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The performance you need...

the economy you want.
100 kHz to 40 GHz

Here’s what Polarad’s new refined  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 & 640B)

) e 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. * Model 6488 Adapter for the GPIB, IEEE-488 Bus.

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

U.S.A. Prices (Jan. 81)

Freq. Range Without Including

Memory Memory
100 kHz to 2 GHz N/A $10,175
3MHzto 40 GHz $12,460 $14,285
3MHzto 40GHz $16,170 $17,995
with internal

Call or write for complete specitications presalbant

or to request a demonstration.

@ polaracd polarad pc

Polarad Electronics. Inc. 5 Delaware Dr. Lake Sucess N.Y. 11042 Tel: 516-328-1100 TWX: 510-223-0414
CIRCLE 17ONREADERSERVICE CARD
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Are your customers

pecking away for
more space?

K&1. Microwave

“ITTYBITTY” filters
are your answer.

K&L offers the smallest size available. And the
largest number of design options in the indus
try. With eleven years in the microwave filter
industry and a complete manufacturing facil
ity, K&L can cover all aspects of producing

Manufacturing filters for every need:

e TUBULAR * LUMPED COMPONENT
e HELICAL * WAVEGUIDE
e CAVITY °* TUNABLE

your filters—from computerized design and
computerized machining through automated
testing.

Contact us with your most stringent require-
ments—we won’t Chicken out!

KoL

408 Coles Circle
Salisbury, Md. 21801
301/749-2424
TWX/710-864-9683

CIRCLE 4 ON READER SERVICE CARD



TWO WAY 90 TWO WAY 180 TWO WAY 0 THREE WAY 0
(1.4.4200 MHz) {10 KHz-500 MHz) (2 KHz-4200 MHz) {0.01-750 MHz)

the world’s largest selection. ..
covering 2 KHz to 4.2 GHz

Min. insert.
O 0 p $ 95 Freq. isol-dB loss-dB See
Ol I l - lrcmts from range (Mid- {Mid- notes Price
’ Mode! (MHz) band) band) below  (Qty)
2-WAY 90°
. PSCQ2 1 14-17 25 07 2 1296 (5 49
Over 105 standard models 2-way to 24-way, 0°, 90°, 180", K 1038 25 07 2 $1695 (549
pin or connector models. . . Mini-Circuits offers a wide vari- 2 B 2% b A g
i 3 H PSCQ2 105 G011 20 07 2 $12 9515 4
ety of Power .Sphtters/Combmers to chqf)se f.roT. with PeC 02 13 T o 3 2 5129554
immediate delivery. But there are always *‘special’” needs e o 4 " 3 B
o a o 9 . A o o J 3 E
for ‘‘special applications™ ... higher isolation, SMA and Pacaaed 2550 3 z g St
. " 7 { $ 15
Type N connectors Intermixed. male connectors or wide PeCQ2 -'«zr 500 20 ; 2 Elags 4n
R TQ2 12 S0 120 1 ( 199515 i
bandwidths. Contact us. We can supply them at your re- PoCO 2 1M 120 1% 15 07 2 1909 (54m
quest. .. with rapid turnaround time. Naturally, our one year R 1 14 % R B
i i PSCQ 2 451 3500450 16 ) 2 L1095 (549
guarantee applies to thgse units. 75CQ 2 50 25 50 20 7 23 8399314 20
For complete specifications and performance curves SRR e = g IS N LN
4 i ) Bt ’ . 7 Z (SpR S |
refer to the Microwaves Product Data Directory, EEM, or ZMSCQ 2 50 2550 20 07 24 8499514 24)
ZMSCQ 2% 55 % 20 07 24 34995427
the Gold Book. ZMSCQ £ 180 120 180 15 07 24 4995323
2APDQ 1 500 1000 20 09 213 $599511 9
ZAPDQ 2 1000 2000 18 0ne 213 $9951%
ZAPDQ 4 2000 420 20 09 213 $599511%
2-WAY 180
PsCl 21 1 20¢ 25 Hx 31995 (544
it SO B
2 1 $37 95,
Mini-circuits 2S8C1 22 Y1 20 1'; 15 3 547‘))u444
ZMSC 2 ) 1208 25 08 4 347 95 (4 24
ZMSCJ 2 2 12 25 05 4 $S{"H14 24
A Dwision of Scientihc Components Corp Z2FSCI2 1 1.5¢ 25 i) 5 U995 4 4
World's largest manufacturer of Double Balanced Mixers 2FSC) 23 300 25 15 $39 95 14 24)
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156
1 75 ohms impedant e BNC connactors standard TNC available SMA
2 Average of coupled outputs & Type N availabie at $5 additional cest

fess BNC and TNC connectors (SMA and Type N
3 BNC s standar at 5 additional coat ) (BNC ¢ available
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I'd 9
P
D
FOUR WAY 0 SIX WAY 0 EIGHT WAY 0 SIXTEEN WAY 00 TWENTY FOUR WAY 0
(2 KHz-4200 MHz) (1-175MHz) {0.01-750 MHz) (0.5-125 MHz) (0.2-100 MHz)
Max. Max.
Min. insert. Min. insert.
Freq. isol-dB loss-dB See Freq. isol-dB loss-dB See
range (Mid- (Mid- notes Price range {Mid- (Mid- notes Price
Mode! (MHz) band) band) below (Qty.) Model (MHz) band) band) below (Qty.)
2-WAY 0° 4-WAY 0°
Ps( 140 20 0748 $9 95 1.4 PS¢ 41 | 20 20 0.75 328 95 {649
PSC 2 1W 1 65 20 i L1495 (6 4% PSC4 175 1200 20 9 1 424 95 (49
PsC 2 02 20 6 {19 4% PSC 4 3 2525 20 75 $2395 (649
PSC2 1 25 20 5 311495 (649) PSC4A 4 10 100 15 15 £49 95 (i 49)
PSC 23 K 25 5 $149 95 i6-24) PSC 4-¢ 140 25 5 $29 95 i 49)
PsC 24 1x 20 $149.495 (649 Z8C 41 1.2(8 201 7 46 495 (4 24)
MSC2 1 145 20 $16.W 24 25C 4175 20 13 ¥ 124}
MsC 21 A 25 J 179 24 25C 42 25 3 $60 95 14.29)
75¢ 4 20 $27 95 14.24) 75C 43 20 3 34395 14.24)
25C 217 3 2t RS ] ZMSC 41 1 20 ] ) q St 45 (4.24)
250 201 L 20 S > + 24 IMSC 4.2 25 4 7095 19 24y
A SRy 20 17 %5 ZMSC 43 20 3 §53 95 (4.04)
25C 237 L] 25 3 124 ZFSC 41 Iw) 15 1 5 Y, )]
ZMSC 14 20 J 3 S 14-24) ZFSC-5 1W WX 20 1 R EYL R 41
ZMSC 2 1N P 2t 3 ' L5 (429 ZFSC 4475 W 30 1 18 $8’9G5114)
IMSC 22 2 $47 5 1424 2A4P0 2 0 200 18 1 14 37995019
2FsC 2 » 20 { £31 95 1424 ZAIPD4 LLIF 18 1 14 $7995(1 9
ZFSC 2 201 202 U5 1424
ZFSC 2 1W 2 X 3 IRE DA -]
2FSC 1 $30.05 14209} 6-WAY 0
ZFS(C 4 A 1 1 ¢4 PSC 6 1 11 18 10 Lo 1
ZFSC 14- 150X 3449 .95 (424 ZFSC b1 1-17% 20 122 9 49 14)
ZESC g1 2 40 495 (424
ZFSC iy 7 g 2 (1Y s u a0 ©
ZAPD 108 16 $34 149 8-WAY 0
ZAP[Y & JILELL 19 i ¢ 33995 (1 v PSCS 1 175 20 11 ik 95 (1
ZAPD 21 put = 0 PsC817 17 ! 8 $69 95 (1
ZAPD 4 ) B2 14 0% 10 u l PSC 8A 4 ( 1% = 389 0% 1
PSC R b 1 p 1 37U |1
< ZESG8-1 1 b4 1 IRY G5 |14
3-WAY 0 ZFSC 81 1 - 0 110 3M05 (14
Pse ' 2 9 4 ZFSC 837 A 2 3 11 > ) ]
PSC W 15 14 3 4 2FSC 84 -, 5 3 ¥ i
PSC ' 2 3 3 2FSC 80 2 3100 ]
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250 : 37595 14,24
25¢ " " v s
M ¢ 34795 )4 24 24-WAY 0
PASE 3 3 3 124 ZFSC241 s Lo ;
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raal
T OINC MA & Ty . BN . o« 12 BN v standard TNC avadable at $35
Pl P 0CH t ) tSMA at d Hioma 1 SMA avmilable ar 65 sdditonsl
R SMA conpecoe siandard. BNC on request 11 BNC conpectons standard. TNC available at 320 13 BNC emnmeltons Mot o tor ZAPDQ 41 TNC
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GO FOR EXPOSURE WITH

AN MIT-§1982 |

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

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

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

1981 MTT-S EXhibitO"S: 156 organizations exhibited at Los Angeles, June 15-17, 1981.

Advanced Absorber Products, Inc.

A.E.G. Teiefunken Corp.
Aercom Industries

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

Div. Bunker Ramo Corp.

Amplica Inc.

Amplifier Research

Anaren Microwave, Inc.
Andersen Labs.

Anzac Electronics/Adams Russell
Applied Engineering Products
ARRA Inc.

Artech House

Automatic Connector, Inc.
Avantek, Inc.

Aydin Microwave

Baytron Co., Inc.

Bendix Corp.

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

Daden Associates

Delta Microwave

Dexcel, Inc.

Diamond Antenna &
Microwave Corp.

Dielectric Labs., Inc.

Eaton Corp., Elect. Instr. Div

EEV, Inc.

EIP Microwave

EMC Technology

MICROWAVE JOURNAL

EMF Systems Inc.

Electronic Navigation tndustries
Engelmann Microwave Co.
EPSCO, Microwave Inc.

Epsiion Lambda, Electronics Corp.

EPSCO, Microwave Inc.

Filtronics

Frequency Sources, Inc.

Fujitsu Microelectronics Inc.

Gamma-f Corp.

General Microwave Corp.

W. L. Gore & Associates, Inc.

Hewlett-Packard Co.

Honeywell, Inc.

Horizon House

Huber + Suhner Ltd.

Hughes Aircraft Co., Ei. Dyn. Div,

ITM Systems Inc.

Integra Microwave

International Microwave Corp.

Isotronics

Johanson Mfg. Co.

Journal of Electronic Defense

KDI Pyrofitm Corp.

K & L Microwave, Inc.

Keene Corp., Chase Foster Div.

Keene Corp., Ray Proof Div.

Kevlin

Krytar

KW Engineering

Litchfield Microwave Lab

Locus, Inc.

Logimetrics, Inc.

Lorch Electronics

Luxtron

3M Company

M/A-COM Component
Companies

Magnus Microwave

MAST Microwave

Materials Research Corp.

Maury Microwave Corp.

610 Washington Street ¢ Dedham, Massachusetts 02026

Send me information on exhibiting at MTT-S 1982.

Name

Title

McDougalt/McLaughlin Co.

Merrimac Industries, Inc.

Metelics

Microlab/FXR

Micronetics, Inc.

Micro-Now Instrument Co.

Microphase Corp.

Microtek Co., Ltd.

Microwave Applications Group

Microwave E xhibitions &
Publishers Ltd.

Microwave Journal

Microwave Power Devices, inc.

Microwave Semiconductor Corp.

Microwave Supply Center,
Div. Cleland Co.

Microwave Systems News

MicroWaves

MIDISCO

Millis Research

Mitec Electronics

Miteq, Inc.

Motorola, Inc.

Mitsubishi Electronics

Narda Microwave Corp.

Norsal Industries Inc.

OKI

Omega Labs

Omni-wave Electronics

Pacific Measurements Inc.

Parametric Industries, Inc.

Passive Microwave Technology

Plessey Optoelectronics &
Microwave

Polarad Electronics, Inc.

Premier Microwave

Q-bit Corp.

Raytheon Co.

RF Associates, Inc.

RHG Electronics Lab Inc.

RL Components, Inc.

Rogers Corp.

Organization

Sage Labs, Inc.

Sivers Lab

Solid State Technology

Solitron/Microwave

Space Microwave Labs., Inc.

Sprague Goodman Elec. Inc.

Struthers Electronics Corp.

Summit Engineering

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

Systron-Donner Corp.
Microwave Div.

Technical Research &
Manufacturing

Tekform Products Co.

Tektronix Inc.

Telecommunications

Teledyne Microwave

Texscan Corp.

Thinco,-Div. Hull Corp.

Thomson-CSF Comp. Corp.
Electron Tube Div.

Thomson CSF Comp. Corp.
Semiconductor Div.

Thorson Co.

TRAK Microwave Corp.

TRW RF Semiconductors

Transco Products Inc.

A. J. Tuck Co.

U-Z, Div. Dynatech

Uniform Tubes

Varian Assocaites, EDG

Vectronics Microwave Corp.

Vichem Corp., Gel-Pak Div.

Watkins-Johnson Co.

Wavetek

Weinschel Engineering

Western Microwave Lab

The Wilkinson Co.

Wiltron Co.

Wincom Corp.

Zeta Labs, Inc

Address

City

State

Country
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1 Watt and now. . . 2 Watts linear output
from 50KHz to 1200 MHZ from 199

If your application requires up to 2 watts for intermodulation testing of compo-
nents...broadband isolation.. flat gain over a wide bandwidth...or much
higher output from your frequency synthesizer or signal/sweep generator. ..
Mini-Circuits’ ZHL power amplifiers will meet your needs, at surprisingly low
prices. Seven models are available, offering a selection of bandwidth and gain.

Using an ultra-linear Class A design. the ZHL is unconditionally stable’and can
be connected to any load impedance without amplifier damage or oscillation.
The ZHL is housed in a rugged ' inch thick aluminum case, with a self-contained
hefty heat sink.

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

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

*® Gain Max. Power Noise Intercept

Model Freq Gain Flatness Output dBm Figure Point DC Power Price
No. MH:z dB dB 1-dB Compression  dB 3rd OrderdBm_Voltage  Current $ Ea. Qty.
ZHL 3¢ i 25 M L } ¢ = Typ 244 [ 199 o
ZHL 3A 317 24 M 10 Ma ra N i =T 258 o 9o 14
ZHL 1A M N ! = i Vi ’ 1
ZHL-2 10 M 4 1 s ) bty 194 1
ZHL 2 X 1101 M M M 1 A 149 ( 1
ZHL 212 101 24M M M = Y | 19
ZHL- 1.3V b M RN . 2 4
Toe J A B
8" C oo + 4 W
28 5 dBm troe Mz - - [ ]
For detvded specs t mM -c c t
8- Lo g R INI-GIFrCUItsS
A won of Scienm, umponents Corporatnon
b At don Lo > World's largest manufacturer of Double Balanced Mixers
SINALTRNC: gt ] 2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200

Domestic and International Telex 125460 International Telex 620156
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the world’s smallest hermetically sealed mixers
40 KHz to 3 GHz MIL-M-28837 performance

The TFM Series from Mini-Circuits from$11%°

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

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

Manufactured to meet all the requirements of MIL-M-28837, the tiny but rugged
TEM units have become the preferred unit in new designs for military equipment.

Model Frequency Conversion Isolation dB. Typical Price
No. Range Loss dB.
MH:z Typical
One Lower Band Upper Band
Octave t dge to One L.dge to One
from Toal Decade Higher Mid Range Octave Lower $
B LO R} If___ BandEdge Range LO-RF LO-IF LO-RE_LO-It LO-RE LOIF __EA.__QIY
gl 11 )C 1 i 3

M [%
N < B C 125 Y

e [FM C 1
. B

For complete specifications and performance curves refer to the
19801981 Microwaves Product Data Directory. the Goldbook or EEM

E-Z Mounting for circuit layouts

Use the TFM series 1o solve your tight space
problems Take advantage of the mounting
ersatility—plug it upright on a PC board or

mount it sideways as a flatpac

L.—..,IMml-Clrcults

. Shrin
rids iargest manufdclurer of Double Baianced M xers

2625 East 14th S!reet rooklyn. New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156
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Signal Processing Components
DC-18 GHz e

e CATV and Data Transmission Earth Station Down Converters

¢ |[F/Microwave Integrated Subsystems
For more than 25 years, « High Power Ferrite Circulators and Isolators O.20-18 GHz

IF, RF and Microwaves has meant Merrimac.

Continuously Variable Power Dividers/Combiners | Image Reject Mixers

Attenuators 50 kHz to 18 GHz 100 kHz to 1 GHz

DC to 18 GHz ; E
attenuatort .
10-500mhz -.. ‘..
% i 24

Quadraphase (QPSK) | & Q Networks, Single & Double

Modulators: HF, VHF & UHF Balanced Mlixers

7O MHz, for ground based DC to 18 GHz

and satelite digital

communications

systems.

Low Noise Amplifiers O/180 Hybrid Tee Junction

Directional Couplers
50 to 400 MHz 2 MHz to 18 GHz

100 kHz to 18 GHz

low noise
amplifiers

Quadrature 9O Couplers | Phase Shifters Down Converter

100 kHz to0 18 GHz 200 kHz t0 25 GHz 37to 42 GHz

(3 dB Hybrid Dividers/ 5 <5 doi A s Ao Mol

Combiners) » Digitally Varicble |, “Earth Terminal
"2’;’,‘,’;‘,’.'7," phase ' Receivers

shiftees
01-.500mhs

.5-400mha

- -
C——
e
-

=

> -9
-
HR-11979 M-80

W
¥ M78-1 M-129A 0-1
H-Rel products Signal Processing Striphne VHE UH Hgh Power Saoteliite Earth Station
programs ang Compenents and and Mgrowave Ferrte Devices

Components for
capabiites upsysters Compenents 140 MHz 1918 TVRO & Data INDUSTRIES, |NCD|:":’D|:§ATED
DC 1o 165Hz e i 41 FAIRFIELD PL. W CALOWELL N J 07006 - 201

575 130 734-4314
10
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coming
Events

1981 PANAMANIAN Sponsor: IEEE Pan-
AND CENT. AMERI- ama Chapter. Place:
CAN CONF., IEEE Panama. Topics:
JULY 9-12, 1981 electrical and elec-

tronic issues of pri-
mary concern to Central America. Subjects
such as electrical energy, telecommunica-
tions systems, data systems, marine commu-
nications, will be featured. Approximately
60 exhibiting companies are expected to par-
ticipate. Contact: Ing. Antonio Raven, Apar
tado Postal No. 6-1997, El Dorado, Panama,
Panama. Tel: 52-7763.

3RD ANNUAL Sponsor: Satellite
SATELLITE Communications
COMMUNICATIONS magazine. Place:
USERS CONF. Regency Hotel,
AUG. 19-21, 1981 Denver, CO.

Subject: Satellite
applications and technology, with presenta-
tions by experts and exhibition of hardware
and services. Will hold live video-teleconfer-
ence via satellite with feeds to three remote
locations. Contact: Irl Marshali, SCUC ‘81
Conference Director, Satellite Communica-
tions, 3900 S. Wadsworth Blvd., Denver, CO
80235. Tel: (303) 988-4670.

EASCON 81 Sponsor: |IEEE
NOV. 16-19, 1981 Wash. Sect. and

Aerospace & Elec-
tronics Society, Place: Washington Hilton
Hotel, Washington, DC. Subject: Govern-
ment-Industry Interchange, including in-
creased federal military budget, new aero-
space system developments, and reduced
regulations of communication services. The
1981 Electronics and Aerospace Systems
Conference will also feature exhibition as
well as technical and classified programs.
Contact: Dr. Delbert D. Smith, Chrmn,
EASCON ‘81, COMSAT General Corp., 950
L’Enfant Plaza S,W,, Washington, D.C,
20024 Tel: (202) 8636822.

VI IR AND Call for Papers.
MM WAVE Sponsor:  |EEE,
CONFERENCE MTT-S, Place:
DEC. 7-12, 1981 Canillon Hotel,

Miammi Beach, FL
Sessions. Millimeter Sources, Devices or
Systems, Mm and Sub-mm Propagation,
Spectroscopy, Lasers, Imaging, etc. Submit
35-40 word abstract by June 30, 1981 to:
K. J. Button, M.1.T., National Magnet Labo
ratory, Cambridge, MA 02139. Tel: (617}
253-5561. %

June — 1981

N=SC
- Millimeter
Noise Sources

~
Y

-

for Noise Measurement
- . and Radiometer Systems
AR from 18,000 MHz
By to 40,000 MHz

FEATURES
oy Lcmg'ftrm Stability
* Extreme Temperature Stability
~ * Fast Switching Capability
* Withstands High Incident Power
“* No Damaging Spike Leakage
T

TRICAL CHARACTERISTICS (2 25°C)

Model Frequency Flatness Power Req
. Number Range (MHz) ENR Typ Max Max

."-. ” MC 51826W[18000-26500 | 25.0dB | +15dB +2DdB | +28V. 20mA £ ;

3 MC 52640W[26500-40000 | 23.0dB | 22 0dB +30dB | +28V. 20mA x 19 *
MC 7215W [19900-23100 | 25 0dB +060dB +28V.20mA | ":I‘
MC 7300W 129700-30300 | 23 0dB +0.60dB + 28V, 20mA e |

MC 7315W [31200-31800 | 23.04dB +060dB + 28V, 20mA p v
MC 7350W [34700-35300 | 23 0 4B £060dB +28v. 20mA [EEE
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The New
Microprocessor-Based
Scalar Network
Analyzer System.

Running itis as simple
as A,B,C,D,E,F!




I¥’s a Wiltron.

You're going to make accurate auto-
mated microwave measurements far easier
with Wiltron’s new Series 5600 Automated Scalar
Network Analyzer System over the 10 MHz to
40 GHz range. And you're going to make
them for less.

In truth, you're going to discover the
most accurate and easiest way ever offered fo
measure return loss, transmission loss or gain
and power automatically. You're going fo use a
powerful new system featuring distributed
microprocessor technology and state-of-the-art
microwave design.

Only Three Elements to the System

Each system consists of the Model 560
Scalar Network Analyzer, a 6600 Series Program-
mable Sweep Generator and the Model 85
Controller Connect the SWR Autotester and
Detector supplied, plug-in the factory pre-
programmed cartridge and the system is ready
fo go.

40 dB Directivity

Wiltron’s 5600 Series offers 40 dB
directivity over a 10 MHz to 18 GHz continuous
sweep range. Dynamic range is 66 dB with
—50dBm sensitivity. The system offers 82 dB pro-
grammable aftenuation in 0.1 dB steps. ROM-
comected frequencies are accurate to +10 MHz
from 10 MHz to 18 GHz. Six models span the
10 MHz to 40 GHz range.

MODEL FREQUENCY RANGE

1OMH2 2GH)
10 MHz B GHz
10 WHz 18 GHz
2 18GHz

5609
5617
5647
8637
5336
5640

8 265He |
265 40 GHr
18 2695 LS
FREQUENCY |GHz

A key part of the system is the new
Series 6600 Programmable Sweep Generator.
This sweeper uses fundamental oscillators to
avoid substantial errors generated by the har-
monic products of multiplier type oscillators. The
result, broadband coverage with the lowest
hamonic content (—40 dBc, 2-18.6 GHz), low
residual FM and greater stability.

A pre-processor chip separately scans
front panel controls and interfaces directly with
the main processor. Response speed is never
a problem. All interfaces with the bus are intemal,
eliminating the need for an external interface box.
For user convenience, up to 99 test set-ups can
be stored in the control cartridge for future use.

On The Air Moments After You Get It.
Simply plug-in the preprogrammed
cartridge and enter a few simple inpufts.

It's as Simple as A, B, C, D, E, F!

690 numm«tc: lxnlu
ot Yonex pd‘vl R SYSTEN

A. System Setup
Enter 1) Date
2) Tvoe of measurement 1o
be made

Fi B. Frequency Selection
Enter 1) Frequency range limits
2) Frequency step size or
number of test points

C. calibration
Enter 1) DUT identification
Select 1) Averaging of open short
residuals
2) Storing of nomalized
residuals

5 D. cr1 display of DUT characteristics

1) Select marker frequencies
and amplitude limits,

2) It necessary, adjust DUT.

3) If not, continue

———

E. measurement
1) Press key to start automatic
measurement sequence

! o S F. Hard-copy output
i f 7 i Select 1) Plotted curves
X 2) Tebular data

Make Your Own Comparison Soon

For a demonstration and/or our new
brochure, phone Walt Baxter, (415) 969-6500 or
write Wiltron, 825 E. Middlefield Road, Mountain
View, CA 94043.

WILTROIN
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= HP: EXPERIENCE IN MICROWAVE TECHNOLOGY s

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.

14 MICROWAVE JOURNAL



pectrum Analysis?

Select either normal or variable persis-

HEWLETT
_ [’5/” PACKARD

June — 1981

: : MODEL = | DESCRIPTION DOMESTIC |
tence display, choose economy or high- US PRICE
resolution IF module. Then pick or 140T | Normal Persistence Display $223)
change your frequency range by simply 41T Variable Persistence Storage Display SN
pluggmg in the appropriate tuning 8552A Economy IF Section S3930
module. 8532B High Resolution IF Section SS3300

No matter what range you're working in, | 855A | 20Hz-300 kHz RF Section $3375
& a4 y P 1, e
1ip: r trehab’le }‘lndmb‘é.uous AnSWETS. | 45538 | 1 kHz 110 MHz RF Section $3630)
SiSpoStIm, Aty ZelS Sl eLy O o 8H3A Companion Tracking Generator Counter | S363)
rate measurements over wide, distortion- —
For th -f I ] 844A Companion Tracking Generator S3YN)
or the full story on value in spectrum
analvze Y = ey L RRRY.N 10 MHz-40 GHz RF Section SO0
s g s call YoM nedrby HP field 84158 10 MHz-18 GHz Automatic Preselector | 400 ]
engineer or write 1507 Page Mill Road. -x ' L
Palo Alto, CA 94304.
20 Hz to 300 kHz 100 kHz to 1250 MHz
e = '
The BS50A tuner covers 20 Hz 10 300 kHz and comes Use the §334B tuning section to cover the 100 kHz
with a built-in tracking generator. Its calibrated for t0 1250 MHz range. Maximum resolution is 100 Hz.
measurements in both S0 and &0 ohm systems. with Measure with * 1Y dB accuracy. The HP 8444A Track-
accuracies better than * 1 dB. Highest resolution ing Generator (300 kHz to 1300 MHz) also works with
is 10 Hz. the 8555A tuning section.
CIRCLE 58 ON READER SERVICE CARD CIRCLE 53 ON READER SERVICE CARD
1 kHz to 110 MHz 10 MHz to 40 GHz
The 8553B takes you from 1 kHz to 110 MHz with For 10 MHz to $0GHz. choose the 8555A. Its internal
140 dBm sensitivity and resolution as high as 10 Hz mixer covers to 18 GHz. accessory mixer for 18-40
Signals can be measured with =171 dB accuracy. GHz, Maximum resolution is 100 Hz. Measure with
Choose the companion HP 8443A Tracking 1%s dB accuracy to 6 GHz, = 23: dB 10 18 GHz. For
Generator Counter for wide dynamic range swept wide scans free from unwanted response between
frequency measurements and precise frequency 10 MHz and 18 GHz. add the HP 8445B Automatic
counting. Preselector.
CIRCLE 60 ON READER SERVICE CARD CIRCLE 61 ON READER SERVICE CARD
53103
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Publisher’s Note: This month’s Sum Up is
provided by one of our Associate Editors,
Dr. J. C. Wiltse of the Engineering Experi-

ment Station at Georgia Tech. Dr. Wiltse

was responsible for assembling the contri-
buted articles on mm-wave subjects which

are featured in the issue.

THE COMING OF mm-WAVE
FORWARD LOOKING IMAGING
RADIOMETERS

Passive radiometer sensors have
been used from aircraft to produce im-
ages of surprisingly good quality.
These systems have much better po-
tential for penetrating cloudy, foggy,
hazy weather and/or smoke than infra-
red sensors. Advances in hardware
components have pushed the state-of-
the-art to the point where minimum
detectable temperatures as low as 10
millidegrees are obtainable (with a 1
second integration time) at 94 GHz.
Sensitivities are not that good at 140
GHz, but as this article shows, excel-
lent imagery is possible. Trends for
future applications are also discussed.

SOLID STATE mm WAVE POWER
SOURCES AND COMBINERS

This article is a tutorial survey of
the present state-of-the-art for
IMPATT and Cunn sources, power
combiners, phase-locked oscillators,
and FET devices. CW IMPATT's have
produced = 1 W in the 60 to 90 GHz
range and 50 mW at 245 GHz. For
pulsed IMPATT's, peak powers of
18 watts at 94 GHz and over .5 watt at
240 GHz have been obtained from in-
dividual diodes. By employing 8 di-
odes in a combiner, a peak power out-
put of 63 W has been obtained at 94
GHz. This combiner has also been used
as an injection-locked oscillator with
13 dB gain. Injection-locked oscillators
have great importance in several appli-
cations, including wide-bandwidth am-
plification or obtaining high coherent
output power {in conjunction with a
phase-locked oscillator). At frequen-
cies up to 94 GHz the system designer
has almost a full range of possible
waveform choices.

While GaAs Gunn devices have
been useful up to about 94 GHz, InP

Gunn oscillators which give consider-
ably higher powers at 94 GHz and of-
fer usable signal levels up to 140 GHz
are discussed.

Another very recent and somewhat
surprising development is the exten-
sion of FET devices to millimeter-wave
frequencies. Oscillators have operated
as high as 69 GHz, and amplifiers to as
high as 38 GHz.

IC’s FOR 94 GHz RADAR
APPLICATIONS IN
DIELECTRIC IMAGE GUIDE

One of the approaches to integrat-
ed circuits at millimeter wavelengths is
the use of dielectric image guide, and
this paper reports the development of
94 GHz balanced mixers and Gunn os-
cillators and their incorporation into
several 94 GHz radar test units. A con-
version loss of 11.1 dB was obtained
for the balanced mixer and a power
output of +5 dBm for the Gunn oscil-
lator. Details are given for the use of
these components in a short-pulsed
non-coherent radar and a frequency-
shift keyed radar. The image guide cir-
cuits offer potential for low cost and
rugged design in quantity production.

140 GHz SILICON IMPATT POWER
COMBINER DEVELOPMENT

This article complements the tuto-
rial summary by Dr. Kuno, and gives
specific results for pulsed IMPATT
combiners at 140 GHz. Diode fabrica-
tion and packaging considerations and
the resonant waveguide combiner are
described. The equivalent circuit and
theoretical considerations are ex-
plained, and the structural configura-
tion is given for a four-diode combiner
which produced 9.2 W peak power at
139 GHz. A two-diode combiner was
also constructed, and it provided
5.2 W peak at 142 GHz. A discussion
of modulator design is also included.

