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For FDM Communications
and
Radar Receiver Testing

NEW “E” Series Signal Generators,
0.8 to 21 GHz.

Stable, low-noise klystron cavity oscillators with
solid- state plug-removeable modules.

Extremely low noise sideband levels are needed for
high sensitivity “quieting” measurements of FDM
communications receivers and for testing satellite
frequency converters. Up to 8.4 GHz, the noise
sidebands of Polarad Signal Generators are

olarad polaraad

Send for our new catalog.

more than 120 dB below the carrier in a 1 Hz bandwidth
(>—120dBc/Hz)at offsets from carrier greater than 70kHz.
This wide usable dynamic range is typically 10 to 20 dB
better than solid-state sweepers and synthesizers.

(See Chart.)

PLUS:

e Accurately calibrated, spectrally pure CW and
modulated outputs with 130 dB dynamic range.

¢ |nfinite on-off ratio (no residual carrier output) for
pulse and square wave modulation.

¢ Conforms to MIL-T-28800B.

SBB CARRIER TO NOISE RATIO AT 7 GHz

$30,000 SYNTHESIZER

POLARAD E SERIES
SIGNAL GENERATOR
<$6,000

NOISE (dBc/HZ

mT
|

100 kHz 1000 kHz
AF, FREQUENCY OFFSET FROM CARRIER

polare

10000 kHz|

BHTHIND

5 Delaware Drive, Lake Success, N.Y. 11042  516-328-1100, TWX ¢ 510-223-0414
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TUNABLE FILTERS FEATURE

VERSATILITY
PLUS...

THE CHOICE IS YOURS!

TUNABLE BANDPASS DIPLEXER TUNABLE BANDPASS FILTER

K & L's TBD allows a receiver and transmitter to The BT series of tunable filters are capable of being
operate simultaneously from one antenna over a 225 tuned to any center frequency over the 24 to 4000
400 MHz range. MHz range.

TUNABLE BANDREJECT FILTER TUNABLE NOTCH FILTER

ABLE BANDREJECT FILTER

K & L's TND covers the frequency range of 225 to Six different modeis cover the 50 to 1000 MHz
400 MHz, featuring a Direct Read-Out with frequency range in octave bands.
resolution of 100 KHz throughout the range.

MICROWAVE INCORPORAIED

408 Coles Circle, Salisbury, Maryland 21801
Fhone 301-749-2424 ¢ TWX 710-864-9683
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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 aiways “special” needs
for “special applications” . . .higherisolation,SMA and Type N connectors intermixed, male connectors
or wider bandwidths. Contact us. We can supply them at your request . . . with rapid turnasound time.

BASIC CASE STYLES

! PSC Series MSC Series Z2SC Seres ZMSC Senes ZFSC Sernies ZAPD Series
—

TWO-WAY 0°
(2kHz — 4200 MHz)

TWO-WAY 90° TWO-WAY 180°

(12— 180 MHz) {(10kHz — 500 MHz)

| THREE-WAY 0°
(0.01 — 750 MHz)

SIX WAY 0°

FOUR-WAY 0° (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)

=T St DISTRIBUTORS—USA

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

NORTHERN NEW JERSEY & EASTERN PENNSYLVANIA

WESTCHESTER COUNTY TE O Crown Electronics Pen Stock

e onavelDis Miars - P 11440 Collins Street 105 Fremont Avenue

AR :5? e’"‘:‘""l‘";’; 1';’4 N Houywood, CA 91601 Los Altos, CA 94022
afayette Hill, 4 L g

Commack NY 11725 (215) 8253177 213) 877-3550 (415) 948-6533

(516) 543-4771
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SHELF”’ Over 80 models covering
2 kHz to 4.2 GHz

COMBINERS FROM$7
(500 pieces) $ 9.95 (6-49)

For complete specifications and performance curves, refer to
1979-80MicroWaves Product Data Directory pages 161-369, or 1979 EEM pages 2770-2970.

SELE.T THE MODEL YOU NEED §

Max Max. ]
Min. |insert. Min. |insert.
Freq. isol.-dB|loss-dB| See Freq. isol.-dB|loss-dB| See
range {Mid- | (Mid- [notes Price range {Mid- | (Mid- | notes| Price
Meodel {MHz) band | band) Vbelow (Qty.) Mode! {(MHz) band | band) ]belowi (Qty.) |
- O e — . ] ‘
PSC-2-1 01-400 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 1.4 $29.95(5-49) i
PSC-2-2 0 002-60 20 06 $19.95(6-49) PSC-3-1-75 1-200 25 0.7 1 |820.95(5-49)
PSC-2-1-75 0.25-300 20 | 0.75 1 [$11.95(6-49) PSC-3-2 0.01-30 25 | 045 $29.95(5-49)
PSC-2375 55-85 25 05 1 [$19.95(6-24) PSC-3-13 1-200 85 0.6 $24.95(5-49)
PSC-2-4 10-1000 20 12 $19.95(6-49) 28C-3-1 1-200 25 0.7 3 ([$37.95(4-24)
MSC-2-1 01-450 20 | 075 $16.95(5-24) 2SC-3-1-75 1-200 25 0.7 1,3 |$38.95(4-24)
MSC-2-1W 2-650 25 08 $17.95(5-24) 25C-3-2 0.01-30 25 | 0.45 3 |$47.95(4-24)
2SC-2-1 01-400 20 | 075 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 0.7 4 |$47.95(4-24)
ZSC-2-1W 1-650 20 08 3 |$32.95(4-24) ZMSC-3-2 0.01-30 25 | 045 4 ($57.95(4-24)
2SC-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) {
2SC-2375 55-85 25 05 3 |$37.95(4-24) ZFSC-3-1W 2-750 20 1.0 5 |841.95(4-24) |
ZMSC-2 1 0.1-400 20 | 075 4 ([$37.95(4-24) ZFSC-3-13 1-200 35 0.6 5 1$39.95(4-24) !
se2 2 | 0003 2 | 06 | 4 |saroniare | NS C-\VAY 0° EE———— l
ZMSC-2 2 0002-60 20 06 4 [$47.95(4-24) PSC-4.1 0.1:200 20 | 075 | 628,95 (6-49)
ZFSC-2-1 6-500 20 06 5 |$31.95(4-24)
PSC-4-1-75 1-200 20 0.9 1 |$24.95(6-49)
ZFSC-2-1W 1-750 20 [oX:] 5 [$35.95(4-24) ‘
PSC-4-3 0.25-250 20 | 075 $23.95(6-49)
ZFSC-2-2 10-1000 20 10 5 [$39.95(4-24)
PSC-4A-4 10-1000 15 11 $49.95(6-49)
ZFSC-2-4 02-1000 20 \40) 5 [544.95(4-24)
PSC-4-6 001-40 25 0.5 $29.95(6-49)
ZFSC-2-5 10-1500 20 1.0 5 [$49.95(4-24) |
i 2SC-4-1 01-200 20 [ 0.75 3 [$46.95(4-24)
ZFSC-2-6 0.002-60 20 0.6 5 |$36.95(4-24) _
2SC-4-1-75 1-200 20 0.8 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 19 0.6 6 |$39.95(1-9)
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 01-200 20 | 075 4 |$56.95(4-24)
i ZMSC-4-2 0.002-20 25 05 4 |$79.95(4-24)
I 2 \VAY 90° SN | ZMSC43 | 025250 | 20 (075 | 4 |$53.95(4.24)
PSCQ-2-13 | 12-14 25 | 07t | 2 |s12.95(5.49) | 2roC-4] 0 19" SN0 e S T
: ZFSC-4-1W 10-500 20 15 8 [$74.95(1-4)
PSCQ-2-14 12-16 25 | 06t 2 [$16.95(5-49) ZFSC-4375 50-90 12 1.8 (589 95(1-4
PSCQ-2-40 | 23-40 18 | 07t | 2 [$16.95(5-49) o e
PSCQ-2-60 | 25-50 20 | 07t | 2 [$19.95(5-49) == o ——— WAY | = EEae
PSCQ-2-90 55-90 20 [ 07t [ 2 |$19.95(5-49) PSC-6-1 l 1175 I 18 | 10 | $68.95(1-5)
PSCQ-2-180 | 120-180 15 | 07t | 2 |$19.95(5-49) ZFSC-6-1 1-175 20 | 12 | 9 [s89.95(1-4)
Z5CQ-2-50 25-50 20 | 07t | 2.3 |$39.95(4-24) | NG - WAY ) ]
ZSCQ-2-90 55-90 20| O7¢ 2,3 |$39.95(4-24) PSC-8-1 0.5-175 .1 $68.95(1-5)
2SCQ-2-180 120-180 15 [ 0.7t | 2.3 |$39.95(4-24) PSC-8-1-75 05-175 20 0.8 1 [$69.95(1-5)
ZMSCQ-2-50 25-50 20 | 07t | 2,4 |$49.95(4-24) PSC-8A-4 5-500 18 1.8 $89,95(1-5)
ZMSCQ-2-90 55-90 20 [ 07t | 24 |$49.95(4-24) PSC-8-6 0.01-10 23 11 $79.95(1-5)
ZMSCQ-2-180 | 120-180 15 | 07t | 2,4 1549.95(4-24) 2FSC-8-1 | 0.5-175 20 18 10 [$89.95(1-4)

) T mear ZFSC-8-1-75 0.5-175 20 1.0 |1,10 (890.95(1-4)
I 2 - WWAY 180 ZFSC-8375 50-90 25 1.3 (1,10 ({$119.95(1-4)
PSCJ-2-1 1-200 25 [ 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 $109.95(1-4)
ZSCJ-2-1 1-200 25 08 3 |$37.95(4-24)
28CJ-2-2 0.01-20 25 | 05 | 3 (s47.95(4-24) | NN 1G6-WAY O° N
ZMSCJ-2-1 1-200 25 8-8 4 [$47.95(4-24) ZFSC-16-1 | 05125 | 18 | 1.6 | 11 [5174.95(1-4)
ZMSCJ-2-2 0.01-20 25 .5 4 |857.95(4-24)

ZFSCJ-2-1 1-600 25 | 15 | 5 [s49.95(4-24) | (NN 24-WAY O° I
ZFSCJ-2-3 . 5-300 25 1.5 5 '$39.95(4-24) ZFSC-24-1 | 02100 | 20! 20 12 18264.95(1-4) |
1. 75 ohms impedance 10 BNC connectors standard, TNC available at $10 additional
t2 Average of coupled outputs less 3 dB 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 addtional cost SMA available at $65 additional cost.
6 BNC, TNC, SMA & Type N at $5 additional cost,

Please specily connectors
TNC. SMA & Type N at $5 additional cost.

Please specily connectors
SMA connectors standard, BNC on request. ] h )
BNC connectors standard, TNC available, SMA available at $15 World's largest manufacturer of Double-Balanced Mixers

(~ Mini-Circuits

A Division of Scienttic 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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Get 1 watt output from
vyour H-P generator
with a Mini-Cirecuits amplifier!

0.05 - 1000 MH:
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 MiniCircuits’ 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!

-~

. —r———T7—— = ] L. aas 1 = 0

[_MODEL FREQ. | GAIN GAIN MAXIMUM NOISE |INTERCEPT DC POWER PRICE

NO. MHz FLATNESS POWER FIGURE POINT
OUTPUT dBm
1-dB 3RD ORDER

d8 dB COMPRESSION dB dBm VOLTAGE [CURRENT | $ EA. QTY.
‘ 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-3A 0.4-150 | 24 Min. ~1.0 Max. +29.5 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (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)
I ZHL-32A l 0.05-130 | 25 Min. +1.0 Max. +27 Min 10 Typ -33 Typ +24v 0.6A 199.00 (1-9)

Total sate input power +20 dBm, operating temperature 0° C to +60°C, storage (emperamrw‘ GO t?: +100° C, 50 otm impedance, Input and output VSWR 2 1 max
For detalled specs and curves. refer to 1979/80 MicraWaves Product Data Directory, p 364-365 or EEM p 2970-2971

World's largest manufacturer of Double Balanced Mixers

= 0o m (=]
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M ln '-c l rcu .ts

Domestic and International Telex 125460 International Telex 620156 MINI-CIRCUITS LABORATORY
A Division of Scientific Components Corp R45/RevB
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The HP 8620
Sweeps the Spectrum—
10 MHz to22 GHz.

Aversatile
mainframe.

With the 8620C Mainframe, you get the
sweep modes and markers you need for both
wide and narrow band measurements: a
full band sweep with 3 markers, a marker
sweep at the touch of a buttonand a .. F
sweep that can be as wide as 100% of band.
Plus precise frequency setability with the
convenient CW vernier and - F “expand”
controls: you cansetal MHz - F sweep
even at 18 GHz. 8620C Mainframe, $2850.

45006 A

Wide RF coverage-
and

with high power.

Choose from ultra wideband RF plug-ins—
10 MHz to 2.4 GHz with the HP 86222,

2 t0 18.6 GHz (optional to 22 GHz) with the
HP 86290B— or from octave and double-
octave plug-ins, several of which offer

40 mW or more output power. These RF
units also provide the excellent frequency
accuracy, linearity, and spectral purity that
make them ideal sources for general
purpose bench and field test applications.
They're especially useful in swept fre-
quency test systems such as the HP 8410
and 8755 Network Analysis Systems.

MICROWAVE JOURNAL



Popular plug-ins
include:

HP1B
programmability
option adds value.

=Tos'y B - e L A N
Model No \ Freg Range | g‘jf,f:,t Price |
— -— —_— - — (
86222A.B | I0MHz-2.4GHz | 20mW | $4100/4800 il HP-IB: Not just [EEE~488. but the
La- APPSRy 2. = b - HP4B hardware, documentation and
| B623SA 17-4.3 GHz 40 mW $3500 SYETERE support that delivers the shortest
r_ — LI TR - = i s bibled path to a measurement system.
[ 86240A 2.0-8.4 GHz 40 mW $4150 When you add the HP-IB option 1$950) to the 8620 C Mainframe, you
3 ——— 3 ’1 I ST S can pragram up to 10,000 irequency po nis per band on up to
86240C .60-86 GHz 4 mW $4950 4 bands with a variety of sweep modes. With the precision 86222 or
PSS L =4 L il | e T A W e . Y 86290 RF units installed in the 8620C, excellent repeatability is
5 s % = achieved thanks to the exceptional trequency accuracy and
86245A 59124 GHz S0 mW $4600 linearity of these plug»ins," ki 4
+ S e 2 — TA —_— A real advantage of HP IB is you get noton'y the bus architecture
86260A 12.4-18 GHz ) mW $3950 you need. but the documentation support that can help you get
_ == y === S 3| your system up and running in weeks, instead of months.
SR 4 ‘ A prime example is the scores of HP 1B automatic microwave
86290A 2-18 GHz | mwW $14 250 network analyzer systems now in use. Major elements of these
—_ . — == = - systems are the 8620C/86290B Sweeper. HP 8410 Network Analyzer.
) ARA - and HP 9825A Desktop Computer. Systems like this are fally
862908 2186 GHz 10 mW $16.250 described in HP Applicatior Notes 221 and 187 Series. Yoa can
FOWIt g T R T P9 ¥ |8 B get copies of these plus information on the 8620C from your local
86290B 2-22 GHz 2 mW $19.250 HP sales office. or write Hewlett-Packard. 1507 Page Mill Rd.,
opt. HC& Palo Ato, CA 94304,
i - . S . < il Domestic U.S. prices only.

EaprEEE [

April — 1980
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Millimeter_Noise Sources

the basic
measurement
device for

all solid state
microwave
systems

— 18-26 GHz
26-40 GHz

Octave Band Capability

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

e Withstands High Incident Power

e No Damaging Spike Leakage

Electrical Characteristics (@25°c)

FLATNESS POWER REQ.
FREQUENCY RANGE ENR vp MAX MAX

MSC
TYPE NO

MC51826W
MC 52640W

18.0 GHz to 26.5 GHz +15d8 | +20d8
26.5 GHz to 40.0 GHz 23 dB +20dB | +30a8B

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

MC 7215w 19.9 GHz to 23.1 GHz +05d8 | £0.6 dB +28V, 20mA
MC 7300w 29.7 GHz to 30.3 GHz 23 dB +050B | £t06dB +28V, 20mA
MC 7315W 31.2 GHz to 31.8 GHz 23 dB +05dB | +0.6dB +28V, 20mA
MC 7350W 34.7 GHz to 35.3 GHz 23 dB 20508 | £0.6dB +28V, 20mA

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

r JoJ
I.|= ms MICROWAVE SEMICONDUCTOR CORP.
100 School House Road
Somerset, New Jersey 08873, U.S.A.

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

10

(-
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Coming
Events

1980 MTT-SINT'L Sponsor: |EEE

MICROWAVE MTT-S (Microwave
SYMPOSIUM/ Theory and Tech-
EXHIBITION niques Society).

MAY 28-30, 1980 Place: Shoreham
Hotel, Washington,
DC. Contact: B. Sheleg, Code 5733, Wash-
ington, DC 20375. Tel: (202) 767-2297.

15TH SYMPOSIUM Sponsor: Georgia

ON ELECTRO- Institute of Tech-
MAGNETIC nology. Place: GIT,
WINDOWS Atlanta, GA. Topics:

JUNE 18-20, 1980 radomes and radome
techniques, Contact:
D. J. Kozakoff, Engineering Experiment

Station/EML/RSD, GIT, Atlanta, GA 30332

Tel: {404) 894-3505.

38TH DEVICE
RESEARCH
CONFERENCE
JUNE 2325, 1980

Sponsor: Rockwell
Int’l. Place: Cornell
University, Ithaca,
NY. Contact: Fred
A. Blum, Confer-
ence Chairman, Rockwell International,
P.O. Box 4761, Anaheim, CA 92803.

Tel: (714) 632-2584,

10TH EUROPEAN
MICROWAVE
CONFERENCE
SEPT. 8-12, 1980

Spansors: Associa-
tion of Polish Elec-
trical Engineers,
EUREL, IMPI,
URSI and |EEE
Region 8 — in association with Microwave
Exhibitions and Publishers Ltd. Place: War-
saw, Poland. Contact: Prof. Andrzej Sowin-
ski, EuMC Conf. Chrm., Industrial Institute
of Electronics, ul. Dfuga 44/50, 00-241,
Warszawa, Poland.

S5TH INT'L
CONFERENCE ON
INFRARED AND
MILLIMETER
WAVES

OCT. 6-10, 1980

Call for Papers.
Sponsors: Int’l,
Union of Radio Sci-
ence, Physikalisches
Institut. Place:
Wiurzburg, Fed. Rep.
Germany. Submit
35-word abstract by June 1, 1980; deadline
for conference digest ms. is September 1,
1980, to: Kenneth J. Button, General
Chairman, MIT National Magnet Laboratory,
170 Albany St., Cambridge, MA 02139.
Tel: (617) 253-5561.

MILITARY Sponsor: Micro-
MICROWAVES ‘80 wave Exhibitions
CONFERENCE and Publishers Ltd.

AND EXHIBITION
OCT. 22-24, 1980

Place: Cunard Int’l.
Hotel, London.
Topics: Military
applications of microwave engineering, in-
cluding defense systems, communications,
EW, radar, guided weapons and RPVs,
mm-wave systems, and technology. Contact:
R. C. Marriott, Managing Director MEPL,
Kent TN13 1JG. Tel: (0732) 59533/4.
Telex: 95604 YNLTDG. %
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IMPROVE YOUR SYSTEM
PERFORMANCE WITH
ULTRA WIDEBAND GaAs FET

AMPLIFIERS
Small
Noise Signal Power

Part Frequency Figure Gain Output
Number Range (GHz)(db max.) (db min.) (dbm min.)

gg?g':g?g g-g' g-g 3'8 gg I}g TRAK specializes in amplifiers for EW applications.
8010-1600 2.0- 8.0 45 o5 10 Some examples are listed. Give us a call to discuss
8000-1600 4.0- 8.0 4.5 25 +10 your particular needs including amplifiers packaged
8010-1210  8.0-18.0 8.0 25 +10 for microstrip circuits.
8010-1220  7.0-18.0 8.0 25 +10
8010-1900  6.0-16.0 7.0 25 +10

‘stock item

8010—!!30 6.0-18.0 8.0 25 +10

8000-1200 12.0-18.0 8.0 25 +10
‘BO0D-120¢ 12.0-180 100 Y8+ J-stock item
Standard octave bandwidth and narrow bandwidth

amplifiers are also available.

