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IDEAL PULSED SIGNALS

For Testing Radars

No Carrier Leakage
And Fast, Clean Pulses

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

Reliable “E” Series Signal Generators consist of all Other advantages of the new “E” Series are:

solid-state modules and a low-noise klystron cavity- e Pulse widths from 0.2 to 2,000 us; rates 10-10,000 pps.
tuned oscillator...they conform to MIL-T-288008B. « Low phase noise sidebands for receiver

Modern radar and ECM receivers require pulsed test sensitivity tests

signals with negligible output between pulses. 80 dB » Stable, spectrally pure signals
on-off ratio is needed for accurate measurement of * Accurately calibrated CW, FM, square wave and

MDS and dynamic range. Polarad Signal Generators pulsed outputs. Digita! frequency readout
have no carrier leakage...on-off ratio is infinite. * Low Cost
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When you have a K&L kit,
you’ll never have to wait
for the right filter.

PROBLEM: STANDARD BANDPASS FILTER KITS HAVE:

Remember the times you've needed a filter at the Tuning ranges covering 24 MHz to 18 GHz in

last minute to complete a breadboard or test? You octave and half octave bands.

probably lost valuable time waiting for the filter. 3 and S section response 24 MHz to 4000 MHz.

SOLUTION: 3 and 4 section response 4000 MHz to 18 GHz.
*3dB Passband typically 5% of the tuned frequency.

K&L Tunable Filter Kits. Power handling 50 watts.

While we handle rush orders to help you out, a

setter solution is for your lab to have the filter on * We'll manufacture special bandwidths for your

srovide the shelf; a sturdy wooden case.) Bandreject Filter Kits are also available.




The largest selection of “‘OFF-THE-
POWER SPLITTER

2-way to 24-way, 0°, 90°, 180°, pin or connector models . . . Mini-Circuits offers a wide variety of
Power Splitters/Combiners to chose from,with Immediate delivery. Butthere are always “special” needs
for “special applications” . . .higherisolation,SMA and TypelN connectors Intermixed, male connectors
or wider bandwidths. Contact us. We can:supply them at your request . . . withrapid turnaround time.

BASIC CASE STYLES

PSC Series MSC Series Z2SC Series ZMSC Sernes ZFSC Series ZAPD Series
—

TWO-WAY O°
(2kHz — 4200 MHz)

TWO-WAY 90° TWO-WAY 180°

(12 — 180 MHz) {(10kHz — 500 MHz)

THREE-WAY 0O°
(0.01 — 7560 MHz

SIX WAY 0°

FOUR-WAY 0O° (1— 175 MHz)

(2kHz — 1000 MHz)

EIGHT-WAY 0° SIXTEEN-WAY 0° TWENTY-FOUR-WAY 0°
(0.6 — 700 MHz) (0.5 — 125 MHz) (0.2 — 100 MHz)

—— DISTRIBUTORS—USA

METROPOLITAN NEW YORK SO. NEW JERSEY, DELAWARE SO. CALIFORNIA NORTHERN CALIFORNIA

NORTHERN NEW JERSEY & EASTERN PENNSYLVANIA

WESTCHESTER COUNTY MUGIR T Uiord Crown Electronics Pen Stock

Microwave Distributors 11440 Collins Street 105 Fremont Avenue

61 Mai Drive 45:’ Ge'm:"'f;:?;i N Hollywood. CA 91601 Los Altos. CA 94022
Lafayette Hiil, 444 3 |

Commack, NY *1725 (215) 825-3177 (213) B77-3550 (415) 948-6533

(516) 543-4771

B343_1/REV B



Over 80 models covering

SHELF”’ 2 kHz to 4.2 GHz
COMBINERS 879

For complete specifications and performance curves, refer to

9-80 MicroWaves Product Data Directory pages 161-369, or 1979 EEM pages 2770-2970.
SELECT THE MODEL YOU NEED

Max. Max.
Min. |insert. Min. |insert.
Freq. isol.-dB|loss-dB| See Freq. isol.-dBlloss-dB| See
range {Mid- | (Mid- |notes Price range (Mid- | (Mid- | notes Price
Model (MH2z) | band | band) lbelow (Qty.) Mode! {MHz] band_hlﬁmd) Vbelow {Qty.)
[T . ] R |
PSC-2-1 0.1-400 20 0.75 $9.95(6-49) PSC-3-1 1-200 25 0.7 $19.95(5-49)
PSC-2-1W 1-650 20 09 $14.95(6-49) PSC-3-1W 5-500 15 14 $29.95(5-49)
PSC-2-2 0 002-60 20 06 $19.95(6-49) PSC-3-1-75 1-200 25 0.7 1 |[$20.95(5-49)
PSC-2-1-75 0.25-300 20 075 1 $11.95(6-49) PSC-3-2 0.01-30 25 0.45 $29.95(5-49)
PSC-2375 55-85 25 05 1 [$19.95(6-24) PSC-3-13 1-200 35 0.6 $24.95(5-49)
PSC-2-4 10-1000 20 12 $19.95(6-49) 2SC-3-1 1-200 25 0.7 3 [$37.95(4-24)
MSC-2-1 0 1-450 20 075 $16.95(5-24) ZSC-3-1-75 1-200 25 @ 1,3 |$38.95(4-24)
MSC-2-1wW 2-650 25 08 $17.95(5-24) ZSC-3-2 0.01-30 25 0.45 3 |$47.95(4-24)
2ZSC-2-1 01-400 20 0.75 3 [$27.95(4-24) 2SC-3-2-75 0.02-20 25 0.6 1.3 |$48.95(4-24)
2SC-2-1-75 0 25-300 20 075 1,3 |$29.95(4-24) ZMSC-3-1 1-200 25 07 | 4 |s47.95(4-24)
2SC-2-1W 1-650 20 08 3 ([$32.95(4-24) ZMSC-3-2 0.01-30 25 0.45 | 4 |$57.95(4-24)
2S8C-2-2 0.002-60 20 0.6 3 [$37.95(4-24) ZFSC-3-1 1-500 20 0.9 5 |$39.95(4-24)
ZSC-2375 55-85 25 05 3 |$37.95(4-24) ZFSC-3-1W 2-750 20 1.0 5 |$41.95(4-24)
ZMSC-2-1 0.1-400 20 0.75 4 |$37.95(4-24) ZFSC-3-13 1-200 35 06 | 5 [s39.95(4-24)
ZIMSC-2-1wW 1-650 20 08 4 ($42.95(4-24) _4-WAY 0°
ZMSC-2-2 0.002-60 20 | 06 | 4 [$47.95(4-24) T RIS i b 1528.95(5.49)
ZFSC-2-1 5-500 20 0.6 5 |$31.95(4-24) P
' SC-4-1-75 1-200 20 | 09 1 [$24.95(6-49)
ZFSC-2-1W 1-750 20 0.8 5 |$35.95(4-24)
J PSC-4-3 0.25-250 20 0.75 $23.95(6-49)
ZFSC-2-2 10-1000 20 1.0 5 |$39.895(4-24) |
b s PSC-4A-4 10-1000 15 11 {$49.95(6-49)
ZFSC-2-4 02-1000 20 10 5 |$44.95(4-24) {
ZFSC-2-5 10-1500 20 | 10 | 5 [s49.95(4-24) PHEAAE 0.01-40 25 | 05 1$29.95(6-49)
5i N h ZSC-4-1 0.1-200 20 | 075 | 3 [$46.95(4-24)
ZFSC-2-6 0.002-60 20 06 5 |$36.95(4-24) | e
58 \ | Zsc-a-1-75 1-200 20 | 08 | 1,3 [$46.95(4-24)
ZFSC-2-6-75 0 004-60 20 08 5 |$38.95(4-24)
- 2SC-4-2 0.002-20 25 0.5 3 [$69.95(4-24)
ZAPD-1 500-1000 ) 06 | 6 ($39.95(1-9)
y | 2SC-4-3 0.25-250 20 0.75 3 [s43.95(4-24)
ZAPD-2 1000-2000 19 06 6 ($39.95(1-9)
ZAPD-4 2000-4000 19 08 6 |$39.95(1-9) ZMSC-4-1 0.1-200 20 075 4 |$56.95(4-24)
: | ZMSC-4-2 0.002-20 25 0.5 4 [$79.95(4-24)
I R D0 © EHSC S 025 250 20 | 075 | 4 |$53.95(4-24)
‘ ZFSC-4-1 1-1000 18 1.3 8 [$89.95(1-4)
PSCQ-2-13 12-14 25 0.7t 2 1$12.95(5-49) [ ZFSC-4-1W 10
-4- -600 20 15 | 8 [$74.95(1-4)
L [ O TR R el i ZFSC-4375 50-90 30 | 12 | 1.8 isB9.95(1-4
PSCQ-2-40 23-40 18 0.7t 2 [$16.95(5-49) | o' ¢ -95(1-4)
PSCQ-2-50 25-50 20 | 07¢ | 2 [$19.95(5-49) ST N I
PSCQ-2-90 55-90 20 | 0.7% 2 [$19.95(5-49) PSC-6-1 1-175 l 118, | 1025 |$68.95(1-5)
PSCQ-2-180 120-180 15 | 0.7¢ 2 [$19.95(5-49) ZFSC-6-1 1-175 20 | 1.2 9 1$89.95(1-4)
25CQ-2-50 25-50 20 | 07t | 2,3 |539.95(4-24) = - —sram o TH WAY 0°
ZSCQ-2-90 55-90 20 | 07 | 2,3 |$39.95(4-24) PSC-8-1 05-175 1.1 ] [$68.95(1-5)
25€Q-2-180 | 120-180 15 [ 0.7t | 2.3 [$39.95(4-24) PSC-8-1-75 05-175 ‘ 20 08 | 1 [$69.95(1-5)
ZMSCQ-2-50 | 25-50 20 { 0.7t | 2.4 [$49.95(4-24) PSC-8A-4 5-500 Bl aa | $89,95(1-5)
ZMSCQ-2-90 | 55-90 20 | 0.7t | 2,4 [$49.95(4-24) PSC-8-6 001-10 | 23 1.1 $79.95(1-5)
ZMSCQ-2-180 | 120-180 16 | 0.7t | 2,4 1549.95(4-24) ZFSC-8-1 05-175 20 11 10 [$89.95(1-4)
ZFSC-8-1-75 0.5-175 20 1.0 1,10 {$90.95(1-4)
e e ]
_2 WAY 180 ZFSC-8375 50-90 25 1.3 1,10 {$119.95(1-4)
PSCJ-2-1 1-200 26 | 08 $19.95(5-49) ZFSC-8-4 0.5-700 20 | 15 | 10 |$129.95(1-4)
PSCJ-2-2 0.01-20 25 05 $29.95(5-49) ‘ ZFSC-8-6 0.01-10 23 11 10 1$109.95(1-4)
ZSCJ-2-1 1-200 25 0.8 3 [$37.95(4-24)
z5CJ-2-2 001-20 26 | 05 | 3 [$47.95(4-24) | |EEEEGEG—_—_——1G6-WAY 0°—
gmggj-g-; :)3?020 %g 82 3 :g;gg:ig:; ZFSC-16-1 [RoIS=1250 ¢l S8 16 | 11 [5174.95(1-4)
ZFSCJ-2-1 1-500 25 | 15 | 5 [s49.95(a-24) | NN 24-WAY 0_
ZFSCJ-2-3 5-300 25 15 5 1539.95(4-24) 2FSC-24-1 | 02-100 | 20 | 20 | 12 |8264.95(1-4)
1 75 ohms impedance I 10 BNC connectors standard, TNC available at $10 additional
t2 Average of coupled outputs less 3 d8 cost. SMA at $25 additional cost.
3 BNC connectors standard, TNC available 11. BNC connectors standard, TNC available at $20 additional
4 SMA connectors only cost. SMA available at $45 additional cost.
5 BNC connectors standard, TNC available, 12 BNC connectors standard, TNC available at $35 additional cost,

SMA & Type N available at $5 additional cost SMA available at $65 additional cost.
BNC, TNC, SMA & Type N at $5 additional cost,
Please specify connectors
TNC. SMA & Type N at $5 additional cost. Circle 5 on Reader Service Card
Please specify connectors
SMA connectors standard, BNC on request. N ’
BNC connectors standard, TNC available, SMA available at $15 World's largest manufacturer of Double-Balanced Mixers

additional cost m M i n i- c ircu i ts

A Division of Scientiic Components Corp

2625 East 14th St Brooklyn, N.Y. 11235 (212) 769-0200 Domestic and International Telex 125460 International Telex 620156
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el 1 wall ourpul ireoin
vyour H-P generator
with a Mini-Circuits amplifier!

0.05 - 1200 MHz

from $ 1 99

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

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

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

GAIN MAX. POWER NOISE INTERCEPT

MODEL | FREQ. | GAIN | FLATNESS OUTPUT dBm FIGURE POINT L Lencs

NO. MHz dB dB 1-dB COMPRESSION db 3rd ORDER dBm | VOLTAGE | CURRENT|$ EA. QTY.
ZHL-32A {0.05-130 | 25 Min.| +1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0.6A 199.00 (1-9)
ZHL-3A | 0.4-150 |24 Min.] +1.0 Max. +29.5 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9)
ZHL-1A 2-500 |16 Min.| +1.0 Max. +28 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9)
ZHL-2 10-1000 |16 Min.| *1.0 Max. +29 Min. 18 Typ. +38 Typ. +24V 0.6A 349.00 (1-9)
ZHL-2-8 | 10-1000 |27 Min.| +1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0.65A 449.00 (1-9)
ZHL-2-12] 10-1200 | 24 Min.| *=1.0 Max. +29 Min.* 10 Typ. +38 Typ. +24V 0.75A 524.00 (1-9)

Total safe input power +20 dBm, operating temperature 0 Cto +60 C, storage temperature 55 C to +100 C, 50 ohm mpedance, input and output VSWR 2.1 max
* +285 dBm from 1000-1200 MHz
For detalled specs and curves, refer to 197980 MicroWaves Product Data Directory, p 364-365 or EEM p 2970-2971

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

Worid s largest manufacturer ol Double Balanced Mixers

[JMini-Circuits

MINI-CIRCUITS LABORATORY

A Division of Scientific Components Corp

R45/Rev/D



High performance miniature directional
couplers from Midwest Microwave. These
couplers have been designed to meet today's
demanding microwave systems requirements.
As an “off-the-shelf” item you get: (1) operational
temperature performance from -55°C to
+125°C; (2) An epoxy sealed package that will
survive allsaltspray and humidity specifications
presently being imposed; (3) A package with

mechanical integrity that wili survive all thermal
shock specifications presently being imposed.

In addition, Midwest Microwave miniature
directional couplers are 100 percent swept
frequency tested using the latest state-of-the-art
instrumentation. This complete testing insures
that all units delivered meet the guaranteed
microwave performance.

1-800-521-4410 For technical information, price, delivery or to place order

SPECIFICATIONS

6 00| 10+ 1.25 0 6 00| 10+ 1.25 0
BO AR 0 0.60 BO

DIMENSIONS S
(See Engineer Drawing
Above)

: 3800 Packard Road, Ann Arbor, Michigan 48104
(313)971-1992 TWX 810-223-6031

: Walmore Electronics Ltd. 01-836-<1228

:S.C.ILE. - D..LM.E.S. 014-38-65

STEPATTENUATORS * COAXIAL TERMINATIONS * DIRECTIONAL COUPLERS ¢ D.C. BLOCKS * GAIN EQUALIZERS
CALIBRATED ATTENUATOR SETS * MEDIUM POWER
World Radio History



0.4 MAX.

0.187

+0.010

0.375

+0.010

MIDWEST
MICROWAVE

00| 10 +1.25 |20
g AR 0
BO

0 .
| ]
Centered |
| 10 0.02 !
1
]
] [}
) | L

—O——O——@— [—*
0.30 \ '
ba- 080, _><_O—><—O >la > L 0.093+0.010

0.104 DIA.
thru (TYP. 2 for
5010 & 5011.

TYP.1 for all others)

: Racom Electronics 443126-7-8

Toko Tradmg, Inc. 03-4%9-5831
: Omecon Elektronik Gmbh (08201) 1236

Circle 7 on Reader Serv.ce Card

BETWEEN-SERIES ADAPTERS MICROWAVE RESISTORS PRECISION 7MM ADAPTERS RESISTIVE POWERDIVIDERS
FIXED ATTENUATORS

5 AND 10 WATT TERMINATIONS,

rld Radio Histe d




| for modern
all solid state

AMPAC 1214 SERIES

medium/long pulse
power capability

AMPACIM NOTE: U.S. PATENT NO. 3,651,434, MARCH 21, 1972

Features

® Hermetic Package

® Ruggedized VSWR

® | ow RF Thermal Resistance
® Input/Output Matching

® Emitter Ballasted

Electrical Characteristics (@25°c)

AMPAC— 84214-30 84214-60 1214-65°P 1244.75P 1214-125p
SYMBOL MIN | TYP MIN

P. W. 1000
Vee 28

BVeeo 50 55 50
BVgao 3.5 - 35 - 35 - 35 - 35 -

TEST CONDITION: FREQ. = 1200-1400MHz, DUTY FACTOR =10%

YOUR TOTAL MICROWAVE RESOURCE

Customized options and device ratings at other
pulse conditions are available, plus a complete
line of driver devices. Please call or write for a
complete Radar Product Data Packet.

Ja ]
I|.- B MICROWAVE SEMICONDUCTOR CORP.
100 School House Road
Somerset, New Jersey 08873

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

Radar Systems

Circle 8 on Reader Service Card
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Ccoming
Events

13TH ANNUAL Sponsor: Electronic
CONNECTOR Connector Study
SYMPOSIUM Group, Inc. Place:
OCT. 8-9, 1980 Benjamin Franklin

Hotel, Philadelphia,
PA. Fee: Registration — $35; Proceedings —
$25. Topics: Materials, Finishes and Plat-
ings | & I1; Cabling Techniques | & II; De-
sign and Application — Plexible Wire Termi-
nation etc. Contact: Jim Pletcher, Ex. Dir.,
ECSG, Inc., P.O. Box 167, Fort Washington,
PA 19034. Tel: (215) 279-7084.

MILITARY Sponsor: Microwave
MICROWAVES '80 Exhibitions and Pub-
CONFERENCE lishers Ltd. Place:
AND EXHIBITION Cunard Int’l. Hotel,
OCT. 22-24, 1980 London. Topics:

Military applications
of microwave engineering. Contact: R. C.
Marriott, Managing Director, MEPL, Kent
TN13 1JG. Tel: (0732) 59533, 53534.
Telex: 95604 YNLTD G.

GOVERNMENT Sponsors: DoD,
MICROCIRCUIT Army, Navy, AF,
APPLICATIONS ASA, NBS, etc.
CONFERENCE Place: Shamrock
NOV. 19-21, 1980 Hilton, Houston,

TX. Themes: Signal
Processing, Directions of Gov‘t. Electronics
for the '80s, Terrestrial Applications of
Aerospace Technology plus VHSIC program
session. Contact: Palisades Institute for
Research Services, Inc., 201 Varick St.,
New York, NY 10014.

1980 IEEE INT'L. Call for papers.
ELECTRON Sponsor: |IEEE
DEVICES Electron Devices
MEETING Society. Place:

DEC. 8-10, 1980 Washington Hilton
Hotel, Washington,
DC. Topics: Solid State Devices, Device
Technology, Integrated Electronics, Elec-
tron Tubes, etc. Contact: Melissa M. Wider-
kehr, Conf. Mgr., Courtesy Associates, Inc.,
1629 K St., N.W., St. 700, Washington, DC
20006.

1981 IEEE/MTT-S Sponsor: |IEEE
INT'L. MICRO- MTT-S (held jointly
WAVE SYMPOSIUM  with IEEE AP-S —
JUNE 15-17, 1981 June 17-19, 1981.

Place: Bonaventure
Hotel, L.A., CA. Theme: '‘Around the
World with Microwaves.’’ Paper topics in-
clude: CAD and measurement techniques,
microwave and mm-wave solid state devices
and ICs, etc. Submit 35-word abstract and
500-1000 word summary by Jan. 15, 1981
to: Dr. Don Parker, TPC 1981 MTT-S Sym
posium, Hughes Aircraft Co., Bldg. 268,
M.S. AB4, Canoga Park, CA 91304,

MICROWAVE JOURNAL
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Wavetek introduces the first
microwave signal generctor with
internal sweep.

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

The 907A is an all-solid-state

TP MUAVHALNAL AN/ NAL s VY L

and pulse modulation
capabilities—plus its unique
internal sweep feature.
The instrument's frequency
range is continuously variable
with front panel or external
voltage control. Output 1s
displayed on a 3%-digit LCD.
Output level is continuously
adjustable from 0 to -127 dBm
and leveled to hall a dB. Another
3%-digit LCD displays the level.
You can get FM and pulse
modulation from the 907A’s internal
modulator, or these plus AM from
an external source. Because of 1its
full modulaton capabilities, the

4 MaTA, 4 ava

programming of frequency and
amplitude is optionally available
We only know of one other
microwave signal generator that
approaches the Model 9074 in
versatility, accuracy, and purity
And that's our Model 907—the 7 to
11 GHz version which goes for
$6.795. Either one gives you
exceptional performance for the
dollar. And that's something we
put into everything we make.
Wavetek San Diego,
9045 Balboa Ave., PO. Box 651
San Diego, CA 92112. Tel
(714) 279-2200, TWX, 910-335-2007
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sensitivity

We put

alittle
sweeper

ineveryone
we make.
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Circle 9 for Demonstration
Circle 61 for Literature
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AN ADDED DIMENSION FOR INTELCOM:

10-13 November 1980¢Los Angeles Convention Center, Califormia

@ A special eight-session program (one Executive
Forum, an Applications Panel and six Components
Symposia) featuring the world’s most prominent
semiconductor technology innovators.

® An exhibition of state-of-the-art communications
components, which will impact the industry signi-
ficantly in the decades ahead.

The INTELCOM 80 Components Conference will bring
together distinguished pioneers in the solid state field

. leaders who have spearheaded many of the most
important advances in semiconductor technology over
the past quarter-century. Attendees will be treated to
a rare and illuminating exchange of views on issues
that confront and undoubtedly confound users and
producers of communications components the world
over.

An Executive Forum, chaired by C. Lester Hogan, for
mer President of Fairchild Camera and Instrument,

San Jose, California, will focus on ““The Infrastructure
Needed to Develop a Telecommunications Industry.”

Discussions on this topic will provide an up-to-date
insight for governments and manufacturers mvolved
in communications components, systems and equip
ment.

An Applications Panel, chaired by S. G. Pitroda,
Managing Director, WESCOM Switching, Inc., Down
ers Grove, Iliinois, will explore ““The Role of Semi-
conductor Development In Shaping the Future of
Telecommunications.”’

Components Symposia

CUSTOM LSI/VLS!I DESIGN FOR THE SYSTEMS
ENGINEER

Doug Fairbairn

Publisher

LAMBDA — The magazine of VLSI desigr

SOLID STATE SOURCES FOR COMMUNICATIONS
Carl Sirles — Manager of RF Component Development
Rockwell international

TUBES FOR COMMUNICATIONS SYSTEMS
Chet Lob

Technical Director

Varian Associates

SATELLITE EARTH STATION COMPONENTS
Lou Cuccia

Manager, Technical Development
Transportable/Mobile Ground Stations

Fora Aerospace and Communicatiors Corporation
DIGITAL MODEMS

Estil Hoversten

Vice President - Development

LINKABIT Corporation

A sixth session on fiber optics components is being
organized.

b INTERNATIONAL

TELECOMMUNICATION
INTELSD . oo
C.M k EXPOSITION
|

In addition, two technical sessions on fiber optics in
the Conference Program will be chaired by Glen R.
Elion, President, International Communications &
Energy, Inc.

o “Emerging Fiber Optics Technologies”
® ‘‘Programs and Freld Trials of Fiber Optics
Technology.”

INTELCOM is sponsored by:

Horizon House, 610 Washington Street,

Dedham, MA 02026 USA. TEL: {617) 326-8220
WATS: (800) 225-9977/TWX: 710 348 0481

For information CIRCLE READER SERVICE
NUMBERS 10 (attending), 11 {technical program
participation), 12 {exhibiting).
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HP’s 8565A Microwave Spectrum Analyzer

Here's a combination of fully-
calibrated performance, with wide
dynamic range from 10 MHz to
22 GGHz textendable to 40 GHz),
plus operating features that make it
extremely easy to use.

Frequercy response is within £ 1.2
dB to 1.8 GHz. and from 1.7 dB
at 4 GHz to £4.5 dB at 22 GHz.
These figures include all input
circuitry effects as well as frequercy
band gain variations. Internal dis-
tortion products are 70 dB down
from 10 MHz to 18 GHz; 60 dB,
18 to 22 GHz.

Resolution bandwidths from | kHz

45903D

annn

gives you both.