SUSPENDED SUBSTRATE K, -BAND
MULTIPLEXER

An increasing need today is the de-
velopment of very wideband receivers
at various frequency regions between
30 and 100 GHz. The authors’ analysis
covers theoretical and measured phase
velocities and impedances for suspend-
ed substrate lines, and applications to
3 dB branch couplers and a four-chan-
nel multiplexer. These developments
are expected to lead to a compact,
wideband, channelized, down-convert-
er front end, which could find particu-
lar use in surveillance receivers.

JAMES C. WILTSE,
Associate Editor

'World Radio Histo

Workshops
& Courses

ADVANCED RADAR
TECHNOLOGY

Sponsor: George Washington
University (GWU)
Continuing Engrg. Ed.
School of Engrg. &
Applied Science

Site: GWU, Washington, DC

Date: July 27-29, 1981

Fee: $555 — No. 608

Course  Aspects or radar compo-

Topics: nents and subsystems, target
information derived from
radar echo signal, propaga-
tion and scattering, use of
frequency domain, and se-
lected radar system consid-
erations.

Contact: Director, Continuing Engi-

neering Education, George
Washington University,
Washington, DC 20052
Tel: (202) 676-6106

GEORGIA TECH SHORT COURSES

Sponsor: Georgia Institute of Tech-
nology, Dept. of Continuing
Education

Georgia Tech, Atlanta, GA
July 20-22, 1981 and
September 14-17, 1981
$350

Millimeter and Microwave
Ferrite Materials — Study of
the structure and properties
of ferrite materials and the
application of these mate-
rials in microwave signal
processing and control
functions.

$400

Radar Transmitters — Dis-
cussion of transmitter types,
specification of transmitters,
design of transmitter com-
ponents, line type, hard
tube, magnetic, floating
deck and control grid
modulators.

Director, Cont. Education,
Georgia Institute of Tech-
nology, Atlanta, GA 30332
Tel: (404) 894-2400 =,

Site:
Dates:

Fee &
Subject:

Contact:



Your antennas
never have to face

these conditions.

Eighteen of the antennas on board the space
shuttle Columbia were designed and manufactured by
Watkins-Johnson Company.

They had to withstand five g's and extreme vibra-
tion levels at take off. Then came the radical tempera-
ture variations of empty space. They operated from
beneath a dense thermal protection system, even while
re-entering the atmosphere at temperatures up to
2,300°F Their environment ranged from a vacuum to
salt-fog condensate. And they will have to survive up to
100 missions during a 10-year lifespan.

Your antennas may never have to endure any of
these harsh conditions. But, no matter what specifica-
tions and capabilities you need in an antenna, Watkins-
Johnson has the engineering know-how to design and
produce them. The performance specifications of the

antennas listed below are available in the W-J antenna
catalog.

For more information on how we can match your
performance requirements, contact the Watkins-Johnson
Field Sales Office in your area or telephone Recon
Applications Engineering in San Jose, California at
(408) 262-1411, ext. 214.

WJ-8052~_ i _~WJ8057
WJ-B052~_ N\ | « ~WJ-8054
WJ-8056-3— y ~WJ-8052
WJ-8053-~__ Ot g{?‘ 3 __—WJ-80564
WU-8052~__ \my} o S w053

WHB0B6 T v = WJB0562
a0\ JRY P eI
CELET e A e e
W 8053——WJ.8051~/ | “-wu.g0s3 W 8052
wi-8055~  -Wu-8052

.' | WATKINS-JOHNSON

o

Watkins-Johnson—U.S.A: o California, San Jose (408) 262-1411, El Sequndo (213) 640-1980 e Florida, Fort Walton Beach (904) 863-4191 o Georgia, Atlanta (404) 458-9907 e Hilinols, Palatine
(312) 991-0291 » District of Columbia, Garthersburg, MD (301) 948-7550  Massachusetts, Lexington (617) 8611580 e Missourl, Bridgeton (314) 291-6532 e Ohia. Fairborn (513) 426-8303 e Texas. Dallas
(214) 234-5396 e United Kingdom: Dedworth Rd. Oakley Green. Windsor, Berkshire SL4 4LH  Tek: Windsor 69241 » Cable WJUKW-WINDSOR e Telex 847578 e Germany. Federal Republic of
Manzingerweg 7, 8000 Muenchen 60 o Tel (089) 836011 o Cable. WJDBM-MUENCHEN  Telex 529401 o Haly: Piazza G Marconi, 25 00144 Roma-EUR  Tel 59 45 54 ¢ Cable WJROM- e Telex 612278
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AdAmplifiors

o Ultra Low Noisec « Wide Dynamic Range
e Custom Design

Min. Noise Figure Pwr. Out @ 1 dB
Model Frequency Gain Flatness (dB} Compression Pt. Case/
Number (MHz) (d8) {dB) typ. max. {dBm) Connectors*
WS0ETD  0.01-50 50 . 5 oL s 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
W500E 5.500 30 -5 19 14 0 C/SMA
L60E-2 50-70 60 .5 09 1.0 +10 c/sMA
L450€E 400-500 27 .5 12 14 +5 C/SMA
WIG2H 5-1000 30 "5 1.3 15 +5 C/SMA
W2GHH2  1-2GHz 30 -5 A3 A5 +5 AB/SMA

Noise Pwr. Qut @ 1 dB
Model Frequency Gain Figure Compression Pt. Case/
Number (GHz) {dB) (dB) (dBm) Connectors
Special [\ 136¢ 1.25.1.35 25 ) +5 C/SMA
Purpose |wsepca 0.47.0.89 25 2.0 +5 C/SMA
Amplifiers |L2156A  2.15.2.165 1 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. Out @ 1 dB
Min. Compression Pt. Noise Typical
Model Frequency Gain {(dBm) Figure Case/ Intercept
Number (GHz) (dB} typ. min. (dB) Connectors Pt. (dBm}
P60F 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 +33 8.0 H/BNC +45 Range
P400C 10-400 MHz 20 +31 +30 7.0 H/BNC +42 Amplifiers
P500N 2-500 MH2 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
P24GB 1.4-2.4 16 +20 +19 8.0 A/SMA +32
L L (in) Win) H@n)
CASE DIMENSIONS: | © 1875 1875 0.465
{Others Available) A 3375 1875 0.465
H 375 260 195
AB 300 1875 0465 *Standard this model; others may be
B8 2625 1875 0465 specified.
ES 45 28 i 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. e (201) 229-4348 e Telex 13 2445
\/ ‘ 63 Shark River Rd., Neptune, N.J. 07753
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Special Report

Solid State
Millimeter-Wave
_Power Sources
) and Combiners

H. J. KUNO

Hughes Aircraft Company
Electron Dynamics Division
Torrance, CA

INTRODUCTION

The development of milli-
meter-wave systems, such as fire
control radars, missile seekers,
projectile sensors, EW receivers,
and line-of-sight communications,
has become increasingly impor-
tant in recent years to meet the
operational requirements through
smoke, dust, fog, haze, and
clouds with small aperture anten-
nas. Realization of millimeter-
wave system developments can
be attributed in large part to the
program achieved in solid-state
millimeter-wave device technol-
ogy of the past several years. The
system reguirements in turn have
stimulated further development
and refinement of device technol-

ogy. At the present time, solid
state devices are ready for system

Recent progress of solid state
millimeter-wave power sources is
reviewed. IMPATT and Gunn
sources, power combiners, phase-
locked oscillators, and FET de-
vices are covered. Applications of
these devices in millimeter-wave
systems are discussed.

applications at least through 100
GHz. The frequency coverage is
rapidly being extended into the
140 GHz range and beyond.
This paper presents an over-
view of recent developments and
trends of solid state millimeter

wave power sources, that play a
key role in system developments.
Power generation and amplifica-
tion with IMPATT, Gunn and
FET devices, power combining,
and noise characterization and
reduction at millimeter-wave fre-
quencies up to the 250 GHz range
are covered. Applications of the
devices in millimeter-wave sys-
tems are also discussed.

IMPATT OSCILLATORS

At millimeter-wave frequen-
cies, silicon double-drift IMPATT
diodes have been the most effec-
tive solid state power sources for
both CW and pulsed operations.
At the low end of the millimeter
wave spectrum (i.e., Kg-band),
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Fig. 1 Millimeter-wave double drift IMPATT diode.
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GaAs IMPATT diodes have
shown potential for higher dc-to- r@_} r%l
RF conversion efficiencies (20%). | |~~~ = r j

However, the frequency coverage
of the GaAs IMPATT operation
has not been extended much be-

yond 35 GHz. ) QUARTZ RING QUARTZ BLOCKS
A double-drift IMPATT diode (020" 1D x 030" OD x .005"" H) (.005" L x .005" W x .003" H)
consists of a p*-p-n-n* structure as GOLD STRAP sa it
depicted in Figure 1. In fabricat- DIODE
ing IMPATT diodes, the most
critical parameter that determines DIAMOND
RF performance is the doping {PRESSED IN)
density profile. As an example, a AT DIODE
60 GHz IMPATT diode doping PRESSED IN

density profile design is shown in
the figure. Since the total active
region thickness is less than 1 um,
it is evident that the diode fabri- Fig. 2 Package configurations for millimeter-
cation process requires extremely Shave oo viesh

fine controls. For system applica-
tions, it is desirable to mount de- IMPEDANCE B1AS COAXIAL
vices in sealed packages. Millime- TRANSFORMER R T SECTION
ter-wave operation requires small
parasitics. In addition, the pack- N
age must provide low thermal re- Ing‘"

sistance so that heat generated in —
the extremely small active region \ \\\\\\\\\ M
of the diode can be removed effi- DIODE \TUNING \\\

ciently. Shown in Figure 2a, is a WORT \SSST’f'OANL
small package developed for milli-

meter-wave devices. The type |IA

diamond used in the package pro-
W

(a) Sealed package (b} Open package

vides an improvement in thermal

resistance by a factor of 2 over T ‘

OFHC copper. This package de- o' D{EZ . D:D::'
sign is used for IMPATT devices \\\\ \§ \

up to 110 GHz. Above 110 GHz, k

an open type package with fur- e Nearhionato

ther reduced parasitics as shown

in Figure 2b is used. With this

type of open package, sealing

must be implemented at a compo-

nent or subsystem level. SECTION
Various types of oscillator cir-

cuits have been developed for mil-

'
X
limeter-wave IMPATT oscillators. | X COAX F

Structural features of representa- M Lk e E;S"%g,mg

tive design configurations are ks
shown in Figure 3a. In order to

(a) Representative types

COAXIAL
SECTION

ADJUSTABLE COAXIAL]

) IMPEDANCE / S

achieve optimum performance at TRANSFORMER ——
a desirable frequency from an g Q

IMPATT device, both the real 2

and imaginary parts of the circuit /k\ 20080 :tosr o S .. 1
impedance must be matched to O— o *8s Yo' t 8y

those of the device. For this pur- \\:
pose' two degrees Of tuning free- \\\ SIMPLIFIED EQUIVALENT CIRCUIT
dom are desirable in an oscillator N > \

circuit. The circuits with a tun-

COAXIAL
able CoaX@l section an.d a tuning SECO0 (b) Simplified equivalent circuit of an oscillator/amplifier having
short provide both series and series and shunt tuning elements
shunt tuning elements as illustrat
ed in Figu re 3b. Fig. 3 Millimeter-wave IMPATT oscillator circuits.

fcontinued on page 24)
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DOES YOUR TEST SYSTEM
MEASURE UP TO
PACIFIC MEASUREMENTS?

Does vour scalar network analyzer deliver
a full 76dB dynamic range? Data resolu-
tion to .004dBm? Or complete bus driven
automation? Does yvour RF power meler
offer 500 readings per second? Mullti-
detector capability? Or bus option?
If vour answer to any of those questions
is “'no,” then your microwave measure-
ment system just doesn’t measure up to
the performance and productivity avail-
able from Pacific Measurements network
analyzers and RF power meters. Here's a
sampling;:
1038'N-10 SCALAR NETWORK
ANALYZER

IEEE STD 488 Bus Control and Data

Readout

Automatic insertion loss/gain, return

loss and absolute power requirements

76dB dynamic range, +16dBm to

~60dBm

Over 200GHz range

Data resolution

to .004dB

Dual Mode

Automatic Zeroing

1018B RF PEAK POWER METER

® Measures multiple or single pulses

e Pulse width to 200ns or 100ns as
option

o 100MHz to 26.5CGHz

e IELE bus option

Iti45 RF POWER METER

e 500 readings per second

¢ IMHz to 26.5GHz

¢ —50dBm to +40dBm

e 4 detector multiplexer option

o IEEE bus option

1034A PORTABLE RF POWER METER

e IMHz to 18GHz

e ~50dBm to +10dBm

¢ Battery option

WIDE RANGE OF POWER DETECTORS
AVAILABLE
¢ 100KHz to 26.5GHz in coax
e Temperature compensated
¢ Frequency response better than

+.5dB to 18.0GH2

+1.0dB to 26.5GHz
e Return loss better than

—18dB at 18.0GH«

—14dB at 26.5GHz
CALL US TODAY AND TAKE
OUR MLASURE
From network analysis to RF power
measurement, nobody measures up lo
PPacific Measurements. On the production
line, in the field or in the most complex
ATE system, our instruments offer vou
unsurpassed accuracy, range and auto-
mation. To take our measure, call Ed
Mendel at (408) 734-5780. He'll show vou
how VOUr system can measute up.

Regional Representatives Worldwide,

e, CA 94086/ (408) 734-5780/ TWX 910-339-9273
777, SERVICE CARD




MILLIMETER
WAVES

GUNN COMPONENTS
K THRU W BANDS

® Mechanical Tuned Oscillators
®\/CO's

® Stabilized Oscillators

® Reflection Amplifiers

® Diodes

AT

central microwave
company

3701 Mueller Rd. « St. Charles, Missouri 63301
314-723-4700 TWX 910-760-1724
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{from page 22) SOLID STATE

Silicon IMPATT device devel
opment efforts currently cover
the frequency region from 20/30
GHz to 250 GHz. The develop-
ment efforts for CW devices are
centered around 20/30 GH¢z, 40
GHz, 60 GHz, and 220 GHz.
They are aimed mainly at com
munication system applications.
Pulsed device development ef
forts are aimed primarily at ra-
dar/seeker applications centered
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Fig. 4 State-of-the-art of millimeter-wave
oscillators.

around 35 GHz, 94 GHz, 140
GHz, and 220 GHz. The present
state-of-the-art of IMPATT oscil-
lators is summarized in Figure 4.
With silicon CW IMPATT oscilia-
tors, output power levels achieved
at various frequencies are 2.3 W
at 40 GHz, 1.4 W at 60 GHz, 900
mW at 94 GHz, 150 mW at 120
GHz, 130 mW at 140 GHz, 50
mW at 245 GHz, and 12 mW at
255 GHz.' Conversion efficien-
cies of these devices are less than
10%. At 35 GHz, 3 W CW output
power was achieved with 20% ef-
ficiency from a GaAs IMPATT
diode. However, GaAs IMPATT
diodes have not yet shown much
promise beyond 35 GHz.

Millimeter-wave IMPATT
diodes are very well suited for
high peak power and short pulse
applications. Peak output powers
achieved with pulsed Si IMPATT
oscillators are 28 W at 35 GHz,
18 Wat 94 GHz, 6.5 W at 130
GHz, 5.6 Wat 140 GHz, 1 W at
220 GHz, and 620 mW at 240
GHz.! These resulls were for
short pulse (50-100 ns}, low duty
factor (1% or less) operation. For
increased pulse width or duty
factor, the peak power output
would decrease. Note that the
data shown in Figure 4 represent
the best laboratory experimental
results. For system applications,
the expected power levels should
be derated from those shown.

GUNN OSCILLATORS

A typical millimeter-wave
Gunn diode structure is illustrated
in Figure 5. The Gunn device is
made with GaAs or InP material
that exhibits negative difterential
mobility as shown in Figure 6.
GaAs Gunn devices have been ef-
fective in the millimeter-wave re
gion up to 90 GHz. Beyond S0
GHz, the output power talls very
sharply with increasing frequency
as shown in Figure 4. This may
be attributed to the upper cut
oft trequency limitation ot the
transferred electron eftect ot
GaAs. The cut-otf frequency tor
INP has been predicted to be
much higher. In addition, since
the peak-to-valley ratio of InP is
higher than that of GaAs as
shown in Figure 6, InP Gunn de
vices should yield higher powel

{continued on page 26)



Introducing
the latest-

but not last-
Hughes

Uplink HPAs

Woe've just added 14.5 GHz to our
growing family of reliable satcom
subsystems.

Awhile back, we introduced a 6 GHz
uplink high-power amplifier. Now we've
expanded the family fo include a new
series of 14.5 GHz, 250-watt HPAs for
the newest generation of communica-
tion satellites. Special features provide
automatic redundancy with complete
remote monitoring and control func-
tions. Which means that every function
can be monitored to provide diagnostic
status and functional control to the
operator at a remote or distant site.
This in turn provides easy interface
with satellite earth station systems.
The entire subsystem consists of two
assemblies, an EF drawer and power
conditioner drawer.

Soon to come, still another HPA,
a 600-watt Ku Band amplifier. And you
may be sure it will have the same
Hughes reliability, flexibility and effi-
ciency of the rest of Hughes HPAs.

In a word, "outstanding"’

For more information on any of
many Hughes HPAs and subsystems for
satellite communications, write Hughes
Electron Dynamics Division, 3100 W.
Lomita Blvd., Torrance, CA 90509.

Or call (213) 517-6168, ext. 2114.

International offices:

France: 161, de Tolbiac, 75013,

Paris, Tel. 580-9527.

West Germany: Oskar-v-Miller Ring 29,
8 Munich 2, Tel. 089/28 0600.

England: 12-18 Queens Road, Weybridge,
Surrey KT13 9XD, Tel. (0932) 53180.

Where innovations
in TWT technology are
a tradition.

[ 4
HUGHES AIRCRAFT COMPANY
ZLECTRON DYNAMICS DIVISION
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Analog and Digital
ATTENUATORS &
PHASE SHIFTERS

Analog & Digital Diode Attenuators

e 0.1-18.0 GHz

e Very low phase shift over the
attenuation range

e Flat attenuation vs. frequency

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

e Attenuation to 120 dB

Analog & Digital
Diode Phase Shifters

© (.1-18.0 GHz

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

e Speed to 20 nanosec

e Phase shift to 450°

... and other components
for your system

Triangle Microwave's Mixers a
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, Q
4-way and 8-way config- RS TEE

urations, covering 0.5 to 18.0 GHz.

PIN Diode Switches, w 22 c:
are built in SPST to SPMT

configurations, and can be

supplied with or without

90° & 180° 3dB Hybrids
& Directional Couplers
Triangle Microwave  Miniature :

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

20dB and 30 dB coupling values.

Triangle Microwave’s Switches

drivers, reflective or absorptive. gi ; i
vbrids and Couplers cover

All models feature high isolation and low VSWR.

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

triangle
microwave

11 GREAT MEADOW LANE
EAST HANOVER, NJ 07936
(201) 884-1423 o TWX: 710-986-8202
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CARRIER TO NOISE RATIO PER Hz

{from page 24) SOLID STATE

output than GaAs Gunn devices.
Recently, 126 mW CW output
power at 90 GHz and peak out-
put power of 236 mW at 90 GHz
(short pulse, low duty factor op-
eration) have been obtained from
InP Gunn oscillators.? The state-
of-the-art of Gunn oscillators is
summarized in Figure 4. It can be
seen that power levels achievable
with Gunn devices are an order
of magnitude lower than those
with IMPATT devices. However,
Gunn devices have less AM noise
than IMPATT devices, particular
ly at modulation frequencies
away from the carrier, as shown
in Figure 7. For this reason Gunn
oscillators are better suited for

GUNN [)EV%

TRAP
SUBSTRATE 1

a CONTACT
oy | LAYER

BUFFER LAYER
3|

n ACTIVE LAYER 1
TN 117 17771717777 /77777,
HEAT SINK

Fig. 5 Millimeter-wave Gunn device
structure.

VELOCITY VS FIELD CHARACTERISTICS
OF GaAs AND tnP

w
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Fig. 6 Carrier velocity vs. electric field
properties of GaAs and InP.
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FREQUENCY AWAY FROM CARRIER

Fig. 7 AM noise characteristics of milli-
meter-wave IMPATT and Gunn
oscillators.

receiver mixer LO applications
than the IMPATT oscillators,
which are better for transmitter
applications.

POWER AMPLIFIERS

The requirements for solid
state power amplifiers for milli-
meter-wave coherent radar and
communication system applica:
tions have increased rapidly in
recent years. Both IMPATT and
Gunn devices can be used as mil
limeter-wave amplifiers. However,
IMPATT diodes are better suited
as power amplifiers. Pulsed or CW
power amplification can be
achieved either with a stabilized
amplifier or an injection-locked
oscillator (ILO). Generally speak
ing, a stabilized amplifier pro-
vides a wider bandwidth {(greater
than 1 GHz), a lower gain, lower
output power, and better linear-
ity; while an injection locked os-
cillator is better suited for a nar-
row bandwidth, (less than 1 GHz),
higher gain, higher output power
application.3 However, locking
bandwidths greater than 2 GHz
at 40 GHz with 10-16 dB gain
have been achieved with IMPATT
ILO’s. In addition, injection-
locked oscillators are easier to
implement than stabilized ampli-
fiers at millimeter waves.

For those reasons, a great deal
of effort has recently been direct
ed toward the development of in-
jection-locked oscillators for
both CW and pulsed coherent ra
dar and communication systems
in the 35 GHz, 40 GHz, 60 GHz,
94 GHz, and 140 GHz regions.
Shown in Figure 8 are locking
gain bandwidth characteristics of
CW and pulsed IMPATT ILO's. It
can be seen that they follow the
classical relationship,4/G x BW
= Constant. The figure of merit
of an ILO is often expressed by
the gain-bandwidth product. With
millimeter-wave IMPATT ILO's, a
gain-bandwidth product (/G x
BW) of 3-6 GHz is typical. Al-
though stabilized single-drift IM-
PATT amplifiers are demonstrat-
ed the feasibility of achieving
broadband amplification (as
much as 8 GHz with 10 dB gain
in the 60 GHz range), stabilized,
high power, double-drift [MPATT
amplifiers are yet to be developed.

{continued on page 28)
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Miniature Military High Power Amplifiers

Three examples of miniature MIC technology from Dexcel:

Frequency Pout Case Size
DXA 0204 2—4GHz 1 watt 2.32" x 2.35" x .5”
DXA 0408 4—-8 GHz 1 watt 2.82" x 2.15" x .5”
DXA 0818 8—-18 GHz 10 mw 218" % 1.85" x 5"

Size reductions up to 1/3 smaller than other amplifiers are paired
with Dexcel's reliable hybrid microwave integrated circuitry
technology. Dexcel amplifiers meet harsh space and military environ-
mental conditions.

The service life of our amplifiers is significantly longer than ampli-
fiers using discrete components. Maintenance and replacement
schedules can be reduced due to the rugged physical characteristics
and electronics which Dexcel builds into each amplifier.

We have new technological developments coming to our line of
miniature military amplifiers.

In preproduction tests now are amplifiers at 12— 18 and 8 — 18 GHz
with 27 dB and 24 dB respectively.

To learn more about what DEXCEL DELIVERS call Paul Tipon at:

v
DL pexcEL, Inc.
2285 C Martin Ave., Santa Clara, CA 95050 - Ph: (408) 727-9833 - TWX: 910-338-1080
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MM WAVE

sweepers!

33-170 GHz

with Siemens RWQO series

BWO tubes

Model 705

@®microprocessor
sweep circuit

O®IEEE 488/GPIB bus compatible

controlled

®frequency resolution better
than .1%
®four, 4-digit LED frequency

indicating displays
@AM or FM external modulation,
internal 1 kHz square wave
®two independent markers
®full protection for BWO tube
Micro-Now Instrument Company
has more full waveguide, wide
range, high power mm-wave

sweep systems in service than
any other company in the world!

AND we’re also BIG in:
@klystron power supplies
@frequency stabilizers
@®custom microwave test
equipment of all kinds

call or write today for details

MICRO-NOW

Micro-Now Instrument Co, Inc.
6104 North Pulaski Road,
Chicago, lllinois 60646 (312) 478-1151
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Fig. 8 Locking gain-bandwidth characteris-
tics of millimeter-wave IMPATT
1LO’s.

POWER COMBINERS

By combining a number of de
vices operating coherently,

achievable power output can be
increased greatly. There are a var
iety of ways of combining mitl
meter-wave power. Chip level
combining techniques where a
number of devices are connected
in series and/or parallel have been
developed at X-band.* Similar
techniques and structures (as il
lustrated in Figure 9) are being
developed to combine millime
ter-wave diode chips. Status and
progress of these investigations at
35 GHz will be reported at this
year's International Microwave
Symposium,.

DIODE

STABILIZING
CAPACITOR i

/9;1
g

QUARTZ
8LOCK

DIARIOND

Fig. 8 Chip level combining of millimeter-
wave IMPATT diodes.

Much effort has recently been
expended on the development of
circuit level power combining
schemes, examples of which are
shown in Figure 10. Multi-device
resonator circuits, hybrid cou-
pled circuits, and a combination
of both technigues have success-
fully been used to combine as
much as 8 IMPATT diodes. With
8 diodes mounted in a circular
TMgo cavity, CW power of 10 W
has been obtained at 30 GHz.®
This circular cavity approach has
not been extended beyond the
Ka-band.

Modified Kurokawa wave-
guide® combiner schemes have
been used at millimeter waves. *
It is difficult, however, to com-
bine more than four diodes in a
single waveguide cavity. With a
combination of hybrid couplers
and the waveguide combiners,
eight diodes have successfully
been combined. With this tech-
nique, peak output power of
63 W has been achieved at 94
GHz” with 100 ns pulse width,
0.5% duty factor, and 76% com
bining efficiency. The combiner
was operated as an injection-

* Specific structures and accomplishments
at 140 GHz are described in an associated
paper in this issue by Chang Hayashibara,
and Thrower, p. 65.

fcontinued on page 30)




Demanding engineers
in 93 countries
specify Avantek low

he world’s best
communications systems
are built with Avantek amplifiers.

High performance communications amplifiers.

Avantek’s
commitment to

customers worldwide.

noise and medium power Low Noise Noise Figure,dB  To serve our broad base of
amplifiers. Frequency, GHz Series Std. est customers well, Avantek has
Engineers designing systems =) ABG-2010 25 2.0 built a multinational network of
for peak performance have 1.535-1.66 AM-1660 245 20 knowledgeable representa-
been spec"ying Avantek am- 3.7-4.2 AWC-4200 1.5 1.0 tives and distributors that can
plifiers for more than a decade. 7.25-7.75 AW-7720 2.5 2.0 quickly get you the amplifier
Avantek covers the frequen- 10.7-11.7 AW-11700 4.0 3.0 you need in Europe, Asia.
cies for troposcatter, satellite 1.7-122 AW-12200 45 25 Qust;aliadagd A:‘ri;:\a as well as
and terrestrial communica- - orth and South America.
tions throughout the world s ecgae Fowey Po(1dBGCP) Contact them for more infor-
including uplink downlink, Frequency, GHz Series Std. Best mation. Or call, write or telex
Inmarsat, and Intelsat, with 1.0-2.0 APG-2000 1W 2W Avantek, Inc., 3175 Bowers
both standard and fully opti- 5.9-6.4 AMP-6420 1W 5W Ave., Santa Clara, CA 95051
mized performance amplifiers. 7.9-84 AMP-8420 1W 2W Telex 34-6337. TWX 910-

e ey T T TR S — o SR LY ST

tom amplifiers. Using two inter-
nal isolators the AM8920
series can be readily adapted
to cover any 500 MHz range
within 5-10 GHz. They offer
linear power out of 0.5 W to

8 GHz and 0.25W to 10 GHz
for transmitters and noise
figures as low as 2.5 dB.

You have three 339-9274 (408) 496-6710
choices—

Full custom, standard
products and unique
semi-custom amplifiers.
Avantek can ship the amplifier
you need quickly. And, there
is now a new option, the
AM-9920 series of semi-cus-

vantek ante sa|eg|see ra emark 0 vantes 1C
Av

1981 A\ \{ inC tek tered t! d: § A
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Fig. 10 Power combining circ

locked oscillator with a locking
gain of 13 dB and locking band-
width of 900 MHz.

FET DEVICES

Frequency coverage of GaAs
FET devices has been extending
into the millimeter-wave region.
This newcomer into the millime-

uits used at millimeter waves.

ter-wave region has already

shown potential as a viable milli-
meter-wave source. In K,-band,
amplifiers have been developed.
A bandwidth of 3 GHz with 6 dB
gain has been achieved in the 30
GHz region. Single sideband noise
figure of 3.6 dB was measured.?
By cascading two amplifier stages,

the gain was increased to 10 dB.
At 38 GHz, 8 dB gain over 1 GH?z
bandwidth has been achieved.
These amplifiers can be used as
low noise preamplifiers for millj
meter-wave receivers or perhaps
they may even be used as IF am-
plifiers for high frequency milli-
meter-wave broadband mixers for
receiver applications. FET de-
vices can also be operated as os-
cillators. Output powers of 2 W
at 15 GHz and 1.25 W at 18 GHz
have been reported.® Recently, a
FET device mounted in a wave-
guide oscillator cavity has pro-
duced 1 mW at 69 GHz.'® Thus
FET devices have entered into
the millimeter-wave region.

PHASE-LOCKED OSCILLATORS

In addition to output power
level, spectral purity of signals is
often important in system appli-
cations. Phase-locking techniques
have recently been developed for
millimeter-wave sources. With the
phase-locking system as shown in
Figure 11a, IMPATT and Gunn
oscillators can be phase-locked to
a crystal controlled reference os-
cillator. Shown in Figure 11b is
the measured noise spectrum of a
phase-locked 94 GHz Gunn os-
cillator. It can be seen that the
spectral quality of the crystal
reference oscillator can nearly be
reproduced at 92 GHz by the
phase-locking technique.

B
| | f, = 100 MH; FREQ MULTIPLIER
| REFERENCE | > OR PHASE LOCK
10SCILLATORI OSCILLATOR
I ! (XBO
Lo 0
LOCAL
v -
Rl Lo | oscitrator s - 92GH
20+
IF MM WAVE i =
PHASE IF ” HARMONI(, 40} ~
DETECTOR AMPLIFIER MIXER = | MEASURED ~
IX12) I FM NOISE 0
a 601 (FREE RUNNING! ——g
{ T - MEASURED
< 80k FM NOISE ~ —0
— o f IPHASE LOCKED! ™ ‘
- ~
LOOPFILTER T 100} =— S
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(a) Functional block diagram

30

Fig. 11 92 GHz phase-locked Gunn oscillator.

(b} Measured spectrum

fcontinued on page 32)
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Several things have happened at OMNI SPECTRA which,
together with the new OMNI SPECTRA — M/A-COM commitment,

are important for you to know about.

in addition to maintaining our position as quality leader in
microwave connectors and components, we have made several

significant changes to serve you better:

e Expanded our production capacity by increasing plant
space 50% in the past year, while adding new people
and equipment to produce more hardware at lower costs.

e Increased our inventories at our plants and at our

Distributors to offer immediate delivery
Connectors and Components.

on most standard

* Virtually doubled our field sales and service network
throughout the U.S.A. by combining forces with

Microwave Associates.