TRAK Microwave Corporation
*These units are available for delivery 1 week ARO (U.S.A.) 4726 Eisenhower Blvd. Tampa, FI. 33614

subject to prior sale. (813) 884-1411 Telex: 52-827.
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A PREVIEW OF MTT-S
IN WASHINGTON

Dr. Larry Whicker, chairman of the
Steering Committee for the 1980
MTT-S Sy mposium, previews the May
1980 meeting which promises to be
the largest in the Society’s history.
Workshop sessions on May 26 and 27,
the days preceding the formal Sympo-
sium, are identified. The extensive so-
cial program is described and a con-
densed version of program for the
three-day Symposium is shown.

MEASURING DIGITAL RADIOS
WITH A SPECTRUM ANALYZER

In a comprehensive paper, the authors
review digital radio principles and the
regulatory requirements for commer-
cial installations and proceed to a dis-
cussion of the techniques for measur-
ing FCC-specified as well as other digi-
tal radio characteristics. Precautions
applicable to the use of spectrum ana-
lyzers for obtaining accurate measure-
ment results are discussed. In this sec-
tion of the paper, the importance of
proper input level, resolution band-
width selection, on-screen amplitude
display and analyzer calibration are
emphasized. Finally, a section titled
“’Practical Hints for FCC Measure-
ments’’ discusses and illustrates those
tasks in detail.

THE MICROWAVE POWER TUBE
CONFERENCE

The fourth in the Microwave Power
Tube Conference series is scheduled
for May 1980 in Monterey, CA. Since
1976, these conferences have provided
a forum for communication among
tube companies, system manufacturers
and the Department of Defense which
has raised the level of mutual under-
standing among these groups consider-
ably. Since there are no Proceedings
published, free expression is encour-
aged and, frequently, incomplete work
and unsolved problems are discussed at
length. The preview provides a broad
outline of tne program. In the general
area, various sessions will address busi-
ness climate, technology directions and
industry interfaces with DoD and sys-
tems suppliers. In addition, reliability,
fast-wave devices, applications and
materials and processes will be covered
in the technical portion of the pro-
gram. A strong interest in the Confer-
ence is anticipated and a summary of
the meeting will be published in the
July issue of the Journal.

CRIMPED COAX PROVIDES
BROADBAND PULSE
COMPRESSION

Channelized and pulse-compression
receivers for electronic warfare systems
depend heavily upon acoustic wave de-
vices and other similar devices to pro-
vide the filter technology which they
need. The article describes a study
which addresses the feasibitity of fab-
ricating broadband microwave disper-
sive delay lines using conventional
semi-rigid coaxial cable in a reflective
mode. Procedures for the introduction
of discontinuities into the coaxial line
are discussed and the analysis of these
discontinuities is shown. The design,
construction and test of an experimen-
tal dispersive line for a 5 to 7 GHz
baseband and a second with a broad
baseband spectrum of 4.2 to 7.8 GHz
are described. Special design consider-
ations for receivers which are to incor-
porate the coaxial dispersive lines are
noted.

INSTRUMENTATION BUYERS
GUIDE

The second of our issue theme-related
buyers guides list suppliers of micro-
wave instrumentation beginning on
page 73. Inquiries against the Reader
Service numbers shown in the table
will be forwarded to a number of sup-
pliers for reply.

Hetrsn 2%'

World Radio Histol

Workshops
& Courses

GWU SHORT COURSES
Sponsor: George Washington U
Cont. Engrg. Ed. Program

Place: GWU Library, 2130 H St.,
N.W,, Washington, DC.
Titles Applied ECM — No. 651,

and May 59, 1980, Digital Trans.
Dates: Systems Engrg.—No. 535,
June 16-20, 1980
Description: No. 651 — review of
and Fee electronic countermeas-
ures field as applied to
microwave, radar-con-
trolled, weapon systems.
Fee per person, $625.
No. 535 — advantages of
digital vs analog trans-
mission. Fee, $650.
Contact: Director, Cont. Engrg. Ed.,
GWU, Washington, DC 20052.
Tel: (202) 676-6106;
Toll Free: (800) 424-9773.
SHORT COURSE ON RADAR
REFLECTIVITY MEASUREMENT
TECHNIQUES
Sponsor: Georgia Institute of Tech.
Engrg. Experiment Station
Date: June 3-5, 1980
Place: GIT, Atlanta, GA
Subject: collection and interpretation
of radar reflectivity data.
Contact: Director, Dept. of Cont. Ed.,
GIT, Atlanta, GA 30332
Tel: (404) 894-2400.
1980 ENGINEERING SUMMER
CONFERENCE
Sponsor: U of Michigan, College of
Engrg., Cont. Engrg. Ed.
Date: June 23-27, 1980
Topic: Microwave Sensing Technology
Fee: $475
Contact: Engineering Summer Conf.
800 Chrysler Cent, N. Campus
The U. of Michigan
Ann Arbor, Ml 48109
SPREAD SPECTRUM
COMMUNICATIONS SEMINAR
Sponsor: Hellman Associates
Dates: August 11-13, Los Angeles, CA
Sept. 22-24, Palo Alto, CA
Lecturer: Dr. David Nicholson, Tech.
Asst. of V.P., E-Systems,
MELPAR Div.
Description: jamming and anti-jam-
ming strategies.
Fee: $595 per person.
Contact: Hellman Associates,
299 S. California Ave.,
Palo Alto, CA 94306.
Tel: (415) 3284091.



Need more
POWER from
TO-8 RF amplifiers?

Using state-of-the-art RF amplifier tech-
nology, Watkins-Johnson continues to lead
the industry with high-performance TO-8
amplifiers. The latest editions to our product
line offer more power than ever before —

cover 10-1200 MHz and provide 9 dB of
gain. Bath of these are great amplifiers for
those difficult situations where both power
and gar are neaded. If you only have
+12 Vdc available, then take a look at the

up to almost one-half of a watt with the WJ-PA1! WJ-PA3, WJ-PA10-1 and WJ-PA12-1. You'll
The WJ-PA1 and WJ-PA2 also offer high-efficiency receive better than +20 dBm from all of them. And, if your
outputs for applications requiring a minimum current application calls for a hi-rel amplifier, we've still got you
drain with maximum output power. Both models draw covered. These new models are all available with our
typically only 58 mA at +15 Vdc, while providing +20 dBm standard "S" series screening to MIL-STD-883B. We will
at the 1 dB compression point. For battery-pperated also be happy to discuss any additional screening which
radios or missile applications, more efficient amplifiers your application might require
cannot be found. To find out more about these powerful TO-8 amplifiers,
The WJ-PA3 and WJ-PA3-1 cover the full 5-500 MHz contact the Watkins-Johnson Field Sales Office in your area
band and provide 14 dB of gain with outputs in or phone Amplifier Applications Engineering in Palo Alto,
excess of +20 dBm. The WJ-PA10 and WJ-PA12 California at (415) 493-4141, ext. 2117

Then you NEED Watkins-johnson!

Frequency Gain (dB) Noise Figure (dB) Output Power (dBm?) Vdc DC Current,
Model Range (MHz) Typ _—_§i1/+85f’c Typ 4—54/+85‘1C3_- T (L —54/+85°C Nom.  mATyp
WJ-PAI_ 10-100 13 115 80 100  +225(+265) +205(+245) +15(+24) 58(95)
WJPA2 10300 11 90 80 100  +21.0(+2501 +190(+235) +15(+24) 58(95)
WJ-PA3 5500 145 130 75 95  +23.0(+24.5) +20.0(+225) +12(+15) 98(130)
WJ-PA31  5-500 145 130 70 90  +225(+25.0) +200(+22.5) +15(+20) 91(132)
WJPA10  10-1000 100 90 85 100  +225(+245) +200(+23.0) +15(+20) 95(130)
WJ-PA101  10-1000 100 90 85 100 +2200  +20.00 +12 98
WJ-PA12  10-1200 95 85 85 100  +225(+24.5) +19.5(+22.5) +15(+20) 95(130)
WJ-PA121 10-1200 90 80 85 100 +220 4195 #1291

Note 1. At 1 dB compression point. For WJ-PA3-1, WJ-PA10, and WJ-PA12 at 20 Vdc operation and WJ-PA3 at 15 Vdc

operation, the maximum case temperature is +71°C.

Watkins-Johnson—U.S.A.: » California, San Jose (408) 262-1411, El Segundo (213) 640-1986 e Florida, Altamante Springs .305] 834-8840 e District of Columbia, Gaithersburg,
MD (301) 948-7550 » Massachusetts, Lexington (617) 861-1580 e Ohio, Fairborn (513) 426-8303 ¢ Pennsylvania, Haverford (215) 826-5854 e Texas, Dallas (214) 234-5396 ¢ United
Kingdom: Shirley Ave , Windsor, Berkshire SL4 5JU » Tel: Windsor 69241  Cable: WJUKW-WINDSOR e« Telex. 847578 » Germany, Federal Republic of: Manzingerweg 7, 8000
Muenchen 60 » Tel (089) 836011 » Cable: WIDBM-MUENCHEN e Telex: 529401 o (taly: Piazza G. Marconi, 25 00144 Roma-EUR ¢ Tel 59 45 54 » Cable: WIROM-| ¢ Telex: 612278

April — 1980 Circle 10 on Reader Service Card 13



e complete
sweeper.

s aWiltron.



You don't build a complete swesper
after the fact. You build it from the ground up
You build it for automatic measurement. You
build it with solid state plug-ins to cover the
entire 100 KHz to 40 GHz range. You build it with
the options to meet the needs of all users

You build the Wiltron 610D!

Simply, the best sweeper for
automatic testing.

Cover the 10 MHz 10 18.5 GHz range:
In one continucus sweep. No need to stop and
change plug-ins or externcl compenents
One fes! set-up using Wiltron's new 10 MHz 1o
18 GHz SWR Autotester i1s all you need

It's cleqrly the superb sysierm
for broadband and high directivity (40 dB)
SWR measurements.

Plug-ins for cost effectiveness.

There are 26 RF solid state plug-ina
covering single, dual and multiple bands —the

only complete line of sequentially swept units.
Pick the exact unit you need. All units feature
outstanding spectral purity, flatness, and the
latest YIG tuned oscillators. The 6247D plug-in
sweeps from 10 MHz to 18.5 GHz in one
continuous sweep Qthers go up to 40 GHz

Advanced features all the way.

“ield proven reliability is so good
Wiltron gives you a two-year warranty on the
oscillator. The 410D features a selectable
Intensity, Video cr RF marker Phase lock to an
external stancard for crystal controlled
accuracy. All plug-ins feature slope control to
compensate for cables and connectors. Main
frame weighs 18 Ibs.. plug-ins, 10 lbs. And it's
compatitle with our new 560 Scalar Network
Analyvzer as well as the other fellew's.
Options include crystal controlled frequency
markers, creset frequencias, additional markers
and GPIB {IEEE 4838-1575).
Excellent service, fiee field seminars.

Nc one pravides faster service than
Wiltran, If you're in ¢ spot, we'llhelp youwith
a loaner. So you can get the most from your
Wiltron 610D, we offer user seminars and
technical notes

Isn’t it time for the complete sweeper?

For an early demo or literature, call
us today. Phone Walt Baxier ¢t (415) 969-6500,
or wrte Wiltron, 825 East Middlefield Road,
Mountain View, CA 94043,

WILTROIN
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The first FP2562 was good.
The 1,000th was even better.

But then again, that's no surprise
to our customers who
expect and receive con-
tinued value engineer-
ing throughout

an entire pro-

ject. ’

That's why Rockwell's
International Collins
Transmission System Division
brought us their power divider
project. They needed a new com-
munication band power divider
which promotes high isolation in a
small package.

We gave them the FP2562, a two-
way power divider which typically
offers greater than 30 dB isolation
between outputs from 5.94-t0-6.41

ABOYATORUES 5

dB and typical VSWR of
1.15/1 maximum — all in a
unit smaller than 1 cubic
inch.

We worked along with
Rockwell’s engineers on
the project to produce what
they needed, and they liked what
we delivered. So they ordered
1,000 more — each with the same
or better high performance and
reliability as the first, and at a sur-
prisingly low cost.

If you need microwave components,
systems or subsystems — whether
its one or thousands, call Sage. We'll
work on your project with you. And
you'll have the full benefit of our 25
years of experience.

psage

LABORATORIES, INC.
1955 - 1980

3 Huron Drive, Natick, Mass. 01760 ¢ 617/653-0844 ¢ TWX 710-346-0390)

GHz, a typical insertion loss of 0.1 L

——
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There
are two ways
to conserve

wildlife.

Zoos are one—but they’re mainly
far the enjoyment and education
of people. The other way: natural
habitat that provides what all
animals need to survive—food,
water, cover and a place to raise
their young.

But does it have to be either’or?

In too many places the chance for
a fair balance between human
needs and wildlife habitat is being
recklessly destroyed by chainsaws
and buildozers.

As part of its drive to protect
habitats without stifling necessary
development. the National Wildlife
Federation recently acquired a
2,765-acre tract in northern Califor-
nia’s Shasta Valley. The new Lava
Lakes Wildlife Area and Nature
Center provides habitat for a wide
range of species—mammals, birds,
waterfow], fish, reptiles, amphib-
1ans. That's the way to conserve
wildlife.

To help, write Department 404,
National Wildlife Federation,

1412 16th Street, N.-W .,

Washington, D.C. 20036. g
5 - S

Save A Place For Wildlife.

).
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The Program
The theme for this year’s MTT-S Conference is

"Technology Growth for the 80's"” and it promises to
be the largest, most well-attended MTT-S Symposium
ever. The Technical Program will inciude 150 papers
and three special invited sessions: the first two ad
dressing technology in Japan and Europe, the third
dealing with the export of technology from the
United States. There will also be five workshops dur
ing the Monday and Tuesday preceding the Sympo-
s'um gpening:

® Millimeter Wave Devices Using Gyrotropic Media

® ARFTG, Automated Radio Frequency Techniques
e Monolithic Microwave Analog 1C’s
°

Sympaosium on Electromagnetic Dosimetric
Imagery

® (Cigabit Logic For Microwave Systems

In addition, panel discussions an ““The Solar Power
Satellite System’ and on “IC’s: Challenge of the
80’s" are scheduled for the evening of May 28. The
exhibition will present a diversified group of product
demonstrations on the show floor. Most major micro-
wave device, component, subsystem and instrument
suppliers will be on hand to discuss their products

Mark your calendar!
lan NOW to attend!

2L MIT-S 1980
INTERNATIDNAL
MICROWAVE
SYMPOSIUM /
EXHIBITIDN

Location: Washington, D.C.
Site: Shoreham Hotel
Dates: May 28-30, 1980

The Location

Washington, D.C. will host the 1980 MTT-S Sympo
sium, with headquarters at the Shoreham,
Washington is in the heart of microwave activity on
the East Coast, and in close proximity to the muiti-
tude of government agencies and offices with micro-
wave interests. In addition, Washington offers tremen-
dous attractions close by the Conference site. An out-
standing social program, unique and particular to the
Capitol, has been planned. This includes a ‘‘cham-
pagne and dessert’’ tour of the city, a spouses’ tour of
the Washington monuments and government build-
ings, inciuding Mt. Vernon, the Library of Congress,
the National Gallery of Art, Georgetown, and, if pos-
sible, The White House. An Exhibitors’ Cocktail Pasty
will precede the annual MTT-S banquet and the ban-
quet will feature a cancert by the U.S. Marine Corps
or Navy Band, a memorable full-course dinner, enter
tainment by Mark Russell {political satirist) and pre-
sentation of the MTT-S Awards.

,

. Mmicrowave

JOURNAL

610 Washington Street
Dedham, Massachusetts 02026

-l

Please send me complete information about partici
pating in the 1980 MTT-S Symposium.

| am particularly interested in:

__ exhibiting __ attending

Name

Company 2 I8

Address N

City State L 271




{from page 22) MTT PREVIEW

cut Avenue with convenient bus/

rail service to the center city area.

The National Zoo is a short walk
from the Conference site. Further
details concerning the many at-
tractions will be provided at the
Conference.

The hotels require that reserva
tions with one night’s deposit be
received by April 25, 1980. Since
the number of rooms available at
the special conference rate is fin-
ite, it i1s advisable to make reser-
vations as soon as possible.

| gratefully appreciate the con-
tributions of the Steering Com-
mitiee members and Chairmen
listed on these pages. Their conti-
nuing support will make the 1980
International Microwave Sympo
sium a truly memorable one.

The 1980 IEEE/MTT-S Social Program
E e e e ANVNUA Banquet,_—
A Complete Evening’s Entertainment

The annual banquet will be
held Thursday, May 29, from
7:00-10:30 P.M. and it immedi-
ately follows the exhibitors cock-
tail party taking place in the Blue
Room of the Shoreham Hotel.
The banquet hall will be trans-
formed into an elaborate setting
with the use of flowers and deco-
rations

A proper prelude to the dinner
will be a concert by the "'Presi-
dent's Own’' U.S. Marine Band or
the U.S. Navy Band. Following
the concert will be the Presenta-
tion of the Colors by the Joint
Armed Forces Color Guard.

Following dinner, entertain-
ment will be provided by Mr. Mark
Russell, Washington’s renowned
political satirist, night club enter-
tainer and TV celebrity. Mark has
promised to provide us with a
special show for our group which

Mark Russell

will address issues of nterest to
the microwave community.

In the awards portion of the
banguet the Microwave Theory
and Techniques Society will hon-
or the following members and
present to them the listed prizes
and awards:

e Microwave Career Awards:
Dr. S. B. Cohn
Dr. W. J. Klein
e Microwave Applications
Award:
Erwin F. Belohoubek
e Microwave Prize:
E. R. Carlson,
M. V. Schneider, and
T. F. McMaster
An award will be presented for
the paper:

“Subharmonically Pumped Milli-
meter-Wave Mixers,”
MTT Trans., Oct. 1978

Newly elected |EEE Fellows
who are members of MTT will be
recognized and additionally,
IEEE President, Leo Young, will
present the IEEE/USAB Award
for Engineering Professionalism
to Bruno Weinschel, Past USAB
Chairman.

Champagne and Dessert Tour,
B e SPArkiing”’ Introduction 10 the - s r—

This tour on Wednesday, May
28, from 8:00-10:30 P.M. will
provide a magnificent overview
of the Washington area. The tour
should interest both conference
attendees, their spouses and older
children.

An experienced guide will nar-
rate a leisurely tour of Washing-

Nation’s Capitol

ton monuments and government
buildings, beautifully lighted for
nighttime viewing. On our bus
we will tour the city and see an
overview of the Capitol while en
joying champagne and French
pastries served by a waiter,

We will pass the Capitol, the
White House, the Washington
Monument, galleries and mus

eums and the now famous Water-
gate complex.

Special stops will be made at
the Lincoln Memorial, the Jeffer-
son Memorial, the Iwo Jima
Memorial and the John F. Ken-
nedy Center for the Performing
Arts—all more impressive and in
spiring under illumination.

The spouse’s program will begin each day {Wednesday through Friday) at 8:30 A.M. Tour No. 1, on May
28 from 9:30 A.M. - 3:30 P.M. will explore Georgetown Houses. Tour No. 2, on May 29 from 9:30 A M. -
3:00 P.M. will cover Capitol Hilland Tour No. 3, on May 30 from 9:00 A.M. to 12:00 noon will visit

Mt. Vernon and Alexandria.

T e NI T T Technical Program—-_

Program will feature five days of state-of-the-art workshops and sessions, including:

24
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FOUR INSTRUMENTS
IN ONE.

