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The performance you need...

the economy you want.
100 kHz to 40 GHz

Here’s what Polarad’s new refined e Greater accuracy for Frequency readout
3rd generation, 600 “B” Series and Spans.

e Expanded frequency coverage; 3 MHz to 40 GHz
Spectrum Analyzers offer you... (Models 630B & 6408).

) ¢ Cooler operating temperatures increase
80 dB on-scale range for 10 dB/div. log scale. service life.

Improved accuracy for 2 dB/div. and linear scales. NEW ACCESSORIES for the Internal Digital Memory
Greater sensitivity, flatness and noise-free and Programmable Data Processing interface:
dynamic range. o Model 6488 Adapter for the GPIB, IEEE-488 Bus.

Improved dynamic range for harmonics and IM. » Model 6700 Digital Cassette Recorder stores and
Reduced residual FM and noise sidebands. recalls up to 120 displays per cassette.

PRIy ’ “t‘ e U.S.A. Prices (Jan. 81)

WJ -

N Freq. Range Without Including

Memory Memory
100 kHz 10 2GHz  N/A $10,175
3MHz1040GHz $12,460  $14,285
3MHzto40GHz $16,170  $17,995
Call or write for complete specifications il {eop)
or to request a demonstration. RIESEISGION

e polarac polarad polarad px

Polarad Electronics. Inc. 5 Delaware Dr. Lake Sucess N.Y. 11042 Tel: 516-328-1100 TWX: 510-223-0414
CIRCLE 1 ON. READER SERVICE CARD




It is incredible...both filters have approximately the same low loss
(true, there is a difference in bandwidth.) However, K&L's IB10 Series
utilizes high Q circuits to achieve a surprisingly low insertion loss for the size.
(A size that will fit perfectly on a circuit board.)

Frequencies from 30 MHz to 12 GHz...Contact us with your requirements.

MICROWAVE INCORPORATED

408 Coles Circle/Salisbury, Md 21801/301 749-2424/TWX-710-864-9683
April — 1981 CIRCLE 4 ON READER SERVICE CARD
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Model (MHz Range | LO-RF | LO-IF L0-RF [ L0-IF LO-RF [ LO-IF Quant,
RA-11H | RF.L0-10:3000 [ 9.5 typ. [27typ. | 27.yp. | 25typ. | 25 typ. | 23 typ. | 23typ. | 3995
SRA- IF-10-1000 | 12max. |20 min.| 20 min. | 18 min. | 18 min. 16 min. | 16 min, (1-24)

i —_—
a0typ. | 35typ. | 30typ. | 81795

:
SRA-TH RF,L0-5-500 | 6.5typ. | 55typ. | 45 typ. 45 typ. | p. |
i IF - DC-500 | 8.5 max. l 45 min.| 35 min. | 30 min. ] 30 min. 25 min. | 20 min. (5-24)
SRA-24 |RF. L0:2-1000 | 7.5 typ. 150typ. [ 45typ. [45typ. | 40typ. | 3Styp. | 25 typ. $29.95
E IF - DC-1000 9.5 max. | 40 min. | 35 min. 25 min. 1 25 min. 25 min. | 20 min. (4-24)
RF, LO-.05-200 { 5.5 typ. 55 typ. | 45 typ 45 typ. | 40 typ. 35 typ. | 30 typ. $1985
SRA-3H 11F " bc-200 J 7.5 max, | 45 min. | 35 min. 16241

|

30 min. [ 30 min. { 25 min. | 20 min.
|
|

|
3 -
40 typ 35 typ. | 30 typ. I $2195

|
k1. | | ;
SRA-1WH RF, LO-1-750 | 5.5 typ. 50 typ. | 45typ l 45 typ S50

«IF - DC-750 7.5 max. 140 min. | 35 min 25 min. | 25 min. 25 min. | 20 min.

i “nagbruatging -y
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M in I'c ircu ItS

Domestic and International Telex 125460 International Telex 620156 MINI-CIRCUITS LABORATORY

0 O SCidaset Totmndns or

international Representatives: . AFRICA: Afitra (PTY) Ltd, PO Box 9813, Johannesburg 2000, South Africa. .~ AUSTRALIA: General Electronic Service. 99 Alexander St New
SouthWales, Australia 2065 EASTERN CANADA: 8 D Hummel, 2224 Maynard Ave , Utica, NY 13502. .  ENGLAND: Dale Electronics Ltd , Dale House, Wharf Road. Frimiey Green,
Camberley Surrey, United Kingdom. . FRANCE: SCIE-DIMES. 31 Rue George'Sand 91120 Palaiseau, France =~ GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial
Electronics, GMBH, 6000 Frankfurt Main, Kluberstrasse 14 West Germany INDIA: Gaekwar Enterprises, Kamal Mahal, 17 M.L. Dahanukar Marg, Bombay 400 026, India
ISRAEL: Vectronics Ltd. 69 Gordon St.. Tel-Awviv, Israel JAPAN: Densho Kaisha, Ltd, Eguchi Building 81 1-Chome, Hamamatsucho Minato-Ku, Tokyo Japan
NETHERLANDS, LUXEMBOURG, BELGIUM: B.V. Technische Handelsonder neming. COIMEX, P O. Box 19, 8050 AA Hattem, Holland = NORWAY: Datamatick As, Postboks 111
BYRN. Oslo 6, Ostensjoveien 62, Norway. . SINGAPORE & MALAYSIA: Electronics Trading Co. (PTE) Lid., Suites C13, C22 & C23 (1st Floor), President Hotel Shopping Complex.
181 Kitchener Road, Singapore-8, Republic of Singapore SWEDEN: Integrerad Elektrontk AB, Box 43 §-182 51, Djursholm, Sweden.
U.S. Distributors: = NORTHERN CALIFORNIA: Pen Stock, 105 Fremont Ave.. Los Altos, CA 94022, Tet: (415) 948-6533.  SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics
11440 Cotlins St., N. Hollywood, CA 91601, Tel: (213) 877-3550. = METROPOLITAN NEW YORK, NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwave Distributors,
61 Mall Drive, Commack, NY 11725, Tel: (516) 5434771 SO.NJ., DEL. & E. PA: MLC Distributors, 456 Germantown Pike. Lafayette Hill, PA 19444 (215)825-3177
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Broadband, 0.5 —4.2GHz e Only 0.2dB insertion loss

Isolation over 30 dB midband, 25 dB at bandedges ® Octave bandwidths

Two way o up to 10 W (matched output )

¢ High performance microstrip construction
* Housed inrugged RFi-shielded aluminum case
s Available with BNC, TNC, SMA and Type N connectore
® Meets MIL-202E standards
¢ Also useful as power combiners
atsignallevels up to +10dBm

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

This breakthrough in price/perfor
mance is a natural extension of our ex-
tensive experience in highvolume man-
ufacturing , exacting quality-control and
thorough testing. This expertise assures

you highly reliable power dividers with ’
guaranteed repeatability of performance Y =5
at lowest cost -

So, if you are among the thousands

of companies now using Mini-Circuits >, ¢
signal-processing units in your systems ‘ﬁ}g : -
designs, add power dividers to the list v e e
of price/performance industry stan ! e
dards available from Mini-Circuits é,.\'
-
by
. — — «
Freguenty I[nsertion inotation, Amplnud- VSWR
RAngs, Loss dB a8 Unbalance, (All Portsl Power Rating- W (

Mode! GHz Typ. Mae Top Min dB Tw Divider Combiner Ptios Giy .

ZAPD-1 a5 { 25 W 120 Al w B 1

ZAPD-2 1020 % W 1N , W $3965 18

ZAPD-4 2042 » 0 120 W0 18

Dimensions

NC TN

Connectors Avallable: B

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125860 internationn! Tolax 620156
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Operate with Sta0* £0

O...

allows us to ship any standard order within

Look what we’re up

Microwave Mixers. New from Anazac.

Eleven new hermetically sealed models
cover the 0.5 to 18 GHz range in octave,
multi-octave, and special interest bands.
Termination-Insensitive versions as well as
regular double-balanced units. Each avail-
able in either drop-in flatpack or
connectorized versions. All are built for
military environments.

And like all Anzac standard products,
these Microwave Mixers are available from
stock. Our million-dollar-plus inventory

48 hours. Send for the special 20-page
Microwave Mixer catalog supplement. Com-
plete with specifications and performance
curves.

Microwave Mixers. Complementing our
standard mixer line from 20 kHz to

.18 GHz!

Adams [ ¥ Russell

ANZAC DIVISION

80 Cambridge Street, Buriington, MA 01803 (617) 273-3333 TWX 710-332-0258
“1080, Adams-Russell ’
¥ I CIRCLE 7 ON READER SERVICE CARD

A ... ’
LV

World Radio History




&

Shown actual size

the worlds smallest and

lowest priced flatpack mixer
S size an

S

cost.

The ASK:-1 from Mini-Circuits*5% (-1

April — 1981

M circunts
Madel ASK 1 Plastic Case

Until now, the smallest mixer flatpack available
was 0.510 by 0.385 inches or 0.196 sq. inches.

Now. Mini-Circuits introduces the ultra-com-
pact ASK series, measuring only 0.300 by 0.270
inches or 0.081 sq. inches, more than doubling
packaging density on a PC board layout.

Utilizing high production techniques devel-
oped by Mini-Circuits, the world's largest manu-
facturer of double-balanced mixers, the ASK-1 is
offered at the surprisingly low price of only $5.95
(in 10 quantity).

Production quantities are available now for
immediate delivery. And, of course. each unit is
manufactured under the high quality standards
of Mini-Circuits and is covered by a one-year
guarantee.

shrinker

ASK1 SPECIFICATIONS

FREQUENCY RANGE
RE LO 1600 MHz.
IF. DC-600 MHz

CONVERSION LOSS
One Octave from Bandedge 85 dB Max
Mid Range 70 dB Max

ISOLATION
LR 45dB Typ. L1 30dB Typ

ABSOLUTE MAXIMUM RATINGS
Total Input Power 50 mW

Total [nput Current, peak 20 mA
Operating Temperature —55°C, +100°C
Storage Temperature —557to +100°C
Pin Temperature (10 sec} +260°C

WEIGHT 35 grams CASE Plastic
( 01 ounces)

-/ Mini-Circuits

World s largest l;rr.;nufac!urer of Double Balanced Mixers
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156
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world’
St:l‘;(l)(lial‘d

the worlds only double-balanced mixer

with a 3-year guarantee
The SRA-1 from Mini-Circuits only*11%...

Our 3-year guarantee is still unique today.. SRA 1 SPECIFICATIONS
even though we have been offering it for the past five years.  FREQUENCY RANGE (MHz)

Here is how we achieve it. The diodes are the most critical component  [L.O 05500
in the mixer. So to start, we use an accelerated life screening test generally ~ RF 0.5500

reserved only for space applications. The HTRB-screened Schottky diodes are ”( [C 500 /
subjected to a one-volt negative bias at 150" C for 168 hours. a stress ~ “ONVERSIONLOSS (dB) 1Y MAX
designed to accelerate ageing and force time-related failures Re CAN RS T O 1
thus screening out potentially unreliable diodes. ¢\ 1110n 1aB) e MIN
In addition.further stressing and testing are performed on the assembled unit. ~ #55Mt o I
Each completed SRA-1 experiences: 5 950 MHz LORF 4 10
1. Burn-in for 96 hours at 100" C with 8 mA at 1 KHz &5 [OpE= =8 d 25
2. Thermal shock. 3. Gross and fine leak tests (per MIL-STD 202). ~ 2%05MMH: — 1ORE 35 25
Don't settle for an imitation MIN ELECTRONIC ATTENUATION 1200 mA) 3 dB Tup
Specify Mini-Circuits’ SRA 1. the Only double SIGNAL 1 dB COMPRESSION LEVEL +1 dBm

IMPEDANCE All Ports. 50 Ohms

balanced mixers with a three-year guarantee. Immediate delivery. of course A o e i

- - » -
= Mini-Circuits
PR o
World s Iargesfmanura turer of Double Ba/anu;e‘d Mixers

2625 East 14th Street Brooklyn, New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156
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Microwave component
manufacturing is our

only business. That’s why
we're better at hi-volume
production than anyone else.

Low-Noise, Hi Stability

Signal Sources

Cavity Oscillators

B Single screw tunable over
standard communications,
radar, and telemetry bands
+0.05% stability
AFC modulation options
Excellent klystron replacement

Phase Locked Sources
Field tunable
Highly reliable
Low residual AM/FM noise
+0.0005% stability with
internal crystal

Automatic Locking Sources
INTELSAT and SCPC compatibie

Output frequency constant multi-

ple of reference input
Automatic loop bandwidth
switching for acquisition under
shock, vibration, or transient

Directty Modulated

Transmitter Source

B Direct baseband to RF message
channel modulation eliminates
70 MHz FMT and upconverters
in remodulating radios and FM
terminal equipment

B Up to 960 voice channels CCIR
plus orderwire from 300 Hz

B Insert baseband modulation,
300 Hz to 12 MHz at
heterodyne repeaters

B Wide peak deviation capability
+5 Mhz

B Output power +23 dBm min
Crystal stability to +0.005%

DRO (dielectric resonator oscillator)
B Low cost

B Small size

W Low FM noise

B High frequency stability

Microwave Synthesizers
Mechanically Tunable

Excellent spectral purity
B Low residual AM/FM noise
M Frequency stability aoptions from
]
]

+50 x 10810 +1 x 108

10 mW, 50 mW output power or
higher

Optional thumbwheel program-
ming switches readout receive
or transmit frequencies directly

Automatic Locking Satellite

Communications Synthesizer

B Fully automatic with 50 kHz
steps
Frequency stability ogtions from
+5 x 10810 £10
10 mW, 50 mW or higher out-
put power
FM noise —70 dBm at 12 kHz
Optional thumbwheel program-
ming switches readout receive
or transmit frequencies directly

More than 50 standard bands avail-
able from 0.5 to 18 Ghz with up to
250 mW output power




It takes

a special kind
of local oscillator
for digital radio!

In digital radio, solid state local oscillators with high
phase stability are a must for low bit error rates. Per-
formance characteristics such as low microphonics,
low noise and high spurious rejection are ultra-
critical, too.

Many have tried to build sources in quantity to
meet the tough requirements of digital service.
Frequency Sources West Division has succeeded!

These are not special products either. We have
produced thousands of sources and are now deliver-
ing units to many leading digital radio manufacturers
in volume.

If you're not now using Frequency Sources West
Division digital sources, it will pay you to write or call
today for complete details.

Here are some of the standard

units available.

Modet Frequency  Output Model Frequency Output
Number Range (GHz) Powsr (mW){ Number Range (GHz) Power (mW)
MS-54X0L | 5.9-6.4 10 MS-74X0L §10.63-11.23 10
MS-540X0L 100 MS-740X0L 100
MS-62X0L 7.5-8.0 10 MS-76x0L | 10.63-11.63 10
MS-620XO0L 100 MGG ™
MS-64X0L | 7.98-8.5 10 MS-800XEL | 12.5-12.9 20
MS-640X0L 100

@

Higher output power available, al models.

FREQUENCY SOURCES, INC.

Frequency Sources, Inc.

3140 Alfred Street

Santa Clara, CA 95050
(408) 727-8500 TWX: 910-338-0163

Better Products For Communications

CIRCLE 10 ON READER SERVICE CARD
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It's a High Speed Synthesizer
a Signal Generator
a High Technology Laboratory Instrument

a Programmable Microprocessor
Controlled Device

a Standards Lab Calibrator
a Fast Quality Control Check-Out Station

TR G Y-\ o KEDE 1 W R P ET e Signal Generator

You have to see the AILTECH 380
in operation to really appreciate it
...and don't forget to ask about our
new Eaton Credit Corporation
equipment leasing plan.

For literature and a demonstration
at your own facility, call or write
Eaton Corporaton, Electronic
Instrumentation Division, 2070
Fifth Avenue, Ronkonkoma, New
York 11779, (516) 588-3600.

CIRCLE 12 ON READER SERVICE CARD
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N=C
AMPAC
Power Transistors

Products for Terrestrial
Radio Systems

1700-2000 MHz
2000-2300 MHz
: 2300-2700 MHz

Coming
Events

16TH ANNUAL
MICROWAVE
POWER
SYMPOSIUM
JUNE 9-12, 1981

Sponsor: Interna-
tional Microwave
Power Institute.
Place. Royal York
Hotel, Toronto,
Canada. Theme
Interdisciplinary gathering devoled to exam
ining an integration of various microwave
applications with a view into the future.
Contact: Susan Menuez, IMPI, 211 East
43rd St.. New York, NY 10017 Tel

(212) 867-4659. ' - '
N 4
AL |
1) ‘i
2 [ » ELECTRICAL CHARACTERISTICS (@ 25°C)
INTERNATIONAL  Sponsors: Denver &= N 4
CONFERENCE ON  Section and Com: // (UAC et Poar | Pw | Eft | 64
COMMUNICATIONS munications Soctety l (ocal Frequency | Min Ml Y
JUNE 14-17, 1981 of IEEE. Place: ' ’ QUmbEL (MHz) (W) | W) | (%) ] (°CW)
Denver Hilton Hotel, v 1720-1 1700-2000 1.2 } 0251 50 § 22,0
Denver, CO. Theme: ‘“Communications: The ) 17203 1700-2000 30 050 |50 | 150
Expanding Resource, includes tutorial 1720-6 1700-2000 [ 60 | 100 | 45 95
courses and exhibit of recent equipment. IF22051.2 1700-2000 [ 110 | 200 | 45 80
Contact. Bob Shuffler, ICC ‘81, P.O. Box 8172012 1700-2000 | 12.0 | 2.20 | 40 55
2191, Denver, CO 80221. Tel: (303) 81720-20 005000 1 200k 4 500 | %2 35
667-5000, ext. 2360.
2023-1 2000-2300 | 12 |025]45 | 220
20233 2000-2300 | 30 fo050 |50 | 150
:,,’ 2023-6 2000-2300 | 60 [1.00 | 45 95
Taadv 2023-10 2000-2300 | 100 | 200 | 45 8.0
1981 IEEE/MTT-S Sponsor: IEEE R R2023.10 2000.2200 | 1900 | 2.20 | 40 55
INT'L MICROWAVE MTT-S (held jointly 82023-i6 2000-2300 | 16.0 | 4.00 | 40 30
SYMPOSIUM with IEEE AP-S on 2327-1 23002700 | 10 | 025 | 40 | 240
JUNE 15-17, 1981 June 17-19, 1981). 2327-3 2300-2700 26 |oso |40 | 150
Place: Bonaventure 23275 2300-2700 | 5.0 10040 | 90
Hotel, Los Angeles, CA. Theme: “Around —
the World with Microwaves,”’ includes such ar sl e JUCZTCON G0 [ e 22
tapidhdt € A0 snd rssuiremesnt s, 82327-1% 2300-2700 | 15.0 | 6.00 | 30 3.0

microwave and mm-wave salid-state devices,
IC’s, low noise technigues, mw passive com-
ponents and networks, microwave ferrite
devices, satellite communication, submilli-
meter-wave techniques and devices, micro
wave bioeffects, etc. Contact. Al Clavin,
Hughes Aircratt Company, Bidg. 268/A-565,
Canoga Park, CA 91304. Tel: (213)
702-1778.

MNOTES (1) All devices specified at Voo = 24V
(2)  AMPAC model numbiers for ordering
purpeses should use prefiy “AM”
(Example AM 81720:20)

PACs with device ratings
. conditions are available,
ndwidth selections from
)0 MHz. Please call or
WMm Product

27TH ANNUAL Spaunsors: US Navy

TRI-SERVICE and DoD agencies.
RADAR Place: The Naval
SYMPOSIUM Postgraduate School

Monterey, CA.
Theme: Develop-
ment and operation of military radar sys-
tems. DoD security clearance through SEC-
RET and a need-to-know endorsement will
be required for attendance at the Sympo-
sium. Contact. Radar Sympesium Coordi-
nator, Environmental Research Institute of
Michigan, P.O. Box 8616, Ann Arbor, Ml
48107. Tel: 131319941200, ext. 324. 7%
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WASHINGTON NEWS

Beginning with this issue, a 2-page
Washington News column will appear
in each issue. The column will be edit-
ed by Gerald Green who also serves as
Washington Editor for Journal of Elec-
tronic Defense. Gerry brings extensive
experience in the Washington area to
this assignment. Many segments of the
new administration’s program appear
likely to effect significant growth in
our industry and Gerry’s material will
concentrate on keeping us up-to-date
as specific moves are made.

Sum
% Up '

SOLID STATE CIRCUITS STATE
CONFERENCE REPORT

The annual Solid State Circuits Con-
ference covers a broad spectrum of
solid state device topics and always de-
votes a number of sessions to micro-
wave devices. The report on the 1981
Conference by Consulting Editor Joe
White covers the microwave sessions in
detail. It also describes two sessions
devoted to VLSI. In those sessions the
rather startling developments during
the past year in this field were reported
to audiences which, in each case, ex-
ceeded 1,500. VLSI was the focus of
the Conference and the technology
discussed has impcrtant implications
in the microwave area.

MICROPROCESSOR MICROWAVE
MEASUREMENT ENHANCEMENT

The 1970s witnessed a complete revo-
lution in the approach to and the pre-
cision of the results available from
microwave test systems. The latest
phase of this revolution, which is still
underway, involves the widespread use
of microprocessors for instrument set-
up, data analysis and hardcopy data
formating. The review article in this is-
sue touches on each aspect of micro-
wave measurement to which the micro-
processor contributes and provides an
excellent perspective of the range of
its capabilities.

PRECISION IF SUBSTITUTION
VECTOR RATIO METER

A dual channel complex vector ratio
meter for microwave measurements
employing a parallel |F vector substi-
tution principle is discussed. Covering a
dynamic range of 140 dB and a fre-
quency range of 10 MHz to 18 GHz,
the instrument’s theoretical basis and
its capabilities relative to other system
approaches are discussed. A full discus-
sion of error sources together with a
description of the major system com-
ponents are included. The particular
virtues of the instrument for very low
level signal situations is highlighted.

SOFTWARE FOR LOW LOSS ANA
MEASUREMENTS

A new software program suitable for
the HP8409A semiautomatic network
analyzer which enhances the ability of
that system to measure electrically
long, low-loss 2-port networks over
broad bandwidths is described. Recog-
nizing that nonsystematic errors contri-
bute disproportionately to low loss
network measurements, the approach
seeks to eliminate the potential for er-
ror from these sources and is based
upon the use of short circuits, only, as
calibration standards. Test results de-
rived from the use of software are
illustrated.

Moo 200 .;é"

Workshops
& Courses

GEORGE WASHINGTON U.
COURSES

Sponsor:  George Washington U.

Continuing Engineering Ed.

Site: GWU, Washington, DC

Subject

and Dates: Fundamentals of Com-
munication Satellite Sys-
tems (No. 503) —
June 8-12, 1981
Principles, theories, and
design and analysis of
operational satellite
systems.

Fee: $715

Contact:  Director, Continuing

Eng. Ed., GWU
Washington, DC 20052
Tel: (202} 676-6106

1981 ENGINEERING SUMMER
CONFERENCES

Sponsor:  The University of Michigan
College of Engineering

Site: U. of Michigan,
Ann Arbor, Ml

Date: July 6-10, 1981

Fee: $625

Subject: Synthetic Aperture Radar
Technology and Applica-
tions (=8112)
Design, operation and
application of synthetic
aperture radar (SAR).

Contact:  Continuing Engineering

Education, U. of Michigan,
300 Chrysler Center, North
Campus, Ann Arbor, M|
48109

Tel: (313) 764-8490

GEORGIA INSTITUTE OF
TECHNOLOGY SHORT COURSES

Sponsor:  Georgia Institute of
Technology

GIT, Atlanta, GA
Millimeter and Microwave
Ferrite Materials

$350

July 20-22, 1981

Study of the structure and
properties of ferrite mate-
rials and the application of
these materials in micro-
wave signal processing and
control functions.

Dept. of Continuing Ed.,
GIT, Atlanta, GA 30332
Tel: (404) 894-2400 ¥

Site:
Subject:

Fee:
Date:

Contact:



Watkins-Johnson
Yig-tuned Oscillators—
5-18 GHz in Three

Easy Steps.
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FREQUENCY - GHz FREQUENCY - GHz FREQUENCY - GHz
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1. 0.5-2 GHz 2. 2-8 GHz 3. 8-18 GHz
Now, cover 0.5 to 18 GHz with three multiband the same precise tuning linearity, temperature
oscillators. These oscillators feature a unique stability and high reliability that you have come
low-surge-current hybrid YIG heater. Internal to expect from Watkins-Johnson.
buffer amplifiers provide high output power To tind out how a Watkins-Johnson YIG-
and excellent load isolation. These units are tuned oscillator can enhance your system$s de-
available for commercial applications and for sign, contact the W-] Field Sales Office in your
the full military environment, including — 54° area or phone Ferrimagnetic Applications
to+85°C, at competitive prices. Engineering in Palo Alto, California at

These broadband units continue to feature (415) 493-4141, extension 2252.

u ’ WATKINS -JOHNSON

Watkins-Johnson—U.S.A.: » Calitornia, San Jose (408} 262-1411, El Segundo (213) 640-1980 » Georgia, Atlanta (404} 458-9907 e District of Columbia, Gaithersburg. MD
301) 948-7550 » Massachusetts, Lexington (617) 861-1580 » Ohio, Fairborn (513) 426-8303 e Texas, Dallas (214) 234-5396 ¢ United Kingdom: Dedworth Rd , Oakley Green
Windsor Berkshire SL4 4LH ¢ Tel Windsor 69241 ¢ Cable WJUKW-WINDSOR e Telex 847578 » Germany, Federal Republic of: Manzingerweg 7, 8000 Muenchen 60
o Tel (089) 836011 ¢ Cable WJDBM-MUENCHEN e Telex 529401 o italy: Plazza G Marconi, 25 00144 Roma-EUR ¢ Tel. 59 45 54 ¢ Cable WJROM-I ¢ Telex 612278
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LOOKR

GO!

Yes, take a close look at this Type 23
Package which CCI has designed for
microstrip and stripline use.

The leads provide good continuity
of transmission line impedance to the
diode.

These diodes are constructed with
the CCI “Evapalloy” process which
insures better control over character-
Istics and very low series resistance
junctions.

Parameters may be varied to help
solve your particular diode application
problem.

CCl can provide diodes tested to
MIL-STD-19500 or specific customer
screening requirements.

CCl's “Evapalloy” process control
and experience has proven CCI diodes
to be the most consistent and reliable
in the industry.

Check it out today. GO with CClI!

FEATURES:

m High Reliability

= Low I/f Noise

@ Customized Characteristics

® High Zero Bias Sensitivity

® High Radiation Resistance

& Excellent Linearity

m Extreme Flatness with Temperature
® Low VSWR

®m Low Video Resistance

Stripline Back Diode

For Video Detector Applications

CUSTOM COMPONENTS, INC.




ELECTRICAL CHARACTERISTICS

Typical Performance

K
Part IpGa) | Vr(Mv) [ Vi(Mvy) | Rs() | Ctpf) Type Rv(®) Tss(-dom M ( , %v) K ( '3&)
Number Typ. Typ. Max. Max. 231008D o a0 1600
232008D 1 1 9 1200
23100BD 50-150 540 120 12 7 23300BD 80 50 100 900
NOTES: 1. 2MHz Band Width 2. Input Power ~ 20 dbom 3. Fo 10GHz
2315080 50-150 540 100 9 10
232008D | 150250 | 550 110 1 7 K vs FREQUENCY
23250BD | 150-250 550 100 8 10 3
EE 4000
o
23300BD | 250-350 540 110 11 7 x 2310080
>
= 3000
- \
23350BD | 250-350 | 540 8 10 SiE 232008D '\\
O w
€ 2 2000
23400BD | 400-500 530 100 10 7 ‘z’ uw.. —
w
a9 23300BD —
o+ 1000
23450BD | 400-500 530 8 10 >
> -
0
ENVIRONMENTAL RATINGS 8 3 ¢ T St b
: FREQUENCY (GHz)

Storage Temp.—65°C to +100°C

Operating Temp.—65°C to +100°C

Temperature Cycle—MIL-STD-202, Method 107, TC. A
Shock—MIL-STD-750, Method 2016
Vibration—MIL-STD-750, Method 2056
Acceleration—MIL-STD-750, Method 2056

Fine Leak—MIL-STD-750, Method 1071, TC G

Gross Leak—MIL-STD-750, Method 1071, TC. C

T.M %
4

CCI’s “Evapalloy’
process
guarantees you
the most reliable
& consistent diode
in the industry!