¢ We have consolidated our marketing and engineering
support activities for Connectors, Components and
Cable Assembilies in Merrimack, New Hampshire and
increased our staff to better support each individual

customer.

But most important of all is our new aggressive pricing

schedule! One which will give your company the

best quality,

performance and delivery at the very best price. This is the OMNI

SPECTRA commitment — to insure that you will

consistently get

THE BEST FOR LESS. The best Connectors and Components for

less money, with less waiting.

We're committed to providing you with the best combination of

price and performance you’ve ever seen.

Omni

Omni Spectra, Inc. 21 Continental Boulevard Merrimack, N.H. 03054 (603) 424-4111

June — 1981 CIRCLE, 22 ON . READER SERVICE CARD

Spectra
A MACOM COMPANY
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Fig. 12a 94 GHz pulsed coherent transmitter —
functional block diagram.

(PULSED IMPATT ILO)

relates to the device technology
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e e
HORZ: 20 MHz/div.
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TOP: 15 dBm
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Fig. 12b 94 GHz pulsed coherent transmitter — output spectrum.
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Fig. 13 Millimeter-wave sensor technology

development reflects solid state
components progress.
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CERAMICS MATERIALS

FOR MICROWAVE DEVICES
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FEATURES
» from 100 MHz 16 100 GHz = various shapes and sizes
m custom-machined parts ® large variety of ferrites and garnets.

STANDARD MATERIALS

m ferrite garnets:

e conventional materials ¢ narrow linewidth e high power.
m ferrite spinels:

o lithium titanium zinc » manganese magnesium o nickel zinc.
& temperature stable dielectrics (€ = 36).

ADDITIONAL INFORMATION
THOMSON-CSF ceramic material's characteristics are shown in a detailed
catalog upon request.
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(from page 32} SOLID STATE
advancements. Millimeter-wave
device technology has reached
the level where frequency agile
coherent radars can be developed,
at least through the 100 GHz
range. This demarcation is mov-
ing up rapidly into the 140 GHz
range. An example of a 94 GHz
solid state coherent pulsed radar
front end with frequency agility
is shown in Figure 14. This illus-
trates the progress in system de-
velopment provided by solid state
device technology. Immediate
millimeter-wave system applica-
tions include radars/missile seek
ers, fuses, altimeters, projectile
guidance radars, line-ot-sight
communication equipment, space
communication equipment, EW
receivers, and transponders. Solid
state power sources are now
ready for system applications
through the 100 GHz range and
the technology is rapidly being
extended to 140 GHz. However,
this does not imply that the tech-
nology iIs mature; there remains
much room for further develop-
ment. Power combiner develop-
ment is a good example. The fea-
sibility of achieving high power
output by combining a number

12

of devices has been demonstrated.

However, the millimeter-wave
power combiner development ef-
fort has barely started. Chip level
or space level power combining
techniques should be pursued to
complement circuit level combin-
ers. The power output levels of
solid state millimeter-wave

sources have been increasing at a
rate of 3 dB per year for the past
several years, as illustrated in Fig-
ure 15. This trend may be ex-
pected to continue, with power
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Fig. 15 Solid state millimeter-wave sources
progress.

combining technigues, at least
into the near future.

In addition to IMPATT and
Gunn devices, the development
of other power generating de-
vices is currently under way and
includes FET and TUNNETT de-
vices, frequency multipliers, and
single sideband upconverters.
These devices may prove to be
useful in many millimeter-wave
systems. InP material may also
be viable material for millimeter
wave devices. Whether or not
these devices mature to be practi
cal millimeter-wave sources, it is
certain that solid state devices
will play key roles in millimeter
wave systems in the 80s and be
yond.
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Quality products by design... Since 1962.

We design and manufacture quality RF and
Microwave filters. ..
pass and wideband designs. ..
tangular, cavity, waveguide, combline and
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your needs, covering 300 Hz to 18 GHz.

CALL US WITH
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SURPRISED"> MOST PEOPLE ARE

NEC is one of the world’s largest manufacturers of Schottky diodes for commercial, military and
- hi-rel applications. Delivery is immediate, prices are competitive.
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ND4972-7E s ND4971-7E 5082-2811
ND4981-7E ND4982-7E 5082-2835

NEC microwave semiconductors

, 3005 Democracy Way, Santa Clara, CA 95050 (408) 988-3500
Excluswe saleq agent for Nippon Electnc o Ltd Microwave Semicanductor Products. U.S.A. [J Canada ] Europe
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The one thing they didn’t cover
is the antenna system itself. Field
experience has proven time and
again that antennas protected by
radomes will perform better over sig-
nificantly longer periods of time
than antennas exposed to the
environment.

Just as important, including a
radome in the initial stages of
design produces >
a number of ad- s
vantages that
can bring about
tremendous cost
savings during
the life of the
antenna system:
Lighter weight

materials for construction, smaller
drive systems, easier system calibra-
tion and alignment, and minimized
costs for repair, maintenance, and
parts replacement, to name a few.
Radomes eliminate the need to
design around most environmental
problems, which simplifies the sys-
tem. And the savings far outweigh
the cost, making a radome a very
wise investment.

There’s performance as well as
protection. Our radome designs yield
optimum electromagnetic perfor-
mance over extremely broad fre-
quency bandwidths. Your antenna
system will perform better, and
remain in service during bad weather
and other critical times

36 CIRCLE 26 ON READERSERMICE CARD

Over 700 fully operational
ESSCO radomes are now in place in
more than 30 countries on all seven
continents. Our fabrication and
installation process enables us to
build a radome for any antenna or
radar system at any time.

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

(Esco

Metal Space Frame, Solid Laminate
and Sandwich Radomes for Land-Based,
Airborne, and Shipboard Applications
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News from ﬁ' Washington

GERALD GREEN, Washington Editor

DoD’s Research A new organization of the Office of the Under Secretary of Defense for Research
& Engineering and Engineering has been proposed by the Pentagon’s “vicar” of technology,
Reorganization Dr. Richard D. DeLauer, the Under Secretary for Research and Engineering ((USD
Outlined ~ (R&E)). 0y : )

The reorganization, which was proposed in a recent memorandum to the Secre-
tary of Defense, reflects a shift in priorities towards acquisition management, in-
cluding a downstream change in the title of the office from USD(R&E) to Under
Secretary of Defense for Research, Engineering and Acquisition (RE&A).

Also, additional emphasis will be directed towards oversight of development and
support of deployed systems and equipment.

Dr. Delauer delineates an organization headed by a three man top-manage-
ment oversight team, led by himself. Specifically, the triad team would consist of
the Under Secretary of Defense for Research and Engineering, a new Assistant Sec-
retary of Defense for Development and Support, who would also be the Principal
Deputy (USD), and a new Assistant Secretary of Defense for Research and Technol-
ogy, who would be double-hatted as the Director of the Defense Advanced Re-
search Projects Agency (DARPA).

Dr. James P. Wade, Jr., Acting Principal Deputy {(PDUSD (RUE)), and Assistant
to SecDef for Atomic Energy, is expected to fill the dual ASD for Development and
Support Principle Deputy position.

The nominee for the position of ASD for Research and Technology Director of
DARPA has not yet been identified as we go to press.

Radar Could Help Radar technology developed for government use may help to protect American
Protect Miners miners from black lung disease.
From Black Lung Researchers at Georgia Tech and the National Aeronautics and Space Administra-

tion {NASA) have built a prototype radar sensor designed to make remote control
of coal mining operations possible.

“The aim of the research is to remove miners from areas where coal dust is heavy
and to do it without impairing the efficiency of mining,” said Dennis J. Kozakoff,
project director at Georgia Tech’s Engineering Experiment Station (EES).

If used commercially, these radar sensing devices would be installed on mechani-
cal shearers which remove sections of coal in mine shafts and transport them out of
mines on conveyor belts. At present, human operators must walk along side these
shearers to position the digger for proper cuts.

The Tech-NASA radar unit would electronically measure the distance between
the cutter and the ceiling of a shaft, making it possible for an operator to contro!
this equipment at a remote location hundreds of yards from the excavation site.

Tech has built four prototypes, using radar developed by NASA at its Marshall
Space Center in Huntsville, AL. Engineers in Tech’s Electromagnetics Laboratory
developed the unit’s antenna and a special lens which focuses the radar beam on
targets several feet from the apparatus. Georgia Tech packaged the radar, antenna
and lens into an explosion-proof box.

No decision has been made yet to release the radar sensor design for commercial
development. However, tests undertaken recently at the Marshall Space Center were
promising enough that Georgia Tech has received a contract to build five new proto-
types with modification for improved performance.

NASA is the agency in charge of the coal mining radar program, and is using
funds made available by the Department of Energy. Georgia Tech is working as a
subcontractor in the program through Foster-Miller Associates, a Massachusetts engi-
neering firm which is handling mining test of the radar for NASA.

Australia Selects The Australian Defence Ministry and the Department of Administrative Services
Contractor have announced that Collins International Service Company (CISCO) has been se-
to upgrade lected, subject to successful completion of contract negotiations, to upgrade the

Defense Australian major defense communications links with a new network known as DIS-

CON (Defence Integrated Secure Communications Network).

CISCO, a wholly owned subsidiary of Rockwell International Corporation, was
selected to implement DISCON following competition with Ford Aerospace, Litton
and Plessey. Collins Communications Systems, a division of Rockwell’s Defense
Electronics Operations, will be responsible for the program.

Communications
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JTIDS Terminals
Pass Navy
Flight Tests

European Military
Semiconductor
Market to Grow
13.6% Annually
Through 1986

The development of the Australia-wide integrated communications network is
expected to cost between $150 million and $200 million and would extend over
10 years. 1t will use modern digital electronic techniques to enable the rapid and
secure handling of many types of information, including voice, facsimile and data
communications as well as telegraph, to interlink major national defense establish-
ments throughout Australia and to provide a national defense communications re-
quirement to the year 2000.

The Joint Tactical Information Distribution System’s {(JTIDS) distributed time
division multiple access {(DTDMA) functions implemented in command and tactical
terminals have been successfully flight tested by the US Navy.

The tests involved integrating JTIDS command and tactical terminals into a hot
mockup of Navy and Marine Corps command, control and communication (C3)
suites for CV aircraft carrier and E-2C and F-14 aircraft installations.

The JTIDS equipment, developed by ITT Avionics Division under contract
awarded by the Naval Air Development Center (NADC), has accumulated more than
10,000 hours of ground and flight test time at the Naval Ocean Systems Center
{(NOSC), San Diego, CA.

Equipment tested included two AN/USQ-72 JTIDS command terminals and two
AN/USQ-75 JTIDS tactical terminals, one of which was installed aboard a Navy P-3
aircraft operated by NADC, and a JTIDS RF simulator. The tests concluded at
NOSC with a flight demonstration of all DTDMA functions.

Further tests with multiple platforms (both airborne and ground-based) will be
conducted in the near future at the NOSC Pt. Mugu facilities.

Average annual growth of 13.6% is forecast for the European military semicon-
ductor market through 1986, says Frost & Sullivan, international market analysts.

Sales are projected to increase from $529.9 million in 1980 to $1.14 billion by
1986 (in constant dollars), with a total of $5.64 billion spent over the entire period,
the firm reports in a new study, “Military Semiconductor Market in Europe.”

Annual expenditures for discrete semiconductors are expected to build from
$196 million in 1980 to $326 million by 1986, up 66% for the period. At the same
time, the market for MOS digial IC’s is forecast to expand by 187%, from $124 mil-
lion to over $357 million. Purchases of bipolar digital IC’s are seen growing 131%
from $70 million to $161 million, while the market for linear 1C’s advances 86%
from $73 million to nearly $136 million.

“The most important trend affecting the use of semiconductors in the European
military market is the tendency for an increased proportion of the cost of a piece of
equipment to be spent on electronics, and hence, on semiconductors,”’ the market
research firm observes.

F & S submits that while European defense spending is forecast to rise at an
average annual rate of 3.4% during the 1980-1986 period ($99.7 billion to $120 bil-
lion), expenditures on defense electronics are seen increasing 4.3% per year ($10.9
billion to $14.2 billion). With that, the proportion of overall spending dedicated to
electronics will climb from 10% to 11.8%. At the same time, semiconductors will
build their share of the defense electronics market from 4.9% to 8%.

Within the semiconductor market itself, the most significant trend will be the
strengthening of the relative position of integrated circuits and MOS digital IC’s in
particular, the study indicates. The share of all IC’s in the total market is forecast to
escalate from 57.6% in 1980 to 64.5% in 1986, while MOS integrated circuits share
moves up from 23.5% to 31.4%.

Analyzed by nation, Europe’s four major markets for military semiconductors
are West Germany, France, the United Kingdom and ltaly. Purchases in West Ger-
many, France, the United Kingdom and Italy. Purchases in West Germany are fore-
cast to increase 110.7% from $136.7 million in 1980 to $287.9 million in 1986,
with France growing 122.4% ($123.4 million to $274.3 million), the United King-
dom climbing 100.6% ($102.8 million to $206.2 million) and Italy rising 127.7%
{($38.8 million to $88.4 million).

Rapid growth, however, is expected to occur as well in the smaller Southern
European nations of Spain and Greece. The Spanish market is seen increasing
160.2% to $51.2 million in 1986, while Greek purchases escalate 134.2% to $22.3
million. &
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MII.I.IMETER WAVE DEVICES TO 325.0 GHZ.

DETECTORS, GENERATORS

MIXERS, and MULTIPLIERS
Bolometers
Detector Elements
Detector Mounts
Harmonic Elements
Harmonic Generators
Harmonic Mixers
Mixer Mounts
Mixer Diodes
Multiplier Mounts
Multiplier Elements

" Thermistor Elements

FERRITE DEVICES

Isolators
Modulators
Phase Shifters
Switches

TE1o COMPONENTS
Adapters
Attenuators
Bends
Couplers °
Evacuation Units
Flanged Lengths
Frequency Meters
Hybrids
Insulated Flanges
Loads
Mismatches

Phase Shifters

. Pressure Flanges

Pressure Gauges
Probes
Shorts
Sliding Terminations
Switches
Tees
Terminations :
Transitions
Tuners €/H
Tuners !
Twists -
Windows
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Horns

WAVEGUIDE and HARDWARE

€12 F31-155C

/A\\//I\ [N

344 SaLerm Sa., Meoroxo, Ma. O2155
CIRCLE 27 ON READER SERVICE CARD

4,‘
R

rld Radio History




Around
the
Circuit

Andrew Walczak joined
M/A Electronics Canada
Ltd as Field Marketing
Manager for Eastern Can-
ada. . .Hughes Aircraft Co.’s Industrial Electronics Group
announced these promotions: Dr. John T. Mendel to
Group V.P., Carl L. Flores to Group V.P. and Manager,
Connecting Devices Div., and Dr. Arne Lavik, Group V.P.
and Manager, Electron Dynamics Div. . .Dale L. Peterson
was promoted to Pres., Frequency Sources West Div. and
Eugene J. Veracka was promoted to Pres., Frequency
Sources East Div. . Watkins-Johnson Co. named Robert
F. Welte as Manager, CEl Division. . .Ken Carr of Micro-
wave Associates, Inc. was appointed a Research Associate
at Eastern Virginia Medical School for his work on the
use of microwaves for cancer detection. . .Comstron
Corp. named Leonard J. Borow as its President and Chief
Executive Officer. . Nancy B. Knowlton was promoted
to position of Marketing Services Manager at Alpha In-
dustries. . .Dr. O. Thomas Purl was appointed V.P.,
Shareowner Relations and Planning Coordination and
Dr. Williams E. Kunz replaces Dr. Purl as V.P., Systems
Group at Watkins-Johnson. . .Midwest Microwave, Inc.
appointed Walter Stockman as Sales Manager.
American Electronic Labo-
ratories, Inc., the AEL In-
dustries, Inc. subsidiary,
received a $4.78M contract
from US Army’s Rock Island, IL facility for the produc-
tion of Vulcan Radar Systems, a gun control system used
against low-flying aircraft. . .Electromagnetic Sciences
was granted a S500K-plus contract from AT&T for the
design, manufacture, and installation of the High Seas
Control System, a subsystem of AT&T’s High Seas Ra-
dio-Telephone Commuaications System. . .Harris Corp.
received a $11.6M contract award from the US Army
CORADCOM for Light Terminal Antennas and Dual
Capability Servo Control Units with options for $3.8M.
.. . Itek Corp.’s Applied Technology Division has re-
ceived a $19.8M letter contract from the US Air Force’s
Warner Robbin’s Air Logistics Center for updated AN/
ALR-67/69 radar warning systems. . .Scientific-Atlanta,
Inc. received orders valued at $1.2M for Model 3055M
MARISAT satellite communications terminals from Tex-
aco, Inc. and Phillips Petroleum Co.

Component General Inc.
NEW MARKET of Pinellas Park, FL, an-
ENTRY nounced its entry into the
microwave component
manufacturing field. The first of several product fines to
be announced, consists of a series of roads and discs in
both conventional and high power resistors designed for
use in loads, coaxial attenuators, terminations, and
probes from dc to 18 GHz. The standard microwave line
utilizes carbon film as the resistive element; metal film
is avaitable upon request. Contact: James A. Cook, at
Component General, Inc., 10460 68th St. North, Pinellas
Park, FL 33565. Tel: (813) 541-7516.

PERSONNEL

CONTRACTS
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Scientific-Atlanta, Inc. re
ported results for the third
quarter ended March 31,
1981 of sales of $73.3M,
net earnings of $5.2M or 25¢ per share. This compares
with 1980 quarterly sales of $48.9M, net earnings of
$3.56M or 17¢ per share. . .For the first quarter ended
April 3, 1981, Watkins-Johnson Co. reported sales of
$34M, net income of $1.78M and earnings per share of
b6¢. In the comparable 1980 quarter, sales totaled
$31.8M, net income was $1.75M or 55¢ per share. . .
EPSCO, Inc. announced first quarter results for the peri-
od ended April 21, 1981 of net sales of $4.1M, net in-
come of $250K or 20¢ per share. In the first quarter of
1980, net sales were $3.65M, net income totaled $227K
or 24¢ per share. . .Adams-Russell Co., Inc. announced a
cash dividend payment of 5¢ per share on May 20, 1981
to shareholders of record as of May 6, 1981. The com-
pany also reported second quarter results for the period
ended April 4, 1981 of net sales of $11.5M, net income
of $900K or 27¢ per share. In the comparable period of
1980, net sales totaled $8.42M, net income was $57 1K
or 21¢ per share. . .Electromagnetic Sciences, Inc. an-
nounced a 10% stock dividend payable on May 26, 1981,
to stockholders of record of May 14, 1981. . .Radiation
Systems, Inc. reported nine-month earnings of $689K or
80¢ per share on sales of $6.7M for the period ended
March 31, 1981. This compares with 1980 nine-months
results of earnings of $574K, or 72¢ per share on sales of
$4.6M. . .Aydin Corporation reported first quarter sales
of $25M, net income of $1.7M and earnings per share of
49¢ for the period ended March 28, 1981. During the
comparable 1980 quarter, sales totaled $22.2M, net in-
come was $1.5M and earnings per share were 43¢. . .
California Microwave, Inc. declared a 100% stock divi-
dend to shareholders of record on May 15, 1981, with
payment set for June 15, 1981. The company announced
third quarter results for the period ended March 31,
1981 of sales of $15.5M, net income of $713K, 29¢ per
share. During the comparable 1980 quarter, sales totaled
$8.3M resulting in a loss of $958K or 47¢ loss per share.
.. .AEL Industries, Inc. reported year-end results for the
period ended February 27, 1981 of sales of $54.5M and
aloss of $4.0M, $2.07 per share. During the four quar-

ter of 1980, net sales totaled $50.9M, net loss was
$177.1K or 9¢ per share. . .During the second quarter
ended March 28, 1981, M/A-COM, Inc. generated net
sales of $118.7M, net income of $8.9M or 24¢ per share.
During the comparable 1980 quarter, net sales were
$77.6M net income was $5.5M or 17¢ per share. . .Sea-
lectro Corporation announced first quarter sales of
$12.1M, net income of $1.6M or $1.07 per share for the
period ended March 27, 1981. During last year's first
quarter, sales totaled S10.5M, net income was S535K or
36¢ per share. . .Sage Laboratories, Inc. reported its
nine-month results for the period ended March 28, 1981
as sales of $2.1M, net income of $216K or 49¢ per share.
This compares with 1980 nine-month sales of $1.65M,
net income of $204K or 48¢ per share. . .Alpha Indus-
tries reported 1981 fiscal results for the year ended
March 31, 1981 of $29.6M, net income of $2.78M, or
$1.16 per share. This compares with 1980 year-end sales
of $21.8M, net income of $1.87M or 95¢ per share. . .
Narda Microwave Corporation declared a regular quar-
terly cash dividend of 5¢ per share to stockholders of
record of May 8, 1981 with payment slated for May 26,
1981. . .Microdyne Corporation declared a regular semi-
annual cash dividend of 3¢ per share to stockholders of
record of May 15, 1981, with payment set for May 29,
1981. &
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MITEQ - THE SOURCE
TUNED, FREQUENCY
PHASE LOCK

MECHANICALLY TUNED
Output Reference
Frequency Frequency
Model Range Muit. ELTL
Number {MHz) Factor (MHz)
PLO SERIES FUNDAMENTAL PHASE-LOCKED L-C OSCILLATOR
PLO— 270-360 A U8 X3 90 -120
*Center 360-460 SRS X4 90 -115
Frequency 460-575 +13 X5 92 -115
in MHz 575-690 + 13 X6 95.8-115.0
690-805 s 1S X7 98.6-115.0
* +2% tuning 805-920 +13 X8 100.6-115.0
minimum 920-1000 +13 X9 102.2-111.1
PLC SERIES FUNDAMENTAL PHASE-LOCKED CAVITIES
PLC-0910 0.98- 1.05 + 20 X9 108.9-116.7
PLC-1012 1.05- 1.20 + 20 X10 105.0-120.0
PLC-1214 1.20- 1.40 + 20 X12 100.0-116.7
PLC-1315 1.30- 1.50 + 20 X13 100.0-119.2
PLC-1517 1.50- 1.75 + 20 X15 100.0-116.7
PLC-1720 1.70- 2.00 20 X17 100.0-117.6
PLE SERIES FUNDAMENT AL PHASE-L.OCKED CAVITIES
PLE-2022 20 - 4 13 X20 100.0-110.0
PLE-2225 2.2 - 2.4 Y@ X22 100.0-113.6
PLE-2428 24 - 28 i3 UES X24 100.0-116.7
PLE-2832 28 - 3.2 2 U X28 100.0-114.3
PLE-3236 32 -36 TG X32 100.0-112.5
PLM SERIES PHASE-LOCKED CAVITY/MULTIPLIERS
PLM-3642 36 - 42 +13 X36 100.0-116.7
PLM-4347 43 - 47 18 X42 102.3-111.9
PLM-4853 48 - 535 )r 13 X48 100.0-111.5
PLM-5459 54 - 69 13 X52 103.8-113.5
PLM-5965 59 - 6.5 13 X56 105.3-116.1
PLM-6570 65 - 7.0 10 X64 101.5-109.4
PLM-7075 TON-"55 1 10 X70 100.0-107.9
PLM-7680 75 - 80 Sy (O] X75 100.0-106.7
PLM-8085 80 - 85 +10 X80 100.0-106.3
PLM-8530 85 - 9.0 s+ 0) X84 101.1-107.2
PLM-9095 90 - 95 g 1e1I(0) X90 100.0-105.6
PLM-9510 9.5 -10.0 + 10 X930 1056.5-111.1
PLM-100105 10-0 -10.5 =347 X100 100.0-105.0
PLM-105110 105 -11.0 +10 X105 100.0-104.8
PLM-110115 110 115 +10 X105 104.7-109.5
PLM-115120 115 120 +10 X114 100.8-105.3
PLM-120125 120 125 ERILO) X120 100-0-104.2
PLM-125130 125 -13.0 +10 X120 104.1-108.4
PLM-130135 13.0 -135 +10 X126 103.1-107.2
PLM-135140 135 -14.0 1n7 X133 101.5-105.3
PLM-140145 140 145 +7 X140 100.0-103.6
PLM-145150 145 -15.0 R X140 103.5-107.2




FOR MECHANICALLY
AGILE, SYNTHESIZED
SOURCES

FREQUENCY AGILE
Power Reference
Output Output Frequency
Frequency Minimum Range Muiltiplication
(GHz) {(dBm) (MHz) Factor
PLA-AA SERIES
PLA-AA-3742 3.7 4.2 13 123.3-140.0 X30
PLA-AA-4449 44 -49 13 91.6-102.1 X4a8
PLA-AA-4853 4.8 -5.32 13 100.0-110.8 X48
PLA-AA-6570 6.55-7.05 10 109.1-117.5 X60
PLA-AA-7075 7.0 -7.55 10 116.6-125.8 X60
PLA-AA-7277 7.2 7.7 10 120.0-128.3 X60
PLA-FA SERIES, FAST SWITCHING (1 ms)
PLA-FA-3742 3.7 ‘42 13 102.7-116.7 X36
PLA-FA-4449 44 49 13 91.6-102.1 X4a8
PLA-FA-4853 4.8 -5.32 13 100.0-110.8 X48
PLA-FA-6570 6.55-7.05 10 109.1-117.5 X60
PLA-FA-7075 7.0 -7.55 10 97.2-104.9 X72
PLA-FA-7277 VA2 10 100.0-106.9 X72

FEATURING a thumbwheel frequency
selection, low phase noise, 10 MHz fre-
quency steps, 5 MHz input reference and
options for 10 MHz and 100 MHz input

reference.
_

SYNTHESIZED

Power

Output Output
Model Frequency Minimum

Number (GHz) (dBm)

10 MHz FREQUENCY STEPS
PLS-3742-10 37 -4.2 <13
PLS-4449-10 44 49 13
PLS-4863-10 48 532 13
PLS-6570-10 6.56-7.05 10
PLS-7075-10 7.0 755 10
PLS-7277-10 ey 10

100 RICEFIELD LANE/HAUPPAUGE, NEW YORK 11788/516)543-8873
A e 1~ T AT T,

MITEQ INC.
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Millimeter Beam Lead Components
Available From Stock

The production technology of tommorrow is available today for demanding PGM, EW,
ECM, ELINT and Missile Guidance Applications at millimeter wavelengths.

A Sophisticated Technological Edge, in the world of
millimeter components - brings you the industry’s only line of
millimeter beam lead MIC receiver components. Our extensive
GaAs semiconductor, MIC circuit and precision casting
facilities are vertically integrated to assure the highest standards
of reliability in production programs at millimeter wavelengths.

Integrated Beam Lead MIC Mixer/Preamplifiers
Available from 18 to 230 GHz in 9 Bands

Series 9600 Fundamental balanced
mixer/preamplifiers are available in
many popular frequency and IF
amplifier combinations State-of-
the-art beam lead suspended
stripline technology is used to
achieve the best commercially
available noise figures in receivers
which have demonstrated outstan-
ding reliability in critical missile
guidance and radiometric applica-
tions. Both bipolar and GaAs FET
IF amplifiers are integrated into low
weight, compact assemblies directly useable in production pro-
grams. A sample of the diverse selection of available mixer/
preamplifiers includes:

Tnstantaneous] §

RF Center DsB LO Drive| IF Output BW | Unit| Delivery

| _Model |Frequency Noise Figure Level (MHz) Price] ARO
[ Stock to
A 9600-9 35 GHz 3.2 dB DSB 1 mw 100-1000 {3.650( 30 days
[ Stock to
B 96009 | 44 GHz 3.5 dB DSB 1 mw 100-1000  [3,950| 30 days

I

| Stock to
1 U 9600-9 60 GHz 4.0 dB DSB 1 mwW 100-1000  |4.250] 30 days
| Stock to
| W 9600-9 94 GHz 5.0 dB DSB8 1.5 mw 100-1000  [5.1501 30 days
Stock to
F 9600-9 | 140 GHz 6.0 0B DSB 3.0 mw 100-1000 {7,050 60 days

Noise tigures quoted include 1.5 dB IF Noise Figure Contribution

Beam Lead MIC Full Band Switches
Available from 18 to 110 GHz in 5 Bands

Series 979 SPST PIN switches have
full waveguide instantaneous band-
width and can be used as either
switches or continuously adjustable
attenuators in a variety of applica-
tions at millimeter wavelengths.
These switches have lower insertion
loss and higher isolation than other
commercially available narrow-
band switches and are supplied with
an integral hybrid thick film driver
module for direct control from TTL
logic levels.

Instantaneous | Insertion Loss Isolation |[Switching| Unit | Delivery
Model | Frequency Range (Max.) (Min.) Speed |Price $ ARO
Stock to
30 days
K 979 18-26 GHz 1.5 dB 30 dB 50 nsec 2,700
Stock to
A 979 26-40 GHz 1.5 dB 30 OB | 50 nsec 3.150 | 30 days
Stock to
B 979 33-50 GHz 2.0dB 25dB | 50 nsec | 3,650 | 45 days
Stock to
V 979 50-75 GHz 25dB 20 dB | 50 nsec 4,850 | 90 days
Available
W 979 75-110 GHz 25dB 20dB | 50 nsec Early 1981

tincludes integral thick-film driver.
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Beam Lead MIC Mixers With Full Waveguide
Instantaneous Bandwidth

Available from 18 to 110 GHz in 5 Bands

Series 9700 full waveguide band
mixers utilize extensive MIC
technology to achieve flatness and
state-of-the-art conversion efficien-
cy in broadband applications at
millimeter wavelength. These down
converters can be supplied with in-
tegral local oscillator sources as well
as a variety of GaAs FET |IF
amplifiers to suit system re-
quirements. Presently available in
this series are.

Instantaneous
Bandwidth sSB s

LO Drive Conversion Unit Delivery

Model RF IF Required Loss Flatness | Price ARO
1.0 mW at Stock to

K 9700 {18-26 GHz| 0.1-4 GHz| 22 GHz 6 dB +1dB 3.100 | 30 days
1.0 mW at Stock to

A 9700}26-40 GHz}0.1-8 GHZ| 33 GH: 708 | #1dB | 4200 | 30days
1.5 mW at

B 9700 [33-50 GHz{ 0.1-8 GHz| 42 GHz 75d8 +1 dB 4.900 | 60 days

50-75 and 75-110 GHz version are currently under development

Custom Subsystems

Alpha is presently supplying complex subsystems for all
millimeter programs with production potential, including
Assault Breaker, WASP, STARTLE and others.

Let Alpha put its expertise to work for you. We will design
your required functions into a single package. It can be a simple
receiver (with mixer, oscillator and IF amplifier) or a complex
subsystem with MIC and monolithic technologies included.