10 3 MHz are provided. with 1) Hz
optionally available. The resolution
filters are all synchronously tuned to
prevent ringing. For frequencies
from 17 to 22 GHz. an internal pre-
selector provides more than 60 dB
rejection: permitting measurements
of distortion products as small as
100 dB down.

As for convenience, the 8565A
mahes most measurements using just
three controls: tuning frequency.
frequency span and amplitude refer-
ence level.

Resolution, video filtering and sweep

time are automatically set to the
HEWLETT

) e Rt
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proper values. Bright LED's in the
CRT bezel give you all pertinent
operating conditions right there with
the trace being viewed. And a scope
camera records these data along
with the CRT trace.

The 8565A Spectrum Analyzer
gives you the capability you need
and the convenience you'll fast
appreciate. Domestic ULS. price is
$19.400 (add S800 for 100 Hz resolu-
tion). Find out more by calling your
nearby HP field office. or write
1507 Page Mill Road, Palo Altwo.

CA 9434,

Domestic US prices only

,
_
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RADAR HISTORY

In this paper, Dave Barton selects a
number of major innovations in tech-
niques and microwave components as
milestones in the evolution of modern
radars. His key component list includes
the magnetron, the kiystron, the
phased array and solid-state devices.
The technique milestones include co-
herent signal processing, monopulse
tracking, pulse compression and digital
processing and control. The liberally
illustrated article discusses the signifi-
cance of each of these in the develop-
ment of radar and also identifies the
systems which demonstrated their
usefulness.

Sum
@Up'

URSI/AP-S MEETING

Since the 1980 URSI/AP-S Meeting,
held during the first week in June in
Quebec, Canada, consisted of more
than 500 technical papers, the report
in this issue can only touch highlights
of that program. Bob Mailloux notes
the expanding success of Foster Ses-
sions at the Quebec meeting and an
apparent growing preference for that
kind of presentation in place of formal
lectures. The Plenary Session of the
URSI Conference was devoted to a dis-
cussion of the important contributions
to radio science that have been made
by Canadian researchers and the Cana-
dian scientific satellite program was
singled out for discussion. There were
21 sessions concerned with antenna
theory or technology. These were di-
vided almost equally between reflector
and phased array topics. The report
touches on many of the papers and
provides sufficient information so that
interested readers might identify indi-
vidual papers which would be of inter-
est to them.

COLOR WEATHER RADAR

Weather radar with color indicators for
both commercial air carriers and gen-
eral aircraft users is described. The arti-
cle begins with a discussion of the re-
lationship between rain density and
turbulence and describes the manner
in which various rainfall rates are de-
picted by the color display. The micro-
wave front end of the system is de-
scribed in detail as is the signal proc-
essing section which feeds the display.
The equipment also provides a ground
mapping mode which makes effective
use of the color feature.

MILLIMETER-WAVE RADAR
TRANSMITTERS

The article provides a complete discus-
sion of moderate to high-power milli-
meter-wave power sources for radar
applications. Much of the discussion
centers on sources for use about 70
GHz. Pulse IMPATT's and their char-
acteristics are covered. The advantages
and problems of millimeter-wave mag-
netrons are discussed. A new entry, the
extended interaction oscillator is de-
scribed in detail and TWT’s and gyro-
trons are also covered. A proper selec-
tion of a modulator for a millimeter-
wave radar is emphasized and exam-
ples of the available designs with their
characteristics are discussed.

L-BAND SOLID STATE
TRANSMITTER

The applicability of a balanced transis-
tor design to a pulsed L-band radar
transmitter is discussed. Peak pulse
powers up to 400 W are available from
a single balanced device. The high in-
put and output impedances of the bal-
anced design offer additional signifi-
cant advantages over single ended de-
vices. Balanced transistor performance,
construction and circuit designs are
covered in detail.

R 2%

'World Radio Histo

Workshops
& Courses

SPREAD SPECTRUM

COMMUNICATIONS

Sponsor: Hellman Associates

Lecturer: Dr. David Nicholson

Dates & August 11-13, 1980

Sites: Los Angeles, CA
September 22-24, 1980
Palo Alto, CA
October 20-22, 1980
Woburn, MA

Fee: $595 per seminar

Contact: Hellman Associates,
299 S. California Ave.,
Palo Alto, CA 94306
Tel: (415) 328-4091

SHORT COURSE ON ELECTRO-

MAGNETIC COMPATIBILITY

ENGINEERING

Sponsor: Center for Professional
Advancement (CPA)

Date: September 22-24, 1980
Site: Sheraton Motor Inn,

Rt. 16, East Brunswick, NJ
Fee: $545
Contact: R. Razzano, Dept. NR, CPA

P.0O. Box H, East Brunswick,
NJ 08816

MICROWAVES FOR MANAGERS
Sponsor: Enrichment Cassettes
Dates & October 6-7, 1980
Sites: Inn at the Park, Anaheim,
CA, October 27-28, 1980
Holiday Inn, Waltham, MA
Fee: $425 per person
Seminar Leader: Mr. Allan W. Scott,
Senior Scientist/
Mar. of Adv. Devel.,
Varian Associates,
Microwave Tube Div.

Topics:  Survey of microwave sys-
tems and devices, financial
aspects and future trends.

Contact: Enrichment Cassettes, Box

11534, Palo Alto, CA 94306
Tel: (415) 493-4000 x 2508

RADAR TECHNOLOGY COURSE

Sponsors: Boston IEEE AESS/IEE

Date: October 20-21, 1980

Site: Cunard Int’l. Hotel, London

Lecturer: Dr. Eli Brookner, Consulting
Scientist, Raytheon Co.
£122 — IEEE/IEE mem-
bers, £135 — nonmembers

Topics: Fundamentals of radar,
trends in signal processing,
components, tracking etc.

Contact: B. V. Atkinson, Int’l Elec-

trical Engineers, Savoy
Place, London WC2R OBL,
England

Tel: 01-240 18718



The inherent size, weight and
Cost advantages of thin-film
construction, coupled with W-J's
meticulous fabrication and
rigorous screening Procedures, yield a family
of most advanced VCO thin-film oscillators.
W-J utilizes Computer-aided design tech-
niques to ensure that circuits are developed
which are inherently reliable and have a high
degree of repeatability. All thin-film production
Operations, Including Sputtering etching and

Walklns-Johnson—U.S.A.: * California, San Jose 1408) 262-1411, | Segundo (213) 64
7550 @ Massachusetls, Lexington (617 B861-1580 o Ohio, Faiborn {513) 426-8303 P

~orth Rd , Oakley Green, Windsor, Berkshire SL4 4LH o Ter, Windsor 69241 o Cap|,
Muenchen 60 o Tel (089 836011 ¢ Cable WJDBM MUENCHEN e Telex 529401 e )

August — 1980

Capabilities like these
tell the story:

* Transistorized models from
0.4 to 12.0 GHz

* Octave bandwidth frequency
Coverage

Tiny TO-8 versions for direct
microcircuit integration

Hi-Reliabﬁlity

MINPAC™
Low-Profile Configuration

Low-cost packaging

Stock delivery

assembly, are conducted under
tightly controlled clean room
conditions.

Al W-J thin-film oscillators are
designed to meet the requirements of
MIL-STD-883 and can be screened to Class B
levels if desired.

Performance details are available from the
W-J Field Sales Office in your area or from
VCO Applications Engineering in Scotts Valley,

California, at (408) 438-2100

0-1980 o Georgia, Atlanta (404) 458-9907 » District of Columbia, Ganhersburg, MD (301) 948-
ennsylvania, Haverforg (215} 896-5854 o Texas, Dallas (214) 234-5396 © United Kingdom: Ded-
e WJUKW—WINDSOR * Telex 847578 o Germeany, Federal Republic of: Manzmgerweg 7, 8000
taly: Praz:a G Marcon 2500144 Roma-EUR o Tel 594554 ¢ Cable WIROM-| *Telex 612278
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Guest Editorial
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Malcolm R. Currie is g native
of Spokane, Washington and
received his early schooling
there. Following service in the
Navy, he attended the Univer-
sity of California, Berkeley,
receiving his A.B. in Physics
in 1947, and an M.S. in Elec-
trical Engineering in 1951 and
his Ph.D. in 1954.

His technical career in-
cludes university teaching, re-
search in various fields of elec-
tronics and physics, and the
development of communica-
tions, radar, electro-optical,
laser and propulsion systems
for space and airborne appli-
cations. A number of publica-
tions and patents resulted.

Dr. Currie’s industrial man-
agement experience includes
various positions to Corporate
Vice President and Mariager
of a large engineering division
at Hughes Aircraft Company
(1955-1963), Vice President -
Research and Development at
Beckmann Instruments {196 9-
1973), Director of Defense
Research and Engineering -
Department of Defense, and
Chairman of the Intelligence
Research and Development
Council (1973-1977). He is
presently Corporate Vice
President and Group Execu-
trve of the Missile Systems
Group at Hughes Aircraft
Company.

The Rising Importance
of Radar in
Tactical Missiles

MALCOLM R. CURRIE
Hughes Aircraft Co., Missile Systems Group
Canoga Park, CA

Typically, a majority of the costin
engineering as well as in production of
a tactical missile is expended in guid-
ance. Furthermore, guidance consider-
ations almost always limit missile per-
formance and are frequently the pri-
mary source of risk in design. Thus
guidance projects deservedly receive a
majority of our R and D attention and
resources.

There are a variety of forces that
are currently changing our approach to
and the design of radar missile seekers.
Explosive advances in the component
technology comprise one set of factors.

Of significant importance are the
development of high-power solid-state
devices and techniques for combining
many of these devices to obtain pow-
ers once reserved only for tubes. Thus
auick-starting and simpler power sup-
plies might be realized in exchange for
lower efficiency. X-band pulsed silicon
IMPATT diodes are capable of 40
watts peak and GaAs double drift IM-
PATT’s produce 30 to 40 watts peak.
Circuits have been developed to com-
bine many of these devices and over
300 watts peak have been realized.
The increased efficiency of GaAs IM-
PATT's opens the opportunity for 500
watt to a kilowatt peak power trans-
mitters in tactical missiles.

At 94 GHz, peak powers of 5 to 10
watts have been obtained from silicon
IMPATT diodes. Power combining
techniques developed at X-band are
now being applied at millimeter wave
frequencies. Missile seeker applications
at millimeter wave frequencies exist
with potentials for extremely large vol-
ume production if these powers can be
provided reliably and consistently.

Recent advances in power FET's
are also very encouraging. Power levels
of 5 to 10 watts and amplifier gains of
3 to 4 dB have been reported at
X-band. At K,-band, 1 and 2 watts
has been obtained. Circuits to com-
bine several FET's are being developed.
Because of bandwidth and stability
considerations, FET's are potential
candidates for driver stages in high
power missile transmitters.

Improvements in missile signal-to-
noise ratios can be realized in the very

near future with low noise FET ampli-
fiers. For example, X-band FET am-
plifiers with 2 dB noise figures or less
are available. Use of these devices in
microwave integrated circuit (MIC)
receiver front ends will allow very high
performance in a small volume and
low weight. The latter two factors are
of prime importance in small missile
applications. Low noise FET ampli-
fiers and MIC techniques also open up
the possibility for active arrays in cer-
tain missile applications.

Improved in GaAs beam-lead mixer
diodes and Gunn diodes will lead to
improved low noise receivers at milli-
meter wave frequencies. These devices
used in conjunction with MIC tech-
niques at the higher frequencies will
provide capabilities not previously
available for the small missiles and
projectiles.

By themselves, these technological
advances would naturally lead to im-
provements in our weapon systems.
But the process has been accelerated
by the simultaneous emergence of a
variety of systems pressures. As an ex-
ample, strike weapon systems must be
effective while enhancing survivability
in the presence of significantly more
lethal defenses. Typical ““requirements’’
that result include more stand-off,
self-acquisition of the target by the
missile, and higher lethality—all im-
pose more demands on the guidance
subsystem. In the air superiority mis-
sion area, the emergence of the stand-
off jammer (SOJ) threat and longer
range weapons such as the AA-9 are
driving systems to longer range and
higher speed. Again, a better guidance
subsystem is required to meet the
threat. The numerical disadvantage we
face in force structure drives us to
strive for increased firepower and
range, the answer to which also rests
heavily on guidance subsystem capa-
bility. On our side of the fence, we see
the gradual emergence of improved
missile propulsion systems with speci-
fic impulses (thrust per pound) poten-
tially increasing by a factor of 3 to 5.
Thus our vehicles are capable of ac-
commodating longer guidance ranges.
Similar performance improvements are

{continued on page 70)
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Fnase shirters

super-octave RF bandwidth
highly accurate phase control

L
.
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In recent years EMS has lead the way with high-accuracy phase shifters for
electronically scanned antennas. Now octave bandwidth units are available
for EW applications. For example, consider our Model 336A-5:

Frequency Range:

Phase Shift Available:

*Total Insertion Phase Accuracy:
Insertion Loss:

VSWR:

Ambient Temperature Range:
Switching Time:

75t016.5 GHz

0to 337.5° in 15 steps of 22.5° (4 bit)
+15° peak

*5° typical

1.2dB max. (0.8 dB typ.) over90% of band
15 dB max. worst case

1.35:* max. (1.2:1 typ.) over 80% of band
1.5:1 worst case

-28 to +65°C

9 microsec. max.

‘Includes phase shift error, insertion phase match unit-to-unit and inser-
tion phase tracking over the entire temperature and frequency range and

for all states.

Electromagnetic
Sciences,

CANADA DATRON CANADA LTD Toronto. Tel 416-233-2930

FRANCE DATRON. Vincennes Tel 808 02-60

GERMANY MICROSCAN GmbH. Ismaning b Muenchen. Tel 089-96163
INDIA HIRMAL INTERNATIONAL New Delti Tel 694089

ISRAEL MICROWAVE & ELECTRONICS LTD TelAviv Tel (03) 5098) 50082
ITALY TELECTRON SpA. Roma Tel 5917785

JAPAN NEW METALS AND CHEMICALS CORP Ltd Tokyo Tel 201 6585

125 Technology Park/Atianta INC.
SWEDEN AJGERS ELEKTRONIK AB Sundbyberg Tel 08 985475
NUTCI’OSS. Ga' 30092 ‘ THE NETHERLANOS DATRON BV Kortenhoel Tel 3560834

Tel: 404-448-5770 TWX: 810-766-1599

UK C T LONDON ELECTRONICS London England Tel 01 527 5641
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Just Published!
Artech House

Books from
Houghton Mittlin

For the circuit designer. . .

MICROWAVE CIRCUIT DESIGN

USING PROGRAMMABLE CALCULATORS
J. Lamar Allen, Ph.D., University of So. Florida

Max Medley, COMPACT Engineering, Inc.

297 pages, 1980, #3-50320 $52.00

This revolutionary new book redefines the state-of-
the-art in circuit analysis and design: now any

engineer with a personal programmable calculator
can slash design time, save money, and increase
efficiency without resorting to large computer
systems.

The simple instructions. set forth in detail, show
exactly how the TI-59. HP-67/97, or HP-41C calcu-
lators can become extremely powerful circuit
design and analysis tools in their own right.

For the radar specialist . . .

INTRODUCTION TO SYNTHETIC ARRAY
AND IMAGING RADARS

S.A. Hovanessian, Ph.D., Hughes Aircraft Co.,
$sza?rSSystems Group, 156 pages, 1980, #3-50353,

Certain to become the standard sourcebook on this
innovative area of modern radar design and appli-
cation, this book is distinguished by crisp presenta-
tion, generous illustrations (74 figures, 15 tables),
and the use of the simplest derivations in obtaining
needed mathematical relationships.

Sections detailing the latest information on real-
time digita. signal processing methods, as well as
“real world” design examples are of special interest.

RADAR DETECTION

J.V. DiFranco and W.L. Rubin, Sperry Rand Corp.
Sperry Gyroscope Division, 654 pages, 1980,
#3.50334, $50.75

A reissue of the important 1968 work, this volume
is both a text for a graduate course on radar
detection theory and a reference for the practicing
radar engineer.

The book presents a comprehensive tutorial
exposition of radar detection using the methods of
mathematical statistics. Problems and exercises
follow each chapter and important practical results
are provided on large full-page graphs.

AUTOMATIC DETECTION AND

RADAR DATA PROCESSING

D.C. Schleher. Ph.D., Director of Planning, Eaton
Corp., AlL Division, 550 pages (approx.), 1980,
#3.50375, $57.25

An up-to-date collection of 49 key papers, this
definitive text should be of interest to both the
radar specialist who wants a readily accessible
compilation of the most recent results, and the
radar generalist who wants an overview of the
subject with keys into significant details.

Dr. Schleher has added extensive introductory
and interpretive material, as well as detailed
outlines of both detect.on and estimation theory.

INTRODUCTION TO MONOPULSE
Donald R. Rhodes, North Carolina State University,
Department of EE, 199 pages, 1980, #3-50371,
$32.50

A reissue to the 1959 classic radar sourcebook, this
volume is both an excellent introduction for the
student and a quick “refresher course” for the
practicing engineer.

The book defines a unified theory of monopulse
in the form of three postulates and identifies the
underlying relationships among all the various
forms, from which the apparent differences can
then be resolved.

Forthcoming . . .
SEPTEMBER Bhartia and Bahl, MICROSTRIP ANTENNAS (Microwave Library)

OCTOBER
NOVEMBER

Johnston, MILLIMETER WAVE RADAR (Radar Library reprint volume)
DiLorenzo et al. PRINCIPLES OF GaAs FET TECHNOLOGY (Microwave Library)

Please address inquiries to

/&q Houghton Mifflin

INTERNATIONAL DEPT. DF, ONE BEACON STREET, BOSTON, MASSACHUSETTS 02107, U.S.A.

Prices quoted are in U.S. dollars. Orders must be accompanied by prepayment, in U.S. dollars drawn on a U.S. bank. Houghton Mifflin
will absorb surface shipping and handling charges. For air mail, please include additional payment to cover estimated charges.
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MICROWAVE ABSORBERS—ANECHOIC CHAMBERS—EMI/RF! SHIELDING —MICROWAVE DIELECTRICS

EMERSON & CUMING

DEWEY AND ALMY CHEMICAL DIVISION

W.R.GRACE & CO.

MICROWAVE AND SHIELDING
EFFECTIVENESS MEASUREMENT
CAPABILITIES AT E&C

Emerson & Cuming has the most com-
plete capability in the world for making
microwave measurements of dielectric
materials. Laboratory facilities are
located at Canton, MA, Gardena, CA,
Westerlo, Belgium, and Kuriyama,
Japan. A listing of equipment and
measurement capabilities follows:

Low Frequency Slotted Line: dielectric
and magnetic properties from 200 MHz
to 850 MHz.

Dielectrometer for dielectric constant,
magnetic permeability and loss tan-
gents, 1 to 8.6 GHz.

Cavities for measuring block materials,
1to2 GHz

Interferometer for measuring sheet
materials, 1 to 18 GHz.

Bridges and Q-Meter for dielectric con-
stant and loss tangent of disc samples,
1 kHz to 50 MHz.

Free-Space Insertion Loss Meters.

S-Band Admittance Meter for thin films,
2.6 to 3.9 GHz.

Waveguide Slotted Lines upto 2’ x 12’
for measuring reflection toss. 100 to 500
MHz at Gardena; 300 to 500 MHz at
Westerlo; 500 MHz to 18 GHz at
Kuriyama.

Reflectivity Arches for near-field quality
control of absorber, 1 to 16 GHz.

Antenna Pattern and Radar Cross-
Section Test Ranges. Up to 75 feet, 1 to
35 GHz.

Insertion Loss Measurements per MIL-
STD-285, 100 kHz to 18 GHz.

Send for complete descriptions.

Circle No. 51 on Reader Service Card

HIGH-PERFORMANCE OPEN-CELL MICROWAVE ABSORBER
PROVIDES VENTILATION [N ADVANCED-DESIGN CHAMBER
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ECCOSORB SPY open-cell foam pyra-
midal absorber is used extensively inan
advanced-design microwave anechoic
chamber built by Hughes Aircraft Com-
pany in Fullerton, California.

The chamber is 20 ft (6 m) wide, by 20 ft
(6 m) high, by 40 ft (12 m) long. One side
wall, one end wall, and a section of ceil-
ing are covered with ECCOSORB
SPY-18. This permits ventilation of the
chamber by forcing air through the
open-cell structure, thus eliminating
the need for special vents. The
remaining walls are covered with ECCO-
SORB VHP, and the floor walkway is
ECCOSORB CV-CB(F). Operating fre-
quency of the chamber is from 500 MHz
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to 40 GHz, with a maximum reflectivity
level of — 40 dB tested by the free-space
VSWR method. The chamber is used pri
marily for testing antenna patterns and is
equipped with a three-axis antenna posi
tioner with a load capacity of one ton.

Another interesting feature of this
chamberis that the VHP Absorber on the
side walls is attached with Velcro fas
teners. This permits easy removal of the
absorber so the chamber can be usec
with outdoor antenna ranges. Bott
ECCOSORB SPY and VHP are self-extin
guishing according to ASTM D1692-74
ECCOSORB SPY can be used outdoors
as well as indoors.

Circle No. 52 on Reader Service Card

CONDUCTIVE SEALANT FOR RF-SHIELDED ENCLOSURES

ECCOSHIELD® VY is a single-com-
ponent electrically conductive caulking
compound for use on radio-frequency
shielded structures, cabinets, conduits
and components to ensure contain-
ment or exclusion or rf energy. It is
effective over the entire useful radio
and microwave frequency range for

magnetic and electric fields ana plane
waves. An enclosure properly caulkec
with ECCOSHIELD VY will exhibi
insertion loss in excess of 100 dB
Volume resistivity of the compound it
about 0.001 ohm-cm. It is cartridge
packed for ease of use.

Circle No. 53 on Reader Service Card



ECONOMY SHIELDED DOOR
FOR EMI/RFI ENCLOSURES

Emerson & Cuming has developed the
ECCOSHIELD® FAS Economy
Shielded Door to supplement the
availability of our standard ECCO-
SHIELD MAS Shielded Door (U.S.
Patent No. 3,260,788). The new door
employs a single row of wiping finger-
stock on all four edges. The door leaf is
solid-core wood, clad with 26-gauge
sheet metal. The wooden frame can be
adapted to mate with various types of
shielded wall structures.

The outstanding feature of the dooris a
magnetic closure arrangement which
avoids the use of mechanical devices
normally found on fingerstock doors. In
addition, magnetic closing provides a
perfect panic exit capability, since
minimum shoulder or hand pressure
will always open the door.

The magnetic insertion loss of the
ECCOSHIELD FAS Door is remarkably
good, increasing from 45 dB or greater
at 15 kHz to 65 dB at 150 kHz and
higher. Electric field insertion loss
ranges from 80 dB to 100 dB in the fre-
quency range from 15 kHz to 100 MHz.
Piane wave insertion loss is 65 dB at
400 MHz, and 50 dB minimum in the
range from one to 10 GHz.

The list price of the new ECCOSHIELD
FAS Economy Shielded Door is approx-
imately 50 percent of that of the
original, patented ECCOSHIELD MAS
Shielded Door. A new Technical
Bulletin gives specifications, technical
data, and installation data.
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ANECHOIC CHAMBER FLOORING
WITH UNIQUE PROPERTIES

When a shielded anechoic chamber is
built, it is necessary to shield the floor
as well as the ceiling and walls. In most
chambers, the metal floor is then
covered with absorber to improve the
anechoic performance, while at the
same time retaining the integrity of
the shielding.

In the recent design of a shielded
anechoic chamber, the customer
wanted the floor to have reflectivity
properties which simulate earth. This
would make it possible to mount test
objects in the chamber and to measure
electromagnetic emissions and
susceptibility as though the measure-
ments were being done outdoors on
genuine earth. Thus we coined the term
“Eccoearth” as the nomenclature for a
floor design which simulates true earth.

The accuracy of the simulation is based
on a site attenuation measurement
method pioneered by the Radio Inter-
ference Branch of the Directorate of
Radio Technology of the British Gov-
ernment. It is often referred to as the
“St. Albans” technique for the site
where it was first used.

Similar methods have been described
in Publications of the International
Special Committee on Radio Inter-
ference. The method was adapted by
E&C to make the special, Proprietary
product, “Eccoearth.” If you're inter-
ested in having your shielded anechoic
chamber simulate an earth floor, send
for more information.
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PREMIUM QUALITY ABSORBER FOR HIGHEST FREQUENCIES

ECCOSORB CV is a series of premium-
quality electrically tapered broadband
absorbing materials intended primarily
for use in anechoic chambers where
superior performance is required at the
highest frequencies. Power reflectivity
of 0.01 percent (-40 dB) and less is
assured at frequencies above 9 GHz up
to frequencies in excess of 100 GHz.

ECCOSORB CV is made from light-
weight artificial-dielectric loaded
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flexible foam. The front surface is
rippled for optimum impedance match
at the higher microwave frequencies.
Sheet size is 24” x 24" (61 cm x 61 cm).
Sheets may be cut readily to any re-
quired outline and can be contoured to
surfaces of moderate curvature by
appropriate procedures.