* ‘Evapaloy 1s aregistered trademark of Custom Components, inc

v

>

e

PACKAGE OUTLINE Type 23 BACK DIODE STATIC V-l CHARACTERISTIC %:é %rg;ﬁ;'lg}’s g‘g'm c%'ggeg;g; 8?%22“2% c%g‘tflg
¢ Diodes for Detector-Mixer applications. CCI can pro-
S |<_B"l vide all its products tested to MiL-STD-19500 HI-REL
* requirements including 100% pre-screening, x-ray,
B _+_ environmental & accelerated aging tests. Devices with
A special characteristics or special packages to fit
i T unique requirements can be made for you in a short
- D time
- — PR 4
% 1 CUSTOM COMPONENTS, INC.,
E Box 334, Lebanon, New Jersey 08833
DIM A B c D E (201) 236-2128 - Telex 132-445
+ MIN 13 064 018 026 1008 NI et s e | 1;-500A
| MAX 17 076 022 034 006
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Special Repor t m————

This year's {nternational Solid
State Circuits Conference, held in
New York City in the Grand
Hyatt Hotel, Feb. 18 - 20, 1981
was attended by over 2,000 dele-
gates. Through the years the Sol
id State Conference has support-
ed the microwave field with spe:
cial sessions dedicated to it; this
year's coverage is reviewed in the
following paragraphs. However,
what is possibly of even more
significance to the microwave
field is the impact of very large
scale integration (VLSI) on sys-
tems in genecral, and on micro-
wave components and systems in
particular, a topic covered in the
second part of this report.

Two microwave sessions were
held along with an informal even-
ing Discussion on Power GaAs
FET Amplifiers. The first session
chaired by Eliot Cohen, Naval
Electronic Systems Command,
Washington, DC, and entitled
“Microwave Amplifiers,” stressed
new device technologies and cir
cuit technigques. A 0.15 to 16
GHz FET amplifier with 15 dB
of gain * 2 dB was described by
Thomson CSF, France. RCA
Laboratories, Princeton, NJ, de-
scribed a dual-gate MESFET am
plifier with automatically variable
gain covering a 45 dB dynamic
range and operating from 4 to 8

7]

.. .attended by over 2,000 delegates. . .”

GHz. This amplifier used dual
gate GaAs FET's to achieve the
automatic gain control and raised
the input signal (between - 10

22

New Implications for
Microwaves at the

’81 Solid State
Circuits Conference

JOSEPH F. WHITE Consulting Editor

dBm to -45 dBm) to a constant
output level of +3 dBm over the
octave bandwidth. Following this
paper, a state-of-the-art data
point for power FET's was pre
sented by Texas Instruments
whose single packaged, two-chip
device yielded 675 milliwatts at
20.5 GHz with 5.8 dB gain.

A General Electric Company,
Syracuse, NY paper, “‘Silicon on
Sapphire Monolithic Microwave
IC's,” described a three-state low
noise amplifier with 20 dB gain
operating from 1050 to 1300
MHz with 3.8 dB noise figure.
The circuit used silicon FET’s
(for low cost) with 0.5 micron
to 1.0 microns source to gate
lengths. In a Raytheon, Waltham,
MA, paper, a two-stage mono-
lithic X-band power amplifie:

“Two microwave sessions were held
along with an informal evening
discussion. . .”’

was described which provides
565 milliwatts of output power,
8 dB gain, with 1 dB rolloff

from 8.2 to 10.5 GHz, all realized
on a 2.5 by 3.5 millimeter GaAs
chip. In the final paper of the
amplifier session presented by
Hughes Aircraft, Torrance, CA,

a chip level power combinatorial
method was described which
sums the output of six FET chips
operating at 15 GHz to yield a
net power out of 2 watts CW at a
power added efficiency of 28%,

“A0.15to 16 GHz FET amplifier. . .”

'World Radio Histo

another state of the art frontier
advancement. Moding within
combiners was minimized by
making the miniature microstrip
Wilkinson combiner with thin
film isolation resistors. High effi-
ciency and low loss, greater than
90% combining efficiency, was
attributed to printing the circuit
on a sapphire substrate. Overall
amplifier gain was 3.9 dB with
power added efficiency of 27.5%.
In a second session entitled
“"Microwave Circuits, chaired by
John Kuno of Hughes Aircrait,
six additional microwave papers

“Silicon on Sapphire Monolithic
Microwave ICs. . .”

were presented. The first de-
scribed application of new tech-
nigues to an old art, harmonic
generators. For devices with up
to 25 microseconds output pulse
lengths, peak powers of up to 40
watts were described for X-band
output. Up to 100 peak watts
are available using combinatorial
techniques and efficiencies of
about 1/N where N is the multi-
plication ratio. The paper follow-
ing, from the Institute tor High

“ . .VCO performance from 7.3 to
15.6 GHz using a 0 to 16 volt
varactor. . .”’

Frequency in Munich, Germany
discussed notse minimization us
ing coherent AM to PM noise
processing in multipliers. Another
paper entitled "“Octave Band Var
actor Tuned GaAs FET Oscilla-
tors’* from Texas Instruments,
Dallas, Texas, gave VCO pertform
{continued on page 24)
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PLUG IN TOTAL
SWEPT MEASUREMENT
AUTOMATION.

On the production line, on the bench, or
in the most complex ATE system, no
other swept measurement system even
approaches the total avtomation of our
new 1038/N-10
PLUG IN TOTAL BUS CONTROI
Plug the new N-10 Scalar Network Ana-
lyzer into your Pacific Measurements
1038/D-14 Maintrame. And you turnon
total bus control. All data and function
inputs are digital, and can be entered via
the bus or manually on the front panel.
Driven via IEEE STD 488 bus by vour
host computer, the 1038/N-10 complete-
ly automates all insertion loss/gain,
return loss and absolute power meas-
urements. And with your 1018B Power
Meter, it even automates swept pulse
power measurements Plus, all the auto-
matic leatures are available in the
manual mode.
TFSSN ON THESE ADVANCED
TURES

¢+ 76 dB dynamic range, 16 dB to WETRIER ARV T2ES

- 60dB CHANNEL B
o QOver 100 CHz ronge

.02 dB data resolution on A channel

002 di data resolution on B channel rORITION oerRe v

LED's display memory-corrected

test data

LED's display offset and scalar

sensitivity

Automatic instrument zeroing
« No recalibration required when ) -

changing frequency limits Q s saowT . .
* System residuals memorized without . e a0 el
- m,,‘y id]ixﬁméx\!b : ’ cuannrl natio < =
+ Memory-refreshed CRT display :j_;;;;;_'“ 4 )
90 MICROPROCESSOR - el

FLEXIBILITY

.

& -'n

PACIFIC MEASUREMENTS INC /488 Tasman Drive/Sunnyvale, CA 94086 / (408) 734-5780/TWX 910-339.9273
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(from page 22) '81 CIRCUITS

ance from 7.3 to 15.6 GHz using shift control for array antennas FET circuit was operated at

a 0 to 16 volt varactor tuned os- as well as for phase modulator S band in which bias voltages
cillator with 4 milliwatts power applications. The first paper by were programmed for gates 1 and
output and only 4 volts, 80 milli Laboratories D'Eléctronique a de 2 so that not only was a 90°
amperes of power supply to the Physique Appliquée, France, de phase shift obtained but constant
single 0.5 micron by 300 micron sribed work with a single dual output power as well. These ex
gate GaAs FET. The extended gate FET operated with an out periments were conducted around
tuning range was achieved usinga  put frequency of 12 GHz and 10 a 0 dB gain operating point. The
hyperabrupt GaAs varactor diode  dB of gain. Simultaneous with final paper of the session from
chip having a zero voltage capaci-  this performance, it yielded 90° MIT, Lincoln Laboratory, Lex-
tance of 1.2 picofarads and a ca- of continuous phase variation ington, MA described GaAs
pacitance at - 16 volts of approxi-  with an output power variation monolithic circuitry for millime
mately 0.08 microfarads. The of + 1.8 dB and noise figure of ter wave receivers and included a
two papers which followed this about 8.5 dB. In the second pa complete heterodyne receiver
described research in the use of per from Plessey Research, chip operating at 21 GHz with
dual gate FET’s to provide phase Northants, England, a dual gate 12 dB noise figure and 2 - 4 dB

gain using |F frequencies between
2.0 and 2.6 GHz.

If high reverse isolation and N e

low VSWR will solve your CONFERENCE
systems’ problems ...

Those of you who have attend-
ed evening panel discussions at
p conferences know how hard it is
“ id to return after dinner to the
\ meeting for a two-hour evening
\ session. Not infrequently whole
panel discussions wind up being
held around the bar because of
‘ the paucity of attendees. No such
take a look at _ problem befell the "CMOS versus
\ NMOS for VLSI" informal dis-
these numbers. cussion held at 8 PM Wednesday
and organized by Harry Boll of

QBH-110 15 Vdc . Beli Laboratories, Murray Hill,
FORWARD R N m ar
FREQ. e il 7 O . ew Jersey. Three ballroQ areas
MHz VSWR (dB) ' (deg.) . were connected together in anti-
, cipation of the broad attendance
10.000  1.05  15.01/-177.03 [ -44. 18 B for this debate topic, but even
100.000 1.04 15.23/ 153.97 § 1 . their combined seating capacity
200.000 1.04 15.20/ 124.20 1 p ' n thi
300.000 1.04 15.18/ 96.29 . 1 of 1200 W$S inadequate on this
200.000  1.10  15.26/ 67.56 : . » occasion. The room was abso-
500.000 1.23 15.41/ 36.31 ‘ ) \% A\ lutely filled, with standees ex
NOISE FIGURE: 2.5 dB N\ tending outside and into the cor
: ridors, for a total of over 1500
1 dB COMPRESSION: ~ +9 dBm engineers and physicists gathered
3rd ORDER INTERCEPT: +23 dBm to hear 10 panelists present their

views on these competing tech-

r . . ; nologies used in very large scale
Q-bit Corporation’s quality system  Call or write:

t de th : integration (VLSI).
meets or exceeds the require- " '
ments of MIL-Q-9858A, andcan - Dit Corporation Remarkably, all ten speakers

. e e 311 Pacific Avenue presented their views so concise
piowiae rehablillty SGEenINNE Palm Bay, Florida 32905 ly, many using vugraphs prepared
accordance with MIL-STD-8838B, . .
MIL-STD-810C and others. (305) 727-1838 for the occasion, that the discus-

TWX (510) 959-6257 sion was open to audience parti
cipation by 9 PM. The competing
technologies would hardly be
viewed as distinct approaches by
most microwave engineers. In
fact, NMOS is a subset of CMOS
and consists of only one polarity
of silicon FET on a chip as op-
posed to the two polarity (NPN

Power Feedback-Technology in Hybrid Amplifiers

) {continued on page 26)
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Around the world
with Hughes TWTA’s

There are a lot of Hughes TWTA's operating in a ot laurels and fade into the sunset, all of this would be
of places around the globe. We have put aver 3,000 of little value to you. But we have no such plars. 4
of them inte the field since 1969 and some have Hughes has been a major factor in the TWTA m
logged over 40,000 hours of continuous operation business for a long time. And we intend to be in it L
This kind of longevity doesn't just happen. It'sthe  for a long time to come. i
result of excellent design and top quality. And expert For all your present and future TWTA'S. .. Use I
service. Whenever you need it. Hughes prowde:. the Hughes For more information write Hughes Alrcraft
expertise, the repair and even a " loanar’ ee e accm o ccma - Company. Electron Dynamics Division,

Instrumentation Amplifier Products.
3100 West Lomita Bivd., Torrance,
Ca. 90509. Or call {2133 517-6000.

TWTA for you to use while we re getting

T
S ey - > '
yours béck In shape E H U G H Es
[}

If we were intending to rest on our

HOGIES ARCRAFT -‘r:'.-l-A'.;v
ELECTHUN CGYNAMICS ©IVISION

Where innovation inTWTA technology is a tradition
CIRCLE 20 ON READER SERVICE CARD
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and PNP) CMOS (Complemen-
tary Metal Oxide Semiconductor)
topology. The difference between
these two lies in the method by
which they realize an element
across which to-drop the voltage
of the supply when creating a
low state or ‘zero’’ logic level.

.. .over 1500 engineers and physicists
gathered to hear. . .competing tech-
nologies used in VLSI.”

With CMOS complimentary tran-
sistors are always wired in series,
one in the high impedance and

the other in low impedance state,
thus each represents a high im-
pedance load to the other, inhib
iting the consumption of large
amounts of current (and thereby
power) from the 5 volt supply.
With NMOS only one polarity,
the NPN FET switch, is used and
the high impedance is realized by
the use of a very high resistance
polycrystalline resistor. This min-
or difference in the realization of
the element has profound impact
on the cost of the large scale in-
tegrated circuits, in particular the
density with which memory cells

Satisfy your
fl Iter appetite

) w7 with RLC

¢ Thousands of catalog
and customn units.

¢ High, Low & Band Pass.

¢ RF and Microwave to 26 GHz
¢ Spurious free response.

¢ Fastdelivery.

Get the details - send for our full line catalog.

RLC ELECTRONICS, INC.

FOR ALL YOUR MICROWAVE COMPONENTS
SWITCHES - ATTENUATORS « TERMINATIONS
+ MIXERS « HYBRIDS « COUPLERS - FILTERS

83 Radio Circle, Mt. Kisco, N.Y. 10549 - (914) 241-1334

¢ Meets stringent military.
space and environmental
specifications.

¢ Milliwatts to Kilowatts.
e Competitively priced.
e Smallsize, light weight.

—
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can be created, as well their sus
ceptibility to being inadvertently
triggered by alpha particles (a
condition called “latchup’), and
therein lies the controversy. With
out probing more deeply into the
nuances of integrated circuits
realization, the matter of greatest
interest to microwave engineers
should be the inherent capacity
of such small silicon chips.

The same three baltrooms,
once again filled to standing
room, and accommodating an
audience of over 1500 people
heard a presentation by Hewlett
Packard the following morning
at 9 o’clock describing a break
through in VLSI, a 32 bit central
processor chip containing 450
thousand individual transistors in
an area only 1/4 inch square and
operating at up to 18 MHz fre
guency. So small were the inter
connect lines that they repeated
one another on a 2.5 micron
(that's 1/10,000 of an inch) urid.
The metal conductors themselves
were only 1.5 microns wide and
spaced by 1 micron. To show
them in a slide requires such a
larye magnification that 1t the
entire chip had beern shown dt
that magnification, 300 thousand
separate photographs would have
been needed. Eight masking steps
involving depositions ot phospho-
rous and boron using E beams,
nitride and oxide growth, and
dry etching (using inert zenon
gas), were needed to make this
supremely complex chip. The
memory alone occupying iess
than one half of the chip’s area,
contains a storage capacity of
9000 “‘words’’ each consisting of
38 bits, representing a 342 Kilo-
bit ROM (Read Only Memory), a
memory so large it can store
enough code to permit the micro
processor chip to accept program

. .a 32 bit central processor chip
containing 450 thousand individual
transistors in an area only 1.4 inch
square. . .”

instructions in a high level lan
guage. Although not discussed,
the implications ot so much in a
single chip certainly bode well
for “smart’ microwave compo
nents and subsystems ot the
futwre. &
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GaAs FETs Off the Shelf?

YES! From Dexcel

Dexcel: Your Reliable Source for GaAs FETs

For reliable alternatives think of Dexcel.
Our FET devices provide a choice. Dexcel is your choice for rapid delivery, high quality
and reliable performance.
Our typical performance characteristics for selected devices are listed below.
Many of these parts can be delivered “off the shelf”.

Low Noise — Small Signal

Performance 4 GHz 8 GHz 12 GHz 18 GHz
Device NF GA GMA)( NF GA GMAX NF GA GMAX NF GA GMA)(
(dB) (dB) (dB) [(dB) (dB) (dB) |(dB) (dB) (dB)|(dB) (dB) (dB)

DXIE250TARINIEE S10!51 185 E2 378 N8!S S QL FAI0R MEI6 R 1740

DXL-2502A |20 85 13024 85 10 |35 60 80

DXL-2503A 203 1 FOIORIN 3F U RS0 a9 0l M5 IS RE L6108, 7.0
DXL-2503B | 09 130 165
P70
Medium and High Power

Pertormance 4 GHz 8 GHz 12 GHz 18 GHz
Device Pisgc Gioge | Pigse  Gidec | Piose Gigse | Pioec  Gigse

@Bm) (@B) | @Bm) (dB) | @Bm) (dB) | @Bm) (dB)
DXL-3501A 20 13 20 10 17 6.5
DXL-3504A 20 13 20 11 19 70 17 5
DXL-3615A 25 10 24 6
DXL-3630A 28 9 27 7/ 26 615
DXL-3640A 30 I

For more information, contact your GaAs FET product manager, Travis Duder.

7 (_|DEXCEL, Inc.

2285C Martin Ave., Santa Clara, CA 95050, Ph.: (408) 727-9833 » TWX 910-338-0180
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Special Report

INTRODUCTION

Microwave Measurement

Accuracy Enhancement
via Distributed Microprocessing

ROBERT H. BATHIANY and PETER LACY

Mountain View, CA —Wiltron

The 1970s encompassed a rev
olution in mMicrowave measure-
ment capabilities. Three ingredi
ents fueled this forward thrust'

e The Automatic Network
Analyzer (ANA)

o The General Purpose lnter face
Bus (GPIB)

e The Microprocessor (uP)

The ANA initiated face to-face
interaction of the vendor and
user body ot practicing micro-
wave engineers. The ANA-ATE
User’'s Organization was first
gathered in 1972 and has nowy
become the Automatic RF Tech
niques Group that is affiliated
with the MTT Society of IEEE.

The first Automatic Measuring
Systems adapted instruments to
digital control and output with
analog/digital plus electromech-
anical converters. I'hereatter, all
commands and the resulting data
were handled by a minicomputer
The assembled automatic test
systems allowec much progress in
programming strategies that can
be carried into future measure
ment automation.

The present focus is now on
the use of microprocessors Lo re-
fine performance in each thrust
of the medsurement process. Non
reproducible functions; such as
tuning curves, amplitude control,
detection and amplitier response,
step attenuators etc. are individ-
ually shaped to an idealized or
normalized shape by stored cor
rections of a PROM prepared for
each individual unit. The “micro-
processor” label is widely applied
and frequently is used where the
roles are routine, gate-keeper,
functions. However, at this time,
SOMe MICroprocessor instruments
have achieved order-of-magnitude
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improvements in the generation
and sensing of microwave param
eters. These instruments have
power ful front panel operator
control to achieve new levels of
real-time high accuracy micro-
wave measurements plus GPIB
conurol.

Some new steps in microwave
measurements will be referenced
and then a specific example will
be described in detail.

REFERENCE EXAMPLES

For several decades, high eche
l[on microwave atienuation cali-

DATA LATCHES

GPIB
ADDRESS INTERFACE
SWITCHES
{11} r
GPIB |
OPTION
|
|
HANDSHAKE |
PRE-
PROCESSOR :
|
|
|
|
| ANALOG CIRCUITRY
| AND
GPIB MICROWAVE
Lo MICRO- I COMPONENTS
PROCESSOR |
|
MEMORY &, _ A [
|
ROM
|
RAM |
= I
|
}
|
)

DATA LATCHES

ROM
MAIN
Bl MICRO
T PROCESSOR

4||F
BATTERY
BACKUP

FRONT PANEL
PRE-
PROCESSOR

FRONT PANEL I

Fig. 1 Simplified microprocessor block diagram of microprocessor-equipped sweep generator

(Wiltron 6600 Series).
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Logi Métrics
Broadband EMI
System

One of the world's most advanced Electromagnetic
Field Generating Systems, the LogiMetrics

model 1018 provides broadband, 10kHz to 18 GHz,
coverage with 220 volts/meter one meter from the
antenna. The System provides for multi-antenna
operation, complete automation (IEEE-488
computer compatible) and can be remotely
operated for EMC/RFI/EMI Susceptibility Testing,
EW Jammer, threat simulation, component,
system, or automatic testing.

Systems are available with antennas, computers,
synthesizers, required interface gear andvarious
other options. Call Jerry Deutsch at LogiMetrics for
the basic hardware or acomplete turnkey approach...
consultation, fabrication, test, field installation.

LogiMetrics,

121-03 Dupont Street ® Plainview, N.Y. 11803
Phone: (616) 349-1700 ® TWX: (510) 221-1833

“Data available upon request
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bration has used waveguide below
cutoff IF attenuators in substitu-
tion measurement configurations
In Reference 1, it was proposec!
to calibrate wide dynamic range
IF step attenuators by reference
to an IF cutoft attenuator with a
laser interferometer read-out.
Rigid control of long term stabil-
ity for the step film attenuator
sections and their switching is re-
quired. The step attenuator er
rors are stored tor data correction
on a PROM for processor
execution,

The other ingredient of micro-
wave mmeasurement capability
maturing in the 1970s was the
Inler face Bus (GPIB:IEEE488,
IEC625) for control and comimu
nication to and between instru
ments. In 1978, several special
ized MiCroprocessors were iNtro
duced to efficiently conduct this
function. A specific application
will be described here later.

Microprocessor-based program-
mable spectrum analyzers (HP
8666A and TEK492P) have made
great strides in all performance
characteristics for both panel and
GPIB control. The low spurious
response and narrow spectral res-
olution of the HP 8666 A spec-
trum analyzer up to 22 GHz with
a tracked YIG preselector and
harmonic mixing of the swept
Y1G tuned LO isachieved through
multiple corrections applied
through microprocessor control.

LS| has now made possible
low cost desk computer/control
lers of high capability with inte-
gral display and print-out capabil-
ity. The Automated Scalar Net-
work Analyzer to be described
has the basic desk controller ca-
pabilities enhanced by plug-in
modules to extend memory, |/O
access, GPIB control and to exe
cute program functions.

In summary, examining the
front panels of new microwave
instrumentation it's obvious that
ease of use and measurement ver
satility are at a level never before
achieved. However, this is just the
tip of the "measurement ice-
berg.” The microprocessor tech
nology resident in modern instru
mentation does much more than
improve user interface; it also en
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hatces microwave per formance,
programmability, and serviceabil
ity. In addition, when this tech
nology Is applied throughout the
measurement system, data can be
enhanced, corrected, and present
ed in a way which requires little
interpretation from the user.
Let’'s explore how the microprox
essor accomplishes all this, first
from the indiidual instrioment
standpoint and then from the
overall measurement system view

THE MICROPROCESSOR BASED
SWEEP GENERATOR

In a new microwave instru
ment, the main microprocessor
has a variety of tasks to pertorm
Many of these tasks must be ac
complished within the same time
[rame, so efficient instrument de
sign usually requires the use of
multiple processors and preproc
essurs. Figure 1 shows a simpli
fied hlack diagram of a micro-
processor-based sweep generator
(Wiltron 6600 Series) which 1s
representative of the most recent
MICroprocessor instrumentation.
The central microprocessor has
three main tasks to perform: it
must inter face with the user
through the front panel, control
the internal circuitry and compo
nents of the instrument, and be
prepared to communicate with
other instruments through the
GPIB (IEEE 488). This is all con
trolled through the main instru
ment program that is stored in
ROM (read-only memory) within
the instrument.

Design of the front panel inter
face is of critical concern, as this
is the key microprocessor/user
link. The operator expects con
stant update of parameters on the
front panel, and desires the in
strument to respond the moment
a front panel key is depressed.
Efficient instrument design dic
tates the use of a preprocessor to
handle communications between
the front panel and main micro
processor. The preprocessor not
only oplimizes response time, but
also organizes the information
into a format which is most easily
used by the operator.

All setup information entered
by the user from the front panel
fcontinued on page 32)
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P-Series
Complex Phasor
Modulators(cpm)

| CONTROL.
{EXTERNAL)

MATCHED VARIABLE
ATTENUATOR

y.

~
RF
NeuT *— 90° § i %‘ 0° _°OU’H}F§UT

+15 VDC &—— —J——o_u‘,v[)c
MATCHED VARIABLE
ATTENUATOR

Q CONTROL/
(EXTERNAL)

Olektron’s P-CPM Series of modulators perform linear amplitude
and phase control in a single package.

These modulators provide dynamic phase and amplitude
control in signal processing systems and interface directly with
control signal operational amplifiers.

Inputs required for 360 degree phase control and 40 dB
amplitude control are:

fandiSICERtne RN SN + 10V, 1000 ohms
load impedance

REINEUISE S e : +5dBm @ 50 ohms

PowerSupply. .. ..... .. +15VDC @ 10 mA

Typlcal Specifications:
Carrier Frequency . . . .. 10 to 500 MHz (avail-

able in octaves)

Modulation Rate . . . 0to 1 MHz
Phase Range . . . . 0 to 360 degrees
Amplitude Range —-6to —46 dB
impedance. ... ........... 50 ohms

WVSIVVRIER il - S e o 185 119 1

Standard Temperature Range 0 to 70C
The unit measures 1"x1"x.25". For complete data write or
sProduct catalog

calltoday. Tel: (617)943-7440 a:
(52-page) avail-
Sormpany OLEKTRON

e CORPORATION
61 Sutton Road/Webster, Mass. 01570

YOUR CHALLENGE IS OUR PF!DGFIESS
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e )

Puzzled about
what, where,
and how

10 get

1.0 Hz to 40 Ghz

Solid State

Noise Sources?

Make Micronetics your dependable

source for quality and fast delivery!

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

Part Frequency RF Output Excess VSWR
Number Range (GHz) Noise Ratio (DB) (Max)
NSI-26 02—6 G - o) 189
NSI-106 01 —6 155+ .5 182
NSI-112 1.0 —124 1585 SRS 135
NSI-118 1.0 —18.0 155Rst 5, 1.50
NSI-1012 .01 —12.4 155+ .5 1.35
NSI1-1218 12.4 — 18.0 1IGE53E=G) 1%5)
NSI-1826 18.0 — 26.5 15.5 + .75 —_

FOR USE IN SYSTEMS—10 KHz to 18 GHz (Operating Temp.:

Temp. Sensitivity: 0.01 DB/°C Max)

—55°C to +85°C;

Part Frequency RF Output
Number Range (GHz) (0B ENR Min)
RFN/30-10 10 KHz — 1.0 30
RFN/25L 10—2 25
RFN/258 2—4 25
RFN/25C 4—38 25
RFN/25X 8—12.4 25
RFN/25KU 124 — 18 25

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

Frequency Flatness OQutput
Model Range (GHz) ENR Typ Max Mates With
NSI 51826W 18.0 — 26.5 25.0d8 +15d8 +2.0d8 UG-595/U
NSI 52640W 26.5 — 40.0 23.0dB +2.0d8 +3.0d8B UG-599/U

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

micronecti

36 Oak Street-Norwood-NJ-07648
(201) 7671320 twx: 7109519603
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Is stored in RAM (random-access-
memory)}, which is volatile (i.e.,
if line power is lost, this informa-
tion is gone forever). Battery
backup is a virtual necessity be-
cause the user expects the new
instrumentation to return to the
same state in the morning to
which it was set the night before.
Older instrumentation with pots
and rotary or slide switches al-
ways did, so why shouldn’t mod-
ern microprocessor instrumenta-
tion?

Since the microprocessor has
the opportunity to improve mi-
crowave performance, we should
investigate some of the weakness-
es of older designs to understand
the nature of this improvement.
Designers of previous sweep oscil-
lators constantly battled noise
and drift from analog circuits,
two factors which relate directly
to the frequency accuracy, stabil-
ity, and quality (residual FM) of
the microwave output. The enor-
mity of this problem can be fully
understood when one considers
that 10 kHz of noise on a 10 GHz
signal is equivalent to 1 part-per-
miltion (ppm), or 10 microvolts
of variation on a 10-volt signal.
These probiems were further
compounded by the use of RF
section plug-ins and the fact that
the majority of the instrument
power dissipation was within the
plug-in. To make matters worse,
additional analog circuitry was
required within both mainframe
and plug-in so that all mainframes
and all plug-ins could be adapted
to a standardized interface.

The solution, therefore, is to
use digital circuitry as much as
possible, to minimize and careful-
Iy design the analog parts of the
instrument, and to eliminate the
costly and inefficient mainframe
plug-in interface. In addition, the
intelligence of the microprocessor
can be used to make basic operat-
ing mode decisions to enhance
the performance of the instru
ment. As an example, the micro
processor enables the swept resid-
ual FM of a sweep generator dur-
ing narrow sweeps (50 MHz) to
be held to the value applicable to
CW conditions. To do this, it sets
the main tuning coil of the YIG

{continued on page 34)
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That’s the word for Litton’s

TWTA 35-nanosecond access time.
Check a scope trace of Litton’s TWTA

Access and you'll see its access time is a mere
Ab.l. ' 35 nanoseconds measured from the
1 lty. 50% point of trigger input to the 90%
point of rf pulse output. Recovery time
for these responsive TWTA subsystems
is similarly fast.
Litton TWTASs are available with any of
our family of 1-kW-plus octave-band pulse
TWTs. They are also available with many
of our higher power ring-loop TWTs.
These compact, lightweight subsystems
are made for the most demanding envi-
ronments. They're an airborne natural.
Their high efficiency and conduction
cooling suits them to most any
ECM system.
Litton TWTA subsystems are
available from
} D-Band toJ-Band.
Check them out.
Write or call for
com plete information.
Litton Electron Tube Division,
960 Industrial Road, San Carlos,
CA 94070. Telephone (415) 591-8411.