Alpha combines high reliability with strict quality control to
produce devices that conform to MIL-STD-9858A and meet
MIL-E-5400 and MIL-E-16400 environments, as well as MIL-
STD-461, 462 and 463. Screening is available to MIL-STD-
883B level. Incoming material is subjected to rigorous inspec-
tion to meet Alpha quality standards. Procurement specifica-
tions are generated for all major components that cannot be
procured as MIL screened devices.

Alpha’s technical staff invites your inquiries and welcomes the
opportunity to review your requirements.

Get the Alpha Advantage. Call or write Alpha Industries,
Inc., TRG Division, 20 Sylvan Road, Woburn, MA 01801,

(617) 935-5150.
i1Alpha

The Alpha Advantage
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The Coming of A
mm-Wave Forward &

Technical Feature

Looking Imaging Radiometers

J. M. SCHUCHARDT, J. M. NEWTON, T. P. MORTON, J. A. GAGLIANO
Georgia Institute of Technology, Engineering Experiment Station, Atlanta, GA

Advances in hardware compo-
nents and improved system un-
derstanding, combined with a
need for operation in a variety of
weather and climate situations,
have come together to provide an
impetus for the development of
new and advanced millimeter-
wave radiometer imaging sys-
tems.!"'¢ Today's sensors are op-
erating near the earth’s surface, in
high altitude aircraft and in both
jow and synchronous orbit satel-
lites. Applications include surface
sensing of geographic features,
weather, status and object loca-
tion. Future applications will re-
quire high resolution and rapid
image generation for military,
scientific, and cansumer use.
These latter systems will utilize
multibeam sensors capable of tast
beam scanning, incorporating sen-
sitive integrated multichannel
receivers.

These devices, referred to as
MFLIR’s, may be utilized in
many applications that currently
utilize infrared imaging sensors.
Several of these applications are
shown in Table 1. The millimeter
wave Versions pnssess an oLt
standing advantage over the in-
frared sensor — namely, an abil-
ity to provide high quality im-
ages in cloudy, hazy, and foggy
weather. Such operation is vital
in many applications, as, for ex-
ample, battlefield smoke and
dust, adverse weather aircraft
landing, reconnaissance and sur-
veillance, vehicle navigation,
and remote sensing of critical
sighatures.

June — 1981

Recent projects at several or-
ganizations have led the effort
necessary to advance both the
technical knowledge and tech-
niques available for the coming
generation of MFLIR's. Hard-
ware methods have accelerated
the art, permitting advanced ra-
diometer technigues such as total
power imaging for good sensitiv-
ity accompanied by periodic cali-
bration for stability, RF noise in-
jection for long term radiometer
stability, and quasi-optical chop-
ping for simultaneous multiband
radiometric imaging using a com-
mon aperture.

Measurements conducted with
surface based sensors have pro-

vided atmospheric test data in-
cluding sky temperature and at-
mospheric losses in fog, rain, and
clouds. Long and short term fluc-
tuation data have also been gath-
ered. Airborne sensors have pro-
vided information regarding sur-
face features. Both water and
land features have been investi-
gated as well as manmade fixed
and mobile structures.

ENVIRONMENT AND SIGNATURES

Imaging radiometer system de-
sign depends on the purpose of
the system and on the radiomet-
ric properties of the environment
in which the system is to be used.
Radiometers find applications

TABLE 1
APPLICATIONS OF MFLIR's

landing aid

Missile Drone

PLATFORM IMAGE/SUBJECT REMARKS
Spacecraft Planets, comets Multifrequency
Satellite Surface targets Low orbit case
(land or sea)
Aircraft
Fixed Wing Tactical targets, Weapons delivery,

FEBA*" engagements

Helicopter Battlefield surveillance Real time data, adverse
weather and obscurant
penetration

Tower Area security, range Real time data, scene/
safety reference changes

Ship Horizon scanning for High spatial resolution
aircraft, ships and
cruise missile

Land mobile Battlefield surveillance Covertness, real time

data
Man portable Perimeter defense Real time data

* Forward Edge of the Battle Area

navigation

Guidance, reconnaissance
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ranging from radio astronomy to
satellite-borne earth surface me-
teorology; to air-surface and air-
air missile guidance; to battle-
_field target detection through
smoke, fog, and other obscur-
ants; to thermographic medical
diagnostics. In each of these ap-
plications the radiometric back-
ground may differ considerably
from the others. It is, therefore,
necessary to radiometrically char-
acterize each background and op-
erating environment in order to
optimally design the radiometer
system for use therewith.

The apparent radiometric tem-
perature of a surface consists of
both a thermally emitted power
Te and a reflected power Tp. The
emissivity € of a surface is de-
fined as the ratio of that surface’s
brightness temperature to the
brightness temperature of a
blackbody at the same physical

(kinetic) temperature (0 < e < 1).

For an object that allows no inci-
dent RF to pass through (i.e., its
transmissivity t =0), e + p =1,
It is known from physical experi-
ments that the reflectivity p is a
function of incidence angle as
well as of material type and wave-
length. The emissivity € is, there-
fore, also a function of aspect
angle, and the apparent radiomet-
ric temperature of a surface also
depends on aspect angle (grazing
angle or depression angle).

In order to make predictions
of apparent radiometric tempera-
ture for design purposes, it is
helpful to use standard tabulated
data gathered during measure-
ment programs to estimate at-
mospheric path loss, radiometric
sky iemperature, radiometric
temperatures of various environ-
mental surfaces, etc. Most por-
tions of the earth’s surface (soil,
grass, foliage) are quite emissive,
rather than reflective; they tend
to have radiometric temperatures
that depend mainly on their kin-
etic temperatures and are relative-
ly independent of sky tempera-
ture. Table 2 lists some typical
earth surface radiometric temper-
atures.'’720

Table 3 presents average atmos-
pheric attenuation (expressed in
dB/km) as a function of frequen-
¢y across the MMW {millimeter-
wave) spectrum. The absorption
peaks centered around 60 and
118 GHz are caused by oxygen
O, resonant absorption. Absorp-
tion peaks around 183 and 320
GHz are due to water vapor. Ref-
erences 21 through 27 discuss the
quantum mechanical explana-
tions of these absorption lines.

Within the MMW region of the
spectrum, there are four low-loss
bands commonly referred to as
transmission windows, found
around the frequencies 35, 94,
140, and 220 GHz. These are the

TABLE 2

SOME TYPICAL 95 GHz RADIOMETRIC TEMPERATURES
(Tgkg) OF COMMON BACKGROUND SURFACES
UNDER CLEAR CONDITIONS AND MODERATE RAIN

SURFACE CLEAR CONDITIONS MODERATE RAIN
(°K) (°K)

Tall Grass 250 250

Short Grass 240 240

Bare Dirt 220 230

Ice 210 220

Concrete 200 210

Gravel 200 210

Water Surface 190 200

TABLE 3

TYPICAL ATMOSPHERIC LOSS/TEMPERATURE PARAMETERS

Clear Weather Attenuation (dB/km) Zenith Sky Temperature (°K)
Frequency Horizontal Path Total Partly Medium

(GHz) Atmospheric Status Sea Level 4 km alt. Zenith Clear Cloudy Rain
35 Window 0.15 0.02 0.2 25 50 130
60 Absorption (0, ) 15.0 5.0 100+ 290 290 290
95 Window 0.4 0.10 1.0 60 150 240
18 Absorption (0,) 2.0 0.90 100+ 290 290 290
140 Window 1.5 0.15 15 130 200 250
183 Absorption (H, 0) 30.0 3.0 100+ 290 290 290
220 Window 6.6 0.20 26 170 260 290
320 Absorption (H,0) 35.0 6.0 100+ 290 290 290
350 Window 9.0 0.80 6.0 220 280 290

Note: Under clear air conditions standard pressure and temperature are assumed, with about 7.5 gm/m* of H,0.
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frequencies most commonly used
by MMW radars, radiometers, and
communications systems. Some
short range (1-2 km) tactical
communication systems use a 60
GHz RF in order to assure mini-
mal interceptable transmission
beyond the range of intended
communication. However, for
most purposes minimum attenua-
tion is usually preferred.

The radiometric contrast tem-
perature for unresolved target
detection may be determined
using:

_ ArnolTgeg~ Trgr)

(1)

¢
7 tan’ (-;—6) R2 100.1¢R

where

T. = radiometric scene/back
ground contrast tem-
perature (°K)

At = effective target radio-
metric area (m?)

n = beam efficiency (-3 dB

beam assumed, n = 0.6)

0 = target position factor

Oy 15

Tgkg = radiometric background
temperature (°K)

T1gT = radiometric target
lemperature (°K)

B = beamwidth (-3 dB beam
width assumed)
(degrees)
range to target (R in km)
atmospheric attenua-
tion (dB/km).

o 0

Another factor involved in the
tradeoff for frequency selection
is the beamfill factor I':

Ayno
B

2P\ 2
7 tan (2)R

in Equation (1). The larger ' is
(0T < 1), the larger the con-
trast temperature T, which may
be achieved. For a given aperture
and given target size, [ increases
with increasing RF frequency

(8 = 70 A/D degrees; D = aper-
ture diameter).

The target/background con-
trast (Tgkg ~ TTGT) is also a
function of frequency. When the
target is a metallic object it may
reflect a cold sky temperature

June — 1981

toward the radiometer, thereby,
taking on an apparent radiomet
ric temperature TTGT approxi-
mately equal to the sky tempera-

ture, and the sky temperature de-

pends on frequency as is shown
by Table 4.

The magnitude of contrast
temperature measured by a 94
GHz radiometric target detector
can now be determined from
Equation (1). Assuming a 10 per-
cent fitl-factor (I' = 0.1), a target
background temperature ranging

from 280 to 300°K, and typical
clear weather values of £ and
Tgky at 94 GHz, namely 0.4 dB/
km and Tgky = 20 to 80°K. With
these values, a contrast tempera-
ture {AT) ranging from 10 to
14°K could be observed from 7
km. Since typical millimeter ra:
diometers can resolve tempera-
ture differences on the order of
1°K or less {(depending on integra-
tion time), a metal target would
provide a distinct signal to a pas-
sive target detection system.

20Hz to 1IGHz: 1 small antenna

Electrically small antennas whose
elements are an extremely small
fraction of A. Among other things,
they give you low frequency per-
formance in a small package. Type
201191, shown, has 18 inch remov-
able elements, weighs only 20
pounds, and stows in a convenient
carry case. For SIGINT surveil-
lance, it's a vertically polarized,
biconical omnidirectional antenna
that provides 2 outputs: 20 Hz to
100MHz, and 70MHz to 1 GHz. The

ELECTRICALLY SMALL ANTENNAS: NEW FROM TECOM

The ultimate in light weight, trans-
portable surveillance antennas.

Over 20 new, electrically small
antennas from TECOM; watch for
more announcements and call or
write for more information.

ECOM

INDUSTRIES INC.

Type 201191 antenna — available

/ I -, 21526 Osborne St., Canoga Park, CA 91304
with optional amplifier and radome.

(213) 341-4010 TLX 69-8476

[Wol
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{from page 47) MM-WAVE

TABLE 4
NOMINAL LOSS FACTORS AND SKY TEMPERATURES FOR 35, 95, 140, 220 GHz
FOR VARYING ATMOSPHERIC CONDITIONS
35 GHz 140 GH2
Toky (K"} ¢ (aB/km) Tgky CK) U (dB/km)

Clear 20 .02 Clear 120 (average 130} 1.4
Over-cast 50 .05 Overcast 150 1.45
Fog 80 A Fog 190 ®5
Light Rain 110 .25 Light Rain 220 1.5
Moderate Rain’ 130 2 Moderate Rain 260 35

95 GHz 220 GHz
Clear 50 4 Clear 150 4
Overcast 150 .45 Overcast 180 4.1
Fog 180 5 -.8 Fog 200 4.5
Light Rain 210 il Light Rain 230 4.6
Moderate Rain 240 &3 Moderate Rain 270 6
Note 1: Assume visibility near 100 m and temperature of 18 to 20°C. Note 2: Light rain (< 4 mm/hr) and moderate rain (> 4 mm/hr).

Associated with the apparent sensitivily equation is: %39 vhere
target contrast temperature is the CT 5
radiometer sensitivity needed to AT sys ATl minimum detectable
detect the available contrast tem g Br temperature
perature change. Two radiome- A ) radiometer constant
ter configurations (Dicke or total T (3_6_)] 12 &) (2 to 2.2 for a Dickel,
power) are commonly used. The (Ty G 1.0 for a total power

fcontinued on page 50)

BROADBAND DIRECTIONAL DETECTORS

.5-18 GHz — with Unequaled Flatness

S ——— — S —
{ Frequenc:
| Frequency | Sensitivity | Directivity | Max | Sensitivity
Model {GHz) l(dB) (GHz_)‘(dB) (GHz) [ VSWR | (uv/uw) Price
‘ 12118 1-124 *21-8 18 1-8 135 40 $6
ay (231-124 [158-124 | 3
1818S 2-18 +52-124 |17 2-124 135 10 $
| "72-18 !15 12 4-18
A 18208 1-18 51-124 117 1-124 | 135 10 £825
{ 7 1-18 15 12 4-18
1292 Anvilwood Court ® Sunnyvale, California 94086 18505 | 518 | +12 |14 518 | 140 10

1212 4-18

(408) 734-5999 -~ ) |
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NEW High Performance

Power Meters

Digital or Analog
The choice is yours

“afre

Model 475B

Digital Power Meter
(with optional IEEE GPIB Bus)

Key Specs
0.01 to 40 GHz frequency range
e Dynamic Range: From —39.9to
+35dBm
e Accuracy: to =0.05dB
e Resolution: 0.01 dB

Features:

Internal Calibrator

Automatic Zero Set

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

Optlons

IEEE GPIB Bus interface allows
communications with con
trollers or other instruments

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

e 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. Al 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

o)

Model 476
Analog Power Meter

Key Specs

e 0.01 to 40 GHz frequency range
e Dynamic Range: 30 nW to 3W
e 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 designingand
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.

Send for our new

w
l"

>0
| &>

*  Power Measuring Equipment brochure.

GENERAL MICROWAVE

GENERAL MICROWAVE CORPORATION
155 Marine Street, Farmingdale, L.1., New York 11735,
Tel: 516-694-3600

A
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{from page 48) MM-WAVE

double sideband sys
tem temperature
Ta 2 1F

= (Tp + TrevRr! (Total Power)

sy

receiver noise temper
ature (DSB)
T post detection inte-

"RCVR

gration time
B |F bandwidth
éCE amplitfier stability
a

T A - Tc) (Dicke)
= Ty (Total Power)
Ta antenna temperature

Tc Dicke load
temperature

Typical system and component
parameters permit, with careful
design, the achieving of AT min
values 0of 0.1 to 1.0 degrees in
typical imaging applications. The
required AT qin for a system is

If high reverse isolation and
low VSWR will solve your
systems’ problems...

take a look at
these numbers.

QBH-110 15 Vdc
FORWARD
GAIN / PHASE

(dB) (deg.)

FREQ. INPUT
MHZz VSWR

10.000
100.000
200.000
300.000
400.000
500. 000

15.01/-177.03
158728/ 589),
15.20/ 124.20
15.18/ 96.29
16.26/ 67.56
15.41/ 36.31

NOISE FIGURE: 2.5 dB

1 dB COMPRESSION:  +9 dBm

3rd ORDER INTERCEPT:

Q-bit Corporation's quality system
meets or exceeds the require-
ments of MIL-Q-9858A, and can
provide reliability screening in
accordance with MIL-STD-883B,
MIL-STD-810C and others.

+23 dBm

Call or write:

Q-bit Corporation

311 Pacific Avenue

Palm Bay, Florida 32905
(305) 727-1838

TWX (510) 959-6257

Power Feedback-Technology in Hybrid Amplifiers

Q-bit Corporation |
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based on the expected tempera
ture change (contrast) in the
scene to be imaged. Typically
AT'min is 1/3 to 1/10 the value of
the smallest contrast temperature
within the scene.

PRACTICAL ANTENNA
CONSIDERATIONS

Antenna performance is ex
tremely critical in determining
how well a radiometer can per
form. Some brief considerations
of antenna parameters, important
for airborne applications, can be
made.

The directional response of an
tennas varies as a function of
wavelength and antenna size. For
pencil beam antennas, the half-
power beamwidth is approximate-
Iy, B = 70N/D (degrees) where D
is Lhe antenna diameter and A is
the wavelength.

When utilized in a convention-
al radiometer, the antenna can re-
solve a target equal to the beam’s
projected half-power diameter at
the distance of observation. This
(S given as:
ghm

T80 {meters)

Resolution Spot
where h = distance in meters.
Tradeoffs in receiver parameters
and resolution spot size tor con-
ventional airborne mapping radi
ometers have been treated.°

A second important property
of the antenna response depends
on its sidelobe level, that is, the
degree to which it is sensitive 10
radiation incident upon the an-
tenna from directions outside the
main beam. The fraction of the
energy accepted from within the
main beam relative to that out
side of the main beam is called
the beam efficiency. Low side
lobes and high beam efficiencies
arc obtained with tapered aper
ture distributions.

Sidelobe etfects in a radiome-
ter antennd can be shown by con
sidering the basic antenna trans
fer function. The total signal tem
perature seen by the receiver is:

TR5(0°,¢O)'~n|mnfap(00,¢o)
+ 7y (1-0m) Tgy (05, &)+ (1-my) T,

(3)
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where an airborne line scan mapper with  v,h velocity and altitude, re

0. o ' ; multiple beams, the dwell time is: spectively, of the aircratt
o Po direction angles of ! S !
SBeaPIaNEN foRthe N iy W total sqlnq angle mapped
radiometer ty ¥ vl vy per unit time
Tap appgrent) tefmperlatu_re It is assumed that there is no
(axlxler_dgeh ¥ f(_eso u't|on where dead time (100% scanning etfi
cell In tne rfn;nn beam ciency) and no overlap.
n, = radiation efficiency 8 = beam width Equations have been given®?
Mm main beam efficiency : ‘ for targets located directly be
T ‘(nm ~0.9100.98) Y = angular swath wide neath the aircraft. For example,
st average sidelobe n = number of beams the difference hetween contrast

temperature

F antenna’s loss
mechanism physical
temperature

The fast term in Equation {6)

shows that a lossy antenna not NOW'
only attenuates the incoming sig
nal but adds additional noise .
4 = ep Up
Some applications require
scanned beam antennas. These A“ n tors
antennas can be mechanically or e ua
electronically scanned. The ad-
vantages of mechanical scanning
include a superior multifrequency
capability, lower antenna losses
and electronic simplicity. Elec
tronically scanned antennas are
more compact, need have no

moving parts and can scan more
rapidly.’!

employed simultaneously temperature with the target in
{continued on page 52)

MFLIR APPLICATIONS
Airborne Mapping

The airborne mapping radio-
meter uses an antenna beam that
is scanned through or forward of
nadir across a swath beneath the
aircraft (Figure 1) and the output
signal of the radiometer is dis-
played or stored to present an
image of the scenz or terain be-

lowe. Either multiple ar single B
beams can be used. In this appli o

catl o e, MATa i RLC’s new manual and remote variable step atten-

tion time, 7, is often equated to : .
the dwell time (tq) of the beam uators now step up to 130 dB.

in each resolution spot. The dwell Available from DC to 2 GHz, all RLC step atten-
time is in turn dependent on the uators have excellent repeatability and flatness,
bearwidith, afigular Swath width, high power overload capability, low insertion loss,

number of heams, the aircraft : L s e
velocity, and height low VSWR, small size, proven reliability and are

The scanning of the scene can EMI proof.
be accomplhished in ditferent ways. So make your next step a step up — to RLC vari-
TG EPAEHT TR0 i andgMEn able step altenuators.
uses a number of beams arranged

in a row normal to the flight path }(i% RLC ELECTRONICS, INC.

h ' . 'S
sl tvhizvflolts": Ml ) [ % FOR ALL YOUR MICROWAVE COMPONENTS
gk (/] SWITCHES: ATTENUATORS - TERMINATIONS

also possible to scan one or more zltw,i' * MIXERS - HYBRIDS - COUPI FRS « FILTERS
radiometers along a line normal " ;
to the flight path. For the case of 83 Radio Circle, Mt. Kisco, N.Y. 10549 - (914) 241-1334
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{from page 51) MM-WAVE

beam and the target not in beam
divided by AT min is (S/N) and is
given as:

(%) = [At (etA Gb)] X

1 1
X[t (T, TskVB‘/hJ ]
v

Vn
[\/E(m AT rmin, ]

Here AT qin is the minimum
detectable temperature {with
7= 1), At is the target area, €;
and ey, are the emissivities of the
target and background respective-
lv, Tp and Tsky are the brightness
temperatures of the background
and sky, and L is the atmospheric
loss.

For contiguous coverage of the
scene on the ground by one beam,
a radiometer usually scans a por-
tion of the scene previously
scanned. The contiguous scan re-
guirement implies that the beam
be scanned in a time equal to the

time reguired for the aircraft to
{continued on page 56)

Fig. 1 Airborne imaging with an MFLIR.
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PHASE
MATCH (DEG)

AMPLITUDE

Dual Polarized Horn
Model A 6100 2to18 GHz

g
x
o
[=4
<
=
24 6 8 w0 12 14 1 18

FREQUENCY (GHaz)
Specifications
Frequency. . 2to 18 GHz
Gain 5 to 18 dBi
Polarization _ Simul. Horiz.

and Vertical

3dB Beamwidth______ 60° to 10° nom.
O — s Planar Spirals from 0.1 to 40 GHz
Isolation Between Ports__ 25 dB min. X L
Phase Tracking Conical Spiral Omnis from 0.1 to 18 GHz
Between Ports £17° max.
ADITEIEE Tracling Complete DF Systems Including Controls and Displays
Between Ports +1.3 dB max.
Maximum Power 10 watts
Size ___ 6" Aperture, 13" Long =

Weight

4 1bs., 4 oz.

ﬁnJ EM Systems, Inc.

290 Santa Ana Ct., Sunnyvale, CA. 94086 (408) 733-0611 TWX: 910-339-9305
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COMB GENERKTORS

HARMONIC GENERATORS

Model Number 3900-1210 3900-1800 3900-1203 3900-1200
Frequency range 5-18 GHz 05-12 GHz 95-133GHz 01-18 GHz
Comb Spacing IMH2) 500 500 950 100
Freq Stabihty ippm) 30 30 30 30
Power Qutput i1dBm) -40 min +6 max -20 min 0 max
-22 min -40 min

Load VSWR (max ) 15511 151 U 8 151
In-band Spurnous {dBc max ) >24 >30 »40 >60
Power Supply +15 Vdc at +15Vvdc at +15Vdc at +15Vdc at

200mA max 200mA max 150mA max 300mA max
Size unches nominal) 19x133x5 133x133x 1519x133x06 19%x133x06

please update me. CIRCLE 207 ON READER SERVICE CARD

NAME TITLE

FIRM PHONE
ADDRESS

OCTAVE AND

BROAD BANDWIDTH

CIRCULATORS AND ISOLATORS

MODEL #
Freq. Range (GHz) Circulators Isolators Isolation insertion VSWR
dB Min. Loss dB Max. Max.

150'< 230 50A1021 60A1021 16 06 135
20-40 50A3001 60A3001 18 05 130
26-52 50A3011 60A3011 18 05 130
40-80 S0A6001 60A6001 18 05 130
50-100 50A6071 60A6071 18 05 130
80-124 1089201 2089201 20 04 130
80-160 50A2001 60A2001 17 05 135
120-180 10B2201 2082201 18 05 1.30
80-180 50A2051 60A2051 16 06 110
pha.eupdate me. CIRCLE 208 ON READER SERVICE CARD
NAME TITLE

FIRM PHONE
ADDRESS —

CiTy STATE ZIP
DIELECTRICALLY STABILIZED OSCILLATORS (DSO)

Frequency QOutput Power

Model Number Range (GH2) {mw Minimum)  Size, inches nominal

6600 - 1300 365-405 30 27x1 721

6600 - 1610 425-475 30 26x15x 9

6600 - 1611 475-525 30 2.5 1,529

6600 - 1612 510- 560 30 25115x 9

€ECC 1613 540 - 590 30 25x15x Y

6600 - 1614 560-6 10 30 2551 125'%39

6600 - 1615 570-620 30 2.5 1 15x.9

6600 - 1616 590 - 640 30 25x15x9

6600 - 1617 640 -6 90 30 252 1.5 x 9

6600 - 1618 700-745 15 22 x 1,329

6600 - 1910 800-840 15 22x13x 9

6600 - 1911 860-900 \l5) 22x13x 9

6600 - 1912 900-950 15 22x13x 9

FREQUENCY STABILITY 10 ppm/"C maxn
5 ppm/ C. typical
please update me.
{ CIRCLE 209 ON READER SERVICE CARD

NAME . STMEELSEy
FIRM PHONE. i

ADDRESS

| CITY STATE 1 ZIE
l’” : »

EDITION

A TECH-SYM CORPORATION
RO 37 O D 4726 Eisenhower Bivd., Tampa, Fi. 33614
orid Radio Higgary) gg4.1411 TIX: 52-827 TWX: 810-876-9140
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{from page 52) MM-WAVE

move forward a distance equal to
the projected beam spot diame
ter, ot

vt hg (——

180

where v is aircraft velocity, t¢ |
contiguous scan time, and h is
aircratt altitude. The main con
sideration is that the scanner ob
serves each beam width of the
scene for a time not less than 7.
This places constraints on the
sensor integration time, the
beamwidth and the velocity/alti
tude ratio. The integration time 7
must be compatible with the
minimum detectable temperature
that may be observed by the
MMW radiometer .

Tracking

Tracking radiometers are used
tor target designation, weapon
delivery and terminal guidance
(Figure 2). Usually there is an
angle measuring system (conical
scan, sequential lobing or mono
pulse) designed to generate an er
rotr signal having magnitudes and
phase or polarity that indicate
the angle error from the tracker

to the target. The radiometer in
tegration time in these cases is
very situation dependent and con
sideration of response time, tar
get extent, and allowable track
iNg accuracy Is necessary.

~ MULTIPLE BEAM

Fig. 2 Target tracking during terminal
guidance.

For the tracking radiometer,
the S/N for resolved and unre-
solved targets is given by Refer
ence 32

TCAI NT
N AT R2 ()2

min

where T is the contrast tempera
ture between target and back
ground, R is the range 1o the tar
get and B is the antenna beam
width

Target Detection

Target detection criteria is best
handled on a probabilistic sense
wherein & calculation is made of
a detection probability based on
the particutar situation Here sex
eral factors must be evaluated.
The nature of the background
{uniform or cluttered), the hack
ground dynamics (such as sea
state) and the physical size of the
target {which can range from tens
of feet for an armored vehicle to
thousands of teet for fixed sites)
must be compated to the antenna
resolution spot. Further, the
emissivity difference between the
target and background must be
consicdlered. This difference may
be high for an armored vehicle in
a grassy tield leT - ege =0.9) and
quite low for the air field com
pared 1o a grassy field (eaF - €GF
= 0.15). The effect of the inter

fcontinued on page 58/
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Attenuators

sCcam actuatedsrotary
stoggle switcherf fuses

srocker switchsmicro
padsasprecision loadsa

pushbuttonasfixed padss
terminationsshigh power

sprogrammable digital.

For Catalog, Write:

INDUSTRIES, INC.

P.O. Box 1203
Columbus, Indiana 47201
(812) 372-8869
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> TWT'S FOR “DOMESTIC”
- EARTH STATIONS

oxc)

O

o )

With the recent launching of the INTELSAT V and SBS satellites
and the certainty of widescale use of the 12/14-GHz bands

in the coming years, “Ku-band” earth-station transmitters are now
the focus of great attention. As a current or future manufacturer
or user of Ku-band earth stations, look to THOMSON-CSF

for the right tube or TWTA, THOMSON-CSF offers an unmatched
range of 14-GHz uplink amplifiers, with output powers ranging
from 20 watts to 2.5 kilowatts.

With advanced technology and proven reliability, too.

For 14-GHz domestic network earth stations, as for satellites, 6-GHz
earth-station tubes and microwave-link TWT's and TWTA's
THOMSON-CSF, a name to rely on!

||||||I' ‘l|||||| THOMSON-CSF
" COMPONENTS

THOMSON-CSF COMPONENTS CORPORATION ciccrron TUBES DIVISION

750 BLOOMFIELD AVENUE - CLIFTON NJ 07015 - TEL. : {1.2011 779.10.04 - TWX  710989.7149

BRAZIL GERMANY ITALY SWEDEN

SAO PAULO MUNCHEN ROMA STOCKHOLM

THOMSON-CSF THOMSON CSF BAUELEMENTE THOMSON-CSF COMPONENT! THOMSON-CSF

COMPONENTES DO BRASIL LTDA TEL : 1891751084 TEL. (6) 638.14 58 KOMPONENTER 8

TEL (1) 54247 22 ELEKTRONROR AB
UNITED KINGOOM SPAIN TEL 18)225815

FRANCE BASINGSTOKE MADRID

BOULOGNE BILLANCOURT THOMSON-CSF THOMSON-CSF JAPAN

THOMSON-CSF COMPONENTS COMPONENTES Y TUBOS S A TOKYO 3

DIVISION TUBES ELECTRONIQUES AND MATERIALS LTD TEL - 1) 419 88 42 THOMSON-CSF <

TEL /) 604 8175 TEL - 1256/ 29155 JAPAN KK &

TEL 131 2646346 [v]
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Now it’s easier to get
electrically predictable
results time after time
with RT/duroids 5870
and 5880 because the
tolerance on dielectric
constant has been cut
in half.

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

¥ Greater directivity in narrow
frequency band couplers.

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

¥ The same in dual path phase
comparison devices.

W Closer frequency response
curve tolerances in stripline
filters.

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

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

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

EUROPE Mektron NV. Gent, Belgium

(from page 56) MM-WAVE

vening atmosphere at the fre-
quency of interest and weather
conditions must afso be
considered.

The prohability of detecting
unresolved targets is shown3*33
to be 0.9 for S/N =4.1. For tar
gets too large to be contained
within the beam, S/N is increased
by /N where n is the number of
separate beam positions to cover
the target completely. Thus,

(SIN)g = (%)\/n

The value of (S/N)p decreases
with increasing aircraft altitude
in all cases, because the increased
dwell time available at higher alti-
tude is more than offset by the
decreased beamfill ratio (or, at
low altitudes, the decreased num-
ber of beam positions affected),
and the increased atmospheric at-
tenuation. An abrupt change oc-
curs when the beamfill ratio
passes through unity and at the
cloud boundaries. In clear weath-
er, excellent performance is
achieved at all frequencies. Calcu-
lations*? indicate motor vehicles
are detectable (with a Pp of 0.9)
up to altitudes of 10, 20, and 35

thousand feet at (reguencies of
140, 94, and 35 GHyz, respective
ly. With a moderate overcast,
these altitudes decrease to 5, 8.5,
and 26 thousand feet. Large man-
made targets and geographic for
mations benefit enormously from
spatial integration, and are detect-
able from very high altitudes in
all cases.