Intarnal Pulse / Sing'e FreqUency Slew Oto —100 dBm / \ 1dB Leveling
Modulation % and Sweep Modes / Output Power Range ‘-' 100 MHz to 26 GHz
0.1to 199 us Range // Fully Phase-locked / 0.1dB Resolution \
Externai Pulse 100 MHz to 26 GHz Intemal and Extemal
Modulation Frequency Coverage Si Power Metering
0.1 us to CW Range 0.00035% Accuracy itpt 0.1 dB Resolution
Watkins-Johnson has shown above, the WJ-1204-1 * Pen-lift signal
cambined the operating and offers: » 'EEE-488 option
performance capabilities of a * Compactness (weighs For a demonstration of this
SYNTHESIZER, SWEEPER, only 37 Ibs.) versatile, multicapability
MODULATOR and POWER * Microprocessor control instrument. contact the
METER into one complete * Rugged design to Watkins—Jo'hnson Field Sales
instrument —the WJ-1204-1 MIL-T-28800B Office in your area or call
Sweeping Synthesized * Internal FM Jack Messmer, Applications
Signal Generator. (1 kHz £0.1% deviation) Engineer, in Palo Alto, Calif.
In addition to the features ~ * Narrowband continuous  at (415) 493-4141, ext. 2218
sweep

10 kHz to 1 MHz resolution

The WJ-1204-1 offers sweeper versatility
with synthesizer accuracy from

100 MHz to 26 GHz.

Watkins-Johnson—U.S.A.: e Calitornia, San Jose (408) 262-1411, El Segundo (213) 640-1980 ¢ Georgia, Ailanta (404) 458-99C7 e District of Columbia, Gaithersburg MD 1301

948-7550 ¢ Massachusetts, Lexington (617) 8631580  Ohio. Fairborn (513) 426-8303 » Pennsylvania, Haverford (215; 896-5854 » Texas, Dallas (214) 234-5396 ¢ United Kingdom:
Shirley Ave . Wingsor, Berkshire SL4 5JU ¢ Tel Windsor 69241 e Cable WJUKW-WINDSOR e Telex 847578 ¢« Germany, Federal Republic of: Manzingerweg 7 8000 Muenchen 60
o Tol (0891 636011 ¢ Cable WJDBM-MUENCHEN e Telex 529401 o ftaly: Piazza G Marcont, 25 0C144 Roma-EUR # Tel 59 45 54 e Cable WJROM-| » Telex 612278
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{from page 24}

EXECUTIVE ROOM

MTT PREVIEW

SYMPOSIUM SCHEDULE

MONDAY, MAY 26, 1980 (MEMORIAL DAY OBSERVED)

GIGABIT LOGIC FOR

FORUM ROOM

PALLADIUM ROOM

MICROWAVE SYSTEMS
900 H00PM

AUTOMATIC RADIO
FREQUENCY TECHNIQUES

900 5H00PM

MILLIME TER WAVE DEVICES
USING GYROTROPIC MEDIA

900 500PM

AMBASSADOR ROOM

TUESDAY, MAY 27, 1980

ELECTROMAGNETIC

FORUM ROOM

AUTOMATIC RADIO

EMPIRE ROOM

DOSIMETRIC IMAGERY
900 500PM

FREQUENCY TECHNIQUES
900 500P.M

MONOLITHIC MICROWAVE
ANALOG IC's

900-500PM

AMBASSADOR ROOM

DIPLOMAT ROOM

WEDNESDAY, MAY 28, 1980

A OPENING SESSION

FORUM ROOM TUDOR ROOM

EXHIBIT HALL

8301000 A.M.

1980
MICROWAVE
EXHIBITION
9 00-6 00 P.M
B MICROWAVE POWER C MILLIMETER RECEIVERS | O MICROWAVE ACOUSTICS | ¢ 1 cpowAVE ENGINEERING
TRANSISTOR AND COMPONENTS L) FOR EXPORT
MAGNETOSTATIC WAVES
10:30- noon 10 30~ nwon S e 10:30 ~ moor
F MILLIMETER WAVE G HIGH POWER DEVICES H MICROWAVE J MICROWAVE FILTERS AND
POWER GENERATION AND TECHNIQUES SYSTEMS 1 MULTIPLEXERS
2 00-500P M 200-510PM 1:30-5:00 P.M 2:00-5.10 P.M
PANEL SESSION ON PANEL SESSION
MILLIMETER WAVE IC's ON THE SOLAR POWER
SATELLITE (SPS) SYSTEM
Sloas 0oL 800 1000P.M
CHAMPAGNE AND DESSERT TOUR OF THE NATION’s CAPITOL - 8 00 10 30 P M
THURSDAY, MAY 29, 1980
AMBASSADOR ROOM DIPLOMAT ROOM FORUM ROOM TUDOR ROOM EXHIBIT HALL
K HIGH POWER L SATELLITE = e N ool TE
SOLID-STATE COMMUNICATION USRS Aom At
CIRCUITS SYSTEMS IN EUROPE o0
83011 40 A.M 8 30-noon 830-1140 AM 83011 30 A M. MICROWAVE
EXHIBITION
P SATELLITE Q GUIDED WAVE R BIOLOGICAL 900-500PM
@ MILLIMETER BROADCASTING OPTICS AND APPLICATIONS
WAVE IC's IN JAPAN INTERACTIONS AND EFFECTS
130-440PM 1.30-5.00P M 130-4:30 P.M 1.30-500P M

EXHIBITORS RECEPTION, PALLADIUM ROOM — 5 15 -~ 6 45 P.M
1980 IEEE/MTT S ANNUAL BANQUET, BLUE ROOM - 7:00 10 30 P.M
FRIDAY, MAY 30, 1980
AMBASSADOR ROOM DIPLOMAT ROOM FORUM ROOM TUDOR ROOM EXHIBIT HALL
S GaAs FET T COMPUTER AIDED ) MICROWAVE
CIRCUITS TECHNIQUES MEASUREMENTS v FIELD THEORY 1980
MICROWAVE
830 noon 8:30- 11:50 A.M. 8301140 AM 830 11.40AM po thaid
W  MICROWAVE IC X  MICROWAVE 900 300P M
COMPONENTS SYSTEMS 2
130-250P.M 130-2.50 P.M
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SANDERS’ NEWEST
NOISE FIGURE TEST SET.
LIGHTWEIGHT, PORTABLE. COVERS
1MHz TO 40 GHz.

Wl ’ " S

g s

LT iy
l;‘ Rl N

Our new Model 5440C Test Sct is Another feature. The 1 MHz-18 GH:
tough. Yet it's light (8 lbs.) and small noise source — a solid state component
(5" x 7" x 10.5") for easy storage of the Test Set — can be positioned
and carrying. up to 300 feet from the Set. This way,

It measures noise figures from 2 to the entire system can be included in
35 dB, with typical accuracy of + 1 dB. @&» noise tigure measurements. Defective
and presents the output as a digital components at the front end can be
readout. quickly isolated by connecting the

A continuously variable IF preselec- . = noise source before or after the suspect
tor allows measurements anywhere in unit or cable.
the 10-200 MHz range. The Model 5440C Noise Figure Test Set from Sanders. For
This Test Set can also operate directly from system video deails and a demonstration, contact Sanders
or audio output. Result? A more accurate representation of Associates, Inc., Microwave Division, SA A
complete system performance. Grenier Field, Manchester, NH 03103.
Four LED indicators alert the operator to improper system Telephone: 603-669-4615, X-447. SANDERS
setting or procedures. TWX: 710-220-1846. ASSOCIATES. INC

April — 1980 Circle 18701 Beader Service Card 2



Around
the
Circuit

Cablewave Systems, Inc.
appointed Henry Pessah as
Manager of Engineering. . .
Gilbert F. Johnson joins
California Microwave, Inc. as Executive V.P. — Opera-
tions. . .Comtech Telecommunications Corp. announced
the appointment of George Birutis as President of CTC’s
subsidiary, Comtech Antenna Corp. . .Harry B. Sefton Jr.
was named Engineering Mgr. for the American Nucleon-
ics Corp., Westlake Village, CA. . .Michael Mulcay joins
TerraCom, a division of Loral Corporation, as V.P. of
Marketing. . .Scientific-Atlanta, Inc. promoted Marvin
Shoemake to General Manager for the antenna products
division. . .Materials Research Corporation has added
two key members to its management ranks. Dr. Charles
Ristagno joins the company as Manager of Precious Met-
als, Advanced Materials Div. and Vijay Borase advances
from Operations Mgr. to General Mgr., Ceramic Sub-
strates Div. . .David C. DeGree has been appointed Dir.
of Marketing and Product Development and Richard
Betz was named V.P. and Gen. Mgr. for the Laminates
Division of Keene Corporation. . .At Systron-Donner’s
Instrument Division, Harry H. Hollington has been ap-
pointed Director of Operations. . .Valtec Corporation
elected Chairman of the Board of Directors and appoint-
ed James R. Kanely as Pres. and Chief Operating Officer.

PERSONNEL

Harris Corporation’s Gov-
ernment Electronic Sys-
tems Division received a
$7.3M contract for a classi-
fied electronic communication system from the US
Army’s Maryland Procurement Office. . .US Army Satel-
lite Communications Agency in Fort Monmouth, NJ
awarded a $4.37M fixed price contract to Ford Aero-
space & Communications Corp.’s Western Development
Labs for a satellite earth terminal with a 60-foot diame-
ter antenna dish to be used by the Gov't of Australia. . .
Norden Systems, a United Technology subsidiary, re-
ceived a $30M contract award to begin production of
the AN/APS-130airborne navigational radar system. Ini-
tial funding of $10.7M was received from the Naval Air
Systems Command (NASC). Another $60M contract was
awarded by the Sylvania Systems Group of GTE to Nor-
den Systems to supply the data processing equipment
for the C3 systems of the MX missile system. GTE was
named as prime contractor for the M program in a
$325M grant awarded by the Air Force Ballistic Missile
Office, Norton AFB, CA. . .NASC awarded a $1.7M con-
tract to Xerox Electro-Optical Systems for helicopter in-
frared countermeasure system. . .Electromagnetic Sci-
ences, Inc. was granted a contract by Motorola’s Govern-
ment Electronics Div. to develop electronic equipment
for use on the US Army’s Stand-Off Target Acquisition
System. . .Alpha Ind. received a contract over $1.4M
from Loral Electronic Systems for ECM system devices.

CONTRACTS

28

Satellite Business Systems’
FCC Order of February 8,
1977 was affirmed en banc
by the US Court of Ap-
peals in Washington, DC. . .RCA announced plans to de-
velop a military Modular Airborne Search and Track Ra-
dar (MASTRY). . .General Telephone & Electronics an-
nounced multimillion dollar expansion plans for its com-
munication research facilities in Phoenix, AZ and St.
Petersburg, FL. . .Omni Spectra, Inc. opened a 10,000
square-foot manufacturing facility in Lawrence, MA to
expand its Microwave Connector Div. in Waltham, MA.
.. .Anderson Labs, Inc. (Bloomfield, CT) has formed a
new company, Signal Technologies, Ltd. in a joint ven-
ture with Plessey Co. Ltd. (UK). Signal Technologies is a
SAW device manufacturer located in Swindon, England.
. . .Weinschel Engineering Co., Inc. has begun construc-
tion of a 10,000-square-foot electronic calibration equip-
ment manufacturing facility at the Airport Industrial
Park near Frederick Municipal Airport, MD. . .M/A-COM,
Inc. and Omni Spectra, Inc. announced they have en-
tered into a definitive Plan and Agreement of Merger
pursuant to which Omni Spectra will become a M/A-
COM company.

INDUSTRY NEWS

Adams-Russell reported
first quarter results for the
period ended December 30,
1979 of sales of $7.98M
and net income of $529K on earnings per share of 29¢.
This compares with 1978 quarterly sales of $6.39M and
net income of $366K on earnings per share of 21¢. ..
Electromagnetic Sciences, Inc. announced yearly net
earnings for 1979 of $262K or 31¢ per share and sales of
$5.05M. This compares with 1978 earnings of $214K or
6 per share and sales of $3.77M. . .Omni Spectra, Inc. re-
ported first quarter results for the period ended Decem-
ber 29, 1979 of net income of $205K or 8¢ per share and
sales of $6.98M. For the same period of 1978, net in-
come was $126K or 5¢ per share and sales totalled
$6.21M. . .Raymond Industries Inc. announced sales of
$34.6M and net earnings of $1.49M or $1.42 per share
for the year ended December 31, 1979. During the end
of fiscal year 1978, sales were $31.5M and net income
was $1.17M of $1.12 per share. . .California Microwave,
Inc. reported second quarter results for the period ended
December 31, 1979 or net income of $104K, or 5¢ per
share on sales of $9.0M. During the same quarter last
year, net income was $584K, or 29¢ per share {adjusted
for 50% stock dividend) on sales of $9.1M.

FINANCIAL NEWS

ROBERT L. RIDDLE

Robert L. Riddle, co-founder, President and Chair-
man of the Board of Directors of Locus, Inc., died
February 19, 1980, a victim of leukemia.

Mr. Riddle was born October 28, 1922 in Smith-
land, |A. He received a B.S. in 1949 and an M.S. in
1951, both in E.E. from the State University of lowa.
From 1951-1956, he was associated with BTL, RCA,
and the Univ. of lowa on the application of solid
state devices for spaceborne radiation experiments.
From 1951 to 1963, Mr. Riddle was assistant profes-
sor of E.E. at Penn State. In 1963, he became V.P. of
HRB-Singer, Inc. and since 1968 served as President of
tocus, Inc., State College, PA.

He was an Air Force veteran of World War tl and
the Korean conflict. Mr. Riddle was a member of Tau
Beta Pi, Eta Kappa Nu, Sigma Xi and |[EEE, Amer.
Soc. of Engineers, Assoc. of Old Crows, the Air Force

Assoc. and the Assoc. of the US Army. R

W

MICROWAVE JOURNAL



Looking for the
world leader in

solid state
RF/Microwave
power?

You've found it!

RF/Microwave products for telecommunications, defense

electronics. laboratory instrumentation and test—irequencies from

less than 1 MHz up to 8.4 GHz—power outputs from less than 1 watt up to
several kilowatts—all solid state——that's the world of MPD. It's a world
that's getting wider every day. with a constantly growing spectrum of

commercial, industrial and military applications:

Space Satellite Amplifiers
+ Class A linear or Class C

* 1500 to 2300 MHz

« “Space-Qualified” transmitters

Satellite Ground Stations

+ GaAs FET power amplifiers, up to 8.4 GHz

+ 1 and 5 MHz distribution amplifiers, up to 26 outputs
« FM carrier baseband video distribution amplifiers

+ |F amplifiers, 70, 700 and 1100 MHz

Terrestrial Microwave Amplifiers

» Microwave LOS, 100 watts

* High power troposcatter, L-band, 1000 watts
+ Microwave and UHF radio relay, 1000 watts

Broadcast

« UHF/VHF color TV transmitters, up to 1.5 KW peak synch
+ Airborne TV visual/sound power amplifiers

* FCC type-accepted driver amplifiers

» UHF TV internal 3-tone amplifiers

Avionics

+ FAA and M'L TACAN transmitter systems— power
amplifiers, modulators, synthesizers, power supplies

* L-band digital transmitters (JTIDS)

* Data link transmitters

* Up/down converters

* Airborne pulse amplifiers

Missile Systems

+ Command/destruct transmitters
+ Guided weapon data link amplifiers
* Military drone transmitters

Radar Amplifiers

* L-band transmitters
+ S-band pulse drivers for 3-D radar
+ Shipboard drivers for AN/SPS-48 radars

Electronic Warfare

+ Communication jammers

+ Class A linear power amplifiers
» Linear AB wideband jammers
» Jamming simulators

Military Communications Amplifiers

* Long-pulse data links

+ Communication command links

+ UHF transceiver amplifiers/modulators
« MIL RF power boosters (ECCM)

Laboratory Instrumentation/Test

+ Class A linear amplifiers
* RFI/EMI test amplifiers
* Power meter calibration systems
+ Commercial and MIL power supplies—
high efficiency, compact packaging, up to 6000 watts
* DC-DC converters

MICROWAVE POWER DEVICES, INC.

330 Dsor Avanue, Hauppauge, N.Y. 11787 » Tel. 516-231:1400 » TWX 510-227.6239
World Radio History
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Noise Measurement

-

30

. Solid-State Noise Sources
s, that Generate Broadband
\\ Noise from 1 MHz

to 40 GHz.

f
| Features
/ * Long |

* Fast §

Instrument Noise Sources

MODEL FREQUENCY POWER REQ.
NUMBER RANGE (MH2) ENR FLATNESS MAX.
WIDEBAND COAXIAL
MC 1000 10 - 1500 35.0 a8 +0.50 dB +28V, 10mA
MC 1100 10 - 1500 15.5 dB +0.50 dB +28V, 10mA
MC 1040 10 - 4000 255d8 +0.50 dB +28V, 15mA
MC 5112 1000 - 12400 25048 +0.50 dB +28V, 15mA
MC 5418 4000 - 18000 25.0 B +0.50 dB +28V, 15mA
MC 50018 5 - 18000 25.5 dB +0.75 dB +28V, 15mA
STANDARD BAND COAXIAL
MC 5012 1080 - 2000 30.0 dB +0.50 dB +28V, 15mA
MC 5024 2000 - 4000 30.0 8 +0.50 dB +28V, 15mA
MC 5048 4000 - 8000 30.0 dB +0.50 d8 +28V, 15mA
MC 5812 8000 - 12400 30.0 B +0.50 d8 +28V, 15mA
MC 51218 12400 - 18000 28.0 dB +0.50 dB +28V, 15mA
WAVE GUIDE BAND
MC 5046W 3950 - 5850 15.5 dB +0.50 d8 +28V, 15mA
MC 5068W 5850 - 8200 15.5 dB +0.50 dB +28V, 15mA
MC 5812w 8200 - 12400 15.5d8 +0.50 dB +28V, 15mA
MC 51218wW 12400 - 18000 15.0 d8 +0.50 dB +28V, 15mA
MC 51826W 48000 - 26500 25.0 dB +£2.00 dB +28V, 20mA
MC 52640W 26500 - 40000 23.0 d8 +3.00 dB + 28V, 20mA
ADAPTORS
MC 601A ADAPTOR FOR HP 340 and HP 342 Serles Automatic Noise Figure Meters
MC 602 ADAPTOR FOR AIL Model 74 Noise Figure Meter

YOUR TOTAL MICROWAVE RESOURCE

The MSC series of Solid-State Noise Sources
allow you to achieve one-step broadband
noise-figure measurements superior to
many octave-bands of gas discharge noise
tubes. Please call or write for a complete
Noise Measurement Product Data Packet,
and the MSC 24-Page Product Guide.

Il|= 8 MICROWAVE SEMICONDUCTOR INC.
mw ¥am an affiliate of SIEMENS

100 School House Road

Somerset, New Jersey 08873, U.S.A.

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

A Preview of the
Microwave Power Tube
conference

J. E. GRANT
Hughes Ajrcraft Company

Torrance, CA

The fourth Microwave Power
Tube Conference will be held
May 12-14, 1980, at the Naval
Postgraduate School in Monterey,
CA. The theme for this year's
Conference is ' The Decade of
the ‘80s.” The principal objective
is to provide a forum for open
communications among tube
companies, systems manufactur-
ors and DoD. Both technical and
institutional issues will be dis-
cussed. To promote the free ex-
pression of views, no Conterence
proceedings are published and
neither photographs nor tape re-
cordings are permitted. Papers in-
clude incomplete work, reports
on unsolved problems, future re-
quirements, and conclusions to
problems raised at past confer-
ences. |f the past is any indica-
tion, the atmosphere will be cas-
ual and the discussion, at times,
heated. For the most part, how-
ever, the debates are constructive
and most attendees come away
with a sense of accomplishment.

Broadly, the first day of the
Conference will be devoted to
discussions of the Tube Industry/
DoD interface, the business cli-
mate, DoD investment strategy,
and a forecast of where the tech-
nology is headed. The second and
third days will cover technical
progress and problems and the
Tube Industry/OEM interface.

Perhaps the single most impor-
tant subject at the First Monterey
Conference was reliability. This
year's organizing committee
hopes to rekindle interest in this
subject. A synopsis of the Trans-

April — 1980

mitter Reliability Workshop will
be given This workshop was held
at NASA’s Lewis Center last
September to discuss problems
associated with spacecraft tube-
type transmitters. Reliability pa-
pers will also cover radar and
ECM applications. Since it is
generally recognized that the
bulletproof tube is an impracti
cal concept, papers on both
tube and transmitter reliability
improvements will be presented.

Following the reliability ses-
sion, there will be four invited
papers addressing cost drivers,
Two of these papers will cover
expendables. Since it makes little
sense to plug a low-cost tube into
a high-priced expendable trans-
mitter, the transmitter will be
considered as well.

Since a large number of fast-
wave abstracts were submitted, a
separate session will be devoted
to this topic. Subjects include
gyrotrons, approaches to wide
bandwidth at millimeter waves,
electron gun problems, and the
low frequency gyrotron.

A variety of subjects will be
covered in the applications ses-
sion. Two papers will address
new radar techniques and their
transmitter requirements. The
need for dual mode (10 dB pulse
up) radar tubes will e pointed
out. Included in this session will
be a paper concerning Soviet
tube technology and their spec-
trum trends will be discussed. A
comparison between the US and
USSR'’s power versus frequency
capabilities will be made.