The photo is a chamber using ECCO-
SORB CV, built in the 1960’s to aid
development of aircraft radomes.
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LOSSY FLEXIBLE FOAM SHEET
IS VERSATILE ABSORBER

ECCOSORB LS is a series of low-
density, high-loss flexible foam sheet
materials used to absorb electro-
magnetic energy in applications other
than free-space. It can be used to line
the interior of a cavity to lower its Q, or
wrapped around a radiating element to
eliminate surface currents, or trimmed
to tapered pieces and used inside
waveguides as dissipative material.

Each sheet of ECCOSORB LS is uni-
form in characteristics from point to
point throughout the sheet. Standard
sizes are 24" x 24" (61 cm x 61 cm).
Thickness 1/8” (0.3 cm), 3/8” (0.9 cm),
and 3/4” (1.8 cm). Density is approxi-
mately 5 Ib/cu ft (0.08 glcc). Types are
offered in a wide range of dielectric
properties (insertion loss and dielectric
loss factor), which can be combined to
produce graded absorber for custom
applications. The composite sheet can
be surface-coated for outdoor use.
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INTRODUCTION

The evolutionary development of
radar has been punctuated by several
major innovations in techniques and
components: the microwave magne-
tron, the high-power klystron, coher-
ent signal processing, monopulse track-
ing, pulse compression, the electroni-
cally steered arrays, digital processing
and control, and solid-state microwave
devices. By comparing the appearance
and performance of typical radar sys-
tems developed before and after each
of these innovations, we can see how
they have affected the art of radar, and
what we may expect of future devel-
opments along these lines.

Early radar equipment was adapted
from the radio communications field,
using HF, VHF and UHF tubes and
antenna techniques. Thus, the early
British radar chain, operating at 25
MH2z, was marked by the use of anten-
nas hardly distinguishable from short-
wave radio stations (Figure 1). Radars
available in the US at the beginning of
World War [l included the SCR-270,
at 105 MHz (Figure 2) and the SCR-

(8]
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Fig. 1 The last of Sir Watson-Watt's experi-
mental radar towers, at Bawdsey on
the North Sea coast of England.

268 at 205 MHz (Figure 3). The SCR-

270 will be remembered as the set that A
gave advance warning of the approach 4

of Japanese aircraft toward Pearl Har- ':1 3
bor, only to have the message termi- |

nated in an inoperative command and
control channel.

As an example of a phased array ra-
dar, the SCR-268 provided a preview
of some techniques used in modern
equipment. The array was thinned by
removing top and bottom rows of di-
poles from the main portion of the an-

Fig. 4 SCR-584 anti-aircraft gunfire control radar. \ . ks
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tenna, where the evaluation resolution
was not of prime concern. Only the
right-hand section of the array (Figure
3} had the full height needed for eleva-
tion measurement. The array itself,
and subsequent processing, was highly
redundant, so that individual dipoles
and feeders could be damaged or de-
stroyed with minimal loss in perform-
ance. Once amplified by the receiver,
the signals followed duplicate paths to
separate displays, where the detection
and tracking processes were performed
by operators, each with two eyes, two
hands, and with back-up crew mem-
bers available in case of incapacitation
of any member. What was lacking was
the electronic beam switching for mul-
tiple-target tracking and search, which
has since become available from digi-
tally controlled arrays.

Another problem and modern solu-
tion illustrated by the SCR-268 is that
of limited resolution and accuracy.
With beamwidths of 15°, the best
beam-splitting techniques yielded ac-
curacy of %2~ , or about 10 mr, which
was insufficient for control of AA gun-
fire. To overcome this basic limitation
of VHF radar, a dual-frequency track-
ing technique was used, the high-fre-
quency element being an optical track-
er. For nightime use, an illuminating
searchlight was slaved to the radar
tracker, and the combination of opti-
cal angles with radar range provided
an adequate input to the gun director.

MICROWAVE DEVELOPMENTS

Microwave radar was made practical
by development of the magnetron and
of methods for its mass production.
Low-power klystrons for receiving lo-
cal oscillators had already been devel-
oped, as had parabolic dish and cylin-
drical parabola antennas for generating
pencil or fan beams. Thus, only a year
was required to make the transition
from the laboratory magnetron (mid-
1940, in England) to the first 10-cm
experimental tracker at MIT. Another
year produced a field test model of the
XT-1, and by mid-1943 production
delivery of the SCR-584 had begun.
This radar (Figure 4) had a beamwidth
of only 4° {70 mr) and could provide
about 1.5 mr rms accuracy for direct
input to the gun director. Optical

tracking thus became an optional input.

In the search radar field, the early
parabolic cylinder with a line feed
(Figure 5) was supplemented in the US
by the doubly-curved reflector, devel-
oping shaped fan beams either through
modified curvature of upper or lower
edge, or through use of extended feeds
(Figure 6). Other antenna types includ-
ed microwave lenses and various fast-
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scanning feeds: organ-pipe feeds, Fos-
ter scanners, and the Eagle scanner
(Figure 7). Originally developed for
airborne use, the Eagle appeared in
1944 as an essential element of the
precision approach radar for ground
controlled landing of aircraft. It re-
mains in that rote today, in successful

Antenna array

This section is rapidly /

5 assembly
oscillated up and down

to change dimensions\
of guide and hence the
direction of antenna
beam

- Cross section
of waveguide

N Dipole

Azimuth reflector

Fig.

competition with more capable and
expensive electronically steered arrays.
In Europe, the microwave dish an-
tenna was widely adopted but did not
completely replace the parabolic cy-
linder for search radar use. One of the
most advanced of today's radars (Fig-
ure 8) seems to have been inspired by

6 AN/FPS-20, modernized version of
the AN/FPS-3 long-range air surveil
lance radar {photo courtesy Bendix
Corp.).

Elevation
reflector

Elevation
| antenna
array

Scanning
motor

Elevation

-~ Scanner
gear box

" Scanning motor

Azimuth scanner
gear box

Azimuth antenna array

Fig. 7 The Eagle scanner, as used in the AN/MPN-1 precision approach radar.

{continued on page 24}
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Measure transmission and
reflection with
stark simplicity, 11500 MHz.

I¢s aWiktron.

Here in one compactinstrument,
Wiltron gives you a complete RF Analyzer
for swept measurements on 50Q or 75Q
devices over the 1 to 1500 MHz range.

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

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

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

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

Low cost plug-in fiexibility.

Five plug-ins are offered:

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

Ask for Technical Review #7.

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

WILTROIN



{from page 22) PERSPECTIVE

Fig. 8 Modern air defense radar, S631, using back-to-back L- and S-band systems to
overcome jamming (photo courtesy Marconi Radar Systems)

Fig. 9 Monopulse radar for guided missile
range instrumentation, the AN/
FPS-16 (photo courtesy RCA).

Fig. 10 AN/MPQ-39 tracker-illuminator for the Hawk missile system {(photo courtesy
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Raytheon Company).

the CPS-1, in using back-to-back cy-
lindrical reflectors. When very low
sidelobes and broadband operation are
required, this design can have signifi-
cant advantages over the doubly-
curved reflector fed by a single horn
or vertically extended line feed.

An important postwar development
in microwave antennas was the mono-
pulse antenna (Figure 9). The mono-
pulse tracking technigue, using micro
wave networks to form two difference
beams and an on-axis sum beam, pro-
vided an order of magnitude decrease
in target-induced errors. This was com
bined with advances in mechanical
pedestal design and in data output de-
vices to attain 0.1 mr accuracy for
guided missile range instrumentation,
and comparable performance for tacti
cal applications.

COHERENT SIGNAL TECHNIQUES

Another important thrust in post-
war radar technology was the develop-
ment of coherent transmitters and as-
sociated receiving and signal processing
systems. While coherent MTI had been
developed for magnetron systems, us-
ing locked coherent oscillators to re-
move the random transmitter phase on
each pulse, the availability of high-
power klystrons and crossed-field am-
plifiers provided new capabilities.
Pulsed MTI, pulsed Doppler, and CW
systems developed during the 1950s
used higher power levels and achieved
greater stability, to see small moving
targets in clutter. One unique radar
developed during this era and still very
much in use today is the Hawk CW il-
luminator (Figure 10), a high-power,
dual antenna capable of acquiring and
tracking small targets at high or low
altitude in any type of clutter.

For more conventional, pulsed ra
dars, pulse compression techniques
made it possible to transmit wide
pulses with high energy at reasonable
peak power levels, while retaining the
range resolution of short-pulse radars.
When pulse compression was com-
bined with pulse-to-pulse coherence in
Doppler systems, high resolution in
both range and Doppler was obtained.
The components involved in these
techniques consisted of highly stable
oscillators and amplifiers, both at RF
and IF, along with dispersive filters
using lumped-constant components,
metallic acoustic delay lines, and sur-
face acoustic wave lines.

PHASED-ARRAY SYSTEMS

During the 1950s, elevation fre-
quency-scanned arrays using mechani-
cal rotation in azimuth were intro-

{continued on page 27)
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For some people
~ thick film drivers

vantages of Alpha’

switch drivers. Designed for high

speed, they switch microwave

UHF and IF pin diode switches

and attenuators on command of

TTL logic signals. Compact. Rugged. Reliable. All

Swilching
Speed
(Maximum)

Model
Numter

DS-02

Output Signal
Wolo] off0] Logic 1

Supply
Voltages
—30mA, ¥av

—10V

+10mA,

o 10 nsec

DS-011*
DS-07

—12V

+10mA, 1Y

+4V

—30mA.

7 nsec
—-10V

DS-011* —12v

*DS-011 kas the added advantage of working in both the inverting and hon-inverting mode.

Circle 18 dferdRadiodtislage card

Alpha advantage. For more
information, call or write
Alpha Industries, Inc. Optimax
: Division, P.O. Box 105, Advance
Lane. Colmar, PA 18915 (215) 822-1311 TWX
with MIL-SPEC quality, quick celivery, and low 518-661-7370.

Supply Curment
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Logic O Logic1

5.5mA 35mA

—2mA
2mA

—38mA
18mA

—2mA —38mA

Features

Low cos:
Non-Inverting
for SPST Switches

Low Cost
Inverting for
SPST Switches

@i Alpha

The Alpha Advantage
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Enhance target detection.
Varian Canada introduces

the first 95 GHz EIA.

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

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

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

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

24
22
20}
18
§|6 —t
Batall

— -
VKB 24007 EIA

12
10
084
06
04

93 80 ' 9400 8415
FREQUENCY |GHz

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

Circle,19.on Reader.Service Card

Electron Device Group
Varian Canada, Inc.

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

varian

Insist on the original.
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Juced, and a number of those systems
jchieved production status. One of the
nost successful is the US Navy’s AN/
3PS-48, shown in Figure 11, which
rombines frequency scanning with
[tacked-beam reception to ease the
ime-budget problem of the pencil
yeam 3D scarner. By operating several
amultaneous beams, more hits pes
arget are made available for MTI1 and
arget signal integration.

Many designs for electronically
hase-steered radars were generated
luring the 1960-1980 period, but un
il recently none of these had achieved
yoduction status, A landmark in one
f-a-kind radar designs was the AN
=PS-85 space tracker {Figure 12),
vhich typifies the large active array of
he past decades. While two of these
lystems were built, this was only be
tause the first was destroyed by lire
efore it became operational.

An approach which appears most
bromising for lower-cost production
adars is the optically-fed array (Fig-
are 13), in which a single transmitter
eceiver of conventional design can be
ased. The refined technology of multi-

Fig. 11 AN/SPS48 frequency-scanned 3D radar (ph

oto courtesy ITT Gilfillan).

Fig. 12 AN/FPS-85 Spacetrack radar, as
completed in 1968 (photo courtesy
Bendix Corp.}.

mode monopulse feed clusters, origi-
nally developed for mechanically
tracking reflector antennas, can be
applied directly to this type of phased
array. The phase shifting elements ther
direct the sum-and-difference beam
cluster to the desired scan angle, and
switch from one to another position in
microseconds to provide interlaced
search and multiple-target tracking.
Similar types of array are appearing in
airborne applications.

Another even lower-cost approach
is the limited-scan array-reflector an
tenna (Figure 14), in which a small
lens array (again fed by a conventional
monopulse horn cluster) is used to
control illumination of a large reflec
tor. In this way, the one-degree pencil
beam can be formed and controlled by
a tew hundred phase-shift elements
instead of the ten thousand which
would have been required in a full ar-
ray. The economy of this design is ob-
tained at the cost of a limited scan
sector, 15 x 20 degrees in the AN
TPN-19 as compared to the 120 cone
available in most arrays.

Finally, it should be noted that the
successful exploitation of electronical-
ly scanned radar systems requires flex-
ible waveform selection, signal process
ing and control technigues, made pos-

Multifunction phased array radar for the Patriot missile system {photo courtesy
Raytheon Companv).
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sible by today’s digital technology.
While the optically fed systems can be
used with conventional transmitters, e
receivers and processors, the demands -
of fast changes in operating mode will
usually force a greater investment in
these subsystems than would be war-
ranted if mechanical scanning were
used.

TABLE |
DIGITAL PROCESSING AND CONTROL

Automatic detection
Range-Doppier matrix processing
Constant false-alarm rate systems
Digital pulse compression

Digital waveform generation
Digital beam forming

Tracking, scheduling and control

DIGITAL PROCESSING AND
CONTROL

Most of the processes now per-
formed by digital apparatus (Table 1)
were originated in older radar systems
using analog circuits, with some suc-
cess. The improved performance of
digital circuits has been so dramatic, Fig. 14 AN/TPN-25 precision approach radar of the AN/TPN-19 landing system (photo
however, that radars using automatic courtesy Raytheon Company).
detection, range-Doppler matrix pro-
cessing, and modern constant-false-
alarm-rate processes are almost entire-

AUXILIARY
MEMORY
AND TEST SIGNALS AN AN
CONTROL
---- . S G P SIGNALS NEYA
ANNN
INTERFERENCE -
ELIMINATOR
3.PULSE
Hioto BT CANCELLER WEIGHTS > Ly To
FROM © —® PROCESSING AND ~ —f DFT |—# AND THRESHOLDS INTERFACE —® 10P
Lo SATURATION MAGNITUDES - COMPUTER
DETECTOR .—1

FOR TESTING

ZERO
RECURSIVE
VELOCITY MAGNITUDE |
i R i FILTER \ ‘ ITEMS REQUIRED ONLY
AN

j I MAP
Al | INTERFACE
ARP O—a TIMING

31 MHz O—

RADAR TIMING DISC
¢+
CONTROL

Fig. 15 Block diagram of the moving-target detector for airport surveillance radar (courtesy MIT Lincoln Laboratories).
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Fig. 16 Solid state transmitter configurations {courtesy D. J. Hoft).

ly digital in implementation. An exam-
ple is the moving-target detector sys-
tem {Figure 15), in which a key ele-
ment is a high-resolution clutter map
containing minute-by-minute averages
of clutter background in each of half a
million range-azimuth cells. This clut-
ter map, as much as the discrete Four-
ier transform filter bank and digital
MTI canceller, provides a level of per-
formance unmatched by conventional
MTI systems.

Digital pulse compression and wave-
form generation are less widely used,
largely because the technology of sur-
face-acoustic-wave lines has been able
to compete on the basis of cost, size
and performance. In beam forming,
steering and control of array systems,
digital technology is essential.

SOLID-STATE MICROWAVE
DEVICES

Solid-state microwave components
have been used in radar from the be-
ginning, in the form of RF mixer di-
odes. During the 1960s and 1970s,
low noise RF amplifiers for receiving
became available in solid state form,
replacing the unwieldy traveling-wave

tubes, masers and paramps developed
during the late 1950s. More recently,
low-power solid-state RF sources have
become comimon as local oscillators
and as drivers for coherent transmit:er
systems. The trend now is toward
combining these sources to produce
useful transmitter power levels, elimi-
nating thermionic devices entirely
from the radar. Two methods of com-
bining are shown in Figure 16: the
combine-in-space array of modules,
and the corporate combiner with a
single output port.

The area of significant success in
solid-state transmitters has been at the

lower radar frequencies (UHF), in large

active arrays such as PAVE PAWS. In

these applications, the use of very long

transmitted pulses is permitted by the

large minimum range of desired targets.

In tactical radar for air surveillance,
solid-state transmitter technology has
been less helpful, basically because of
the need to operate these devices at
high duty ratios. This constrains the
choice of waveforms, and complicates
the time budget problems in scanning
arrays. Use of multiple-transmitter ar-
rays (Figure 17) limits the radar sys-

S o AFRS T Rt T Sm e aas o § f SPAmThSaMms o et ate
ducing the avaitability of multiple-
pulse Doppler processing over most of
the surveillance coverage.

MILLIMETER-WAVE SYSTEMS

The trend in World War 1} radar was
toward increasing frequency: 15 MHz
in the British radar chain, 100 and 200
MHz in early US radars, 3 to 10 GHz ir
later fire control radars. By the end of
the war, 15 and 35 GHz equipment
was in the experimental stage, and
both these bands were used to a limit-
ed extent in postwar systems. Then,
for almost three decades, the move-
ment to higher frequencies was halted.
Largely because of atmospheric limita-
tions, but also from lack of high-power
sources and low-noise receivers, the
frequencies above 10 GHz found rela-
tively little use. Recently, thermionic
tubes with power outputs of tens of
kilowatts at millimeter wavelengths
have begun to appear. Even these pow-
ers would not be particularly useful
except for a new emphasis on short-
range tactical weapons, both surface
and airborne.

One result of this emphasis has beer
the reappearance of anti-aircraft guns
as a significant weapon, especially
against low-altitude aircraft. In this
role, the fire-control tracker must pro-
vide milliradian accuracy on targets
less than one degree above the horizon
or above local surface features. This
requires narrow beams, while mobility
and survivability require small anten-
nas. Use of millimeter-wave radar is an
obvious answer, subject to propagation
limitations in weather. One ingenious
solution, used in a European AA sys-
tem (Figure 18), is the dual-frequency
tracker. Acquisition range is set by the
lower-frequency system (in this case at
X-band), and the higher-frequency
{K4-band) system need have only the
open-fire range needed for the guns.

Fig. 17 AN/TPS-59 solid-state L-band
3D radar (photo courtesy General
Electric).

{continued on page 38)
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populations of one million for the first time.

Anybody planning a telephone network for a country has to con-
1 sider growth in years to
come.

And must ask whether
this or that telephone ex-
change will be able to keeg
up with it.

We raise this question
to make the point that ITT's
new System 12 was de-
signed with just such
growth in mind.

Ours is a totally new,
totally digital system —a
system capable of adapt-
Ing to any conceivable
future demands you make
on it.

Why this flexibility?

It comes from the fact that System 12 has fully distributed control
(something nobody else’s exchange really does).

This means, among other things, that as cities grow and traffic
expands, you can add to the network easily to keep up—without ever
running out of the controlling computer capacity.

And new phone services for customers can be added just as
easily. (You don't even have to interrupt regular phone service to do it.
As telecommunications get more and more advanced, we see
the whole world linked in a sophisticated information delivery network

—of the kind ITT has conceived as Network 2000™

This future thinking is very much a part of System 12, and why

we've made it so adaptable.

Even to needs that don't exist yet. ITT

& 1980 Internatianal Te ephone and Telegraph Corporation, 320 Park Avenue, NG FETEICERR0.S A

As a country exands, ITT's new System 12
can expand with it.
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Solid State Technology,
Inc. appointed Tom Clark
as Sales Manager. . .Tex-
scan Corp. announced the
appointments of John Shaw as Western Regional Sales
Manager and Katherine Larson as Advertising Manager. . .
Dr. Charles Buntschuh joined Narda Microwave Corp. as
Chief Scientist, a newly created position, to oversee

R & D programs. . .California Microwave, Inc. named
John A. Macaulay as Director of Marketing for the De-
fense Products Div. . .E-Systems, ECI Div. appointed
James A. Wittkower as V.P. - Employee Relations. . .
Among the ranks of the recently promoted include David
B. White to the post of V.P. of Daico Industries and Ste-
phen C. Lang to the position of Sales Manager of Valtec
Corp.'s Communication Fiberoptics Group. . .Other cor-
porate changes include the naming of Joseph F. Lee as
V.P. and General Manager of Applied Technology, an
Itek Corp. Division and the advancement of three direc-
tors to the following posts: James R. Brennan, V.P. of
Marketing; Roger W. Anderson, V.P. of Domestic Pro-
grams; and Charles A. Simon, V.P. of Employee Rela-
tions. . .Alpha Industries, Inc. also promoted two of its
division managers to vice president posts — Constantine
Kamnitsis, to V.P., Optimax Thin Film Products and
David M. Milligan, to V.P. Solid State Components Div.

PERSONNEL

Cardion Electronics, unit
of General Signal Corp.,
received a contract award
from the Royal Danish
Naval Materiel Command to furnish ground-based radar
systems for Danish coastal defense purposes. . .The UK
Royal Air Force awarded a $4M, multi-year contract to
Norlin Communications for digitally tuned VHF/UHF
synthesized receivers and associated equipment. . .E-Sys-
tems, Inc. was granted a $4M contract by the US Air
Force Logistics Command for the development and pro-
duction of transportable satellite communication stations
(AN/TSC-102 systems) for use by rapid deployment
forces. . .ERADCOM granted a $16.5M contract to Fair-
child Systems Corp. for 70 AN/TLQ-17A (V) CM sets
and a $1.9M contract to ESL, Inc. for 4 AN/TSQ-114
Special Purpose Detection Sets. . .Applied Technology,
Div. of Itek Corp., received a $9.6M contract from USAF
for radar warning and power management systems and
aerospace ground support equipment. . .McDonnell
Douglas Aircraft Co. announced the purchase of Ameri-
can Electronic Laboratories, Inc. antennas valued at
$108K. . .American Microwave Corp. received a $20K
contract from Sperry Microwave Systems for two proto-
type automatic direction-finding radar receivers. . .Scien-
tific-Atlanta, Inc. announced an agreement to supply
digital satellite earth stations valued at $7.5-$15M to

CONTRACTS
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American Satellite Corp. through 1982. SA also received
an order from Entertainment and Sports Programming
Network {(ESPN), for a new 11-meter uplink earth sta-
tion to be located at ESPN’s Bristol, CT headquarters.

International Microwave
Devices ({IMD) of Somer-
ville, NJ has entered into
agreements with IMA
Microwave Products AB of Stockholm, Sweden, a major-
ity stockholder in IMD. The US company, founded by
Messrs. Ronald Lessnick, Timothy Boles, Chuck Jackson
and John Locke, will introduce microwave power tran-
sistors and amplifiers in the first quarter of 1981. Pro-
duct lines will incorporate both Si bipolar and GaAs
FET technologies. IMD will occupy a 16,000-sq. ft. fa-
cility at 51 Chubb Way, Somerville, NJ. . .Magnum Mi-
crowave Corporation has been formed by four former
Watkins-Johnson Co. managers to manufacture a line of
RF components for the satellite and telecommunications
industry. Future products will include frequency sources,
amplifiers and integrated front ends. Company President
is: Harry E. McGrath, Jr.; Vice President of Manufactur-
ing is Harry R. Soza; Engineering Director is Joseph T.
Lee; and Marketing Director is David N. Fealkoff. Mag-
num'’s Chairman is Nolan Bushnell, founder and former
Chairman of ATARI and presently Chairman of Pizza
Time Theater, Inc.

NEW MARKET
ENTRIES

M/A-COM, Inc. has reached
an agreement in principle
with Valtec Corp. to be-
come a M/A-COM Com-
pany. M/A-COM will issue one share of its common
stock in exchange for each share of Valtec common
stock, including shares to be issued in conjunction with
certain stock options for a total of about 4.6M shares of
M/A-COM common stock. . .Harris Microwave Semicon-
ductor, Inc. has been formed by Harris Corp. to produce
1Cs and other GaAs devices. Dr. Richard W. Soshea will
head the San Francisco firm. Also, Harris announced
that Farinon Electric, a unit of the Harris Transmission
Systems Div., plans to invest about $9M over the next
five years for a 50,000-sq. ft. manufacturing facility in
San Antonio, TX. . Scientific-Atlanta, Inc. and Systems
Communications Cable, Inc. (SCC) reached an agreement
in principle for the acquisition of SCC by Scientific-
Atlanta. . .Westinghouse Electric Corp. and Satellite
Business Systems (SBS) announced an agreement for
SBS to provide satellite-transmitted communications
service between Pittsburgh, Baltimore, Dallas and Los
Angeles starting in 1982.

