales agent for Nippon Electric Co., Ltd Microwave Semiconductor Products. U.S.A. [0 Canada [J Europe
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We started with a splash.
Now we’re really making waves.

Right from the start we said you could expect big
things when we entered the millimeter-wave field.
And we kept our promise. Hughes is now a single
source, not only for the broadest range of com-
ponents and devices, but for complete subsystems
and instruments, as well. And.the earlier we get

into the picture the more we can help. S

Years of experience in developing
and producing millimeter-wave

products for military, commercial and L — -
HUGHES AIRCRAFT COMPANY
ELECTRON.DYNAMICS DIVISION

industrial uses—including space—

________ A

give you a lot to draw upon.

So if you're planning to do big things in
millimeter waves, call oan the people who made
the same decision years ago. And followed through.

For a free information handbook, Millimeter
Waves— Semiconductors and Systems,
write or call:

Hughes Electron Dynamics Division,
3100 W. Lomita Boulevard,
Torrance, California 90509;

{213) 534-2121.

Making waves in millimeter-wave technology.
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From the family that gives you quality precision products...
MAST MICROWAVE introduces a new line of

DOUBLE RIDGE
COMPONENTS

up to 40 GHz.

Rotary Joints
Rotary Switches
Low VSWR W/G to Coaxial Adaptors
Crossguide Couplers
Directional Couplers
Waveguide Assemblies
Tapered Transitions
Bends

W/G Twists

Loads

Hybrids

SEND FOR OUR DOUBLE RIDGE VISIT US AT THE 1980 INTERNATIONAL MICROWAVE
COMPONENT CATALOG SYMPOSIUM/EXHIBIT — BOOTH 415

MAST

//‘ MICROWAVE

Microwave Antenna Systems & Technology, Inc. B 8 Ray Avenue B Burlington, Massachusetts 01803

Telephone: (617) 273-4640 TWX:710-332-7591
16 Circle 12 on Reader Service Card MICROWAVE JOURNAL