Given that materials and proc-
esses are the major factor in lim-
iting the performance of micro-
wave tubes today, there should
be considerable interest in this
session at the Conference. Cath-
ode papers oriented towards de-
vice applications will be a domi-
nant subject. There is no doubt
that the industry is in need of a
better cathode. Over the past sev-
eral years, controlled life tests
and sketchy field data reveal that
cathode emission degrades more
rapidly with time than the origi-
nal, close-spaced diode work sug-
gested. With the advent of higher
frequency operation and inher-
ent electron gun design limita-
tions, the availability of an im-
proved cathode becomes even
more important. Included in this
session will be a synopsis of the
1980 Tri- Services Cathode Work-
shop. The synopsis will include
cathode technology, problem
areas, identification of specific
requirements, and recommenda-
tions for the future. Papers will
address such topics as improve-
ments in the dispenser cathode,
performance of gold-magnesium-
oxide secondary emitting cath-
odes, and field emitter arrays.
Other subjects to be included are
brazed helix technology, thin
film deposition of helix attenua-
tors, permanent magnets, high
voltage encapsulation, and shelf
life considerations.

After several false starts, it

now appears that millimeter
waves are here to stay. In fact,
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millimeter waves may soon be:
come a major growth segment of
the tube market. Historically,
frequency has been steadily
pushed upward due either 1o
spectrum overcrowding at lower
frequencies or the quest for en-
hanced systems performance at
the higher frequencies. Both DoD
and industry planners are actively
pursuing next generation systems
employing millimeter waves.
There is also a steadily increasing
availability of solid state sources,
passive components, and high
power tubes. Because of the
growing interest, a millimeter de-
vice session will be held covering
such topics as novel slow-wave
structures, gridded guns, and fu-
ture requirements.

Finally, the Conference would
not be complete without a broad
spectrum of papers covering the
latest and greates! in microwave
devices and technology.

An egually important aspect
of the Conference is a frank and
honest discussion of the institu
tional and management problems
confronting the industry. The
entire first day of the Conference
will be devoted to this subject.
The morning will cover three
broad topics:

e Technology forecast

e Business climate and expecta-
tions

o DoD investment strateqgy

The afternoon session will
delve into more specific issues in

cluding such topics as the role of
AGED, status of the AFTER

Program, R&D funding problems,
DoD program planning and man-
agement, manufacturing methods
activities, and material problems.

Predicting the tenor of these
management topics at the Con-
ference is difficult. It is expected,
however, that the discussions will
center on the unpredictable busi-
ness picture facing the industry
and the precarious world econo
mic condition. Our industry is
characterized by significant capi-
tal investment requirements, rela-
tively low profit return, small
production quantities, and high
technology and quality require-
ments. It is not an environment
which encourages major invest-
ments. This industry characteris-
tic is probably why the number
of major tube companies has
dwindled from 16 in 1970 to 7
in 1980.

The industry is being subject-
ed to rapidly increasing prices
and material shortages. This situ-
ation is not expected to ease in
the foreseeable future. In the
past, the cost of raw materials
was an insignificant cost element,
but that is no longer true. There
is certainly no need to reiterate
what gold and silver prices have
done recently. There are other
raw materials whose prices have
escalated at a rapid pace and
some that are likely to become
extinct altogether. We face a sig-
nificant challenge of finding eith-

er substitutes or technical alter
natives. More and more purchased
items are priced at time of deli
very making it difficult to recov
er escalating costs in the fixed
price environment

The tube industry is an excit
ing, challenging field. Significant
changes have occurred demanding
a concerted effort to find new
and different solutions to the
problems facing the industry. An
open discussion of these problerns
and, in particular, exploring pos
sible solutions is what the Micro
wave Tube Conference is all
about.

Jeff Grant received an A B. (Physics) degree
from the University of California at Berke-
ley in 1964 and a M.S. (E.E.) from the Uni-
versity of Cahfornia at Los Angeles in 1968.
As an engineer, he has worked on the de-
sign and development of a variety of TWT's
at Hughes. Mr. Grant is now Manager of the
Microwave Amplifier Product Line at the
Electron Dynamics Division of Hughes Air-
craft Company. He is also the General Co-
Chairman of the 1980 Microwave Power
Tube Conference. ¥%
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OFULL BANDWIDTH T Tencavener T, Tisotaon Twssamion | e | ccuomn
. LOW VSWR NO GH2 NO E db MAX. MAX IN.
. H'GH |SOLAT|ON S 750A 2639 284 20 10 1202 14.0
€ 750A 3349 229 F2 10 115 8.3
’ LOW LOSS G 750A 395585 | 187 30 10 115 83
MMC now produces a complete [crson | sese2 137 30 10 115 62
line of waveguide ferrite devices; [w750a | 705100 |12 30 10 115 60
isolators, circulators, broad band, [ x7soa | 52124 | s0 30 10 s 5.0
narrow band, miniaturized, high [m7soa | 100150 | 75 30 10 115 om]
power, etc. Call Bob Gage, Chief {v750a 124180 | 62 25 10 a 5.0
= Engineer Ferrite Devices for | 7s0a 15.0.220 51 25 " o s | -‘?
\ ) applicaﬁon assistance on your |« rsoa 180265 | a2 B[ 115 a5
LN systems and/or laboratory U 750A 265400 _za 20 B 125 ;20@ 3; ]
- requirements. (1] HIGHER ISOLATION UNITS AVAILABLE INPUT VSWR
MAURY MICROWAVE CALL 714.9874715
c o = — =) A -T- | o ~N OR SEND FOR FULL DETAILS
8610 HELMS AVE. * CUCAMONGA, CALIFORNIA 91730 ¢ US.A. TELEPHONE 714.987-4715 ELAEs ShmAFo'm s S i, A e g
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This versatile |
signal generator - -
replaces six old-fashioned
units...and sweeps, oo

Covers .01-18 GHz with all signal generator
functions in a 5%" cabinet

»
.

MODEL SG 811 ” - g
SWEPT
¥ SIGNAL GENERATOR g i S
[1#‘ MICRO-TEL CORPORATION g ‘g
» o ook el snveare

Models SG-811-2A-5-6A

Features:
e Calibrated output: +10 to —120 dBm e Single output connector
¢ Internal pulse generator e Accessory frequency synthesizer
¢ 60 dB harmonic output o All sweeper functions
¢ Fully shielded e Extendable to 40 GHz
¢ |[EEE-488 bus e Ruggedized for shipboard and field use
e Removable-remotable RF unit Call or write for data sheet

MICRO-TEL CORPORATION

6310 Blar Hill Lane
Baltimore, Maryland 212089

Phone 301/823-6227

April — 1980 Circle 20 on Reader Service Card

any - AtO%
LY v ] a VLR TIM —
3 - AN
. ‘. ‘“17 e —_
b L SE * A L
y
L PO
PN wiBTe  FrEQ’PRf oty W
.-
o x
" X T
" - 20 NAREEN DUT B AWKIN
" .-
'
[/ .
Ll L 0

33



It gets tougher all the time.
Trying to match budget dollars
with instrument performance can
be a real problem. Unless the
instrument is our Model 1062
Sweeper

At only $890; the Model 1062 is a
tull-performance laboratory
sweeper with a 1-400 MHz
frequency range. You can sweep
any portion of that range at
variable rates, and have triggering
capability to boot. You'll also find

10 mW RF output, 2% sweep
linearity, and +0.25 dB flatness—
performance characteristics usually
seen only o, much more expensive
instruments.

The Model 1062 also includes
provision for an optional crystal-
controlled birdy bypass marker
system. Up to six plug-in marker
modules may be added. The
markers can be at single discrete
frequencies or they can be
harmonically related. Front-panel

controls vary marker amplitude
and bandwidth

Get the sweeper that solves
budget and performance problems
all at once. Get the Model 1062
still only $890*

Wavetek Indiana, PO. Box 190,
66 North First Ave., Beech Grove,
IN 46107. Toll free 800-428-4424
in Indiana (317) 783-3221
TWX (810) 341-3226

WAVETEK:

*US pnce only

Get rid of sweeper
budget problems.

Circle 21 for Demonstration
Circle 58 for Literature

model 1062

et our budget sweeper.



DIGITAL RADIO

MEASUREMENTS

¥

Digital radio differs from ana-
log radio not in the radio trans-
mission part, but rather in the
scheme of modulation. Digital
modulation, known as pulse code
modulation (PCM), was first de-
scribed by A. H. Reeves in the
1930s. However, it was not used
commercially until the 1960s,
when semiconductor technology
made the scheme practical. In
digital modulation, a signal is
sampled in frequency and quan-
tized in amplitude to convert the
original analog information to
discrete binary symhols. Various
bit streams of discrete symbols
are interleaved in time, creating a
time-division-multiplex (T DM)
composite which is the time equi-
valent of the well known fre-
quency-division multiplex (FDM)
for analog modulation,

The desire to go digital derives
from two advantages — perform-
ance and economics. Digital sym-
bol regeneration is possible, at
least in theory, without the usual
degradation due to noise and oth-
er problems of analog signals. The
economic advantages derive from
the inherent simplicity of digital
switching equipment and from
the ability to combine diverse
types of signals into one bit
stream. The fact that existing
transmission media, such as cable
or point-to-point microwave, can
accept digital transmission with-
out major redesign makes the
switch to digital easier.

FORMS OF DIGITAL MODULATION

The binary symbols represent-
ing the sampled-quantized origi-
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nal signal can be modulated onto
a carrier in various ways, such as
phase, frequency, or amplitude.
Many variations and combina-
tions of these three primary
schemes are possible. The most
popular scheme at this time is
8PSK (that is, 8-phase-shift key-
ing), which results in eight phase
vectors at 45-degree intervals.
These vectors represent three
possible binary states (since
23 = 8). Earlier schemes provided
fewer binary levels, while future
developments are moving toward
more levels. The push for more
levels is a result of the desire for
improved transmission efficiency
in the form of bits per hertz of
transmitted bandwidth. Sixteen-
level systems using AM and PM
are now becoming available. It
would appear, therefore, that the
popular 8PSK system is only a
temporary step in digital radio
development. Nevertheless, all
examples in this note are based
on the 8PSK system since the
measurement principles, if not
the members, remain the same re-
gardless of modulation scheme
As in FDM, so also in TDM,
digital bits are combined in a hi-
erarchical system. The first unit
in North America is 24 voice
channels consisting of 1.544
Mb/s; for Europe the first com-
bined level consists of 30 voice
channels at 2.04 Mb/s. These
channels can be combined further
so that the fourth level in the
USA isa 274.176 Mb/s stream.
These numbers result from the
basic encoding. In the USA, a
0.3 to 3.4 kHz voice channel is

using the
spectrum
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sampled at an 8 kHz rate and en-
coded into an 8 b signal. There-
fore, 24 channels require (24 x 8
=) 192 b. Adding one bit far
frame synchronization results in
193 x 8 kHz (sample rate) =
1.544 Mb/s. A sample from each
of the 24 channels is contained
ina 193-bit frame lasting 124 us
{1/8 kHz).

It should be clear from the
above discussion that the digital
modulation signal is a complex
combination of AM, FM, or PM
pulse combinations. Such a signal
creates a rather wideband spec-
trum that must be carefully
shaped, adjusted, and monitored
in order to meet transmission
fidelity and interference criteria
and regulatory requirements {tne
FCC in the USA). The primary
measurement instrument for this
spectrum is the Spectrum Ana-
lyzer.

MEASUREMENT NEEDS

FCC regulations ¢ 21.106 spe-
cify that for digital modulation
transmission below 15 GHz, “in
any 4 kHz band, the center ire-
quency of which is removed from
the assigned frequency by more
than 50% up to and including
250% of the authorized band-
width: As specified by the fol-
lowing equation but in no event
less than 50 dB

“A =36+ 08 (P- 50)
+ 10 log B

"(Attenuation greater than 80 dB
is not required.)’’



50 dB

AUTHORIZE

80 d8 BW - 30 MHz

FCC TRANSMISSION MASK
FOR 6 GHz DIGITAL RADIO

Fig. 1 Graphical representation of FCC
transmitted spectrum specifications.

In this equation, A is the attenu-
ation (dB) below the mean out-
put power level, P is the percent-
age removal from the carrier, and
B is the authorized bandwidth in
MHz.

A different equation applies
for transmission above 15 GHz.
Likewise, the FCC specifies auth
orized bandwidths as 30 MHz at
6 GHz, 40 MHz at 11 GHz, etc.

Applicable specifications are
usually given by the radio manu-
facturer. These specifications can
also be found in FCC publica-
tions, as indicated above. A graph
of the specifications for a 6 GHz
radio is shown in Figure 1. Two
points need to be adjusted and/or
verified. The spectrum width 50
dB from the mean transmitted
power should not exceed the
authorized bandwidth, and the
output level should be at least
80 dB down outside the frequen-
cies within the FCC mask.

Besides performing the spec-
trum occupancy tests, the spec-
trum analyzer can be used in
many other digital radio applica-
tions. These applications include
checking or adjustment for maxi-
mum peak power output, spec-
trum shape and symmetry, com-
parison of pre- and post-output
filter performance, spurious emis-
sions far from the carrier, ampli-
tude-level variations among sev-
eral transmissions on the same
antenna, interference pick-up
antenna alignments, etc.

Before proceeding with a dis-
cussion on how to perform these
measurements, it may be well to
consider the spectrum-analyzer
display of the digital radio signal.

SPECTRUM ANALYSIS OF DIGITAL
RADIO SIGNALS

The digital radio signal is com-
posed of a large number of indi-
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vidual components multiplexed
together. In the aggregate, the
output is of a random nature and
has a noise-like character. For the
measurement bandwidths in-
volved (kHz to MHz), the spec-
trum analyzer responds as it
would to random noise. The
spectrum shape depends on the
form of modulation used. For
PSK, the spectrum shape is de-
termined by the Fourier trans-
form of the bit stream, which, if
of ideal rectangular pulses, gener-
ates a sinx/x spectrum. The nulls
of this spectrum occur at the sig-
nalling, or bit, rate. Such a spec-
trum is shown in Figure 2.

Because the signal is noise-like,
it follows that noise measurement
theory applies. Display power
level is proportional to spectrum
analyzer resolution bandwidth,
changing by 10 log (bandwidth
ratio). Smoothing, by use of eith-
er video filter or digital averaging,
needs to be used since the peak
signal level will fluctuate. Abso-
lute power-level measurements
call for the usual 2.5 dB log mode
correction factor, as well as a
knowledge of the random-noise
bandwidth rather than just the
spectrum-analyzer resolution
bandwidth (see Appendix A).

As long as the measurement
resolution bandwidth is relatively
narrow (Less than one tenth) in
relation to the spectrum shape
to be measured, the displayed
spectrum shape will not be dis-
torted. Bandwidth changes will
change only the displayed ampli-
tude, not the shape. The dis-
played amplitude depends on the
mean transmitted power, the
measurement random-noise band-
width (Bn), and the signaling bit
rate {fs). For the PSK signal the
relationship is: dB display rela-
tive to total power = 10 log (Bn/
fs). {See Appendix C for deriva-
tion.) A greater signaling rate
means more signal spreading, and
thus less power output at the
peak of the mainlobe. However,
a greater signaling rate means
more efficient spectrum utiliza-
tion since the efficiency in terms
of transmitted bits per hertz of
output bandwidth is proportional

to signaling rate (see Appendix B).

The signaling baud rate is also
optimized with respecl to trans-
mitted power bandwidth, which
has to be restricted to meet max-
imum output-bandwidth regula-
tions. Consequently, the power
in the sidelobes is filtered out,
and sometimes some of the main-
lobe, too, if the signaling baud
rate is sufficiently high. The 10
log (Bn/fs) relative-amplitude re-
lationship assumes that power
loss due to filtering is negligible.
Sometimes manufacturers correct
for this assumption, as discussed
later.

MEASURING TO
FCC SPECIFICATIONS

Occupied Bandwidth: The
bandwidth is measured at the 50
dB-down point, as shown by the
FCC mask in Figure 1. The 50 dB
bandwidth calls for a relative-lev-
el measurement in dB rather than
an absolute power determination
in dBm. What has to be meas-
ured is the occupied spectrum
width at the point where the
spectrum is 50 dB down from the
“'mean output-power level,” as
illustrated in Figure 3. If the
power outside the output-filter
bandwidth is ignored, then the
mean output power is the same
as the unmodulated level, and the
relative-level formula 10 log (Bn/
fs) holds.

The measurement consists of
two steps. The first step is to de-
termine the relative level between
signal display peak and the mean
power level. Manufacturers will
usually specify this number. Al-
ternately, the user can compute
it from 10 log (Bn/fs). The re-
mainder of the 50 dB is measured
with respect to the mainlobe of
the signal. It is important to note
that the actual measurement
bandwidth need not be 4 kHz be-
cause this measurement is a rela-
tive-level one,

Consider the following exam-
ple. If the specified baud rate is
30.086 MHz, then 10 log (4 kHz/
30.086 MHz) = -38.76 dB. With
this high a baud rate, the output-
filter truncation error is close to
0.8 dB, and the manufacturer
specifies that the mainlobe is 38
dB down from mean output

MICROWAVE JOURNAL
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Fig. 2 Sinx/x spectrum generatec by 8PSK digital radio

transmission.

power after the filter. Both num-
pers meet the intent of the FCC
specifications, although referenc-
ing to the output of the iilter
makes the specitfication slightly
tignter. The remainder ot the
measurement is illustrated in Fig
ure 4, where the spectrum shape
is observed using three different
resolutior bandwidths. In each
case the shape is the same and
the bandwidth 1s 36 MHz at 12
dB down (riote 38 + 12 = 50).
The change in bandwidtn, in each
case by a factor of 10 times,
moves the spectrum shape by 10
dB t10 log 10 = 10 dB), but th:s
movement has no effect on the
bandwidth measurement.

Filter Leakage: Output level
ina 4 kHz noise bandwidih must
be at least 80 dB dawn fram the
mean outpu: level autside 250%

-20d88 11361GHZ J00KHZ PES

Sidelobe
@ 11dBC | __

Fia. 5 Unfiltered modulation sidelobe is only 11 dB below
mainlobe.
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Fig. 4 Transmission-bandwidth illustration using different

measurement resolution bandwidths
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Fig. 3 Spectrum output tevel relative to
mean output power.

of specified bandwidth offset
Without an output filter, side-

lobes are only about 11 dB down,

as shown in Figure 5. The func-
iion of the autput filter is to re-
duce these sidelobzas to the nec

essary -80 dB level.

Figure 6 shows such s measure-
ment. The result can be interpret-
ed in two ways. The simplest
technigue is to consider the peak

ot the display as 10 log (4 kHz/
fs) down, and add the relative
level of 1the leakage to this value.
Tnus, 38 + 53 = 91 dB. The oth
er technigue is to consider the
eifect of the bandwidth usad in
the measurement. A 300 kHz
resolution bandwidth equals a
(300 x 0.8 =1 240 kHz naise
bandwidth (see Appendix A).
Tkus, the mainlooe is 10 log
(240 kHz/30.086 MH2z) 2148
rom the mean power, plus 53 4B
dgown for the leakage, or 74 dB
tota!. The specification, however
is based on a 4 kHz bandwidth.
For 240 kHz, the number wouid
be 80 - 10 log (240/4) = 52 dB.
This measurement indicates a
levei over 10 dB better than
required.

An tmportant point is that the
spectrum analyzer internal noise

ﬁ

Sidelobe

i
1
|
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Fig. 6 After the filter, the sidelobe is 53 dB below mainlobe, as
measured 1in a 300-kHz resolution bandwidth {(240-kHz
noise banawidth)

{continued on page 39)
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ME ASUREMENTS

(from page 37)

Fig. 7 Two digital radio signals on the same antenna.

This teature is discussed in a later
sect.on.

OTHER MEASUREMENTS

Numerous measurements be-
sides those specified by the FCC
are possible, as indicated previ-
ousiy. Some examples are given
beiow.

Mufltiple-Carrier Level Balance:
Figure 7 shows two digital radio
signals transmitted an tne same
antenna. Although these signals
are supposed to be at the same
ampiitude level, clearly they are
not. The use of a ver tical display
of 2 dB/div., as shown in Figure
8, iliustrates an amplitude differ
ence of 1 dB.

Spectrum Symmetry: Figure 4
clearly shows an unsymmetrical
mainlobe that indicates transmit
ter misadjustment.

Another form of asymmertry is

Over2 dB

Fig. 9 Unequal sidelobes of digital radio transmission.