EB ELECTRON TUBE DIVISION
Litton
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Fig. 2 Measurements on the same low-pass filter using different measurement systems. 2a is the result with a sweeper offering harmonics of
40 dBc and spurious of 60 dBc. 2b is the result with a signal having higher harmonic and/or spurious levels.

oscillator at the center of the
sweep reducing the tuning band
width, thereby reducing noise
(residual FM). The oscillator is
then swept using the small FM
““tickler coil”’ which is located in
the air gap near the YIG sphere.
The low tuning sensitivity of this
coil reduces the swept residual
FM to that of the residual FM
present in the CW mode.

It must be remembered, how-
ever, that microprocessor-based
instrumentation does not replace
the need for high-performance
microwave components within
the instrument. Certain faults do
not lend themselves to micro
processor correction and basic
considerations such as harmonic
and spurious outputs must be
given proper attention. The meas-
urement results obtained as a re-
sult of improved microwave com-
ponents can clearly be seen in
Figure 2, which compares meas:
urements of the same filter under
different harmonic and spurious
conditions.

THE GPIB SYSTEM
IMPLEMENTATION

Microprocessors also play a
key role in the programmability
of modern instrumentation. The
overwhelming acceptance of the
GPIB (IEEE 488) interface in
automated system design has de-
signers using a resident micro-
processor to achieve optimum
performance in interface bus im
plementation. The automated
system user can expect total pro-

34

grammability and the implemen
tation of specialized bus tech-
niques such as group-execute:
trigger (GET) and service request
(SRQ). Group-execute-trigger al
lows the user to simultaneously
trigger two or more instruments
on the bus. In addition, some in
struments can be instructed as to
what its task will be when the
trigger command is received.

The service request capability
allows the instrument to get the
attention of the controller when
it has finished an assigned task,
or when it encounters difficulties
such as an error mode. The con-

troller must then identify which
instrument requires service
through a method called polling.
In serial poiling, the controller
contacts each instrument one by
one until it identifies the source
of the service request. Parallel
polling, a method by which the
controller can check the status of
a number of instruments simulta-
neously, therefore greatly reduc-
ing the polling time, is also used.
This implementation is especially
of concern to designers and users
of large systems such as ATE.
The addition of a controller,
another microprocessor-based in

SUPPLY

OPTIONAL
GPIB INTERFACE
P C. BOARD

— c—— .

MAIN MICROPROCESSOR
AND FRONT PANEL
PREPROCESSOR

P C. BOARD

- o ———

FRONT PANEL

SWEEP, MARKER
ALC CIRCUITRY

YIG OSCILLATOR
DRIVERS

DRIVERS FOR
YIG FM COILS

MICROWAVE
MODULE

|

P.C. BOARD
BATTERY MAIN
FOR MEMORY MICROPROCESSOR
BACKUP MEMORY

Fig. 3 Internal view of microprocessor-equipped sweeper shows accessibility and modularity
possible with microprocessor-based instrumentation (Wiltron 6600 Series).
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strument, ta a test system em
ploying a microprocessor -based
microwadve instrument enhiances
the overall flexibility of that sys
tem. Any test routine, data dis-
play format or user interface
within the hasic capability of the
microwave instrument may be
generated by programming the

controller in a high-fevel language.

Maost microwave instruments with
GPIB intertace capabilities are
otfered with some sottware for
use with a controller.

A recent new GPIB implenien
tation includes a helpful com-
mand called “Instrument Ident-
ify.”” Upon receiving this com-
mand, a sweeper sends to the
controller its model number, fre:
guency trange, maximum leveled
power, minimum power and even
the software revision level. This
allows programs within the con-
troller to be written in such a
manner as to work with any
sweeper, without requiring the
user to enter the parameter limits
of the sweeper every time the
system is operated.

NEW INSTRUMENT DIAGNOSTICS

Microprocessor implementa-
tion within an instrument also
reaps benefits from the stand
point of serviceability. Most mi
Croprocessor instruments contain
a self-test mode which aitows the
instrument to go through a series
of basic diagnostics to confirm
that it is operating correctly. If
an error is found,the microproc-
essor will output an error corle
indicating the module or circuit
block which is matfunctioning.
Since communication within the
instrument 1s along the micro
processor data bus, a well-de

REFLECTED
SIGNAL TRANSMISSION
e 23y SIGNAL
i - -
o £ .
e — CALIBRATION
4% —————
I ] ]
- 560 97A50 1 i .
.y SWH DuT
AUTOTESTER oo a0
WILTRON e - DETECTOR
GES:’:)&?OR caLisraTiON []
AND OPEN/SHORT
560 NETWORK
ANALYZER

Wil TRON 85
CONTROLLER

GPIB

Fig. 4 Automatic scalar network analyzer system block diagram {Wiltron 5600 Series).

signed product will be very mod
ular, accessible, and easy to trou-
bleshoot to a replaceable mocdiule
ievel. Figure 3 shows the internal
layout and modutar configuration
of a microprocessor-based
sweeper.

If problems are encountered
with the microprocessor or di-
rectly-related circuitry, this can
be troubleshot with a method
known as signature analysis. Nor
matly the manufacturer will sup
ply a removable plug or series of
switches on each board contain-
ing a microprocessor. These allow
disconnecting the microprocessor
from the data bus and forcing it
into a known cyclical state. Sig-
nature analysis is then used to an
alyze the digital pattern or “sig-
nature’’ at each point in the cir-
cuit. This pattern is represented

by a series of numbers and letters
on the display of the signature
analyzer and compared with the
proper signatures, which are iden
tified on the schematic. In addi-
tion, instruments may have 4 sig-
nature analysis test stimulus pro
gram which tests RAM, ROM,
LS! (large scale integration)
chips, and 1/Q ports.

To locate a problem in the ana
log circuitry of the instrument,
another troubleshooting scheme
ie to command the microproces-
sor to send specitic digital com
mands and data to the digital
control ports driving various ana
log circuits. The response of the
analog circuitry can then be ana
lyzed and diagnosed.

SYSTEM ASPECTS

To illustrate system operation
a block diagram of an automated

8 GHz LOW PASS FILTER =
z a
o MARKERS: FO M1 M2 o DN PSR S,
» (GHz.) 8 4 10 ~
) 3 =
2 LIMITS UPPER LOWER g
= TRANS: 8 30 (dB) 5 2oF44---At-r1-H-—-----5------
[+4 RETURN 15 20 {dB) @
S = -
h=]
L= - RF LEVEL 10.0 dBm s \ '
2 7 FREQUENCY GH2 2 7 FREQUENCY GHz 12
Fig. 5 Low-pass filter data from a microprocessor-enhanced measurement system.
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scalar network analyzer covering
10 MHz to 40 GHz (Wiltron 5600
series) is shown in Figure 4. Re-
turn loss and transmission data is
digitized by the scalar network
analyzer and sent over the GPIB
to the controller. If manual ad-
justments must be made on a test
device before automatic data tak
ing, the user is free to change the
display sensitivity or offset with-

APC-7 TO TYPE N MALE ADAPTER

25 e A A At —
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35

45 H

1
i
|
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a0}
|
|
|
'

dB RETURN LOSS

50 i
55 O e i [0 l
0 10 FREQUENCY GHz 20

F

g. 7 Adapter measurement using an
accuracy enhancement program with
a network analyzer.

Fig. 6 Digital signal-processing methods.

out affecting the data that wiil be
automatically sent 1o the con-
troller.

The microprocessor analyzes
the data and automatically scales
the transmission and return 1oss
axis for optimuim data presenta
tion. If desired, the user can enter
a fixed dB per division and fixed
offset level, so that all plots will
be similar and easy to compare.
Marker frequencies and specifica-
tion limits can be plotted, to
mdake go, no-go analysis straight-
forward for the operator. Figure
5 illustrates the kind of data pres-
entation available from such a
system.

Once the frequency meastire-
ment range, step size, and data
presentation information have
been entered into the controller,
the particular test setup can be
stored on a magnetic tape cart-
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Fig. 8 Comparison of 40 dB sections measured on two programmable step attenuators.
Plot on right shows variations due to radiated-mode coupling across the TEM

attenuator structure.
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ridge for future recall and use.
With these aids, such systems can
easily be operated by relatively
unskilled personnel.

SIGNAL PROCESSING

In addition to the benetits of
its test routine control functions,
the signal processing capabilities
of the microprocessor add anoth
er important dimension to over-
all instrument per formance.

Enhanced accuracy techniques,
which separate desired meastre-
ment reflections trom test system
mismatch and/or directivity im-
pertections,® may be employed
with manual data reduction at
great expense in time and with
limited accuracy. With micro-
processor processing ot the infor
mation, the technique may be ap
plied conveniently and effective-
ly. Figure 6 shows response char
acteristics produced by digital
signal-processing algorithms from
the raw swept data illustrated in
References 3, 5 and 6. Figure 7
shows measurements derived
from a program using a win-
dowed discreet Fourier transtorm
dlgorithm to spatially focus on a
GPC-7 to Type N male adapter
with air lines preceding and [ol-
lowing the unit. Figure 8 shows
s Lion 1oss measurements of
the 40 dB sections of two pro
grammable attenuators. Air lines
are used ahead of and behind the
units and error-averaging acts as a
low-pass digital filter to virtually
eliminate mismatch uncertainties.

fcontinued on page 38/
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NEW High Performance
Power Meters

Digital or Analog
The choice is yours

Model 475B

Digital Power Meter
(with optional IEEE GPIB Bus)

Key Specs

¢ (.01 to 40 GHz frequency range

* Dynamic Range: From —39.9to
+ 35 dBm

* Accuracy: to £0.05dB

* Resolution: 0.01 dB

Features:

Internal Calibrator

Automatic Zero Set

Automatic Factor Compensator
Auxiliary Tuning Meter
Automatic Scale Indication
Power Head Overload Indicator

Options:

e |EEE GPIB Bus interface allows
communications with con-
trollers or other instruments

e BCD Output provides a stan-
dard 1 2-4-8 parallel output

* Programmable Zero provides a
remote zeroing capability

Both models operate with GMC
Series 4200 coaxial and waveguide
power heads ranging in frequency
to 40 GHz, and power measuring
capability to 3 watts. All power
heads feature field-replaceable
sensing elements. Another unique
feature is that the power meter-
power head assembly calibration
can be checked at the power meter
front panel Using a built-in power

Model 476
Analog Power Meter

Key Specs

¢ (.01 to 40 GHz frequency range
* Dynamic Range: 30 nW to 3W
* Accuracy: + 1% of full scale

Features:

Internal Calibrator

Automatic Zero Set

Automatic Factor Compensator
Automatic Scale Indication

Option:
* Rechargeable Battery Pack

allows for field and other por-
table applications.

standard without disconnecting
the power head from the RF
system.

For over two decades, General
Microwave has been designing and
producing power measuring in-
struments that have become stan-
dards of the industry and of perfor-
mance - service-proven over a wide
range of military, industrial and
commercial applications.

w.  Send for our new

.

>0
<z

%#"  Power Measuring Equipment brochure.

i

GENERAL MICROWAVE

GENERAL MICROWAVE CORPORATION
155 Marine Street, Farmingdale, L.l., New York 11735
Tel: 516-694-3600
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Projects that require special quadrature
hybrids or couplers sometimes cause per-
plexing design difficulties. Namely, how can
you fit that hybrid into the system’s design,
rather than tailoring the design to accom-
modate the hybrid? There is a solution.
Wireline® hybrids. The beauty of Wireline
is that it handles like wire, but performs
like a machined hybrid. You get the design
flexibility you want for do-it-yourself hybrid
and coupler applications, and you get it at
a tremendous reduction in cost.

The success of our original 100 Watt CW
power Wireline led to the new 4
braided copper and seamless /
copper tube Wireline that '
handles 200 Watt CW power.
Each Wireline can be soldered
into your system easily, and
the new copper-jacketed style
retains the shape you put it

in. For each of the five Wireline styles the
tightest nominal coupling is 3dB (quadra-
ture hybrid at midband), obtained with a
length equal to a quarter-wavelength.
Shorter lengths yield looser coupling.

Wireline can be supplied pre-cut and
trimmed in lengths of 26" to 1.08”, and in
a frequency range of 50-2400 MHz. Or in
bulk lengths if you prefer to make your own
units. Either way, Wireline hybrids offer un-
matched design flexibility, convenience,
and cost savings. The next time you're try-
ing to solve a puzzling design problem,
bend a little Wireline . . . in-
stead of your mind.

For additional information
about Wireline, and a compli-
mentary sample of each
Wireline, write or call Sage
Laboratories.

WIRELINE HYBRIDS.

THE PERFECT SOLUTION
TOPUZZLING
DESIGN PROBLEMS.

>d

LABORATORIES,INC.
3 HURON DRIVE « NATICK, MA 01760

{617) 653-0844

TWX: 710-346-0390
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The second attenudator data shows
cy variations due to rachiated
mode coupling across the TEM
attenuator structure

CONCLUSION

Precise and convenient broadd
band microwave measurement
still require high guality compc
nents, such as swept sources

switches, directional coup e
flection bridges, detectors, elc
Thence, from a firm basis of qua
ty hardware, MICTOPEOCessot

can control and normalize man
components functions and pr

ess the RF data 1o redu esidus
errors and tormat data rapd

the microwave enginee
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Robert H. Bathiany joined Wiltron Company
in 1972 as Engineering Manager for RF and
Microwave Instrumentation, including net-
work analy zers and sweeper design and the
development of microwave link testing up-
conversion techniques. He received his BSEE
and MSEE from the University of Washing
ton in Seattle, and consulted on electronic
processing methods associated with gas chro
matographic chemical analysis. He served on
the Steering Committee for the 1975 Micro
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committee organizing the 1984 Symposium.

Dr. Peter Lacy was a founder in 1960 of
Wiltron Company, a manufacturer of elec
tronic measurement systems and compo
nents for microwave, RF, and telecommuni
cations applications, and now serves as
Chairman of the Board. He received a BSEE
from the University of Flonda. In the Navy,
he coordinated projects in ECM on power
sources and radar targets in Washington, DC,
later serving on the Pacific Fleet Headquar-
ters staff and the Naval Technical Commis-
sion to Japan. He received MS and PhD de-
grees from Stanford, and studied microwave
naise in electron beams. At Hewlett Packaid
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tubes and developed related instrumentation
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When It Comes To
Expert Advice On

s

Number
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Whatever your requirement — Schottky, PIN, Step Recovery, or Tunnel Diodes — a
quick call to our new toll free number will help you solve your applications engineering
problems, or provide price and delivery.

You can also learn about our latest products; very low barrier - 10dBm L.O. mixer
diodes, and new chips and beam leads which are optimized for hybrid circuit applica-
tions to specific process requirements.

Aertech microwave diodes are available in a wide variety of package styles, as
individual chips and beam leads, for a broad range of applications including high
reliability types for missile and space programs. And we are a qualified supplier for
JAN/JANTX/JANTXV parts in the 1IN5711, 1N5712, and 1N5719 series.

Our extensive diode capability is only a phone call
away, 50 contact us today at 800-538-8406 and find out
why we've earned a reputation for competitive, high
quality, reliable semiconductor products. a subsidiary of TRW

Stewart Drive, Sunnyvale, CA 940886, (408) 732-0880, ext. 520, TWX: 81 3G9-9207

CIRCLE 28 ON.REARER.SERVICE CARD



Around
the
Circuit

John R. Martin was ap-
pointed Western Regional
Sales Manager for Keene
Corporation’s Chase-Foster
Laminates Division. . .Richard Fritz was appointed Op-
erations Manager, Daico Industries, Inc. . .General Micro-
wave Corp. announced the promotion of Bernard Grand
to V.P.-Engineering. . .Robert W. Van Ness joined
Adams-Russell Co. Inc. as Corporate Director of Human
Resources. . .Under a corporate reorganization plan at
Omni Spectra, Inc.'s Eastern Operations, the Microwave
Connector and Components Divisions are consolidated
into one sales and marketing group under the direction
of John C. Callahan, Dir. of Marketing, and Ernest J.
DeVita, V.P. of Sales. . .Scientific-Atlanta, Inc. named
Delwin Bothof as its Vice President-Marketing. . .Gordon
E. Eubanks was promoted to V.P., Marketing at Whit-
taker Corp.’s Electronic Resources Division. . .Dr. L. A.
Cambey, Senior V.P. of Materials Research Corp. has
been promoted to Executive V.P.

PERSONNEL

Recipients of the award
include: James W. Duncan,

1981 IEEE FELLOWS

IN MICROWAVE

ENGINEERING TRW, lnC, for de\{elop-
ment of communications

satellite antennas; Nabil H. Farhat, U. of Penn., for work
in microwave holography and E.E. education; Robert V.
Garver, Harry Diamond Labs, for development and un-
derstanding of the limitations of broadband solid state
microwave switches; Yoshihiro Konishi, NHK (Japan
Broadcasting Corp.}, Technical Rsch. Labs., for contri-
butions to microwave component technology in satellite
broadcasting; Nobuaki Kumagai, Osaka University, for
contributions to the study of wave propagation in elec-
tromagnetics, optics and acoustics; and Leonard Lewin,
University of Colorado, for contributions to theory of
waveguides, antennas and microstrip transmission lines.

Eaton Corp’s AIL Div. has
been awarded a contract
to provide a national, sys-
tem of air traffic control
to the Federal Civil Aviation Administration of Yugo-
slavia. . .Contracts from Loral Electronic Systems for
the F-15 ECM system, Applied Technology Div. of 1tek
for Compass Tie and from Westinghouse for AN/ALQ-
131 represent $2M in solid-state control device orders
for Alpha Industries, Inc. Alpha also received a contract
from California Microwave, Inc. valued at $260K for
GaAs FET low noise amplifiers for use in a Mexican tele-
communications network. . .California Microwave, Inc.
announced the signing of a long-term purchase contract
valued at $18.6M with AT&T for CA42 transmitting am-
ptifier systems. . .Northrop Corp. was awarded contracts
totaling $63.3M by the USAF for continued production
of ECM equipment for F-15 fighter aircraft. . .Loral
Corp. received a contract valued at $78M to furnish its

CONTRACTS

40

Rapport |11 Self-Protection System to a friendly foreign
nation.

M/A-COM, Inc. and Micro-
wave Power Devices, inc.
announced completion of
the transaction whereby
MPD becomes a M/A-COM company. In another action,
Microwave Associates, Inc., announced that its new $6M,
22,000 sq. ft. Silicon Materials Division’s epitaxy facility
will begin operations in April 1981. . .Omni Spectra, Inc.
is currently expanding operations in the Merrimack, NH
plant from 42,000 sq. ft. to 87,600 sqa. ft. to be com-
pleted in May, 1981. . .Also expanding plant size is Epsi-
lon Lambda Electronics Corp., which is adding a new
building with 3,000 sq. ft. for engineering and adminis-
tration and 10,000 sqg. ft. for manufacturing millimeter
components. . .Materials Research Corp. is also expand-
ing its plant with 65,000 sq. ft. of production floor
space for its ceramic substrate operation. Concurrent
with the plant growth, the company has placed in opera-
tion a CO, laser system for high precision machining. . .
Also growing is Tecknit, Inc., of Santa Barbara, CA,
which has nearly doubled its plant’s production facilities
to 30,000 sqg. ft. . .COMSAT and Radiation Systems, Inc.
{RSI) announced that they have entered into an agree-
ment which authorizes RSI to manufacture and sell a
variety of COMSAT designed Multiple Beam Torus An-
tennas. . .General Instrument Corp. has reached an agree-
ment in principle with SED Systems, Inc. of Canada
which licenses General Instrument to manufacture and
market television receive only (TVRO) and direct broad-
cast satellite to home earth station (DBS) equipment us-
ing patents and technology developed by SED Systems.
.. .Keene Corporation’s Chase-Foster Laminates Division
has started a new production line for its Di-Clad line PC
board materials believed to be the largest dedicated to
microwave PC board material production.

INDUSTRY NEWS

Scientific-Atlanta, Inc. re-
ported second quarter re-
sults for the period ended
December 31, 1980 of net
sales of $65.0M, net earnings of $4.2M or 40¢ per share.
This compares with 1979 quarterly net sales of $S46.5M,
net earnings of $2.95M or 32¢ per share. . .M/A-COM,
Inc. reported that during the first quarter ended Decem-
ber 27, 1980, net income was $6.95M or 20¢ per share
and sales totaled $102.7M. This compares with first
quarter FY 1980 net income of $3.6M, or 12¢ per share
on sales of $64.5M. . .Varian Associates, Inc., reported
results for fiscal year 1980 ended September 30, 1980
of sales of $620.9M, net earnings of $22.1M or $2.77
per share. This compares with 1979 results of sales of
$493M, net earnings of $8.6M, or $1.15 per share. . .
Electromagnetic Sciences, Inc. reported year-end net
earnings of $S403K, earnings per share of 43¢ and sales of
$6.3M for the period ended February 20, 1981. This
compares with 1979 net earnings of $262K, earnings per
share of 30¢ and sales of $5.1M. . .For the second quar-
ter ended January 23, 1981, Sanders Associates, Inc. re-
ported 1981 results of net sales of $81.2M, net income
of $5.6M or 71¢ per share. This compares with 1980
quarterly net sales of $71.9M, net income of $4.4M or
70¢ per share. . .Adams-Russell, Inc. reported first quar-
ter results for the period ended January 4, 1981 of net
sales of $10.7M, net income of $814K or 25¢ per share.
This compares with 1980 first quarter net sales of $8.0M,
net income of $529K or 19¢ per share. &

FINANCIAL NEWS
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in Class A solid state
linear power amplifiers...

We'rein a
class hy ourselves!

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 models to fit your applications— Hughes Electron Dynamics Division.

that's the continuing story of MPD Class A solid state linear Complete technical detatls and specifications are yours for the
amplifiers. 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 inear power amplifiers!

to matching!

You can now choose from 225 standard MPD models,
available in module or rack-mounted cabinet configura-
tions for systems applications, as well as self-contained J
instruments for laboratory use. Ultra-broadband frequency T 21 POWER-FREQUENCY GUIDE
ranges from 1-1000MHz up to 7900-8400MHz. 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 inearity 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| P i BesAcHe
graceful degradation; drift-free output. field-replaceable - R Ao n’féuz
modular construction. TN,y

in addition. MPD manutactures and markets the wideband i o)
00 229 A0S0 TNO 000 A0% 0D 000 3700 000

FREQUENCY, MHz

' BROAD BAND
—~=7 " NARRQW BAND

s 100-1000
AT ~ | — Fah
I 0% | GRASFET Armiphiters
1 Coma Bands
U 1000- 250 ) ] 37426GH:
1 4-40Gre

RF POWER OUTPUT, Watts

oy e )

MICROWAVE POWER DEVICES, INC.

330 Oser Avenuve, Hauppauge, N.Y. 11787 « Tel, 516-231-1400 « TWX 510-227-6239

World Radio History




A Unique Multi-octave
Signal Generator...

* — ST T
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Dear Signal Generator User:

Several manufacturers supply .01 to 40 GHz signal
sources, but there are five distinct reasons — differences —
why you should consider the Micro-Tel SG-811 Swept
Signal Generator.

1 - Itis truly a signal generator with RFI shielding, low
harmonic output, and -120 dB output power control.

2 - The internal pulse generator is variable from .05 to 100
microseconds, 100 to 10,000 pps and has a pulse On-Off
ratio of 70 dB.

3 - It has been specially rugtgedized for field use. The
reliability performance of several hundred units attests to
its construction and basic quality design.

4 - The RF Unit is independently shielded and mounts
inside the generator. However, it may be removed and
located up to 200 feet from the main frame — an ideal
feature for system test purposes.

5 - An accessory FS5-1000 Frequency Synthesizer can be
added to give frequency control in 100 Hz steps with
commensurable accuracy and stability.

6 - Another accessory, the FE-811, extends frequency
coverage from 18 to 40 GHz while retaining all features
including fast pulse generation and synthesized
operation.

If any of these six features are important, you should
consider the SG-811, since they are not provided in other
multi-octave signal generators or sweepers.

Of course, the SG-811 has all the usual features of
modern sweep signal generators: Delta F, Fi-F2, full band
sweep, five presettable frequencies, FM-AM, as well as
pulse modulation, and IEEE-488 bus control of frequency
and power output.

Another valuable feature of the SG-811 is the wide
variety of options permitting the user to tailor the instrument
to his speafic needs. The option list follows, and is worth
some careful study since it illustrates the fundamental
versatility of this signal generator.

SG-811A - 2-18 GHz -8 mw leveled power output
G-811B - 2-18 GHz- 12 mw leveled power output
Option 1 - Adds .01-2 GHz coverage

Option 2 - 110 dB Output Attenuator

Option 3 - 60 dB Tracked Filter, 1.9-18 GHz

Option 3A - 60 dB Tracked Filter, .40-18 GHz
Option 4 - RF Sample

Option 5 - Pulse Generator 70 dB On-Off
Option 6 - Digital Frequency Control
Option 6A - Digital Control - IEEE-488
Option 7 - 12 VDC Input

Option 8 - Protective Cover

Option 9 - Offset Power Level

Option 10 - Provision for 18-40 GHz Coverage
RCC-811 - Cable for Remote RF Assembly
C-811 Fitted Fiberglass Carrying Case

The power outputs noted above are without options.
Output is reduced in varying amounts by the attenuator,
filter, and pulse options, but is always in excess of 0 dBm
with the Sg-SllB.

The internal pulse generator is one of the most useful
options for EW and ECM system checkout. In addition to the
70 dB On-Off ratio, the rise time is guaranteed to 20
nanoseconds maximum, and is typically less than 10
nanoseconds.

The Removable-Remotable RF Unit is very useful for
ramp testing of EW and ECM systems. For example, the RF
Unit may be located in the vicinity of an EW antenna. Cable
loss is eliminated and one man can perform system
measurements with the SG-811 located at the EW console.

The FS-1000 Frequency Synthesizer allows the
operator to ‘“‘tune it digital — or tune it analog.”” Digital
tuning is by means of a conventional keyboard and
microprocessor. In the analog tuning mode, a continuously
variable encoder control knob gives the ““feel” of
conventional tuning in selected steps from 100 Hz to 1 MHz.
This feature combines the convenience of both analog and
digitally sgnthesized frequency control. The FS-1000 is
IEEE-488 bus-controlled or operable from its own
micro-processor. The Synthesizer can be switched outatan
time torestore normal sweep or CW operation — very usefu
in some applications.

The FE-811 Frequency Extender is a convenient
means of extending frequency coverage from 18 to 26 and 26
to 40 GHz. All control is from the panel of the SG-811;
however, the most important feature is the retention of the
fast pulse modulation capability to 40 GHz — ideal for
EW/ECM measurements — and the capability for
synthesized frequency generation to 40 GHz when used
with the FS-1000 Frequency Synthesizer.

The SG-811 is in widespread use commercially, as
well as in the U.S. Military, NATO, and the armed forces of
numerous other countries. Why not investigate whether it
will fit your application.

Detailed data sheets are available upon request, we
can demonstrate at your convenience and location, or a
no-charge purchase order will bring you an SG-811 for a
one-week, no-obligation evaluation.

We'll be looking for your call or letter.

Sincerely,

MICRO-TEL CORPORATION

6310 Blair Hill Lane
Baltimore, Maryland 21209
Telephone: (301) 823-6227
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WS from 12 Washington

GERALD GREEN, Washington Editor

LAMPS Mk 111 Program With total program costs up to $7 billion, representing a cost growth of nearly
Costs Go 100 percent in 16 months, and with results of a recent General Accounting Office
QOver-the-Horizon (GAOQ) investigation raising questions about the ability of LAMPS (Light Airborne

Multipurpose System) Mk {11 to carry out its missions, the scrutinizing eyes of Con
gress, Depaitment of Defense, and the Office of Management and Budget will cer-
tainly give the program critical review.

LAMPS Mk I!1 is a computer-integrated ship and helicopter system designed
principally for antisubmarine warfare (ASW) with secondary mission capabilities of
antiship surveillance and targeting (ASST), search and rescue, medical evacuation,
and logistics support. The program is currently in full-scale development and is
scheduled for deployment aboard cruisers, destroyers, and frigates.