INDUSTRY NEWS

Harris Corporation expects
to report year-end sales of
$1.3B, net income of
$80M. or $2.60-$2.65 per
share for the period ended June 30, 1980. This compares
with 1979 results of sales of $1.075B, net income of
$68.8M or $2.32 per share. . .On July 11, 1980 the
Board of Directors of Raymond Industries Inc. declared
a quarterly dividend of 13¢ per share, payable to share-
holders of record July 3, 1980. . .Racal Electronics Ltd
announced that Group net profit before taxation for the
year ended March 31, 1980 came to £63.6M on revenues
of £263K. This compares with 1979 results of £61.6M
net profit, on revenues of £226.6M. . .Narda Microwave
Corp.'s stockholders approved an amendment to the
firm's Certificate of Incorporation on June 30, 1980 to
increase authorized shares of common stock from 1M
shares to 5M shares. 23

FINANCIAL NEWS

MICROWAVE JOURNAL



Microwave p

stronics. faboratory instrumemation and test—ire

s than 1 MHz Up to GHz—power outputs from
S

ider every day.
ial, industrial and miltary applications:

yace Satellite Amplifiers

Class A linear of Class
1500 to 2300 MHz
“Space-Oualiﬁed" transmitters
Stations

amplitiers, up to 8.4 GHz
, 1 and 5MHz distribution amplifiers, uP to 26 outputs
d video distribution amplifiers
+ IF amplifiers. 70, 700 and 1100 MHz

| Microwave amplifiers

0 watts

r. L-band. 1000 watts
1000 watts

Terrestria
. Microwave LOS, 10

» High powef troposcatte
» Microwave and UHF ragio relay,

Broadcas!
i upto 1.5 KW peak synch

amplifiers

+ FCC type-accepted
. UHF TV internal 3

Avionics
. FAA and MiL TACAN
amphifiers, modutator
,» L-band dugital {ransmitters
. Data link transmitters
» Up/down converters
« Airborne pulse amplifiers

transmitter systems— power
S, symhesizers. power supplies

(JTIDS)

MICROWAVE

nications, def

ense
quencies from
less than 1 watt up to

s the world of MPD. its @ world
with a constantly growing S

Missite Systems

. Command/destruct transmitters

» Guided weapon data link amplifiers
. Military droné transmitters

Radar Amplitiers

« L-band transmitters
. S-band pulse drivers
. Shipboard drivers for

Electronic Wwariare

. Communication jammers

. Class A lineal power amplifiers
. Linear AB wideband jammers
+ Jamming simulators

Military Commun‘\cahons Amplifiers

. Long-pulse data links

- Communication co

» UHF transceiver amp

. MiL RF power poosters (EC

Laboralory lns!rumemmion-Tes\

. Class A linear amplifiers

. RFVEMI test amplifiers

. Power meter calibration systems

. Commercial and MiL power supplies—
high etficiency, compact packaging, up

. DC-DC converters

to 6000 watt

R DEVICES, INC.

N.Y. 11787 * Tel 51&231~1400 .« TWX 510227 6239

330 Oser Avenue, Hauppaug®,

World Radio History!



OLLOW SHAFTR
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Hollow shaft rotary joint technology was developed by
Kevlin Manufacturing to meet the needs of system designers for
compact, reliable, multi-channel R.F. rctary joints.

Hollow shaft rotary joints are designed with large thru
holes allowing passage of other mechanical and electrical de-
vices such as semi-rigid coax., encoder shafts, slip rings, etc.
This unique technology allows the stacking of individual chan-
nels giving the designer many options for multi channel designs.
Each channel is modularly constructed and isolated allowing
easy maintenance and service. They can be designed to cover
octave bandwidths and for most bandwidths are totally non-
contacting. Rotary joint life of 25,000 hours without service or
replacement is now attainable.

Consummated designs operate from DC-18 GHz in
discreet bandwidths with the size of the hole proportional to the
frequency. These designs are performance proven in ground
base, shipboard, and space environment systems. Small wonder
when it comes to hollow shaft rotary joint technology Kevlin
leads the way.
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N. American Radio
Science Meeting

and IEEE/AP-S
international
Symposium

ROBERT J. MAILLOUX
Rome Air Development Center/EEA
Hanscom AFB, MA

THE SYMPOSIUM

Including more than sixty half
day technical sessions and more
tnan five hundred papers, the
combined North American Radio
Science Meeting and IEEE An-
tenna and Propagation Society
nternational Symposium was
Jeld from 2 to 6 June at the Uni-
versité Laval in Quebec, Canada.
The North American Radio Sci-
:nce Meeting was sponsored by
:he United States and Canadian
Zommittees of the International
Jnion of Radio Science (URSI)
ind offered presentations from
JRSI commissions A through J.
The program &lso included a
Jlenary session on Radio Science
n Canada.

Host for the combined meet
ng was the Université Laval, a
seautiful university with large,
well equipped meeting rooms all
n such proximity that attendees
could divide their time efficiently
setween several technical ses-
sions. Chairman of the meeting
Steering Committee, Professcr
Jules A. Cummins of the Univer
;ité Laval, along with his Steering
Zommittee, Local Arrangement,
2ublications and Technical Pro-

a . aARAN

gram Committees devoted great
care in planning and much energy
in executing this large meeting,
and an excellent, smoathly run
program resulted from their et
forts. In addition to the technical
program there were a number of
tours to nearby attractions and
an elegant banguet in the Chateau
Frontenac just upstairs from the
banquet for Prince Philip. A sec-
ond, silent host for the meeting
was the lovely old city Quebec,
the oldest city in Canada and the
only walled city in North Amer-
ica. Overlooking the Saint Law-
rence River and containing a mag-
nificent collection of kistorical
sites, fortifications and buildings,
Quebec presided over the nights
and weekends.

THE PROGRAM/
THE PRESENTATION

Amid all this beauty it took
some dedication to concentrate
on the technical program, but
most did and so shall | for the
remainder of this report. URSI
Commissions A through J are
chartered to cover most topics in
electromagnetics, including me-
trology, systems, noise, propaga-
tion, waves in plasma and radio
astronomy. The Antenna and

Propagation Society‘s interests
overlap most of these areas, and
the distinctian between the two
programs lies in URSI's primary
concern witn research and basic
knowledge, and the AP-S accent
on engineering. The size and
scope of the meeting, with up to
nine technical sessions runring
concurrently, makes it impossibi¢
for ane person to attempt an un-
biased review, giving proportiona
coverage to all topics. | have not
tried such even treatment, but
have emphas:zed the antenna
topics and the special sessions.

In addition to the plenary ses-
sior on Radio Science in Canada,
the URSI program included spe-
cial sessians on Optical Commun
ication, Inverse Scattering, Elec
tromagnetic Earth Induction
from Overhead Conductors and
lonosonde Techniques. These are
described in more detail in the
next section.

The meeting was also testi
mony to the expanding success
of Poster Sessions. Born of the
frustrations accompanying such
large meetings with many concur
rent technical sessions, the Poster
Session can include up to twice
as many authors and so can sub-
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stantially alleviate the problem of
parallel sessions with the same
subject matter. I've found it
somewhat surprising when talk-
ing with a number of Poster Ses
sion attendees and authors that
there is a growing number of
both who prefer Poster Sessions
to the usual lecture sessions.
Authors did note that the poster
paper gets somewhat less expo-
sure than a lecture presentation,
but the degree of audience parti-
cipation is much higher and more
satisfying. In Quebec the audi-
ence participation was extremely
high with presenters answering
questions, debating, exchanging
references with attendees and,
for the most part, enjoying it.
Audiences seem to have learned
to appreciate the Poster Sessions
as well, and have stopped behav
ing as if they were in an art gal-
lery; they aren’t standing back
away from the authors in hushed
silence as if from veneration or
fear. They aren’t embarassed to
ask an author what his work
proves or to walk by a poster if it
doesn’t interest them. Highly
theoretical and very practical
studies are equally at home in
Poster Sessions and | spoke with
authors of both types who sin-
cerely enjoyed the experience. In
fact, for the first time | heard
one enthusiastic engineer say we
should have only Poster Sessions,
no lectures.

SPECIAL SESSIONS

A number of topics were ac-
corded added visibility through
the use ct special sessions. The
URSI conference opened with
the Plenary Session entitied Ra-
dio Science in Canada which was
dedicated to the memory of John
H. Chapman, a scientist with the
Canadian government. This ses-
sion outlined some of the impor-
tant contributions to Radio Sci-
ence that have been made by
Canadian researchers in satellite
studies of the ionosphere, iono-
spheric propagation, very long
baseline interferometry and elec-
tromagnetic techniques for pros-
pecting. The Canadian scientific
satellite program, now over 20
years old, was summarized in a
paper by C. A. Franklin of Com
munications Research Center,
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Department of Communications
in Ottawa. Beginning with the de-
velopment of the topside sounder
Alouette-1 in 1959, the Canadian
government created an advanced
capability for producing satellite
technology within Canada. The
successful Alouette program was
followed by the more complex
ISIS satellites. Present Canadian
plans call for more participation
in the scientific satellite programs
of other countries. The most im-
portant civilian space programs in
Canada today are the ANIK and
HERMES communications satel-
lites, which are leading Canada to
commercial direct television
broadcasting to homes using 12
and 14 GHz frequencies.

The Alouette program also led
to a number of scientific discov-
eries in ionospheric propagation.
These were the subject of a paper
by R. E. Barrington who de-
scribed past experiments and new
initiatives in non-linear effects,
wave-particle interactions and
other planned experiments using
the NASA Spacelab. J. L. Yen
from the University of Toronto
detailed Canadian advances in
very long baseline interferometry
and outlined a number of tech-
nological developments required
by scientists working in VLB!.
These included high density mag-
netic tape recording, precision
maser oscillators, image recon-
struction from undersampled
data and the use of satellites for
synchronization of distant oscil-
lators. In the concluding paper of
the session G. F. West, of the
University of Toronto, described
ongoing Canadian studies aimed
at developing improved ground
and airborne prospecting systems
for the discovery of base metal
ores.

A series of special sessions on
optical communications were or-
ganized by Professor Y. L. Yip.
These included three sessions on
Fiber and Guided Wave Optics
and a session on Devices and Sys-
tems. The sessions were a blend
of invited survey papers and cur-
rent state-of-the-art research on
many topics including single and
multimode fibers, coupled
modes, inhomogeneous wave-
guides, optical fiber systems, de-
tectors and sources.

'orld Radio Histol

Professor Wolfgang Boerner of
the University of Illinois at Chi-
cago Circle organized a series of
special sessions on inverse scat-
tering. This topic has begun to
receive increasing interest from a
number of different quarters that
were well represented in the
scheduled sessions. In addition to
analytical studies of generalized
inverse scattering problems and
issues of non-uniqueness. There
were a wide variety of applica-
tions addressed including the
characterization of electron den-
sity profiles, biomedical applica-
tions, the obvious and important
characterization of radar targets
and an entire session devoted to
geophysical sounding. Inverse
scattering studies, once consid-
ered a fairly exotic mathematical
frontier, seem now to be leading
to some profitable new areas for
research and technological
invention.

A special session on electro-
magnetic earth induction from
overhead conductors was orga-
nized by Dr. J. R. Wait of the US
Department of Commerce and
chaired by Prof. W. R. Goddard
of the University of Manitoba.
This session dealt with the cur-
rents induced on transmission
lines and vertical magnetic di-
poles by lightning discharges, |o-
cal electromagnetic sources and
buried cables. In addition to
these coupling problems there
were two papers by staff mem-
bers of the University of Mani-
toba on image theory approxima-
tions for the fields of horizontal
wires over conducting earth. The
session also included measure-
ments and theoretical studies of
the effect of solar storms on long
high voltage power lines and ref-
erence to their generation of har-
monics at transformers within
the transmission system. The last
paper in the session dealt with in-
duced voltages on gas pipeline
networks caused by 60 Hz induc-
tive coupling.

The M. Lindeman Phillips Me-
morial Session on lonosonde
Techniques was chaired by Dr. K.
Toman of the Electromagnetic
Sciences Division, Rome Air De-
velopment Center, Hanscom AFB.
Topics discussed in this session
included processing and display
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first results from the NOAA HF
Radar.

ANTENNAS

Twenty-one sessions, slightly
over one third of the total num-
ber in the meeting, concerned
antenna theory or technology.
Judging by attendance at these
sessions that fraction is probably
a good estimate of the relative
number of attendees whose main
interest is antennas. This was a
huge antenna meeting with par-
allel simultaneous antenna ses-
sions throughout much of the
symposium. The Poster Sessions
helped a great deal because the
papers were on display for such a
long period that one could al-
ways find time to get to see those
that were especially interesting.
Still it was difficult to see much
more than one third of the an-
tenna papers.

Antenna papers were divided
almost eqgually between reflector
or lens papers and phased array
papers. There is remarkable vital-
ity currently in the technical
community that deals with large
reflectors and lenses. At least
three stimuli account for this in-
terest; needs for multiple beam
satellite antennas, extremely effi-
cient ground-based satellite com-
munication antennas, and very
low sidelobe ground-based radar
and communication system an-
tennas. These three tasks all seem
to require large high gain antenna
structures and so there is obvious
interest in extending reflector
and lens technology to address
the needs. Satellite antennas have
become extremely sophisticated
in recent years, with advanced
pattern contour synthesis and
severe polarization purity re-
quirements. The session on Satel-
lite Antennas contained five pa-
pers dealing with pattern optimi-
zation for contiguous or con-
toured beams with multiple beam
on scanning beam antennas. Most
of these systems use a combina-
tion of low sidelobes and polari-
zation diversity to isolate nearby
beams, although the paper by
C. E. Chen, C. E. Franklin and
W. F. Croswell described a
K,-Band system which also used
frequency dispersion. Offset fed

apertures for all of these systems.
Feed system technology has also
achieved an advanced degree of
sophistication. In the session on
horn antennas there are several
papers on horn design that em-
phasize aspects of corrugated
horns for equalized E- and H-
plane patterns, low sidelobes and
low cross polarization levels. In
addition there are two papers on
the use of dual depth corruga-
tions for dual band corrugated
feed designs. A new polarizer de-
signed for antennas operating in
the 12 and 14 GHz bands was
presented by Crone, Adatia, Wat-
son and Dang, of the RF Tech-
nology Center, ERA Technology
Ltd, England. The polarizer has
low-loss, high-polarization purity
and can operate over a single
broadband or two widely sepa-
rate bands.

Reflector Antennas

The sessions on reflector an-
tennas highlighted the degree of
pattern control available with
modern reflector systems. In the
area of increasing aperture effi-
ciency, Caulfield, Rush and Wil-
liams presented design results and
a physical optics analysis of a
highly tapered dual reflector sys-
tem with aperture efficiency of
approximately 92%. Adatia and
Keen presented data on a dual
offset reflector antenna designed
for a planned European commu-
nication satellite and achieved
cross polarized peak values of
-42 dB with respect to the main
beam. Dual offset reflectors have
found increasing use because of
this achievable low cross polari-
zation, but to date the lowest
sidelobes are obtainable with sin-
gle reflector offset systems. An
example of this characteristic is
the paper presented by H. K.
Miersch, AlL Division of Eaton
Corporation, who addressed the
ground-based radar case and dem-
onstrated near sidelobe levels be-
low - 40 dB and far sidelobes well
below -50 over about 20% band-
width. The antenna had a shaped
beam pattern in elevation.

Phased Arrays
Phased arrays and elements
were well represented at this

sions on wire antennas, two on
microstrip technigues, oné on
synthesis, two on adaptive arrays
and one on array antennas.
Among the highlights, and there
were too many to mention, are a
number of studies dealing with
very accurate pattern control,
whether using adaptive circuitry
or low sidelobe techniques. In the
adaptive area there is an increas-
ing concern for obtaining broader
band nulling, and papers by May-
han, Simmons and Cummings of
Lincoln Laboratory, by Bowers
and Perry of E-Systems, and by
Takao, Ito and Kompyama of
Kyoto University addressed the
problem of determining bounds
on multi-tapped delay line cir-
cuitry for wideband interference
cancellation. The sidelobe and
nulling properties of overlapped
subarray scanning arrays were de-
scribed by R. Fante of the Dep-
uty for Electronic Technology,
Rome Air Development Center
with particular attention to the
situation of nulls within the main
beam region. The second session
on adaptive arrays had several pa-
pers that addressed the purely
electromagnetic aspects of adap-
tive nulling systems. The paper
by Kitsin and Griffiths of the
University of Colorado dealt with
a problem often encountered
from a sidelobe reduction point
of view, namely the search for
methods to reduce grating lobe
effects in a non-overlapped sub-
arrayed antenna. The authors
show that subject to the added
constraint of adaptive null steer-
ing convergence, a solution for
an array of 192 elements divided
into six subarrays can be ob-
tained with good grating lobe
suppression and main lobe re-
sponse and with convergence
slightly faster than the uniform
subarray case. The authors com-
pare several other subarray
choices and demonstrate the rela-
tive sensitivity of convergence
and main lobe degradation to
subarray selection. The optimi-
zation of array nulling properties
as a function of element position
was the subject of a paper by Lin
of Harris Corporation. Lin chose
as optimization parameter the ra
tio of signal-to-noise plus inter-
fcontinued on page 38)
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(from page 37) SYMPOSIUM
ference, and obtained bounds for

the values of this ratio. This cri-
terion was then used as a means
of inferring element positions and
patterns that approached the
optimum.

The phased array session also
included several papers that ad-
dressed the issue of very precise
pattern control. The paper by
Herper, Hessel, Mandenino and
Tomasic considered element pat-
terns of dipoles in cylindrical ar-
rays mounted around a conduct-
ing cylinder. The principle ob-
served result was that the element
pattern ripple, a well known char-
acteristic of circular array radia-
tion, disappears when the ele-
ment spacing is approximately a
half-wavelength. This condition
is most important for the synthe-
sis of low sidelobe arrays since
circular array synthesis must in-
clude the fine structure of each
element pattern. The ripples tend
also to be frequency dependent
and so this conclusion appears
also to be necessary for broad-
band performance with con-
trolled sidelobes. The paper by
R. M. Rudish and P. J. McVeigh
of AIL Division, Eaton Corpora-
tion also dealt with an area of
great interest as regards accurate
pattern control in order to pro-
duce highly accurate phase steer-
ing in a low cost design array.

The authors developed an ar-
ray of four series fed subarrays
with eleven elements per subar-
ray. Since each phase shifter
within a subarray has the same
phase setting only a single driver
wire is used for all four subarrays.
The phase is precisely controlled
by comparing the measured phase
against a precision standard.
Phase shift errors on the order of
one degree were measured.

FUTURE AP-S/URSI SYMPOSIA

Combined AP-S/URSI sym-
posia are scheduled through
1984. Future meetings and loca-
tions include the Bonaventure
Hotel, Los Angeles 15-19 June
1981, the University of New
Mexico, Albuguerque, New Mex-
ico, 24-28 May 1982, the Univer-
sity of Houston, 23-26 May 1983
and Northeastern University,
Boston, 18-22 June 1984 .

|World Radio History]|

PERSPECTIVE

Thus, the cycle of history repeats the
experience of the SCR-268, whose ex-
cessive beamwidth and tracking error
were refined by passing the target to a
shorter-range, high-resolution angle
tracker {optics, in that case). In the US,
the recent insistence on solving all
problems at a single frequency has pre-
vented exploitation of this old and
proven approach.

{from page 29)

Fig. 18 Flakpanzer AA tank for the Dutch
Army, showing X-K,-band tracker
in front (photo courtesy Hollandse
Signaalapparaten).

CONCLUSION

Most of the basic technigues used
in modern radar were conceived for
use in World War | or soon thereafter,
but suffered then from inadequate
components and lack of full under-
standing of theoretical and environ-
mental limitations. Thus, the German
engineers who attempted to add MT|
to the Wurzburg radar, as a counter to
Allied chaff, would envy the modern
designer who can select from a variety
of off-the-shelf stable oscillators and
digital storage elements. Today's com-
ponents make radar design seem easier,
and have led to greatly increased de-
mands on modern radar. Unfortunate-
ly, these demands tend to outstrip the
new capabilities, leading to more com-
plex and expensive radar designs,
packed with the newest technology
and difficult to get into production
and field use.

Modern components and tech-
niques make it possible to produce
simple, economical equipment meeting
most radar requirements. In Europe
and elsewhere, many varieties of such
radars are in production in increasing
quantities. In US commercial radar
areas such as sea navigation and air-
craft weather avoidance, production of
economical equipment is also going
forward. The government radar field
has not yet fully exploited this poten-
tial. The challenge facing the develop-
ers of radar today is to find the right
compromise between new technology
and high performance, on the one
hand, and simplicity and economy, on
the other. Perhaps a broader perspec-
tive into past accomplishments and
trends can aid in finding this balance.%%
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Cover Story

In 1977 RCA introduced weather
radar systems with color indicators for
both commercial air carriers and gen-
eral-aircraft users. in 1980 there were
70 commercial airlines using the RCA
color radar. The use of color has signi-
ficantly improved the pilot’s ability to
recognize potentially dangerous storms.
It has also improved the radar’s useful-
ness in the ground-mapping mode,
where the pilot looks at the terrain be-
low instead of the weather ahead. Be-
fore describing this advance, some
background on weather radar technol-
ogy is necessary.

RELATING RAIN DENSITY AND
TURBULENCE

Weather-radar systems used in the
air carrier and general aviation industry
measure the rainfall density that exists
within a storm cell—they are not able to
assess turbulence directly.

Experience has shown, however,
that storm cells containing rainfall
rates of over 11.5 millimeters per hour
quite often produce enough turbulence
to cause aircraft structural damage or
passenger injury. Therefore the FAA
advises pilots to stay at least 20 miles
away from storms with rainfall rates
exceeding 11.56 mm/hr.

The radar return from a storm de-
pends upon the backscatter from the
raindrops.

Equation 1 is the basic radar range
equation used to calculate the detect-
ability of a specific radar target.

P, = P,G2\2g/[(4m)® R*L) (1

where

P, transmitter peak power

G = antenna gain used both for
receiving and transmitting

A = radar carrier wavelength

Reprinted from RCA Engineer, Feb./March,
1978, Vol. 23, No. 5, pp. 54-60.
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o = target radar cross section area

R = one-way range between radar and
target

R received power from the target

L = system losses, correlation gain,

etc.

This equation is derived from the
theoretical considerations with the ra-
dar target consisting of a solid, highly
conducting surface of generally spheri-
cal shape. In order to apply this equa-
tion to meterological-type targets, it
must be modified to reflect a three-
dimensional fluid-impregnated volume
representative of a storm cell core.

The radar backscatter coefficient Z
for spherical raindrops has been empiri-
cally established. The coefficient is a
function of the sixth power of the
raindrop diameter and the number of
raindrops in a specific volume. It is de-
noted by:

N
z=2 DS
i=1

R. H. AIRES and G. A. LUCCHI
RCA Avionics Systems
Van Nuys, CA

and is inversely proportional to the
fourth power of the radar carrier wave-
length and proportional to the second
power of absolute value of the dielec-
tric constant, K, of water. Since the
backscatter coefficient is also propor-
tional to rainfall rate, the relationship™
Z = 200 r!® is used to define the re-
flectivity, where Z is in mm®/m? and r
is the rainfall rate in mm/hr. For the
pencil-shaped radar antenna beam gen-
erally used on airborne weather radar
systems, the resultant pulse volume
can be defined as (n/8)R20%cT, where
R is the radar range. 8 is the antenna
beamwidth, c is the speed of light, and
T is the transmitter pulsewidth. The
resultant radar target backscatter cross
section o is the pulse volume times the
factors which relate to the meteoro-
logical targets described below.

* This relationship pertains to Strataform-
type storms; Z = 55r''% is sometimes used
for convective storms.

Primus-400 12'' antenna installed under radome of Bell 212.
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Storm intensity Rainfall rate

Drizzle 0.25 mm/hr
Light 1.0 mm/hr
Moderate 4.0 mm/hr
Industry standard 11.5 mm/hr
pilot alert
Heavy 16.0 mm/hr
or greater

regardless of their intensity.

storm levels.

TABLE |

Display color Digital level
black 0
green 1
yellow 2
red 8
* *

* Storm levels with rainfall rates greater than 11.5 mm/hr are shown as the number 3 level

Radar measures rainfall, which can be correlated to storm turbulence. {Radar cannot meas-
ure turbulence directly.) Radar meteorology industry has grouped rainfall rate {(and thus
turbulence) via this table. RCA has selected colors in the table to indicate the different

This backscatter coefficient is
shown in Equation 2.

o= (m"/\%) ZK*(n/8)R2H3cT (2)

By substituting o from Equation 2
into Equation 1, converting the terms
into appropriate values, and converting
the equation into a dB format, the
weather range equation for a beam-
filling target is shown in Equation 3.
This format makes the equation suit-
able for relatively simple graphing and
so assists trade-off analyses in design.

P, = 10logP, + 20logf + 10log T
+10logZ - 20logA-20logR

+ 2G-L-168.25 (dB) (3)

where P, is in dBm, 0 is in degrees, Z is
in mm®/m3, R is in nautical miles, Py is
in kW, Tisin us, Aisincm, Gis in dB,
and L is in dB.