Atmospheric data coliection
from high altitude aircraft is
being carried out. In the future,

a satellite weather sensor tor the
183 GHz water vapor line (humicl-
ity) and the 118 GHz oxygen line
(temperature) could aid in weath-
er data collection. Future satel-
lite based radiometers, when
placed in geosynchronous orbit
with a 4-meter dish, would yield
resolution of 15 to 25 km on
earth. In this orbit, atmospheric
temperature and humidity sound-
ers would start at a given spot on
earth and continuously monitor
rapidly changing phenomena,
such as severe local storms. Such
a sensor would provide excellent
mezzoscale meteorology data.

Another recent application in-
volves launch-pad operations in
the detection of ice formation on
rocket cryogenic fuel tanks using

4 raster rows req'd.

' N
(e
§ i

2 raster rows req’d (scan time
improved by factor of 2}
with spatial resolution
improved by factor of 4

The above application allows an improvement in
spatial resolution {small target beam system, such
as ice patches) and improvement In scan times.

JAPAN New Metals and Chemicals Comp , Ltd., Tokyo

Fig. 3 Scan raster geometrics.
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a 3b/8b GHs multichannel scan
ning radiometer. Figure 3 depicts
the single beam raster scan ap
proach currently implemented by
Georgia Tech on a fuel tank. Fu
lure versions of such a scannéet
might use tour simultaneous
peams Tor improved spatial reso
itinon and shorter scan time. One
of the critical parameters for this
apphication 1s the total time re
quited to scan the target, which
must be minimized to allow rapid
detection of ice or frost forma
tion in isolated regions of the
rocket fuel tank. Since a rocket
can be 50 m in length and 3 m in
cdiameter, the short scan time per
raster requires a fast antenna
beam scanner. The spatiai resulu-
finn 0f The miltiimertér-wave fe-
ceiver must be sufficient to allow
the deiection of ive patches wilh
dimensions as small as 30 ¢cm by
30 cm. The use of a multiple
beam antenna systam would re
duce the total scan time and st
muitaneously improve the recen
er’s spatial resolution as shown in
Figure 3.

RECEIVER HARDWARE

Compact and rugged receiver
circuits will be needed to satisfy
the multiple beam antenna sys-
tem requirements. Each antenna
bearmn will likely require the use
of a sensitive integrated multi
channel receiver. The reliability
and environmental aims of mili
tary type systems imply that ac
tive and passive circuits must be
combined in compact structures
The millimeter receiver design
philosophy includes the develop-
ment of multifunction millimeter
integrated circuits contaming in-
tegral mixers, |F amplifiers, and
local oscillator power-on circuit
ry 35735 Low-noise, solid-state d¢
vices become an integral part of
the integrated millimeter-wave
receiver.

Due to the desire to use an al
solid state tocal oscillator at the
higher millimeter-wave frequen
cies, subharmonic mixing is heing
employed in millimeter receivers
ers.??7% Recently developed sub
harmonically pumped mixers
which use antiparallel mounted
diodes are seen as a valuable ap
proach tor MELIR fabnication.
The electrical properties ot the

{continued on page 60)
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P-Series
Complex Phasor
Modulators(cpm)

| CONTROL
{EXTERNAL}
MATCHED VARIABLE
)( ATTENUATOR
RF §
INPUT 90° 0° —’ou';igur
+15VDC e - _ 15 VDC
4% MATCHED VARIABLE
ATTENUATOR
=
Q CONTROL
(EXTERMAL

eProduct catalog

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:

land QControl . .. .. + 10V, 1000 ohms
load impedance

RF Input +5dBm @ 50 ohms

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

Typical Speciticailons:
Carrier Frequency 10 to 500 MHz (avail-

able in octaves)

Modulation Rate . Oto 1 MHz
Phase Range . . . . 0 to 360 degrees
Amplitude Range -6to —46 dB
ImpedanCevrm e - § s .= 2 50 ohms

S R R e R i . L A 1.5%0 1

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

calltoday. Tel: (617)943-7440 E

OLEKTRON

CORPORATION
61 Sutton Road/Webster, Mass. 01570
YOUR CHALLENGE IS OUR PROGRESS
CIRCLE 43 ON READER SERVICE CARD

(52 page) avail
able on your
company
letterhead
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O High Temperature
Service

O High Reliability

Call or write for free Ferrite Device brochure.

PREMIER MICROWAVE CORP.
33 New Broad St., Port Chester, NY 10573 o (914) 939-8900

Designers & Manufacturers of Microwave Components
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MICROWAYE MIXER

5to 18 GHa
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Look what we’re up f1o...

Microwave Mixers, New from Anzac.
Eleven new hermetically sealed models
cover the 0.5 to 18 GHz range in octave,
multi-octave, and special interest bands.
Termination-|nsensitive 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. Qur million-dollar-plus inventory

allows us to ship any standard order within
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 Y Russell

ANZAC DIVISION

80 Cambridge Street, Burlingtan, MA 01803 (817) 273-3333 TWX 710-3320258
1980 Adams-Aunses
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Power beyond the ordinary.
Bandwidths beyond an octave.

Those are the advantages you get
with Litton’s high power CW TWT’s.

Litton’s patented Copper Brazed Wedge
supported Helix circuit has beaten the
heat dissipation problem in CW TWT's
—and opened the way to new levels of
performance, power and bandwidth.

It's no surprise these high power
microwave tubes have earned immediate
acceptance in current ECM applications.

Available now are C-Band tubes, 2000
watts CW:; D/E-Band tubes. 1500 watts
CW; E/F-Band tubes, 500 watts CW.

Check out these CW TWT's that give
you extraordinary bandwidth coverage

beyond an

octave —at
extraordinary
power outputs.

Litton's patented Copper Brazed Wedge supponed
helix provides far more efficient heat dissipation
permitting greater bandwdth at greater power

Electron Tube Division. 960 Industrial Rd.,
San Carlos, Calif. 94070. (415) 591-8411.

ELECTRON TUBE DIVISION

Litton
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Power Combiner Development

KAI CHANG, GEORGE M. HAYASHIBARA and FRANK THROWER

INTRODUCTION

The rapidly increasing demand
for millimeter-wave radar systems
has created an urgent need for
high power solid-state transmit-
ters. Millimeter-wave systems re-
quire smaller antennas and pro-
vide better resolution than the
microwave systems. Compared
with optical systems, the milli-
meter-wave systems offer better
penetration capabilities through
fog, clouds and dust. At the low
loss atmospheric window of 140
GHz, recent progress in IMPATT
diode development has resulted
in the generation of 3 W peak
output power.! Although the
output power from a single diode
can be further increased by bet-
ter diode design and processing,
it will eventually reach a limit
due to the thermal and imped-
ance problems. To meet many
systems requirements. it is neces-
sary to combine several diodes in
a circuit to achieve higher power
levels. Many power combining
approaches have been proposed
and tried in the past decade.
They have fallen mainly into four
categories: resonant cavity com-
biners, nonresonant combiners,
chip-level combiners and spatial
combiners. Chip-level combiners
connect multiple mesa chips elec-
trically in series and thermally in
parallel.? Spatial combiners accu-
mulate a large number of energy
sources by using a dense array of
radiating elements.® Nonresonant
combiners include hybrid cou-
pled combiner® and Wilkinson-
type combiner.*~7 An X-band
resonant cavity combiner was
first proposed and demonstrated
by Kurokawa and Magalhaes®
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Waveguide cavity power combin-
ers using silicon IMPATT diodes
have been developed to generate
high pulsed power near 140 GHz.
Peak output power of 5.2 W for
a two-diade combiner and 9.2 W
for a four-diode combiner have
been achieved with 100 ns pulse-
width and 25 kHz pulse repeti-
tion rate.

and later modified and improved
by Harp and Stover.® The basic
module for the Kurokawa's type
combiner is a cross-coupled coax-
1al-waveguide diode mounting
structure. Recently a four-diode
power combiner operating at a
center frequency of 94 GHz with
40 W peak output power has
been reported.'® The combiner
uses a circuit simitar to that pro-
posed by Kurokawa. This paper
summarizes the extension of this
technology to 140 GHz with a
peak output power of 9.2 W.

DIODE DEVELOPMENT

At 140 GHz, diade fabrication
requires a considerable amount
of care because of the extremely
small dimensions involved. For
example, the typical epitaxial
thickness is onlyson the order of
a few tenths of @ micron, which
is taxing thercapability of most
epitaxial reactors. The perform-
ance of the IMPATT diode

IMPLURITY
CONCENTRATION

DISTANCE

Fig. 1 Single-drift IMPATT diode structure.

World Radio Histo

therefore depends critically on
how well the diode parameters
are controtled. The single-drift
diode, shown in Figure 1 was
chosen over the double-drift di-
ode because of its relatively sim-
ple structure which is easier to
realize. The diode design was
based on a small-signal computer
analysis.'' For a specified current
density, junction temperature,
and junction doping profile, the
small-signal computer program
calculates and plots the dc elec-
tric field as a function of dis-
tance. With this dc solution, the
device small-signal RF conduct-
ance and susceptance per unit
area and the device Q can be cal-
culated as a functions of frequien-
cy for a specified frequency
range. By means of an iterative
process tor difterent values of
input parameters such as doping
density, a condition is reached
for which the device Q displays
its maximum value near the de-
sired frequency of operation. The
parameters of the device which
produce this condition are then
taken as the design values. For
140 GHz operation, the doping
concentration of the N epitaxial
layer was selected to be 1.9 x 10'7
atoms/cm?. The breakdown volt-
age was computed to be 9.7 volts
and the operating voltage was 14
volts.

The single-drift IMPATT pro
file was first formed by epitaxial
ly growing an n-layer on an n*
arsenic doped substrate water,
followed by a p* boron diffusion
forming a p-n junction. After
profile formation, an array of in
verted mesa diodes was tabricated
from the water and individually
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GOLD RIBBON
2.5 MILS WIDE
1.0 MIL THICK

BRIDGED TYFE
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Fig. 2 Diode package (a) Bridged type double-quartz-standoff package (b} Heatsink pin configuration

bonded on copper heatsinks.

At 140 GHz, the diode pack-
age design is extremely impor-
tant. The package transforms the
low diode chip impedance to a
higher level waveguide imped-
ance. To accomplish this, a
bridged double-quartz-standoff
package configuration as shown
in Figure 2(a) was developed.

To achieve the highest possible
power output in a combiner cir-
cuit, it is desirable to preselect
diodes which have similar RF
characteristics. This calls for first
evaluating each diode individual-
ly in a reduced height waveguide
cavity test circuit and if the RF
performance is satisfactory, re-
moving the diode from the single
diode test circuit and mounting it
in the multi-diode circuit. Con-
ventionally, such a process in-
volves two soldering steps and
one unsoldering step. Because of
the small size and fragility of the
double-guartz-standoff package,
these steps often result in irre-
pairable damage to the diode.

In order to solve this problem,
a heatsink pin approach was de-

vised to entirely eliminate any
such soldering and unsoldering
of the diode package in and out
of the heatsink slab. In this
method, a 0.031 in. diameter
hole is drilled through the heat-
sink slab at the place where the
diode is mounted. A cylindrical
pin with exactly the same diame-
ter as the hole is cut to the de-
sired length and polished at one
of the end faces to a high degree
of flatness and smoothness. The
diode chip and the two quartz
standoffs are bonded onto the
polished pin surface. To test the
diode, the ""heatsink pin pack-
age'’ is simply inserted into the
hole in the heatsink slab and then
secured in place by a set screw,
Figure 2{b) shows the heatsink
pin configurations. Although the
small air gap increases the ther-
mal resistance, it is expected to
pose no problems for pulsed op-
eration with low duty factor.

COMBINER CONFIGURATION

Our combiner design was
based on the resonant waveguide

combiner developed by Kuro-
kawa at X-band frequencies.® A
schematic diagram of the cavity
design is shown in Figure 3.
There are, however, certain note-
worthy departures from the con-
ventional low frequency circuit
design, which are:

e An oversized waveguide is
used. The cavity width, which
is 0.100 in., is wider than the
standard WR-7 waveguide
width of 0.065 in. for the 110-
170 GHz frequency range.

e The diode spacing in the longi-
tudinal direction is one guide
wavelength compared to the
conventional one-half-guide
wavelenglh spacing.

e The distance from the cavity
opening to the first diode row
is 5 Ag/4 and not A\g/4.

e The cavity is formed by the
sliding short and the disconti-
nuity due to the transition
from the change of waveguide
width. This transition intro-
duces an inductance element
at the interface plane.

A ECCOSORB
ABSORBER
SLIDING DIODE 4
SHORT / o, —» <+ [
g ‘—IIRIS ¥ S
G —s||e— | 1
S W WR 7 ¢
WAVEGUIDE T ot
v
Sl A2k Mmoo
“ > L l L
“'iDle—5 et > {: |
!
| "l = | l
A ]
4 a —|
(a) (b)

Fig. 3 Four-diode waveguide cavity. (a) Top view. (b} Cross-sectional view at AA.
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e Eccasorh” terminations with
tlat ends (mismatched type)
are used instead of those with
tapered ends (matched type).

e The diodes are not mounted at
the edge of the waveguide; in-
stead, they are located close to
the center line of the wave-
guide.

The reason for the first three
modifications is primarily due to
the mechanical limitations im-
posed by the dimensions of the
diode modules. The reason for
the last three modifications will
be explained next.

EQUIVALENT CIRCUIT AND
THEORETICAL DISCUSSION

The basic components in the
Kurokawa-type resonant wave-
guide combiner consist of coaxial
modules and a waveguide cavity.
The power generated from each
IMPATT diode couples to the
waveguide cavity through the
coaxial module.

Resonant Cavity

The resonant cavity is formed
by the sliding short and the wave-
guide discontinuity. For a rectan-
gular resonator as shown in Fig-
ure 4, the resonance frequency is
given by:

2

TR
fomp = 2\/;; Vi) ) +E) w

where a is the waveguide width
(x-axis), b is waveguide height
(y-axis) and c is the resonator
length (z-axis), with the corre-
sponding eigen numbers (mode
numbers) n, m and p. The reso-
nance frequencies can be readily
calculated for given resonator di-

mensions. Since the IMPAT T di-
ode has negative resistance trom
100 GHz to 170 GHz, all modes
in this frequency range must be
considered.

Fora=0.100in.and b =
0.0325 in., all higher order modes
with m 2 1 have resonance fre-
quencies of no less than 180 GHz.
Since this is most likely beyond
the negative resistance frequency
range of the IMPATT diode, we
may set m = 0. At 140 GHz, the
cavity length is given by:

c= 2.5Ag = (.2325 in. (2)

Equation (1) can be rewritten as:

f =

nop = 59.05

Vn 4+ 0.185p° (GHz) (3)

All the resonance frequencies
below 170 GHz are listed in
Table 1. Later it will be seen that
the spurious mode near 128 GHz
might be excited in tuning the
four-diode combiner.

Equivalent Circuit

The basic component of the
combiner is a coaxial-waveguide
diode mounting module. This
module consists of a cross-cou-
pled coaxial-waveguide diode
mounting structure with a diode
mounted at the bottom of the
post. A general structure is shown
in Figure 5(a). The coaxial line
can be of different diameters in
the upper and lower sections;
and Z1, Z2, Z3, and Z4 are the
load impedances at each port,
respectively. The equivalent cir-
cuit shown in Figure 5(b) can be
found from Reference 10.

Zo is the characteristics imped
ance of the waveguide and Zy,
and Z,, are those of the coaxial

lines. Zop Is an inductive compo
nent due to the pusl i wave-
guide excited by TEno modes. Y’
and Y p, Y,p account for the ef-
fects of waveguide-coaxial
junctions.

Computer programs were de-
veloped, based on the circuit
model. The accuracy of the modi-
el was checked by comparing the
computer results with experimen-
tal results at lower frequencies
where the impedance measure-
ment could be easily conducted.
The general agreement between
the theoretical results and meas-
urement is good, as described in
Reference 10. An exact guanti-
tative design should inctude inter-
actions among posts and is thus
very difficult, if not impossible.
However, our purpose was to de-
termine which parameters were
most critical and then treat these
highly sensitive parameters with
extreme care or make them ad-
justable elements. With the cir-
cuit analysis, it was found'? that
the location of the mismatched
load (i.e., flat type Eccosorb
termination) is critical in achiev-
ing high power outputand it also
gives one more degree of freedom
of tuning the circuit. Thts pro-
vides capability of individual tun-
ing for each diode to accommo-
date the differences among the
diodes. Also, the tuning is essen-
tial for the impedance matching
from diode to circuit. With prop-
er adjustment of Eccosorb™ posi-
tions, the power dissipated in the
absorber can be reduced to a
minimum. The results of the
computer program at lower fre-
quencies also indicated that the
sliding short position, cavity out
put loading and diode separation
distance are important parame-
ters to the achievement of effi-
cient power accumulation. Em

OUTPUT

Fig. 4 Waveguide resonator cavity
coordinate system.
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TABLE 1
RESONANCE FREQUENCIES fnop (GHz) BELOW 170 GHz
o)
1 2 3 4 5 6
n
1 64.28 77.89 96.40 117.50 140.05 163.43
2 120.80 128 56 140 54 155.78
67
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Fig. 5 Coaxial-waveguide diode mounting structure {a) General configuration (b) Equivalent circuit.

pirical effort was thus spent on
optimizing these parameters in
the combiner development.

COMBINER DEVELOPMENT

Based on the previous discus:
sion, a four-diode combiner and
a two-diode combiner were con
structed and tested.

Four-diode Combiner

Photographs of the four-diode
combiner are shown in Figures
6(a) and (b). To improve the
quality of bias current waveform,
careful design on the bias circuit
is essential. Stray capacitances
should be reduced and the cable
length should be kept as short as
possible. As shown in Figure 6(b),
a microstrip bias board was de
signed and fabricated, so that
four bias pulses generated from
modulators could be connected
to the four corners of the board
and transmitted to the center
through 50 §2 microstrip lines.
Four bellows were soldered to
the microstrip lines to insure
good contact between the bias
pins and diodes. The spacers,
sandwiched between the micro-
strip board and top cavity piece,
were used to adjust the length of
the top cavity piece. The wave-
guide is formed by the bias slab
and the heatsink slab. With an
open window on each side of the
top cavity piece, the positions of
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the four Eccosorh™ terminations
can be adjusted. The diodes were
mounted in heatsink pin pack-
ages as described in Figure 2.

The four-diode combiner has a
number of parameters which can
be varied discretely or continu
ously in order to optimize the
circuit:

e Several different pin diameters
can be used to optimize the
output power and trequency.
They are 0.020 in., 0.022 in.
and 0.027 in. It was found
that 0.022 in. diameter provid-
ed the best performance.

o The separation between two
diodes in the same transverse
plane can take on any one of
the four values, namely, 0.070
in., 0.080 in., 0.090 in. and
0.100 in. This is accomplished
through the use of four sepa
rate bias slabs and four sepa
rate heatsink slabs. Through
experiments the best separa-
tion was determined to be
0.070 in.

e Because each heatsink pin can
slide up or down in the com-
mon heatsink slab when the
set screw Is loosened, the top
face of the pin can be made (o
be recessed, flush or protrud
Ing with respect to the upper
sur face of the heatsink slab.
Difterent spacers can be insert

ed between the microstrip
board and the top cavity piece
to compensate for these length
differences. This degree of
freedom can be very effective
in optimizing the circuit and
has been used very extensively
in low frequency single diode
oscillators and combiners. Its
implementation in practice,
however, is quite cumbersome
and was not extensively uti-
lized for our combiner devel-
opment.

e Each Eccosorb™ termination
can be adjusted up or down
the bias pin continuously for
optimum tuning.

e The sliding short position can
be adjusted continuously for
optimum tuning.

e Each bias current level can be
adjusted continuously through
the pulse modulator. The
phase difterences among the
bias current pulses can also be
varied continuously. The
waveform of each bias current
can be shaped discretely by
changing the pulse-forming
network in the modulator.

A four-diode combiner has
been built and tested with diodes
which were first individually test-
ed and selected in a single-diode
oscillator circuit.

The structural dimensions ot
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this combiner (refer to Figure 3)
are as follows

a = 0.100 in.

b = 0.0325in.
w = 0.065 in.

r = 0.011in.

d, = 0.052in.

€, = adjustable
&, = 0in.

¢, = 0.1375in.
Ly = adjustable
S, = 0110 in.

S, = 0.070in.

The above dimensional values
listed and used for ¢3 and §,
were computed by mistake using
the guide wavelength calculated
from the standard WR-7 wave-
guide with width of 0.065 in. For
an oversized waveguide with a
width of 0.100 in_, the guide
wavelength is about 15 percent
smaller. Fortunately the effects
of these structural errors could
be compensated by the sliding
short adjustment and Eccosorb
tuning.

A peak output power of 9.2 W
at a center frequency of 139.3
GHz has been achieved. The RF-
output video pulse from the com-
biner is shown in Figure 7. The
diodes used for the combiner
were selected to have a low
breakdown voltage and similar
output power (3-4 W) and fre
quency. The diodes with higher
breakdown voltage and thus low-
er operating frequency had a
tendency to excite t e lower cav-
ity mode (around 134 GHz, i.e.,
mode fyg, in Table 1) in the com
biner circuit. The diodes were op-
erated with 100 ns pulsewidth at
25 kHz pulse repetition rate. Fre-
qguency chirp of less than 2 GHz

HURIZONTAL 20 ns di
Fig. 7 The RF-output video pulse from a
four-diode combiner.
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and power variation across the
pulse of less than 1 dB were
achieved. Combining efficiency
ot B0 percent was generally
achieved. This low combining
ciency of GO percent was general-
ly achieved. This low combining
efficiency is partially attributed
to the lower bias current rating
applied to each individual diode
in the combiner compared to
that used in the single diode test-
ing in an effort to improve the
combiner reliability. The bias
current applied to the combiner
is about 10 percent lower.

Two-diode Combiner

In order to establish the two-
diode combiner capability, the
four-diode combiner was modi-
fied to become a two-diode com-
biner fixture simply by inserting
two plug-in pins into the two un-
used holes in the bias slab. Peak
output power of 5.2 W at a cen-
ter frequency of 142.2 GHz was
obtained. A photograph of the
RF-output video pulse and the
two bias current pulses are shown
in Figure 8. Combining efficiency
of over 80 percent was achieved.

HORIZONTAL 20 ns div

Fig. 8 The RF-output video pulse and the
two bias current pulses for the two-
diode combiner. Top trace is RF-
output video pulse and the bottom
traces are current pulses.

MODULATOR DEVELOPMENT

An important item in the de-
velopment of a high power pulsed
IMPATT combiner is the multi-
channel pulse modulator. The
pulse modulator not only must
provide high current up to 10
amperes with very small jitter but
must also have fast rise and fall
times, because the pulsewidth of
interest is only on the order of
50 to 200 nanoseconds. More-
over, because of the frequency
chirping of the pulsed IMPATT

diodes, capability for current
waveform shaping must be pro-
vided 1o minimize the chirp
bandwidth such that all the di
odes in the combiner can be
properly combined. The features
of Lhe four-channe! modulator
are its small package size and
easy access to all adjustments.
The block diagram of a four-
channel modulator is shown in
Figure 9. A multiple output trig-
ger serves as a current amplifier
and distributes the trigger signal
to all four channels. The modu-
lator utilizes four pulse-forming
networks (PFN) to achieve the
desired pulse current waveforms.
Each pulse forming network in-
corporates a seven-section adjust-
able L-C network to control the
magnitude and siope of the cur-
rent at different positions of the
bias pulse. By adjusting the
lumped inductors and capacitors
of PFN, it is possible to vary the
shape of the drive pulse to the
IMPATT diode. This feature pro-
vides a versatile method to con-
trol frequency characteristics of
the pulsed IMPATT oscillation.
The line is discharged into the

10 TO 90
Vdc INPUT
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CHANNEL 1] 2 31 41
v
CURRENT LIMIT
ACTIVATED WAVFFNRM
SHUT DOWN CONTROL
CIRCUIT
v
28;:%141 CHARGING 2.04SEC PULSE 2 QUTPUT izg”’”'
iy > VOLTAGE PERIODIC |—d FORMING J— SCR'SIN — ool
& REGULATION SWITCH NETWORK SERIES VOLTAGE  FeHiEee
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Fig. 9 Four-channel modulator block diagram.
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Fig. 10 A four-diode combiner connected to a four-channe! modulator.

load using a SCR switching cir-
cuit. Tailbiting SCR's short the
PFN at the end of the desired
pulse time so that a short fall
time can be obtained from the
relatively slow PEN. The output
current and voltage of each chan-
nel can be easily monitored one
at a time by a switch control.

The modulator was designed
to provide up to 15 amperes peak
current with a regulation of
about 1%. Controls are provided
to adjust the operating clrrent
and pulsewidth. A TTL triggering
circuit is provided in the modu-
lator to cantrol the repetition
rate. The minimum supply volt-
age required at the modulator
depends on the actual operating
voltage of the IMPATT diodes. A
sufficient maryin above this volt-
age must be provided to properly
bias the transistors in order to
ensure adequate regulation of the
output current. For this reason,
a maximum +70 Vdc is required
as the modulator supply voltage.
In addition, +28 Vdc is required
for biasing the integrated circuits
used for voltage regulation. This
modulator is capable of 0 nsec to
200 nsec pulsewidths up to 1%
duty.

The modulator also provides
auxiliary circuits for short circuit
protection. If an external short
causes SCR lockup, the power
supply goes to a preset current
limit. The sensor then detects
this condition and shuts off the
charging voltage regulator until

June — 1981

the load is removed. A photo
graph of this four-channel modu-
lator with the four-diode com-
biner is shown in Figure 10.

CONCLUSIONS

A 140 GHz four-diode power
combiner using a rectangular
waveguide cavity circuit has been
described. Peak output power of
9.2 W was achieved from the
four-diode combiner. A heatsink
pin diode package and a four
channel modulator have also been
described, to tacilitate the com-
biner development. The design
presented here firmly established
the feasibility of power combin-
ing at 140 GHz.
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Compensation (Open).

STAFF ENGINEER: Responsible for combination of project engineering duties in connection with planning, design, modify, test and
evaluation of product lines of active and passive customer products using advanced techniques and produce novel improvements to
existing designs.

STAFF ENGINEER/NEW PRODUCT DEVELOPMENT: Responsible for creation of next generation of standard products -
conceptual design through to final hardware realization. Products include mixers, oscillators, amps, modulators, switches and passive
devices.

“HANDS-ON" TECHNICAL SPECIALIST: BSEE a must. Position considered MANAGEMENT LEVEL. Twenty (20) years
experience in transmitters for high power radar. Also, system design, integration and testing of system. Experience working with
switching power supplies, klystrons and assoctated modulators (frequency range up to 30 megawatts). Interface with vendors a plus.
New product line with No. 1 Defense contract company in U.S.

RF ENGINEER - EARTH STATIONS: Become Member of Technical Staff. Five(5) years experiencein Microwave RF components.
Familiar with high power amps, TWT"s, circulators, attenuators, power couplers, loads, etc. You will be working with the most modern
equipment to evaluate H.P.A. problems. Supervise Jr. Engineers and Technicians and act as Project Engineer on small projects. Also,
interface with vendors. BSEE a must. Frequency range C-Band to K-Band.

PROJECT ENGINEER: Three (3) years experience in Microwave Passive Component design, proposed writing and specification
review and evaluation for broadband antenna application. BSEE preferred. Position will report to Engineering Manager.
ENGINEER/DEVELOPMENT: Design and development of military broadband antennas, VHF-40GHz (shipboard and airboarne
antennas). BSEE preferred. The right individual should be a self-starter with minimum supervision.

ENGINEERING GROUP LEADER: Experience in microwave integrated circuits design, wideband amp, GaAs FET Amps (2-18
GHz). Direct design, customer interface, proposal writing, product development for high & medium powered amps. Opportunity to spin
off own group depending upon the individual.

PROGRAM MANAGER: 3-5 years experience in designing switching power supplies. Microwave system design and analog digital
design a plus. Program Manager responsibilities for 5 design engineers, also writing proposals. BSEE preferred. Position reports to the
Director of Engineering and President. Must be an effective communicator. Stock options and many fringes for the right professional.
PROCESS ENGINEER/DEVICE DEVELOPMENT GROUP: Responsible for total control of high frequency process labora-
tory, photolitho, characterization. Familiarity with design of microwave device and circuit design. Process supervisory experience
helpful.

SECTION MANAGER/DEVICE DEVELOPMENT: Ph.D preferred with strong solid state background. Should have an under-
standing of Characterization, Processing, Photo-masking, Etching and Micro-Circuit Design for L.ow Noise High Frequency GaAs
FET’s. Position reports directly to President.

PROCESS SUPERVISOR: BS 'MS Ph.D. Familiar with photolithography, diffusion, epitaxy, vapor phase, liquid phase and
photoresist. Interface between material & test group. Supervise material process for GaAs Integrated Circuit.

WAFER PROCESSING MANAGER: BS MS Ph.D, 5-10 years experience in wafer processing, metallization, sputtering, plasma
etching, photoresist for GaAs Devices in a Production Environment. The company growth in this area has been 50% yearly. This
position reports to the Vice President” Engineering. Opportunity for higher level management position for the right candidate.
REGIONAL SALES ENGINEERS: Excellent opportunity for a microwave engineer that is applications oriented to break into the

sales marketing field. You will be associated with one of the most professional marketing staffs in our industry. Compensation package
excellent - salary, bonus, ++++,

CHIEF ENGINEER: Ferrite [solators and Circulators. Manage design, custom proposals, engineering and production. 40 direct and
indirect employees. Salary - open.

GENERAL SALES MANAGER: Our client, a successful microwave component firm, is searching for an aggressive sales profes-
sional to assume responsibility for their sales operation of solid state and passive components. Responsible for hoth direct and
representative sales force.

DISTRICT SALES MANAGER: Fast growing microwave firm seeks seasoned sales professional with a multi-product background
to build district. Product Manager potential in relative short time. Strong salary & bonus.

New England West Tech has placed more microwave 'EW professionals over the past six (6) vears than any other executive search firm.
Our qllents are only the elite of the industry dedicated to technology advancement. company and personal growth. Contact our
experienced staff, in confidence, to learn about these and other excellent opportunities and ask for Dave Germond or Dave Hicks.

NEW ENGLAND NEW ENGLAND WEST TECH
P.0. BOX 228 P.O. BOX 7000-691
SALEM, NH 03079 WEST TECH REDONDO BEAgl(-)i? o iz

603-893-5080 EXECUTIVE SEARCH 213-375-1474
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Technical Feature

Substrate

Multiplexer

ALFRED HISLOP and DAVID RUBIN
Naval Ocean Systems Center
San Diego, CA

INTRODUCTION

Channelized downconverter
techniques are finding increased
use in surveillance receivers, es-
pecially at millimeter-wave fre-
quencies where extremely wide
bandwidths must be covered.
Wideband mixers with switched
or swepl local oscillators have
been used, but these systems are
fimited to an instantaneous band-
width equal to the downconvert-
ed |F bandwidth, and also suffer
from lack of image rejection.