GAO investigators, based on their investigation, report concern about the re-
duced number of helicopters the Navy is planning to procure (because of skyrocket-
ing program costs), potential for reliability and maintainability problems, and the
potential for continuing cost increases in the LAMPS Mk 11l program.

Advanced Technology An Advanced Technology Program has been established for small business firms
Program Initiated for by the Department of Defense in order to increase the participation of such firms in
Small Business DoD’s research and development initiatives and to capitalize on the creative poten-

tial of small high technology firms.

Approximately 20 research and development project areas of particular interest
to the Army, Navy, Air Force and Defense Advanced Research Projects Agency
{DARPA), will be identified for exploration under a three-phase program.

Phase | awards of up to $50,000 each are contemplated for preliminary research
and development to demonstrate the feasibility of those proposals deemed most
likely to yield solutions to R&D problems identified by the Military Departments
and DARPA.

Contracts under Phase | will last for six months. Based on the results of Phase |
efforts, DoD plans to award advanced development contracts ranging from
$100,000 to $500,000 each in Phase I for a period of up to two years for the pro-
jects judged most promising. Phase (11 will include follow-on DoD production
awards, where appropriate, and/or commercial application of the research and de-
velopment. Commercial application would be funded with private venture capital.

A key figure of the program is its streamlined procedure for reducing the small
firm’s initial investmeni in proposal writing. Phase | proposals are limited to 20
pages.

The Defense Small Business Advanced Technology Program is not intended to be
a substitute for current unsolicited proposal mechanisms. According to DoD, it is
designed to augment existing acquisition processes and to better inform DoD re-
search offices of the technological potential of the small business community.

The Defense Small Business Advanced Technology Program Brochute is sched-
uled for distribution in April 1981, with proposals to be submitted to the respective
Services and DARPA by August 31, 1981. Awards are expected to be made in Dec-
ember 1981.

Program information may be obtained by writing to:

Director for Small Business & Economic Utilization Policy
Office of the Under Secretary of Defense

Research and Engineering (Acquisition Policy)

Room 2A340, The Pentagon, Washington, D.C. 20301

Balloon-Borne Radars — The first incident of aerial surveillance was reported to occur in the United
Back to Basics States during the Civil War when Union troops raised a balloon in Virginia, near
Washington, DC to spy on Confederate troop movements.

Despite the trend to surveillance from satellite platforms in space, it now appears
that the Air Force, followed by Treasury’s Customs Service, is going back to basics
and again using balloon platforms for surveillance.

The Air Force is already using a balloon-borne radar, part of the SEEK SKY-
HOOK program, to keep an eye on air and sea approaches to the southeastern Unit-
ed States, as part of the North American Air Defense Command’s radar early warn
ing system.
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Ishington

Richard D. Delauer
Confirmed Under Secdef
for Research & Engrg.

USAF's Electronic
Systems Div. Awards
“Leader-Follower’’
Contract

Flight-Deck
Communications System
Secure Against Hostile
and Friendly Interference

Now the Customs Service also has a program to utilize a balloon type platform
(they call it an aerostat) to carry a surveillance radar.

According to John Schoolmeester, head of Custom’s Engineering Service Branch,
Customs plans to float their tethered aerostat, which resembles a miniature SEEK
SKYHOQOOK, at a 3,000 foot altitude to give their radar an effective position to look
for smuggling boats and aircraft.

Dr. Richard D. DeLauer has finally been confirmed as the new Under Secretary
of Defense for Research and Engineering, perhaps the most power ful research and
engineering position in the world. Dr. DeLauer was officially confirmed after actual-
ly working on the job for about a month.

He comes to DoD from TRW inc., whete he was an Executive Vice President
with responsibility for the Company’s Industrial Operations, Systems and Systems
Application Center groups. Those operating units employ more than 14,000 people
and provide a wide variety of products and services for aerospace, electronic, indus-
trial and commercial markets.

Dr. Del.auer is considered an expert in nuclear propulsion and is the co-author of
two books on that subject, ‘‘Nuclear Rocket Propulsion’ and Fundamentals of Nu-
clear Flight.

He replaces Dr. William J. Perry who served as Under Secretary for Research and
Engineering in the Carter administration.

The Electronic Systems Division of Air Force Systems Command recently
awarded its first “leader-follower’ contract which will qualify two companies for
later production awards and hopefully result in delivery of a hetter product.

“Leader-follower’’ contracts are awarded to one company with the stipulation
that the firm share all contract responsibilities — such as designing, manufacturing
and testing a product — with a second company. Either or both firms will be con-
sidered for follow-on production contracts.

“This is one of several ‘tools’ the Department of Defense encourages us to use to
promote competition for systems that have high production order potential,”’ said
Maurice Fowler, Electronic Systems Division’s Assistant Deputy for Contracting.

He explained, “‘Since first introduced, some 10 DoD systems contracts have in-
cluded ‘leader-follower’ requirements in their final phase. The contract we recently
awarded was for full scale, engineering development of the Joint Tactical Informa-
tion Distribution System’s (JTIDS) Class 2 terminal. JTIDS is a communication sys-
tem that will make tactical battle information immediately available to Air Force
pilots, Army personnel, and ground stations that control combat activities. A signi-
ficant contract feature called for the ‘leader’ — Singer Company’s Keatfott Division
— to develop a ‘follower’ — Collins Government Avionics Division of Rockwell In-
ternational — as a second production source. Besides, by promoting competition in
the system’s full scale engineering development stage, we also hope to get a better
product.”’

According to Mr. Fowler, if the recently awarded contract proves successful, the
Electronic Systems Divison may incorporate the ‘‘leader-follower’’ clause in other
future contracts with high production potential.

A radio system that permits flight deck crews of aircraft cartiers to communicate
effectively and is secured against hostile listeners was described at the Navy League
Sea-Air-Space Exposition in Washington, DC recently.

The system effectively overcomes the noise of aircraft engines and radio frequen-
cy interference from other electronic communications equipment, said Andris Bikis,
Product Manager at GTE’s Communication Systems Division in Needham, MA, the
developer of the system.

The short-range, intra-ship voice system includes a hand-held radio, protective
communications helmet, vehicular transmitters and receivers, and fixed base-station
equipment.

“Key features designed in response to operational needs which are not met with
current equipment are secure voice, availability of 500 channels, and effective oper
ation in an environment of very high noise levels,”” Mr. Bikis said.

He said the system underwent successful design verification trials aboard the
U.S.S. Independence last fall and is scheduled for fabrication of service test mod-
els and formal test and evaluation. ¥
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L.OW NOISE

AMPLIFIERS e —

! HIGH INTERCEPT

" Play the game
you never lose!

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

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

Adams‘_ﬂ Rgssell

1980, Adams-Russell
80 Cambridge Street ¢ Burlington ¢ MA 01803 » {617) 273-3333 » TWX 710-332-0258
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Admpilifiors

e Ultra LLow Noise « Wide Dynamic Range
« Custom Design

Min. Noise Figure Pwr. Out @ 1 dB
Model Frequency Gain Flatness {dB) Compression Pt. Case/
Number (MH2) (d8) {dB) typ. max. {dBm) Connectors*
WS0ETD 0.01-50 50 8.5 1.3 15 0 C/SMA Ultra :
WS0ETC  0.01-50 20 . 5 40 45 +23 C/SMA Low Noise
W250G 5-250 43 .5 13 15 +25 B/SMA Amplifiers
WS00E 5-500 30 <459 1.3 1.4 0 C/SMA
L60E-2 50-70 60 £ 5 09 1.0 +10 C/SMA
L450E 400-500 27 §'.5 1.2 1.4 +5 C/SMA
WIG2H 5-1000 30 £ 5 1.3 1.5 +5 C/SMA
W2GHH2 1-2 GHz 30 RE5) 2.3 25 +5 AB/SMA

Noise Pwr. Out ® 1 dB
Model Frequency Gain Figure Compression Pt. Case/
Number (GHz) (dB) (dB) {(dBm) Connectors
Special [\ 135¢ 1.25.1.35 25 2.2 +5 C/SMA
Purpose |wsspga 0.47.0.89 25 2.0 +5 C/SMA
Amplifiers |L2156A  2.15-2.165 n 3.2 £3 C/N
L215GC 2.15-2.165 29 2.9 +7 C/N
W2GH 0.5-2.0 25 3.0 +10 B/SMA
P150P 0.08-150 MHz 60 1.5 + 30 H/BNC
W15GB1 0.05-1.5 20 1.8 -3 C/SMA
W23GA 0.1-2.3 8 9.0 + 20 C/SMA
Pwr. OQut @ 1 dB8
Min. Compression Pt. Noise Typical
Model Frequency Gain {dBm) Figure Case/ Intercept
Number {GHz) (dB) typ. min. (d8) Connectors Pt. (dBm)
P6OF 30-90 MHz 30 +32 +31 5.5 H/BNC +43 Wide ;
P150H2 0.1-150 MHz 27 +315 +30 6.5 H/BNC +44 Dynamic
P175M 150-200 MHz 23 €34 A8 8o H/BNC +45 Range
P400C 10-400 MHz 20 +31 +30 7.0 H/BNC +42 Amplifiers
P500N 2-500 MHz 17 +31 +30 8.0 H/BNC +42
P10GL 0.5-1.0 30 +31 +30 5.0 H/SMA +42
P2GS-7 0.5-2.0 GHz 30 +30 + 29 10.0 FS/SMA + 42
P24G8B 1.4-2.4 16 + 20 + 19 8.0 A/SMA + 32
L) Won) Hn)
CASE DIMENSIONS: @ 1875 1875 0:465
{Others Available} A 3375 1875 0.465
H 375 2 60 195
AB 300 187 0.465 *Standard this model; others may be
8 2625 1875 0465 specified.
FS 4.5 28 181 VSWR all models:

2:1 max, 1.5:1 typ.

The devices above are just a sampling of TRONTECH's product line in state of the art low noise and
medium power amplifiers. Our amplifiers are designed so that parameters such as gain, bandwidth,
output power, noise figure, form factor, etc., can be tailored to your specifications. Our capabilities
include Video and Limiting Amplifiers, Integrated Assemblies, Modular Amplifiers, etc.

/\ TRONTECH, INC. ¢ (201) 229-4348 e Telex 13 2445
\/ \ 63 Shark River Rd., Neptune, N.J. 07753
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Contract News

Antenna
\Techn0|ogv

JOHN McILVENNA
Electromagnetic Sciences Division
Rome Air Development Center
Hanscom AFB, MA

Unattended or minimally attended
radars require low power, lost cost,
high reliability antenna technology.
Under Contract F19628-78-C-0166,
Sperry-Rand Corp. performed an over-
all antenna system configuration study
for such an L-band radar system with a
large phased array. A basic building
block for such phased arrays is a dual
beam elevation column network whose
driving parameters are cost, loss, an-
tenna pattern performance and relia-
bility. A study of competitive fabrica-
tion techniques resulted in an explora-
tory model that was built using com-
puter-aided design. A 12-foot experi-
mental, printed circuit, dual beam
stripline column weighed about 7 {bs.
Insertion loss was approximately 1 dB,
although resonances over the operating
band raised the loss to about 2 dB.
Further analysis showed that an alter-
native technique using a pressed lami-
nate assembly meets all the mechani-
cal and electrical performance specifi-
cations without the resonances, and
can be built for about 300 dollars.
With its associated support structure,
it would weigh about 39 Ibs.

Circular arrays are also candidates
for unattended radars. They offer 360
scan and unlike multi-faced planar
phased arrays, can provide a beam that
remains undistorted as scan angle
changes. Mechanically rotated anten-
nas {such as reflector type antennas)
can provide the azimuthal coverage but
usually cannot provide the required
data rate. Existing all-electronic circu-
lar arrays have some disadvantages. In a
practical configuration, they require
many active subassemblies with large
loss, and they also require frequent
maintenance. |n addition, variations in
subassembly characteristics due to
component differences can cause varia-
tions in the beam characteristics with
azimuth scan angle, as well as high
sidelobes. Low power consumption
and high reliability can be obtained in
a mechanically scanned circular array
by using a low inertia mechanically
rotated commutator feed. Such feeds
typically use capacitive coupling to
transfer power from a rotating to a
stationary transmission line that con-
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nects to the circular array elements.
However, the capacitive coupling
causes unacceptable loss and flutter or
fluctuations in the radiated beam as it
rotates. Under Contract F19628-79-C-
0034, ITT Gilfillan has developed
large-scale paraliel-plate combiner/di-
viders that make use of a magnetic
loop coupler. This device derives its
properties from both a waveguide loop
coupler and a 3 dB quarter-wave direc-
tional coupler. in the waveguide ver-
sion, matched coupling to the domi-
nant mode is obtained by proper quar-
ter-wave transformation of the wave-
guide impedance to that of the coaxial
input. Wide bandwidth is insured by
coupling to the fields in a manner that
minimizes impedance change thereby
reducing the Q of the network. The
use of magnetic loop couplers in a
commutating feed provides low RF
loss and inertia while limiting flutter to
the narrow range of angles where the
rotor loops pass over small gaps be-
tween adjacent stator loops.

Low sidelobe phased array antenna
technology is represented by Contract
F19628-78-C-0151 with Westinghouse
Corp. The critical subunit in an S-band,
polarization diverse, low sidelobe ar-
ray, is a line source. One of these has
been fabricated and tested, showing
that S-band, low sidelobe performance
over a wide bandwidth (200 MHz) is
entirely within the capability of pres-
ent design and fabrication technology.
The line source required the develop-
ment of wideband, high isolation cou-
plers, a corporate-fed power divider in
air dielectric stripline, and computer
controlled punching, milling and drill-
ing techniques. The test line source
was a 14-foot long row of 64 crossed
dipole elements. Seventy-two such line
sources would comprise a 14-foot
square L-band aperture capable of - 35
dB first azimuth sidelobes and - 38 dB,

41 dB and - 50 dB for the second,
third and remote sidelobes, respective-
ly. The line source is 1.3 inches thick
and weighs 33.4 Ibs. Insertion {oss is
1.1 dB. Error tolerances of 0.3 dB and
2.5° rms included both design and
manufacturing errors.

Contract F19628-79-C-0157 with
Raytheon, Wayland is a study of feed
techniques for the space based radar
program. Future spaced based radars
will require antennas with low side-
lobes, wide instantaneous bandwidth,
beam agility and configurations that
are lightweight, deployable and reli-
able. The contract provides a design
study of overlapped subarray feed
structures, the development and test-
ing of a model, and delivery of a com-
puter program that calculates the feed
aperture fields for any given excitation.
The system requirements include
L-band operation, scan angle of
+ 225, a3 dB beamwidth of 0.2,
near in sidelobes of -40 dB and remote
sidelobes of - 60 dB rms. The contract
has explored the use of a two-dimen-
sional transform feed to provide over-
lapped subarray illumination in an op-
tically fed, active, lens phased array.
The lens contains transmit receive
modules and/or phase shifters, and
front and rear radiating elements. The
feed includes time delay units, phase
shifters and circulators. One trade-off
examined was the selection of the
Fourier transform network from
among candidates that include the
Rotman lens, the parallel plate lens,
and the Butler or Blass matrices. Both
the Butler and Blass matrices are mi-
crowave networks that create a set of
phase steered beams through a matrix
of transmission lines, couplers and
phase shifters. Since the beams are gen-
erated by phase shifters, they will
squint with frequency and distort the
main beam illumination. The Rotman
lens however, is a true time delay de-
vice that creates a set of beams which
remain fixed as frequency changes; it
was selected for this investigation. A
key parameter in the design of a trans-
form feed is the number of subarray
beams. Computer studies have shown
that for 40 dB sidelobes about 37 sub-
arrays will be required. The design of
the transform feed will be verified in
an experiment that is a one dimension
embodiment of the proposed device.

Contact: Dr. Robert Mailloux,
RADC/EEEA, Antennas & RF Com-
ponents Branch, 617-861-3710.%%
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Another Microwave First from ALPHA . . .

Thin-Film Performance
...Thick-Film Price

These new thick-film, TO-8 packaged microwave amplifiers give you
a high-performance, low-cost alternative to thin-film devices

MICROWAVE MODULAR AMPLIFIERS (TO-8 Hermetic Package)

Freq. Galn Nolse Power Out 1P 3rd

oC
Optimax Range Small Signal Flatness Figure @ 1db Comp Order Min VSWR Supply
Model # MHz Gain (db) xdb db dbm - 54/185°C In/Out Voltage
Typ Min Max Typ Max Typ Min Max Vima
25°C  —-54/85°C —54/85°C 25°C  -54/85°C 25°C - 54/85°C - 54/85°C Typ
AH-11-1 5-1000 147 135 1.0 Sl 4.0 ~-20 -40 60 20 159
AH-11 5-1000 147 135 1.0 3.6 4.5 ~-20 -40 6.0 20 150
AHE3 51000 160 14.5 1.0 3.0 45 4.0 2.0 12.0 20 15114
AH-15 5-1000 145 13.0 1.0 5.4 7.0 8.7 6.5 16.5 20 15124
AH-17 10-1000 12.0 100 1.0 6.1 8.0 15.3 1355 235 2.0 15044
AH-23 5-1500 1.0 9.5 1.0 4.8 6.0 4.0 2.0 120 20 15114
AH-25 5-1500 10.0 8.0 1.0 6.0 8.0 9.0 6.5 16.5 20 15125
AH-28 5-1500 110 95 1.0 6.0 75 15.0 135 235 20 15145
AH-33 10-2000 9.5 8.0 1.0 45 60 3.0 2.0 12.0 20 1514
AH-35 10-2000 10.2 8.5 1.0 5.0 7.0 9.0 6.5 165 2.0 15724
AH-37 10-2000 93 7.0 1.0 6.5 8.5 15'S 135 235 20 15/45

Call or write for price and =

performance data. Send for the )
Optimax RF Amplifier & Hybrid |
Circuit catalogs. Opt|max Division

CIRCLE 35 ON READER SERVICE CAR

O|

Alpha Industries Inc., Optimax Division
P.O. Box 105, Advance Lane, Colmar, Pennsylvania 18915
See you at the M.T.T. Conference (215) 822-13NeTWX: 510-661-7370

Booth #7




Technical Feature

High Performance N

Gibti o,
*
wr { 1
vy L 4
¥ peviewen!”
N

Microwave Ratio Meter
employs parallel IF complex vector substitution

FRITZ K. WEINERT
Weinschel Engineering Co.
Gaithershurg, MD
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Fig. 1 Simplified block diagram of precision microwave vector ratio meter
INTRODUCTION It is operated manually or un ector substitution balancing

A dual channel complex vector
ratio meter has a greatly im
proved dynamic range and highet
jeLuracy ihan presently available
ittenuator calibrators’ or net
vork analyzers.® Application of a
new patallel 1F vector substitu
16N princigle produces measure
meriis in digital form over a 140
dB single step dynamic and dis
play range with 0.001 dB and
0.01% resolutions for a 10 MHz
18 GHz frequency range.

Reprinted with permission from IEEE
Transactions on Instrumentation and Meas-
urement, Vol. IM-29, No. 4, December 1980,
pp. 471-477. Copynight 1980, IEEE
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der mternal or external progral
control in stepped or swept fre
guency modes, without the need
for equatized cables. It perforn
S-parameter and insertion lc
measurements. When under ex
ternal computer or programimabl
calculator control, it makes st
of self-calibratian procedures t
eliminate source and load mis
match errors® and reduces con
nector maccuracies by applying
frequency domain retlectometer
routines.®

Signal-to-noIse ratios are en
hanced adaptively by contiol of
the closed loop bandwidth of the

oop. Adaptive digital averag
provides shortest measurement
times consistent with the selected

resolutions. Dig {ata process
ng seilfator tuning and
tracking, internal programning

and selt-test functions are provid
ed by two tnternal microproces

ors. A simplitied biock diatran
the instrument 1s shown i
Figure 1
PARALLEL IF VECTOR
SUBSTITUTION
The paratlel 1F vector substil

tion described in this paper
high level complex Vector ot
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SYNCH

R2

Fig. 2 Automatic |F vector substitution circuit block diagram.

Vi = N kT 2By, n = system noise factor, nkT =4 - 107?" Watts/Hz.

By = system random noise bandwidth, g5 = R, /R, = dc integrator gain

fo = 1/(27RC)

known amplitude and phase gen-
erated by a high gain negative
feedback balancing circuit and
attenuated by a precision step at-
tenuator of 130 dB in 10 dB
steps.? This accurately kriown
substitution vector is stimmed
with the IF signal from the mix-
er. The feedback control loops
keep the sum voltage at zero and
therefore the substituted vector
equal in amplitude and of oppo-
site phase to the IF vector.

A simplified block diagram is
shown in Figure 2. The IF vector
substitution balancing circuit
contains two high gain feedback
loops, one for the control of the
amplitude and the other for the
control of the phase of the sub-
stitution vector. Their closed
loop bandwidths are functions of
the loop gains and are controlled
adaptively in response to the
meastired signal level. At high
levels the bandwidths are at their
greatest values of about 500 Hz.
For signal levels below - 60 dBm
they are gradually decreased to
about 0.2 Hz. The output signal
to-noise ratio is enhanced in this
way and is better than 40 dB for
signal levels above - 90 dBm and
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unity gain frequency, A = V,/V, = attenuator voltage division

better than 20 dB for levels down

to - 140 dBm.

No signal modulation is re-
quired. The measurement of sig-
nals buried in noise is more accu-
rate and/or faster than it is possi-
ble to do with measurement re-
ceivers using non-coherent envel-
lope detectors. The latter suffers
from the effect of signal com-
pression by noise, leading to an
effective square-law detection
characteristic. In contrast, the de-
scribed |F vector substitution
principle has a linear detector
transfer function which accounts
for the greater dvnamic range of
the principle.

Figure 3 shows the vector dia-
gram at the input of the balanc-
ing circuit. The IF vector V,
coming from the mixer is added
with the substitution vector V;.
The resulting sum vector Vj is
amplified by the IF amplifier and
separately synchronously recti-
fied in quadrature. This amounts
to dc outputs one proportional
to Vy, the other to V,,, which
are used to control the amplitude
and the phase respectively of the
1.25 MHz crystal controlled ref
erence signal in the direction of
reducing V,.

The control is achieved
through high gain integrators.
V,, and V,, are zero when per
fect balancing is obtained, i.e.
when V, equals V; and the
known value of V; is substituted
for V,. Also the phase error is
zero, i.e.,, V3 and V, are of oppo
site phase. The dc integrator out
put voltages are fixed when V,,
and V,, are zero.

Vgp

Fig. 3 Vector diagram.

The operation of the ampli-
tude and the phase control loops
become independent of each oth-
er in the vicinity of balance but
their outputs are coupled when
in a condition far off balance.
The latter condition generally
produces a controlled limiting
operation with the output con
trol voltages slewing.

The slew rates are optimized
by design in order to keep the
time of non-linear operation
short. The closed loop transter
functions for the non-linear op-
eration are complicated and their
evaluation is cumbersome be:
cause of the wide variety of the
possible initial conditions {(any
phase, 140 dB ratio). They will
not be discussed here, mainly tor
that reason that they do not con-
tribute to the development of
design parameters.

The near-balance closed loop

transfer characteristics between
the input IF vector V, and the

MICROWAVE JOURNAL



vector V4 = V3 A determine the
petformance of the system in
equilibrium. They will be used 1o
compare the parallel |F Vector
substitution against other well
established state-of-theart
methods.

The transfer functions become
with the definitions in Figure 2.

(1
AV, + Vy + Van/a:)

A
9,9193 Bk,
1
1+ MLEY il
f 1 9,93 Bk,
Sty (S
95 A
] AV, +V + Vaa/ar)
j f A
fy 9193Bk,

Wi e

%t

for the amplitude loop and

a+ (Vy + Vap/a))/V, (2)

1
9,919:BkaV,

1+

° — + g,03Bk,V,
9%
T oat (Vy + Vap/e )V,

i 1
f, 8193Bk:V,

o

1 ar ]

The steady state readout signals
V, and @4 are composed as
shown in Equations 1 and 2 of
the true signal voltage V4 *

A exp «, an amplitude offset
voltage Vaa * A/g; an offset
phase Vap/(Vo * @), an ampli
tude noise voltage V * A and d
phase noise Vn/Vo.

The dynamic responses of the
closed loops are those of single
pole filters and can be character-
ized by their time constants.

1 (3)
A o '(1_ 3 9193 Bk, )
o o A
i A
i 2nf, 9,93 Bk;
and (4)
Tp :

1

my c — t 6193Bk, V)

%
A

 2mf,9193Bk, Va4
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Bwna and Bwnp are the random
noise bandwidths ot the closed
amplitude and phase loops re-
speciively and are,

1 mf, 9193 Bk,
Bwna - - (5)
& 2A
LY nf,8:938Bk, Vg
g 1 P

The amplitude foop output signal
to noise ratios are consider ing the
synchronous detection sideband
folding from Equation 1.
v
(e ho s —_— 7)
N VnkT,Z,2Bpna

For a random noise error defined
as three times the standard devia-
tion for any set of measurement
observations (99.73% probability
that each observation will fall
within the specified random error
limit) we obtain for the amplitude
loop the three sigma noise error
in dB as.
(8)
Vi
20109 (14 3 (g~ )a) [dB]
S

NEA3!) o

and from it

it 3
(=g = ———— (9)
e 10NEA3(,/20_ ;

and inserting Eq. (9) in Eq. (7)
we obtain for the closed ampli-
tude loop bandwidth required to
obtain the 3 noise error at the
output (10)

1 gnkToZo

NE 5 4,/20

25,
VA 1)

(¥

Where P, is the nominal inptit
signal power. When expressed as
input level Sg in dBm and with
N = 10 log n = noise figure in
dB we get

AN SaRIzZa N)/10

T (11)
A (10NEA3"/20 42

= closed amplitude control
loop constant

In the same way we obtain the
signal to noise ratio for the phase
loop as

World Radio Histor

VN \/n T Z—? WINP
/N

ay = — (12)

and the 30 noise error as

NEp;, = 3oy [rad] {13)

and substituted in Equation 12

1 onkT,Z, (14)
Tp =

Bwne 2V 2 NEpy,’

4.5-10 {S, + 174 - N}/10

23
NEps,

where Tp is the closed loop time
constant of the phase control
loop required to obtain the 3
phase noise error NEps.

One of the practucal aspects of
an accurate measurement instru-
ment which can operate under
computer control is the desirabil-
ity of performing the individual
measurement observations in as
short a time as possible. The total
time for one measurement can
be divided in the setting time and
the processing time. The settling
time is required for the signal to
achieve its final value at the point
where the actual measurement
takes place. The processing time
is the time required to convert
the signal to a numerical value to
be delivered to the outside as the
measurement result. The time re-
guired in the linear single poie
closed amplitude system for set-
tling to an error € from a step of
a [dB] is.

’ 1- 10 2a/20
tAS = TA In T:W (15)

and for the tinear closed loop
phase control system for settling
to a phase error & from a phase
step A is:

5
If the instrument would be im
plemented strictly by analog
means, then the closed loop sys-
tems time constants for the re-
quired noise errors are given by
Equations 11 and 14 and the re
quired settling times become
with Equations 15 and 16.

{continued on page 56/
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In High Power Attenuators and
WEINSCHEL Ofters Standards

Still Trying to Match.

.y ""é'.‘.aﬂ"":‘} =
P g ’ -C-39012 =

% A
T

g Range — dc — 1.5 GHz
ower — 150 W

Peak r— 10 kW

VSWR — 1.10 Max

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

Circle Reader Service 100

-

“WEINSCHEL ENGINEERING

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

Medium Power Coaxial Medium Power Fixed High Power Fixed
Fixed Attenuators Coaxial Attenuator Coaxial Attenuators
Models 22 & 23 Model 41 Models 33, 34 & 35

10 WATTS 10 WATTS 25 WATTS
»dc — 12.4 GHz — Model 22 +dc— 18.0 GHz +dc — 8.0 GHz — Model 33
»dc — 18.0 GHz — Model 23 s Power Rating: 10 W Avg., 1 kW *dc — 4.0 GHz — Model 34
» Power Ratings — 10 to 20 W Avg., Peak +dc— 1.5 GHz — Model 35
1 to 2 kW Peak - Standard Values —3, 6, 10 and * High Power — 25 W Avg., 5 kW
* Standard Values — 3 and 6 dB and 20dB Peak
10 thru 60 dB/10 dB increments » Calibrated at Five Frequencies « Standard Values—3, 6. 10, 20 and
» Stainless Steel Type N Connectors thru 18 GHz 30 dB
— Mate with N per MIL-C-39012 - Stainless Steel WPM Connectors « Stainless Steel Type N Connectors
— Mate with SMA per MIL-C-39012 — Mate with N per MIL-C-39012

E E E

Circle Reader Service 101 Circle Reader Service 102 Circle Reader Service 103



Terminations...