Aprit — 1980

m———ﬁ

~20d88 11436GHZ JOOKHZ PES 1
T

Fig. 3 Same as Fig. 7, showing an amplitude difference of 1 dB

between the two signals.

shown in Figures 9 and 10, taken
before the output filter. Figure 9
shows that ane sidelohe is more
than 2 dB different in amplitude
from the other one. By activating
the amplitude-difference meas
urement mode (unique to the
Tektronix 492 spectrum analyz
er}), the iarge sidelabe is adjusted
to full screen and its amplitude
relative to the mainlobe is deter
mined at 13.25 dB (upper left
read-out). Since a perfect sinx/x
gives 13.26 dB, it is obvious that
the right sidelobe is the one that
is incorrect.

Interference: Stray nterfe
ence can be captured by using
digital storage display with maxi
mum hold function. This tech-
nique holds random interterence
hits even when these hits occur
for a short time. Figure 11 shows
an interference probiem by the

stray output within the signal
nulls on the right side.

Spurious Outputs: The spec-
trum analyzer is an excellent tool
in checking for sourious outputs.
Figure 12 shows a spurious signal
offset oy the 70 MHz intermedi-
ate freguency above the 6 GHz
main signal.

MEASUREMENT PRACTICE

Amplitude Level: The input
mixer of the spectrum analyzer
will generate intermodulatior dis
tortion if driven by too high an
input signal. For digital radio, the
most serious iniermodulation is
third-order distortion whose com-
ponents blend into the original
signal and cause a wider appear
ance at the base. The lower the
input level, the lower the dis:or
tion components. Spectrum ana
lyzers are usually specified as
having good inout linearity foi

Fig. 10 Left sidelobe measures 13.25 dB down from mainlobe,
as compared to 13 26 dB for ideal sinx/x shape.
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before the output filter).

input levels up to -30 dBm. At
this poini, the third-order prod
ucts are between 70 and 80 dB
down, The 50 dB down band
widtn measurement is conse-
qguently rot affected; however,
the 80 dB down leakage level can
be in error. It should be noted
that an intermodulating spectrum
analyzer will show more low-level
signal than is rea!. A radio that
meets specifications under these
conditions is actually better than
measured.

The input levels necessary to
make FCC-required measure-
ments can be determined as foi-
lows: Peak signa: display level
with respect to mean transmitted
power is 10 log (4 kHz/fs). For
accurate measurement at 50 dB
dowr, the internal noise level
must be at least 60 dB down (as
suring a measurernent at least 10
dB akove noise level). Therefore,
the mean transmitied level should
be 60 dB above internal noise,
and the peak dispiay level should
be 60 - 10 log (fs/4 kHz) above
interral noise. Based on a signa!
ing rate of about 30 MHz, the
peak signal display leve' needs to
be at 'east 20 dB sbove the inter-
nal spectrum analyzer noise level.
The immediate tendency might
be to reduce the resolution band-
width so as to cut the internal
ncise ievel; however, the signal is
also noise-like, and the input-sig-
nal-to-inter nal-noise-level ratio
will not change.

Since signal-to-noise ratio is
essentially independent of resolu-
tion bandwidth setting, the choice
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Fig. 11 Stray output within the spectrum nulls {measured

of bandwidth must be estab!ished
on the basis of other factors. Too
wide a bandwidth prevents faith-
ful reproduction of the input
spectrum shape. A narrow band
width requires exceedingly nar
row post-:letection smaothing
filtering and a very stow measure-
ment sweep. These factors dictate
a measurement bandwidth be-
tween 10 kHz and 1 MHz, with
100 kHz and 300 kHz the pre-
ferred resolution bandwidth posi-
tions.

A 100 kHz measurement hand-
width and 30 MHz signaling rate
mean that the peak display is 10
log (10%/3 x 107) = -25dB from
mean transmitted power. A 20 dB
signal-to-noise ratio represents a
mean transmiited power leve!
only 45 dB above interna' noise.
Thus, for a maximum peak trans
mittea level into the mixer of
-30 dBm, the spectrum analyzer
must have -75 dBm sensitivity.
Most spectrum analyzers easily
meet this requirement.

The 80 dBc leakage specifica
tion requires @ minimum on-
screen display of 80 - 10 10g (fs/
4 kHz) = 42 dB; a value of 50 dB
includes some safety margin.
Thus, a typical instrument such
as the Tektronix 492, which as a
sensitivity of -90 dBm at 100
kHz resolution at 6 GHz input
frequency, has to be driven by a
(-90+ 50 + 25 =)-15d8Bm
mean transmitted power level
This level is within the linear dis
play portion af the instrument,
but some degree of low-level in-
termodulation is inevitab'e.

A06IGHZ JOOKHZ
Spurlous

Fig. 12 Spurious output at 70-MHz |F offset.

To reiterate, the best resolu
tion-bandwidth settings are 100
kHz and 300 kHz. The input level
to the mixer can be kept at a
minimum by using spectrum ana-
Ivzer front-end RF atteruation.
Intermodiilation-distortion errors
should have no effect or the
measurement accuracy of the 50
dB pbandwidth. A few dB of inter-
modulation sidebands will usual
ly appear around the 80 dBc
leakage level. Any radio that
meets specifications under these
conditians is ceriainly within
specifications might actually be
good Under these conditions,
the input level to the mixer
should ke reduced as much as
possible. One wayv of checking
for the aegree of error due to in
termodulaiion is to check the
relative out-of-band leakage level
at two different ‘nput levels [f
the ielative leakage level does not
change, then intermodulation is
not a factor.

Signal Averaging: The noisc-
like behavior of the digital radio
signal makes it necessary 10 aver-
age tne display signal Figures 13
and 14 show averaged and peak
displays tor 6 and 11 GHz signals.
The gifference in disp'ay level
between peak and average is
about 10 dB, the same as for oi-
ginary random noise. Signal aver
aging is accomplished by actuat-
ing tne video ‘ilter, use of digital
averaging, ar both

Spectrum Analyzer Calibra-
tion: The horizontal and vertical
calibration of the spectrum ana-
lyzer is quite important since a

MICROWAVE JOURNAL
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Fig. 13 6 GHz digital radio signal showing peak and average

levels

sma:l error may mean the difier
ence beiween meeting or not
meeting specifications for a mar
ginal radio.

Tne vertical dB/div. logging
accuracy is much more important
than the absolute accuracy since
most measurements are of a rela-
tive nature, Therefore, in trade-
offs between “Log Cal’”’ and
"Amplitude Cal,” the choice
should be to optimize logarith
mic linearity.

Horizon*al accuracy depends
on the initial sban/div. setting at
calibrator frequency (usually 100
MHz) and the errors due to the
span attenua:or and frequency
tuning. Tnese errors are very low
Nevertneiess, in a marginal case,
the user may wish to check the
horizontal accdracy at the meas-
urement frequency. This check
can be made with any modulated
signal source whose modulation
frequency is accurately known. A
comb-ling generator such as the
Tektronix %0G7-0885-00 will do
the job.

Setting the Amplitude Level:
Spectrum analyzer front-end at-
tenuators aperate in 10 dB steps.
This attenuation may be too
coarse wnen operating near the
linearity iimit of the spectrum
analyzer. For example, at a typi-
cal test-point output of +3 dBm,
the inout 'evel can be set to +3
dBm, -7 dBm, -17 dBm, etc. The
display reference level, of course,
can be set to other levels by
means of |F controls. However,
the input tc the front-end cir

April — 1980

levels.

cuits of the spectrum znalyzer
can only he set in 10 dB steps.
Thus, if 80 dBc leakage-meas-

urement requirements call for

13 dBm, the input would have
to be set at -7 dBm. The addi
tional 6 dB of input will increase
the intermodulation and, in some
instances, cause input limiting
which prevents full signal ampli-
tude display. To check for input
limiting, the user should add 10
dB of RF attenuation and check
that the signal shape and level are
correct. |f the shape changes
much, or if the signai level does
not follow the reference-level
change, then input limiting is a
possibility. In this case, the spec
trum analyzer cannot be operat
ed correctly at the higher input
level. Even if no limiting occurs,
it may be wise to reduce spec-
trum analyzer drive level to limit
intermodulation. However, inter-
maodulation makes the leakage
appear worse than actual. |f spe
cifications are met, the input
drive level need not be changed.

To change the input drive lev
el, it is necessary to insert an ex
ternal attenuator between the
radio and the spectrum analyzer.
Three dB and 6 dE are good va!-
ues This attenuator need not be
a precision type since absolute
power levels are nat in question
and the exact value of the atien
uator need not be known

PRACTICAL HINTS FOR
FCC MEASUREMENTS

Dispfay with Carrier: The un-
modulated carriet, when available,

—
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Fig. 14 11 GHz digital radio signal, showing peat and average

can be used as a reference of the
mean transmitted power. Thus,
Figure 15 shows the unmodula?
ed carrier and the modulated sig
nal 21 dB down at a resolution
setting of 300 kHz Therefore,
the display using a hypothetical
4 k. Hz bandw.dth wotld be 21
+ 10 loy (240/4) = 38.8 dB
down. The 50 dB bandwidth
shauld be measured at the (50

- 38.8) = 11.2 dB points. The
result shows that tne 6 GHz sig
nal just barely mezats the 30 MHz
specification.

Figure 16 shows a similar
measurement at 11 GHz using the
Tektronix 492. Modulated dis-
play level is 25 B down from
the carrier at an 80 kHz noise
bandwidth. A 2 kHz measure-
ment bandwidth would result in
a display amplizude difference of
26 + 10 log (80/4) = 38dB. The
50 dB bandwidth 1s measured at
(60 - 38 =) 12 dB down. The
result shows a 37 MHz band
width, well witnin the specified
40 MHz maximum,

Display Without a Carrier: T he
display level relative to the trans-
mitted mean power is usually
given by the radio manufacturer.
The level ditference can also be
computed from 10 log (fs/4 kHz)
For a 30.086 MHz signaling rete,
the result is 10 !cg (30.086 MHz/
4 kHz) =38.3dB foran 11.2dB
difference relative io 50 dB. Fig-
ure 17 shows a 38 ViHz band
width for an 11 GHz radio.

Checking for Leakage: For a
38 dB mean transmitted power

a1



Fig. 15 Modulated spectrum level in relation to unmodulated

carrier {6 GHz 8PSK radio).

ta display level (4 kHz hypothe-
tical bandwidth), the 80 dB down
point is (80 - 38 =) 42 dB from
the display peak.

The FCC formula for relative
pawer level is A =35+ 0.8 (P
50) + 10 log B. For a specified
bandwidth (B) of 30 MHz (at 6
GHz transmission), the percent
oft-set (P) from the carrier at
which the attenuation must
reach 80 dB is 87.5%, or 30 x
0.875 = 26.25 MHz A =35
+ 0.8 (87.5- 50) + 10 log 30
=79.77 dB.

Figure 18 shows that at 25
MHz off-set, the level is more
than 42 dB down, thus the speci
fication is met. Because the pre-
cise center of the spectrum is dif
ficult to establish, it might be
more accurate to check for the
vertical level that intersects the
double-sided (52.5 MHz) spec-
trum width.

Fig. 17 Bandwidth measurement without a reference carrier.

42

Fig. 16 11 GHz radro, showing the modulated spectrum in

relation to the unmodulated carrier,

With a spectrum display level
o' -22dBmand 10 dB RF at
tenuation, the mean transmitted
power input for Figure 18 is -22

10+ 10 log (30 x 106/240
x 103) 11 dBm. At this level,
the 7L 18 spectrum analyzer
should be experiencing some de-
gree of intermodulation. How
ever, the specification is met even
under these canditions. Remov
ing the 10 dB of RF attenuation
and letting the signal go 10 dB
off screen makes it possible to
check how badly the spectrum
analyzer might be intermodulat-
ing. Even when driven 10 dB
more, as shown in Figure 19, the
80 dBc relative to mean power
specification is met.

Using the FCC Mask: A rela-
tively painless way of checking to
all the parameters of the FCC
specification is to use a transpar-
ent CRT overlay (mask) that

1043/

graphs the requirements of the
specification equation A = 35 +
0.8 (P- 50) + 10 log B. Tektron-
ix has such masks available for
both the 492 and 71.18/7603
spectrum-analyzer displays at 6
GHz and 11 GHz. These masks
are available under part number
020-0612-00. Figure 20 shows
the 492 11 GHz mask. The mask
is a graph similar to that shown
in Figure 1. If the signal falls out-
side the mask, the specification is
not met. If the signal falls within
the mask, it is within specifica-
tion,

The spectrum analyzer con
trols are set in accordance with
the mask, that is, 10 dB/div ver-
tical and 10 MHz/div. horizontal.
The digital radio sigral is cen-
tered within the mask, and the
reference level/gain is adjusted so
that the computed 50 dB down
floor permits this measurement,

JOOKHZ RES |1

Fig. 18 Out-of-band transmission measurement.

{continued on page 46)
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Your 800 MHz Microwave
Power Transistors begin here. ..

at Solid State Microwave

For the last two years Solid State Microwave has proven its leadership with high volume production of Microwave Power
Transistors for the new 800MHz Land Mobile Industry. We have been involved in this new market from the beginning and
have developed a sound, reliable, highly reproducible line of devices which have satistied many large production contracts.
When you are considering Microwave Power Transistors for your next 800MHz Land Mobile design, consider Solid State
Microwave, the 800MHz technrology and production leader.

For technicat information on our complete line of 800MHz Transistors, cal! Bob Tyson at (215) 362-8500.

414
$D1414
I
‘\’_!

SD1414

POUT =
90w

POU PIN PG fo
POWEROUTPUT INPUT POWER POWER GAIN TEST FREQUENCY
DEVICE TYPE NATTS WATTS dB MIN MHz PACKAGE
SD1409 / 2.0 .35 7.6 870 X072
sD1411 7 20 4.5 6.5 836 .230 6LFL
SD1414 50 15 5.2 836 230 6LFL

Vcc (supply voltage: 12.5 volt)

. ,
v .
/ e SOLID STATE MICROWAVE

a division of Thomson-CSF Components Corporation
Montgomeryville Industrial Center, Montgomeryville, PA 18936 @ (215) 362-8500 ® TWX: 510-661-6548
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{from page 42) MEASUREMENTS

The signalis
off the screen

Fig. 19 Measurement with the signal of Figure 19 above full

screen level.

point caincides with the mask
marking. For exampie, if the
peak display is computed (from
10 log fs/4 kHz) or specitied by
the manufacturer to be 38 dB
below mean transmitted power,
then the peak display should oe
set {(60- 38 =) 12 dB akove the
50-dB point of the mask.

The signal/mask combination
is shown in Figure 21. Since the
signal falls within the mask, the
=CC specification is met.

10MHZ

20
10
50 vy
60
70
80

Fig. 20 The " FCC MASK" CRT averlay per
FCC specifications equation.
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APPENDIX A:
When Making Random Noise Measurements*

Random noise is displayed as a power
spectral density and measured in watts/Hz.
Display level is proportional to the random
noise bandwidth of the spectrum analyzer.
If a particular amplitude is displayed with
one bandwidth (B1), the amplitude for a
d.fferent bandwidth (B2) will change by 10
log B2/B1. The resolution bandwidth (Br)
specified for a spectrum analyzer does not
equal the random noise bandwidth (Bn)
The relationship is approximately Bn-0.8
Br when resolution is specified at the 6 dB
points as at Tektronix, and Bn=1.2 Br when
resolution is specified at the 3 dB points.

The peak amplitude of random noise is
unpred:ctable, changing from moment to
moment. The desired rms value, though,
does not change. However, spectrum ana-
lyzers do not measure the rms value directly.
Rather, they respond to the peak value and
are calibrated in rms. For random noise, the
signal is averaged by smoothing by use of a
narrow post-detection filter (video filter),

TABLE |

Displayed dB above
internal noise 1 1.5

Actual input dB above

internal noise -5.87 -3.85
Actual input dB
below displayed level 6.87 5.35

-233 0

433 3.01 220 1.65

3.01 4 ) 6 8.0 10.0

1.80 335 474 725 954

1.26 0.75 0.46

46
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Fig. 21 Digital radio spectrum with FCC mask of Figure 21.

digital averaging, or both. The display then
corresponds to the average value of the sig-
nal. The rms value is greater than the average
value by {4/m)”%2 — 1.05 dB. When the noise
signal undergoes logarithmic compression
prior to averaging, then an additional 1 45-
dB error is introduced. Thus, to get 10 true
rms value it is necessary to muitiply by
(4/7)” in the linear voltage mode, or add
2.5dB {1.05 + 1.45) in the logarithmic dBm
mode. These correction factors apply only
to absolute-level measurements. The correc-
tion factor drops out in relative-level meas-
urements.

The total noise displayed consists of in-
coming noise plus the spectrum analyzer in-
ternal noise. Thus, when incoming noise
equals internal noise, the total displayed will
be twice either for a 101og 2 = 3dB error.
Accurate lowlevel noise measurement re-
quires correction for the spectrum analyzer
internal noise. Table | can be used for such
correction.

For accurate determination of a noise
shape, the measuring bandwidth should be
no greater than one-tenth of the shape to be
measur ed.

* See Tektronix application notes AX-3260 —
Noise Measurements Using the Spectrum
Analyzer, and AX-3861 — Swept Selective
Level Measurements.

APPENDIX B: Bits/Hz Derivation

The number of transmitted bits equals
the product of the signaling rate and the
number of binary states per signaling vector.

The number of hertz equals the output
bandwidth. Thus, for an 8vector system
with 3 bits per vector at a bandwidth of 30
MHz, a signaling rate of 25.72 MHz corre-
sponds to (3x25.72)/30=2.57 bits/Hz.

A signaling rate of 30.086 MHz and 40
MHz bandwidth corresponds to 2.26 bits/Hz.

APPENDIX C:
Derivation of Relative Level Formula

Phase modulation does not change the
total power within the signal; only the fre
quency distribution is changed. Thus, the
output power of the modulated signal equals
the power of the unmodulated carrier.

The modulated carrier is a sinx/x spec
trum with a total power level of

{continued on page 48}
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Get 3M’s help from start to finish.

No other single supplier can help
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

the dielectric constant (€r) range

1 2 3 5 6 73910
CU-CLAD 217

CU-CLAD

CU-CLAD 45[

epsitampio | | || |||

DIELECTRIC CONSTANT

from 2.17 to 2.55, our CuClad Teflon-glass
substrates deliver dependable characteristics

within precise tolerances. In the 6 and 10 €r range,

3M’s Epsilam series provide a remarkable

combination of dielectric and physical properties.

When you move to production, our Bonding Film

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
and lower end costs for you.

For more information on any of our Microwave
Products write us. Microwave Products, Electronic
Products Division/3M, 223-4 3M Center, St. Paul,
Minnesota 55101. Or if vour need is urgent, call us
now at 612-733-7408.

CuClad and Epsilam-10 are registerad trademarks of 3M.
Teflon is a registered trademark of DuPont Co.
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miniature
variable
attenuator

® 3 6 and 10 dB Atten-
uation Ranges

® Frequency Range
3dB-4to 18 GHz
6 dB -6 to 18 GHz
10dB - 8 to 18 GHz

® Good Temperature
Stability

® | ow Phase Shift vs.
Attenuation Change

e High Resolution of
Settings

® Level Set (Mode! 960)

® (alibrated Scale
(Modet 961)

® Scale Accuracy 0.4 dB

A patented lossy line
design less than 3%
inches long, the perfor-
mance of these variable
attenuators is flat
through the X and Ku
bands. |deally suited for
RF signal amplitude con-
trol — from production
line to laboratory set-
up — they are versatile
and inexpensive units.

WEINSCHEL
ENGINEERING

Gaithersburg, Maryland 20760
Tel. {301) 948-3434
TWX: 710-828-9705 - Telex: 89-8352
Baltimore, Maryland
Tel. (301) 792-4067
Los Angeles, California
Tel. (213) 990-8606
C3
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{from page 46) MEASUREMENTS

A rectangle n radians wide and the peak
of the mainlobe in amplitude has an area
equal to that under the sin? x/x curve which
equals the total transmitted power. Pi rad-
ians also correspond to a spectrum null
which occurs at the signaling frequency {fs).
When the peak of the mainlobe is measured
using a relatively small noise bandwidth
(Bn), the normalized output equals Bn.
Thus, theratio of display level to total
transmitted level is Bn/fs.

These relationships are illustrated in
Figure 22,

SHADED AREA ~ B,,

4 AREA UNDER
RECTANGLE g

v
L L T T T T

x,{.

Fig. 22 Relative power levels.