For a storm cell whose diameter
does not fill the radar beam, Equation
3 must be modified by substituting the
non-beam-filling volume equation
(w/8)d?cT for the beam-filling volume
equation (n/8)R262cT into Equation
2, where d is the storm cell diameter.
The same procedure used to establish
Equation 3 yields Equation 4 for non-
beam-filling storms.

RECEIVED POWER P, (dBm)

s (RED)

100 s (YELLOW)
{GREEN)
o=
oy TR W T 1
2 5 10 20

RANGE NAUTICAL MILES

50 100 200 500

Fig. 1 Weather detection characteristics of the PriMUS-400 ColoRadar. The four solid lines
show the returned power from storms with different rainfall rates. The 11.5 mm/hr.
storm is potentially dangerous. System identifies levels of storm intensity by different
colors on the display. The vertical “beam-filling’’ line, which defines 3-nautical-mile-
wide storms that do or do not fill up the radar beam, also establishes the break point
between the two radar range equations. The shaded areas show how the receiver gain

is shaped.

August — 1980

World Radio History|

F, = 1ulogr, T ZUl0ga T 1Uiog!
+ 10logZ - 20logX -40logR + 2G
-L -133.08 {dB}) (4)

All terms in Equation 4 have the same
units as in Equation 3 except d, which
is in nautical miles.

Equations 3 and 4 are used to calcu-
late the received power which appears
at the input to the receiver for the
range and radar parameters selected for
a specific storm cell density.

Both range equations are plotted in
Figure 1 using the system parameters
for the RCA PriMUS-400 ColoRadar
system with an 18-inch flat-plate an-
tenna. |t can be seen that the received
power decreases at 6 dB per octave of
range at distances up to the point
where the 3-nautical-mile-diameter
storm-cell model changes from beam-
filling to non-beam-filling. At greater
ranges the received power decreases at
12 dB per octave of range.

Pilots must avoid storms above a
certain intensity, so radar displays
must make these storms stand out.

The radar meteorology industry
has related rainfall rates to the storm
intensities (Table 1). The table also
gives the colors RCA uses to indicate
these rainfall rates.

Meteorologists have established that
storms whose rainfall rate equals or
exceeds 11.5 mm/hr (a Z factor of 10*
should be avoided by aircraft. As a re-
sult, in monochrome displays, areas
with this Z level are blinked between
the brightest level (number 3) and
then off so that the pilot can easily
distinguish the storm’s position. In the
color display system, this level appears
as red, with a pilot option to have the
area blinked between black and red. In
order to determine where lesser rain-
fall rates are located in a storm cell,
the 4 mm/hr signal is detected and dis-
played as the second from the brightes:
{(number 2) in the monochrome indi-
cator and in yellow for the color indi-
cator. The 1 mm/hr storm is indicated
as the lowest level (number 1) or: the
monochrome indicator and green on
the color indicator. In this manner, the
pilot can easily determine where to fly
to avoid storms of varying intensity
levels. The “‘drizzle’’ level is not shown
on the display because its turbulence
intensity is insufficient to be of much
concern.

PRIMUS-400 COLORADAR

On March 15, 1977 RCA announcec
the first general aviation airborne
weather radar system with a color indi-
cator. The acceptance of this system b
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Fig. 2 PriMUS-400 system. Radar pulse {variable width for looking at ground or weather)
goes through circulator to stabilized antenna, then returns through antenna and cir-
culator. After signal processing and amplification, the returned signal is digitized to
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one of four storm-intensity levels, scan-converted from polar to x-y coordinates, and

displayed on the color CRT.

pilots has been overwhelming, primar-
ily because the use of color greatly
simplifies the recognition of displayed
storm intensities. In addition to the
advantages provided by color, the reso-
lution of the display used in the Pri-
MUS-400 ColoRadar is four time bet-
ter than previously available digital
storage type indicators. The effective
display storage memory has been in-
creased by four times. Another feature
of the PriMUS-400 ColoRadar is the
use of a different set of colors (cyan
[blue-green], yellow, and magenta) in
the ground-mapping mode. In this
mode the transmitted pulsewidth and
receiver bandwidth have been opti-
mized to take full advantage of the in-
creased display resolution. The overall
result is much better ground-mapping
than previously available. Major design
considerations for the primary func-
tions of the PriMUS-400 ColoRadar
system will now be described.

The major elements of the PriMUS-
400 system are the receiver/transmit-
ter, the indicator, and the antenna.

Figure 2 is a block diagram of the
radar system. A magnetron generates
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microwave pulse energy at 9345 MHz
and the circulator then directs it to

the antenna, where it is radiated to il-
luminate the target. Reflected energy
from the target is intercepted by the
antenna and directed by the circulator
to the microwave mixer. The mixer
converts the microwave frequency to

a first IF of 60 MHz. After amplifica-
tion at 60 MHz, a second conversion to
10.7 MHz occurs within the |F ampli-
fier to achieve the desired bandwidth
prior to video detection. An AFC ad-
justs the receiver microwave local oscil-

lator to track the magnetron frequency.

The detected video signal is digi-
tized in the indicator to four discrete
levels. After digital integration of the
returns from four pulses, the data is
scan-converted from polar-coordinate
(rho-theta) format to TV (x-y) format
for storage in a RAM memory. Read-
out of the RAM memory is in stand-
ard TV format at a 60 Hz field rate. A
decoder turns on the appropriate red,
green, or blue gun of a color CRT, de-
pending on whether the data repre-
sentsa 0, 1, 2, or 3 level.

External video signals can be added
to the radar data by video mixing at
the video amplifier. Range and azi-
muth marks and even alphanumeric
information can also be added to the
display by video mixing. The indicator
logic generates timing signals to trigger
the transmitter and to drive the anten-
na azimuth stepper motor. The anten-
na elevation motor is driven from sig-
nals derived from the aircraft attitude
reference (vertical gyro) to stabilize
the antenna against pitch — and — roll
maneuvers and permit manual control
of the antenna elevation angle for
ground mapping.

The transmitter has a variable pulse-
width.

A 10 kW coaxial magnetron has
been selected for reliability and fre-
quency-stability characteristics. This
magnetron has been used in the top-
of-the-line RCA general aviation weath-
er radars since the introduction of the
AVQ-21 in 1970. It maintains nearly
fult power output until end-of-life be-
cause of its conservative cathode load
ing. The large coaxial cavity is much

MICROWAVE JOURNAL
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less subject to particle build-up than
the older strap-vane design and there-
fore has less tendency to change fre-
quency with age. A solid-state line-
type modulator with an SCR switch
provides the required 4.7 kV pulse for
the magnetron.

In the weather mode, the transmit-
ter pulsewidth is 3.5 us. For optimum
performance this pulsewidth requires
an |F bandwidth of approximately
350 kHz. From Equations 3 and 4 it
can be seen that the received power
(P,) is greater with a wider pulsewidth.
A pulsewidth of 3.5 us sacrifices little
weather resolution, since the estab-
lished model storm cell is 3 miles or 37
us in diameter. The 3.5-us pulsewidth
is therefore a reasonable compromise
between sensitivity and resolution.

In the ground-mapping mode, the
resolution of small targets is limited
by the pulsewidth and receiver band-
width. The selection criteria here was a
trade-off with the display resolution,
which is determined by the size of the
digital memory. In the PriMUS-400
ColoRadar the digital memory con-
sists of two planes of 64k bits each.

Nivrvesot 100N

The screen therefore can be divided
into 256 x 256 cell locations, with the
range resolution determined by divid-
ing the selected range scale into 256
cells. On the 25-mile-range scale the
smallest increment stored is 25/256
miles or approximately 0.1 mile, which
is equivalent to 1.2 us. A 1-us pulse-
width is used in the ground-mapping
mode for selected range scales of 50
miles or less. On the 100-, 200-, and
300-mile ranges the pulsewidth is in-
creased to 3.5 us for increased range
performance and because the display
is the limiting factor on resolution.

The pulse-repetition frequency
(PRF) is determined by the desired
display resolution and the antenna scan
rate. The PRIMUS-400 antenna scans
120 degrees in 4.3 seconds. For an azi-
muth resolution of one quarter of a
degree, a PRF of 120 Hz is required.

The receiver has a very good noise
figure.

The PriMUS-400 achieves a 7 dB
noise figure by using a bandpass filter
to reduce the noise at the image fre-
quency along with low-noise hot car-
rier diodes, a balanced mixer to reduce

-

feedthrough of local oscillator noise,
and a low-loss circulator and TR de-
vice. An isolator between the Gunn
diode local oscillator and the mixer
reduces frequency pulling. A separate
AFC mixer permits accurate adjust-
ment of the sampled magnetron fre-
quency amplitude. This configuration
provides a system noise figure at least
1 dB lower than competitive systems
and provides 40 dB rejection of signals
at the image frequency.

A 60 MHz first |F amplifier center
frequency permits the practical design
of the X-band bandpass filters usea to
reduce image-freguency noise men-
tioned in the previous section. In order
to achieve the 350 kHz predetection
receiver bandwidth, a second local os-
cillator and mixer generate a second
IF center frequency of 10.7 MHz to
optimize the system sensitivity when
in the 3.5 us pulsewidth weather mode
Sensitivity time control (STC) is gen-
erated in the STC generator (Figure 3)
and injected into the second stage of
the 60 MHz amplifier. The STC is ad-
justed for approximately 35 dB re-
ceiver gain attenuation at 3 nautical



miles and has the gain increase at a rate
of 7 dB per octave of range, reaching
maximum gain at approximately 90
nautical miles. The adjustment allows
for 3 dB of internal system degrada-
tion and 1 dB per octave of range to
account for atmospheric attenuation
from intervening rain up to 35 nautical
miles, as shown in Figure 1.

AGC, applied to the first 10.7 MHz
amplifier, is established by sampling
the video output signal at a range be-
yond the maximum range of expected
radar signal returns. A pilot-operated
manual gain-control voltage is applied
in lieu of AGC when the gain is turned
out of the calibrated preset position.
The manual gain control can determine
which of the 3-level (red) areas contain
the most intense rain. While in this
variable-gain position, an alphanumeric
warning on the indicator reminds the
pilot that the system is not calibrated
for the standard rainfall rates. The gain
control is also very useful for optimiz-
ing target recognition when in the
ground-mapping mode.

A separate X-band mixer diode pro-
vides a sample from every magnetron
pulse at 60 MHz, which is then down-
converted to a 10.7 MHz amplifier and
discriminator. When not “‘locked-on,”’
the control voltage automatically
sweeps the X-band local oscillator +30
MHz until “lock-on’’ is established.
The AFC servo loop is designed to
achieve the highest stable gain possible
with a 120 Hz sampling frequency.
More than a 10’1 range of a - 2" gain
vs. frequency slope is used in the AFC
servo loop is achieve a high effective
Ky. The average search sweep rate of
10 MHz/second is slow enough to es-
sentially guarantee “lock-on’’ with this
loop characteristic and a discriminator
bandpass of 1.5 MHz. Figure 4 is a
block diagram of the AFC.

Three comparators determine the 0,
1, 2, and 3 l.:vels corresponding to rain-
fall less than 1 mm/hr, 1 mm/hr, 4 mm/
hr, and 11.5 mm/hr, respectively.

Figure 1 shows that the power-re-
ceived/range slope is 7 dB/octave at
less than 50 nautical miles range and
12 dB/octave beyond 50 nautical miles
range. Within the range of STC, 7dB/
octave is achieved by varying the |F
gain, as shown in Figure 5. Beyond 50
nautical miles range, additional sensi-
tivity is provided by varying the ref-
erence voltages, and thus the sensitivity,
of the 2- and 3-level comparators to
achieve a total of 12 dB/octave of
range up to 150 nautical miles. Since
the PriMUS-400 displays red for a 3-
level signal strength, the pilot is accu-
rately warned of 3-level storms up to a
range of approximately 150 miles (18
minutes away at a jet speed of 500
knots).
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Beyond 50 nautical miles range, additional sensitivity comes from varying the refer-
ence voltages of the comparators.

{continued on page 48)
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Introducing

our single most important

product line.

We're about to tell you something that
a select number of system designers
already know — that the most impres-
sive products coming out of the Sources
Division cannot be ordered from a cat-
alog. Because what we do best — in fact,
what we do the most — is create ideas.
Fresh, imaginative, incisive ideas to
solve very specific technical problems.

These are ideas that result in sophis-
ticated microwave signal source prod-
ucts, control devices and advanced mi-
crowave product integrations uniquely
suited to each system concept. That
means single and multi-function subsys-
tems capable of meeting or exceeding
the most demanding EW system re-
quirements for performance, size,
weight. reliability, serviceability and
cost — all at the same time, all in the
same package, all in production
quantity.

Our record includes the develop-
ment and production of multiplier
subsystems, sophisticated VCO's,
advanced-design control devices and
state-of-the-art synthesizers for some
of the most demanding EW programs.
These include the F-16, F111/EF-111,
EA6-B, F-18, SLQ-32, Patriot, Sparrow,
Harm, AMRAAM, Hawk, Pride, AJAX,
Tartar, Terrier, Aegis and Phalanx as
well as a number of EW simulators.

All this from the same company that
pioneered the fast-hopping hybrid Gunn
oscillator; that made microstrip con-
struction workable in high volume
switch manufacturing; and the same
company that established state-of-the-
art computer analysis as an accepted
norm for in-process testing.

You may be used to ordering other
products from the Sources Division. But
if you're sitting on a system problem that

(617) 256-4113

Circle 27 |G Re2d&viSEivice Card

involves signal generation or condition-
ing anywhere in the microwave bands,
or if you think you're close to a really
great idea, just pick up the phone, dial
(617) 256-4113 and ask for Gary Tamas.
Or write to him at the address below.
Our most important product line could
turn out to be yours as well.

FREQUENCY

@ SOURCES, INC.

Sources Division

16 Maple Road, Chelmsford, MA 01824
(617) 2564113
TWX (710) 343-6506 Telex 94-7146

For innovanion and reliability
in microwave technology,
constder the Source.
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Fig. 6 Range and azimuth data is collectea
in polar coordinates (a), but dis-
played in TV-scan coordinates (b).
Digital storage makes this display
method practical and produces uni-
form brightness and resolution over
the entire displayed area, something
not possible with the polar-coordi-
nate display.

A 4-pulse digital integrator with
a 3-out-of-4 algorithm reduces the
false-alarm rate, thus permitting the
gain to be increased by 3.8 dB before
the false-alarm rate is objectionable.
A minimum discernible signal (MDS)
of - 115 dBm can be achieved with the
PriMUS-400 when receiving a pulse-
width equal to a standard (37 us)
storm cell.

Range and azimuth data are col-
lected in polar {rho-theta) coordinate
format, but displayed in x-y format.

Until recently, most airborne radar
displays were scanned in the rho-theta
format (Figure 6a), which has the dis-
advantage of non-uniform resolution
over the area of display. Near the ori-
gin of the display, the data is crowded,
and at the edge of the display, it is
spread out much as the spokes of a
wheel. With the advent of digital data
storage in solid-state random-access
memories, many advantages of x-y scan
became practical. Some of these ad-
vantages are:

® uniform brightness and resolution
over the displayed area;

e efficient deflection and high-voltage
system;

® compatibility with a TV raster to
combine data from other sensors
and systems; and
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® compatibility with the requirements
of a line-screen color CRT.

A preprogrammed read-only me-
mory steers the received signals from
each transmitted pulse to the appro-
priate location in a random-access me-
mory corresponding to the antenna
angle and target range. Scan conver-
sion is achieved by reading the ran-
dom-access memory in x-y format, as
shown in Figure 6b. The readout is
performed at standard TV rates, thus
providing a flicker-free display using a
conventional TV CRT.

The video display has high-resolu-
tion azimuth marks; it also accepts ex-
ternal inputs for pilot checklists and
other data.

POV AL
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Fig. 7 High-resolution dot pattern.

Very high video bandwidth is re-
quired to draw smooth arcs represent-
ing range marks and straight lines for
azimuth marks on a 525-line TV raster.
A custom large-scale-integrated circuit
was developed with RCA’s Solid State
Technology Center. This IC provides
50 ns video pulses to generate a high-
resolution dot pattern that appears as
smooth lines on the display (Figure 7).
The color of these lines and marks is
cyan in the weather mode and green in
the map mode for good color contrast.
Alphanumerics generated by a charac-
ter generator identify the range marks,
selected mode, and special alerts. An
external video input connector allows
the indicator to be time shared for
other functions such as checklist, navi-
gation information, optimum flight
profiles, and other TV-formatted data.

The antenna must have good stabili-
zation with the high-resolution color
display.

This antenna can be scanned through
120 degrees in azzmuth and 60 degrees
in elevation. The normal pattern is a
horizontal line scan. A two-phase step-
per motor drives the azimuth axis,
based on command pulses from the in-
dicator. The direction of scan is con-
trolled by the phase relationship. A
feedback signal determines when the

antenna is passing the dead-ahead posi-
tion and this signal is compared with
the indicator command to verify synch-
ronization. If an error exists, the radar
data is blanked and the letters ANT
are flashed on the screen.

To maintain a scan pattern that is
fixed in space relative to the earth’s
surface, pitch and roll signals received
from the aircraft attitude-reference
system are applied to an elevation
servo system. The use of two axes of
freedom (typical in most general-avia-
tion aircraft) means that the antenna
elevation servo must continuously cor-
rect for the aircraft’s roll and pitch.
Brushless resolvers and a two-phase ac
motor are used in the elevation axis
servo for long life. A major improve-
ment over previous stabilization de-
signs has been achieved through the
use of good servo design practices to
achieve a high effective loop gain (K},
which became more important when
the high-resolution color display was
introduced.

The waveguide slotted-array antenna
used obtains 70% aperture efficiency
with sidelobe levels 25 dB or more be-
low the mainlobe. These two charac-
teristics are extremely important to
maximize the range performance of the
radar and to minimize ground clutter
when looking for weather.

SUMMARY

The PriMUS-400 ColoRadar system
described in this paper has introduced
many new features that have led to its
immediate popularity in the general-
aviation marketplace. The most impor-
tant feature was the introduction of a
color indicator with four times the dis-
play resolution of previous digital stor-
age systems. For a lightweight radar
system, the 150 nautical miles of
storm intensity calibration provides a
capability not previously found in the
most sophisticated large and expensive
airline-type weather radars.

George Lucchi has over 20 years of radar
experience with RCA. His recent projects
include a number of distance-measuring
equipments and transponders, plus contri-
butions to a number of weather radar sys-
tems—the AVQ-47, -21, and -30 systems
plus the PriMUS series.

Ray Aires is Chief Engineer of Avionics
Systems. Under his guidance, RCA has in-
troduced the PriMUS-20 and -30 weather
radars, which were the first to employ x-y
scanned indicators providing alphanumeric
information outside the radar presentation.
Avionics Systems’ PriMUS-21, -31, and -50
were developed specifically for helicopter
applications. Most recently, he was respon-
sible for RCA's introduction of the first
weather radars with color indicators, includ-
ing the PriMUS-90 for commercial air car-
riers and the PriMUS-300 and -400 for gen-
eral aviation. %
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Finally a way to make
noise figure measurements—

10 MHz to18 GHz—that are accurate

and repeatable.

HP’s new 346B
Noise Source can cut your
uncertainty in half.

In conventional noise figure measurements,
you now get better accuracy because ENR
(excess noise ratio) has an RSS uncertainty of
+(.1 dB from 10 MHz to 8 GHz, +0.19 dB at 18
GHz. and is plotted on the nameplate at 20
frequencies. Low SWR of <1.15 from 30 MHz
to 5 GHz and < 1.25 to 18 GHz further reduces
uncertainty.

When used with conventional meters, the
346's built-in current regulator makes the noise
output insensitive to 28 + 1V drive variations.
HP 340B/342A meters use the 11711A adapter.
Prices: 346B. $1200%; 11711A, $125*

For more information call your nearby
HP sales office or write Hewlett-Packard Co.,
1507 Page Mill Road, Palo Alio, CA 94304.

Or configure a repeatable,
error-correcting
automatic system.

Using an off-the-shelf power meter, local
oscillator, and a few instruments and accessories,
you can automatically measure both gain and
noise figure, while correcting for second stage
noise, ENR vanations, and ambient temperature
effects; as fast as 100 frequencies per minute.

3 ' \
E Theee messurements of @ recower § Nouse Hgure \ \l\
: | / W/

with three ditterent aets of measurement \ ,\/

oquipment

Mo~

L T i e e e o
-~ - - - - - - - - = e

The X-Y chart shows excellent repeatability with 3 separate
plots of receiver noise figure using 3 di‘ferent power meters,
sensors, and noise sources. Peak excursions are <=+ 0.1dB
from 2to 12 GHz

|0€SDGNED FOR|
*Domestic U.S. prices only.
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AERTECH Systems Designer Notebook

Low Cost %
Mixer-Preamps
317 to 4.2 GHz,

ol A -
e
A e L
1
™ ( e
)
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:
-

Application: Communication Receivers i
Features: e Low Cost i e
e High Isolation ‘ T

=
e Excellent Spurious Suppression W

® Double-Balanced Mixer Design

Description: These new low cost mixer-preamps are optimized for
operation in the 3.7 to 4.2 GHz communications band. They
provide isolation greater than 20 dB and excellent spurious
suppression. Also available from Aertech —mixers and
mixer-preamps for applications up to 18 GHz with
IF preamps up to 2 GHz. Send for details.

Specifications:
MPA4200A MPA4201A
Frequency 37-4.2 GHz 37-4.2 GHz
L.O. Frequency 2.82-3.32 GHz 481-5.31 GHz
L.O. Power +10to +13 dBm +10to +13 dBm
IF Frequency 880 MHz 1112.5 MHz
RF-IF Gain 18 dB 18 @B
Flatness (40 MHz) +0.2 dB +0.1 dB
N.F. (8.8.B.) 12 dB 12.dB
Input 3rd order
intercept point —10 dBm —10dBm
Isolation (L-R) 23 dB 40 dB
VSWR 1.5:1 1.25:1(R)
1.5:1 (L,I)
PRICE 1-4: $400ea 1-4: $550ea

4

: f - 825 Stewart Dr., Sunnyvale, CA 94086 (408) 732-0880 TWX: 910-339-9207
a subsidiary of TRW
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SOLID STATE
POWER

FOR 1-BAND
RADAR

JOSEPH J. JOHNSON and

DAVID S. WISHERD

Communications Transistor Corporation
San Carlos, CA

It 1s now economically possi
ble to use a solid-state power
source for short pulse L-band ra
dar. 400 W of short pulse power

is easilv achieved from a single
balanced transistor, such as the

CTC 1214P400. The use of push
pull circuit techniques permits
full advantage to be taken of the
high power levels available from
L-band balanced transistors.

A balanced transistor consists
of two transistor chips mounted
in one package. Each of the chips
operates 180° out of phase with
the other, with the midpoint be
ing at RF ground. If good bal-
ance is maintained there will al
ways be a zero RF potential mid
point, a virtual ground. Since
each side of the balanced transis-
tor is operating 180° out of phase
with the other, the input and out-
put load impedances are com-
yined in series. Figure 1 shows
that the “input to input’” and
"load to load’ impedances of the

balanced transistors are four
times higher than those of an

equivalent single ended transistor.

When a larger single ended tran-
sistor is made, additional chips
are combined in parallel, creating
the much lower impedance for
matching.

The higher impedances of a
balanced transistor offer signifi
cant advantages:

e Lower loss in the impedance

matching networks means bet
ter gain and higher efficiency.

e Less critical circuit means few
er problems in manufacturing.

e Wider bandwidths.

e Power output is 6 dB more
than for a single ended transis
tor with similar impedances.

There are two other good rea-
sons for operating push-pull:

e A virtual ground exists inside
the transistor package decreas
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Fig. © Parallel and series impedance combination.

ing effective common lead in-
ductance and improving stabil-
ity and efficiency.

e Push-pull operation suppresses
even order harmonics making
the output filtering problem
easier. Efficiency is also im-
proved since power is not
wasted in even harmonics.

T

\:\ HEAT SINK TEMP CONSTANT

\T

TIME AFTER POWER 1S APPLIED

1 Lo 1
1Y pases 100 psee 1 msec 10 mse

Fig. 2 Thermal response of a transistor
when a CW signal is applied at
time = 0.

Since pulse modes of L-band
radars generally involve low duty
cycles, the thermal problems as-
sociated with achieving very high
power outputs are greatly allevi-
ated and the extremely low im-
pedance level becomes the limit-
ing factor. The push-pull mode at
higher impedance levels makes
significantly higher power levels
possible.

PULSE OPERATION

In a radar application, one of
the most important parameters 1s
the average power delivered to
the target. Some systems require
long pulses {1-2 msec) with high
duty cycles (10-20%) and others
require short pulses (5-50 usec)
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Fig. 3 Saturation characteristics for the
CTC 1213P400 at 1.3 GHz.