High Power Coaxial
Fixed Attenuators
Models 24, 25 & 26

50 WATTS

*dc— 8.0 GHz — Model 24

cd¢c — 4.0 GHz — Model 25

+dc— 1.5 GHz — Model 26

+ High Power — 50 W Avg., 5 kW
Peak

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

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

Circle Reader Service 104

High Power Coaxial Terminations
Models 1426 & 1427

50 WATTS

+dc—8 GHz

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

«Low VSWR — 1.30:1 Maximum

- Calibration Data — dc Resistance
and VSWR Supplied

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

o

Circle Reader Service 105

c29

Miniature Medium Power
Termination
Model 1419

o

10 WATTS
+dc— 18.0 GHz
- Power Rating— 10 W, 1 kW Peak
*Low VSWR — 1.35:1 Maximum
« Stainless Steel WPM Connectors
-— Mate with SMA per MIL-C-38012

&

Circle Reader Service 106



{from page 53) RATIO METER
45-10 S0 * 174 - Ni/10 (17)

AS

(IONEA30/20_ 1)2
. a/20
o A
1- 10 /20

for the amplitude control loop
and (18)

4510 S, + 174 - N)/10 A

tps = 3 In —
NEpg," -

When this is compared with the
settling time obtained for a sys-
tem using a parallel |F substitu-
tion method with non-coherent
detection' for which is:

L 4.5 In T 10¢/20

Then the ratio of the amplitude
settling times of the noncoherent
detection system over the coher-
ent vector substitution system or
the settling time improvement by
the latter becomes:

o /20 NE ~
l_E’a_/BW,Fuo 30— )2/ 1+

tos 10(50 + 174 - N}/10 (20)

10(S, + 174 - N)/10 \

Bwir WV 1+ OB Uk
WIF

Equation 20 is plotted in Fig-
ure 4 for a typical IF bandwidth
of 100 kHz and systems noise
figures of 10 dB and 20 dB. It
shows that the |F vector substitu-
tion method provides an improve-
ment in measurement time of a
factor 1.6-10* at - 140 dBm and
20 dB system noise figure.

The actuai settling times are
for a - 10 dB step, and a settling
error = 0.01 dB, N = 10 dB, and
a 30 noise error of 0.1 dB from
Equation 17 and t3s = 1008 sec
= 16.8 minutes {coherent |F vec-
tor substitution). tos = 1.6-10°
sec = 446 hrs. = 18.6 days (non-
coherent substitution). The im-
provement the parallel 1F vector
substitution principle offers is
evident from these results, it is
the difference between a feasible
and an impossible measurement.

Digital data averaging has been
used to advantage to shorten the
total measurement time. The
closed loop bandwidths have been
made much wider than required
for the random noise error of
Equations 10 and 14. (The upper
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Fig. 4 Settling time improvement of IF
vector substitution system over
non-coherent detection meter.

(19)

10 (5, + 174 - N)/10

Bwir

limit is given by practical consid
erations of avoidance of non-lin-
ear operations during the highest
amplitude excursions.} This way,
a short signal settling time is
achieved with degraded signal to
noise ratio. Digital averaging is
used to improve the signal to
noise ratio then to the required
value.

Averaging is achieved by sum-
ming of m measurement samples
and dividing the sum by m. This
gives:

VS VS
(T=)a= Vi (g0, (21)

where (Vs/Vn)a = voltage signal
to noise ratio after averaging
(Vs/VN)p = voltage signal to
noise ratio before averaging, m =
number of samples.

Equation 21 is only valid for
statistically independent samples.
When samples are taken from a
band limited signa! then the sam-
ples are statistically independent
only when the sampling frequen:
cy 1s much less than the signal
bandwidth. Implementing, this
principle is inconvenient since it
requires the determination of the
analog bandwidth, the sampling
rate (depending on the degree of
independence required for the
improvement sought) and the
number of samples. A better way
of operating the average is em-
ployed and described below.

The sampling frequency is

World Radio Histo

made greater than the analog fil-
ter bapdwidth. The frequency
domain response of this system is
that of a comb line filter with
pass bands at multiples of the
sampling frequency. No noise ex
Ists at these pass bands because
of the analog fiitering and there-
fore no extra noise is iIntroduced.
Neighboring samples are not sta-
tistically independent of each
other. The transter function for
such an average is:

i
Sa = ?l J

f(t) dt (22)
0

where S, = output of signal
averager at time ti for an input
signal y = f(t).

For an input signal y =
¢ * cos wt Equation 22 becomes:

Y

S48 :— fo c cos(2nft) dt (23)
]
sin{2mft;)
g LA Sal .
2nft,

The noise bandwidth tor the
fixed time t; is obtained by inte-
grating the squared transfer func-
tion amplitude divided by the
maximum amplitude {c) squared

(24)
1€ g O2ah e
Bun = 2 in ! 5 .
U T 1
d { e SN
Xt S i T

Measurements samples are taken
and digitized at 5 millisecond in-
tervals and averaged over a period
1.

By substituting Equation 24
into Equation 7 and 12 one ob
tains for the processing time
(averaging time) for the ampli-
tude control loop

(25)
(S, + 174 - N)/10
- 4.5-10

(10"FA30 - )2

tap -

and for the phase control loop.

(26)

4510 "'Se ¥ 174=NI10

PP e
NEp3,

The total measurement time then
is for the amplitude loop.
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tta = tar * tas (27)
74 - N)/10
= 4510 Sy + 1 )V
1.10—a/20
In ———,20
e €/
X 1-10 : + - 1 :
(10™A-1)° (10 "A30 - q)

and for the phase control loop

trp = tpp + tpg (28)

E 1
4510 ‘5o * 174 - N0

A
In =

o 1

X f— +
NEp3,

)

nep2

ne, = 30 noise error after ana
log filtering by the
amplitude control
loop in [dB]

= 30 noise error after ana-
log filtering by the
phase control loop in
(degrees)

For practical reasons the meas-
urement times for the amplitude
and the phase of Equation 27 and
28 have been made equal. Since
the settling time contribution is
small compared to the processing
times, it follows for the 3 phase
error {in degrees).

nep

180 4 (29)
N
10 A30 - 1 = NEpy, [degrees]

which gives for the selectable
amplitude resolutions

NE A30 NEp3g
0.001 dB 0.0066 deg
0.01 dB 0.066 deg
O8] g0l[E} 0.66 deg

COMPARISON OF PERFORMANCE

Table 1 give a performance
comparison between the parallel
|F-vector substitution principle
and the non-coherent |F substi
tution method' for insertion loss
measurements of a device under
test with SWR's of 1.1. The theo-
retical achievable results together
with the required measurement
times are shown. Not included
are times required for mismatch
error correction processing. Lev-
els are shown for the fundamen-
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)

tal and second harmonic mixing
modes (0.1-9.2 GHz). For fourth
harmonic mode (8 - 18 GHz) the
levels have to be 8 dB higher.

The mismatch error correcting
routines are usable only with an
attenuator pad i1n front ot the
test channel mixer for a dual
channel system. Table 1 shows
that the parallel |F vector substi
tution extends the measurement
range to about 20 dB lower levels
at same noise errors and equal or
reduced mismatch uncertainty
errors. Mismatch uncertainty er-
rors below 0.06 dB and phase
measurements can only be per-
formed by the parallel IF vector
substitution principle.

OTHER ERROR SOURCES

Transfer functions of closed
loop negative feedback systems
can be made independent of the
open loop transfer function if the
gain reduction by feedback is
very large. This is achieved in the
amplitude and the phase control
feedback loops by the high dc
gain of the active integrators em-
ployed, therefore, removing this
as an error source. it should be
noted that this is also the time
for the phase shift of the |F am-
plifier which can have a tolerance
of + 60° without affecting the
0.01° accuracy of the system.

The accuracy of the precision
attenuators is directly responsible
for the accuracy of the system.
Their accuracy and stability are
consistent with the .001 dB sys-
tems resolution as described pre-
viously.! The attenuators are cal
ibrated by the Weinschel Model
PA-3 Laser Piston Attenuator be:
low cutoff which employs tem-
perature and air pressure correc
tions for thermal expansions of
the waveguide and changes in la:
ser-light wavelength and has a
0.0001 dB resolution. The incre
mental attenuation step errors
are stored in a PROM and are
automatically corrected for in
real time.

Inspection of Equations 1 and
2 reveals dc offset signals at the
integrator inputs as error sources.
These offsets are generated by
the operational amplifiers em-
{continued on page 60)

Analog and Digital
ATTENUATORS &

PHASE SHIFTERS

Analog & Digital Diode Attenuators

e 0.1-18.0 GHz

® Very low phase shift over the
attenuation range

¢ Flat attenuation vs. frequency

® Speed to 50 nanosec (from any value
of attentuation to any other value)

® Attenuation to 120 dB

Analog & Digltal
Diode Phase Shifters

¢ 0.1-18.0 GHz

e [ ow amplitude ripple over phase range
e Flat phase vs. frequency

® Speed to 20 nanosec

e Phase shift to 450°

...and other components
for your system

Triangle Microwave's Mixers
are built in several styles in
order to satisfy varied
requirements. All models
are designed to provide best
possible conversion efficiency, noise figure, and
low harmomic and intermod distortion. Most
models are available with a D.C. bias option.

Power Divider/Combiners

Triangle Microwave's Stripline
In Phase Power Dividers are
available in 2-way, 3-way,
4-way and 8-way config-
urations, covering 0.5 to 18.0 GHz.

. []

PIN Diode Switches, « 22 ox:
Triangle Microwave's Switches

supplied with or without &
drivers, reflective or absorptive.

are built in SPST to SPMT
90° & 180° 3dB Hybrids

B -

configurations, and can be

& Directional Couplers

Triangle Microwave's Miniature

Hybrids and Couplers cover

the frequency range of 0.2 GHz
to 18.0 GHz in 3 dB, 6dB, 10dB,

20dB and 30 dB coupling values.

All models feature high isolation and low VSWR.

New! 54 page Catalog
available. Call, write or
circle reader service no.

tr!ungle&
microwave

11 GREAT MEADOW LANE
EAST HANOVER, NJ 07936

(201) 884-1423 e TWX: 710-986-8202
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| HP: EXPERIENCE IN MICROWAVE TECHNOLOGY

ooking for value in

Consider the measurement accuracy you get with
the HP 140 series Spectrum Analyzers.

Consider how you can extend your frequency
coverage with just a small incremental investment.

Consider the useful companion instruments
that add to your measurement capabilities.

You'll see why so many engineers around the world
not only considered the HP 140 series but are now
using them and appreciating their value.
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Spectrum Analysis?

Select either normal or variable persis- otets 1 Bnscmprion DOMESTIC
tence display. choose economy or high- US PRICE
resolution IF module. Then pick or 140T | Normal Persistence Display $2250
Change your frequency range by simply 11T Variable Persistence Storage Display SIN)
pluggmg in the appropriate tuning 8552A Economy IF Section S3Y30 ‘
module. 8552B | High Resolution IF Section 330
No matter what range you're working in, | 835A | 20Hz-300 kHz RF Section $3375
)4 q
1P ieed {el"‘bli ul""mb'éuo“s AnSWETS. | yss3p | 1 kHz-110 MHz RF Section 53630
S, SRECNMIT AU BYEEIS IV S aee 8H3A Companion Tracking Generator Counter | 55630
rate measurements over wide, distortion- : -
F h y ull e 84HA Companion Tracking Generator SV |
or the full story on value 1n tr
b AT 8555A | 10 MHz40 GHz RF Section SO0
analyzers, call your nearby HP field 84458 | 10 MHz18 GHz Automatic Preselector | S4900
engineer or write 1507 Page Mill Road, L—— ' : s ‘ J

Palo Alto, CA 94304.
20 Hz to 300 kHz

The K3564A tuner covers 20 Hz to 300 kHz and comes
with a built-in tracking generator. It's calibrated for
measurements in both 50 and 600 ohm systems. with
accuracies better than 1 dB. Highest resolution
is 10 Hz.

CIRCLE 61 ON READER SERVICE CARD

1 kHz to 110 MHz

The 8553B takes you from 1 KHz to 110 MHz with
140 dBm sensitivity and resolution as high as 10) Hz.

Signals can be measured with = 1'% dB accuracy.
Choose the companion HP 8443A Tracking
Generator/Counter for wide dynamic range swept
frequency measurements and precise frequency
counting.

CIRCLE 63 ON READER SERVICE CARD
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HEWLETT
PACKARD

100 kHz to 1250 MHz

Use the 8554B tuning section to cover the 100 kHz
10 1250 MHz range. Maximum resolution is 100 Hz.
Measure with * 1% dB accuracy. The HP 8444A Track-
ing Generator (500 kHz to 1300 MHz) also works with
the 8555A tuning section.

CIRCLE 62 ON READER SERVICE CARD

10 MHz to 40 Gllz

For 10 MHz to 490G Hz. choose the 8553A. Tts internal
mixer covers to 18 GHz, accessory mixer for 18-40
GHz, Maximum resolution is 100 Hz. Measure with

134 dB accuracy to 6 GHz, * 234 dB to 18 GHz. For
wide scans free from unwanted response between
10 MHz and 18 GHz, add the HP 8445B Automatic
Preselector.

CIRCLE 64 ON READER SERVICE CARD
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(from page 57) RATIO METER

TABLE 1

TOTAL MEASUREMENT TIMES AND PERFORMANCE COMPAR ISON

NOISE
FIG. 10dB
IF BW - 100kHz - 100kHz - 100kHz - 100kHz
DIGITAL
AVG. Yes No Yes No Yes No Yes No
SETTL.
ERROR
AFTER .0001dB 0.1d8 .0001dB 0.01dB .0001dB .001d8 .0001dB .0001dB
-10 dB
STEP
MIXER 10dB 20dB 20dB
PAD 0dB 1.1 SWR 1.1 SWR 1.1 SWR
35 NOISE 1dB 0.1dB 0.01d8B 0.001dB
ERROR 6.7° 0.67° 0.067° 0.0067
MIS-
MATCH 0.5d8 0.5dB 0.05dB 0.105dB 0.002dB 0.06dB 0.02d8 0.06dB
ERROR 3.6° 0.36° 0.013° 0.013°
DUAL. CH. SGL. CH. DUAL. CH. SGL. CH. DUAL. CH. SGL. CH. DUAL. CH. SGL. CH.
LEVEL IF NON- IF NON- IF NON- IF NON-
dBm VECTOR COHER. VECTOR COHER. VECTOR COHER. VECTOR COHER.
SUB. SUB. SuB. SUB. SUB. suB. SUB. SUB.
-150 14s 11da 3.8hr 508yr 158da >1000yr 43yr >1090yr
-140 1.4s 2.7hr 23min S5lyr 16da 4.3yr
-130 .14s 102s 137s 19da 1.64a 671yr 158da
-120 14ms 1.1s 14s 4.5hr 3.8hr 6.7yr 16da 830yr
-110 1.4ms 21ms 1.4s 180s 23min 25da 1.6da 8.4yr
-100 .14ms Tms 14s 3.3s 137s 6.6hr 3.8hr 34da
- 90 14ms .15s 14s 7.3min 23min 15hr
- 80 1.4ms 11ms 1.4s 20s 137s 41min
- 70 14ms 1ms .14s 1.5s 14s 186s
- 60 14ms 1.4s 1.4s 17s
- 50 1.4ms 13ms 1.4ms 1.6s
- 40 .14ms 1.3ins 1.4ms .16s
- 30 .14ms 16ms
~ 20 <.Tms <.1ms <.Tms <.1ms <.1ms <.1ms 14us 1.6ms

ployed in the integrators and by
limited isola.ion in the synchro-
nous detectors. A wide dynamic
range is required for these cir-
cuits, i.e. the offset voltage
should be small while the maxi-
mum voitage at the integrator
should be as high as possible in
order to achieve fast slew speeds.
The ratio of both of these num
bers gives a figure of merit for
the circuit. For the devices em
ploved, this number is 10 V/50V
= 2 + 10% and the errors obtained
are a function of input level (be
cause the open loop gain is con
trolled by it) and are worse at
low levels. They are about 0.6 dB
and 4 degrees at mixer input lev
els of - 148 dBm, and are below
0.001 dB and 0.006 degrees for
input levels above -90 dBm.
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LOCAL OSCILLATORS AND
MIXERS

Two YIG-tuned local oscilla
tors (LO) are employed for the
conversion of the RF signal to
the tF frequency. Phase coher-
ence is obtained by phase locking
the LO’s to channel 1 at the IF.
High spectral purity is obtained
by tuning in coarse digital steps
of about 10 MHz ot a very low
noise digital to analog conver ter
and by analog fine tuning by
means of the phase locked loop.
Tuning, searching, sideband de
termination, locking and signal
tracking are under control of a
micro-processor. Search width is
nominal 2% of center frequency
and is selectable from 1 to 20%.

The IF frequency of 1.25 MHz
was chosen in order to obtain a

spurious free locking range down
to 10 MHz. LO frequencies be-
low 500 MHz are generated by
digital frequency divider circuits.
This gives supefior performance
over heterodyne LO’s because of
improved catrier to noise 1atio
and better tuning accuracy .

Fundamental mixing is em
ployed in the frequency range
10 MHz - 2 GHz where double
balanced broadband mixers are
used. Balanced harmonic mixers
are used in the 2-18 GHz range.
Fundamental mixing is employed
from 2-4.6 GHz, second harmon
ic mixing from 4-9.2 GHz with
out increase of conversion 10ss
due to a antiparallel diode pait
construction of the mixer.®
Fourth harmonic mixing is used
from 8-18 GHz with an increase
fcontnued on page 85)
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Frequency range 10 kHz
to 1 GHz in 4 bands, 8
models available

* ALC signal provided.

AILTECH high-quality, high-power
Broadband Linear Amplifiers.

Modules for OEM
applications.

» Dual directional true wattmeter =

reads true forward and
reflected power.
» Up to 50 watts output power.
* All Solid State.

* Positive no-load protection.
* True linearity (ask for a side-
by-side comparison before

you buy).

Applications: Wattmeter calibra-
tion, EMI susceptibility testing,
high power testing of transistors,
amplifiers, components, NMR
systems.

AILTECH RF Power Signal

Sources

* 10 kHz to
2.5 Cink

* Plug-in versa-
tility

* Up to 50 Watts
output

* AM/FM options

Broadband amplifier modules
tailored to customer
requirements are supplhed for
OEM applications at
considerable cost savings.
They are packaged in RFI proof
modules and operate from a
standard 28 volt power supply.
For further information on
AILTECH products, contact
Eaton Corporation, Electronic
Instrumentation Division, 19535
East Walnut Drive, City of
Industry, CA 91748.

Telephone (213) 965-4911

E.T-N

Advanced
Electronics
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TVRO TEMPERATURE-STABILITY
PROBLEMS?

Watkins-Johnson AC & DC Heaters are the Solution!

Does your LNA or receiver have difficulty meeting
specification over wide operating temperature ranges?
Watkins-Johnson Company has the solution. Our AC and DC
Heaters may be used either singly or in parallel to control
the temperature of such items as critical electronic
components and mechanical devices.

DC The WJ-331240-001 is a proportionally controlled,
integrated heater module, containing the heater, controller,
voltage regulator and automatic shut-down circuitry. The
heater module is a completely self-contained hybrid circuit
that can be programmed to control any surface temperature
to within 10°C from 60°C to 100°C by means of a single
external programming resistor. These modules operate from
unregulated 28Vdc power sources and provide up to 28
watts of heating power. The operating temperature range for
the heater module is from —54°C to +120°C
with automatic shut-down at 120°C. Ice?

The heater circuit is floating so that ‘
currents will not affect system ground voltages.
The WJ-331240-001 is protected against
reverse voltages up to 50Vdc.

Typical DC Heater §
application showing
temperature-stabilized
electronic circuitry.

In quantities of 1-4, they sell for $68 each; or, in larger
quantities, 250-999, a $47 price tag means sizable
savings.* Deliveries are typically from stock. Package
size for the DC heater is .760 x .510 x .180 inches
(1.93 x 1.29 x .457 cm).

AC The WJ-333189-001 is a proportionally controlled,
integrated AC heater containing all of the features and
performance characteristics of the DC models. The AC
heater operates from 100 to 125Vac, 50 to 400 Hz.
Voltages from 0 to 150Vac, continuous, can be sustained
without damage to the unit. Package size for the AC heater
i .985 x .760 x .180 inches (2.50 x 1.93 x .457 cm). In
quantities of 1-4, AC heaters are $100 each; or, for even
greater savings, quantities of 250-999 are $77 each.*
Delivery is also from stock.

For additional details or information write

Frost? the Watkins-Johnson Field Sales Office in

your area, or phone VCO Applications
Engineering in Scotts Valley, California, at
(408) 438-2100, ext. 258. TWX: 910-598-4403,
Telex: 34-6327.

DC WJ-331240-001

w KT

£ J Q TYPICAL CONTROL

S b’ RESISTOR VALUE
15K | \ Vs

=

S TEMPERATURE

%

> 1K

&

g 5K
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o

50 60 70 80 9 100 110 Lo
TEMPERATURE - DEGREES C

AC WJ-333189-001

w IX -
ES TYPICAL CONTROL
S RESISTOR VALUES
=

2 | TEMPERATURE
4]

= |

g n

g a

& 32 -

8

S

S0 ® 70 A % 190 1 1
TEMPERATURE - DEGREES C

W d' WATKINS-JOHNSON
*US. Prices Subject to change

Watkins-Johnson—U.S.A.: « Calitornia, San Jose (408) 262-1411, El Segundo (213) 640-1980 » Georgia, Atlanta (404) 458-9907 e District of Columbia, Gaithersburg, MD
(301) 948-7550 ¢ Massachusetts, Lexington (617) 861-1580 ¢ Ohio, Fairborn (513) 426-8303 e Texas, Dallas (214) 234-5396 ¢ United Kingdom: Dedworth Rd , Oakley Green
Windsor, Berkshire SL4 4LH e Tel: Windsor 69241 s Cable WJUKW-WINDSOR e Telex: 847578 ¢ Germany, Federal Republic of: Manzingerweg 7, 8000 Muenchen 60
o Tel. (089) 836011 ¢ Cable. WIDBM-MUENCHEN » Telex 529401 o ltaly: Piazza G. Marconi, 25 00144 Roma-EUR e Tel' 59 45 54 « Cable: WJROM-| ¢ Telex 612278
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Technical Feature

New Software
for Low Loss Two-Port

Measurements

G. R. COBB
Marconi Space & Defense Systems Ltd.
Portsmouth, England

INTRODUCTION

In recent times, the growth of
automated measurement through
out the electronics/telecommuni
cations industry has been very
rapid and in this respect micro
wave measurements and testing
technigues are no exception. The
available schemes for microwaves
range from real time data loggers
and normalization processes
(which can manipuiate meastred
data in the scalar sense} to com-
plex correction methods using
computer controlled network
analyzer equipments. It is to the
latter approach that this article
refers and attempts to show that
there is still work to be done in
learning about the practical ap-
plications of such systems to con-
tinual production problems.

The introduction of economic
versions of automatic network
analyzers has contributed a great
deal to the reduction of systemat
ic measuring errors in the conven-
tional reflectometer arrangement.
However, non-systematic errors,
due to interconnections, RF
switching, analog to digital quan-
tization and instrumentation can
still remain relatively high when
low losses are being evaluated. To
put this in perspective one manu-
facturer has quoted!-? that a
“short term repeatahility as high
as 0.1 dB and 1° is achievable”
with a production oriented soft
ware enhanced network analy zer
system. These figures are, in fact,
RSS (Root-Sum-Squared)* values

* The RSS values generally e about half
way between the RMS and peak values.
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A new software “‘accuracy en-
hancement program,”” Y suitable
for the HP8409A Semi-Automatic
Network Analyzer has been de-
veloped specifically for the char-
acterization of low loss microwave
components.

In particular, the measurement
of electrically long (10 - 100
wavelengths) and low loss (< 1.0
dB)} 2-port networks over broad
frequency bandwidths, to date,
has been notoriously difficult to
achieve with any degree of accu-
racy or repeatability. Semi-rigid
and flexible coaxial cables, flexible
and rigid waveguide transmission
lines are classic examples of such
2-ports. The technique developed
demonstrates a useful improve-
ment on the currently available
accuracy of systems using en-
hancement software for low loss
measurements.

and as such do not represent the
worst case condition. Additional-
ly, this same manufacturer pro-
vides, as standard, an accuracy
enhancement program which
does not provide full correction
for its measuring system.® To
quote from the literature ""The
accuracy enhancement software
removes frequency response er-
rors from transmission magnitude
and phase measurements; it re-
moves directivity, source match
and frequency response errors
from reflection magnitude and
phase measurements.’’ This soft

t It is not Marconi’s policy to market this as
a proprietary product item, however, de
pending on interest, the Company may
make the source program availabie, at a
small charge, on a ditect contact basis. In
such a case, contact Mr. W. Wride, Chief
Engineer, Marconic Space Defense Systems
Ltd, Broad Oak Works, The Airport, Ports-
mouth PO3 5PH, England.

ware makes use of a substitution
meastirement for S,,. Here, no
attemp! has been made to correct
for the system termination port
reflection coefficient {a necessary
requisite for the correct measure
ment of 2-port transmission pa-
rameters) which can cause signifi
cant errors particularly in low
loss devices.

The reasons for not doing the
full corrections will become ap-
parent later in this discussion. In
essence, it involves increase com
puter activity absorbing more
storage space, increased calibra-
tion time and conversely, greater
inaccuracy for low loss transmis
sion measurements using NoN-se-
lected equipment.

THEORY

Most complex error correction
technigques make use of the "'S”’
matrix representation of an ''n”’
port device. The elements of the
matrix are complex quantities
and are indicative of power flow
in the system. Hence, the gener
alized 2-port device would be
modeled by a box representation
as in Figure 1.

The elements of the matrix
can be defined by imposing ideal
conditions on the ports available
In the 2-port case then, they are

[+]

Fig. 1 S’ Matrix representation of 2-port
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b;
= e =10
Sy -y I a
b,
= e =0 s
S22 a a,

Hence the matrix can be written:

b, Sui Si2 a,

b, Sa S22 a;

It now this 2-port is terminated
at its output with a load possess-
ing a reflection coefficient pi,
Appendix 1 shows that the trans-
formed reflection coefficient pT,
at the input port is:

b, SuszlpL

= — = + —_— 1
cal a) Su 1- Sxp

This is a fairly significant result
as it shows by rearrangement that
if the elements of the *‘S” matrix
(which may represent an error
network) are known, an unknown
reflection p can be evaluated
just by processing the measured
result pT. Now, this error net-
work can represent a model of
the actual inaccuracies in the
measuring instrument which is
set-up to resolve the unknown
reflection p|.

It turns out, in fact, that this
error model is quite a good ap-
proximation of the major sources
of systematic uncertainty in re-
flectometer test set-ups. The ele-
ments of the 'S’ matrix account
for errors more commonly known
as:

S,y = Effective directivity (in-
cludes coupler directivity
and terminal adaptor re-
flections etc.)
S,y = Transmission gain track-
ing (includes source flat-
ness etc.)
Reflection gain tracking
(includes source flatness
test coupler flatness etc.)
S,, = Source match (includes
source SWR, internal
mainline connections and
adaptor reflections).

To use this concept of our er-
ror model to represent measuring
system inaccuracies, it is neces
sary to be able to quantify the
elements of the scattering matrix.
Because there are four unknowns
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32—0

31*0

it should be necessary to connect
four known values of p to the
system to create four simultane-
ous equations.

However, life can be made a little
easier by stating that in a general
passive 2-port S,; = S,, and the
product S,,S,, can be evaluated
as one element. Therefore, only
three known values of p_ are re-
quired to form three equations
with three unknowns.

S12Sa 1

= + —
P =Su T o
0y il $12521 T
P2 = o T= Sars Ty

SI2SZI r3
1 - 822F3

Many of the software con-
trolled systems available to solve
these equations are due to Hack-
born® who proposed using firstly
a perfect load (i.e. I';, = 0) and
thus make the first measure p,
= S,,. A perfect load does not
exist, but a good approximation
to this can be made by using a
sliding load.

A sliding load consists of a
field absorbent element which
has a finite reflection and which
can be mechanically moved along
a high precision coaxial airline.
The finite reflection coefficient
of the load element is trans-
formed around the accurate im
pedance of the airline so that
when moved through 180° elec-
trical length, the reflection coef-
ficient at the terminals of the de-
vice prescribe a perfect circle in
the complex impedance plane.