APPENDIX D:
Choosing a Spectrum Analyzer

Frequency Range: Most modern micro-
wave spectrum analyzers provide sufficient
performance to permit checking to FCC
specifications directly at carrier frequency
Under these conditions, the user might de-
cide to trade special performance features,
such as very high resolution and stability,
and cost versus low-end frequency range.
Such an instrument is the Tektronix 7L18,
whose lowest operating frequency 15 1.5
GHz,

For some measurements it might be de-
sirable to go to a 70 MHz measurement at
IF. Such an instance would be when looking
for very low-level interference beats on mul-
ti-signal antenna systems. The sensitivity at
microwave frequency of current spectrum
analyzers is usually not sufficient. Use of a
narrow resolution bandwidth does not im-
prove sensitivity because the interfering sig-
nal is noise-like; therefore, the ievel goes
down when the bandwidth is cut. Under
these conditions, a full-frequency-range in-
strument such as the Tektronix 492 might
be a better choice.

Preselection, Sensitivity and Dynamic
Range: The ideal instrument for digital
radio would have very high sensitivity and
high dynamic range. Unfortunately, better
sensitivity does not necessarily mean better
dynamic range.

The dynamic range is the difference in
dB between the sensitivity noise level and
the largest permissible input signal. Typical-
ly, preselected spectrum analyzers have 5 dB
better noise sensitivity than unpreselected
ones. The preselector is a tracking filter that
eliminates spurious responses. Furthermore,
while the sensitivity is indeed better for such
low-level applications as looking for spurious
signal beats, the dynamic range is not really
improved because the largest input signal is
controlled by the level at the mixer. With
the preselector in front of the mixer, one
can simply drive the input that much harder.
Therefore, while a non-preselected instru-
ment option will save money, it will not im-
prove measurement capability to FCC speci-
fications, which require dynamic range for
relative-signal-level checks rather than abso-
lute-level sensitivity.

Likewise, going to a higher-stability, nar-
rower-bandwidth instrument will not help,
as discussed previously, because of the noise
like nature of the signal. ¥%

Live and
help live

Catastrophic disease knows no boun-
daries. It can strike old and young
alike. But it is particularly tragic when
a life that has just begun is affected.

St. Jude Children’s Research Hospital
also has no boundaries. As the largest
center for the study of childhood
cancer and other catastrophic diseases
of children, St Jude's results have
worldwide impact. Upon diagnosis
and a doctor’s referral, a child from
anywhere in the world may be ac-
cepted and treated free of charge.

But, our research touches many more
than those brought to Memphis
because doctors everywhere treat pa-
tients using methods perfected here
Each year doctors. nurses and scien-
tists visit St. Jude to exchange and
share this vital knowledge.

St. Jude Children’s Rescarch Hospt-
tal’s purpose is to help children every-
where 1o live. Please help St. Jude.
Send your tax-deductible check or for
more informationn write 339 Lane
Avenue, Memphis. Tennessee
38105,

Give and help live.

Danny Thomas, Founder

ST. JUDE CHILDREN'’S
RESEARCH HOSPITAL
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SIX GUARANTEES
TO HELP YOU BREAK

SEMI-RIGID
OAX HABITS:

#1. Our basic guarantee for
Gore-Tex® microwave assemblies is
simple: We put our specs in black
and white, and guarantee to meet
them.

ELECTRICAL PERFORMANCE
SMA Straight Connectors
Charactenstic

impedance
Insertion Loss

50+ 1 ohm
As per illustration below

VSWR 1 25 max through 18 GHz
Dielectric
Withstanding
Voltage 1000 volts RMS
Corona ‘
Extinction
Voltage

2500 volts RMS
1 2 nsec/t (85% speed of ight I
26 pt/ft max

Time Delay
Capacitance

)}

#2. Guaranteed better perfor-
mance than semi-rigid coax. Our
flexible assemblies have far lower
insertion loss than comparable semi-
rigid assemblies. Typically, at
18 GHz. our loss is 1.5 db lower.
Which can translate into 30% less
power needed, less real estate, less
weight, less expensive components---
and fewer dollars. Or it can mean
that a simple cable replacement
could buy you over 40% more power.

! 17 5 A H -
_|_| Guaranteed perv{)rmar‘\'ce, 10-foot
Gore-Tex*microwave cable
4 l assembly. = e s T '

3 JMAXIMUM
INSERTION
1y J

. As-tested performance. typical
10-foot Gore-Tex" microwgve

Insertion Lows~db

April — 1980

tcable sspembty. 7 }

#3. Guaranteed easier engi-
neering, installation and service
than semi-rigid coax. Almost
anything has to be easier than all
the visualizing, trial and error,
and rework you have to do in
designing semi-rigid coax assem-
blies. If you haven’t tried it—don't.
With Gare-Tex assemblies, you
avoid it. Set the specs, length, and
connectors, and that's about all.
It's much easier. And don't
forget—Dbetter.

#4. Guaranteed phase-
matched assemblies. We'll work
closely with you to meet your phase
matched needs. And when we de-
liver, you can be sure that our
assemblies will still match after
installation, and under the rigors
of use. We guarantee it.

#5 Guaranteed custom
assemblies. Specify what you need.
We make it for you, and guarantee
performance. But before you decide,
consider our standard offerings.
Possibly there’s something there that
will save you time and money.

#6 Guaranteed better than
other flexible assemblies. This is
logical: if our flexible assemblies
are better than semi-rigid assemblies
(which they are), it follows that
they're also better than other flexible
assemblies.

Circle 27 on [Reader $ervice Card

self. Start with our published
specs and a descriptive bro-
chure. Then we recommend
you order assemblies for
testing. That's the best
possible proot.

The reader service
card will bring you the
specs and brochure.

A phonecall o A
{302) 738-4880 will (W
get your order on LY
its way. ‘
Guaranteed.

GORE-TEX FLEXIBLE
MICROWAVE
ASSEMBLIES

P |

(GORE |

W. L. Gore & Associates, Inc.
555 Paper Mil! Road, P.O. Box 8734
Newark, Delaware 19711

Prove our superiority for your- | ‘
gy
-

France: W. L. Gore & Company, 3 rue de
Marly. 7800 Verszilles

Germany: W. L. Gore & Company GMBH,
Wernher van Braun Str. 18-20, D-8011
Putzbrunn bei Muchen

Scotland: W. L. Gore & Associates (U.K.Ltd.),
Queensferry Road, Pitrearie Industrial
Estate, Dunsfermiline, Fife



iniature SMA
irectional couplers

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 all saltspray andhumidity specifications

mechanical integrity that will 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.

presently being imposed; (3) A package with

CALL OUR NATIONWIDE TOLL FREE NUMBER 1-800-521-4410 For technical Information, price, delivery or to place orders

SPECIFICATIONS

=

MMI Model (1) 5010-6 | 5010-10 | 5010-20 5011-6 | 5011-10 | 5011-20 5012-6 | 5012-10 | 5012-20 5013-6 | 5013-10 | 5013-20
Rl;:‘egqeu?&c_'yz) ALL ARE 1-2 ALL ARE 2-4 ALL ARE 2.6-5.2 ALL ARE 4-8
Coupling in dB* 6+1.00| 10+125|20¢1.25 611.00f 10+ 125|201 1.25 6+1.00)]10+125|20+1.25 6+100]10+125|20+1.25
RERRERGE S
Se:gﬂﬁv‘i’&"ﬁ,"da +060 | BOTHARE:0.75 +060 | BOTHARE:0.75 +060 | BOTHARE:0.75 $060 | BOTH ARE +0.75
Directivity dB min. BOTH ARE 25 27 ALL ARE 22 18 BOTH ARE 20 18 BOTH ARE 20
VSWR max. 115 BOTH ARE 1.10 ALL ARE 1.15 ALL ARE 1.25 ALL ARE 1.25
Losg'.fegeiopnax. ALL ARE 0.20 ALL ARE 0.20 ALL ARE 0.25 e
DIMENSIONS All dimensions are in inches
{See Engineer Drawing
Above)
A ALL ARE 0.51 ALL ARE 0.51 N/A N/A
] ALL ARE 0.94 ALL ARE 0.34 N/A N/A
c ALL ARE 1.95 ALL ARE 1.35 ALL ARE 1.15 “ ALL ARE 1.15
ALL ARE 0.65 BOTH ARE 0.60 | 0.65 BOTH ARE 0.60 | 0.65 BOTH ARE 0.60 | 0.65
ALL ARE 0.30 ALL ARE 0.30 ALL ARE 0.30 ALL ARE 0.30
ALL ARE 1.35 ALL ARE 0.75 ALL ARE 0.56 ALL ARE 0.61
N/A N/A ALL ARE 0.57

ALL ARE 0.57

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

ENGLAND: Walmore Electronics Ltd. 01-836-1228
FRANCE: S.C.I.E. - D.ILM.E.S. 014-38-65

Average Incident Power - 50 Watts "Also includes frequency sensitivity. **Excluding coupled Power

STEPATTENUATORS ¢ COAXIAL TERMINATIONS ¢ DIRECTIONAL COUPLERS ¢ D.C. BLOCKS ¢ GAIN EQUALIZERS
e CALIBRATED ATTENUATOR SETS ¢ MEDIUM POWER



SR

Centered
to 0.02

X

0.093 £0.010

0.104 DIA.

thru (TYP. 2 for
5010 & 5011.

TYP.1 for all others)

5014-6 m 5014-20

ALL ARE 7-12.4
6+ 1.00 20 +1.25
ALL ARE * 0.50
BOTH ARE 17
ALL ARE 1.30

ALL ARE 0.4C

N/A
ALL ARE 1.15
BOTH ARE 0.60 0.65
ALL ARE 0.30
ALL ARE 0.36

ALL ARE 0.57

AL. ARE 7-18
20£1.25
BOTH ARE ¢ 0.75
BOTH ARE 12
ALL ARE 1.40

AL. ARE 0.50

N/A

ALL ARE 1.25

BOTH ARE 0.75 0.80

ALL ARE 0.30

ALL ARE 0.77

ALL ARE 0.63

5016-6 l 5016-10 | 5016-20

ALL ARE 8-1€
10150} 20 +1.25
BOTH ARE * 0.75
BOTH ARE 12
ot b d

ALL ARE 1.40

ALL ARE 0.50

N/A
N/A
ALL ARE 125
BOTH ARE 0.75 | 0.80
ALL ARE 030
ALL ARE 0.77

ALL ARE 063

(1) 5000 Series Couplers available with removeable termination. Add suffix “R" to model number

MIDWEST

ISRAEL: Racom Electronics 443126-7-8
JAPAN: Toko Trading, Inc. 03-409-5831

5017-6 | 5017-10 | 5017-20

ALL ARE 124-18
6 £1.00 20:1.00
ALL ARE ¢ 0.50
ALL ARE 15
ALL ARE 1.40

ALL ARE 0.40

N/A
N/A
A —ALL ARE 1.25
BOTH ARE 0.75 0.80
ALL ARE 0.30
ALL ARE 0.77

ALL ARE 0.63

W. GERMANY: Omecon Elektronik Gmbh (08201) 1236

MICROWAVE

» BETWEEN-SERIES ADAPTERS ® MICROWAVE RESISTORS ¢ PRECISION 7MM ADAPTERS ¢ RESISTIVE POWER DIVIDERS

FIXED ATTENUATORS ® 5 AND 10 WATT TERMINATIONS
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Broadband MW
Pulse Compression

Using Crimped Coax Delay Lines

HARRISON W. FULLER
Sanders Associates, Inc.
Nashua, NH

INTRODUCTION

The need for present-day elec-
tronic warfare systems to process
in real time all signals in a dense
signal environment has stimulated
a substantial effort in recent years
to develop specialized high-per-
formance receivers. The perform
ance requirements on these re-
ceivers include broad instantane-
ous bandwidth, separable re-
sponse to simultaneous signals of
varying types, large dynamic
range, instantaneous frequency
measurement and tolerance to
military environments, among
others, as well as low cost, weight
and volume an ever-present and
basic demand. Channelized and
pulse-compression receivers have
attracted particular developmen-
tal attention recently, notably
drawing on acoustic wave de-
vices!'? and the newer magneto-
static wave devices? to provide
the high-performance filter tech-
nology needed in such receivers.
For pulse compression receivers,
advances in dispersive SAW fil-
ters,® and now magnetostatic
wave dispersive delay lines,® hold
out the promise of practical de-
vices with operational microwave
bandwidths of 1 GHz and above,
but at the expense of substantial
insertion loss, temperature sensi-
tivity, and costly fabrication
technology and materials.

An alternative technique, and
the results of a feasibility study,
are presented here for fabricating
broadband microwave dispersive

52

bandwidth of several GHz with
low insertion loss in a single ling;
requires no special fabrication
tooling or techniques with easy

delay lines of moderate time-
bandwidth product. This tech-
nique uses conventional semi-rig-
id microwave coaxial cable in a
reflective mode that offers the
following practical advantages:
employs readily available inex-
pensive mass-produced precision
coax cable; has pulse-compression

Fig. 2 Light, medium and heavy crimps in
85 mil copper made with modified

Fig. 1 Annular-discontinuity reflector in
141 mil copper coax made with tube

cutter. crimping tool.
1kl
27
1.15:1 234
1.25:1 19.1 E_g
=
; 1.5 1 Pt i ey RSt 1410 g
w -
2.5 1 P et e ——— 7.4
3.5 1 P b4 5.1

4.0 5.0 6.0 7.0 8.0
FREQUENCY {(GHz)

Fig. 3 Experimental reflection signal {return loss) of nine-crimp line, design-centered at
6.0 GHz; uniformly spaced heavy crimps (ref. Fig. 2).

MICROWAVE JOURNAL



transier of technology; exhibits
automatic b0 ohm characteristic
impedance without matching net-
works; has low temperature coef
ficient of delay with multi-line
packaging which eliminates the
need for temperature control in a
military environment; features
independent amplitude-weighting
and time-delay compensation for
stringent performance require-
ments within the line; and has
compact structures with no
shielding or special packaging re-
quirements (e.g., approximately
50 cubic centimeters and 200
grams for a 100 nsec line with a

1 GHz dispersive-delay band-
width.) There is, furthermore, a
substantial precedent for the use
of coaxial delay line in electronic
warfare equipment: simple, reli-
able wideband coaxial delay line
has been used for many years in
many thousands of repeater jam-
mers as the microwave memory
element, and no other device has
proven as economically effective
in this application.

CONSTRUCTION AND PROPERTIES
OF REFLECTIVE CRIMPED-COAX-
LINE FILTERS

The following discussion traces
the development of the Coax Re-
flective Dispersive Line (CRDL).
The reflector fabrication descrip-
tion includes annulus and crimp
geometries, and the electrical na-
ture of the crimp discontinuity,
with support photographs and
data. Figure 1 shows an annular
reflector geometry. This discon-
tinuity geometry is attractive in
being axially short, and radially
symmetrical, thus most closely
matching the puraly capacitive
diaphragm discontinuities treated
theoretically in the literature
(Reference 6, Figure 9). The an-
nular depression in Figure 1 was
produced in 141 mil copper
coax, and was made with a roll-
ing wheel tube cutter having the
wheel edge rounded to a 10 mil
radius of curvature. In spite of
this blunting, the side walls of
the annular depression can be-
come too thin and can rupture.
This may occur before the capac-
ity of the discontinuity is large
enough to have a sufficient re-
flection coefficient, and is ac-

April - 1980
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Fig. 4 CW reflective insertion loss for 2.0 GHz-bandwidth line driven from low-frequency

end.

=32

-30

-

et

LL 1 dB

-10

-8
-6

s e . el

M-?

FREQUENCY (GHz)

Fig. 5 CW reflective insertion loss for 3.6 GHz-bandwidth line driven from low-frequency

end.

CW INSERTION LOSS (dB)
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Fig. 6 Response slope resulting from driving the 2.0 GHz-bandwidth line from high-fre-

quency end.
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HP’s new budget-minded
Microwave Spectrum Analyzer

NOLOGY

The new HP 8539A
delivers precision
and Convenlence use. Most measurements can be made

using only 3 controls. You simply tune to

for a Wide range Of the signal, set frequency span (resolu-

tion and sweep time are automatically

applicaﬁ()lls. optimized), and then set the reference

level and read signal amplitude.
The 8559A is a high-performance

HP’s new 8539A Spectrum Analyzer plug- instrument at a truly affordable price.

in with the HP 182T display is easy-to-use. For more information on this budget-

economical, and portable. The combina- minded instrument call your nearby HP

tion weighs less than 40 pounds and its sales office. or write Hewlett-Packard,

rugged design makes it excellent for field 1507 Page Mill Rd.. Palo Alto, CA 94304.
Domestie LS price onh

HEWLETT
_’ ("/’ PACKARD _
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{from page 53) COMPRESSION

companied as well by an appreci-
able elongation of the cable.

A modified crimping tool was
then used successfully to pro
duce the discontinuities shown in
Figure 2; these are in 85-mil cop-
per coax, and are shown external-
ly {one of four symmetrical de-
pressions) and in cross section
for light, medium and heavy
crimps. The modified crimping
tool has a keyed dial allowing
eight different resettable crimp
depths; the deepest crimp caused
a slight rupture of one of the four
copper indentations, resulting in
the use of the next-deepest set-
ting for the heavy crimp of Fig-
ure 2, and for the experimentat
reflection calibration plus disper-
sive lines described below.

The equivalent circuits for
idealized diaphragm-shaped coax
line discontinuities were found
some time ago®’ by J. R. Whin-
nery, et al. On the assumption
that the crimp discontinuities of
Figure 2 are axially sufficiently
short, these discontinuities be:
have like a simple shunt capacity.

The capacity of the heavy
shunt in Figure 2 can be calcu-
lated by using the three radii
within the 85-mil diameter line:
the inner-conductor radius (10.6
mils), the inner radius of the out-
er conductor (31.9 mils), and the
effective inner radius of the outer
conductor in the center region of
the crimp (16.8 mils). Using the
results of Reference 6, taking
€ = 2 for the teflon insulation,
and using a design center fre-
quency of 6 GHz, this shunt ca-
pacity has a reactance of
1 X6 GHz)| = 73682. The reflec-
tion coefficient of such a reflec-
tor in a B0SL line is approximate-
ly p =50/736 = 0.068, with
phase shift = tan™! p = 87.7°.

This reflection coefficient was
experimentally calibrated and
confirmed by fabricating a nine-
crimp deep-crimp filter in 85-mil
coax. The return-loss recording is
shown in Figure 3, with calibra-
tion SWR/loss recordings includ-
ed. Note that the design center
frequency of 6.0 GHz became
about 5.85 GHz by two effects:
the heavy crimps cause a physical
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Fig. 7 Experimental phase measurement of 3.6 GHz-bandwidth line from HP network
analyzer. Plot is the phase error between experimental 4.2 to 7.8 GHz linear-FM
dispersive line, and best-fit quadratic phase function (rms error of 14.1 ).

elongation of the line of about

7 mils per crimp, accounting for
about a 0.7% physical elongation
of the line for a frequency factor
of 0.993; and an additional RC
delay produced by the 50 §2 line
impedance and 736 §2 capacitive
reactance (each 1/2 wavelength)
results in a phase delay of tan™!
(50/736) for each half wave-
length, (0.021 fractional), or a
frequency factor of 0.979. The

theoretically-corrected center fre-

quency is thus:

f. = (6 GHz) X (0.993)

X (0.979) = 5.83 GHg,

in good agreement with the
experiment.

The experimental peak-re-
sponse insertion loss in Figure 3

isabout 5.2 dB, compared with a
theoretical reflective return loss
(using f = 5.85 GHz) of:

Loss = -20 log(9 X 0.066)
=45dB

within experimental error.

While the response of the nine-
reflector filter should be approxi-
mately sin x/x in form, it is clear
from Figure 3 that the high fre-
guency sidelobes exceed the low.
This asymmetry results from two
6 dB per octave effects: the lin-
ear increase in {small) reflection
coefficient (for a capacitive
shunt) with frequency, and the
number of reflectors per incre-
mental frequency interval that
increases linearly with frequency.
Note in the experimental data of
Figure 3 that the first high fre-

COUPLER
25 PICOSECOND TWTA
PULSE 4070 8.0 GHz 5.0 TO 7.0 GHz LINE
GENERATOR AMPLIFIER
1 MATCHED
: SUM TERMINATION
4 DIRECTIONAL

COUPLER

O

WTA
4.0TO0 8.0 GHz
( AMPLIFIER

SAMPLING 1‘.

OSCILLOSCOPE

DIRECTIONAL

4270 7.9 GHz LINE

Fig. 8 Block diagram of basic test circuit for swept-LO and pulse-compression lines.