80 100

and low duty cycles (5-10%). The
system that requires a short pulse
has a real advantage when an all
solid-state power source is re-
quired. Today’s best short pulse
transistors can deliver 40 watts
of average power (400 W peak)
while the long pulse transistor
can deliver 20 watts at best
(100 W peak). The long pulse part
could provide more average pow-
er but more than 20% duty cycle
is not useful in the radar system.
The short pulse transistor is
designed specifically for that ap-
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Fig. 4(a) CTC 1214 power output with
various pulse widths at 1300 MHz.
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Fig. 4(b) Junction temperature.
52

plication while long pulse transis-
tors are designed for CW opera-
tion. In the special design, high
peak power can be achieved be-
cause of the reasonably long chip
thermal time constant. Figure 2
shows that the junction tempera-
ture rises to only 7% of the CW
value during a 10 usec pulse while
junction temperature reaches
80% of the CW value for a 2 msec
pulse. Does this mean that it is
possible to obtain more than 10x
as much power for the short
pulse device without exceeding
rated junction temperature?

600
BALANCED TRANSISTOR

500 P~ 100W

12 13
FREQUENCY (GHz)

Fig. 5 Comparison of balanced and single
ended transistor performance.
The maximum power output
capability of a pulse transistor is
controlled by several parameters:

The saturation characteristics
of the transistor chip.

The thermal response time of
the transistor chip.

The power distribution or the
development of hot spots over
the transistor chip.

The pulse duty cycle.
Transistor efficiency.

Average power dissipation of
the transistor and its heat sink.

It is easy to determine the
saturation characteristics of the
transistor chip by using a low
duty cycle and short pulse. These
characteristics for the 1214P400
are shown in Figure 3 for 50, 40
and 30 volts. The absolute maxi-
mum power output is limited by
the device’s maximum voltage
rating and junction temperature
limitations. The temperature
reached by the junction is related
to pulse width and the thermal
response time of the transistor.
An additional limitation is the
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Fig. 6 Typical single ended device internal
model.

power distribution over the chip
surface or the development of
hot spots. The closer a transistor
is operated to its voltage break-
down limit the sooner hot spots
will develop.

A good indication of the pres-
ence of hot spots is the amount
of pulse droop. A junction rea-
sonably free of hot spots will
have a pulse droop of less than
.2 dB with a 30°C flange. In gen-
eral, this will provide a pulse
droop of better than .5 dB over
the entire temperature range. A
pulse droop of more than .5 dB
usually indicates hot spots, power
imbalance between the two chips
or excessive power dissipation.
See Figure 4(a).

Pulse duty cycle, transistor ef-
ficiency, thermal resistance, and
power output determine average
junction power dissipation. This
average power dissipation may be
used to calculate the average
junction temperature. The instan-
taneous temperature rises during
the pulse as shown in Figure 4(b).

BALANCED TRANSISTOR
PERFORMANCE

The 1214P400 is a new short
pulse balanced transistor that is
capable of providing more than
400 watts of output power across
the L-band radar band. Figure 5

Ly L, Ly

W

Fig. 7 Balanced device internal model.

compares the performance of the
balanced design to that available
from single ended devices.

MICROWAVE JOURNAL



Fig. 8 Interior view of balanced transistor.

TRANSISTOR CONSTRUCTION
COMPARISON

Photographic and schematic
comparisons of balanced and sin-
jle ended L-band devices are
shown in Figures 6-9. Each in-
Juctor in the schematics of Fig-
ures 6 and 7 is a group of wire
sonds in the devices. The capaci
tors shown are MOS types. The
difference in complexity between
the devices is striking. This dittet
ance translates into lower cost
for balanced devices and, due to
fewer internal sections, to im-
oroved reliability as well. The dc
alocking capacitors in the single
anded device (C;) are particularly
troublesome due to potential
failure from dc voltage and high
RF currents. In addition, the se-
-ies resonance of Ly and C; in a
single ended device, typically just
selow the low end of the band
{about 1.1 GHz), causes serious
Jscillation problems when fast
‘ise/fall times are employed. This
Isually shows up as a "‘noisy”’
spurious signal at 1.1 GHz only
20-30 dB down or as a distortion
‘glitch’” or the detected pulse
turn-off side.

3ALANCED TRANSISTOR CIRCUIT
JDESIGN

The microstrip circuit design
ised for the balanced device is a
simple low pass ladder-type net-
~ork which is straightforward to
Jesign and construct {Figure 10).
since the input and output (load
zonjugate) impedances of the de
sice are quite similar (and both
are ‘nductive), the matching cir-
suit 1s basically the same for both
nput and output.

First, a simple ladder network
s designed to match the imped-
ince of one side of the device

referenced to ground (which
equals half of the side to side im-
pedance) to a 25 §2 generator
(load). Figure 11 illustrates a sim
ple “pi” type malch from the de-
vice impedance to 25 §2. Next,
the single ended match is trans
formed to a balanced configura-
tion as shown in Figure 12. Note
that C1 has been split for each
side of the device into two sepa-
rate components. Half of C1
(C1/2) for each side is connected
to ground. The other half of C1is
connected to the opposite (180°
phase) side and becomes C1/4
since the voltage potential be-
tween the two sides is twice that
for one side referenced to ground.
As shown in Figure 10, the two
C1/2 components are actually
physically realized by plated area
capacitors. C1 must be split for a
symmetrical matching current re-
turn to both sides of each port to
optimize power transfer and min-
imize the inductance of the exter-
nal matching circuit ground re-
turn to the device. C2 (and any
other shunt capacitors from the
single ended design model) be-
comes C2/2, again because of the
double voltage potential between
the two sides.

The 180° phase shift required
between points A and B in Figure
12 is provided by €, which is a
N2, 25 8 line. The 25 Q imped-
ance from A (via £,) is combined

Fig. 9 Interior view of a single ended transistor.

with the 25 Q from B’ to provide
a net impedance at B’ of 25/2 =
125 Q. The 12,56 ©2 at B' is trans-
formed to 50 © by £; which isa
N4, 25 82 line

Fig. 10 400 W L-band radar microstrip

circutt.

As shown in Figure 10, care
must be taken with the dc feed
design for best rise time perform-
ance, particularly on the input
{emitter) side. The feeds should
be connected to the lowest possi-
ble RF impedance point (at the
device leads) and have only
enough inductance to avoid
matching circuit detuning. Note
that the emitter dc return chokes,
are connected directly to the de-
vice mounting screws for ciosest
possible dc return and thereiore
fastest rise time. The rise :ime at
the intrinsic transistor is very fast
(less than 10 nsec).

The transient dc energy avail-
able during the pulse “'on time"’
has a significant effect upon both

Rg + 11X

IMPEDANCE ()7

ONE SIDE OF

DEVICE REFERENCED
TO GROUND

~ e

_—

DEVICE

Fig. 11 Single ended design model.




energy required for the pulse impedances and lower matching

must come from the capacitor. circuil losses, balanced devices
have been able to deliver at least
€, =7 lp D twice the power of single ended
502 0 AV devices at the same gain and col
: ] > ’ ' lector efficiency levels. The net
e 1 DEV"CE lp = Total peak current during result is balancgd device power
et B » pulse output capability about four
Fig. 12 Balanced circuit configuration. At = Pulse width ) times that of single ended Iong
the pulse diroop and the pulse rise AV Allowable drop in collec- pulse devices and the potential
time. The dc feed design i1s shown tor vollage for even greater power levels.

in Figure 13. In order to main-

tain a constant supply voltage at For the 1214P400 1, will be ap
the transistor during the entire g

It has been shown that through
the use of chip level push-pull

pulse, the majority of the collec- proximately 25 amps. If Atis circuitry, a very favorable dollar
tor current must come from C. 10 psec and AV = 1 volt: per watt L-band figure of merit
For a balanced circuit design, the TR S, may be obtained for short pulse
capacitor is usually divided into # o v X ohe radar systems as compared to
two halves (C/2). The R and L T volt tube transmitters.
associated with the lines going 250 uf
to the power supply will cause 5 REFERENCES
'Caornzlcejigi?lﬁ dfg(())?g ;fh(érlts nL(l)|1se it H On.ly 0.1 volt drop in VCC is 1. Johnson, J., ‘‘Balanced Transistors: A
o c il P required: Look inside Those Integrated Two-Chip
Is possible to calculate the value 3 Amplifiers,” MicroWaves, Vol. 19, No. 2,
of C required by assuming all the C 25 amps 10 x 107° sec { FMztiruErvé 1%%%3::\;:&34%??65“@5. S
0.1 volt Widéband Techniques to Balanced Am-
Vee L Ry plifiers,’” MicroWaves, Vol. 19, No. 4,
= C - April, 1980, pp. 83-88.
;T?' 2500 lJf 3. Bailey, R. L., "‘Large-Signal Nonlinear
™ Analysis of a High-Power High-Frequency
CONCLUSION Junction Transistor,” /EEE Trans. on
MATCH =~ MATCH — Electron Devices, Vol. ED-17, No. 2,
o) !NG ING Bl Short {tess than 50 usec) pulse February, 1970, pp. 108-119.
sy ) CIRCUIT operation tends to heat only the 4. r"\l/'a’(-g B. "?a“;",feg Transistfgfsw;_ A
surface of the device die while i B R gl e Y
= longer ptilses heat the entire die. pp. 4246.
! Therefore' much greater power 5. thngon, J. H:, (Editor}, Soluq Circuits:
- , ; Bkt Circuit Techniques, Applications Book
Vo YW ¢ levels can be.dChleved ror short 2.2.8.0A, Communications Transistor
L R 55 pulse operation for a given maxi Corporation, March, 1973.
j ; : . Wish ., 900 MHz 12 Volt Applica-
Fig. 13 Balanced circuit dc feed network mur_n.Juncllon Iemperam re. In - \t/:l(;snse.r.d;\gp'“cgggns Ni)te22.1?8t BA?D 1=
design. addition, because of their higher CTC, October, 1974.28

Solitron/Microwave’s “CP’ Series of fixed precision
miniature attenuators provide power ratings at 0.5
Watts with a peak of 200 Watts. The SMA Mating
Characteristics meet or exceed MIL-C-39012. Operating
temperature range is -55°C to + 125°C. Specifications
for each “CP” model are:

Model: CP 155 CP 165 CP 185
Frequency: dc-12.4 GHz dc-18 GHyz dc-8.0 GHz
Attenuation (+)* | Accuracy (+) |Accuracy(+) | Accuracy(+)

3db 0.3 db 0.3db 0.3 db
6db 0.3 db 0.3db 0.3 db
10db 05 db 0.5db 05 db
20 db 0.75 db 1.0db 0.75db

VSWR: dc-4GHz:1.20 | dc-4 GHz:1.20 | dc-4 GHz:1.20
410GHZz:1.30 |4-12GHZ:1.30 | 48 GHZ:1.30
10-12.4 GHZz:1.35| 12.4-18 GH2:1.45

*Other attenuation values upon request
S/M fixed SMA attentuators feature a stainless steel
gold-plated body, beryllium copper contacts and teflon
insulator. Write today for complete information and prices.

SMA "
Attenuators =

P SOries e

T, i‘—-‘ . .
o1 5 T ( Solitron/Microwave )
Weight: 1/4 0z.

A Division of Solitron Devices, Inc.
Cove Road, Port Salerno, Florida
Telephone (305) 287-5000 TWX: (510) 953-7500
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High performance

for the high performers:
Litton Pulsed Coupled Cavity
Traveling Wave Tubes.

Litton pulsed coupled cavity traveling
wave tubes are delivering high per-
formance service in the F16 program
and other major military projects
currently under way.

We are in quantity production of
these high performance tubes, and
can offer you a choice of TWT designs
for similar applications.

We offer pulsed CC TWT’s with multi-
kilowatt power outputs, at frequencies
from 2 to 20 GHz. Whatever your
application, sky-high
or more down-

to-earth, look to

Litton to supply
your needs in
quantity and on time.
Electron Tube Division, 960 Industrial
Road, San Carlos, California 94070.
(415) 591-8411.

[B ELECTRON TUBE DIVISION
Litton

Auaust — 1980

Circle 32 on Reader Service Card [ 3



RF COAXIAL SWITCHES
DC TO 18 GHz

v
- SPDT - - MULTI THROW -
L CS-33SERIES CS-38 SERIES
Type = Model No. Type ) Model No.
Failsafe _ CS-33810 SP3T Basic Unit CS-38S13
Failsafe w/indicators CS-33S1C SP3T w/indicators CS-38513C
Latching CS-33586D SP4T Basic Unit CS-38514
Latching w/indicators CS-3386C SP4T w/indicators CS-38514C
= = SP5T Basic Unit CS-38S15
TRANSFER SP5T w/indicators CS-38S15C
. CS-37 SERIES B SP6T Basic Unit CS-38S16
Type Model No. SP6T w/indicators CS-38S16C
: 2T N e ~G.R7G10 SP7T Basic Unit CS-18517"
Failsafe CS-37S10 o i
Failsafe wsindicators CS-3781C TS o Ll
Latching CS-3785D P - :
Latching w/indicators CS-3756C e SLINNSHORD | __CS-18518C
Tt A . *Operating frequency limited to 12 GHz
Larger size units with N or TNC Connectors, operating DC-12 GHz, are available.
TTL SWITCH DRIVERS VWL NF et = = e e e ~
As a special option, on both failsafe and latching type
switches, drivers can be provided which are compatible :
with industry standard low power Schottky TTL circuits. Vee &2 5 r
2 § R,
Two options are provided as follows: R S
1. All units are provided with a 5 volt (Vcc) connection Logic Input O———— =S ——
and an internal pull-up resistor (R1). When the 5volt
connection is made, the Logic Input current drain S
closely resembles two low power Schottky TTL ComiC=amy L= T "
loads (40 uA). 3
2. If a high level Logic Input current drive (450 uA @ _ — J
2.4 Vcc) is availaple, the 5 volt (Vcc) connection R, * 62K ohms
need not be made. R, =27 - 63K ohms
SPECIAL FEATURES AVAILABLE Switch requires one of the above drivers per position
e Special Actuator Voltages, i.e,, 12 VDC, 15 VDC (except Failsafe). VSW, Vcc, and Com terminals are
e MS Connectors Can Be Installed On Most Models common to all positions.
e Arc Suppression Diodes
RF PERFORMANCE ¢ ) ) Al s
CS-33, 38 SERIES CS-37 SERIES
Frequency 0-6 GHz L S:EGHZ 12-18 GHz ~ 0-4 GHz 4-12 GHz  12-18 GHz
VSWR (max.) 1.25:1 1.40:1 1.50:1 1.25:1 1.40:1 1.50:1
Insertion Loss (max.) 0.2 dB 0.4 dB 0.5 dB 0.2 dB 0.4dB 0.5 dB
Isolation (min.) Rt 70dB 60dB  60dB 70dB 60dB  60dB
4> TELEDYNE MICROWAVE 0"t s Vpicers ang
. and lsolators e Multiplexers and
1290 Terra Bella Ave Mt View, CA 94043 (415) 968-2211 TWX {910) 379-6939 integrated Components e VCOs

56 Circle/3x onrRasnet Service Card MICROWAVE JOURNAL



High

WAV o

*

Power

.S
69w

o
»,

'
,,ﬂ %,
Osals®

The selection of a radar trans-
mitter for a millimeter-wave radar
system (35 GHz and above) is
governed by many of the same
factors which influence the selec-
tion of any other radar transmit-
ter. Such factors may include
peak and average power, pulse-
width, PRF, stability, band-
width, and tunability, to name
only a few. The small physical
size of the RF structure, trans:
mission line losses and break-
down, and the limited variety of
devices available at millimeter
wavelengths, however, makes im-
plementation of a millimeter-
wave radar transmitter a some-:
what specialized effort.

This article discusses the selec-
tion and implementation of a
millimeter-wave radar transmitter
with emphasis on available de-

vices, modulator techniques, and
interaction of the modutator with
the RF generation device.

RF SOURCES

RF sources'-? for mill meter-
wave radar transmitters may be
either solid-state or thermionic
devices. The solid-state devices
are primarily the IMPATT and
the Gunn devices. Thermionic
sources include magnetrons,
TWT's, klystrons, extended in-
teraction oscillators (EIO’s),
BWOQO's, and gyrotrons. Figure 1
shows several moderate to high-
power sources, including EI1O's,
magnetrons, and an IMPATT di-
ode oscillator.

Most of the high-power, pulsed
solid-state sources at mil imeter
wavelengths are IMPATT diodes
and they may be used as ampli-

Fig. 1 Photograph of several commonly used high power millimeter-wave transmitter
sources. In the middie is a 5 watt Gunn oscillator, surrounded by {from left to right)
an E10 with a samarium-cobalt magnet, and EIO with an Alnico magnet, a 500 watt
70 GHz magnetron, a 8 kW 95 GHz magnetron, and a 1 kW 96 GHz magnetron.
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Fig. 2 Cross section view of a millimeter-
wave IMPATT diode package.®
fiers or oscillators. A cross sec-
tiona' view of a millimeter-wave
IMPATT diode package is shown
in Figure 2. This package may be
mounted in the waveguide in two
different manners as shown in
Figure 3, providing tuning of the
mount in both the waveguide and
the coaxial sections so that the
device may be well matched. Fig-
ure 4 shows output power, fre-
quency, and efficiency for a 94
GHz IMPATT oscillator as a
function of diode or bias current.
Because both current changes
and thermal heating during the
pulse may affect the frequency
of oscillation of the pulse, the
pulse shape is sometimes con-
trolled as shown in Figure 5 to
provide a degree of control of
the transmitted pulse spectrum.
Even with such compensation,
the output of IMPATT devices
sometimes tends to be broadband
with considerable phase noise;
these tendencies can be reduced
by injection locking the diode.
Typically injection locking with
about 13 dB gain considerably
improves the output spectral
shape.? Figure 6 gives power out
put versus frequency for both CW
and pulsed IMPATT oscillators,
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Fig. 3 Two methods of mounting an IM-
PATT diode in a waveguide structure,
with provision for matching included.’

and the outputs of several ampli-
fiers may be combined to in
crease the total output power.®
It may not be unreasonable to

expect 1o see hundreds of watts
produced by pulsed, combined
IMPATT diodes in the next few
years.

Al the present time, 5 to 10
watts are available from pulsed
IMPATT's at 95 GHz,* labora
tory development models have
demonstrated 3 watts at 140
GHz,” and devices at 225 GHz
are under development.? Both
IMPATT and Gunn oscillators are
suitable as CW sources and may
be quite useful where a few milli
watts of output power are desir
able for use as an FM-CW or a bi
phase coded transmitter.

Magnetrons may be used as
sources for higher power, pulsed
transmitters. At millimeter-wave
frequencies, most magnetrons are
the “'rising sun’’ type, although
experimental inverted coaxial de
vices have been fabricated. Sim-
plified cross sectional views of
such configurations are given as
Figure 7. In a magnetron, elec
trons are emitted from the cath
ode and under influence of
crossed electric and magnetic
fields pass to the anode. During

this period, energy is coupled to
the RF field, which is subse-
quently transferred to the out
put. One of the major problems
with the operation of magne-
trons, particularly when operated
at short pulse lengths, is that
more than one mode of RF oscil
lation is possible and obtaining
correct oscillation in the desired
mode may be difficult. One of
the major factors influencing this
mode selection is the rate of rise
of voltage (rrv) applied to the
tube. This, coupled with specifi
cations on pulse shape and ripple,
are often the dominant factors in
the tube/modulator interface.’
Typical peak powers available are
125 kW at 35 GHz, 10 kW at 70
GHz, 1 to 6 kW at 95 GHz, to 1
kW at 140 GHz. Typical duty cy
cles are 0.0002 to 0.0005, and
efficiencies are on the order of
ten percent.

One of the problems with mil
limeter-wave magnetrons is the
small cathode sizes which must
be used; this results in high cath
ode current densities which may
result in short tube life. The ex
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(E10) was developed to circum
vent this problem. Figure 8
shows a cross sectional view of
an E10; the cathode is separated
from the RF interaction region,
to permit a substantial increase
in cathode area. Table | summa
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Fig. 4 Output power, frequency, and effi-
ciency for a 94 GHz IMPATT oscil-
lator as a function of current.*

pulsed millimeter-wave EI1O’s.
Connections to an E1O are typi
cally as shown in Figure 9. There
are anode, cathode, and filament
voltages which must be provided
for proper operation of the tube.
The anode may be operated with
either a negative dc or pulsed
voltage, the cathode voltage is
pulsed negative with respect to
the anode and ground, and the
filament is operated at cathode
potential. Variation in anode or
beam voltage can provide a de
gree of electronic tuning, but
larger amounts or tuning require
mechanical adjustments of the
extended interaction oscillator.

When comparing EIO opera
tion with that of a pulsed milli-
meter-wave magnetron, a number
of significant differences are soon
apparent. The most obvious dif
ference is the ease of operating
an E10; arcing and moding prob
lems often associated with mag
netrons are not evident. While
one prototype tube has exhibited
too low voltage, low power
modes as beam voltage was var-

ed and presented no problems,
and final versions of this tube
only evidenced a single mode.
Another striking difference is
that the EIO (being a space
charge limited diode for which

| = KV37) behaves like an almost
resistive load-significantly differ
ent from the biased diode char

'
> o
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Fig. 5 IMPATT device frequency as a func-
tion of pulse shape showing compen-
sation for frequency change during
pulse by control of diode current.’
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TABLE |

CHARACTERISTICS OF SOME PULSED MILLIMETER EIO’s

Electronic
Tube Mech. Tuning Power Output Beam Voltage Anode Voltage Tuning Range
Type Range (GHz)  {Peak, Watts} WRT Cathode WRT Cathode MHz
VKF 2443 92.7-96.0 950-1770 21 kV 12 kV 300-360
VKT 2419 139.7-140.3 270 20 kV 7.6 kV 370
VKY 2429 2255 70 21.3kV 8.2 kV 400

acteristics of magnetrons. An
El1O, however produces no RF
output until the beam voltage
reaches approximately 70% of its
final value. Finally, unlike a mag-
netron, the EIO operating fre
quency 1S a quite sensitive func
tion of electrode voltages, requir
ing extremely flat pulses to avoid
excessive frequency shifting. The
EIO has proven to be a rather
easy device to pulse; nevertheless,
satisfactory operation {particu-
larly for short pulses) requires
careful selection and design of
the modulator. The extreme volt
age sensitivity and large amounts
of stray capacitance of the EIO
often necessitate special modula
.or technigues. Plans are under-
way for development of gridded
E1O’s and extended interaction
amplifiers, but none are available
at this time.

The development ot miilime-
ter-wave: TWT s has been rather
limited until recently, but Hughes
has operated an experimental
1 kW peak, 260 watt average
power tube at 95 GHz,'%'! and a
60 GHz, 5 watt tube for commu
nications purposes has been
developed.'?

Backward wave oscillators
(BWQ'’s) are another source of
CW power in the millimeter-wave

region; they have been operated
at frequencies as high as 1300
GHz. However, more representa
tives resufts are 10 milliwatts
over the 325 to 390 GHz band,
or 5 watts at 280 GHz.'?

In recent years, a new class of
microwave and millimeter-wave
oscillators and amplifiers has
been developed. These devices,
called gyrotrons or electron cy-
clotron masers, show promise of
providing peak millimeter wave
power outputs considerably high
er than that obtainable using pre:
vious techniques.'4720

Gyrotron devices typically uti
lize a relativistic electron beam
and convert constant electron
energies to microwave energies in
an intense electio-magnetic field.
Initial results typically involved
operation at megavolt levels, and
super-conducting magnets were
necessary 10 obtain the extremely
high magnetic fields required.
Devices having much more mod
est voltage and magnetic fieid re
quirements can be built, although
they operate at somewhat lower
power levels.

Figure 10 is a presentation of
the achievable and predicted gy-
rotron power levels over a range
of frequencies, and Table |l pre-
sents additional details on a num-
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Fig. 6 Power output as a function of fre-
quency for IMPATT oscillators.?

ber of Soviet devices. Although
relativistic devices are capable of
substantially higher peak powers,
their large size and weight make
them unsuitable for many radat
applications. Thus, the data pre

TABLE |l

REPORTED CYROTRON OPERATING CONDITIONS AND OUTPUT PARAMETERS

{Adapted from Reference 16)

Model No. Mode of Wavelength CW or Harmonic B-field Beam Beam Output Measured Theoreticatl
Oscillation mm Pulsed Number kG Volts Amps. Power Eff. Eff.
kV kW % %
1 TE 2.78 cw 1 40.5 27 1.4 12 31 36
2 ES, 1.91 cw 2 28.9 18 1.4 2.4 9.5 15
NESS, 1.95 Pulsed 2 285 26 1.8 7 15 20
3 TE,,, 0.92 CW 2 60.6 27 0.9 15 6.2 5
{continued on page 63)
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sented in Figure 10 and Table II
appear to be representative of
present and projected gyrotron
capability.
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Fig. 7 Cross sectional view of two possible
configurations of rising sun magne-
tron interaction regions. The slot
resonant structure is most commonly
used at millimeter wavelengths.