The radius of this circle is di-
rectly proportional to the load
element reflection and the center
of this circle is the absolute value

p3 =8, +

of the airline impedance Figure 2.

In reputable sliding loads the
airline section is manufactured to
minimize dimensional variations
over a useful length of typically
10 cm. As such, the center of the
complex impedance plane circle

'orld Radio Histo
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ABSORBENT ELEMENT
P 0o (distance, frequency)
N
/ > )
— 1R
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AIRLINE SECTION ~=-="

1
1X

Fig. 2 Terminal plane impedance of sliding
termination.

prescribed by the moving load
element is equivalent to a load
whose reflection coefficient is
close to zero. In a computer con-
trolled system it is necessary for
the software component to calcu-
late this circle center given a suf-
ficient number of points. Theo-
retically, only three points are
required to find this center, but
in practice as many as six are
needed to reduce ambiguity over
broad frequency bands.

Using the sliding load reduces
the problem to the solution of
two equations with two un-
knowns to evaluate the remaining
elements of the matrix. Theoreti-
cally, any two different but
known calibration pieces could
be used to evaluate these ele-
ments. However, to limit the dif-
ficulties in characterization of
standards, terminations are gen-
erally restricted to a short-circuit
and an open-circuit. In practice,
this technique provides a useful
measure of accuracy enhance-
ment removing systematic errors
to a relatively low level.

From experience, the actual
value of residual left in the result
is somewhat dependent on envir-
onmental conditions. For con-
trolled environment of + 1°C, for
example, measured residuals can
be as low as -60 dB whereas re-
laxing control 1o + 2°C can result
in residuals rising to -50 dB. It
should be noted, however, that
there are still a number of non
systematic errors left which add a
range of uncertainty to the value
of measurements made with such
a system. Briefly, some of these
can be stated as.
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NUMBER OF SAMPLES

Fig. 3 Signal/noise ratio of ~ 8 dB on a
polar display untt.

0t 10 10 100
00 T T
8dBS N
10~
60dB SN
L = - L =L
0.01 01 1.0 10

VARIANCE (%)
Fig. 4 Polar display of 8 dB signal /noise
ratio signal.
e Absolute accuracy of the slid
ing load coaxial section

o Connector interface uncer-
tainty and repeatability

e |nstrumentation linearity in
absolute terms

e Change in linearity with envir
onmental condition

e Noise in the measurement data

Some of these aflecl the abso
lute accuracy of the desired re-
sult and some create a time-de-
pendent probability of acquiring
correct data to produce the de-
sired result. One of the major
sources of error in the latter cate-
gory is the electrical noise asso-
ciated with the measurement of
the sliding load values.

Over the frequency range of a
reputable sliding load, the ele-
ment reflection coefficient in
terms of system siynal/noise ratio
can vary from 20 dB to as low as
3 dB and the use of soltware dver
aging becomes essential to define
a reasonably invariant result. Fig-
ure 3 shows a signal of approxi-
mately 8 dB signal/noise ratio dis
played on a polar display unit
typical of that used in network
analyzers.

Some measurements have been
carried out to evaluate the vari
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ance of the sampled value using
an 1EEE 488 protocol bus and «
recommended A-D converter
connected to the polar display.
The results are shown in Figure 4
and reveal that for 8 dB signal/
noise ratio the number of sam
ples required for less than 5%
variance is in the region of 15 o
16. This may seem a reasonably
small value of vanance for such
Jow signat/noise ratios and should
produce an acceptable error in
the system residudis at least with
regard to the SWR result. How
ever, It can have a rather more
serious affect on the insertion
loss measurement. By inspection
of the solutions, of the "'S"" ma-
trix elements, it can be seen that

the non systematic component of
S,y appears in all the other gle
ments. Thus noise in this result
will be transformed onto the oth
er desired results. In terms of the
transmission product S,; S5, this
can represent * 0.1 dB varniation
which tends to be a random
fluctuation.

On top of this noise contribu
tion, however, lies an accuracy
problem associated with the ab-
solute value of S, which con
tains a tinearity error. This con-
tribution can be in the region of
0.3 - 0.5 dB for measured losses
of less than 3 dB. For both these
reasons it is more accurate, when
using non-selected apparatus, to

INIT. ARRAYS,
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AND VARIABLES
L |
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FILES AND
HARDWARE
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|| MEASURE|
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“8' CALCULATE”
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—
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ERROR
MATRIX

I
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‘CALIBRATION DONE"
G
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Y FURTHER
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INPUT UUT
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Fig. 5a Process flow diagram.
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measure low losses by a substitu-
tion method as in the standard
software rather than fully correct
for load reflection.

Of course, the invariance noted
can be improved by averaging
larger numbers of measurements
to yield much cleaner results but
this takes a greater time and for a
targe number of frequencies can
be a serious limitation in practical
application.

ALTERNATIVE SOLUTION

In 1973, Da Silva and McPhun?
reported that the elements of the
"'S" parameter error network ma-
trix may be evaluated using only
short-circuits as calibration stand-
ards. These standards are a refer-
ence plane short and two offset
shorts with differing phase length.
They also provided practical evi-
dence of the technigue applied to
the measurement of a one-port
device (a high quality termina-
tion) of low reflection coeffi-
cient. The explicit solution of the
matrix elements are shown in
Appendix 2. It is suggested that
this technigue provides an opti
mum solution in terms of meas-
urement uncertainties for low
loss two-ports for three main
reasons.

First, all the signals measured
are of a high value which implies
good signal/noise ratio and low
variance. Second, for low losses
the dynamic range of the measure
is limited to the product S;, Sy
and hence reduces non-linearity
by many orders. Third, better
phase resolution results because
all the measures are close to the
periphery of the complex imped-
ance plane. Typically, for low
losses the measures may have a
60 dB signal/noise ratio and the
curve for this is also shown in the
graph of Figure 4.

This curve is plotted from
measured results in the same way
as the curve of the lower signal/
noise ratio and it can be seen that
for the same number of samples
the variance drops from 5% to
about 0.1% — a significant im-
provement.

This technique has been sub-
jected to a practical application
of characterization of external
two-port devices producing much
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smaller uncertainties. The process
involves connecting the calibra-
tion standards to the test system,
storing the results and computing
the scattering parameters which
are representative of the measur-
ing system errors. This is done
for every frequency that the de
vice under test is going to be
characterized. Next, the device
under test is connected to the
test system and the same short
circuit standards are connected

to the remote end. The following
equation (which is an inversion of
Equation 1).

N Pt - Sn
PL $21812 - $11822 + Sy07

is used to compute, using the pre
viously stored “‘S’’ parameter val-
ues, the true reflection coeffi-
cient of the standards and device
under test combination. In this
situation, the reflection standards

CONNECT/MEASURE
ENTRY
f. START f.STOP
MEASURE
— —
f. INCREMENT DATA i
y
CLEAR 'S’ CALCULATE DUMP DATA >
‘S" CALCULATE FLAG TEMP.
FLAG ?
CALIBRATION DONE IS
Y FLAG
?
CALCULATE
EQUIPMENT STORE ERROR
ERROR MATRIX DATA e
USE ERROR DATA
TO COMPUTE 3
TRUE VALUES
CALCULATE
uuT STORE CORRECTED
'S' MATRIX UUT DATA
RETURN

Fig. 5b Connect and measure routine.
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Fig. 6 Test results with standard procedure.

are transformed by the equivalent
“S" matrix representation of the
device under test to the now
known, and accurately measured,
terminal plane reflection coeffi-
cient. Therefore, if this new ma-
trix of coefficients is now evalu-
ated in the same way as before,
the elements represent those of
the device under test.

A typical flow chart of the
computational and control proc-
esses involved is shown in Figure
5a and 5b. This is a particular ap
plication of this technique to a
range of transmission line proc:
ucts which are subject to 100%
characterization.

From the systematic error in-
volved in the measurement of
low loss two-ports using this
method, some of the advantages
have been discussed but there are
others. Briefly they concern a
smaller number of connections
to the test interface, there is no
need to reverse the device under
test to evaluate S,,, there are no
RF switch operations necessary
and there is no through port con:
nection. The through port con-
nection usually means a flexible
or semi-flexible line to the trans-
mission test port of the test sys-
tem and infers variability prob-
lems in the transmission parame-
ters. This flexibility is often nec
essary due to the varying geome-
try of items to be tested.

TEST RESULTS

The standard software was al
tered to take account of the
transmission test port reflection
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coefficient and a fully corrected
result was oulput in graphic
form. Two short examples of
semi-rigid coaxial cables were
then tested for S, and S,,. The
results are shown in Figure 6.
The predicted random noise, due
to the measurement of low level

residual signals during calibration,

is present on the insertion loss
result.

Also, there can be seen an in-
consistency in the loss function
with frequency which is due to
linearity errors in the measure-
ments system and stored in the
calibration data.

Using the new procedure de-
scribed, the same two samples
were tested using the same out
put format. These results are
shown in Figure 7. The noise
phenomena is much reduced in
the insertion loss characteristic
and the dissipation/ripple values
are more consistent with the
known transmission line length
and measured return loss
characteristics.

CONCLUSIONS

Using the procedure described,

a device under test is fully charac
terized in terms of the equivalent
“'S" parameter matrix. The final
results can be operated upon to
produce output data in a form
which is acceptable to the user.
The process takes about 40% of
the time taken by other software
systems, using more conventional
methods, for the same degree of
characterization. The practical
results of accuracy have been

Fig. 7 Test results with new procedure.

demonstrated from both the sys-
tematic and non-systematic errors.
Typical residuals for a hard-
ware system consisting of @ Hew-
lett Packard 8410A Analyzer and
a 9825B desk top computer with
23K bytes of memory and the
software procedure described are
consistently held at better than
-45 dB with environmental con-
trot of + 3°C . For insertion or
transmission losses of less than
1 dB, total uncertainty exper-
ienced, including noise contribu-
tion, is better than 0.04 dB.

Superior uncertainties are ex-
perienced for two-port insertion
losses up to 15 dB. The system
shown was designed to operate
over a freguency band of 4.0 to
18.0 GHz with suitable sample
increments up to a maximum of
600 points. Beyond this number
of intervals it is recommended
that phase-lock techniques be
used on sources.
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b, SyabL
S S thereforea, = a,| ——————
a, |a, =0 1-S8,,0
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Bp S 1
Py 1" 1-S,T,
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e
P2 11 TRk
SlZSZlPJ
St ——— (3}
P3 1" oS

Subtracting Equation 2 from 1 gives:

S(284, o, —p,) (1 -8, ) (1 -85,,1,) @)
r,o-r,
Adding Equation 2 and 1 gives also
(b, + p, +25,,) (1 -8, 1" ) (1 -S,,1",)

Sllsil

(5)
i e S 0l

and Equating 4 and 5 produces

S, (I =T, h-p, 1, +p,T,

Skl (6)
P rylo, - )
A similar process can take place operating
on Equations 2 and 3 to yield the
equation:
S, (Fy = 1%y) —p,1; + 9,0,
SET {7)

I, {p, - p3)

Now, Equating 6 and 7 vyield a general
expression for S, :
(8)
Iy, loy - Y+ 1,050, (o, -0+ 500, oy - 0,)
S

P, ey —py) 1,0, (py - py) + 151, oy —p))

Here, p, p, and p, are the measured results
and I, I', and I', are the known calibration
standards. It should be noted that both

p and I are complex quantities.

From Equation 6 it is seen that a general
solution for S, is

©y (py =Sy, V+ I3 (S, - py)

Sk 9)
- rr, (e, -p,)
Also, Equation 1 now is itself a general
solution for §,,S,, :
a -szzrl) (px _Sn)
812521 (10)

A simplification of these equations is possi-
ble if the standard reflections are defined as
short-circuit with various phase offsets:

I3 —e71261, 1
I, _e~1281, if 1, = zero e 1281,
4 e 1281, e 1261,

Hence Equations 8, 9 and 10 become:

eti2000: =12 (o, < p ) e12PNap, (p, - p, ) 4 0, o, - p))

eti2B 0 = 1) (g _p ) 4 e128Y: (o, -0 ) 4+ (p, - p,)

eti2f1, Sy =P ) =8y ¥t p,
Sx

P2 =P,

S128y (1 +8,) b, -S,,)

s
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MITEQ INC.

APPLICATIONS:

‘Downconverters -Frequency Translators
‘Upconverters ‘Phase Detectors -Modulators




“MITEQ MAKES...

mixers for today’s needs. With features such as

multioctave RF and IF coverage, low conversion
loss/noise figure, high port-to-port isolation, high
dynamic range and compact size, to name a few

Beyond mixers MITEQ means IF & RF amplifiers,
frequency-agile phase lock sources, C-, X- and Ku
Band communication converers, discriminators and
more.

In short, when it comes to the highest quality
microwave communications equipment and radio
frequency components, MITEQ means business.”

“MITEQ’s IMAGE-PHASED MIXERS...

for communication applications provide low
amplitude, time delay distortion and low AM/PM
conversion with well matched RF & IF ports, and
increases in both dynamic range and port-to-port
isolation.

Used without the quadrature IF hytorid, these designs
can be used for quadrature phase modulator
applications. And five of our image-phased mixers,
RF Bands 1-18 GHz, are also available as mixer
preamplifiers.

MITEQ's total in-house component capability offers
custom applications—as in our RF Front Ends with
special IF capabilities—and custom optimization in
mechanical packaging, as well as in electrical
performance.”

MIXER/PREAMPLIFIERS MIXERS
LO/RF RF/IF Nolse Figure Dynamic Nom.DC Conv. Loss
Freq. Gain (dB} Range Power Outline RF & LO IF Band (dB) Min Isolation
Model (GHz) (Min.dB) Typ. Max. (dBm) (+ 45 V,mA) Model Band (GHz) (GHz) Typ. Mox. LO/RF LO/F

2-STAGE IF AMPLIFIER (2A SERIES)*

1-150 MHz IF AMPLIFIER

MLO-2A-0115 12 22 65 75 0 40
M45-2A-0145 1865 22 70 80 0 40
M35-2A-0145 310 22 75 85 0 40
M30-2A-0145 445 22 75 85 0 40
M20-2A-0115 65185 22 80 90 0 40
M2C-2A-0115 2185 22 80 90 0 40
1-500 MHz IF AMPLIFIER

MLO-2A-0150 12 22 70 80 8 56
M452A-0150 1865 22 75 85 8 55
M35-2A-0150 310 22 75 85 8 55
M30-2A-0150 415 22 80 90 8 55
M20-2A-0150 65185 22 85 95 8 55
M2C-2A-0150 2185 22 85 95 8 55
5-1000 MHz IF AMPLIFIER

M45-2A-

000510 il W 0 35
M35-2A-

000540 g e - 96 = A5 0 35
M30-2A-

000510 454654798 =7 95108 0 35
M20-2A-

000510 65185 16 105 115 0 35
400-2000 MHz IF AMPLIFIER

M35-2A-0420 310 14 80 90 5 35
M30-2A-0420 415 14 85 95 5 35
M20-2A-0420 65185 14 90 100 5 35

OCTAVE BAND DESIGNS

MLO 152 QIDISTNSI0 60 25 15
MSO 2-4 010 50 GIORNNDS 20
2 MCO 4.8 020 60 70 25 20
6 MXO 8-12.5 030 65 78 73 20 ;
6 MKO 12-18.5 030 66 75 20 15 no
6 M2D 4-8 816 75 85 25 25 .
g MaD 2:4 48 75 85 25 25 "
WIDEBAND MULTIOCTAVE DESIGNS
M45 1865 010 60 ZI0RS25 20
2 M35 310 020 60 70 20 20
2 M30 415 025 65 75 20 15
6 M20 65185 030 70 80 20 15
6 M2C 2185 0-6 | 710 80 20 15
2 M2C 312 0-6 65 2SS 25
¥"ALSO AVAILABLE in 3 and 4-stage IF Amplifiers
with greater gain and higher dynamic range
(up to 20 dBm) In addition, any of MITEQ's
g amplifier designs can be combined with MITEQ
6 mixers to provide mixer/preamplifiers optimized
for your application
6
“CALL US, and let us know your exact
2 requirements so we can provide you with the
combination you need today. Or simply call or
o  write to MITEQ for our mixers product brochure,
6 and for any other information you may
6 require.”

miteq mixes with all phases of communications

MITEQ INC.

100 Ricefield Lane, Hauppauge, New York 11787
(516) 543-8873  TWX 510-226-3781
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programmable.
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new 68 page component
catalogue.
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System

Engineers
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in Pan Am's
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U.S. Air Force
Eastern Test Range

- Mid Florida Location=-

Pan Am has the tremendous responsibility
for providing ground support for 1872 facili-
ties that stretch from Cape Canaveral through
the Caribbean Islands to South Africa.

If you're ready to take on some of the most
challenging and professionally rewarding
assignments of your career—now’s the time
to talk to Pan Am.

Responsibilities will involve the design and
installation of subsystem equipment and
preparation of specifications for new systems
and equipment—including design, test, and
evaluation of digital data transmission sub-
systems. ETR Communications Systems
include microwave, land-based cable, under-
sea cable, HF radio, and satellite trans-
mission/interface with global common car-
rier facilities. Background should include a
BS in Engineering and at least 2 years’
experience with communications trans-
mission systems.

You can expect an exceiient starting salary,
a wide range ot benefits, and ongoing oppor
tunities to expand your knowledge and
abilities to mutual advantage.

For prompt consideration, send your resume
and salary history to: D. K. Mosby, Ref.
81-78, Pan American World Airways, Inc.,
Acrospace Services Division, Bidy. 423,

Box 4608, Patrick Air Force Base, Florida
32925. (305) 494-7322.

U.S. Citizenship Requited

An Equal Opportunity Employer
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Application Note—

Microprocessor Driven
MW Tester:

Speed, Accuracy, and Portability the Result

ROBERT P. COE
Narda Microwave Corporation
Plainview, NY

INTRODUCTION

System consists of a measurement
instrument {Model 7000A) and a mi-
crowave unit (Series 7100) intercon-
nected with a shielded ribbon cable
(Figure 1). The system weighs below
11 Ibs. including battery. Power can be
115/230 V ac a 12 V nickel cadmium
battery system which provides 6 hrs.
of operation between charges, or a
cigarette lighter adapter to allow the
unit to operate continuously from
12 V negative ground automotive
system.

The processor unit (7000A) is used
in conjunction with one of the inter-
changeable microwave units covering

Fig. 2 Model 7000A-01 with Model 7103
microwave unit.
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Fig. 1 Model 7000A with Model 7105 bench top setup.

specific frequency bands, from 0.01
through 18 GHz. For example, the
7100 series microwave unit for radar
and communications consists of a
swept microwave oscillator, a high di-
rectivity coupler, an isolator, and low
pass filter. Oscillators use a varactor-
tuned Gunn, FET or bipolar transistor
device, depending on the model.

The isolator eliminates frequency
pulling and makes the output imped-
ance of the unit independent of the
oscillator SWR. Harmonics of the os-
cillator are reduced by the low pass
filter. The high directivity (40 dB) and
low test port SWR (< 1.1) of this cou-
pler are the key to the system’s meas-
urement accuracy, as will be seen.

ACCURACY

There are two sources of error in a
microwave measurement: instrument-
ation error and mismatch uncertainty.
With most instruments, mismatch un-
certainty is the predominant source of
error, except for power measurements,
wherein calibration uncertainty also
contributes significantly.

Instrumentation error is the result
of the accuracies associated with the
analog to digital converter, range to
range scale factor errors, and the de-
tector linearity algorithm.

Residual zero errors of the detector
and amplifier are nulled out during the

calibration cycle in two steps. First,
without any RF power applied to the
detector, an auto-zero digital to analog
converter is adjusted by the system’s
internal microprocessor until a power
meter reading in the lower 20% of the
most sensitive range is obtained. After
this, the residual zero voltage is meas-
ured and stored in the RAM (Random
Access Memory) for every power me-
ter range, eliminating range to range
zero carryover errors. This zero error

is subtracted from future readings, can-
celling zero reference errors from the
measurements.

Since the detector is used from - 50
dBm to +13 dBm, its characteristics
change from a square law power sensor
at levels below - 20 dBm to a linear
amplitude sensitive device at the higher
powers. To compensate for these varia-
tions which are unique to each diode,
a calibration PROM (Programmable
Read Only Memory) is included with
each detector containing the diode lin-
earity data. This data when used by the
microprocessor to compute RF power,
yields an accuracy of * .05 dB. The
sensitivity of the detector diode as a
function of frequency (usually called
calibration factor) is also stored in the
detector calibration PROM. The cali-
bration factor is used by the micro-
processor according to the frequency
entered in the power meter mode. The
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detector calibration PROM is located
in the microwave unit allowing com-
patibility among the various microwave
units.

The analog to digital converter ac-
counts for a possible error of * .05 dB
and the range to range errors could
add another * .04 dB for an overall in-
strumentation accuracy of * 3% or
+ .15 dB, comparable to existing scalar
microwave test systems.

Mismatch uncertainties are intro-
duced in the measurement or calibra-
tion of equipment because of the mis-

| CHOPPER
‘ AMP

0sc

TUNING
PROM

AUTO FREQ

ZERO h M
D/A

>
VOLTMETER

match of the devices connected to-
gether, because the mismatch of a de-
vice prevents it from absorbing all the
power incident upon it reflecting a
percentage of the incident power back
to the source. These uncertainties exist
for power, insertion loss or reflection
measurements as described below.

POWER MEASUREMENT
UNCERTAINTY

The following equation describes
mismatch uncertainties caused by the
reflection coefficient of the power sen-

NCROWA L
i Co@sg VE BaTTEN =- ®

DETECTOR
CAL
PROM
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CONTROLS
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Fig. 3 System block diagram.

Fig. 4 Power meter measurement set-up.
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sor and the sources of power being
measured {Refer to Figure 4).

MUgp = 2010g (1 £ pg 0, ) (A)

Where MU = Mismatch Uncertainty
(maximum) in dB.
Pg = Generator Reflection
Coefficient
p_ = Detector Reflection
Coefficient
See Table 1 for worst case uncertainties
when making power measurements of
a power source having SWR’s listed.

REFLECTION MEASUREMENT
UNCERTAINTY

To understand the uncertainty for
reflection measurements (SWR, Return
Loss, and RHO), consider the measure-
ment cycle. First the instrument is cali-
brated by connecting the detector to
J2 and a microwave short to J1 (See
Figure 3). With the short at J1, the in-
strument performs a self-zero check
and then measures the detected RF
power reflected from the short at 51
equally spaced frequencies across the
selected frequency range. When this is
complete, an open is connected to J1,
and the reflected voltage 1s measured
at the same calibration points. The
power detected is converted to RF
volts and averaged with the RF voltage
reflected from the short at each of the
calibration frequencies. This calibration
data is stored in the RAM and used for
future reflection measurements. Since
the open and short are 180° out of
phase, this procedure inherently can-
cels out test port SWR errors during
calibration. The device is then
connected.

A typical reflection measurement
setup is shown in Figure 5. The meas-
urement uncertainty in terms of the
reflection coefficient, p, is:

e Pg T, T, +p, ~ 8)
S o TR L
wheie d is the directivity of the

coupletr
T,, T, are the forward and reverse
transmission coefficients of the
coupler.
Pqy is the generator reflection
coefficient.

are the output and input reflec-
tion coefficients of the coupler.
p s the reflection coefficient of
the device under test.

- COUPLER
BRIDGE
-T2

Fig. 5 Typical reflection measurement setup.

{continued on page 76)
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A radio link must guarantee
availability. With no ifs or buts.
And error free digital transmission.
And the cost must be kept within
reasonable limits.

That was the specification for

the new fully electronic

RF space diversity system from STR.

STR’s new fully electronic
RF space diversity system
is now available. Here are a
few facts.
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Electronic instead of mechanical
The RF space diversity equipment
offered by STR functions with an elec
tronic continous phase shifter
designed as a microwave hybrid
circuit and almost fully digitalized
control. All electromechanical
components have been eliminated

A drastic reduction in outages

On a typical 50-km link outages due to
multipath fadings can be reduced

by a factor of 102 in the 4 GHz range
and by a factor of 10° at 7 GHz

A special advantage of the STR
system for digital transmission

is a dramatic reduction in the fre-
quency of errors caused by selective
multipath propagation fading

Only one receiver

for the handling of signals from the
two separate antennas is necessary
thanks to combination at the RF level
That means that the STR system is
simple. And it can be combined with
virtually any receiver

Lower operating costs

make the STR system exceptionally
attractive in both new and modified
installations. It is indisputably

more economical than an IF diversity
system with a second receiver

And STR's RF space diversity system
is so compact that it is the ideal
low-cost supplement for any installation

Full information

is now available on the new fully
electronic RF space diversity system
from STR. Ask for literature from
Standard Telephon und Radio AG
CH-8055 Zurich/Switzerland
Friesenbergstrasse 75

Company

Address

Executive

Standard Telephon und Radio AG

An ITT Associate
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(from page 74) MW TESTER

The 7100 series units have an isola-
tor or attenuator integrated into the
coupler and pretuned for minimum
SWR to reduce the generator output
mismatch contribution, in effect re-
ducing the

Pq T, T, +p,

Ty pg p2
term in Equation B to less than 0.05.
Combining this with a 40 dB directiv-

ity {d = .01) coupler gives a measure-
ment uncertainty of:

MU = 0.010 + 0.05p ? (C)

Comparing the measurement uncer-
tainty of the 7100 Series microwave
units with that obtainable with con-
ventional separate laboratory compo-
nents, assume a source output SWR of
2:1 and a high directivity {35 dB)
coupler with insertion loss of 0.5 dB
and SWR of 1.2:1. Equation 8 be-
comes:

MU = .018+ 0.4 p 2

It can be seen that signal generator
impedance and test port SWR cause a
significant part of the uncertainty for
measurements of high reflection coef-
ficient, while the directivity of the
coupler most influences measurements
of low values of reflection coefficient.

Table 2 shows a comparison of un-
certainties for the assumed convention
al measurement system compared with
the Mode! 7000A with 7105 micro-
wave unit, for a measurement of re-
flection coefficient (RHO) and Return
Loss. The improvements obtained us-

Actual Measurement Measurement

Using Standard Uncertainty
Microwave Using Narda
Components 7105
.05 +.019 +.0101
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ing the integrated test system are
apparent.
TRANSMISSION MEASUREMENT

UNCERTAINTY
A similar analysis can be made for

transmission measurements. When the
system is calibrated, there is a mis-
match error in the calibration measure-
ment. Figure 6-A shows the calibration
setup. Then, when the device under
test is inserted, there are mismatch er-
rors at both interfaces, as shown in
Figure 6-B. The total uncertainty equa-
tion for transmission (insertion loss/
gain) is:

MU/dB = 20Log

12pgp.

(1 tpgp3l(12p,p )t log T1 T2 py

Where Py = Generator reflection

coefficient.

P = Detector reflection
coefficient.

p3 = Input reflection coeffi-

cient of device under test.
ps = Output reflection coeffi-

cient of device under test.
T, Forward transmission
ratio of device under test.
Reverse transmission ratio
of device under test.

T‘z:

Iin order to ascertain the accuracy
of an insertion loss measurement, it is
essential to know the reflection coeffi-
cient of all the components involved.
Substituting the Model 7105 tolerance
into Equation D, the uncertainty equa-
tion for insertion loss becomes:

Actual Measurement Measurement

Return Using Standard Uncertainty
Loss Microwave Using Narda
Components 7105

+1.6 dB
2.01 d8

+2.78 dB
4.17 dB

~26d8

+1.73 d8 + .96 dB

+1.5 dB + .43 dB

'World Radio Histol

MU = (dB) = 20Log

1+ .008

) (D)

E
(MFR06 SNE (I SS16 70 pko) SR 0O BETHNITR it

Table 3 gives the mismatch uncer-
tainties which would be associated with
typical attenuators.

OPERATING DETAILS

Figure 3 shows a block diagram of
the microwave multimeter. The micro-
processor (MPU) controls the instru-
ment, sequencing through the measure-
ments and displaying prompts for the
operator when required. The instruc-
tions for the microprocessor are con-
tained in a read only memory (ROM).
As the instrument makes measure-
ments, the data is temporarily stored in
the RAM. The RAM is also used to
store intermediate results of calcula-
tions as well as calibration data and in-
strument status. When a measurement
is complete, the data is converted to
the required units and displayed on
the LCD.

Each time power is applied to the
system, the microprocessor initiates a
self-check sequence. First, all segments
on the liquid crystal display are illumi-
nated to verify the display. Concur-
rently, the RAM is repetitively written
into and read from with pseudorandom
data. After every byte of RAM is
checked, the contents of the ROM are
read and verified. Further checks on
the operation of the microprocessor
are performed and then the microwave
unit is interrogated. The LCD indicates

Fig. 6 Insertion loss measurement setup.