The key front-end component
of the channelized downconver t-
er is the RF multiplexer. Millime-
ter-wave multiplexers have been
demonstrated previously in micro
strip! and finline? structures. In
the microstrip case, three mixers
were later integrated on the same
substrate with the multiplexer to
produce a channeiized downcon
verter?

As part of a program to devel
op small, inexpensive, low loss
millimeter-wave circuits, we have
been investigating the proper Lies
of low dielectric constant sus-
pended substrate structures. In
October 1980, we published an
article in Microwave Journal*
which discussed several tech-
niques found useful in the design
of transitions and filters in this
medium. This article will com
pare theoretical and measured

June — 1981
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phase velocities and impedances
of suspended substrate fines,
show some very useful 3 dB
branch couplers, and describe a
four channel suspended substrate
multiplexer.

WAVE 4o
0 %

/\
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SUSPENDED SUBSTRATE
TRANSMISSION LINE
PARAMETERS

Swept frequency transmission
measurements were made on sus
pended substrate lines of various
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Fig. 2 ;\/!easurement of effective dielectric constant. Example shows .050"" width fine on
010" thickness 3M Cu Clad and Rogers Duroid. »
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widths to determine their effec-
tive dielectric constants. The
channel dimensions and probe
transition details are shown in
Figure 1. Measurements of trans-
mission loss using various lengths
of 028 inch width transmission
line resulted in an average loss of
.19 dB/inch.

To determine effective dielec-
tric constant, lines of various
widths were loosely coupled to
input and output probes, and
swept transmission measurements
were taken. The frequencies of
the transmission peaks were accu-
rately determined using a fre-
quency counter. As shown in Fig-
ure 2, the effective dielectric con-
stant can be found at the trans-
mission peak frequencies, with
each peak corresponding to an
integral number of half-wave-
lengths in the line length, L. The
length should be made several
wavelengths long in order to
avoid errors associated with cou
pling and end capacitance, parti-
cularly for the wider lines. The
ends of the lines were shaped to
eliminate the effects of step dis-
continuities® although these ef-
fects are not significant for thin
or very long lines.

The effective dielectric con-
stants for the various line widths
showed little dispersion, varying
fess than 3% over K5 band. Very
little difference was found be-
tween Rogers 5880 Duroid
(rolled copper) and 3M 217 Cu
Clad material, hoth in these meas-
urements and in the filter and
multiplexer circuits built later.
The average measured effective
dielectric constants are compared
in Figure 3 with the theoretical
values calculated using the pro-
grams of Mirshekar-Syahkal and
Davies.>® Figure 3 also contains
a plot of the characteristic imped-
ances calculated using the above
programs. Using the measured
dielectric constant values and as-
suming pure TEM propagation,
characteristic impedances were
also calculated using Cohn’s for
mulas for triplate in @ homogene-
ous medium.” The results clearly
agree, indicating the utility of
this classical paper after 27 years!
It must be emphasized that all
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measured and computer results
were for the particular channel
configuration used.

3dB QUADRATURE COUPLERS

A synchronous four branch
coupler with impedances modi
fied from those given by Levy®
was used for the primary design.
Minimum line width considera-
tions {about .001"") limited the
outside branch lines to a maxi-
mum of 266 ohms. Using com
puter graphics, the effects of line
impedance variations were readily
determined. It was found (Figure
4) that changing the outside
branch fines of a 4 dB (X go/X g2
= 1.3) Tchebysheff design from
362 ohms to 266 ohms gave the
required performance.

To allow for the large width of
the coupler, the suspended sub-
strate channel must be widened.
The usual moding problems asso-
ciated with channels large enough
to support waveguide modes were
soon evident. To eliminate the
moding problems, holes were
drilled through the substrate be-
tween the branch lines, and .020
inch diameter metal rods were in-
serted from the top of the fixture
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Fig. 3 Measured values of effective dielec-
tric constants {and associated TEM
characteristic impedances) compared
to derived values of Mirshekar-

Syahkal & Davies.
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Fig. 4 Modified four branch synchronous
coupler design. Z, = 2.96, Z, = .8121,
2, =1.557,Z, = .6855.
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Fig. 5 Coupler based on parameters of Figure 4. Z, changed to 1.77 for good performance,
possibly countering the capacitive effects of the moding screws.

fcontinued on page 76)
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SIGNAL AQQUISITION TO 40 GHz
WITH ONE ANTENNA.

Sanders’ AS-140/TR Rotating
Directionul Antenna System - with its
range from 1 to 40 GHz - is ideal for
last patrol boats, aircraft, mobile
unils, and special needs.

Sure, other systems have a simi-

lar ESM signal acquisition capabil-
ity. But only Sanders’ system can
reach up to 40 GHz and maintain
constant elevation beamwidths to
3 30° in a single antenna.
: ; Result? Maximum signal

" Tai ¢ acquisition. Minimum installation
A ,»" and maintenance.
AR

How do we do it? By designing-out
~ restrictions such as rotary joints and sta-
bilized platforms. By designing-in a uniquely
shaped reflector and fixed feed.
Our subsystem has a VSWR of less
than 3.0:1 and gains up to 25 dB. And
because we understand the imporiance
of size and weight, our antenna subsys-
tem weighs less than 40 pounds and ﬁas
a max size of 21"H x 24"D.
To learn more about the AS-140/TH
call Marketing Managet, Microwave Divi-
sion, Sanders Associates, Inc., Grenier Field,
_ ter, NH 03103. (603) 669-4615, exten-
- sion 447. TWX: 710-220-1845.
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{(from page 74)

MULTIPLEXER
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Fig. 6 Final coupler design. Experimentally determined T junction compensation resulted

in better directivity and input SWR.
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Fig. 7 Multiplexer pattern.

through the substrate to the bot
tom of the channel. The moding
problem was eliminated, but
wideband coupling was not
achieved.

To cbtain wideband coupling
close to 3 dB, the width of the
mmner branch lines was decredsed
This may have been necessary due
to the close proximity of the
mode suppression rods. We had
previously found that good per-
formance of microstrip branch
line couplers could be achieved
at these frequencies if the dis-
tance between the inside edges of

the through lines is AM/4, and the
distance between the nearest
edges of the branch lines is A/4.
That is, neglecting differences in
phase velocity for the different
width lines, the areas enclosed by
the hranch and through lines are
squares. This same technique was
applied to the suspended sub-
strate couplers, and the result is
shown in Figure 5. Further com-
pensation of the branch line T
junctions was done empirically,

and the results are showrn i Fig-
ure 6. This coupler was used in
the multiplexer due Lo its in-

creased directivity.
Ka-BAND MULTIPLEXER

A channel dropping Ka-band
multiplexer was made using the
hybrid of Figure 6 and the filters
described in Reference 4. The cir-
cuit pattern is shown in Figure 7
and consists of four hybrid-filter-
hybrid sections and ferrite wedge
loads (L1-L5) above and below
the tapered lines. The filters of
section 1 pass signals from 26
GHz to a 3 dB upper band edge
frequency of 30 GHz. Power re-
jected by this séction goes to the
next section. Seclion 2 has a low-
er 3 dB hand edge frequency of
38 GHz, and is designed to pass
signals to 42 GHz. (Moding prob-
lems increase the insertion loss of
this section above 41 GHz). The
filters of section 3 pass 29.8 GHz
to 34 GHz. The lower band edge
of the output of section 3 is actu-
ally determined hy the upper
band edge frequency of section 1.
The filters of section 4 pass 33.8
- 38.2 GHz, and the lower and
upper band edge frequencies of
the output of this section are de-

FREQUENCY IGHzt
GHz
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included.

MICROWAVE JOURNAL




termined by the upper and lower
band edge freguencies of section
3 and 2 respectively.

Power rejecied by the filters ol
section 4 goes into load L5. Re
flected power from any section is
routed back either to the input or
the loaded port of the previous
seclion, not to its cutput port,
This greatly reduces interactions
due to the SWR's ol tilters as
might occur in other types of
multiplexers. Measured perform-
ance of the multiplexer is shown
in Figure 8. Figure 9 shows the
opened multiplexer assembly. In
the next phase of this develop-
ment, mixers will be integrated
on the substrate within the spaces
between the channel dropping
sections. This will result 1n a chan
nelized downconverter {ront-end
for K5 band with no increase in
total size of the substrate. If per
formance above 41 GHz is re-
quired, sections 1 and 2 could be
interchanged and a smaller width
channel used for the 38-42 GHz
section.

CONCLUSIONS

The methods used for these
suspended substrate designs
should prove useful for channel
configurations and substrates
other than those presented.

A small, low cost, low loss
multiplexer has been demonstrat
ed for the 26-40 GHz band. Con-
tinued development will result in
a compact channelized down con-
verter front-end.
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George M. Hayashibara is a Senior Asso-
ciate Engineer in the Solid State Subsystems
Department at Electron Dynamics Division
Hughes Aircraft Company, Torrance, Cali-
fornia. He received his B.S. degree in Elec-
tronic Engineering Technology from Cati-
fornia State Polytechnic University, Pomona
in 1978. He joined Hughes in 1978, and
since then he has worked in the research
and development of 110-260 GHz solid state
devices and power combiners.

W. Frank Thrower is a Section Head in
the Semiconductor Processing Department
at Electron Dynamics Division, Hughes Air-
craft Company, Torrance, California. He
received the B.S. degree in Electrical Engi-
neering from California State University at
Long Beach in 1977. From 1969 to 1972,
he worked at TRW semiconductors where
he was concerned with all phases of semi-
conductor device processing including de-
velopment of GaAs IMPATT oscillators. He
was employed by the Research and Tech-
nology Division of the Northrop Corpora-
tion between 1972 and 1974 developing
various electron devices. Since 1974, he has
been with the Hughes Aircraft Company,
first at the Torrance Research Center and
now with the Electron Dynamics Division,
where he has been engaged in the develop-
ment of microwave and millimeter-wave
semiconductor devices including IMPATT
oscillators and TRAPATT amplifiers. 28

THE MILITARY MICROWAVE
COMPONENTS MARKET IN THE U.S.

Over the next five years, a significant and growing military market for
microwave components will be available to industry. Spurred by antici-
pated military user systems sales of some $47 billion during this timeframe,
microwave components — defined as having an operating frequency of
1GHz and above — will move from $1.2 billion in 1980 sales to an esti-
mated $2.7 billion in 1985, measured in constant 1980 dollars. Whether or
not current component suppliers can satisfy this market remains a major
question mark at this time.

Frost & Sullivan has completed a 233-page analysis of the Military Micro-
wave Components Market which structures and traces the growth of the
major end-user system groups for microwave components and isolates the
total microwave portion of each; establishes the present market for 29
active and passive component products and forecasts sales of each to
1985 and discusses the captive/merchant aspects of the market. In addi-
tion, the report examines evolutionary and revolutionary technical trends
expected through 1985 and beyond, and possible displacement products
moving into the microwave region. Finally, the report profiles groups of
microwave components manufacturers and system houses — their prod-
ucts, sales, and some of their marketing strategies. This information was
distilled from original Frost & Sullivan conducted surveys of both com-
ponent and system houses.

Price: $950. Send your check or we will bill you. For free descriptive
literature, plus a detailed Table of Contents, contact:

F FROST & SULLIVAN

New York, New York 10038
(212) 233-1080

106 Fulton Street
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Tektronix 492 Spectrum Analyzer

A spectrum analvzer with
convenience and capability:
In one compact package. 3

Easy Operation. Using the 492 couldn’t be easier. You set frequency. frequency span. and wrenairy T

reference level in a simple 1, 2, 3 knob operation. Automatic turn-on tikes care of input protec- 5

tion and normal operational settings. and microprocessor-aided coupled controls tuke

care of the rest. Digital storage and signal processing relieve vouo of time-consuming display

adjustments. Constant tuning rate (CCTR) lets yvou position the signal more quickly and

accurately than conventional uning. And crt readout of parameters lets vou read the RS

display at a glance. ,”:] =

Wide frequency range. The 492 covers the widest frequency range of any spectrum |j

analyzer on the market. 50 kHz to 21 GHz with internal mixer capability. to 60 GHz with

calibrated external waveguide mixers from Tektronix. and to 220 GHz with commer- TRIGGERING

cially available external waveguide mixers. nf oy

High performance. The 492 offers vou exceptional performance — 80 dB dynamic af

range on-screen. and measurement capability to 100 dB tor applicatuons such as micro- -

wave harmonic measurements with the internal preselector. Excellent sensivaty, with

an average noise level of —123 dBm at 100 Hz resolution. Low phase noise — 70 dBe at ay e

only 3 KHz offset — to give vou confidence in vour small-signal analysis. High stability for Pl

signal source spectral purity analysis. with residual FM no more than 50 Hz peak-wo-

peak. Amplitude comparison in super-fine 0.25 dB steps. for measuring signal difer- C

ences with a high degree of accuracy. Plus much more, E

Built to take the tough times. Because the 492 is built to handle a variety of ': Yot

measurements wherever vou need it. vou can be sure it will perform as well on site &

as it does in the design lab or systems test area.

Many options. You can order vour 432 with phaselock stabilizanon. digital Tlx%l%' e
\ ns. reler ) 92 : i . di piA

storage and signal processing, front-end preselection. and external wave- ot f

guide mixer connection. Or you can choose just the options vou need to e @ i

w ~

tailor the 492 for your measurement applications. Specity the 492P for full
IEEE 488-1975 programmability via GPIB interface. The 492 is priced
from §19.250. and the 492P is priced from $24.250. Consult vour
Tektronix Sales Engineer tor details on options pricing.
Seeing is believing! Call vour nearest Tektronix Field Office
(listed in major city directories) for complete technical intor-
mation and a demonstration. For a detailed technical
brochure with tull specifications. write:

f Y [ektronix. Inc., PO. Box 1700,

Beaverton. OR 97075. In Europe:

European Marketing Centre. Postbox 827,
1180 AV Amstelveen. The Netherlands.

We go
where

you go.
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Who will be first

to broadcast

directly

to our homes from space?

It could be you and Hughes.

We're the people who built the first
continuous TV space relay — the fore-
runner of all of today’s communica-
tions satellites. Our Surveyor space-
craft broadcast the first television from
the surface of the moon. And our Intel-
sat satellites provided the world’s first
international commercial satellite
broadcasts.

And direct transmissions from space
to your home may be right around the
corner.

In fact, Hughes is the undisputed
leader in space communications. We've
built 85% of the commercial communi-
cations satellites now circling the
earth.

At Hughes Space and Communica-
tions, your work can stretch from the
theoretical to the practical. Our five-
story simulator can put your ideas to
the tests of space, from the thermal
conditions of the sun to the vibrations
of a rocket.

Who will be first with the space com-
munications of tomorrow? Who will be
first to push back the frontiers of
space? Who will be first with the elec-
tronics of the future?

With 1,500 projects and a $6 billion
backlog, it could be you and Hughes.

At Hughes Space and Communica-
tions, we'll introduce you to people,
ideas and jobs that could change your
world. And maybe ours.

It could be you and Hughes
Space & Communications.
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Send resume to Tom Royston at:

Hughes Space & Communications
S41/A300, Dept. JM-6

P.O. Box 92919

Los Angeles, CA 30009

Current Openings:

Advanced Communications Scientists
Circuit Designers

Electronic Packaging Designers
Power Supply Designers

Mechanical Engineers
Mathematicians & Physicists

Power System Design Engineers
Microwave Circuit Designers
Business Programmer/Analysts
Scientific Programmers

e N J
HUGHES AIRCRAFT COMPANY

Proof of U.S. Citizenship Required
Equal Opportunity Employer
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Technical Feature

I.C:s for 94 GHz Radar Applications

In

YU WEN CHANG
Dynamic Technology Inc.
Torrance, CA

INTRODUCTION

Tactical weapon systems de-
mand small radars with high reso-
ution and tracking accuracy, ad-
verse weather penetration, anti-
jam capability and low probabil-
ity of intercept. 94 GHz radar
and sensors have been given great
attention recently because of
their short wavelength (~3mm],
narrow beamwidth associated
with small antenna, and large
bandwidth for frequency spread-
ing. However, it has always been
a challenge to develop extremely
low cost, rugged and compact
94 GHz components for the tact:
ical radars and sensors. Conven-
tional 94 GHz waveguide circuits
cannot meet the above require-
ments because of the small wave-
guide size (0.050 x 0.100 inch)
and the associated tight dimen
sional tolerance. Millimeter-wave
integrated circuits (MMIC's) are
emerging as potential solutions.
For many years, US Army
ERADCOM (previously known
as ECOM) has been supporting
the development o MMIC's, and
has been the driving force behind
the development of the dielectric
guide MMIC’s, which promise low
propagation loss in the dielectric
guiding structures at millimeter-
wave frequencies.

The dielectric guide MMIC's
have demonstrated their circuit’s
performance in both the United
States and abroad. Published re-
sults include passive components
such as couplers, filters, phase
shifters, detectors, and balanced
mixers; active components such
as IMPATT and Gunn oscillators;
and antennas such as electronic
scanned array. System applica-

* Work Performed Under US Army ERAD-
COM Contract ““Millimeter Wave Integrated
Circuits,”’ Contract No. DAABO7-78-C-3003,
Sept. 28, 1978 - Sept. 28, 1980.

June — 1981

Dielectric image guide inte-
grated circuit balanced mixers
and Gunn oscillators have been
developed at 94 GHz frequencies,
obtaining a conversion loss of
11.1 dB for the balanced mixer
and an output power of +5 d8m
for the Gunn oscillator. These
components have been incorpo-
rated into several 94 GHz radar
test units, including a noncoher-
ent pulsed radar and a frequency-
shift keyed CW radar for digital
signal processing. This paper de-
scribes the development and tests
of the integrated circuits and the
radar test units. *

tions of dielectric guide MMIC'’s
have also been demonstrated in-
cluding the 60/70 GHz commu
nication modules, the binocular
radios, and radar front ends.'™®

This paper presents our recent
results of dielectric image guide
balanced mixer and Gunn oscil-
lator development and the 94
GHz radars using the dielectric
image guide front ends. The 94
GHz radars have been fabricated
to determine the dielectric image
guide MMIC front end perform-
ance by demonstrating various
radar waveforms, including a short
pulsed radar, a frequency-modu-
lated CW radar, and a frequency
shifted keyed (FSK) radar for
digital signal processing. Only the
short pulsed radar and the FSK
radar will be reported here.

BASIC RADAR FRONT END
MMIC COMPONENTS

The hasic radar front end com
ponents include the MMIC Gunn
oscillator and the MMIC bal-
anced mixer. Figure 1 is a photo-
graph of an image guide Gunn os
cillator. A packaged GaAs Gunn
diode is placed in a hole formed
in a dielectric image guide. The
image guide material is hot
pressed boron nitride (BN),
which has low loss characteristics
(loss tangent better than 0.001)
at 94 GHyz, and is thermally sta
ble. Pyrolitic boron nitride has
also been used for the MMIC
Gunn oscillator. Image guide sur

Dielectric Image Guide

LLOYD T. YUAN
Hughes Aircraft
Electron Dynamics Div.
Torrance, CA

taces surrounding the Gunn
diode mount are metallized by
sputtering Cr-Au. A thin metal
cap with a pin contacts the diode
from the top. Since the 1mage
guide’s top sur face around the
diode mount is metallized and
soldered to the ground {the metal
image plane supports the image
guide}, the top ofthe diode is
grounded. Bias voltage to the
Gunn diode was applied through
the metal substrate. An anodized
aluminum sleeve provides insula-
tion between the diode soldered
to a metal stud and the ground.
The tip of the image guide is in-
serted into a waveguide as a sim-
ple low loss image-guide-to-metal
guide transition. The transition
loss is typically no greater than
0.2 dB. Because of the metallized
surfaces surrounding the Gunn
diode mount, we can not detect
any radiated power leakage from
the Gunn diode. Performance of
the MMIC Gunn oscillators is
plotted in Figure 2. Output pow:
er ot +5 dBm at 92 GHz and +8
dBm at 85.6 GHz was measured.

B0 D

Fig. 1 Dielectric 1mage guide Gunn
oscillator.
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The oscillator circuit is apparent
ly very compact and rugged as
shown in Figure 1.

The MMIC Gunn oscillator re-
quires no external metal shield
ing; therefore, it should be rela-
tively easy tor adaptation into
various multifunctional circuits.
This is especially so for Gunn os-
cillators. The oscillator circuit
quality factor Q is relatively high
so that trequency pulling by load
mismatch will not seriously affect
the oscillator performance.
Hence, there will be no need for
ferrite isolator at the Gunn oscil-
lator output.

The MMIC Gunn oscillator has
also been tested as a self-oscillat-
ing mixer. The RF-to-1F conver-
sion characteristics of the MMIC
Gunn oscillator was found to fol-
low the characteristics of the
waveguide Gunn oscillators.
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Fig. 2 Dielectric image guide MMIC Gunn
oscillator test results.

Conversion loss of about 6 to
12 dB has been measured for
MMIC Gunn oscillator. Improve-
ment of the conversion loss, how:
ever, is expected by modifying
our Gunn bias design so that |F
signals from the self-oscillating
mixer will not be blocked by the
bias circuit. The MMIC Gunn os-
cillators tested have narrower fre-
guency tuning range (< 50 MHz)
compared with a metal waveguide
Gunn osciltator (~100 MHz).
The oscillator frequency jitter is
the same as the waveguide oscil-
fator, and is caused mainly in the
voltage bias circuit of the Gunn
dev.ces.

Figure 3 shows the picture of
an image guide MMIC balanced
mixer at 94 GHz frequencies.
The balanced mixer is formed by
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coupling the local oscillator pow
er and the signal through a 3 dB
hybrid coupler into two beam-
lead mixer diodes (Model No.
AEL 1309). The coupler is
formed by placing two image
guides close to each other with a
small spacing over a proper cou
pling length.

Fig. 3 94 GHz image guide balanced mixer.

Again, BN was used to torm the
image guide circuit. The beam-
lead mixer diodes are mounted
at the end of the image guide,
leading into an air cavity. BN sut
faces surrounding this cavity are
metallized, and a thin cap sol-
dered over each cavity to prevent
radiated power from the mixer
diode mount. Intermediate fre-
quency (IF) output of the mixer
diodes are summed into an |F
amplifier placed under the sub-
strate surface. The tF amplifier is
in TO-8 case package with a
bandwidth from 5 to 500 MHz.
Since the beam-lead mixer is
mounted in an air cavity sur-
rounded by metallized BN, the
cavity dimensions affect the bal-
ance mixer's performance. An-
other factor that also affects the
balanced mixer’s performance is
the transition of BN image guide

1B } ‘ o
@© 17§, BORON MITRIDE |
PART] R IMAGE GUIDE
v S
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3 =
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3 1] IF 5 500 MH. CONVERSION LOSS
e 1148
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PLACED ON
l _— THE CIRCUIT
2 1 0:1:2:3:3:5:16:7:8:9:10:111+13
L O POWER (1B

Fig. 4 94 GHz dielectric image guide
balanced mixer conversion loss data.

into the metallized mixer cavity.
These factors have not yet been
thoroughly investigated. The third
factor is the beam-lead mixer di-
ode itself. Cutoff frequency of
the diode must be high, at least
10 times the operating frequency
of the balanced mixer. For 94
GHz applications, parasitic circuit
parameters of the beam lead di-
odes must be minimized. The di-
ode type AEI 1309 seems to he
better than the diode type 1308,
since the latter always resulted in
MMIC balanced mixers of larger
conversion loss (13 to 14 dB).

Figure 4 is the measured sin-
gle-sideband conversion loss of
the balanced mixer, pumped with
a local oscillator at 94.47 GHz.
AEIl 1309 mixer diodes were used
in the balance mixer. The data
was taken as the local oscillator
power varied from 12 to 13 dBm.
Conversion loss was 12 dB at
pump power of 11 dBm. The
large pump power reguired has
been typical of the AEI beam
lead mixer diodes we have tested.
The mixer conversion loss was
improved to 11.1 dB when a met-
al cover was placed over the mix-
er for sealing. This indicates that
radiation loss might have existed
at the 3 dB coupler and was sup-
pressed by the metal cover. It
was found that diodes were also
not matched. After examination
of their |-V characteristics, we
conclude that better conversion
loss results can be achieved with
a pair of matched diodes. Instan-
taneous bandwidth of the MMIC
balanced mixer measured was
typically in the order of 3 to 4
GHz. However, at higher conver-
sion loss (13 to 14 dB), band-
width as large as 10 GHz was ob
served.

MMIC 94 GHz RADARS

Under the ERADCOM con
tract, several small 94 GHz radars
have been developed to demon-
strate the MMIC front end pet-
formance and for laboratory and
shor t-range tield tests. Only a
shor t-pulsed noncoherent radat
and a frequency-shift keying
{FSK) radar will be desctibed
here. All the radars are battery
operated for quick field tests.

fcontinued on page 84)
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MEET SOME NEW MEMBERS
OF THE FAMILY

These new cooxiol switches are port of o proud
family. One known for performance, reliobility,
dependobility ond quality. Specify them knowing
thot dollar for dollar our cooxial switches are the
best products in the industry. TRANSCO quality.
Nothing less, since 1942.
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4
Our family album will give you the application
and installation details for these and hundreds
more. Our 92 page switch catalog is yours for the
asking.

TRANSCO PRODUCTS, INC.
Maion Del fe‘:,f%'allfomo 90291 U.S.A. ; Pl

FOR EMPLOYMENT OPPORTUNITIES IN RF ENGINEERING, CALL CHRRLIE TRLBOT.
AN EQUAL OPPORTUNITY EMPLOYER M/F.
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Fig. 5 Test radar unit system block diagram.

Figure 5 is the system block
diagram of the 94 GHz pulsed
radar. The radar has two separdte
lens antennas for the transmitter
and the receiver. The two 2-inch
diameter antennas are separated
by about 6 inches so that their
main beams overlap at a distance
of 6 feet from the radar. The ra-
dar transmitter is a CW Gunn
source. Pulsed power output is
obtained by on-off keying the

| Y

RADAR CROSS SECTION

sOCE

\ X

5}

AXINUM BANGE @210

RADAR M

Fig. 6 Estimated radar range based on
parameters listed in Table 2-1.

oscillator. Pulses as short as 30
nsec and as long as a few micro-
seconds can be generated. The
pulsewidth and the pulse repeti
tion frequencies are controlled
by the timing circuit. The radar
receiver consists of a balanced
mixer pumped by a local oscilla
tor. The target returned signals
in the 5 to 500 MHz |F are de-
tected by avideo detector. An
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integrator /amplifier integrates
these pulses in a duration ot one
mitlisecond to one second, de-
pending on the integrator time
constant. A range gate, placed
ifter the detector and the video
amplifier, is controlled by the
iming circuit. The timing circuit
sweeps the radar range gate from
1 target distance of 30 to about
300 feet with a minimum gate
width of 30 nsec for target reso
lution of 15 feet.

Multiple target display is ac
comphished with a standard os-
cilloscope. The integrated signat
output connects to scope input
Y, and the swept range gate 10
scope input X. The timing circuit
generates a blanking waveform to
the scope input Z for blocking
the scope retrace. Table 1 lists

TABLE 1

RADAR PARAMETERS

94 GHz

Antennas 31 dB gain
(2 inch-diameter antenna)

Frequency

Transmitter

Power 10 mw

Pulse width 50 nsec

PRF 1 MHz
Receiver

Noise 15dB

Bandwidth 500 MHz
Integration Loss 3dB
Probability of Detection 0.999
Probability of False Alarm 10°°

the radar parameters. With o cho
sen probability of detection,
0.999, and a probability of false
alarm, 10 ¥, the radar with 50
nsec short pulse, 1 MHz pulse
repetition trequency and 10 mitV
transmitter power is estimated o
have the ranages as shawn in Fig-
ure 6. The range calculation is
based on post-detection Inonco-
herent) pulse integration wath a
wide front end bandwidth of 500
MHz. Figure 7 shows the 94 GHz
pulsed radar unit with the bat
tery pack. The raddr is housed in
d slandard instrumentation bos
of 3.6 (height} x 8.4 (width) x
12.7 (length) inches, and is
mounted on a tripod for field
tests. Bedrn patterns of the an
tennas as shown in Figure 7 have
been measured. They have a
beamwvidth of 4.2 degrees and a
maximum sidelobe level of -20
dB from the peak of the mainiobe.

Fig. 7 94 GHz test radar unit with battery
pack,

FSK radar has also been under
development. The FSK radar
consists of frequency-shifted
pulses with puisewidths from 35
to 100 nsec to provide a target
resolution of 17.5 to 50 feet.
Using an 8-bit shift register, a 1a-
dar code consisting ot 2% —1 (o1
255 bits) can be generated. For a
bit length of 50 nsec, a code
length will be 255 x 50 nsec, cor-
responding to an unambiguous
radar range detection of 6,375
feet (=25 feet x 255). The code
length also determines the dy-
namic range of the radar. For a
code length of 265, a compres
sion ratio of 24 dB s expected in
the radar receiver. The FSK radar
system block diagram is shown in
Figure 8 An FSK code generator
drives a modulator circuit, which
in turn modulates the Gunn trans
mitter oscitlator bias voltage to
aenerate FSK radar waveforms. A

{continued on page 86)
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Buying stripline substrates can
be difficult.

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

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

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

minates,’

l

DA K Laminates

Materials
Group Inc.

Division

ays It All.

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

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

When it comes to laminates,
"Oak” says it all

Divisicn Headquarters Frankiin. NH 03235/ Tel 603—934-5734 e Technical Services and Manufactuning Facthties Frankhin NH
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Fig. 8 FSK radar system block diagram.

4-inch diameter lens antenna is
used for the transmitter and for
the receiver. The target returned
signals are detected by the MMIC
balanced mixer pumped by a
MMIC LO with an |F bandwidth
of 5 to 500 MHz.

A second downconverter, a
double balanced mixer pumped
by a turnable voltage-controlled
oscillator (VCO), converts the
signals to an |IF covering from 70
to 180 MHz. This IF is further
diplexed into two frequency
channels with a bandwidth of 20
MHz centering at 100 and 150
MHz, respectively. The diplexer
is required to detect the two FSK
frequency levels. After detection
with video detectors, the two sig-
nals are then summed in a com
parator to recover FSK digital
signals.

A reference FSK code genera-
tor, progressively delayed with
respect to the clock pulses, com
pares the coded signal with the
reference code in the correlator.
The correlator then drives the
counter to provide the detected
signal which 1s converted into an
alog pulsed signals after D/A con
version. Display of this signal is
provided in the scope Y-terminal,
and a digital sweep signal in the
scope X-terminal provides the
range gate sweep to indicate the
target range.
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Figure 9 shows the FSK radar
mounted on a tripod. The two
lens antennas are clearly shown.
The antenna beam patterns have
been measured; the experimental
beamwidth is about 2 degrees.
Lobes of the antennas are down
by at least 19 dB from the main-
lobe peak gain.