Up to this point, discussions
have centered about the utiliza-
tion of gyrotrons as oscillators;
however, it is possible to config-
ure gyrotrons as amplifiers by
providing appropriate input and
output couplings to initially
bunch the electron beams and to
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CTRODE)

[HEATER ELE
HEATER

Fig. 8 Cross section view of a millimeter-
wave extended interaction oscillator
(E10). Note the removal of the cath-
ode from the RF interaction region,
permitting increased cathode area.®
(Courtesy Varian Associates of
Canada).

extract energy from the resulting
beam. To date, most activities
have concentrated about the im
plementation of a gyro-klystron
as an amplifier in the lower por-
tion of the millimeter-wave spec-
trum, and 200 kW has been
achieved at 28 GHz.

MODULATORS

The device used to provide
proper voltages and currents to
the transmitter RF source is us:
ually called the modulator or
pulser. Modulators'-2"22 can be
built over a wide range of pow-
ers, pulsewidths and efficiencies,
and a number of technigues may
be used in such devices. IMPATT
diodes operate at relatively low
voltages and currents, and con-
ventional solid-state circuit design
techniques may be used in such
cases; SCR discharge circuits are
often employed for pulsing IM-
PATT diodes. Since the pulser
for IMPATT diodes is often sup-
plied with the diode, they will
not be discussed further. Modu-
lators for magnetrons and E1O’s
may require relatively high volt.

ages and currents, necessitating
special design techniques. These
higher power modulators may be
either of the line-type or hard
tube variety, and each has its
own advantages and disadvan
tages. The line-type modulator
utilizes discharge of an energy
storage network (called a PFN or
pulse forming network) to gene:
rate the output pulse. Special
forms of the line-type modulator
include the Blumlein, ‘‘Pedestal,”’
and SCR-magnetic modulators.
Such modulators are small and
lightweight, but lack flexibility
in controlling of pulse shape.
Hard tube modulators use a grid
controlled vacuum tube to con-
trol formation of the output
pulse; they tend to be larger and
more complex than line-type
modulators but provide more
control of the output pulse.

LINE-TYPE MODULATORS

Conventional line-type modu-
lators' use a pulse-forming net-
work {similar to an artificial
transmission line), a switch (such
as a hydrogen thyratron, a SCR,

A,
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Fig. 15 Simplified circuit diagram and
waveforms for one section of pulse
shaping logic

monitored to terminate the pulse;

when the signal reached this pre
selected tap, the “'stop” pulse
was generated, discharging the
capacitor C, and terminating the
driver pulse Selection of the tap
to be multiplexed permitted
ready adjustiment of the output
pulsewidth.

A relatively low value resistor
for the plate load for the Y690
triode switch tube was chosen to
time. Unfortunately, this resuited

properly discharge the stray ca-
pacitance assoelated with the EIO
to achieve the cesired rapid fall

2000 V cm

100 ns'cn
(a) Cathode vo'tage pulse

™=

500 V.cm

50 ns em
{b) Expanded cathode voltage pulse
Fig. 16 Modulatar output waveforms at
cathode of EI10.
in a reduction in modulator effi
ciency, but for this application
pulse fidelity and pulse shape
control were more important
than efficiencv. Capacitive cou
pling to the cathode was utilized,
and a bifilar-wound choke pro
vided heater current for the EIO
from a filament supply floating
at the = 10 kV bias level.

Using this design approach, it
was possible 10 generate a voltage
waveform to pulse an E1O with a
high degree of flatness, Figure
16(a) shows the voltage wave
form on the cathode of an EIO
operating at 140 GHz. The ex
treme flatness achieved i1s shown
in Figure 16(b), an expanded
view of the same waveform, illus
trating that a voltage flatness of
less than 50 volts was achievable
by this method.

Another example of a hard
tube modulator i1s a so-called
blocking oscillator modulator. A
series of these were built to mod
erate 70 GHz magnetrons operat
ing at the 500-1000 W level. A
simplified schematic diagram of
such a modulator is shown in
Figure 17.

Operation of the circuit of
Figure 17 was initiated by a posi
tive input trigger which turned
on V,, and through transformer
T,. turned on V,. Feedback
through T,kept V, saturated,
generating an output pulse, until
either T, saturated or C, dis-
charged suificiently to increase
the plate voltage of V,. Once the
plate voltage of V, began to in
crease, feedback through T, rap
idly turned the tube off, termi-
nating the output pulse. If C, is
made variable and used to con-
trol output pulse width, simple
control of the output pulse is
achieved. A continuously variable
pulse width of 20 to 45 ns has
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Analog and Digital Diode Attenuators

e (.1-18.0 GHz

o Very low phase shift over the attenuation range

e Flat attenuation vs. frequency characteristics

e Speed to 50 nanosec (from any value of attenuation
to any other value)

e Attenuation to 120 dB

Analog and Digital Diode Phase Shifters

0.1-18.0 GHz

Very low amplitude ripple over the phase range.
Flat phase vs. frequency characteristics

Speed to 20 nanosec

Phase shift to 450°

11 GREAT MEADOW LANE, EAST HANOVER NJ 07936 '¢/{201} 884/5423 « TWX: 710-986-8202
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Fig. 17 Schematic diagram of a parallel-triggered blocking oscillator used to pulse a milli-

meter magnetron.

been demonstrated, as was a
switched capacitor generating 19,
30, and 45 ns output pulses.

FUTURE TRENDS

Probably the most active area
of development in millimeter
wave radar transmitters is in the
IMPATT device ared. As dis-
cussed earlier, the improvement

in material and development ot
combining technigues may allow
several hundred watts to be ob
tained from IMPATT arrays at
95 GHz within the next few
years.

Another area for development
is in the gyrotron area. Here ef
forts are centering about develop-
ment ot coherent amplifiers, pri

marily of the gyro-klystron type.
Due to technical problems,
development of millimeter wave
magnetrons does not appear (o
be an active area at this time, no
major new developments are anti
cipated in the immediate future.
While mitimeter wave TWT
transmitters have not been an
area for intense high visibility
development, significant powe-s
have been achieved at frequencies
as hiah as 95 GHz; status of fu
ture development programs in
this area are not clear at this time
Current research efforts cen
tered about the EIO include grid
controlled devices and the devel
opment of an extended interac
tion amplitier (EIA). Current ef

the feasibility of injection or
phase locking an E1O and fre
quency modulating the device

for use In pulse compression sy:
tems. Coupled with these etforis
are development of technmques
for the precise control of the
voltages and currents to achieve
the phase and amplitude stab

ties required for such applications.
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...and other components for your system

New!

" 90° and 180° 3dB Hybrids
and Directional Couplers

Triangle Microwave’s Mixers are built in
several styles in order to satisfy varied
requirements. All models are designed to
provide best possible conversion effi-
ciency and noise figure. In order to
achieve high efficiency, the diodes are
very carefully matched to minimize
reflected loss. Only diodes having lowest
residual noise are used in the mixers.
The 3dB hybrid circuits are designed for
optimum amplitude balance, phase bal-
ance, and VSWR over their respective
frequency bands. Most models are avail-
able with a D.C. bias option.

Power Divider/Combiners
Triangle Microwave’s Stripline In-Phase
Power Dividers are available in 2-way,
3-way, 4-way and 8-way configurations,
covering 0.5 to 18.0 GHz.

PIN Diode Switches

Triangle Microwave’s Switches are built

in SPST to SPMT configurations, and

can be supplied with or without drivers.

Enizs cover"selected narroutz) frequency
ands as well as multioctave bands up to

22.0 GHz. ‘f'%l.u.,ﬂip

Triangle Microwave’s Miniature Hybrids
and Couplers cover the frequency range
of 0.2 GHz to 18.0 GHz in 3 dB, 6dB,
10dB, 20dB and 30dB coupling values.
All models feature high isolation and low
VSWR and are conservatively rated to
ensure the most reliable service and per-
formance under severe environmental
conditions. These components are built
to airborne specification MIL-E-5400.
They will operate over the temperature
range from -55°C to +100°C up to an
altitude of 100,000 ft. The nominal RF im-
pedance of all hybrids and couplers is 50Q.

54 page Catalog now
available. Call, write or
circle reader service
number.
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Leadersin the
field of rotary
joint design and
development since
1956, Diamond adds
an all-new, high power

6 Channel "L band special
to their repertoire.

FEATURES

Multiple Channels
High Power Capability
m Pressurized

® Low VSWR
]
]

Low Insertion Loss
Mechanically Rugged

TYPICAL SPECIFICATIONS
Channels 1 & 2

Peak Power 6.5 MW

Dut\x Cycle 0.0022

VSWR 1.20:1 max

Insertion Loss 0.3dB max

Channel 3

Peak Power 100 KW

Du{x/ Cycle 0.0022

VSWR 1.30:1 max

Insertion Loss 0.5dB max
Channels 4.5. & 6

Peak Power 10 KW

Dut\x/ Cycle 0.01

VSWR 1.30.1 max

Insertion Loss 1.2dB max

g

DIAMOND ANTENNA
& MICROWAVE CORPORATION
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(from page 16) TACTICAL MISSILES
expected of midcourse guidance sub-
systems such as low cost inertial meas-
urement units and grid systems such as
the Global Positioning Satellite Sys-
tem (GPS).

Tactical missiles are produced in
very high volume; hence, the increased
application of microwave and millime-
ter-wave subsystems represents a very
large business potential. To convert
this into real business, | see several
challenges that must be met. We must
develop the fabrication processes and
productize critical new components
so that they are produceable and reli-
able. For example, the future of high-
power solid-state devices in missile ap-
plications will depend primarily on
having the processes refined to provide
devices with repeatable characteristics
and high yield for low cost. To com-
pete with electro-optical sensors and
offer all-weather capability, radar
seekers with better resolution and sig-
nature recognition need to be devel-
oped. This opens the door to applica-
tion of millimeter-wave and synthetic
array radars, and suggests the applica-
tion of image and signal processing to
enhance target recognition and acquis-
ition. Thus the opportunity and need
for breakthroughs in increased applica-
tion of radar guidance to tactical mis-
siles are here. ¥
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Microwave
Products

Components

HYBRID RF AMPLIFIER COVERS
5-500 MHz BAND

Model QBH-104 is a hybrid RF amplifier
which covers the 5-500 MHz frequency
range. Amplifier offers 12.0 + 0.5 dB gain,
gain flatness of * .5 dB max., and a noise
figure of less than 5 dB from 5-500 MHz,
less than 4.5 dB from 15-300 MHz. SWR
in/out is 1.5, max., 1.2, typ. Reverse isola-
tion is greater than 23 dB at 5-500 MHz.
Housing is TO-8 with gold-plated Kovar
header and nickel cap. Weight: 2.3 g. Q-bit
Corporation, Palm Bay, FL.

(305) 727-1838. Circle 134.

MINIATURE TRIMMING
CERAMIC CAPACITOR

DV2 s a series of microminiature ceramic
trimming capacitors which are available
from 2.5-7 pf to 10-60 pf in six ranges.
Their og)erating temperature range is - 25°
to +85 C; working voltage is 100 Vdc.
Size: 6 mm diameter and 4.8 mm mounted
height, with completely enclosed package
design to resist dust and flux penetration.
Price: 31¢ each in 1,000 qty. Del: stock to
4 wks. JFD Electronic Components Corp.,
Oceanside, NY. {5616) 536-7200.

Circle 121.

SERIES OF DIRECTIONAL
COUPLERS

Models 860 and 861 are 5-lead, TO-5 di-
rectional couplers offering 10 dB and 20dB
nominal coupling, respectively. Both units
are 50 ohms and rated at 1 W, within the
5-500 MHz frequency range. Couplers are
constructed with nickel Kovar caps and
gold-plated headers and leads, all of which
are welded and hermetically sealed. Leads
are heavy-duty, to allow either plug-in as-
sembly or PC board mounting. Summit
Engineering, Bozeman, MT.

(406) 587-4511. Circle 136.

50 OHM SMA TERMINATION

PCX-SM-1A is a 50 ohm termination de-
signed for high reliability applications. Unit
has power rating of 1.0 W at 70°C and 1.0
kW, peak. Average power rating doubles
when termination is mounted with semi
conductor type heat sink. Model operates
over from dc to 18 GHz and has a SWR of
1.15 max. at 18 GHz. Available with male
and female connector versions and stainless
steel nut is passivated per QQ-P-35. Price:
$6.90 each in 50 piece qty. Del: stock to
8 wks ARO. KD! Pyrofilm Corp., Whip-
pany, NJ. Al Arfin, (201) 887-8100.
Circle 124,

A line of tubular bandpass filters, Models
BPF, operate over the 60 MHz-4.0 GHz
range. These fixed tuned filters are con-
structed with 3-8 sections with 3 dB band-
widths of 2-60% ot center frequency; they
use direct coupled sections and have a max-
imally flat (Butterworth) response. Outside
the passband, no spurious responses exist
from dc to 16 GHz {BPF 250 models); dc
to 10 GHz (BPF 500 models); dc to 8 GHz
(BPF 750 models) and dc to 4 GHz (for
BPF 1250 models). Price: start at $90, in
unit qty. Del: 4 wks., in small qty. RLC
Electronics, Inc., Mt. Kisco, NY.
(914) 241-1334. Circle 135.
94 GHz VCO COVERS 600 MiHz
BAND

Model B936WS-VCO is a 94 GHz varactor-
controlled oscillator which delivers 30 mW
CW over a 600 MHz band. Unit has a tuning
speed of 600 MHz/usec and settling time of
0.5 usec. Frequency stability is 1 MHz/°C
and tuning voltage is +20 V nominal. Tun-
ing sensitivity is 30 MHz/V and tuning
characteristics are monotonic. Price:
$16,125. Del: 180 days. Alpha Industries,
Inc., TRG Division, Woburn, MA.

(617) 935-5150. Circle 117.

HIGH POWER TRANSMI{T/
BYPASS SWITCH

A solid-state, 600 W CW, 2000 W peak,
transmit/bypass switch covers the 225-400
MHz frequency range. Part Number
100C1545 has 50 dB minimum isolation
transmit, 30 dB minimum isotation bypass
mode, .15 dB maximum insertion loss and
1.25 maximum SWR. +5 and - 200 Vdc
power is required. Maximum switching
speed is 50 usec. TNC connectors are stand
ard and an internal driver compatible with
TTL logic is included. Size: 7 x 5.25" x
2.5", outside case dimensions. Daico Indus-
tries, Inc., Compton, CA. Jim Adamson,
(213) 631-1143. Circle 119.

WR-137 SATELLITE
COMMUNICATION SWITCHES

A line of WR-137 dual waveguide switches
for satellite communication span the 5.925-
6.425 GHz band. Units combine waveguide
and coaxial assemblies. Waveguide switch
performance characteristics include: 1.05
maximum SWR; insertion loss of 0.025 dB
max., 90 dB isolation min., with a power
handling capacity of 10 kW CW max.; and
1.25 maximum SWR; 0.3 dB max. insertion
loss and 60 dB min. isolation for the coax
ial portion. Modular construction is fea-
tured. Logus Manufacturing Corp., Deer
Park, NY. (516) 242-5970. Circle 122.

SERIES

1B 10 is a series of miniature bandpass fil
ters with center frequencies in the 160 MH:
to 3.0 GHz band. Bandwidths can be speci-
fied at 3-70% of the center frequency and
devices can be manufactured with 2-8 reso-
nant sections. Models can meet full range
of military environmental requirements, in-
cluding temperatures from -62°C to
+ 125°C. Small size of components allow
connection of input and output terminals
to other circuitry via glass feed-through
pins; SMA, SMB or SMC connectors can be
provided. Volumes down to .04 cu. in.
Price: $250-$475, for 1-2 pieces. Del: 6-8
wks. K & L Microwave, Inc., Salisbury, MD.
Charles Schaub, (301) 749-2424.

Circle 125.

LOW LOSS PIN DIODE
ATTENUATOR COVERS
1.4 - 2.6 GHz

An absorptive PIN diode attenuator, Model
AGC-1426, operates over the 1.4 to 2.6
GHz frequency range. The unit features 0.5
dB max. insertion loss; attenuation range of
25 dB; and a SWR of 2.0:1 maximum over
the band. Attenuation flatness is * 1 dB
maximum at 10 dB attenuation setting, op-
erating bias current range of 0-10 mA, RF
connectors are SMA female and bias con-
nector is SMC. Size: 1.5 x 1.1 x 0.5".
Avail: 60 days. Price: $345, for 1-9 qty.
American Microwave Corp., Damascus, MD
(301) 253-6782. Circle 113.

»

INDUSTRIES, INC.

PHONE [812]-372-8869

P.0O. BOX 1203

COLUMBUS, INDIANA
47201

ATTENUATORS:

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

PRECISION LOADS

RETURN LOSS BRIDGES
POWER DIVIDERS
RESISTIVE DIVIDERS

RF FUSES

DETECTORS

FEED THRU TERMINATIONS

Write or call
for comprehensive CATALOG 79-10
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SERIES OF ROTARY
ATTENUATORS

RA-80 is a series of rotary attenuators
which cover the dc to 12.4 GHz frequency
band (Models RA-80, RA-81) and dc to 8
GHz frequency range {Models RA-808 and
RA-818). The former provide 0-10 dB in
1 dB steps and 0-60 dB in 10 dB steps, re
spectively with accuracies of + 0.4 dB, 0-10
dB and * 3% from 0-60 dB. RA808 and
RA-818 offer the same performance from
dc to 8 GHz. Attenuators feature 2 W pow
er handling capability; insertion loss is 0.4
dB to 8 GHz and 0.6 dB to 12.4 GHz. All
units constructed of ceramic substrate re-
sistive elements. Price: from $250-$450
each, depending upon model. Del: 8-10
wks. Texscan Corp., Indianapolis, IN.
Raleigh B. Stelle, I11, (317) 357-8781.
Circle 131.

GRIDDED MINI TWT AMPLIFIER

A gridded mini traveling wave tube ampli
fier, Model VZV-6996F6, covers the 8.0
18.0 GHz frequency band and is suited for
ECM, data link and radar applications. Am
plifier operates from 0 to 100% duty cycle,
with pulse widths from 0.5 us to CW. Mini
mum power output is 20 W at 40 dB gain.
Total pulse acquisition time is 75 ns, typi-
cal and prime operating power is 115 Vac
(40 Hz). Size: 2.76" Hx 7.5 W x 12.88"
L. Weight: 12 Ibs. Meets MIL-E-5400,
Class Il requirements. Varian Associates,
Microwave Components and Subsystems
Div., Santa Clara, CA. (408) 496-6273.
Circle 114,

ULTRA BROADBAND
TERMINATION OFFERS
5W TO 18 GHz

Mode! TO-18N is a type N termination
which covers dc to 18 GHz with a 5 W rat
ing at 95 C. Unit has SWR (worst case) of
1.25 from 8-18 GHz and lower below 8
GHz. Unit adhers to environmental require-
ments of MIL-E-16400, Class 1 and MIL-E-
5400, Class 3. Micronetics, Inc., Norwood,
MA. Gary Simonyan, (201) 767-1320.
Circle 133.

SERIES OF DIGITAL RADIO
SOURCES

A series of high stability, narrowband,
phase locked sources for digital radio appli
cations cover L-band through K -band and
are available in a range of output power
configurations of from 10-200 mW. Units
minimize microphonics and conform to
MIL-STD-202 specifications. Size: 3" x 4"
x 2 7/8". West Division, Frequency Sources,
Inc., Santa Clara, CA. (408) 727-8500.
Circle 120.

If you need
high dynamic range,
low VSWR...

QBH-

FREQ. INPU FORWARD REVERSE OUTPUT

MHZz VSWR GAIN / PHASE 1s0L. VSHWR
D 5.000 1.24 11.61/-176.2 -46.66 )
50.000 1.16 11.93/ 167.1 -40.53 1
100.000 IERIIE RIE8I07/8 81512 92 -35.87 1
.000 1.16 11.87/ 137.7 -32.78 1
.000 116 MLS AN S ) -30.53 g
.000 e 17/ 11.85/ 108.8 -28.83 i
.000 i 11.88/ 94.5 -27.42 1
.000 1RS157 11.94/ 79.6 -26.22 1
.000 1.16 12.02/ 64.3 S o)) 1
.000 L) 12.10/ 48.6 -24.19 1
500.000 AT T3S0 3156 -23. 1

=) -

]

104

CRllneaE oftwtitel U S Patent 4 042 887
Q-bit Corporation 311 Paciic Ave Paim Bay, Flonda 32905
{305) 727-1838 TWX (510} 959-6257

You need

the new
QBH 104

Compare
these specs

15Vdc
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POWER AMPLIFIERS FOR
1.3-2.4 GHz BAND

A series of solid-state microwave power
amplifiers cover the 1.3-2.4 GHz region
with output power of up to 20 W CW.
Amplifiers require a 20 or 24 Vdc power
source and achieve overall efficiencies are
better than 20%. For Model A 2123-150,
typical specifications include a 2.1-2.3 GHz
frequency range; power output of 15 W
min. at power input of 350 mW; input
output SWR of 2.0 max. {50 €2). Phase
characteristics for 20 MHz BW include:
time delay slope of 0.1 ns/MHz max.; para-
bolic time delay of 0.025 ns/MHz 2 max.
and ripple of 0.25 ns max. Spurious output
is - 100 dBc and harmonic rejection is - 20
dBc (2nd order) and - 30 dBc {3rd order).
Size: 5.5 x 2.75" x 1.25". Weight: 1 Ib.
3 0z. Microwave Power Devices, Inc.,
Hauppauge, NY. Philip A. Kennedy, (516)
231-1400. Circle 130.

PROGRAMMABLE ATTENUATOR
SERIES

The 50P is a series of programmable attenu-
ators with bandwidths of 10-200 MHz or
10-650 MHz. Designs covering bands from
200 kHz to 1.5 GHz are available. These all
solid-state components are TTL compatible
and require 5 V supply at 80 ma. Imped-
ance is 50 §2; attenuation ranges are 0-14
dB in 1 dB steps or 0-70 dB in 10 dB steps;
SWR is 1.3 to 1.4, max.; insertion loss is
1.3 dB to 3 dB, nominal and switching
speed is 50 us. Attenuation accuracy ranges
from * .4 dB {any setting) to * 5 dB {(any
setting). Price: from $175, 1-9 qty. JFW
Industries, Inc., Beech Grove, IN. (317)
783-9875. Circle 126.

END LAUNCH DOUBLE-RIDGE
WAVEGUIDE-TO-COAXIAL
ADAPTERS

A series of end launch adapters in WRD
750D24 double-ridge waveguide for use in
EW/ECM systems are available with choice
of coaxial connectors. Models R40-3E,
R40-NE and R40-7E operate from 7-18
GHz with SMA, Type N and 7 mm connec-
tors, respectively; Mode! R40-TE covers
7-16 GHz with TNC connector. All units
have SWR of 1.25, typ., 1.35, max. and are
constructed of aluminum with stainless
steel coaxial connectors. Size: 2.38" long,
max., excluding connector. Microwave Re-
search Corporation, North Andover, MA,
(617) 685-2776.

Circle 127.

MICROMINIATURE RF
RIGHT-ANGLE CABLE PLUG

A right-angle cable plug, Part No. 59-428-
3702, in the NanoheX connector line is de-
signed for use on .056" diameter cables.
Component offers standard Nanohex fea
tures such as crimp-on attachment to the
cable, 50-ohm impedance, with screw-on
engagements and telescoping design. Size:
490" overall from mating end to rear of
body. RF Components Div., Sealectro
Corporation, Mamaroneck, NY. (914)
698-5600.

Circle 129.
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ANALOG PIN DIODE
ATTENUATOR

Viodel AG-1293 is a precision digitally con-
rolled analog PIN diode attenuator which
sovers the 7.9-8.4 GHz band. The unit has
1n attenuation range of 0-75 dB in steps of
| dB. Attenuation accuracy is * 0.25 dB
rom 0-20 dB; + 0.50 dB, from 20 to 75 dB
ind attenuation repeatability is * 0.25 dB
naximum. Other performance characteris
ics include: insertion loss of 3 dB maxi-
num; SWR (in/out) of 1.6 at 0-40 dB and
2.0 at 40-75 dB; RF power handling of

+10 dBm and switching speed of 4 us max
mum. Operating temperature range is 0° to
+50°C and dc voltage of + 15 at 50 mA is
equired. Triangle Microwave, Inc., East
danover, NJ. Martin Rabinowitz,

201) 884-1423.
Circle 116.

500 W VARIABLE ATTENUATOR

A continuously variable attenuator, Model
4417-20X, operates over the 2.0-4.0 GHz
band and can dissipate up to 500 W average
power, 10 kW peak, over its 0-20 dB atten
uation range. Insertion loss of the unit is
.1dB and SWR is 1.5. Unit is controlled by
1" micrometer. Size: 12" x 7' x 2", Price:
$2000, small qty. Del: 6 wks. ARO. Arra,
Inc., Bay Shore, NY. Mike Geraci,

[516) 231-8400. Circle 118.