{continued on page 79)
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the frequency limits of the microwave
unit during this time. If any of the
above checks fail, an error code is dis-
played, indicating which test failed and
inhibiting the instrument in use. If
these self-check diagnostics are satis-
fied, the microprocessor generates the
initial status conditions and calibration
tables from data stored in the micro-
wave unit.

The tuning of the microwave oscil
lator is controlled by the microproces-
sor. The microprocessor reads the fre-
quency range being used from the mi-
crowave unit. The oscillator’s tuning
curve is stored in a tuning PROM in-
cluded in the microwave unit. This os-
cillator tuning PROM is read during
the initial phase and used to produce a
table of tuning voltage versus frequen-
cy in the RAM. Replacement oscilla-
tors are supplied with a new calibra-
tion PROM containing their own indi
vidual tuning characteristics. In the
signal generator mode of operation,
the process is reversed, and oscillator
tuning voltage is controlled by the
front panel tuning control while the
microprocessor measures this voltage
and computes and displays the fre-
quency.

A zero-bias Schottky detector is
used for the microwave power sensor.
The power meter has a sensitivity of

55 dBrn (about 3 nanowatts). To
measure this low level, an ac-coupled
amplifier is used to eliminate amplifier
dc voltage drifts.

The power measurement sequence
starts with the microprocessor measur-
ing the voltage out of the detector am
plifier. If the voltage is out of range,
the microprocessor adjusts the range
of varying the detector amplifier at-
tenuators. Once the correct range is
established, the amplifier output volt-
age is divided by the gain of the ampli:

fier to determine the voltage from the
detector. The microwave power level is
computed from this voltage and the
detector data which is stored in the
calibrated PROM for the corresponding
detector voltage and frequency. This
process is repeated continuously.

Insertion loss measurements use the
same power meter sequence as above
but first the detector is connected to
the oscillator output, J1 on the micro-
wave unit, and a calibration made. Af-
ter the detector is zeroed, the oscillator
is set to the first frequency to be meas-
ured and a power meter reading is
made and stored in the RAM. The fre-
quency of the oscillator is incremented
and another power measurement is
made and stored. This sequence of
measurements is continued until the
oscillator power delivered to the detec-
tor is stored in RAM at all 52 calibra-
tion frequencies. This is the reference
level for insertion loss measurements.
The calibration requires 35 seconds
when the device under test is then in
serted between the detector and J1;
detected power is measured and sub-
tracted from the reference level, per-
mitting the actual insertion loss of the
device to be calculated. This can be
done repetitively at one frequency con
trolled by the tuning control (SINGLE
FREQ) or stepped across a selected
frequency band (AUTO STEP). The
detector zero is measured before each
measurement cycle, so that there is no
need to recalibrate between measure-
ments.

Reflection measurements are made
in a similar manner except that the
calibration is performed with the de
tector on J2 of the microwave unit
monitoring the reflected power. A mi
crowave short is placed on J1 and the
voltage reflected from the short is
measured and stored at each calibra-

tion frequency. After the short is
measured, an open is placed on J3 and
the voltage reflected from the open is
measured at each calibration frequency.
Since reflections from the short and
open differ by 1807, a SWR error at J2
adds to the measured power in one
case and subtracts in the other. By
taking the average of these two reflect-
ed voltage for the calibration level, the
residual SWR error is cancelled for the
calibration run. The device under test
then is connected to J2 and measure-
ments are made of reflected power.
The microprocessor converts all re-
flected powers to voltages and takes
the ratio of the reflected voltage to the
voltage reflected from the short/open.
The ratio is the magnitude of the re-
flection coefficient, p. I1f SWR is to be
displayed, it is calculated from

1+p

= &
Return loss is calculated by taking 20
LOG (p) by the microprocessor.
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If you're lookmg for an opening in electronics
that won’t turn out to be a black hole...

...have we got space for you!

Look into many professional openings, and all you see is
talent locked into tight slots.

That’s a dark prospect for the creative professional who
still wants to shop around a bit, before committing a whole
career to a single specialty.

At Hughes, you can make your own space. At your own
pace. Try your hand in more than one area, if you’ve got the
expertise. No problem in a company with over 1,500 pro-
jects that make up a backlog of over $5 billion.

You may be designing microwave circuits, power sup-
plies, or RF circuits. You may be a microwave engineer
working anywhere from the S-band through millimeter waves.

What you won't be here is bored!

There’s simply too much going for you at Hughes Space
& Communications, where the sky is not the limit. Unique
opportunities for you to probe your capabilities, on one-of-a-
kind projects that are really far out!

Planetary probes. Environmental and communications
satellites. Spacecraft design, development, and production
where the state of the art never stands still. And neither
will you.

You can go from bachelor’s degree to system responsibil-
ity in the space of a few years — boosted by Career Assis-
tance Programs second to none in the industry. Or a tuition-
paid, career-related advanced degree program.
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If you don't like the specific spot you start in, we’ll find
you another one. Just about every high-technology disci-
pline plays repeated roles within our group. So we can give
you space to move around in, without pulling up roots after
you settle into a Southern California suburb where life gives
you a nice, warm feeling.

Get a line on our on-line challenges. Send your resume
to: Tom Royston S41/A300

Hughes Aircraft Company

Space & Communications Group
Professional Employment Dept. JM-4
P.O. Box 92919

Los Angeles, CA 90009

SPACE &
COMMUNICATIONS
GROUP

Proof of US Citizenship Required
Equal Opportunity Employer
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Product Feature

Digital Display Enhances

Microwave Spectrum
Analyzer Performance

HEWLETT PACKARD
Santa Rosa, CA

The new Hewlett-Packard 8569A
Spectrum Analyzer covering 10 MHz
to 22 GHz (extending to 170 GHz
with external mixers) claims these
three major benefits:

® RF performance designed to ac-
commodate a very broad 1ange ol
demanding measurement applica-
tions;

® Microprocessor-controlled digital
display with input/output capabili-
ties that invite semi-automatic pro-
duction test and data logging appti-
cations;

® An extremely competitive price for
the performance and operating fea-
tures offered.

RF PERFORMANCE

Contributing to the HP 8569A's
performance are an advanced mixer
design for high sensitivity plus flat re-
sponse, and a clean, stabilized local
oscillator that permits close-in, high
resolution measurements. The Com-
pany believes the HP 8569A can read
ily handle all microwave signal appli-
cations except those that truly require
the precision and stability of an ana
lyzer employing a fully-synthesized
local oscillator. The 8569A also has
built-in YIG preselection in the 1.8 to
22 GHz bands.

The analyzer offurs sensitivities of
-113 dBm (1 kHz bandwidth) up to
1.8 GHz, -110 dBm at 4.1 GHz for
fundamental mixing and - 95 dBm at
18 GHz. its frequency response is + 3
dB to 18 GHz and, in the preselected
bands, the dynamic range exceeds 100
dB. Ten resolution bandwidths (100
Hz to 3 MHz) with Gaussian filter
shapes are provided for high resolu-
tion of adjacent signals as well as max-
imum signal-to-noise ratio for pulsed
spectra. With its 1-3-10 bandwidth
selection, the HP 8569A offers faster
sweep speeds commensurate with pre-
vailing sensitivity and frequency span
conditions.

DIGITAL DISPLAY SYSTEM

The HP 8569A's microprocessor
controlled digital display system pro-
vides two independent traces, each
with 480-point horizontal and 800-

April — 1981

point vertical resolution. This brings
the flexibility to store trace data and
still monitor signal changes. All major
control settings are indicated on the
CRT, above the graticule to avoid in-
terfering with observed signals. Addi-
tional capabilities of the trace process-
ing system include ‘’Digital Averaging”
to extract low level signals from noise
without sacrificing sweep speed, ‘“Nor-
malization’’ (or ‘“Trace Arithmetic’’)
that simplifies observation of signal
changes within a crowded spectrum,
and “Maximum Hold’’ that facilitates
measurements such as signal drift.

Another useful feature derived from
the digital display system is the ability
to plot the entire display (trace, grati-
cule, and annotation) directly on a
digital plotter. This is done with the
HP 8569A's front panel push buttons;
an instrument controller is not needed.

The new analyzer also has built-in
HP interface bus (IEEE-488) input/
output capability that permits such
actions as full ““Read/Write” and sweep
trigger. Programming aids for the
HP 85 and HP 9825 controllers are
provided.

HP 8569A PERFORMANCE
SUMMARY

FREQUENCY RELATED

Internal Mixing Range: 10 MHz to 22
GHz.

External Mixing Range: 14.5 to 40
GHz with the HP 11517A External
Mixer, extendable to 170 GHz with
other commercially available mixers.
Input Preselection: 1.8 to 22 GHz.
Resolution Bandwidths: Gaussian fil-
ters of bandwidths 100 Hz to 3 MHz.

Residual FM: < 100 Hz peak to peak
(fundamental mixing to 4.1 GHz}.

Noise Sidebands: < - 75 dBc, 30 kHz
from the carrier in a 1 kHz bandwidth.

AMPLITUDE RELATED
Maximum Input Level: +30 dBm
(1 watt).

Gain Compression Level (< 1 dB}):

-

< - 7 dBm at mixer.

DIGITAL DISPLAY

Traces: Dual trace, digitally stored
display with a resolution of 480 hori-
zontal by 800 vertical points for each
trace.

Control Readout: Major control set-
tings annotated area on the CRT.
Signal Processing: Maximum Hold,
trace normalization, sample detection
mode and digital averaging are avail-
able.

HP-IB

Direct Plotter Control: Uses three
front panel pushbuttons to transfer all
displayed information to an HP-1B
plotter.

Controller Interface Functions: Semi-
automatic applications such as data
logging and production test sequences
can be accomplished using the 8569A
with the HP 85F. Other controllers
such as the HP 9825T, 9835A or
9845A can also interface with the
8569A.

PRICE AND AVAILABILITY

Domestic US price of the HP 8569A
Spectrum Analyzer is $26,500, and
first deliveries will be made in April.
Contact: Inquiries Manager, Hewlett-
Packard Company, Palo Alto, CA.
Circle 133 on Reader Service Card
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Product Feature

Satellite

ommunications

Test Set

=]
NULIE =

POLARAD ELECTRONICS, INC.
Lake Success, NY

The Model 1309-2 Satellite Com-
munications Test Set enables testing of
satellite communication receivers in
both the C and K -band frequency
ranges. It provides test signals from 3.7
to 8.4 GHz, 10.7 to 12.2 GHz and
14 to 14.5 GHz so that both the down-
link and uplink frequencies in both C
and K, band are covered. The test set
output levels may be varied with great
precision over a 130 dB range in C band
and 100 dB in K, band so that the dy-
namic ranges of the receivers may be
measured very accurately.

The signal source providing the out-
put signals is a klystron cavity tuned
oscillator. This type of oscillator gen-
erates a signal singularly low in side-
band FM noise. This characteristic

makes it suitable for measureing noise
levels in the SSB channels of FDM
communication systems.

Its important features include:
broad frequency coverage; stable, spec
trally pure calibrated signals and low
noise sideband levels; digital frequency
readout, * 0.5% accuracy; output lev-
els adjustable 130 dB in C band and
100 dB in K, band; internal CW,
square wave and FM; and detected
signal output and sweep (time base)
output which facilitates scope traces
of bandpass tests and modulated wave
forms.

The satellite communications test

set consists of a Model 1107E-S Signal
Generator combined with a Model

1509-2 Frequency Doubler. The Model
1107E-S is a signal generator designed

for low single sideband phase noise
throughout its frequency range. Itis
presently used by many manufacturers
of this particular characteristic. 1t cov-
ers the overlapping C band range of
3.7 to 8.4 GHz. The frequency dou-
blers are passive devices using a har-
monic generator which doubles the
frequency of the input signal, then fil-
ters and calibrates the level of the out-
put signal. The selection of the dou-
bler is dependent on the maximum
calibrated output level required. The
output port of the Model 1107E-S is a
type N coaxial connector and that of
the doubler is WR75 waveguide. If a
coaxial output is desired, a waveguide
to coaxial transition is provided as an
option.

Circle 132 on Reader Service Card

SATELLITE COMMUNICATIONS TEST SET
MODEL 1309 2

CHARACTERISTIC

C Band

Frequency Range

Frequency Accuracy

Frequency Stability

Calhibrated Power

Absolute Accuracy

Attenuator Accuracy

M Spectral Naise
Density

Output SWR

3.7 8.4 GH2

0.5% (digital readout)

© 0.0008% per volt
change in line voltage
0.005%/ C ambient

+3t0 127 dBm

+ 2dBm from 3.7
to 7.6 GHz

+25d8 7610
8.4 GHz

< 2.5 pwoin 3.1 kHz BW 70 kMz

from carries,
-» 200 kHz rms

2 1 maximum

T mW reference

K, Band

10.7 12.2 GHz and
14.0 14,5 CH:

+ 0.5% (x 2 digital readout)

Same as for C Band

3 to 103 dBm {0 to
100 dBm) switched CAL
reference @ or 3 dB

+ 2.5 dB plus attenuator
accuracy

© 2% of attenuator reading or
+ 0.2 dB whichever 1s greater

2 1T maximum

Output Signals
Modulation Capabilities

Internal
Square Wave
On Off Ratio
Synchronization
FM
Sweep Width
C Band
Ku Band

External
Fm

Sweep Width
C Band
Ko Band

Putse
Modwation
Pulse Required
Rate
Width output
Output Pulse
Rise & Decay Time

Horizontal Sweep

Power
Requirements

Dimensions

Weight

COMMON SPECIFICATIONS

CM, FM, Square Wave, Pulse

950 to 1050 Hz

Infinite

Internal

Power line frequency
Continuously adjustabie, typically
0 10 MHz

0 20 MH:

Any wavelength having frequency
components between 10 Hz and 500 kHz

10 MHz
20 MHz

Mode! 1020A Recommended
Pos. 1550 V peak
Single pulse to 100 kH2
0.2 to 2500 us
015 us

Output for scope 2 V p p power line freq
Phase Control Range adjustable to 90 min

115230 vV « 10%

5060 Hz, 140 W

(50 400 Hz, F option)
113/4"Hx 163/ Wx 17 D

62 1bs.
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for the internal program mode.

The signal source is digitally % Uniform, predictable phase
tuned over the IEEE-Standard velocity in phased array
488 General Purpose Interface antenna divider networks.
WIDEBAND Bus and measured data is stored @ The same in dual path phase
LIMITER In the instrument. When under comparison devices.
- external program control by an _
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Product Feature

33 GHz Integrated Noise Source

MICRONETICS INC.

Norwood, NJ 165 .
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The directional coupler is a sidewall W — ;

multi-aperture design with a coupling i EEER i TTTT]

of approximately 10 dB and a direc- s 4 .

The new Model NSC-KA is a solid
state noise source-directional coupler
combination. It is designed to inject a
16 dB excess noise ratio of white noise

tivity greater than 20 dB. Its SWR is
less than 1.3 and the coupling array is
~ 1" long”, total assembly length is
2",

FREQUENCY (G

TYPICAL OPERATION CONDITIONS

X r . Operating Frequency: 33 GHz
into WR-28 waveguide at 33 GHz. The noise source has a total output ENR Output: 16 dB
The noise source consists of a of 30 dB ENR. The sidewal! direction- R ien (Lens 0.6 dB
broadband waveguide diode in a her- al coupler design is capable of 7 dB Directivity: 20 d8
metically sealed package which is actu- couplingina 1in. array and it has a SWR: 1.3 max
ated by an integrated TTL driver. A b 5% bandwidth. These basic capabili- Drive Power: 15 volt, 15 ma
TTL Control: 0, +5 volts

V TTL input turns the diode on; total
power required is 15 mA at 15 V.

ties permit designs for other frequen-
cies and values of excess noise ratio.

Circle 131 on Reader Service Card

" High Power Switches from UZ Inc.

5000 watts CW at 100 MHz

Now available in SP2T to SP6T multiple throw.

=
709\ | J |
e =—t=="a
3 i E *
L ol % ||
3,128 —= |
PR R G

SP2T model shown Part number D2-82861-PS

The S Series High Power switches are designed to handle extremely high average power with type S, C, or N con-
nectors. Switches can be supplied with UZ’s extensive selection of options — from TTL compatible drivers to inter-
nal 50 Ohm termination. Available in failsafe, latching, or normally open circuit options. Typical specifications are
noted below.

* Frequency DCto 12.4 GHz

" RF Power 5000 Watts CW at 100 MHz
4000 Watts CW at 500 MHz SEND FOR NEW CATALOG
“ VSWR 1.07:1 at 500 MHz A Dynatech Company 9522 West Jefferson Blvd.

1.156:1 at 3 GHz
1.5:1 at 12 GHz

Culver City, CA 90230 (213) 839-7503

UZ Inc.  7wx:910:340-7058
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LOS ANGELES

Will be the
CENTER of the
MICROWAVE WORLD
JUNE 15-19,1981

PLAN

FOR The 1981 MTT-S, AP-S,
T BE and URSI Symposia and
the 1981 MTT-S Exhibition

THERE ...ttt
LOS ANGELES BONAVENTURE HOTEL

MAJOR SESSION TOPICS

MTT-S e Computer-Aided Design and Measurement ® Microwave FET Devices ® Millimeter

Wave Integrated Circuits, Dielectric and Image Guide ® 6 - Port Measurements ® Ferrite

June 15-17 Applications ¢ FET Applications ¢ High-Power Circuits & Systems @ Passive Compo-
nents & Networks @ Solid State Circuits ® Millimeter Wave Solid State Devices ® GaAs
Monolithic Circuits ® Microwave Integrated Circuits ® Microwave Acoustics ® Phased
and Active Array Techniques ® Microwave and Millimeter Wave Systems ® Guided
Optics & Signal Processing ® Biomedical Effects and Medical Applications ® Low-Noise
Techniques ® Microwave Field and Network Theory

SPECIAL e Advanced Computer Aided Design Techniques for the 1980’s
WORK- Organizers: L. Besser, S. March. Sponsor: MTT-1.
SHOPS ® Automatic RF Techniques Group (ARFTG).
June 18-19 Organizers: R. N. Swartley, E. J. Stevens. Sponsor: MTT-11.
® Power GaAs FET's.
Organizers: J. W. Gewartowski, H. Q. Tserng. Sponsors: MTT-6, MTT-7.

AP-S e Microstrip Antennas ® Array Pattern Synthesis ® Horn Feeds e Scattering Measure-
ments ® Aperture and Lens Antennas ® Signal Processing Antennas ® Array Techniques
June 16-18 e Horn Antennas ® Antenna Measurements  Adaptive Antennas ® Numerical Methods
and Formulation @ Propagation @ Transients ® Singularity Expansion Methods e Slotted
Antennas ® Phased Array Analysis ® Conformal Arrays ® Reflector Antennas e Dielectric
Waveguides ® Antenna and Dielectric Interface ® Radiation and Electromagnetic Reson-
ance ® Low Frequency Antennas ® Radomes/Scattering ® Integral Equation Modeling
e Layered Media ® Wire Antennas

MTT-S Exhibition
June 15-17

Product displays for
more than 150
microwave companies

e Materials

e Devices

e Components
e Subsystems

e Instruments

Discuss your needs
with factory
representatives

URS' ® Scattering ® Reflectors and Radomes ® Arrays and Radiating Elements ¢ Waveguides
e Optical and Millimeter-Waveguides ® Inverse Scattering ® Numerical and Analytical
June 16-18 Techniques ® Media and Earth Interaction © Radar Waveforms and Identification
e Transience and the Singularity Expansion Method e Refraction Effects ¢ Atmospheric
Attenuation, Scattering and Absorption e Sensing Surfaces @ Plasmas

SEND FOR
SYMPOSIA

PROGRAMS

REDUCED RATE Combination Registrations For Any 2 or All 3 Symposia will be Offered

MICROWAVE JOURNAL ¢ 610 Washington Street ¢ Dedham, Massachusetts 02026
Send me additional information on attending 0 MTT-S [0 AP-S [ URSI

Name; Title

Organization

Address

City, State, Zip Code

I Country Phone
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Vaterials

4” SOS WAFERS

A line of 4-inch SOS wafers, produced from

the ribbon process by the edge-defined

growth method, 1s offered for use in the

EPI process. The company also supplies 3"’

wafers with epitaxial coatings and 5 um

flatness can be maintained for the 3 mate

rial. Kyocera International, Inc , Cupertino,

CA. John Thiemann, {(408) 257-8000.
Circle 167.

Devices

LOW BARRIER MIXER DIODE
SERIES

Series A2S270, are microwave mixer diodes
which employ low barrier Schottky junc
tions designed for use without biasing in
starved LO (- 20 dBm through -6 dBm) ap
plications. At 10 dBm LO drive, typical
noise figures are 6.5 dB at 2.0 GHz and 8.0
dB at 9.375 GHz. Diodes present relatively
uniform RF and |F impedances to varying
local oscillator drive levels. Units come 1n a
variety of package styles or as individual
chips Aertech Industries, Sunnyvale, CA.
William S. Patton, (408} 732-0880.

Circle 168.

Hybrids

Type: 90°/180°
Frequency: 200 MHz-20 GHz
Bandwidth: multi-octave

m 14|
R i5
e ~

~- ‘.L

Filters g o

Types: lowpass, high pass,
bandpass, bandstop,
mutiplexers

Frequency: 50 MHz-20 GHz

Variable o]
1%,

Attenuators |

Range: 0-80 dB: 10 dB steps
Frequency: 0-12.4 GHz

S8 |

Integrated RF Assemblies

U-Z Inc.

Need RF
Components?

Contact d-Z

Directional =
Couplers
Range: 5-50 dB: 5 dB steps

Frequency: 200 MHz-20 GHz
Bandwidth: multi-octave

Power e v in
Dividers/ o M

A o U S
Combiners

Divisions: 2, 4, 8, 16
Frequency: 200 MHz-20 GHz
Bandwidth: multi-octave

Individual components and switches are always used in concert with
other devices to process RF energy. Integrated RF assemblies
eliminate cables and connectors, minimize weight and volume,
reduce system cost and often resultin increased electrical efficiency.
Please contact U-Z engineering for assistance in this area.

A Dynatech Company 9522 West Jefferson Blvd.
Culver City, CA 90230 (213) 839-7503 TWX: 910-340-7058
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Antennas

9-METER EARTH STATION
ANTENNA

A 9-meter satellite earth station antenna,
Model 5251, features a high efficiency Cas
segrain feed system and kingpost pedestal,
adjustable to view any domestic visable
synchros satellite. Antenna complies with
the FCC requirements for transmit/receive
earth stations. Options include a motor
drive system that will simultaneously drive
azimuth, elevation, and polarization at the
rate of one degree per second. Drive system
control 1s capable of being pre-set to all
angles of satellite positions. Cassegrain feed
options include dual polarized receive only,
dual port transmit/receive, linear or circular
polarization, linear co-polar and frequency
reuse linear or circular polarized transmit
receive. Harris Antenna Operations, Kilgore,
TX. (214) 984-0555. Circle 166.

Instrumentation
MICROWAVE LIMITER PROTECTS
MICROWAVE COUNTER INPUT
CIRCUITS

Option 006, a microwave limiter, protects
instrument input circuits from damage from
excessively high signal levels. Unit operates
up to 26.5 GHz and provides protection for
inputs up to 8 W (+39 dBm) CW and up to
100 W {4+ 50 dBm)} peak pulsed. Can be field
instatled in existing counters or installed at
the factory when company counters are or-
dered. Price: $400. Del: 60 days. Hewlett-
Packard Co., Palo Alto, CA. (415) 857-1501

e L Circle 165.
Hardware
CONTACT SPRING LINE

A line of nine gold-plated bellows contact
springs, Series 2012, is offered. Produced
from electrodeposited nickel in diameters
of 0.037-0.245"" O.D., all models offer con
stant resistance and path length within their
rated strokes. Model P/N 2012 (.125"* O.D.)
has a compression stroke of 0.065" and ex-
erts a 4 oz. minimum force at this point.
Overall length (including end cup) 15 0.197"".
Its dc resistance is 0.009 2 and its self-in-
ductance 1s 9.5 x 10 ' H. Servometer Cor-
poration, Cedar Grove, NJ. Donald Walker,
(201) 785-4630. Circle 169.

Shielded Room
RF SHIELDED TEST ROOM

A modular RF-shielded test room provides
1solation at frequencies up to 96 GHz with
attenuation better than 100 dB. One hun-
dred rooms are available in any size, and be
field tested and certified to 100 GHz. Op
tional accessories include anechoic mate
rials, lighting, heating, air conditioning, ar
chitectural finishes and computer floors
Internal surfaces can be covered by a special
mm-wave absorber material that provides
an internal reflectivity level of more than
40 dB at frequencies up to 100 GHz. Del
installation 1n new or existing buildings 1n
under 6 wks. Keene Corporation, Ray-Proof
Division, Norwalk, CT. Bob Barbour,
(203) 838-4555. Circle 170.

MICROWAVE JOURNAL



Waveguide
ELLIPTICAL WAVEGUIDE SPANS
5.925-6.424 GHz BAND

Types WE60 and WEPGO Wellflex™'elliptical
waveguides are designed for the 5.925 to
6.425 GHz frequency range for common
carrier applications. Attenuation per 100 ft.
15 1.14 dB at 5.925 GHz, 1.10 dB at 6.20
GHz, and 1.08 dB at 6.425 GHz. Waveguides
consist of a welded, high conductivity cop-
per tube, corrugated and precision formed
into an elliptical cross section. Minimum
bending radius in the E plane is 20°" and
40" in the H plane. Recommended twist is
1.0 /#t.; operating prassure is 10 PS| maxi-
mum and installation temperature range (s

0 to 140 F. Cablewave Systems, Inc.,

North Haven, CT. Mac Lundberg,
(203) 239-3311.

Components
DC TO 300 MHz BAND POWER
AMPLIFIER

Model CLC102 15 a power amplifier which
covers the dc to 300 MHz frequency spec-
trum. It offers over 300 MHz bandwidths
at outputs of 5 Vi, and over 200 MHz at
10 V,, when driving 50 ohm loads Bath
the input and output are dc coupled and
biased at 0 Vdc so that amplifiers can be
cascaded. Rise and fall times are less than
1.7 ns at full output; pulse overshoot and
aberrations are less than 5% for a duration
of less than 10 ns. Linear amplifier gain is
15 dB. At 100 MHz and +24 dBm out, the
distortion products are below -30 dBc.
Unit's input and output impedance is 50
ohms, SWR at either portis 1.02:1 at low
frequencies {50 + 1 {2 at dc) and rises to
less than 2:1 at anove 300 MHz, RMS noise
measured 1n a 10 Hz to 300 MHZ bandwidth
is less than 46 uV. Powar consumption is
140 mA at + 15 Vdc. Available with BNC
TNC, SMA or N type connectors. Size:
3" x 3" x 1.175", case dimensions. Price:
$270. Del: 4 wks. Comlinear Corp., Love-
land, CO. David Nelson, {303) 669-9433.
Circle 147.

20 W CW MINIATURE COAX LOAD

Model PCX-050-M-29 is a 200 W peak, 20 W
CW average conduction-cooled broadband
durmmy load. It covers the dc to 18 GH~
frequency range with a SWR of 1.35 maxi-
mum; impedance i1s 50 ohms. Unit's maxi-
mum heat sink temperature is 100 C. Con-
nector is stainless steel SMA male type con
forming to MIL-C-39012. Price: $105, 1-9
qty. Avail: 12 wks ARO. KDI Pyrofilm
Corp., Whippany, NJ. Pat Daniels,

(201) 478-0302. Circle 152,

TO-8 DOUBLE BALANCED MIXER
FOR 3.7-4.2 GHz BAND

Model MC24T s a TO-8 package double bal
anced mixer designed to operate in the 3.7
4.2 GHz satellite communication band.
Mixer typically features 4.5 dB conversion
loss, L-R isolation of 33 dB, L-l isolation of
20 dB and SWR of 1.6. Price: $39.75, qty.
of 100. Del: 2-3 wks. Magnum Microwave
Corporation, Sunnyvale, CA. David Feal-
koff, (408) 738-0600. Circle 156.

Circle 171.