{continued on page 57)
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The Measure of Excellence Continues

If you're a believer in instrument
versatility, you'll want to know
more about the new AILTECH 460
Signal Generator.

Using the same instrument, now
you can experience the low noise
performance of a cavity generator
in a programmable frequency
synthesizer. The AILTECH 460
takes you from initial development
through your production ATE
operation, and it's no longer
necessary to settle for a noisy
synthesizer incapable of providing
selectivity and spurious measure-
ments at the expense of giving up
programmability.

Not only is the 460 a low noise
source, but check the AM perfor-
mance—100% atlevels to +13 dBm.

with the AILTECH 460 Signal Generator

If that isn’t enough, it has FM,

®M, output power from +20 to
—140 dBm, from 0.3 MHz to

650 MHz and an optional 1300 MHz
range at +10 dBm to —140 d8m.

Complete with Spin-Wheel Tuning,
the AILTECH 460 not only operates
like a Signal Generator, but also
delivers Synthesizer accuracy tied
to its internal 10 MHz frequency
standard.

Why not see the 460 in action in the
convenience of your own lab-
oratory. Simply call or write Eaton
Corporation, Electronic
Instrumentation Division, 2070 Fifth
Avenue, Ronkonkoma, New York
11779, (516) 588-3600 today...

and don't forget to ask about our
new equipment leasing plan.
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COMPRESSION

{from page 55)

Fig. 9 Pulse expansion (upper-a) and recom-
pression {lower-b} at 6.0 GHz center
frequency and 2.0 GHz compression
bandwidth, common time scale.
{Auxiliary lines in lower waveform
accent peaks of compressed pulse.}

qguency lobe exceeds the first low
frequency lobe by about - 15

+ 20.6 = 5.6 dB, while by the
preceeding 12 dB per octave pre-
diction, the difference is expect
ed to be (with Figure 3 frequen
cy peaks of 6.82 GHz and 4.95
GHz):

2
20 log {6.B2 n

a satisfactory self-consistent
match.

From the above results, a the-
oretical and experimentally-con-
firmed reflection capacity of
0.036 pfd can be utilized for
deep crimps. The same analysis
yields capacities for the medium
and light crimps of Figure 2 that
are 0.0162 pfd and 0.0074 pfd,
respectively. Thus it is straight-
forward to achieve a 10-to-1
range of crimp reflection coeffi-
cients, all that is required to per
mit building amplitude weighting
directly into the line.

The extensive line elongation
of a heavy crimp demands that
this elongation be considered in a
line-design crimp-pasition distri-
bution. A second order ampli
tude and phase correction is
available by very light crimps
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Fig. 10 Compressed pulse with straight
swept-LO line (upper-a) and with
cotled swept 1.0 line {lowerb).

placed between initial crimps for
fine-tuning amplitude and phase
corrections of the measured line.
The elongation effects of these
light crimps can be ignored. Am
plitude corrections are made
midway between heavy crimps
to produce a 180° phased reflec-
tion, thus affecting amplitude
and not phase. Phase corrections

that leave amplitude response un-

disturbed are made at 1/4 or 3/4
positions between crimps, de
pending on whether a positive or
negative phase correction is
required.

DESIGN, CONSTRUCTION AND
TEST OF EXPERIMENTAL
DISPERSIVE LINES

Two short unweighted lines
were designed, fabricated and
tested to show the ability to pro
duce broadband crimped-coax
dispersive filters: the swept-LO
line was designed for a baseband
of 5.0 to 7.0 GHz with an active
tength of 36.0 inches, and a
pulse-compression line with a
broad baseband spectrum of 4.2
to 7.8 GHz occupying 64.8
inches.

Starting with the low frequen
cy end of the chirp line, the re-
currence relationship used in ca!l
culating crimp positions is:

Ke/2f,

X G e

This is derivable from the contir.
uous model for a linear delay-vs-
frequency characteristic,

fx) = T (f - f) + 1

(d)

Fig. 11 Compressed pulse under temperature testing of coiled 5.0 to 7.0 GHz swept-LO
crimped-coax line: {a) +25°C, (b} +125°C, (c) -65°C, and return to (d) +20°C
{pulse-compression line at steady +20°C).

{continued on page 59)
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{from page 57) COMPRESSION

where x is the length variable
along a delay line of total {difier-
ential delay) length L, fy and
are the high and low dispersive-
filter band edges respectively, x;
are the retlector positions along
the line, ¢ is the velocity of light,
and K is the fractional velocity,
€ '?, caused by a coax dieleciric
medium of dielectric constant, ¢.

The broadband line was de
signed using K = 14/2,
c=3 X 10" cm/sec, x, =0,
fu =42 GHz, ty = 7.8 GHz,
and L = 64 .8 inches. The lines
were fabricated with a table aof
Xj = Xj-q values from which 7 mils
was subtracted to allow for line
stretching due to heavy crimping.
Note that the reflective pulse
compression delay line has an
unweighted compression ratio of
TB = 1555 nsec X 36 GHz =
55.8, while that for the chirp line
iIs TB = 8.62 nsec X 2 GHz =
17.2.

Figures 4 and 5 show the CW
insertion loss of the 2 GHz ana
3.6 GHz lines respectively when
driven from their low frequency
ends. The flatness of both ampli
tude characteristics is noted, with
inband insertion losses of 4.5 dB
and 6.0 dB respectively; the two
positive 6 dB per octave effects
described earlier closely compen-
sate for increasing propagation
losses in the lines with freauency.
Figure 6 shows the slope thai re-
sults from driving the 2 GHz
swept-LO line at its high-frequen-
cy end, since this is how the
2 GHz line was employed to ob-
tain the pulse compression per-
formance of the 3.6 GHz line, as
shown in the next section.

A Hewlett-Packard automatic
network analyzer was used to
measure the all-important phase
characteristic of the 3.6 GHz dis-
persive line between 4.0 and 8.0
GHz at 20 MHz intervals. These
experimental results were used to
derive the coefficients of a best-
rms-fit parahola, the ideal form
of the phase-vs-frequency charac-
teristic for a linear-FM dispersive
filter. The phase error between
the experimental measurements
and the best-fit parahola was
computed, and is ploited in Fig-
ure 7. The standard deviation of
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this error was found to be 14 de-
grees in the design band between
4.2 GHz and 7.8 GHz. This rms
error reduces the ideal com-
pressed-pulse amplitude by 3 per-
cent. It isseen in Figure 7 that a
refinement in crimp positioning
could probably reduce the phase
error by a factor of 2 to 4, leav-
ing only the fine-grain contribu-
tions.

DYNAMIC PERFORMANCE OF
CRIMPED-COAX DISPERSIVE
LINES

Figure 8 shows the block dia-
gram for the experimental test of
the dynamic performance of the
chirp-LO and compressed-pulse
dispersive lines described above
A 25 psec pulse generator was
used to impulse the 5 to 7 GHz
chirp line. Directional couplers
are used at the inputs of each line
to isolate the reflected outputs
from the line inputs. Figure 9
(upper) shows the impulse-excit-
ed linear-FM output of the 7.0 to
5.0 GHz line used as a swept LO
(about 9 nsec sweep time). Fig-
ure 9 (lower) shows the com-
pressed-pulse output of the 4.2
to 7.8 GHz compressive line with
the time base corresponding to

that of the swept-LO wave form
above. Note in Figure 9 that the
compressed-pulse peak-1o-peak
amplitude is almos! 6 dB greater
than the swept-pulse input above
it. The swept-LO impulse input is
seen to be less than - 26 B peak
to-peak at the compressed-pulse
outpul (lower left of Figure 9).
The effective bandwidth of the
compressed pulse outputis2 GHz
owing to the restricted 7 to 5 GHz
sweep of the swept-LO signal.

Figure 10 (upper) is an ex
panded view of the compressed
pulse showing a width of about
0.5 nsec, in expected corresponci-
ence with the effective compres-
sion ratioof 17. Figure 10 (lower)
compares the compressed-pulse
shape after coiling the 5.0 to 7.0
GHz dispersive line. A small
change occurs in the sidelobe
structure of the compressed
pulse, which could be further re-
duced by a more deliberate line-
coiling procedure; the width and
amplitude of the compressed
pulse has not changed notice-
ably.

Figure 11 shows the effects on
the compressed-pulse structural
detail of temperature cycling
from room temperature (upper
left) to - 65°C (lower left), to

25 PICOSECOND TWTA
PULSE — 4.07080GHz
GENERATOR

cw
mMicROWAVE | O JuPCONVERTING| Rf
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Fig. 12 Block diagram of test circuit to demonstrate the effect of CW signal tuning on com-
pressed pulse characteristics, and of spectral resolution for simultaneous CW signals.



+125°C (upper right) back to
room temperature {lower right)
The peak-to-peak amplitude
changes by perhaps 1 dB (gains
were not monitored), but little
change occurs in compressed
pulse width or sidelobe structure.
Note that only one line of the
pair was temperature cycled, the
other remaining at room temper-
ature. More complete tempera-
ture compensation for longer
lines could be achieved by pack-
aging both flat/coiled lines of the
pair in close thermal contact
within the same thermally insu-
lated case. Temperature control
is then unnecessary for maintain:
ing designed compressed-pulse
width and sidelobe levels.

Figure 12 shows the block dia-
gram for test of the swept-LO
and pulse-compression lines for
multiple variable-frequency sig-
nals tuned across the 2 GHz
baseband width. The broadband
MD-112-1 mixers are from Anzac
and the 7904 main frame and
sampling scope accessories are
from Tektronix. Figure 13 shows
the compressed-pulse output of
two CW signals separated by 200
MHz, first at the lower end of the
2 GHz baseband, then at the mid
die, then at the high end of the
2-GHz baseband. The background
noise level in these photographs
is abnormally high because of
lack of an optimal design of the
feasibility demonstration circuit.

RECEIVER DESIGN
CONSIDERATIONS USING
CRIMPED-COAX DISPERSIVE
LINES

Semi-rigid coax transmission
lines can he used to fabricate in-
expensive broadband dispersive
delay lines of small size and rug-
ged construction for satisfying
the component requirements of
ECM/ESM pulse compression re-
ceivers. A first important receiver
design consideration is that the
frequency-dependent attenuation
of propagation in the line must
be compensated when determin-
ing the crimp depths along the
line that provide the desired spec
tral weighting function required
for sidelobe suppression, espe-
cially for lines of large time-band
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A. LOWER END OF 2.0 GHz BAND

+CP00mY

B. MIDDLE OF 2.0 GHz BAND

C. HIGH END OF 2.0 CHz BAND

Fig. 13 Compressed-pulse outputs of two
simultaneous CW signals separated
by 200 MHz, and tuned across
2 GHz bandwidth (ref. Fig. 12).

width product. A large range of
crimp reflection coeficients are
possible for attaining this goal.

A second important difference
in receiver design between using
a conventional puise-compression
line and the present CRDL is that
the latter is a single-port device
and so has no natural isolation
between the (simultaneous) input
and output signals. The dynamic
range of operation due to input-
output leakage, R, (at |F, prior
to detection) is therefare set in
the CRDL by the relative ampli-
tudes of these two signals, i.e.,

RIS O iie = A OEE
L|—LT+LR,

where G¢ is the compression gain
(~ 20 dB), I¢ is the isolation fur-
nished by the circulaior inserted

to separate input from outpul

(~ 35 dB}, L, is the insertion loss
of the line, and Ly is the weight-
ing loss. For a single-line construc
tion, L, is made up of the trans-
mission loss, Ly, at the center
frequency of the line (i.e., that
for transmission to the center of
the line and back), and Lg is an
additional “‘reflective’’ loss. Ly
accounts for the impossibility of
obtaining 100 percent reflection
of the energy in each frequency
interval without introducing sec-
ond order effects on the disper-
sive characteristics of the line
that could adversely affect the
sidelobe structure of the com-
pressed pulse.

As an example, consider a
CRDL with 100 nsec dispersive
delay and a bandwidth of 1 GHz;
this line would comprise an ap-
proximately 35 foot length of
85 mil semi-rigid coax line. The
line (50 nanoseconds single-way
delay) after “‘crimping’’ will pro-
vide a nominal 100 nsec differen-
tial delay overa 1.2 GHz to 2.2
GHz bandwidth. Crimp reflection
loss, Lg, will be approximately
2 dB without weighting, i.e., in
the center of the filter band. Ca-
ble transmission loss, Ly, will be
14 dB, 9 dB and O dB for the 1.2
GHz, 1.7 GHz, and 2.2 GHz fre-
qguency points respectively with
the low-frequency reflective
crimps located at the far end of
the cable. The dynamic range
then consists of the compression
gain (20 dB), plus the directional
coupler isolation (35 dB), minus
the midband transmission loss
{9 dB), the crimp reflection loss
(2 dB) and the weighting loss
{6 dB), for an overall dynamic
range of 38 dB. This sample line
has a volume of 50 cc and a
weight of 200 grams. An addi-
tional 4 dB of dynamic range is
possible using 141 mil coax, giv
ing a line of volume 140 cc and
of weight, 500 grams.

To avoid altogether the inptit-
output leakage limitation on dy-
namic range, one method used is
to apply the broadband capabil-
ity of the CRDL technique, using
two pulse compression lines, each
with 2 GHz bandwidth (2.2 GHz
to 4.2 GHz), and with 100 nsec
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Fig. 14 Use of sectioned swept-LO generation lines and dual pulse-compression lines for
reducing input-to-ou tput leakage limitation on dynamic range of operation.

differential delays. In addition,
there would be a 50 nsec total
nondispersive delay segment

(25 nsec single-way delay) at the
input/output end of each line.
Each line would consist of 52.5
feet of 85 mil coax. Total volume
and weight of the two lines
would be 150 cc and 600 grams.
Insertion loss (including 2.0 dB
reflection loss) would be 27.0 dB
at the midpoint of the band, 3.2
GHz. The LO sweep would cover
3 GHz in 150 nanoseconds and
be generated by two 1.0 GHz
bandwidth, 50 nsec differential-
delay lines. The sweeps are de-
picted in Figure 14, where X and
Y represent the two 1.0 GHz line
outputs, with X' being derived
from X, upconverted by 2.0 GHz.
For this system configuration,
the instantaneous signal band-
width remains at 1.0 GHz, but
the signals are dispersed over a
2.0 GHz bandwidth during the
100 nsec fill time. Frequency
resolution remains the same (reci-
procal of fill time, 100 nsec), but
the compression line outputs, as
shown in Figure 14, are com-
pressed within b0 nsec segments
for a 1 GHz pulse compression
bandwidth. The additional 50
nsec nondispersive delay in the
compression lines allows for non-
simultaneous input/output oper-
ation, and removes input/output
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leakage as a limitation to dynam-
icrange. The LO-sweep CRDL
lines would each consist of 17.6
feet of 85 mil coax. Total volume
and weight of the two lines would
be 50 cc and 200 grams. Low fre-
quency (1.2 GHz) line loss and
time dispersion loss would be

9 dB and 19 dB respectively,
which with other attendant losses
leads to an impulse input require-
ment of +8 dBm to preserve the
sensitivity potential (-80 dBm)
of the receiver. The average pow-
er requirement per line would be
=11 olBlHn.

Since the insertion loss of a
single-line CRDL pulse compres-
sion receiver directly affects the
leakage-limited dynamic range,
and since the insertion loss is in
large part determined by the
propagation attenuation of the
center frequency reflected from
the midpoint of the line, study
has been made of a “"bifurcated’’
CRDL wherein the pulse com-
pression line is divided at the
midpoint, and the two halves are
simultaneously filled from sepa-
rate half-length upswept and
down swept signals; the reflected-
signal outputs are added to con-
stitute the composite compressed
pulse. The bifurcated design sig
nificantly reduces the insertion
loss for increased dynamic range,
reduces the fill time of the line,

and makes possible widebhand op
eration at @ much reduced time
for fully-processed 100% detec-
tion probability.
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Systron-Donner Advanced

YIG DRIVERS

Any Systron-Donner YIG device may be ordered with a matched
YIG driver to provide accurate voltage/frequency conversion
and to facilitate installation of the YIG device in a system.Two
types of drivers are available: a standard version and a high-
stability version. Both types operate with input power of =15 V

VOLTAGE-TUNED OSCILLATORS

MECHANICAL AND VOLTAGE-TUNED OSCILLATORS

Note 1: Current is steady state. Surge current will be 70% higher.
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Systron-Donner’s
setting the standards for:

‘Yig-tuned devices
- Voltage-tuned oscillators
-Mechanical and voltage-tuned oscillators

Yig-tuned oscillators are available in transistor and Gunn-
diode types.

Specifications are given for typical standard models. In most
cases, standard units with higher (100 mW) or lower (10 mW)
power are also available.

(=20 or =12 V available with some frequencies on special
order), control voltage of 0 to 10 V, and minimum input imped-
ance of 10k, Units meeting either commercial or military en-
vironmental requirements may be provided. Options available
with 12-bit digital tuning.
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YIG-TUNED FILTERS

Systron-Donner SDYF-4000 Series reciprocal bandpass filters
are available in one, two, three, four, and dual-two stage
versions in single bands and multi-octave versions from 0.5 to
40 GHz. These filters are ideal for use in receiver systems,
frequency synthesizers, or test sets for preselection, signal
sorting, or any other application in which a tunable filters
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ADVANCED COMPONENTS DIVISION
A Member of the THORN EMI Group

must pass a desired signal or band of signals with minimal
attenuation and reject undesired out-of-band signals.

SDYF-4000 Series filters may be ordered individually, with a
YIG driver, as part of a tracking filter/oscillator/driver assem-
bly meeting specific system applications.

735 Palomar Avenue,
Sunnyvale, CA 94086
Phone (408) 735-9660
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 The Quiet Synthesizer

AILTECH
Ronkonkama, NY

Under manufacturing rights ac-
quired from ADRET Electronique of
France, AILTECH is offering its Model
460 frequency synthesizer, a program-
mable generator combining the desir-
able characteristics of synthesizers and
cavity-based signal generators.

The Model 460 delivers 100 mW
over an operating frequency range of
300 kHz to 650 MHz. An internal dou-
bler option extends the range to 1300
MHz with 10 mW avaiiable from the
doubler. 1 Hz frequency resolution is
available throughout the range includ-
ing the doubled portion and output
level is resolved to 0.1 dB. Simultane-
ous AM and FM or AM and phase
modulation are available and all func-
tions are programmable.

Whil~ offering the features of a syn-
thesizer, the instrument achieves a
phase noise of -132 dBc/Hz at 12.5
kHz from the carrier and this decreases
to - 145 dBc/Hz at 2 MHz from the
carrier. The cavity-like performance of
the model 460 does not depend on
new component technology but on the
method of synthesis which employs
three phase lock loops in an indirect
design controlied by a microprocessor.

DESIGN

The heart of the instrument design
is an 80 MHz crystal controlled oscilla
tor phase-locked to a 10 MHz oven
controlled frequency standard. At 10
kHz from the carrier, the 80 MHz os-
cillator noise is - 165 dBc.
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The ntermediate phase locked loop
which generates frequencies from 300
to 670 MHz in 10 MHz increments has
a loop bandwidth sutficiently wide so
that the noise on the output is essen-
tially that of the multiplied 80 MHz
oscillator. The low multiplication fac-
tor avoids severe degradation of the

80 MHz oscillator noise characteristics.

The combination of the wide loop
bandwidth and high reference frequen-
cy succeed in imposing the excellent
noise characteristics of the reference
oscillator on the output VCO.

Inthe 10 MHz loop, the 80 MHz
osciltator drives a harmonic generator,
and a varactor tuned filter picks out
harmonics from 320 to 640 MHz
which drive the RF port of the mixer.
The LO port is driven by a sample of
the 300 to 670 MHz VCO. Since the
harmonics are spaced at 80 MHz inter-
vals, the VCO frequency is never sepa-

rated by more than 40 MHz from a
harmonic and the mixer output is lim-
ited between 0 to 40 MHz, A 40 MHz
low pass tilter follows the mixer out-
put, and the output drives one port of
a sampling phase detector. The 10 MHz
sampling frequency is developed from
an eight-to-one divider from the 80
MHz oscillator. The 10 MHz sampling
rate allows the VCO to be locked in 8
intervals of 10 MHz between the 80
MHz harmonics providing 10 MHz
steps over the 300 to 670 MHz range.
The output loop shown in Figure 1
tunes the 320 to 650 MHz range and
provides the higher resolution steps
between the 10 MHz increments while
still preserving the low noise perform-
ance of the 300 to 670 MHz stepped
oscillator. The two oscillators are fed
to both input ports of a mixer. The
mixer output is passed through a band-
pass filter covering 20 to 25 MHz,

300-670 MHz

SOO67HINH2 10 MHz STEPS
¢ ERROR
300-670
18 MHz
DIVIDE [10MHz| SAMPLING | o[ LOW PASS
BY o S5 FILTER
8 DETECTOR | 40| 40 MH:
320 MHz
400
480
560
ommz | ol ST || HARMONIC LN 540
STANDARD oes GENERATOR FILTER

Fig. 1 10 MHz loop.