The FSK modulation-pulsed
waveforms are recorded in Figure
10. Figure 10 (a) shows a 100
nsec pulsewidth modulation, in-
dicating a frequency separation
of 50 MHz and a pulse repetition
frequency of 1.8 MHz. The mod-
ulated Gunn oscillator spectrum
Is also shown, indicating the 50
MHz separation. Figure 10 (b)
shows the modulation pulse

Fig. 9 94 GHz FSK radar mounted on
tripod for field test.

waveform and spectrum of a 35
nsec pulse at a repetition rate of
1.73 MHz

PECTRLIM £
10MH, D

35 PULSE
25 ny Disy

{a) 100 nsec pulse width modulation.

SPECTRUM AT
10MHz Div

100 nsec
PULSE WIDTH
50 nsec D

(b) 35 nsec pulse width modulation.

Fig. 10 FSK radar modulation waveforms.

CONCLUSIONS

94 GHz dielectric image guide
balanced mixers and Gunn oscil-
lators have been developed, and
their performance demonstrated
in several small 94 GHz solid state
radars of various radar wave
forms. The performance of the
balanced mixers is limited by the
availability of high cutoff fre-
guency beam mixer diodes. Gunn
oscillator performance is circuit
limited presently, but higher out-
put is expected with dielectric
guide circuit improvement.

The demonstration of these
image guide components in sev

{continued on page 88}
MICROWAVE JOURNAL



NMICBOVVA/E TECHNOL O

Introducing
HP’s new 8350A Microwave Sweeper.

It makes your swept measurements
easier, faster and more efficient.

Once you put your hands on the
new HP 8350A Microwave Sweeper,
you just may not want to let go. It's been
designed from the ground up to help
you make just about every swept
measurement you need with near-
faultless simplicity and convenience.

For starters, there's not one but three
ways to set up the 8350A. Know
exactly the frequency range and sweep
time you want? Just enter them on the
keyboard. Precisely. With high digital
resolution. Prefer to look around a
little”? Turn the knobs and watch the
effect of your adjustments on your data
display. Want to make adjustments in
incremental steps? Step away at the
touch of a button—in both directions.

Frequency markers? The 8350A
has up to five. And they can really aid
your measurements. You can highlight
each one and get digital display of its
frequency. Or use the markers to set
the end points of an expanded sweep

instantly read the frequency difference
between two markers by a touch of a
“A" button.

And imagine the convenience. the
saving of time, the saving of effort that
comes from being able to store up to
nine complete and independent sets
of front panel settings. and then call up
any of them immediately—all with
simple "SAVE" and "RECALL" key-
strokes. This lets you move between
the big picture and the details, or
between different portions of the sweep
for fast, revealing comparisons. Its
like having a full test procedure built
in—without a computer. You can even
choose to have one of the stored
panel states alternate automatically
with the current state for simultaneous
viewing of the two sweeps.

Along with its operating ease and
versatility. you're sure to be pleased
with the 8350A’s precision in both
scalar and vector network measure-
ment applications. Likewise for its
performance in many signal simulation
applications.

But the HP 8350A offers you much

more: all the facilities available for
your personal use can be put under
complete computer control via the
Hewlett-Packard Interface Bus
(HP-IB). Even complex test routines
can be easily automated for high
productivity in lab and production
applications.

For RF coverage, the 8350A accepts
24 plug-ins—broadband. straddle
band, single band— ranging from
10 MHz to 26.5 GHz. Included are six
new HP 83500 series plug-ins which
offer calibrated high power output and
useful new, power sweep (HP-1B
programmable, of course). The 83500
series cover such bands as 10 MHz to
20 GHz. 10 MHz to 8.4 GHz. and 18.0
to 26.5 GHz. Existing HP 86200 series
RF plug-ins are also completely usable
in the 8350A mainframe with a low-
cost adapter.

There's much more you will want to
know about the new 8350A sweeper’s
significant contributions to swept
measurements. To find out, call your
local HP sales office or write to
Hewlett-Packard. 1820 Embarcadero
Road. Palo Alto. CA 94303.

—again, at the touch of a button. Or
HEWLETT

_ (610] PACKARD —
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SOLID STATE POWER:
RF/MICROWAVE AMPLIFIERS

The latest edition provides a compre-
hensive 12-page overview of products,
capabilities, markets and applications.
Includes a summary of technology in
RF/Microwave power, covering the
frequency range from 1 MHz to 8.4
GHz, with power outputs projected up
to 225 kW. Applications include tele-
communications, defense electronics,
and commercial/industrial. Microwave
Power Devices, Inc. (A M/A-COM
Company), 330 Oser Avenue, Haup-
pauge, NY 11788. Attn: Bill Liebman,
516-231-1400. Circle 138.

Thousands of Filters

K & L Microwave, Inc.
408 Coles Circle
Salisbury, MD 21801
Contact: Charles Schaub
(301) 749-2424

TWX: (710) 864-9683

Two new booklets describe
the product line and facihties
of K & L Microwave...a world
leader In filter design. The
standard product hine covers
500 kHz to 18 GHz, and in-
cludes tubular low-pass and
bandpass filters, high-pass,
“LC.,” band-reject, cavity, and
tunable bandpass designs. To
date, over 5,000 different prod-
uct styles have been supplied.
Processes such as machining,
painting, engraving, and silk
screening are done on prem-
1ses, which means lower costs
on prototypes and production
offers

Circle 148.

PRODUCT LINE CATALOG

A 1981 16-page catalog features a full
line of directional couplers, hybrids,
coaxial shorts, and terminations, mix-
ers, inter-series and between-series
adapters, attenuators, phase adjustable
connectors and adapters, cable assem-
blies and RF| shielded cases. It in
cludes a line of very broadband coaxial
detectors with SMA, N or 7mm con-
nectors, precision inter and intra-series
adapters. Contact: Arleen Lauer Lei-
man, Microwave Distributors Co.
{MIDISCO), 61 Mall Drive, Commack,
NY 11725, Tel: (516) 5434771,
TWX: 510-226-7839. Circle 134.
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ROTARY JOINT CATALOG

This 24-page illustrated listing of rota
ry joints provides a small sample of
hundreds of single and multiple chan
nel units designed and produced dur-
ing twenty-five years in the microwave
business. Units range from tiny single
channel units to six-channel L-Band
units weighing 500 pounds. A full line
of passive microwave components is
offered in the general catalog, which
includes the rotary joint catalog. Dia-
mond Antenna & Microwave Corp.,
River Street, Winchester, MA 01890.
Tel: (617) 729-5500. Circle 131.

send for
yourcopy...

PYROFILM
SHORT FORM
CATALOG

N
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Including:

* ATTENUATORS

* TERMINATIONS/LOADS
* RESISTORS

KDI PYROFILM
CORPORATION

60 South Jefferson Road
Whippany, N.J. 07981
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A broad range of
Microwave Components
and Amplifiers

240 pages of in-depth
product information designed
to help the microwave engineer
and purchasing agent.

Contact: Ken Paradiso

jsage

LABORATORIES,INC.

3 Huron Drive - Natick, MA 01760
(617) 653 0844 - TWX: 710 346 0390
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Cu-Clad 217 BROCHURE

A new four-page brochure features
new low-loss microwave substrate. Cu-
Clad 217 is one of many in line of
microwave products. Cu-Clad products
consist of a precise woven glass struc-
ture rather than randomly dispersed
fibers, therefore creating uniformity
across the entire sheet. Characteristic
charts along with test results graphs
are included. Cu-Clad 217 also con-
forms to Military Specification MIL-P-
13949F. For further information con-
tact: Microwave Products, Electronic
Products Division/3M, 3M Center, St.
Paul, MN 55144. Tel: (612) 733-7408.
Circle 133.

ESSCO
Ground-based and
Shipboard Radomes

Lo

These new guides discuss needs,
advantages and savings gained by
the use of ESSCO metal
|  space frame and solid laminate
dielectric radomes.

Just write or telephone

Electronic Space Systems Corporation
Old Powder Mill Rd/Concord, MA 01742
(617) 369-7200

Circle 137.

RT/DUROID * PRODUCT CATALOG

RT duroid #
2

Current literature describes both glass
microfiber-reinforced PTFE RT/dur-
oid™ material and ceramic-PTFE com-
posite laminate RT/duroid” material.
Data regarding availability, perform-
ance, applications, and design charac-
teristics is included. Non-woven RT/
duroid®™ materials offer several impor-
tant advantages to microwave design
engineers: low-loss laminate with elec-
tricals, more uniform dielectric con-
stant and a lower dissipation factor
and ease of processing. Rogers Corp.,
Rogers, CT 06263. Tel: 774-9605;
TWX: 710-448-0047. Circle 140.
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Epsco High-Power
Microwave Signal
Sources and
Cavity Oscillators

[k
e
3
.
—

e 2
Complete technical data and
specifications on Epsco’s
line of pulsed and CW cavity
oscillators and signal
sources have been updated
and are available now.

Contact: John Shalhoub

ersCO Microwave

41 ghway
Norwood, MA 02090
(617) 329-1500 - TWX (710) 348-0484

Circle 136.

Vorld Radio History!

FET AMPLIFIER LINE CATALOG

FET Amplifier Catalog includes defi
nition of amplifier terms, key parame
ters, typical performance characteris-
tics, and specifications for amplifier
product line. Included are both drop-
in and coaxial versions of wideband
temperature compensated, wideband
non-temperature compensated, and
narrowband non-temperature compen
sated devices. Also presented is custom
design capabilities TRAK Microwave,
A Tech-Sym Corp., 4726 Eisenhower
Blvd., Tampa, FL 33614. Tel: {813)
884-1411; TLX: 52-827; TWX: 810-
876-9140. Circle 141.

{continued on page 94)
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Former Amplifier Size

So are W-)’s

wideband amplifiers.

As space becomes more of
a premium, miniaturization

s Emall size becomes even more vital.
: H‘;‘:’n"‘;’t';:"y ahin At Watkins-Johnson. we

; ! never cease trying to cut
¢ Wide bandwidths e

things down to size

Our latest line of small-
sized, wideband solid state
amplifiers offers up to a 50% reduction over conven-
tional amplifiers for applications where size is a prime
consideration. But they lose nothing in performance

To shrink them, we compressed RF module
designs onto the smallest possible substrate size.,
eliminated all the hard wiring for biasing. and used
a thin-film hybrid chip regulator circuit. The housing
can be sealed hermetically

Our models cover all standard octave and multi-
octave bands in the 2 to 20 GHz frequency range
Narrow-bandwidth models optimized for particular

frequency ranges are also
available. Internal modules
for temperature compen-
sation and gain control are
optional. Input and output
limiting and higher power
will be available soon.

For more information on how Watkins-Johnson
can fit the products below into your environment,
please contact Amplifier Applications Engineering in
Palo Alto at (415) 493-4141, ext. 2247, or your nearest
Watkins-Johnson Field Sales Office.

New Amplitier Size

WJ-6856 Series 8 to 12 GHz
WJ-6857 Series 8 to 18 GHz
WJ-6858 Series 12 to 18 GHz
WJ-6859 Series 12 to 20 GHz

.| A WATKINS-JOHNSON

WJ-6852 Series 2 to 4 GHz
WJ-6853 Series 2 to 6 GHz
WJ-6854 Series 2 to 8 GHz
WJ-6855 Series 4 to 8 GHz

Watkins-Johnson—U.S.A: © California, San Jose (408) 2621411 El Sequndo (213) 640-1980 © Florida. Fort Waiton Beach (304) 863-4191 » Georgia. Atlanta (404) 45 107 e lllinls, Palatne
(312) 991-0291  District of Columbla, Gaithersburg. MD (301) 948-7550 @ Massachusetts. Lexington (617) 861-1580 ® Missourl, Bridgeton (314) 291-6532 @ Ohio. Fairborn (513) 426-8303  Texas. Dallas
(214) 234-5396  United Kingdom: Dedworth Rd Oakley Green Windsor Berkshire SL4 4LH o Tel: Windsor 69241 e Cable WJUKW-WINDSOR e Telex 847578 e Germany. Federal Republic of
Manzingerweg 7, 8000 Muenchen 60 e Tel (089) 836011 o Cable: WJOBM-MUENCHEN e Telex 529401 o taly: Piazza G Marconi. 25 00144 Roma-EUR e Te! 59 4554  Cable WJROM-| e Telex 612278
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{from page 92) UPDATE

AUTOMATED SCALAR NETWORK
ANALYZER SYSTEMS 10 MHz-

A new family of Automated Scalar
Network Analyzer Systems covering
the 10 MHz to 40 GHz range is de-
scribed in this 16-page brochure. In-
cluded are specifications and applica-
tion notes for measuring return loss,
transmission loss/gain and power in
coax or waveguide. Block diagrams
show how the system consisting of a
new programmable sweep generator,
network analyzer, desktop controller
and precision components with 40 dB
directivity. WILTRON Company, 825
E. Middlefield Rd., Mountain View,
CA 94043. Tel: (415) 969-6500.
Circle 142.

FERRITE DEVICES AND FILTERS
BROCHURE

A brochure detailing a complete prod-
uct line of ferrite devices and filters is
offered including complete table
specifications and updated informa-
tion on applications for isolators, cir-
culators, filters and special designs.
This 10-page catalog includes product
photographs, performance curves and
schematic diagrams. UTE Microwave
Inc., 3500 Sunset Ave., Asbury Park,
NJ 07712. Tel: (201) 922-1009;
TLX: 132-461 UTE APK. Circle 143.

TUNNEL DIODE LINE BROCHURE

3 ATO“S
SCIL

© ugTECTO“S

AMPLIFIERS

SwITCHES

atsine.

{ustom ampone

A complete line of tunnel diodes for
amplifiers, detectors, mixers and
switches is described. Each product
section includes specifications, perfor-
mance curves and applications, plus
product features and schematic draw-
ing. Package outlines for type 23 pack-
age provided. Custom Components,
Inc.,, Box 334, Lebanon, NJ 08833.
Tel: (201) 236-2128; TLX: 132-445.
Circle 144.

RFI SHIELDED CASES CATALOG

An 8-page catalog describes low cost
RFI shielded cases and accessories.
Catalog contains photos and drawings
describing a variety of blank cases,
standard size cases and a custom series
plus accessories. It also features the
RFT series which offers greater shield-
ing effectiveness. Cases are effective
from 60 to —~ 100 dB at 100 MHz and
are available with an optional nickel
plate finish. Various configurations are
noted in the numerous outline draw-
ings. A series of die cast boxes and a
comprehensive group of gaskets are
also shown. COMPAC, 279 Skidmore
Road, Deer Park, NY 11729. Tel:
(516) 667-3933. Circle 145.

94

MICROWAVE COMPONENTS AND
NOISE CATALOGS

Updated catalogs featuring microwave
components and solid state noise prod-
ucts has been issued. The Microwave
Components Catalog #MC/180 fea-
tures an extended line of coaxial
switches and includes waveguide
switches, dummy loads, crystal detec-
tors, bolometers, and RF micropoten-
tiometers. The Noise Catalog features
solid state noise diodes and sundries.
Ask for Catalog #SSN5/681. Both cat-
alogs are available upon request. For
further information, write or call:
MICRONETICS, INC., 36 Oak Street,
Norwood, NJ 07648, Tel: (201) 767-
1320; TWX: 710-991-9603.

Circle 146.

fistory|

PRODUCT LINE CATALOG

The 1980 catalog offers over 200
products in the areas of amplifiers,
mixers, power dividers, hybrids, atten-
uators and directional couplers. This
272-page booklet includes detailed
specifications which are guaranteed
over temperature, typical performance
curves on each device including (S par-
ameters and Smith Charts) and small
quantity pricing. The catalog features
products including termination insensi-
tive mixers, thin film amplifiers and
passive devices. Adams-Russell Co.,
Inc., Anzac Division, 80 Cambridge
Street, Burlington, MA 01803, Tel:
(617) 273-3330, TWX: 710-332-0258.
Circle 153. {continued on page 96)

MICROWAVE JOURNAL



Technological leadership: .

Come to one reliable source for
all microwave power from

0.2 W to 325 W. Motorola.

Motorola is the well-established, quality-in
quantity producer of RF small signal and power
devices and modules (15 million units shipped
this year). We have the backing of a $4.2 billion
corporation. We're a price leader. We have an
excellent quality record. And we're worldwide.

It's only natural for Motorola to be the leading
contender in the exploding, high-technology
microwave power arena. Our product lineup shows
capability. Our die geometries show reality. And
our technology shows up.

All units provide gliaranteed performance —
they're 100% tested including load mismatch at all

Geg [ Vee
Power Gain Supply Voltage
dB Min Volis

Pout
Output Power
Device Type Watts

.96-1.215 GHZ |

= 3 | L —
MRF1000MA B | 10 18
MRF1002MA B 1 35
MRF1004MA B 40 =
MRF1008MA.B 80
MRF1015MA B 15 50
MRF1035MA B 35 50
MRF1090MA B 90 50
MRF1150MA B 150 7 50
MRF1250M 250 6 50
MRF1325M 325 5

1.7-2.3 GHZ

MRAF2001M
| MRF 2003M
[ MRF2005M

MRF2010M

MRF2016M

2.0 GHZ

I
I T
|
1

L/ -

-

]

10
30

10
16

(=
[- SR 3
'Y

MRF2001.8 10
MRF2003,8 3o :
MRF2005.8 [ 50 f 8 8
MRF2010.8 0 6 28

~®
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phase angles with 10:1 VSWR and offer gold
metallization and emitter ballasting for long life
and resistance to metal migration.

Later, we'll offer higher-power. 400 W. short
pulse units and long-pulse microwave devices in
volume. And. we provide plastic and ceramic
drivers for 1.5 to 5 GHz application.

Contact Motorola Semiconductor Products. Inc.,
P.O. Box 20912, Phoenix. AZ 85036 or call
(602) 244-6394 for data on microwave power for
all your

Innovative systems
through silicon.

@ MOTOROLA INC.

| N B N N B BN N B N BN B _ N N §N N |
TO: Motorola Semiconductor Products inc.. P.O. Box 20912, Phoenix, AZ 85036

Please send me data on microwave power devices.
96 MJ 6/81

Name

Title Tel.:

Company
Address
City

State ZIP
. I N N N N N N N N B N B N B B N ]

Mail Drop

|
|
C
B
L
C
C
B
-4
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{from page 94) UPDATE

COMPONENTS AND SUBSYSTEMS
FOR SIGNAL PROCESSING
CATALOG

A 48-page, 2-color brochure covers
line of broadband electronic compo-
nents and subsystems and is subdivid-
ed into 17 basic product lines with ex-
tensive tabular data on each product.
Typical categories include: power di-
viders/combiners; directional couplers;
pulse, biphase and quadriphase modu-
lators; double balanced mixers; power
sensors; quadripole networks and com-
parators; subsystem capabilities, etc.
Olektron Corporation, 61 Sutton Rd.,
Webster, MA. Tel: (617) 943-7440.
Circle 149.

ATTENUATORS AND OTHER
COMPONENTS

Alan

A new 40-page attenuator catalog, No.
82-13, has just been released by Alan
Industries. This catalog features high
performance fixed attenuators and ter-
minations operating from dc to 18
GHz and step attenuators that operate
by dial, toggle, push-button or rocker
switches, from dc to 2 GHz. Other
components are programmable attenu-
ators, broadband detectors for video
through UHF, return loss bridges, RF
fuses and reactive power dividers/com-
biners. Alan Industries, Inc., 745
Greenway Drive, P.O. Box 1203, Col-
umbus, IN 47201. Bill Kennedy, Tel:
812-372-8869. Circle 152.

COAXIAL CABLE ASSEMBLIES
CATALOG

A 24-page illustrated catalog describes
the line of precision coaxial cable as-
semblies for ECM, avionic, and
ground-based applications. Complete
mechanical, environmental, and elec-
tronic specifications are given for each
cable type along with large, easy-to-in-
terpolate curves of insertion loss and
power handling. Manufacturing, test-
ing, and special services are described
as well as details of cable-construction.

Haverhill Road, Amesbury, MA.
01913. Tel: (617) 388-5210, (617)
665-2750, TWX: 710-347-6360.

Circle 151.

VARACTOR FREQUENCY
MULTIPLIERS

This catalogue describes a line of var-
actor frequency multipliers from 10 -
12 GHz which includes multiplications
of up to 16 and bandwidths to 35%.
The catalogue gives examples of cus-
tom designs with multiplication fac-
tors of as much as 240 and output fre-
quencies to 15 GHz. Passive and ac-
tive multiplier chains are described at
low, medium and high power. A. |.
Grayzel Inc., 3 Common Street, Wal-
tham, MA 02154. Tel: 617-893 4210,
Circle 154.

96

SOLID STATE DEVICES AND
COMPONENTS CATALOG

Product Guide for 1981 describes
standard microwave components and
semiconductors, including GaAs Power
FET's, bipolar power transistors and
amplifiers and GaAs FET amplifiers,
noise sources. GaAs FET device line
has capabilities through K, band and
the silicon bipolar power transistor
product line offers performance
through 6.0 GHz for both CW and
pulse applications. The power ampli-
fier product lines offer performance
from L through X band and noise
sources are designed for instrument
applications and system applications.
Microwave Semiconductor Corpora-
tion — A Siemens Company, Somerset,
NJ. Tel: {201) 469-3311. Circle 158.

NEW LITERATURE

Short Form Catalog for 1981 now of-
fered which describe mixers, mixer/
preamplifiers, wide band, low noise
amplifiers, C, X and K,-Band commu-
nication converters and frequency
translators for satellite communica-
tions applications. MITEQ Inc., 100
Ricefield Lane, Hauppauge, NY
11787. (516) 543-8873. Circle 159. &
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Product Feature

Broadband ECM Antenna

ADAMS RUSSELL ANTENNA & MICROWAVE DIVISION
Amesbury, MA

Broad frequency coverage with ex-
cellent control over the axial ratio is
offered by the AN-364 series of circu-
larly polarized horn antennas for ECM
applications. The new series of anten-
nas utilizes a quadridged horn design
with lenses on the aperture to provide
broad azimuth coverage and a “‘com-
pensated’’ elevation aperture to con-
trol axial ratio at wide azimuth and
elevation angles.

These 3:1 bandwidth antennas are
available with double-ridged waveguide
inputs or high-power coaxial to wave-
guide transitions. Figure 1 shows re-
turn loss vs. frequency of an antenna
configured with a coax to waveguide
transition.

The AN-364 antennas are unique in
that radiation pattern shaping is
achieved by the utilization of a finned
elevation aperture combined with a
low loss dielectric lens for azimuth
pattern control. Figure 2 shows a typi-
cal principle plane azimuth pattern.
Nominal azimuth half power beam-
width is 120° with an elevation half

Attt ——

~

RETURN LOSS 1B

e S e e S
Fi 3F1

Fig. 1 SWR vs frequency.

AN-364 Antenna.

1ISOTRORIC
LEVEL

Fig. 2 Typical azimuth pattern

power beamwidth of 65”. Radiation
pattern coverage at the 6 dB level is
nominally 160 for azimuth and 90°
for elevation.

The basic antenna design permits
utilization in any 3:1 bandwidth por-
tion of a broad range of frequencies.
The AN-364 is the first of a new series
of antennas that satisfies system level
requirements of wide frequency band-
widths with specially shaped radiation
patterns (sample radiation patterns are
available upon reguest}). Contact:
David W. Ryan, (617) 388-5210.

Circle 143 on Reader Service Card
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Small Wonders.

Superb performance in

(

CIRCLE 63 ONREADERSERVICE CARD

O High Short-term Stability.
[J Low Phase Noise.

HP's new 10811A/B Oscillators
are designed for equipment
requiring a compact. rugged.
precision frequency source.
Ideal for instruments, communi-
cation and navigation equipment
and precision time keeping.
Look at the superb perfor-
mance you get:
e Aging rate: <5 parts in 10'%day
¢ Phase noise: better than 160
dBc at 10 kHz offset
e Warm up: within 5 parts in 10°
of final frequency in 10 minutes
» Time Domain stability: better

HEWLETT
PACKARD

new quartz oscillators.

O Fast Warmup.
O Low Power Consumption.

than 5 parts in 10" for a
1-second averaging time
» Power consumption: approxi-
mately 2 watts. after warmup
¢ Qutput frequency: 10 MHz
(10.23 MHz on special order).
Both are plug-compatible with
HP's 10544 Senes oscillators. and
offer higher performance. Price
is $800* (add $100* for B model
with provisions for shock mount-
ing). Call your nearby HP sales
office. or write to Hewlett-
Packard, 1507 Page Mill Road.
Palo Alto. CA 94304.

*U' S. domestic prices only
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Product Feature

High Power Constant Current
Puise Generator

AD-TECH MICROWAVE INC.
Scottsdale, AZ

Qoooo,‘
n ® & & o |
~” . a J
i il et

AT-SM33 Pulse Generator.

The Model AT-SM33 high power,
constant current pulse generator is spe-
cifically designed to power IMPATT
diodes in pulsed IMPATT diode oscil-
lator and amplifier applications. This
new generator incorporates features
which make it versatile enough to
serve in research and development lab-
oratories as well as in production tests.

The wide ranges of pulse repetition
frequencies, pulse widths, duty cycle
options and output currents make the
AT-SM33 a universal puise modulator
for a variety of pulsed IMPATT diode
oscillator and amplifier designs.

Built-in protection circuitry auto-
matically shuts down the output pulse
and guards against “‘burnout’” of IM-
PATT diodes during development and
test work. Convenient front panel con-
trols allow the operator to preset pulse
repetition frequencies and pulse
widths not to be exceeded during the
operation of the generator. The output
current pulse can be turned off with-
out changing the output current set-
ting and internal circuitry prevents un
desireable stretching of the output
pulse.

The AT-SM33 can pulse IMPATT s
requiring bias voltage anywhere be-

tween 0 and 180 V. Short circuits at
the output terminals can be handled
indefinitely.

An abbreviated list of performance
specifications for the AT-SM33 is
shown in Table |.

Circle 156 on Reader Service Card

TABLE |

Current: 0-3 amps. peak

Voltage: 0to +180 V

Output power: 90 W average, 540 W peak
Risetime: 150 ns maximum
Falltime: 200 ns maximum

Pulse repetition rates: 8 ranges from
20-100 Hz to 1-3 MHz

Duty cycle: up to 90%

Pulse width: 6 ranges from 0.2-1 us to
100 - 400 us

requirements

MICROWAVE MINIATURES

for Avionics, ECM/EW, Space and Ground Stations

s Surprisingly small packages
¢ Custom designed to meet your exact

s Flexible housing configurations
» Hermetically sealed MIL SPEC reliability
* Fast turn-around

w»
ANy

Filters
/o 565,.%00.
== ’ S/ 23.

L
W

Multipliers

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

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

Band Reject combinations
Phase Linear
Highpass

Lowpass

KW Engineering, Inc.
4565 Ruffner Street
San Diego, CA 92111
Products shown approx. Tel. 714-571-8444
twice actual size
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Product Feature ————

Muiti-Octave DF
Antenna
system

SANDERS ASSOCIATES INC.
Manchester. NH

The Model AS140/TR DF antenna system covers the
entire 1-40 GHz band and avoids the problems posed by
a rotary joint design for that multi-octave range by em-
ploying a reflector which rotates around a fixed spiral
feed.

Circular, RH or LH polarization is available. System
SWR is typically below 3 throughout the frequency
range and axial ratio is 2 dB, typical 5 dB, maximum.
Typical antenna gain rises from 5 dB at 1 GHz to 20 dB
near 8 GHz and remains above 20 dB through 40 GHz.
Typical azimuth and elevation beamwidths are shown.
(see Figure 1).

The pedestal characteristics for the Mode! 1 option
are shown in Table 1.

Circle 157 on Reader Service Card

ELEVAT AN
———— AZIMUTH BEAMWIDT
— - — GAIN

JAIN (148

Fig. 1 Gain and beamwidth characteristics.

TABLE |
AS140/TR MODEL 1 PEDESTAL OPTION

Azimuth Travel
0-60 rpm
For any sector 1 sec. max.

From 30 to 180

Continuous Scan Mode
Sector Scan Mode
Sector Scan Width

Stop Point Mode Accuracy +0.5
{0-360°)

Data Output Digital Format 10 Bits

Power Requirements 27 Vdc @ 5 amps

Controller TTL Compatible

Weight 243 tbs.

Temperature 54" to +55 C
June — 1981

Continuous/Sector Scan/Variable

RKB-MIFA
announce a new

specialised capability:
double-ridged
waveguides.

MA 328
D224 WRD 110
WRD 180C24 4.
Manufactured inmateral to
DIN 1725 Al.Mg, Si. 0.5 (HE9),
sections can be supphed in
erther bendable quality or fully
heat-treated to DIN 1748.
High-precision tailor-made sections are
also available to tolerances af 0 02mm and
with wall thicknesses down to 0.4mm. Profile
sizes can vary from 2mm to 75mm diameter.
For more details, just write or ‘phone.

RKB-MIFA

Precision Extrusions Limited,
New Road, Sandy, Bedfordshire
England. Telephone: Sandy (0767) 80731. Telex: 825417.

Mifa Aluminium B.V./P.0. Box 4641/5953 ZG Reuver.Holland.
Tel:04704 3900. Telex: 58436 MIFA NL
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Microwave

Products

Components

TUNABLE BANDPASS FILTER

A six-section waveguide tunable filter, Part
No. 501850, covers the 13.25-145 GH:z
band. Unit is designed in the TE ,, cylindri-
cal mode to achieve an insertion loss of only
2.0 dB maximum. Component has a 3 dB
BW of 50 MHz minimum and SWR of 1.7
maximum. Filter has rejection of 35 dB
minimum at f5 + 50 MHz Model offered
with type N female connectors and diiect
frequency readout. Price. $1990 each.
Avail: 10-12 wks ARO. Coleman Microwave
Co., Edinburg, VA 22824, Circle 171.

C-BAND MICRO-PROCESSOR-
CONTROLLED KLYSTRON
CHANNEL SELECTOR

Ky wdy .
K EET)
’, — =

- e

A C-Band klystron channel selector, M/N
13049, features micro-processor-controlled
channel changes programmble up to 7 days
with up to 99 operational entries. Display
shows time (day of week, current hour,
minutes and seconds) and also channel and
frequency selected. Mechanized selector
fits all Thomson CSF and Varian C Band
klystron 6- or 12-channel communication
tubes. RS 422 bus operation provides for
computer control of channel selection, pro
gramming and for transmitting status intor
mation. Rapid tuning achieved by selector’s
automatic determination of the shortest
route to the new channel and immediate
turn to the new position. Options include
programmahle control chassis, mechanized
selector and remote control. Del 90 days
ARO. MCL, Inc., LaGrange, IL. Frank Mor
gan, (312) 354-4350. Circle 173.