FULL OCTAVE TUNABLE
JSCILLATORS

Two full octave tunable oscillators, CC-12
ind CC-24, feature ultra-fine mechanical
‘uning over the 1-4 GHz frequency range.
Iesolution to within 10 kHz is achieved
vith these transistor oscillators and they
yrovide a minimum of 50 fundamental mW
»f CW power over the band. Units are sup
slied with AFC varactor tuning intended
or external phase lock or voltage tuning
or synthesizer applications. Maximum spu-
ious content is specified at 80 dBc and FM
oise is 72 dBc at 1 kHz and 100 dBc at 10
tHz. Full-band tuning requires 50 turns.
rice: $550, for both models. Del: from
tock. Engelmann Microwave Company,
Aontville, NJ. Carl Schraufnagl,

201) 334-5700.
¥ Circle 115.

MINIATURE AMPLIFIER CHAIN
FOR 30-400 MHz BAND

PHAA4000 series of miniature amplifiers
cover the 30-400 MHz range. The hybrid
modules may be series connected to ampli
fy a +13 dBm signal to 24 W CW/FM over
the 30-88 MHz, 116-174 MHz and 225-400
MHz bands, and to 64 W PEP over the 116-
174 MHz and 225-400 MHz frequencies.
Units operate over the - 54°C to + 100°C
temperature range. Weight: 105 g, for 2
module chain. Module size: 1" x 2 1/8"

x 1/2". Price: 1 to 5 PHA4000-1 (nickel
plated Al package), $1,800, each; PH4000-2
[nickel-plated Cu package), $1,200, each.
Del: 4 wks. ARO. Power Hybrids Inc.,
Torrance, CA. (213) 370-6160.

Circle 128.

ADAPTORS

A line of improved SMA between-series
adaptors are available covering SMA to
Type N, TNC and BNC connectors. Typical
performance characteristics of the SMA to
N adaptor, P/N 705718-101, include: SWR
of 1.05 + .005F (GHz) dc to 18.0 (GH2),
insertion loss is .04 x F {GHz). Price: $8.09
each in 1,000 qty. Del: from stock. Cable-
wave Systems, Inc., North Haven, CT.
Steven Raucci, Jr., (203) 239-3311.

Circle 123.

1.5-10.0 GHz BAND

Model PD-1510 is a power divider which
covers the 1.5-10 GHz frequency range.
Unit offers a 0.4 dB typical insertion loss
at 2-8 GHz, with 0.6 dB typical at 1.5 to
10 GHz; SWR is 1.7 at 1.5-10 GHz typ.,
1.2 at 2-8 GH2. Isolation is 15 dB typical
over the fudl band, 25 dB typical at 2-8
GHz. Also available with amplitude and
phase match specifications. Western Micro
wave, Inc., Sunnyvale, CA.

(408) 734-1631.

Circle 132.

rate from 10 to 25,000 pps

+ 4—;—444.‘“,
I |

PH40KB

Now two Epsco models cover virtually all your needs for
high power, pulsed signal sources in EMC, component
testing, behavioral and medical research, metrology, and
simulation. 150 to 6100 MHz frequency range is extendible
to 24 GHz with Epsco magnetron plug-ins. Both units are
self-contained with tunable, plug-in oscillator heads.
Minimum powers of 5 kW with 40 kW capability. Continu-
ously variable pulse widths from 0.3 to 50 us and a puise

4 q A & .
EFSCO LS
411 Providence Highway, Westwood, MA 02090

(617) 329-1500 - TWX: (710) 348-0484
Export: France, Elexience - Israel. Racom Electronics

i I w4

PEAK POWER (kW}
wn
S

1040

FREQUENCY (MHz)
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PETALIZED LIGHT WEIGHT
EARTH STATION ANTENNAS

A line of segmented fiberglass earth station
antennas with reflectors from 4 ft. to 5m
feature strength with light weight. The 10
ft. model is segmented into 8 interchange-
able petals weighing less than 15 Ibs. each.
Reflectors are rated for winds up to 125
mph and they are MIL-STD-810-B certified.
Antennas offer rear polarization adjust-
ment, unpressurized feed and U/L approved
fire retardant fiberglass. Prodelin Antennas,
Hightstown, NJ. (603} 448-2800.

Antennas

MM-WAVE CIRCULARLY
POLARIZED ANTENNA

A circularly polarized millimeter-wave an-
tenna is offered which operates at 23.0 GHz
(* 5%) with omnidirectional coverage on
the horizon and approximately 35° half-
power beamwidth in elevation. Unit fea-
tures SWR of 2.0, max. and a gain of 0 dBi,
min. Size: 2" H. x 3" D. The input con-
nector mates with SMA Jack. Sanders As-
sociates, Inc., Manchester, NH.
(603) 669-4615.

Circle 142. Circle 143.
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Over 2,000
Microwave Switches
To Choose From

37 Years of Experience

Why re-invent the microwave switch when we may have one already
designed. You see, since 1942, we've developed over 2,000 varia-
tions of the coaxial and waveguide RF switches.

We do everything in-house......design, manufacture and test to
MIL-Q-9858A, using the latest in automated test systems.

Our switches are used in hundreds of aerospace programs, including
the Hi Rel space applications.
92 Page Catalog

37 years and over 1 million man-hours of switching know-how
is contained in our detailed 92 page catalog. Send for it today.

TRANSCO PRODUCTS, INC.

4241 Glencoe Ave.
Venice, California 90291 U.S.A.

FOR EMPLOYMENT OPPOATUNITIES IN AF ENGINEERING,
CALL CHARLIE TRLBOT. AN EQUAL OPPORTUNITY EMPLOYER M/F

Tel: (213) 822-0800 Teclex 65-2448 TWX 910-343-6469

1P|
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instrumentation

MULTI-PURPOSE CONTROLLER

FOR IEEE- BUS

Model MPC-1000 is a multi-purpose con-
troller for IEEE-488 Bus applications origi-
nally designed to operate the MSR-903
Surveillance Receiver. Instrument is a com-
plete computer with 32K RAM and 340K
in a dual floppy disk arrangement; pro-
graming is BASIC. Particular attention has
been paid to RF| shielding and radiated in-
terference has been reduced below - 90
dBm/cm~. Size: standard 19’ rack cabi
nets. Price: $8,500, includes computer,
dual disks, CRT and printer. Micro-Tel
Corporation, Baltimore, MD. D. |. Horan,
(301) 823-6227. Circle 137.

BENCH ATTENUATOR SERIES

Series 3050, 3051 and 3052 are bench at-
tenuators which operate from dc to 2 GHz
and are offered in six standard attenuation
ranges/steps: (0-1 dB/0.1 dB steps; 0-10
dB/1.0 dB steps; 0-100 dB/10 dB steps;
0-110 dB/1.0 dB steps; 0-11 dB/0.1 dB
steps, and 0-140 dB/10 dB steps). All mod-
els are rated at 1 W average, 100 W, peak;
SWR is 1.20-1.35 max., depending on mod-
el; frequency sensitivity is 0.1-0.2 dB up to
2 GHz. RF leakage is greater than 85 dB
below input signal. Connector options in-
clude female BNC and Type N. Prices: start
at $295 (US). Avail: stock to 60 days
ARO. Weinschel Engineering, Gaithersburg,
MD. (301) 948-3434. Circle 138.
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1 MHz - 1 GHz RANGE

Model 4191A, an RF impedance analyzer, measures 14 imped
ance parameters over the 1 MHz to 1 GHz frequency range
with a basic accuracy of 0.5 to 2%. Model contains an internal
frequencv synthesizer, automatic calibration, automatic error
correction and test fixtures which can make impedance meas-
urements possible over a range of 1 m§2 to 100 m§2. Unit fea
tures an internal bipolar dc bias source (O to + 40 V with 10
mV resolution), linear and log sweep capability of frequency
and bias, plus self-test and deviation measurement capability
on all 14 parameters Measurement resolution is 0.1 fF for ca
pacitance and 1 us for conductance. Price: $14,260, US. Del:
from Jan , 1980. Hewlett-Packard Co., Palo Alto, CA.

(415) 856-1501. Circle 145.
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Materials

FLEXIELE FOAM PYRAMIDAL ABSORBER

ECCOSORB" HPY is a series ot partially hollow pyramidal
microwave absorbers, for use in anechoic chambers. Material is
lightweight polyurethane foam and pyramids are mounted on
a solid flexible base of material. Typical infrared reflectance
varies from 0.1% at 1 um to 6% at 40 um for any surface color
{color is normally black but pastel shades can be special or
dered). All materials conform to ASTM-D 1692-74 (self-extin
guishing) and are incombustible under L.A. Building Code
(1963) Div. 4, Sec. 91.040 (1) by ASTM Method E136-59T
{modified). Emerson & Cuming, Canton, MA. Jeanne B.
O’Brien, {617) 828-3300.

Circle 139.

EMI/RF!I ENVIRONMENTAL SEALS

The O-Ring Spira Combo gasket series (ORSS) provide a posi
tive EMI/RFI bond (15 Ibs. per linear in. force) and environ
mental seal. Two versions are available (Standard Series and
Moderate Force Series); both resemble an “O" ring, fit in an
“0" ring groove and can be purchased in straight lengths or as
a fimishea ‘O’ rning seal. Diameter sizes range from .060-.140
inches. To compress gaskets .25 of their diameter, the force re
quires is .30 Ibs/linear inch for Standard Series (SS) and .10
Ibs/tinear inch for Moderate Force Series {MS). SS gasket and
MS versians are composed of an outer conductive coating of
Cu filled silicon elastomer ; intermediate conductive spiral is tin
plated BeCu; and res.lient inner core is 60 Durometer Neo-
prene. Spira Manufacturing Corp., Burbank, CA. George M.
Kunkel, (213) 843-5880.

Circle 162.

{continued on page 7q)

INS 1L e
GRADED and
DELIVERED

QUALITY ~BACKED BY A 2-YEAR WARRANTY!"

Our hot carrier diodes are tightly computer matched over thewr entne
operating range to gwve Summit switches and mixers dependable high
performance . . . performance that we back by a straghtforward 2 year
guarantee

740 SERIES MIXERS
Mixers in a TO 5 package. Single and double balanced in 3 different L.Q drve
levels: +3dbm, +7dbm and +17dtm. RFI shielded and hermetically sealed
Available in frequencies up to 3000mhz

750 SERIES BALANCED MIXERS
A plastic 7 lead mixer designed for commernial applications. Frecuency
range from 2khz to 500mhz

760 SERIES MIXERS
Metal package, 8 lead, RF! shieided and hermetically sealed Frequencies
from 2khz to 1250mhz and drive levels from +3dbm to -27¢dbm

770 SERIES MIXERS
A 6 lead mixer for the replacement market Frequercies from 2khz to
500mhz Drive levels: +7dbm to +.7dbm

780 SERIES MIXERS
Single balanced mixers in a 4 lead plastic package 100khz to 1200mbz

1300 SERIES COAXIAL MIXERS
Coaxial mixers with a choice of SMA, BNC, or TNC conrectors Available in
frequencies from 200khz to 3000mhz Also avatlable in .O drwve levels trom
+7dbm to *27dbm

MATCHED DIODES AND ASSEMBLIES
Computer matched hot carrier diodes i bridge and ring configurations or
available as 4 matched diodes (loose)

FREQUENCY DOUBLER
A TO 5 packaged doubler with an output to (000mh2

RF sWITCHES
Hi speed solid state RF switches in SPST and SPDT contigurations. Four
packages. connector type, 8 lead metal, 6 lead plastic, and 6 lkad metal
Switching speeds to 2 nanoseconds and on oft ratios up to 100di

TRANSFORMLERS AND HYBRIDS

Single ended and balanced transformers of various impedance ratios iy 'O 5
and 5 lead plastic packages. Trausformers available i frequency ranges 1o
1000mhz

Reactive hybrids are also availanle in the TO 5 and 5 lead plastic packags
Impedances are 25 and 50 ohms output phases are 07, 90" and 180" wifkh
frequency ranges to 500mhz

Thirty day delivery, up to 200 pieces Custom products or configuristions are
a Summit specialty. Ask for details

SUMMIT RF COMPONENTS

SUMMIT ENGINEERING

P.O. Box 1906 Bozeman, MT 59715
Phone (406) 587-4511 TWX (910) 975-1950



Multi-Octave PIN Diode

ATTENUATORS

Multi-Octave

Digitally Programmable

Attenuators
from 0.1 to 18 GHz

Model | Mainband | Stretch Band

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

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

e Step Size: As low as 0.1 dB

® Exceptional flatness and accuracy

® Small Size, Low Power Consumption
® Low VSWR and Insertion Loss

® Binary or BCD Programming

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

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

8 Circle 48 on Reader Service Card

{from page 75} PRODUCTS

COMPOSITE ELASTOMETER EMI/RF1 SHIELD
VULCANIZED STRIP GASKETING

Combo® Seal is vulcanized strip gasketing combining silicone
rubber with knitted metal mesh to provide an effective EMI/
RF1 shield. Gaskets can be extruded in a variety of forms and
shapes which adapt to original designs and permit retrofitting
into the existing product configurations. Material offers shield
ing effectiveness of up to 90 dB, 10.0 kHz - 1.0 GHz, at 20 psi.
Silicone rubber components of the product meets ZZ-R-765,
Class 11a, Grade 50 specifications. Combo Seal is gray, has
1.13 + 0.03 specific gravity, brittle point of 100° F and offers
a peel strength of 3 Ibs. {min) per linear inch. Metex Corpora-
tion, Edison, NJ. John Severinsen, (201) 287-0800.

Circle 151.

Devices

7.5 V TRANSISTORS FOR 800 MHz BAND

£\
*
4
‘0
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A family of transistors designed to operate from a 7.5 V sup
ply cover the hand-held radio 806-866 MHz band. Specifica-
tions include BV¢es = 36 V min., BVepo = 4 V min. for all
types and: for the CD3499 - min. power output of 0.3 W at
min. power input of 0.1 W and I is .25 A. For the D1-7€, min.
power output is 1.0 W at min. power input of 0.3 W and I is
.04 A. For Model DM3-7E, power output is 3 W, min. at 1.0 W
min. input and I is 1 A. Communications Transistor Corpora-
tion, Varian Associates Subsidiary, San Carlos, CA.
(415) 592-9390.

Circle 140.

POWER TRANSISTOR SERIES

NE4200 is a series of three microwave power transistors speci-
fied at 4.2 GHz. Model NE4201 provides power output of 1.6
W and 8 dB gain; Model NE4203 has power output of 3.0 W
and 5 dB gain and NEM4205 has power output of 5.0 W and
4 dB gain. Price: start at $68.00 (1-9 qty.). California Eastern
Laboratories, Inc., Santa Clara, CA. (408) 988-3500.

Circle 141.

1.5 W PULSED TWT's SPAN 8-18 GHz RANGE

Two high gain, grid-controlled pulsed TWTs, Models 8722H
and 8754H operate in the 8-18 GHz frequency band and have
power outputs of 1.5 kW. Units use PPM focusing and conduc-
tion cooling, and their peak power output is > 1.0 kW at up to
8% duty. Nominal large signal gain is 45 dB, and models come
in either grounded collector or depressed collector configura-
tions. Model 8722 has a TNC output connector, while Model
8754H employs a waveguide output connector. Price: $13,000.
Del: 7 months ARO. Electron Dynamics Div., Hughes Aircraft
Company, Torrance, CA. (213) 534-2121. Circle 144.

MICROWAVE JOURNAL



New
Literature

RF AND MICROWAVE MODULES
BROCHURE

A 6-page brochure features a full line
of RF and modular amplifiers in
TO-12, TO-8, 4 PIN dual-in-line and
TO-3 packages. Two-color leaflet in-
cludes product photographs, and com-
plete specifications for gain, noise fig-
ure, SWR and power output of ampli-
fier series with 0.5 MHz to 2000 MHz
frequency range. Optimax, Div. of
Alpha Industries, Inc., Colmar, PA.
(215) 822-1311. Circle 101.

CONDUCTIVE COATING BULLETIN

3ulletin ESG-10 provides detailed spe-
sifications, as well as surface resistivity
1ata and shielding effectiveness tables
and charts for Xecote™ conductive
coating and Xeprime™ primers. This
3-page brochure also displays product
shotographs and provides ordering in-
structions. Metex Corporation, Elec-
tronic Products Division, Edison, NJ.
John Severinsen, (201) 287-0800.
Circle 102.

BROCHURE SUMMARIZES
ELECTRON DEVICE PRODUCTS

A two-color brochure lists over 60
types of Electron Device Group prod-
ucts cross referenced for specific ap-
plications in communications, elec-
tronic warfare, instrumentation, medi-
cal and scientific and radar systems.
Business reply cards for requesting ad-
ditional information are included.
Varian Associates, Electron Device
Group, Palo Alto, CA.
(415) 493-4000.

APPLICATION NOTE ON
PRECISION TIME INTERVAL
GENERATION AND
MEASUREMENT

A note on precision time interval gen-
eration and measurement, No. 191-6
describes techniques to measure the
length, dielectric constant and propa-
gation delay matching of transmission
lines. The five-page pamphlet covers
theory, analysis of measurement errors
and describes a lab set-up which is sen-
sitive to length changes as short as

1 millimeter. Hewlett-Packard Co.,
Palo Alto, CA. (415) 857-1501.

Circle 152.
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Circle 103.

HEAT SINK GUNN DEVICES

A 4-page product bulletin describes the
GC5700 and GC5800 series of high
power negativé and positive bias plated
heat sink Gunn devices. Literature in-
cludes description, performance speci-
fications, applications, package styles
and maximum ratings for these prod-
ucts. Frequency Sources, Inc., GHZ
Division, S. Chelmsford, MA. Robert
C. Antonucci, (617) 256-8101.

Circle 105.

DATA SHEET ON FUSED
FEEDTHROUGH ADAPTORS

Technical Bulletin #32 describes fused
feedthrough adaptors. The two-page
piece contains electrical, mechanical
and environmental characteristics as
well as mounting information for
adaptors incorporating 1/8 A (optional
3/8 A) fuses for protecting equipment
from excessive input signals. Cable-
wave Systems, Inc., North Haven, CT.
Steven Raucci, Jr., (203) 239-3311.
Circle 106.

MATCHED SCHOTTKY DIODE
DETECTOR BROCHURE

A 4-page bulletin provides information
on a family of matched pair Schottky
diode detectors. Performance data and
specifications for octave and multi-
octave band, types are provided in the
two-color brochure. Omni Spectra,
Inc., Microwave Component Division,
Merrimack, NH. John C. Callahan,
(603) 424-4111. Circle 111.

REFLECTOMETER CALCULATOR/
SHORT-FORM CATALOG

A reflectometer calculator, which dou-
bles as a temperature conversion chart
and short-form catalog of RF term:na-
tions is offered. The selector provides
information for more than 42 of the
most often used terminations and the
calculator features an expanded SWR
scale. KD1 Pyrofilm Corporation,
Whippany, NJ. A. Arfin,

(201) 887-8100. Circle 108.

BROCHURE ON SIX-PORT
REFLECTOMETER

Brochure describes a six-port reflect-
ometer designed for the 2-18 GHz fre-
quency band. This 8-page note explains
the uses and accuracies of the instru-
ment, as well as some theory of opera-
tion. Also gives alternatives for build-
ing blocks and measurement system
block diagrams. Norsal Industries, Inc.,
Central Islip, NY. Norman Spector,
(516) 234-1200. Circle 109.

CW POWER AMPLIFIER SYSTEM
Brochure describes “’4-1n-One,”” 1000
W RF, CW power amplifier system
which covers 40 to 1000 MHz in four
bands. Options available for the sys-
tem, a compatible driver and two other
amplifier systems are described. MCL/
Inc., La Grange, IL. Robert Morgan,
(312) 354-4350. Circle 110.

WAVEGUIDE SWITCH BROCHURE

An illustrated brochure describes a
waveguide switch line. The 6-page
pamphlet provides complete electrical
and mechanical specifications. Wave-
line, Inc., W. Caldwell, NJ 07006.
(201) 226-9100. Circle 112.

PIN DIODE DESIGNERS GUIDE

A 164-page guide offers the RF circuit
designer a comprehensive reference on
PIN diodes. Document includes han-
dling techniques for chip devices, de-
scriptions of pertinent diode measure-
ments, discussions of device physics,
performance trade-offs and functional
details for the design of 17 different
switches, limiters and attenuators. Also
covers driver considerations, package
parasitics and PIN diode quality and
reliability. Microwave Associates, Inc.,
Burlington, MA. (617) 272-3000.
Circle 104.

SELECTION GUIDE FOR RF
SIGNAL GENERATORS AND
SOURCES

An 8-page guide to selection of RF sig-
nal generators and sources includes
specification comparisons for 9 differ-
ent generators and an application se-
lection chart. A single-sideband phase
noise comparison chart for 5 genera-
tors, a glossary of terms and capsule
descriptions of each of the generators
within the 10 kHz-2600 MHz fre-
guency band are also provided. Hew-
lett-Packard Co., Palo Alto, CA.

(415) 587-1501. Circle 107.

CAPABILITIES BROCHURE

A four-color, 16-page brochure de-
scribes the electronic defense, electro-
optic, and intrusion detection capabili-
ties of the Western Div., Sylvania Sys-
tems Group. Separate sections cover
strategic reconnaissance, scientific in-
telligence analysis, security, electronic
warfare and optical tracking and rang-
ing systems designed and manufactured
by the Western Division. GTE Sylvania
Systems Group — Western Div., Moun-
tain View, CA. Frank A. Arneson,
(415) 966-2452. Circle 148.8
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NEW ENGLAND,

NEW YORK STATE,
MID-ATLANTIC, NORTHEAST,
SOUTHEAST, AND MIDWEST
John Hartnett

610 Washington Street

Dedham, MA 02026

Tel: (617) 326-8220

TWX: 710 348 0481

PACIFIC & MOUNTAIN
TIME ZONES

John Cotsworth

1000 Elwell Court

Suite 234

Palo Alto, CA 94303
Tel: (415) 969-3886

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

MICROLAB/FXR.
the supermarket
of microwave

components

@

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

Robert Burn, Bronwyn Holmes,
Derek Hopkins

25 Victoria Street

London SW1H OEX, England
Tel: 44-(1)-222-0466

TLX: 851-885744

JAPAN

Tokyo Representative Corporation
Aizawa Bldg. 3F.

2-14-6, Misaki-Cho,

Chiyoda-ku, Tokyo 101 Japan
Tel: 230-4117, 4118

Cable: REPRETIV Tokyo

TLX: J26860




Get 3M’s help from start to finish.

No other single supplier can help . : 3 5:6 28200
you at all stages as well as 3M

can. First, during your design and
layout, there are 3M Microwave
Design Aids, copper foil components
on convenient transfer sheets.
When you’re breadboarding they save
hours of time, make changes or
tweaking quick and easy.

Next, we offer you the widest choice
of high quality dielectrics for micro-
strip or stripline applications. In

T

NSTANT

J

helps you still more. It's recognized
as the most reliable and practical
bonding agent for stripline or other
multilayer circuit packages.

Most importantly, 3M’s advanced
research and superior manufacturing
facilities assure you of consistent
quality materials. In quantity. And
delivered on time. It's the kind of
quality and dependability that

pays off in higher production yields

h i and lower end costs for you.
the dielectric constant (€r) range
from 2.17 to 2.55, our CuClad Teflon-glass For more information on any of our Microwave
substrates deliver dependable characteristics Products write us. Microwave Products, Electronic
within precise tolerances. In the 6 and 10 €rrange,  Products Division/3M, 223-4 3M Center, St. Paul,
3M’s Epsilam series provide a remarkable Minnesota 55101. Or if your need is urgent, call us
combination of dielectric and physical properties. now at 612-733-7408.
When you move to production, our Bonding Film CuClad and Epsilam-10 are registered trademarks of 3M.

Teflon is a registered trademark of DuPont Co.
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wﬂh Hughes' TWTA’s‘ "

fhere are a lot of Hughes TWTA's operating in a lot
of places around the globe. We have put over 3,000

of them into the field since 1969 and some

have

logged over 40,000 hours of continuous operation.
This kind of longevity doesn't just happen. It's the

result of excellent design and top quality. And expert

service. Whenever you need it. Hughes provides the

expertise, the repair and even a “loaner”
TWTA for you to use while we're getting

laurels and fade into the sunset, alt of this m(Idbo Y
of little value to you. But we have no such piam.
Hughes has been a major factor in the TWTA
business for a long time. And we intend to be in it
for a long time to come.

For all your present and future TWTA's.. Use
Hughes. For more information write Hughes dircraft

yours back in shape. E HUGHES g

If we were intending to rest on our ’

HUGHES AIRCRAFT COMPANY
ELECTRON DYNAMICS DIVISION

Where innovation inTWTA technology is a tradition

Circle 3 on Reader Service Card

TRAVELING WAVE TUBE AMPLIFIER

World Radio History“

Company, Electron Dynamics Division,
Instrumentation Amplifier Products,
3100 West Lomita Blvd., Torrance,

Ca. 90509. Or call (213) 534-2121.
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