April — 1981

SPST SWITCH RATED FROM
0.3-18 GHz

A single pole, single throw switch, Model
SWO316, is oftered for use over the full
300-18,000 MHz range. Unit provides 40
dB minimum isolation, with typical figures
greater than 60 dB over most of the band.
Insertion loss varies with frequency between
1 to 4 dB maximum. Worst case switching
speed 1s 50 ns maximum for rise and fall
times for 10-90% points. Switches are rated
at 50 W peak, 1 W average. Externally sup-
plied voltages required are +5 Vdc at 100
mA and -5 Vdc at 30 mA, in addition to
the logic drive. Size: 1.5 sq. x 0 44" thick,
including mounting flange. Price: $250,
small qty. Avail: 45-60 days ARO. Engel-
mann Microwave Company, Montville, NJ.
Carl Schraufnagl, (201) 334-5700. Circle 149.
{continued on page 90)

All the people in metrology, EMC, medical research,
simulation and component testing. Our 250 CW Signal
Source, Model EP250C, covers the 50 to 2000 MHz
range with individually calibrated RF oscillator plug-ins.
Complete with: Digital readout of forward and reflected
power. Solid-state main frame. Direct reading frequency
dial. Regulated supply voltages. Wide-range power ad-
justment. Safety circuits. Write, call or wire for details.

EFSCO e

411 Providence Highway, Westwood, MA 02090
(617) 329-1500 - TWX: (710) 348-0484
Export: France, Elexience - Israel, Racom Electronics
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{from page 89) NEW PRODUCTS

GaAs FET AMPLIFIERS FOR
18-26.5 GHz BAND

Series AMT-26030 are GaAs FET amplifiers

which cover the 18-26 GHz frequency range.

Performance specifications for the series in-
clude a choice of 10-44 dB minimum gain
(standard values are 17, 26, and 35 dB),
with + 2.0 to + 2.5 dB full-band gain flat-
ness and + 12 dBm minimum output power
{at 1 dB gain compression). Amplifiers offer
+22 dBm typical intercept point for inter-
modulation products; a3 2.2 maximum input
and output SWR (at 50 ohms) and they
operate from +12 Vdc at 200-500 mA.
They can be qualified to MIL-E-5400, MIL-
E-16400, and MIL-E-4158 and meet EMI
requirements of MiL-STD-461. Del: 90
days ARO. Avantek, Inc., Santa Clara, CA.
James Orr, (408) 727-0700.

Circle 145.

OF THE FAMILY

Nothing less, since 1942.

0-26.5 GHz » .
0O-18.0 GHz

TTL LOGIC
’

e

:

the asking.

MEET SOME NEW MEMBERS

These new cooxial switches are part of o proud
fomily. One known for pedformance, reliobility,
dependobility and quality. Specify
that dollar for dollar our cooxial switches are the
best products in the industry. TRANSCO quolity.

Our fomlly\albun_\ will give you the application
and installation'details for these and hundreds
more. Our 92 page switch catalog is yours for the

~,

them knowing

TRANSCO PRODUCTS, INC.

424) Glencoe Ave.
Mavrina Del Rey, California 90291 U.S.A.

AN EQUAL OPPORTUNITY EMPLOYER M F.
Tel: (213) 822-0800  Telex 65-2448

FOR EMPLOYMENT OPPORTUNITIES IN RF ENGINEERING, CALL CHRRLIE TRLBOT,

TWX 910-343-6469

TPig
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SERIES OF DIELECTRIC
RESONATOR OSCILLATORS

The DO-Series dielectric resonator oscilla-
tors are available in the 4,6, 12, and 16
GHz frequency ranges. Oscillators incorpo-
rate either Si bipolar transistors or GaAs
FET's; they are intended for local oscillator
applications. Frequency is set by a screw-
driver/locking adjustment after applying a

+ 12 V supply to the oscillator. Size: 1.0"'
x 1.5" x .75", a larger configuration {3"'

x 4" x 2.5") includes controller. Frequency
Sources West Division, Santa Clara, CA.

E. Brown, (408} 727-8500. Circle 151.

HPA COMBINER FOR SAT, UPLINK
STATIONS

High power amplifier {HPA) combiners
which combine the outputs of two 3.5 kW
HPA'’s are offered for use in the 5.925 to
6.425 GHz uplink band. Combiners offer a
minimum of 28 dB isolation between HPA
inputs. Switches used in the combiners re-
quire no cooling, terminations receive cool
ing through a dual blower system. A com-
biner serving 3 HPA's (holding one as a re-
dundant spare) is also available. Logus Manu-
facturing Corporation, Deer Park, NY. Rob-
ert Vanson, (516} 242-5970. Circle 155.

TUNABLE WAVEGUIDE FILTER
A six-section waveguide filter, =501575,
which features direct frequency readout and
incorporates a lowpass filter to eliminate all
frequencies except the band of interest up
to 18 GHz. Tuning range is 8.0-9.6 GHz and
3 dB BW is 55 MHz. Rejection is 35 dB
minimum at 100 MHz maximum, insertion
loss is 1.9 dB maximum and SWR is 1.65
maximum, Price: $2175. Avail: 8-10 wks
AROQ. Coleman Microwave Co,, Edinburg,
VA. Ken Coleman, (703) 984-8848.

Circle 146.

DUAL OUTPUT MIXER
PREAMPLIFIERS

A series of mixer preamplifiers, FMA2638,
offer overlapping coverage of the 600 MHz
through 2.8 GHz frequency bands. Model
FMA2638-1 covers the 0.6-1.25 GHz fre-
quency range; FMA2638-2 covers 1.05-1.75
GHz and the FMA2638-3, 1.6-2.8 GHz,
Standard IF is 70 MHz and 1 dB IF band-
width is 20 MMz for the series. Two isolated
50 ohm outputs at 70 MHz are provided.
Sage Laboratories, Inc., Natick, MA. Ken
Paradiso, (617) 653-0844. Circle 158.

MINIATURE WIDEBAND DOUBLE
BALANCED MIXER SERIES

Series 12100 are wideband double balanced
mixers with a volume of .109 cu. in. Mixers
are designed to gperate and meet specifica-
tions in the RF/LO range of 4-18 GHz and
an IF range from dc to 750 MHz. Series
offers a conversion loss of 5 dB typical over
the entire frequency band while maintaining
maximum conversion loss of 8 dB over the
4-18 GHz frequency spectrum. Design con-
forms with the requirements of MIL-E-5400
Class 1 and 2, including operation over the
temperature range of -54°C to 100°C. Price
$300 each. Norsal Industries, Inc., Central
Islip, NY. Norman Spector, {516) 234-1200.
Circle 163.
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STEP ATTENUATORS WITH INTERNAL DRIVERS

Two 7-section connectorized solid state step attenuators,
=100C1585 and #100C1595, offer 63.5 dB total attenuation in
0.5 dB steps. Devices incorporate hermetically sealed thin film
construction with internal drivers operating from 30-500 MHz.
Part No. 100C1585 uses CMOS drivers requiring +5 to +15 Vdc
@ 25 mA; Part No. 100C1585 uses CMOS drivers requiring +5
to +15 Vdc @ 25 mA, Part No. 100C1595 employs TTL com-
patible drivers requiring +5 Vdc @ 50 mA. Components offer
5 us nominal switching speed; +13 dBm RF power, plus 7-line
control and SMA connectors. Size: 1.75"' x 3’ x .54"’. Daico
Industries, Inc., Compton, CA. Jim Adamson, (213) 631-1143.
Circle 148.

GaAs FET AMPLIFIER FOR 3.7-4.2 GHz BAND

Model MC2016 GaAs FET amplifier covers the 3.7-4.2 GHz and
features a minimum gain option of 50 dB, with noise figure op-
tions from 85°K {1.12 dB) to 120°K (1.5 dB). In/out SWR is
1.20/1.5 maximum, and gain flatness is + 0.5 dB maximum. The
third order intercept is +20 dBm minimum and the 1 dB com-
pression point is +10 dBm minimum. Housing is a weatherproof
low profile A1 brazed case; power conditioning circuits are also
provided. M/A Electronics Canada Ltd., Mississauga, Ontario,
Canada. (416) 625-4605. Circle 157.

POWER DIVIDER FOR 3-18 GHz BAND

Model PD-4018 is a power divider designed for use in the 3.0 to
18.0 GHz frequency range. Unit offers a 0.5 dB typical insertion
loss at 3.0 to 16.0 GHz, with 0.6 dB typical at 3.0 to 18.0 GHz.
SWRis 1.6 at 3 to 18 GHz, typical (1.4:1 at 3-16 GHz). Typical
isolation is 15 dB over the full band; 22 dB is typical at 4-18
GHz. Price: $246, 1-24 qty. Del: Stock to 4 wks. ARO. Western
Microwave, Sunnyvale, CA, (408) 734-1631. Circle 161.

BANDPASS FILTER FOR 2155 MHz BAND

Model 3746 is a bandpass filter with center frequency of 2155
MHz with a bandwidth of 25 MHz, to pass both channels of the
MDS band. Selectivity is 30 dB (minimum) + 65 MHz. Unit is
weatherized and has N type connectors. Microwave Filter Com-
pany, East Syracuse, NY. Emily Bostick, (800) 448-1666.

Circle 162.

SATELLITE TV
RECEIVER/MODULATOR

Model 1000 TVRM is a satellite TV receiver/modulator which
combines 24-channel synthesized receiver circuitry with a high
performance modulator. The 3.7-4.2 GHz receiver features

+ 0.001% synthesizer stability from 0° to 50 C and linear dis-
tortion of less than + 1.5%. The modulator has a video response
of + 0.5 dB {10 Hz2-4.2 MHz). Output frequency at any standard
VHF channel at +40 to +60 dBmV with spurious outputs -60
dBc. Both receiver and modulator input/outputs can be accessed
through the back panel. Unit has a 30 W power consumption
and uses 115 Vac, 50 to 400 Hz prime power. Microdyne Corp.,
Ocala, FL. (904) 687-4633. Circle 164.

DUAL CHANNEL ROTARY JOINT

Model 2222 is a non-contacting dual channel rotary joint which
operates over the 1.03-1.09 GHz frequency band. Unit operates
at 300 W average power, 2.5 kW peak power. Life is 36,000 hrs.
at 10 RPM. Kevlin Manufacturing Company, Woburn, MA.
Ernest Lattanzi, (617) 935-4800. Circle 163.

DUAL MODE FILTER SERIES FOR X-BAND

A series of dual mode filters are designed for use in the X-band
region. Special coupling and tuning elements excite TE111 mode
orthogonally providing the isolation of a 2-section design from a
single cavity. Filters can be specified with 2, 4, or 6 sections in
the 1-18 GHz frequency range. Bandwidths can range from 0.1%
to 1.5%. Insertion losses of the waveguide resonator filters are
typically near 1 dB. RF terminals can be waveguide or coaxially
(SMA s standard) coupled. Price: from $400. Avail: from 60
days. K & L Microwave, Inc., Salisbury, MD. Charles Schaub,
(301) 749-2424. Circle 154.
fcontinued on page 92)
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CATALOG UPDATE

Electronic Switches

Lorch Electronics’ Catalog
ES-788 describes a compre-
hensive line of electronic
switches for the frequency
range of 0.5 to 1000 MHz in a
variety of models, many with
TTL compatible drivers.

Series ES-102 through ES-
233 are of balanced design,
covering the range 0.5 to 500
MHz in SPST and SPOT mod-
els, with switching times as
short as 1.0 nanosecond, with
low VSWR and low insertion

loss.
Series ES-341 through ES-363 are also of balanced design
with SPST and SPDT models, with TTL compatible drivers.
They cover 1.0 to 200 MHz, with high power (to +30dBm)
models available. Isolation to 80dB is achieved. All models
have low VSWR.

Series ES-381 through ES-501 are of single-ended TTL
compatible design. They cover 30 to 1000 MHz with insertion
loss as low as 2.0dB at 1000 MHz and isolation as high as
100dB to 500 MHz. Configurations are available from SPST to
SP32T. High power units are rated to +35dBm. All models
have low VSWR.

Both PC board mounting and connector versions are avail-
able. Catalog ES-788 defines such parameters as switching
time and switching-signal power density spectrum.

Circle No. 85

Microwave Bandpass Filters

Lorch Electronics’ 16-page
illustrated catalog, No. 778,
describes the company’s full
line of microwave bandpass
filters.

The frequency range of 30
MHz to 12.4 GHz is covered by
seven separate types of filters:
Helical Resonator, Coaxial
Cavity, Miniature Coaxial Cav-
ity, High Power Cavity (3.5kW
cont.), Cylindrical Cavity, Rec-
tangular Waveguide, Wide-
band Rectangular Waveguide

Coaxial and cylindrical cav-
ity filters are available fixed
tuned or tunable. The tunable configurations are gang-tuned,
equipped with numbered multi-turn dials or with direct fre-
quency read-out.

Circle No. 86

Mixers and Mixer-Preamp

A new 20 page mixer catalog,
No. FC-794, has just been
issued by Lorch Electronics
Corp. It describes a total of 87
different types of mixers, rang-
ing from 10 kHz to 11 GHz.
They include low power ver-
sions (0dBm LO), general pur-
pose mixers (+7dBm LO), low
distortion mixers (+13dBm
LO) and ultralow distortion
mixers (+20 to +27dBm LO).

A low distortion FET mixer
capable of handling 1 watt of
RF input is also shown. High
isolation mixers are described, as well as mixers designed for
low VSWR. Mixers are available as connector versions, flat-
packs and printed circuit mounted units.

The catalog also describes a series of mixer-preamplifiers,
contained in a 0.81"x0.81"x0.15" flatpack housing.

A mixer selection chart is included for ease in choosing the
proper mixer for a specific application.

Circle No. 87

LORCH ELECTRONICS CORP.

Ie 105 CEDAR LANE, ENGLEWOOD, NEW JERSEY 07631

201-589-8282 « TWX: 710-991-9718




(from page 91) NEW PRODUCTS

VOLTAGE TUNABLE BANDPASS
FILTER

Model ETF-400-600-2 is a constant band-
width, two-pole voltage tuned filter covering
the 400-600 MHz frequency band. Band-
width 1s 50 + 5 MHz at the -3 dB point. In-
sertion loss 1s 3.5 dB, max. Unit has imped-
ance of 50 ohms, SWR 1s 1.8 maximum.
Third order intercept pointis + 18 dBm re-
ferred to the output and power handling is
+20 dBm maximum. Lineanity is + 3%,

+ 1% with optional lineanizer. Tuning time
between any two points is 20 ns, typical,
and tuning voltage 1s 1.5 - 10 V. Available
with SMA female type connectors for RF
and solder pin for tuning. Size: 0.75"" x
2.0 x 1.5" exclusive of connectors. Price:
$335, 1-9 qty. Avail: 30 days. American
Microwave Corp., Damascus, MD. Raymond
Sicotte, (301) 253-6782. Circle 143.

COMPUTER-CONTROLLED

TUNABLE FILTER
A line of digitally-addressable tunable RF
filters are offered in 22 standard models
{3 or 5 sections) covering 11 frequency
bands between 48 MHz and 4 GHz. Each
model tunes over a 2:1 frequency range for
a full octave coverage. Featuring microproc-
essor-based control, filters tune in less than
2 seconds. Applications include antenna
co-location interference elimination and
preselection in IFM systems. Price: Approxi-
mately $2,500 each. Avail: 60 days, produc-
tion qty.; 1 wk., small gty. Telonic Berkeley,
Subsidiary of Berkeley Industries, Laguna
Beach, CA. Adam Reed, {714) 494.9401.
Circle 159.

DOUBLE BALANCED MIXER
SPANS 2-4 GHz BAND

Model MD-176 is a double balanced mixer
covering the 2-4 GHz band. It features 4.5
dB, typical, 6.0 dB, max. conversion loss,
0 dBm starved LO operation without bias,
and isolation typically greater than 25 dB.
Unit is available in a 3-pin hermetic module
or SMA connectorized modets which can be
screened to MIL-STD-883. Price: $225,
module; $300, connectorized version in 1-5
qty. Avail: from stock. Anzac Division,
Adams-Russell Co. Inc., Burlington, MA.
Mark Rosenzweig, (617) 273-3333.

Circle 144.

TUBULAR AND LC FILTERS

A line of tubular and LC filters are available
for the 2 MHz to 10 GHz frequency range
which can be optimized for each applica-
tion by a CAD system. Filters exhibit a
typical 0.01 dB Tchebysheff or Butterworth
response. Filters that operate outside of the
2 MHz to 10 GHz frequency spectrum and
filters with Gaussian, Bessel or linear phase
responses are also available. Tubular band-
pass filters have 3 dB bandwidth ranges
from 1 to 100% of center frequency; LC
bandpass filters have 3 dB bandwidth

ranges from 2-125% of center frequency.
Standard filters come with 2-12 sections,

50 or 75 €2 impedances, 17 connector types,
and average power ratings up to 200 W. Fil-
ters conform to MIL-E-5400, MIL-STD-202,
MIL-E-8189 and MIL-F-18327. Del: 4-6
wks. Wavetek Indiana, Inc. Beech Grove, IN.
John Duval, (317) 787-3332. Circle 160.

appropriate.

Senior Product

Development Engineer

3M’s Electronic Products Division at 3M Center in St. Paul,
Minnesota, has an immediate opening for a BS/MS EE,
Physicist or ME with a background in microwave design.
Either a materials or component related experience is

Responsibilities involve product and test development for the
microwave products industry. Interface with sales, customers

s RESEARCH REPORT ===

CHINESE
AND
RUSSIAN
COMMUNICATIONS
MARKETS

e Evaluates the potential for Western
sales of communications equipment
to China and the USSR, including an
identification of the most promising
market sectors for the 1980°s.

Documents the recent history of com-
munications equipment sales to China
and Russia, with an actual account of
every significant sale of television
equipment, telephone gear, microwave
and satellite devices, facsimile trans-
ceivers, instrument landing gear and
marine communication equipment.

Contains an overview of the current
market environment in China and
Russia, with an examination of the
attitude of the respective govern-
ments toward foreign trade and im-
ports of technological equipment.

Reviews the opportunities and con-
straints in relation to marketing in
China and Russia, along with a dis-
cussion of possible future export con-
trol considerations.

285 pages; 41 exhibits; published
December 1980; price $985.00.

For free descriptive literature and a

and manufacturing required. Approximately 10% travel.

Qualified individuals should send their resumes in
confidence to Dennis G. Nelson/3M.

detailed table of contents, contact:

Staffing & Employee Resources
3M Center |
St. Paul, Minnesota 55144

INTERNATIONAL RESOURCE
DEVELOPMENT INC.

30 High Street

Norwalk, CT 06851 U.S.A.
Phone (203) 866-6914
WU Telex 64-3452
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The First Line:

Antennas

A6400 Series

Features:
» Multioctave Performance

2-40 GHz
0.5-4 GHz

2-18 GHz
100 MHz-1 GHz

100 MHz
through
40 GHz

s Slant Linear or Circular Polarization
s Low Deviation from Omni
s Single Antenna or Multi-Antenna

Configuration

For further information on Antennas,

call or write EM Systems, inc.

April — 1981

Biconical Omni

Sn

EM Systems, Inc.

290 Santa Ana Ct., Sunnyvale, California 94086

(408) 733-0611
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There
areonly
two things
you need for
fast delivery
of any
microwave
component.

Your
telephone

and
our catalog.

Our catalog provides a single source for
your microwave component needs. And
most of the more than 10,000 precision
items we make are kept in stock for im-
mediate delivery. No searching suppliers
for the particular part you need, no
tedious delays while you await shipment.
Before it slips your mind, send for our
latest catalog. You'll be thankful later on.

MICROLAB/FXR,
the supermarket
of microwave

components

@

Ten Microlab Rd., Livingston, N.J. 07039
Telephone (201) 992-7700

CIRCLE 57 ON READER SERVICE CARD
94

New, | || /Literature

POWER MEASURING EQUIPMENT
BROCHURE

A brochure describing a complete line of
microwave power measuring equipment is
offered. A self-calibrating digital power me-
ter, a self-calibrating analog power meter,
and a senes of coaxial and waveguide power
heads for measurements to frequencies of
40 GHz and power levels to 3 W are fea-
tured. General Microwave Corporation,
Farmingdale, NY. Moe Wind, {(516) 694-
3600. Circle 137.

TERMINATION INSENSITIVE
MIXER TECHNICAL REPORT

A technical report on Termination Insensi-
tive Mixers (TIM)} features circuit design
analysis, performance comparisons as well as
actual test results, unit specifications and
mechanical outlines. The 16-page report
compares TIM devices to other double bal-
anced mixers. Detailed specifications cover-
ing dc to 8 GHz models are provided. Anzac
Div., Adams-Russell, Burlington, MA, Mark
Rosenzweig, (617) 273-3333. Circle 135.

APPLICATIONS MANUAL FOR
AUTOMATED SWEPT ANALYZER

AN-20 is an applications note which de-
scribes the operation of the Model 1038/
N-10 automated swept measurement system.
The 16-page manual provides instructions
for system use with or without IEEE bus
control. Step-by-step measurement proce-
dures are outlined which assist end-users in
making more accurate measurements. Pacific
Measurements, Inc., Sunnyvale, CA. Ed
Mendel, (408) 734-5780. Circle 140.

CATALOG ON EARTH STATION
FILTERS

Catalog MTV /81 describes filters used with
3.7-4.2 GHz earth stations. Bandpass filters
for single transponders and for 70, 700, 820
and 1200 MHz IF are included. |F traps for
+ 10 MHz terrestrial interference are also
shown. Microwave Filter Company, Inc.,

E. Syracuse, NY. Emily Bostick, (315) 437-
3953. Circle 138.

SHORT FORM CATALOG OF
PASSIVE RF COMPONENTS

This catalog for a line of passive RF com-
ponents has 16 pages of information on
fixed attenuators, high power fixed attenua-
tors, OEM and variable attenuators, step at-
tenuators, resistive power splitters and divid-
ers, terminations and loads, connectors and
adapters. In addition, the catalog contains
specification summary tables on each prod-
uct category and a summary of the com-
pany’s instrumentation product line. Wein-
schel Engineering, Gaithersburg, MD. Julian
D. Parker, (301) 948-3434. Circle 142.

IMPROVED “RG” TYPE COAXIAL
CABLE BROCHURE

A four-page full color brochure describes
an improved line of "RG’’ type coaxial ca-
bles and assemblies which utilize a new form
of PTFE (Teflon) insulation. Trademarked
GORE-TEX Expanded PTFE, the unique
microporous structure of this insulation
material preserves the premium properties
of PTFE while reducing the dielectric con-
stant to 1.3. Reduction in weight, lower
attenuation, and improved phase and loss
stability are the primary advantages inher-
ent in these cables. Standard cables are com-
pared to RG types. W. L. Gore & Associates,
Inc., Newark, DE. (302) 738-4880.

Circle 172.

WIDEBAND AMPLIFIER
LINE DATA SHEETS

A line of high performance dc to 500 MHz
dc coupled wideband amplifiers is described
in a series of data sheets. Appropriate ap-
plications include digital telecommunica-
tions and general instrumentation work.
Comlinear Corp., Loveland, CO.
(303) 669-9433. Circle 136.

SHORT FORM CATALOG OF
ELECTRONIC COMPONENT LINE

A 28-page short form catalog which pro-
vides electrical and mechanical specifica-
tions for a line of electronic components
includes specifications and applications for
JFD Electronic Components Corp.’s line of
variable and fixed microwave capacitors.
Capacitance values from 0.1 to 1000 pF are
offered in a variety of fixed value styles.
Variable models provide ranges of 4:1 to 7:1
in two styles. Murata Corporation of Amer-
ica, Marietta, GA. (404) 952-9977.

Circle 139,

SOLID STATE AMPLIFIER
PRODUCT GUIDE

This is a 32-page, 1980/1981 Product Guide
to a line of solid state microwave amplifiers
for wideband and narrowband applications
from 5 MHz to 18 GHz. Multi-octave models
for EW applications, an 80°K 4 GHz ampli-
fier and a 3.0 dB 12 GHz model are featured
in the Guide. Amplica, Inc., Newbury Park,
CA. Nick Pena, (805) 498-9671. Circle 134.

BROCHURE ON SIGNAL SOURCES

A 6-page brochure describes the “‘E" series
of microwave signal sources, a line consisting
of four units with overlapping frequency
ranges, from 0.8 GHz up to 11.0 GHz. Spe-
cification data for the four klystron cavity
tuned oscillator sources and their features
are highlighted. Available options and ac-
cessories are described. Polarad Electronics,
Inc., Lake Success, NY. (516) 328-1100.
Circle 141.

MICROWAVE JOURNAL



—
~ Solid State
oise Sources

;‘ducts for Noise Measurement
iy from 1MHz to 40,000 MHz

i INSTRUMENT NOISE SOURCES

| WIDEBAND COAXIAL SOURCES (1 to 18000 MHz)

| 3

T MC 601

COMMERC

Model Frequency Power Req
! Number Range (MHz) tNR Flatness Max
MC 200 1- 500 42.0dB + 1.50dB | +24V. 1mA
MC 201 1- 500 42.0dB + 1.50dB | + 12V. ImA
' MC 1000 10- 1500 35.0dB + 050dB | + 28V, I0mA
) MC 1100 i0- 1500 15.5dB + 0.50dB | + 28V.10mA
MC 1040 10- 4000 25.5dB + 0.50dB | + 28V, 15mA
MC5112 1000 - 12400 25.5dB + 0.50dB | + 28V.15mA
MC5118 1000 - 18000 25.5dB + 0.50dB | + 28V, I15mA
MC 50018 5 - 18000 25.5dB + 0.75dB | + 28V. 15mA
STANDARD BAND COAXIAL SOURCES
(1000 to 26500 MHz)
MC5012 | 1000- 2000 30.0dB + 0.50dB | + 28V, 15mA
MC 5024 2000 - 4000 30.0dB + 050dB | + 28V.15mA
MC 5048 4000 - 8000 300dB | +050dB | + 28V.I5mA
MC 5812 8000 - 12400 30.0dB + 050dB | + 28V.15mA
MC51218 12400 - 18000 28.04dB + 0.50dB | + 28V.15mA
v MC 51826 18000 -26500 25.5dB £+ 0.75dB | + 28V.15mA
- WAVE GUIDE BAND SOURCES
(GAS TUBE REPLACEMENTS) (4000 to 40000 MHz)
MC 5046W 3950 - 5850 15.5 dB + 0.50dB | + 28V. 15mA
MC 5068W 5850 - 8200 15.5dB + 050dB | + 28V.15mA
MC 5812W 8200 - 12400 15.5 dB + 050dB | + 28V.15mA
MC51218W | 12400 - 18000 15.0 dB + 050dB | + 28V.15mA
MC 51826W | 18000 -26500 25.0dB £ 2.00dB | + 28V.20mA
MC 52640W | 26500 -40000 23.0dB + 3.00dB | + 28V.20mA

L NOISE FIGURE METERS)

Figure Meters

MC 602

AAPTOR FOR HP 340 and HP 342 Series Automatic Noise

ADAPTOR FOR AIL Model 74 Noise Figure Meter

’ éhmcaowms RESQURCE

>f So d St.(e Noise Sources allow
bnwdbmd noise -figure
ae\ny “octave-bands of

; ase call or write for
asurement Product Data
: Product Guide.

D UCIOR CORP.




We've got millimeter-
wave measurement right
on the button.

When it comes to mix-
ing millimeter-waves or
millimeter-wave components,
nobody does it better than
Hughes.

Take our Model 4743xH
Mixer, for example. It's now

completely compatible with
Hewlett-Packard's 8566A
Spectrum Analyzer. Now,
for the first time ever, signals
as high as 220 GHz can
have their spectrum dis-
played and frequency read
out simultaneously with
pushbutton simplicity. And
with frequency readout
accuracies of 100 Hz at
100 GHz.

That's six orders of
magnitude better than fre-
quency meters offer!

Helping others simplify
frequency measurements
is one of the many ways
Hughes provides big solu-

tions using millimeter-waves.
We've designed systems
for a wide variety of military
applications, for universities,
metrology, even plasma
physics. Our involvement
in millimeter-waves covers
nearly two decades and
includes a broad spectrum
of components, instru-
mentation, and some pretty
impressive technological

breakthroughs.

Like our IMPATT
Sweeper System, a solid-
state millimeter-wave gener-
ator that delivers leveled
output power with frequency
linearity, yetis much smaller
and more reliable than con-
ventional sweepers.

Combination of Hughes
(Model 4743 xH Series)
External Mixer and Hewilett
Packard 8566A Spectrum
Analyzer

So if you're planning
to use millimeter-waves
in your application, or need
a solution to a millimeter-
wave problem, call us today.

For free application
notes and catalogs, write
or call Hughes Electron
Dynamics Division, 3100
West Lomita Boulevard,
P.O. Box 2999, Torrance
California 90509, (213)
517-6400

HUGHES |

&
|
L
HUGHES AIRCRAFT COMPANY
ELECTRON DYNAMICS DIVISION
Making waves in millimeter- wave
technology.
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