100

LOW COST SMA ATTENUATOR
SETS

Model AT-50-SET/SMA and AT-51-SET/
SMA are 50 §2 coaxial SMA attenuator sets
Each set contains a 3, 6, 10, and 20 dB at-
tenuator and they come in both calibrated
and uncalibrated models. Attenuation accu
racy is 0.5 dB from dc to 1000 MHz and
1 dB from 1000 to 1500 MHz. Sets have an
SWR of less than 1.35:1 at 1500 MHz, aver
aging 1.2'1 over the band. Units can dissi
pate 0.5 W CW or 1 kW peak power. Design
for models uses MIL type connectors and
MIL resistors in a MIL plated housing. Price
AT-50-SET/SMA, $69; AT-51-SET/SMA,
$64, FOB. Del stock to 30 days ARO.
Elcom Systems, Inc., Boca Raton, FL.
Leonard Pollachek, {305) 994-1774.

Circle 165.

GaAs FET THIN-FILM AMPLIFIERS

Models AWT 6054 and AWT-18057 are
aluminum-packaged, thin-film GaAs FET
amphfiers which combine 100 mW output
power {at 1 dB gain compression} with 35
dB gain. This pair of MIC amplifiers offers
2.0:1 maximum input and output SWR over
the 2-6 GHz {(Model AWT-6054) and 8-18
GHz (Model AWT-18057) bands. These
moderate-power amplifiers provide maxi
mum respective noise figures of 6.0 and 8.0
dB and 1.5 and 2.0 dB gain flatness. Either
version operates from 12 Vdc, requiring
only 350 mA for operation. Units meet
MIL-Q-9858A requirement, MIL-E-5400,
MIL-E-16400, and MIL-E-4158 environ-
mental specilications as well as MIL-STD-
461 EMI conditions. Size. 1.6 and 2.2 cu.
in. Weight 68 and 90 grams respectively.
Del: 120 days ARO. Avantek, Inc., Santa
Clara, CA. Peter Campbell, (408) 727-0700.

Circle 162.

WAVEGUIDE AND COAXIAL LNAS

Model AXM123201 (waveguide) and Model
AXM 123202 (coaxial) low noise amplifiers
provide a 3 0 dB noise figure (290 'K) over
the 11.7-12.2 GHz satellite communications
receive bandwidth. These units achieve the
designated noise figure performance by us-
ing low loss isolator/single ended GaAs FET
input circuitry . The coaxial module features
a design, which includes ultra-low noise and
balanced input. Input stages of both models
exhibit low SWR. Output stages are bal-
anced to insure wide dynamic range and
minimum cascading interaction problems.
LNA’s meet MIL-E-5400, MIL E-16400 and
MIL-E-4158 environments. Amplica, Inc.,
Newbury Park, CA. Nick Pena, (805) 498-
9671. Circle 160.

EXPANDED GUNN OSCILLATOR
LINE

A hne of Gunn oscillators is offered for use
in the V, E and W bands. Model 4560A for
WR 15 covers 50-75 GHz frequency band
and has 175 MW power, maximum. Model
4575A for WR 12, spans 60-90 GHz fre-
quency range and has 75 MW power, maxi-
mum. Model 4575A for WR 10 covers 80-
110 GHz band and offers 20 MW power,
maximum. A modulator/regulator option
provides both FM and AM (pulse, square
wave) modulation. Del: 3045 days, typ.
and 60 days with isolators. Epsilon Lambda
Electronics Corporation, Geneva, IL. Robert
M. Knox, (312) 232-9611. Circle 166.

1GHz FILTER WITH 2-12.4 GH:z
STOPBAND

Model F183CS i1s a tubular low pass filter
with a passband of 1020-1100 MHz, a maxi-
mum insertion loss of 0.3 dB and a maxi-
mum SWR of 1.30 in the passband. Unit
features a stop-band of 40 dB minimum be
tween 2150-12.4 GHz (60 dB minimum
from 2150-500 MHz). Filter is designed for
airborne application up to 100,000 ft. with
operational power levels of 4 kW peak and
10 watts average. Component operates from
54" to +95'C and meets environmental
requirements of MiL-E-5400, Class 3. Size
4% x 4% with SMA male/female type
connectors; SMC connectors also offered.
Price: $25.00, 500 pieces. Del 60 days.
Engelmann Microwave Company, Montville,
NY. Carl Schraufnagl, {201} 334-5700.
Circle 172.

FET AMPLIFIER COVERS
3.7-4.2 GHz BAND

-

N

Model 4055 1s a FET amplifier which fea
tures @ maximum of 55 K noise tempera
ture over the 3.74.2 GHz band. This series
of amplifiers 1s thermo-electrically cooled
and provides stable performance over the

10’ to +50 C temperature range. Size.
10 L x 81" H x 7" W. Weight 22 Ibs.
Mitsubishi Electronics America, Compton,
CA. Ric Fochtman, (213) 979-6055.

Circle 180.
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COAXIAL ROTARY JOINTS

A series of coaxial rotary joints is offered in
short, compact versions. Model 120RK36
has type N connectors, covers the dc to 18
GHz band, and is 1.95" long. The Model
180RS36 has SMA connectors, spans dc to
18 GHz range, and is .95 long. The compo-
nent No. 120RK36 provides a 1.15 maxi-
mum SWR up to 6 GHz (1.25up to 124
GHz) and a 0.2 dB maximum insertion loss
up to 10 GHz {0.3 dB up to 12.4 GHz).
Model 180RS36 offers a 1.25 maximum
SWR up to 10 GHz (1.5 up to 18 GHz) and
a 0.2 dB maximum insertion loss up to 10
GHz (0.5 up to 18 GHz). Price: $270 —
Model 120RK36; $245 — Model 180RS36.
Microwave Development Laboratories, Inc.,
Natick, MA. (617) 655-0060. Circle 177.

DIGITALLY CONTROLLED
TUNABLE BANDPASS FILTER

A digitally controlled tunable bandpass fil-
ter, No. 4DBT-225/400-3N-F /R, covers the
military communications band from 225-
400 MHz. Filter has its own built in micro
processor which operates on 28 V for air
craft but has options for other voltages. In
addition to its binary control system, the
tilter can be constructed using other digital
ly controlled techniques. Unit has an auto
matic shut down for low power consump-
tion when tuned to a specified frequency.
Available in standard ATR rack housings or
rack and panel. Price: from $2000. Avail
6-8 wks. K & L Microwave Inc., Salisbury,
MD. Charles J. Schaub, (301) 749-2424.
Circle 168.
fcontinued on page 102)
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FIRST OF ITS KIND—FROM MICRONETICS!

(Shown actual size)

TE

noi/e€

Solid State
Dual-In-Line
Broadband

Noise
Generators

Hermetically sealed to conform to Mik-Std. 202.
A design breakthrough. The smallest size & lightest weight ever!

A recent addition to Micronetics’ growing

line of noise generators are the NZG Series
of 25 Noizeg models, with frequencies from
100 Hz to 2 MHz. Among its many unique
features are its exceptionally small size and
light weight, an engineering first of its kind.
The product series also offers white gaus-
sian noise, and 14 pin DIP. All are hermetic-
ally sealed and conform to Mil-Std. 202.

Specifications: Size — 0.870” L x 0.50”
W x 0.240” H; Weight— 10 grams (Max.);
Qualified Peak Factor— 5:1 (Min.); Frequen-
cy Flatness— +0.5 DB; Temperature Coeff-
icient— -0.05 DB/C° (Nom.); Operating
Voltage— +15V; Load Impedance— 600
ohms. Note: Certain models are available
with +12V, and other than 600 chms load
impedance.

Write for our latest noise catalog.

icroneticy inc.

36 Oak Street - Norwood-NJ- 07648
(20l1)767:1320 twx: 7109919603
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SMA SWEPT RIGHT ANGLE
ASSEMBLIES

Series 705970 SMA swept right angle as-
semblies include male/male and male/female
units. Assemblies use CT 141-50 semi-rigid
cable for the right angle bend. The SMA
plugs use the cable center conductor as the
center contact and are goid-plated. Typical
SWR for the series is 1.2:1 to 18 GHz. Pt.
No. 705976-001 is SMA male/male and Pt.
No. 705979-001 is SMA male/female. Cable-
wave Systems, Inc., North Haven, CT. Ste-
ven Raucci, Jr., {203) 239-3311. Circle 163.

HI-BAND (400 MIHz) CHANNEL
BANDPASS

A 3820-series bandpass filter is offered for
each TV channel in the 300-400 MHz band.
The model is a seven-resonator microwave
cavity filter. Unit provides 25 dB minimum
rejection to nearest adjacent carriers. Imped
ance is 75 ohms with F connectors. Mount-
ing is on a 19" rack panel {7’ high) and
other connectors and impedances available.
Price: $335. Dei: 10 days. Microwave Filter
Co., Inc., East Syracuse, NY. Emily Bostick,
{315) 437-3953.

Ever
Vigilant -

=3

but not required.

Res:) 1-800-892-7655, ext. 927.

&

/ .
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/ he strength of a nation relies on the strength of its Heritage. We at
/ ’, Northrop Defense Systems Division have a long standing Heritage

of providing Electronic Countermeasures capabilities to the Depart-
ment of Defense. A reliable, well designed and readlly maintained product
/ that stands in readiness, alert to any pending threat.

/* We are seeking individuals who desire to join our Heritage and create the
4// future generation of high technology Electronic Countermeasures.

MICROWAVE ENGINEERS
* Design and develop passive and/or active Microwave Integrated Cir-
cuits. Prior computer aided deslgn experience essential; MSEE preferred

* Design and develop microwave receivers. Prior experience in micro-
wave systems development required; MSEE preferred but not required.

Professional level salaries, generous comprehensive benefits package
including in-house Masters Program. Direct resume to: Technical Employ-
ment or call our 24-hour toll free 800 lines: 1-800-824-2280 ext. 927; (MO.

NORTHROP CORPORATION
Defense Systems Division
600 Hicks Road, Rolling Meadows, IL 60008

equal opportunity employer m‘th

NORTHROP

MAKING ADVANCED TECHNOLOGY WORK.
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Circle 175.

COAXIAL CRYSTAL DETECTORS

A line of coaxial crystal detectors covers the
0.01-12.4 GHz frequency spectrum and of-
fers flat frequency response within + 0.5 dB
absolute. Relative matching, excluding bias
sensitivity, is within + 0.2 dB. Unit has out
put impedance of less than 15 (2 shunted by
10 pf; 100 mW peak or average maximum
power. RF input is type N, male and output
polarity is normally negative, positive op-
tional. Micronetics, Inc., Norwood, NJ.
Gary Simonyan, (201) 767-1320.Circle 174.

OSCILLATOR WITH WAVEGUIDE
OUTPUT

Model 3004 W is a YIG-tuned osciilator
which covers the 26.540.0 GHz frequency
range with waveguide output, minimum
power output of 5 mW. Model has spurious
signals of 20 dBc (harmonic), 60 dBc (non-
harmonic), residual FM, 10 kHz p-p, fre-
quency stability of 0.01%/°C and power var
iation vs frequency of 8 dB p-p. Systron-
Donner, Advanced Components Division,
Sunnyvale, CA. (408) 735-9660. Circle 183.

DOUBLE BALANCED MIXER
COVERS 5.9-6.4 GHz BAND

Model MD-181 is a double balanced mixer
designed to cover the 5.96.4 GHz commu-
nications band. The model features extreme-
ly flat 4.5 dB typical, 6 dB maximum con-
version {oss, 27 dB L-R isolation and is cap-
able of 0 dBm starved LO operation at zero
bias. Price: Units are available in 1-5 gty for
$275 for module and $300 for SMA con-
nectorized versions. Anzac Division, Adams-
Russell Co., Inc., Burlington, MA. (617)
273-3333. Circle 161.

DROP-IN MIXERS

FM Series of drop-1n mixers operate in strip
line and microstrip designs and provide a
double balanced design and thin film beam-
lead construction. Operating temperature is
~54” 10 +100°C and storage temperature is
65” to +100°C. The RF power is 100 mW
maximum and RF/LO frequency range is
from 4-8 GHz to 14.4 - 17.7 GHz, depend-
ing on model. Conversion loss ranges from
6.5 to 9.0 dB maximum and LO/RF isola-
tion is from 16-20 dB minimum. The IF
bandwidth spans dc to 2.0 GHz and dc to
6.0 GHz with 1 dB compression point rang-
ing from +1 to +2 dBm and 3rd order inter
cept point of +12 to +13 dBm, depending
on model. Mixers meet MIL-STD 883 speci-
fications to Class B. Western Microwave,
Inc., Applications Engineering Group, Sun-
nyvate, CA. (408) 734-1631. Circle 187.
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LOW CAPACITANCE BEAM
LEAD PIN DIODE

Model HPND-4005 is a beam lead PIN diode
designed for use in stripline and microstrip
circuits. Series resistance is 4.7 ohms, capac-
itance is 0.017 pF, breakdown voltage is
120 V and reverse recovery time is 20 ns.
Applications include switching, attenuating,
phase shifting, limiting and modulating at
microwave frequencies to 18 GHz. Diode’s
rugged construction includes a polymide
surface layer for scratch protection, and
leads with 6 gram typical pull strengths.
Price: $13.60, 50-99 qty. Avail: from stock.
Hewlett-Packard Company, Palo Alto, CA.
(415) 857-1501. Circle 167.

SERIES OF LOW FREQUENCY
FIXED ATTENUATORS

Series 3401 are low frequency fixed attenu-
ators available in attenuation values from
1-30 dB with 3, 6, 10, 20 and 30 dB models.
Frequency range spans the dc to 2.0 GHz
range, SWR is 1.3 maximum, RF power rat-
ing is 1 watt average and connectors of the
SMA male/female type are provided. Price:
$25, small qty. Avail: from stock. ARRA,
Inc., Bay Shore, NY. Mike Geraci, (516)
231-8400. Circle 170.

50 OHM COAXIAL ATTENUATORS

Broadband 50 ohm coaxial attenuators are

offered for SMC systems. Standard unit pro-

vides attenuation vaiues of 3 dB + 0.3 dB;
6dB r03dB;10dB+05dB;20dB + 1.0
dB. SWR is 1.15 maximum, dc¢ to 4 GHz
range; 1.20 maximum, 4-8 GHz range; and
1.25 maximum, 8-12 GHz range. Power
rating is 2.0 W average, 500 W peak. RF
Components Division, Sealectro Corpora-
tion, Mamaroneck, NY. {914) 698-5600.

Circle 182.

SERIES OF TUBULAR FILTERS

SF 103 Series tubular filters provide low in-
sertion loss and high power capability in
same length and volume. Filter Series SF
103 covers 200 MHz to 5.5 GHz (1" x 1"
cross-section); Series SF 102 covers 1-10
GHz frequency spectrum (.8 x 6" cross-
section) and the SF 101 Series spans 9-18
GHz frequency band (.56° x .38 cross-sec-
tion}. Bandwidths range from 1-70%. Avail-
able with pins or connectors and built-in
mounting provisions. Price: $125. Avail:
2 wks. RS Microwave Company, Inc., But-
ler, NJ. (201) 492-1207.

June — 1981

SUBMINIATURE PROGRAMMABLE
ATTENUATOR

PA-5010 is a subminiature programmable
attenuator which provides 0-127 dB of at
tenuation in 1 dB steps. The frequency
range of the unit is dc to 1300 MHz and per
cell accuracy is 0.2 dB or 1% at 1000 MHz.
Component’s SWR s 1.5, maximum at 1000
MHz, Size: 3 cu. in. Available with control
voltages of 26.5 Vdc, 12.0 Vdc or 5.0 Vdc
and SMA type connectors. Price: $390, 1-9
qty. Del: 8 wks ARO. Texscan Corporation,
Indianapolis, IN. Raleigh B. Stelle, (317)
357-8781. Circle 184.

IMAGE REJECT (IMAGELESS)
MIXER

An image reject (imageless) mixer converts
RF frequency of 3.0 - 3.5 GHz to an IF
frequency of 25 - 35 MHz. Unit offers con
version loss of 7.5 dB maximum, SWR of
1.6 maximum (RF and LO) and image re-
jection of 25.0 dB minimum. The LO to
signal isolation is 15 dB minimum and LO
and signal to IF isolation is 40 dB minimum.
Available with SMA female connectors and
3% x 3" x %' dimensions. Triangle Micro-
wave, Inc., East Hanover, NJ. {201) 884-
1423. Circle 185.
{continued on page 104}

Circle 179.

Our coaxial switch
prices are lower

because our
deliveries are faster.

STANDARD
DELIVERY QTY. 1-25

Positions Delivery
SP2T
SP3T

SP4T 6 weeks
SPST

SPeT .
SPYT, 7 weeks
SP8T 8 weeks
SPIT 9 weeks
SP10T 10 weeks
Transfer 10 weeks

Million cycle reliability per position . .. best warranty in
the industry. And, our Sales Administrators will quickly
answer any questions on prices or available options.
Just call.

Dynatech/U-Z Inc.

9522 West Jefferson Bivd., Culver City, CA 90230
Telephone (213) 839-7503 « TWX. 910-340-7058
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Varian GaAs
Gunn and Tuning
Varactor Diodes
for total

source needs.

Varian Gunn diodes com-
bined with Varian GaAs tun-
ing varactors are ideal for
VCOs used in radar systems;
communication systems; mi-
crowave intrusion alarm, and
marine radar.

GaAs Gunn diodes
High reliability
5 to 95 GHz frequency
coverage
Low AM and FM noise
Mil standard testing
available
Variety of packages

GaAs Tuning

Varactor Diodes
VHF to 60 GHz operation
Low reverse leakage
current
Wide choice of
capacitance
Lowest package parasitics
Higher Q than silicon
varactors

— e}
. . B -
o'y

Qoe s T ot s ar pumpge ' apm—
“AS P gim N gy

Call or write for more informa-
tion.

Electron Device Group

Solid State Microwave Division
3251 Olcott St.
Santa Clara,
California 95050
Telephone

> 408-988-1331
varian ext. 242

(. J.
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mvaterials

Al CLADDING ON TEFLON
PC SUBSTRATES

Aluminum cladding for Teflon '-based
microwave printed circuit substrates is in-
troduced to enhance dimensional stability
and to serve as a heat sink to protect heat
sensitive components on the PC board. The
aluminum is clad to such low loss substrates
as Di-Clad grades 522 and 527, Teflon
fiberglass fabric and Di-Clad grades 870 and
880, Teflon -woven fiberglass and grade
810, ceramic-loaded Teflon . A special
manufacturing process permits .25'° of Al
to be bonded 1o the Teflon . Keene Cor-
poration, Chase-Foster Division, Bear, DE.
Frank Yoerg, (302} 834-2100.

Antennas

WIDEBAND, CIRCULARLY

POLARIZED ANTENNA
WJ-8338 is a wideband circularly potarized
omnidirectional antenna with a frequency
range of 1.0-12.0 GHz. The antenna pat-
tern’s coverage is 360 in azimuth at eleva-
tion angles of 30" to 90° from the antenna
axis. Right or left-hand circular polarization
may be specified and unit can be used in
conjunction with a broadband direction-
finding system as an acquisition antenna.
Antenna functions, with reduced perform-
ance, from 0.75 - 1.0 GHz and from 12.0 -
18.0 GHz. Watkins-Johnson Company, An-
tenna Applications Engineering, San Jose,
CA. (408) 262-1411.
Devices
SILICON TUNING VARACTORS
Series MA-45200 are silicon abrupt junction
microwave tuning varactors with minimum
Q at -4 V from 800 to 5500 and total ca-
pacitance Cy at -4 V ranges from .50 to
8.20 pF and minimum capacitance ratios
(0-25 V) from 2.7 to 7.4, depending upon
model. Each device in the series has a high
density silicon dioxide passivation, which
results in low leakage currents and low post
tuning drift. Contacts are sputtered for con-
sistency and reliability and diodes meet
MIL-S-19500, MIL-STD-202, and MIL-STD-
750 specifications. Microwave Associates,
Inc., a M/A-COM Company, Burlington,
MA. {(617) 272-3000.

SILICON UHF MIXER AND
DETECTOR DIODES

Series IN82 point contact barrier mixer di
odes and Series IN830 silicon UHF detec-
tor diodes are designed for FM, UHF TV
and airborne communication circuit appli-
cations. UHF mixer diode series has T
25°C, VR (reverse voltage) ~ 5 V minimum
and C;q, junction capacitance of .3 pf typi-
cal and an overall noise figure at f -~ 700
MHz of (Model IN82A) 14 dB maximum
and (Model IN82AG) 12 dB maximum.
UHF detector diode series has CW burnout
of 375 mWat T - 25 Cor 15 W peak for

1 us. Model IN830O has detector rectifica-
tion efficiency of 65% minimum at f ~ 100
MHz. Price: IN82 series, 35d, 10,000 qty;
IN830 series, 38¢, 10,000 qty. Microwave
Diode Corp., W. Stewartstown, NH. D. E.
Shea, (603) 246-3363.

Circle 169.

Circle 186.

Instrumentation
|EEE-488 GPIB OPTION FOR
SWEEP GENERATOR

Option IEEE-488 GPIB, for a broadband,
continuous sweep generator, No. 6600B/
9514D/9616D, provides automatic opera-
tion under the control of an external con-
troller calculator. Continuous sweep from
10 MHz to 18 GHz is executed as a smooth
analog function instead of digital steps. This
instrument features band selection of full
.01-18 GHz or four dual band frequency
ranges. Selection of 10,000 steps per band
for any frequency function; F1-F2, FgpAF,
FoCW, Fo external FM, and 10,000 step call
up of three markers. All other sweeper con-
trols are programmable — including RF
on-off, four leveling modes, modulation
modes and special sweep-pause mode. AlL-
TECH Electronic tnstruments, Eaton Cor-
poration, Los Angeles, CA. Roy E. Wendell,
{516) 588-3600. Circle 164.

PROGRAMMABLE RECEIVER

Series 1780 programmable microwave re-
ceiver operates at fixed frequencies to over
100 GHz and is programmable from 140
GHz. An optional low frequency converter
extends coverage down to 100 MHz, The
receiver is IEEE-488 Bus compatible. Re-
ceiver automatically calibrates the |F system
with a stable internal crystal oscillator.
Scientific-Atlanta, Inc., Atlanta, GA. Bruce
K. Hudson, (404} 441-4000. Circle 181.

Circle 176.

Circle 178.

Custom Radomes &
Reflecetors.Ine.

Radomes to 15 ft.

Lightweight Parabolic Reflectors

Polarizing Reflectors

Secondary Reflectors

Fiberglass Parts for Microwave
Applications

Custom Radomes &
Reflectors, Ine.
2065 Martin Ave. #103
Santa Clara, CA 95050
J. W. Downs (408)-727-4777
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Electrodeposited bellows

ENGINEERSSection Heads contQCts

& Jr. To Sr. Level
Microwave Designers

AEL seeks microwave design engineering professionals
for extensive involvement with a broad array of today’s
high tech microwave systems and products. You'll apply
our creativity and design skills if you possess the
ollowing qualifications.

We seek degreed Engineers (BSEE/Physics) with rele-
vant design experience in any or all of the following
areas: GsAs FET or Bipolar transistor Servometer’s gold plated contact springs are actually tiny

amplifiers/oscillators, frequency up/down converters, . ;
diode control circuits and/or distributed element cir- SIS S e CRRSG il X006 1IE( $~IRCY 10

cuits. Should be familiar with microwave integrated cir- diode packages @ Used in blind connections e Leak
cuit techniques. Section Heads should possess ex- tested for use in instruments @ Used to protect fragile
perience in project level management. crystals from probe damage e Used to absorb vibration,

You must be a U.S. citizen and preferably possess a temperature expansion, or tolerance build-ups.
Security Clearance. Salaries commensurate with ex- Available in nine sizes, .037" to 0.245" O.D.
perience. Benefits include dental, credit union and and varying contact pressures

relocation package. Beautiful living environment in & »
suburban Philadelphia area. Intergsted applicants from .02 to .3 0z./.001". FREE \“:l.
should write or call: Dan Kane, AEL, INC., 306 Richard- Special designs can be made Sample ' ‘o
son Rd., Montgomeryville, Pa. 18936, (215) 822-2929, to your specifications or i/ ot
COLLECT. Equal Opportunity Employer, M/F. standard items can be CATALOG ol

AMERICAN ELECTRONIC modified.

LABORATOR'ES INC MINIATURE METAL BELLOWS
imagination In High Technology! se nvnMETen

501 Little Falls Rd., Cedar Grove, N.J. 07008 (201) 785-4630
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A lot
of people
supply
microwave
components
if you're
able to wait.

Microlab
keeps 10,000
in stock.

You don't have to wait weeks for the
microwave components you need. And
you don’t have to shop several suppliers.
At Microlab/FXR we keep the widest

possible inventory of precision com-
ponents in stock at all times. Most orders
are shipped the same day we receive
them. Send for our new catalog.

MICROLAB/FXR,
the supermarket
of microwave

components

®
Ten Microlab Rd., Livingston, N.J. 07039

Telephone (201) 992-7700
CIRCLE 73 ON READER SERVICE CARD
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Newlaj Literature

SIGNAL GENERATOR BROCHURE

A 6-page brochure describes the Model SMS
Signal Generator, including all specification
data for the instrument. In addition to the
basic feature and application description,
the product literature explains all options
and the unit functions are hightlighted on a
one-page callout illustration. Polarad Elec-
tronics, Inc., Lake Success, NY. {516) 328-
1100.

TRANSISTOR DESIGNERS
CATALOG

A catalog for transistor designers includes
complete data sheets for silicon bipolar and
GaAs FET transistors along with a selection
guide and information on the company’s
high reliability screening program. The 160
page handbook for 1981 provides the user
of VHF, UHF and microwave transistors
with comprehensive information on the
complete transistor line. In addition to the
data sheets, the catalog features abbreviated
specifications and typical performance
curves and applicaiions of each product
type. Avantek, Inc., Santa Clara, CA.
Charles Cochran, {(408) 496-6710.

Circle 195.

PRODUCT LINE CATALOG

A product hine catalog features 20 pages of
information and data on cesium beam fre
guency and time standards, digital clock,
quartz crystal oscillators, quartz frequency
standards and satellite timing receiver. This
two-color booklet introduces the company,
its capabilities and methods. All product
types are illustrated with performance
curves and specifications as well as applica
tions and features. Frequency and Time Sys
tems, Inc., Beverly, MA. (617) 927-8220.

Circle 190.

FREQUENCY SYNTHESIZER
CAPABILITY BOOKLET

Microwave frequency synthesizers from
UHF to X bands are described in a capabil
ity booklet which includes color photo
graphs, functional diagrams and perform-
ance curves. The booklet outlines the design
considerations for high-stability tunable
microwave sources in both radar and com-
munications applications. It treats a basic
single-loop indirect synthesizer arrange
ment, the relationships between FM noise
sideband levels, loop bandwidth and switch
ing speeds. These are folowed by descrip-
tions of methods used to achieve high de-
grees of frequency agitity in radar drive
sources, including frequency-swept transmit
ter pulse chirp generation in pulse compres-
sion radar systems. Microwave Associates
Ltd, A M/A-COM Company, Woodside Es-
tate, Bedfordshire, England. lan Williamson,
(0582) 605012/3/4/5, TLX 82295.

Circle 192.

Circle 188.

CATALOG ON OSCILLATOR
PLUG-INS

A recently released catalog features specifi
cations and prices for 18 oscillator plug-in
units that cover five microwave frequency
ranges and power levels to 250 mW. Booklet
includes a general description of the modu-
lar construction and interchangeability of
the YIG oscillators used. Specifications and
product itlustrations are provided. Electron-
ics Surveillance Components, Inc., Palo
Alto, CA. Joe Balaty, (415) 494-7803.
Circle 196.

SCALAR NETWORK ANALYZER
APPLICATION NOTE

The automation of a scalar network analyz-
er is described in Application Note 155-3.
This 15-page, two-color note discusses the
analyzer system components, the measure-
ment sequence and how each system is con-
nected. Operation is described with details
of each operator task. Also provides Appen-
dix i, containing a complete program listing,
Appendix 1l which covers calibration, Ap-
pendix U1 which discusses the use of sweep
oscillator and Appendix |V which lists vari-
ables. Hewlett-Packard Co., Palo Alto, CA.
{415) 857-1501. Circle 189.

DATA SHEET ON HIGH
PERFORMANCE RECEIVER
TRANSISTOR

A two-color data sheet describes a high per-
formance receiver transistor designed for ap-
plications up to 2 GHz. This one-page sheet,
No. 590, summarizes Model LT-4700's elec-
trical characteristics with schematic draw-
ings and features a noise/frequency graph.
TRW RF Semiconductors, Div. of TRW,
Inc., Lawndale, CA. (213) 679-4561.
Circle 191.

DATA SHEET ON VARIABLE
ATTENUATOR

Data sheet describes the Model 910 Conti-
nuously Variable Attenuator. Full specifi-
cations and features of the unit are detailed
as well as the model’s typical incremental
shift curve and typical incremental insertion
loss curves. Weinschel Engineering, Gaithers-
burg, MD. (301) 948-3434. Circle 194.

TEST EQUIPMENT LINE CATALOG

A complete line of microwave test equip-
ment is featured in this 1981 catalog. Over
1400 waveguide and coaxial components
are listed with electrical specifications. Lit-
erature also describes company ‘s capability
to design and manufacture to stringent spe-
cifications, plus special component types
for modular system applications. Waveline,
Inc., West Caldwell, NJ. R. H. Koenig,
(201) 226-9100.
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Hughes is making

Nnew waves with a

shortcut to mm-wave radar design.

Now designers don't have to
reinvent the radio when they take on
millimeter-wave radar development.
That's because Hughes short cuts
the millimeter-wave learning curve
by offering preassembled and tested
subsystems right off the shelf.

For example, our new 42266H
subsystem is a complete, all-purpose,
coherent instrumentation radar front
end. It's made specifically for use in
gathering a broad base of fundamental
data immediately. . . like you'd need
in developing weapon sensors. Or
you can use it to incorporate the
technology into your own system.

Model 42266H
94 GHz Coherent Instrumentation
Radar Front End

We'll even help customize it if you'll
tell us your needs.

Operating at 94 GHz this fully
calibrated breadboard combines
transmitter, receiver and antenna
functions all in one subsystem. It
performs all mixing, detecting,
switching and modulating functions
needed to provide an S-band IF
output signal.

There's lots more to tell, so write
or call Hughes Electron Dynamics
Division, Solid State Marketing,
3100 West Lomita Blvd., Torrance,
CA 90509; (213) 517-6400.

Outstanding signal-to-noise ratio 1s demon-
strated in the spectrum of pulsed IF output
signal (Sin x/x). Total peak-to-valley ratio 1s
in excess of 50 dBc/KHz

The 42266H can be used as a multifunction
instrumentation radar capable of either
CW or pulsed coherent operation. In the
CW mode it can perform as a single or
multi-frequency CW coherent front-end.
In pulsed mode, the system performs as a
single-frequency coherent pulsed radar
front-end or as a coherent system with
frequency diversity in the form of pulse-to-
pulse frequency agility, coherent chirp, or
combinations of both. It can also be used to
implement pulse compression techniques
The receiver consists of an antenna wath a
single-plane monopulse comparator and
two balanced mixer/IF preamplifiers

L oo <Yty SRS o J
HUGHES AIRCRAFT COMPANY

ELECTRON DYNaMICS DIVISION

- Making waves in
millimeter-wave technology.
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