(continued on page 66)
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FERRITE ISOLATORS AND CIRCULATORS

Frequency
il )

1.0- 20
20- 40
26- 5.2
40- 80
45- 90
5.2-10.4
8.0 - 16.0

10.0 - 20.0

S-T-R-E-T-C-H OCTAVE BANDS — STANDARD DESIGNS
Both circulators and isolators are available with either SMA-male or female connectors

Isolation
Model No.. (dB min.)
T-1S63T7-18 18
T-2563T-6 17
T-2S563T-44 17
T-4S63T-10 17
T-4S63T-13 17
T-5S863T 17
T-8S63T-18 17
T-10S63T-5 1178

Insertion Loss
(dB max.)

0.5
0.5
0.5
0.4
0.5
0.5
0.5
0.7

isolator versions with SMA-female connectors.

Frequency
__ (GHz)
1.7- 4.2
20- 45
3.7- 8.2
4.4 -10.0
59-13.0
76-18.0

Frequency
(GHz)

.95 - 1.225
1.2- 1.6
1.9- 23
22- 23
3.7- 4.2
44- 6.5
59- 6.4
7.0-11.0
8.0-124

12.4 - 18.0

18.0 - 26.5

SPECIAL DESIGNS
o Multi-Junction 4, 5, 6 or more Ports
e Stripline Tab Drop-ins

" TELEDYNE MICROWAVE

1290 Terra Bella Ave., Mt. View, CA 94043 (415) 968-2211 TWX (810) 379-6939
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Height

2.75
1.63
1.25
1.06
1.13
1.06
0.75
_0.68

Height

1.70
1.70
1.06
1.13
0.81
0.76

Height
1.20
1.25
1.256
1.00
0.75
0.75
0.75
0.85
0.78
0.68
0.68

Isolation Insertion Loss VSWR

__Model No. (dB min.) _(dB max.) (max.)
T-1883T-2 16 0.7 1.50:1
T-2S73T-4 16 0.6 1.40:1
T-3873T-2 16 0.7 1.40:1
T-4873T-2 16 0.7 1.40:1
T-5S73T-1 17 0.6 1°35:1
T-7S83T-20 16 0.8 IESUA)

POPULAR NARROW BAND — STANDARD DESIGNS

Isolation Insertion Loss VSWR

Model No. (dB min.) (dB max.) _(max.)
T-0823T-2 20 0.5 1.256:1
T-1823T7-7 17 0.5 1.35:1
T-1S13T-2 20 0.4 1.30:1
T-2S03T-2 20 0.4 1.35:1
T-3S13T-9A 25 0.25 1.10:11
T-4S33T-1 17 0.5 1.36:1
T-5S03T-3A 26 0.3 1.10:1
T-7S437-6 28 0.4 SIRIOR]
T-8S43T-1A 17 0.4 1SS
T-12S437-8 18 0.5 1.30:1
T-188337T-7 16 1.0 1.50:1

Size
Width

275
1.63
1.25
1.00
0.95
1.00
0.63
0.51

Model Nos. shown are

Size

_Width

1.63
1.56
1.00
0.95
0.63
0.63

Size
Width
1.20
1.25
1.25
1.00
0.75
0.75
0.75
0.75
0.63
0.51
0.51

e Special RF Power Requirements
e N or TNC Connectors (lower frequency units only)

OTHER PRODUCTS:
« SPDT

Switches

o Multithrow
Integrated Components

Thickness

0.88
0.75
0.70
0.76
0.76
0.76
0.40
0.56

Thickness

0.76
1.10
0.76
0.76
0.80
0.62

Tblckne;s

0.75
0.70
0.75
0.62
0.50
0.50
0.69
0.60
0.70
0.56
0.53

o RF Coaxial
o Transfer
o Multiplexers and

e VCOs
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which is the maximum offset range
between the two oscillators. The filter
output feeds one port of a phase com-
parator and a 20 to 25 MHz signal
from the third loop feeds the other
port. The loop covers the 20 to 25
MHz range in steps as small as 1.0 kHz.
As will be explained, the noise of this
loop is - 140 dBc/Hz at 10 kHz from
the carrier and has little effect on out-
put noise level. Figure 2 illustrates the
frequency relationships between the
three loops as the output frequency is
changed.

10 MHz
MHI? STEPPED
0sc
370

OUTPUT
360 0sC

350
340
330

320 d

310

300 p—
~

25 /\/\/\/
20 20-25 MHz OSC

&

3%

Fig. 2 Frequency plan.

Since the reference frequency for
the output loop is relatively high, 20-
25 MHz, a wideband loop is used in
the output without the probiem of fil-
tering the reference sidebands. Thus
the fow noise of the 300 to 670 MHz
stepped oscillator is imposed on the
output VCO, and the noise floor is
-145 dBc/Hz, approaching the per-
formance of a cavity oscillator.

Since the 20 to 25 MHz loop output
is added directly to the 320 to 650
MHz output loop, its noise perform-
ance is of primary consideration. This
loop operates as a divide-by-n synthe-
sizer with a 1 kHz resolution and, to
avoid the shortcomings of large divi-
sion ratios and 1 kHz sidebands, a low
noise VCO, permitting use of a very
narrow loop bandwidth to reduce di-
vider noise and reference sidebands, is
employed. The low noise VCO de-
signed to cover the 80 to 100 MHz
range achieves a noise of - 135 dBc/Hz
at a 10 kHz offset. The VCO drives a
divide by 4 to produce the 20 to 25
MHz, and the division improves the
noise an additional 12 dB to less than
- 145 dBc/Hz.

The loop design is slightly compli-
cated by the fact that a directional
frequency change is required in cover-
ing a 10 MHz range. As the 1 MHz dig-
it is tuned from 0 to 4.999 MHz, the
oscillator frequency increases from 20
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1o 24.999 MHz. As the 1 MHz digit is
tuned from 5 to 9.999 MHz, the fre-
quency decreases from 25 to 20.001
MHz. |f this reversal were uncompen-
sated, it would result in a phase rever-
sal of the dc FM modulation which is
coupled through the 2 MHz input of
the loop, as the generator is tuned
across every 4.999 to 5 MHz transi-
tion. Operation of the frequency ver-
nier would also be reversed. Compen-
sation is achieved by interleaving a sec-
ond loop with a VCO operating at 32
to 42 MHz, and 48 to 58 MHz. The
two ranges are switched at the 4 and
5 MHz transition and provide low and
high frequency mixing with the 20 to
25 MHz signal. The low and high mix-
ing provides a fixed 4 MHz mixer out-
put with the two phases required for
compensation.

The 32 to 58 MHz oscillator tunes
in 1 kHz steps. Since it is followed by
a divide-by 2, it forces the 20 to 25
MHz signal to tune in 500 Hz steps.
This resolution is necessary for gener-
ators equipped with the doubler op-
tion to 1300 MHz, so as to allow 1
kHz steps over the entire frequency
range.

A 2 MHz input signal to the 20-25
MHz loop is developed directly from
the 10 MHz frequency standard when
the vernier is not used. For vernier op-
eration, a 2 MHz signal with a tuning
range of 4 kHz is required to interpo-
late the 1 kHz steps (in the 80-160
MHz output range, the output VCO
320 to 640 MHz is divided by 4). The
noise contribution by the 2 MHz oscil-
lator into the 20 to 25 MHz loop is so
small as to be undetectable when op-
erating with the vernier either on or
off.

Since the output VCO covers the
320 to 650 MHz range, the lower fre-
quencies are generated by successive
binary division. The ranges covered by
division are 80-160 MHz and 160 to
320 MHz. One advantage of the divi-
sion is that the noise decreases by 6
dB, after each division, thereby im-
proving the performance in the lower
frequency ranges. Frequencies below
80 are generated by a heterodyning
process because of the increased diffi-
culty of filtering harmonics using fur-
ther binary division.

THE RESULTS

The objective of the design was to
obtain cavity like performance from a
synthesizer by imposing the low noise
of an 80 MHz crystal oscillator on a
VCO which tunes the 320 to 650 MHz
range. The degree of success is shown
in the comparison noise plot of Figure
3. Cavity signal generator performance
below 2 kHz is not shown, however,

the new 460 synthesizer has 10 dB
lower noise out to an offset frequency
of 20 kHz, where both are about the
same at - 132 dBc/Hz. The noise floor
of the cavity, - 145 dBc/Hz, is reached
sooner than the synthesizer at 100 kHz
offset. The synthesizer characteristic
flattens out at 132 dBc/Hz from 10
kHz to 400 kHz, and then decreases
to the - 145 dBc/Hz floor at 2 MHz.
The small advantage of the cavity sig-
nal generator in the 20 kHz to 2 MHz
offset range has little significance for
narrow channel receiver measurements
(up to 20 kHz offsets) where the 460
synthesizer has the performance ad-
vantage. For image and spurious meas-
urements, the wideband noise floor
beyond several megahertz is important,
and here both instruments are about
equal.

2 ok
£ sof MODEL 460
(¥ @ 620 MHz
Tl CAVITY
Z100f SIG. GEN.
> 110k \\@512MH1
w 120 N
= o N\
2 1300 1 obEL 460
-
‘5‘4°T@160MHz o M, - N
I 150
fe VR

0.1 kHz 1kHz 10kHz 100kHz 1MHz
DISTANCE FROM CARRIER

Fig. 3 Phase noise of 460 and cavity signal
generator.

The instrument provides AM, FM,
and Phase Modulation. AM at 100%
modulation is available to output pow-
er levels up to +13 dBm; distortion is
less than 3% for 80% and modulation
at output levels to + 14 dBm. Separate
modulators are used to allow simulta-
neous AM and FM or AM and Phase
Modulation.

In CW mode, the maximum output
power is 100 milliwatts (+20 dBm)
and is adjustable to - 140 dBm using a
stepped attenuator and vernier. A me-
ter provides calibration between the 10
dB steps and output leveling is less than
*+0.5dB.

Frequency is controlled using a
spin-wheel with adjustable resolution
from 1 kHz to 1 MHz. A vernier inter-
plates the 1 kHz steps to a resolution
of 1 Hz and the actual output frequen-
cy is indicated on an LED display.

All functions are controllable using
the GPIB (IEEE-488) option. Fre-
quency can be programmed to 1 Hz
resolution, level to 0.1 dB resolution,
AM fevel is 1% resolution, and FM as
Phase Modulation to 1/300 of full
scale resolution,

The instrument is packaged in a
5%’ high rack mountable cabinet and
weighs 51 pounds.

Circle 119 on Reader Service Card
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Finally a way to make
noise figure measurements—

10 MHz to18 GHz—that are accurate

~ and repeatable.

—aEE = szEm .
SuTrrsTT e @t
e i pag g W

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

In conventicnal noise figure measurements,
you now get better accuracy because ENR
(excess noise ratio) has an RSS uncertainty of
+0.1dB from 10 MHz to 8 GHz, 1 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 I8 GHz further reduces
uncertainty.

When used with conventional meters, the
346's built-in current regulator makes the noise
i 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 Alto, CA 94304.

DESIGNED FOR

' SYSTEMS

I () e

April — 1980
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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 variations, and ambient temperature
effects; as fast as 100 frequencies per minute.

’

N
Three measuremeonts of 8 receiver s Yoise figure

‘- A
::‘:mamaum sots of npasurement { R_/\J L\'ﬁ

: A,
}\/\\\m’ AN/ s

i

‘ e
~ - - -

7

B s S S
- - - - = ~

S

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

*Domestic U.S. prices only.
04002 |

’-

67



‘Electro 80 =
e o

...the easy way Iin.

Electro/80 is the East's largest high-technology electronics convention and exhibition. Three days of
hands-on demonstrations of new products and systems, and exploration of leading-edge technclogy in
an embodiment of the Electro/80 theme: “‘Electronics Leads the Way.”

Save time and money by registering in advance. Complete the registration form below and mail it,
together with a check for $4 if you are an IEEE or ERA member, $9 if you are not, before April 18.
You'll receive an embossed admission badge before Electro opens, May 13, entitling you to speedy
entrance into Electro.

The pre-registration price is $1 less than at-the-door admission.

Mail the registration form today to: Electro/80, 999 North Sepulveda Boulevard, EI Segundo, CA 90245.

May 13-15, 1980

Clip and Mail £ Today P/ Electro &0 foon. vass

l Y ADVANCE REGISTRATION FORM [CIRCLE ONE LETTER IN EACH BLOCK .
(OF) Enclose check with this form A — he =
. ”/Electro \'ofg/ for pre-registration: |z| J T —— l
$4 I\EEE ERA Members; f—_)' -
. Electronic Show and Convention $9 Non-members. [5| € i Engeeenng lec ,r.aq l
Boston — Hynes Auditorium g[ Pyl g =
l May 13- 15 1980 ' 2 | Seionne 1 l
+ 21—
Please PRINT as you want shown on badge Orders filled until April 18. 9\ £ | Puwasing’Procurement .
Form my 1
16 | Eo
l Name ¢" k l
4
l | ! 1 | Pa
I LS 4 | 9 | Hargwar
Posili Telephone % X 1 Toowd p ] .
. = = B G . .
J AREA CIDE MBER E w | c 3
l Company/Organization § N ‘ Comtrry Bystems & camponenn l
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' = & L SiR o
dar i
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City, State, Zip Code T I | armov 5 8 syt | l
I T T O R S Y e R T R =N i - 1 L
l PERSONS UNDER 18 YEARS OF AGE NOT ADMITTED A L —— .

@
S N N D N B G B AN BN B BN BN B B G 0D O O S B D BN IS B G .
Sponsored by Central New Englant Cour anc METSAC Section NH’@ ind New England and Neév: York Chagter A era
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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

April — 1980
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Technology Notes

(This brief rerort summarizes the
problems and findings of a recent
technology study undertaken by engineers
at RCA Moorestown for the Jet Propulsion
Laboratory, sponsored by NASA)

introduction

The formation of mapping images with a
sateilite-borne synthetic aperture radar
(SAR) presents challenging signal
processing problems. Current processors
are located on the ground and process the
raw, unprocessed datatransmitted fromthe
spacecraft in non-real time. That is, images
can be formed from only a small portion of
the total swath scanned by the radar. In
addition, the wide bandwidth, unprocessed
signal places great demands on the
communication link. Typical SAR
processors use multiple looks at animage
field to reduce speckle effects and thus
improve image quality. This multiple look
processing reduces the required bandwidth
of the processed SAR data by a factot equal
to the number of looks integrated. If the
multiple-look processing could be done on
board the spacecraft, a similar reduction
would be achieved in the communication
link requirements.

A synthetic aperture processing
procedure using subarrays {which RC
calls the step transform algorithm) has
three basic operations:

1. Focus data over short subarray time.

2. Store subarray data over large array
tength.

3. Combine subarray outputs ta form
large array.

The System Definition Problem

Atypical SAR azimuthprocessingsxstem
requirement is represented by NASA's
SEASAT and is shown diagrammatically in
Figure 1. As the sateilite maps an image
field, four separate looks are generated for
each image sample. Each look consists of
1024 azimuth samples whichcovera100 km

by Lioyd W. Martinson
Richard P. Perry

rggge swath. Four looks require a total of
409 azimuth samples. One fourth of the
total of 1024 (or 256) azimuth eiements
complete the four-look integration during a
look Thus the basic word dataratefromthe
input to the output of the processor is
reduced by a factor of four.

The SAR azimuthprocessor must process
1024 spatial element (azimuth) samples ofa
synthetic array into an equal number of
azimuth angle elements (beams) for each
range element in the 100 km swath. The
process is complicated by the fact that
during the four-look interval, a particular
image element will walk, or migrate, in
range up to a maximum of 128 range
elements.

n oo prb ..wum......w...‘)h"‘_“
ar L Saraty 167,008 —
4 0% SaMPLESI LIRS,

The objective of the step transform
subarray approach is to subdivide the SAR
processing in a manner which permits
ranFe migration compensation to be
applied on the coarse subarray resolution
element rather than for each individual
azimuth and range sample. Care must be
taken to minimize image smeating during
the integration of subarrays.

The Implementation

The power dissipation of a digital system
is essentially determined by the power-
delay product of the technology employed,
assuming an efficient” design. The high

RCA =

speed and low power of CMOS/S0S

technology makes it an attractivechoice for
spaceborne LS| and VLS| systems. The
primary hardware constituent of a SAR
S|Rnal processor is memory, CM0S/S0S
RAM's onthe markettoday consumeabout 1
microwatt per bit. The total bulk memory in
a 20 km swath SAR baseline processor is
about 25 x 10® bits, which projects a system
memory power dissipation of only 25 watts.
The rapid advancements in commercial
memory device capacity promises even
lower power and greater density as the
integrated circuit feature sizes are reduced
fromthe3to6microns oftoday tolessthan1
micron in the future.

A six-stage pipeline FFT structure is
employed in the SAR processor to achieve
real-time processn_n? rates. Optimum
performance capability in the FFTs is
obtained by using a special floating point
architecture developed by RCA.

The study verified that thesteptransform
subarray techni ueisavnableapBroachl.na
satellite-borne SAR processor. Resolution
achievable inSAR images with the baseline
range waltk compensation technique is
within two percent of theoretical. Further
study to be undertaken includes detail
design and system simulation and
development of actual programmable SAR
tun((:jﬁonal units for future SAR system
needs.

_ BCAMissile and Surface Radar is located
in Southern, N.J. Since it opened in 1953
RCA Moorestown has set standards o
excetlence in the conceptional design and
development of precision trackingradars of
various types as well as for creative and
practical solutions tomajor defense system
probiems.

For information on how you can be
associated with the engineers at RCA
Moorestown or an expanded copx’1 of the’
above article, write Mr. Bernard J. Matulis,
Chiet Engineer, RCA Missileand Surface Radar,
127-124, Borton Landing Road,
Moorestown, N.J. 08057.

We are an equal opportunity employer.
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The following pages list various instrumentation prod-
ucts manufactured by microwave companies. Those

companies marked by an asterisk have con-

tracts with us. Starred companies will pro- \
vide product literature in response to

your circling the appropriate Reader
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literature con- @ % g\

cerning their

prg.@g

g £
o | & o 2
g1 2 £ el 2| 8] %
2|elédla|8|al&d|s]| 2 e
Reader Service No. 120 | 121 11221123 | 124 § 125| 126} 127] 128
* AILTECH ° ® ° ° [ (516) 583-3600
Bird Electronic Corp. [ (216) 248-1200
Boonton Electronics ° o ° (201) 887-5110
Cober Electronics, Inc. ° (203) 327-0003
Communications Techniques Corp. ® (201) 884-2580
* EIP Microwave, Inc. o (408) 946-5700
Electro I mpulse ] (201) 741-0404
* Engelmann Microwave ° (201) 334-5700
* EPSCO Inc.

Microwave Div. [ (617) 329-1500

Farnell instruments (Eng.) ® ° ° ° ® ° ° ° (0937) 63541

* Flann Microwave Instruments Ltd. (Eng.) ° Bodmin 3161

* General Microwave Corp. ° {516) 694-3600
Gulton Industries MCS Div. ° ® (401) 884-6800
Harris Corporation

PRD Electronics Div. ® ® [ (516) 364-0400
Hewlett-Packard Co. ° ® ° ° ° o ° ° [ (415) 857-1501

* Hughes Aircraft Co.

Electron Dynamics Div. ® ° ® ° ® (213) 534-2121
Integra Microwave ® ° (408) 727-9601
LNR Communication, Inc. (516) 273-7111

* Marconi Electronics, Inc. o ° o o ® ° L4 ° (201) 767-7250

* Marconi Instruments

Microwave Products Div. ® [ (0438) 2311

* Maury Microwave Corp. ° ° (714) 987-4715
MCL, Inc. ° (312) 354-4350
Microdyne Corp. ° (301) 762-8500
Micromega-Bunker Ramo Corporation ° (213) 889-2211
Micronetics, Inc. (] (201) 767-1320
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Micro Now Instrument Company ] (312) 478-1151
Nore Microwave (Eng.)
Norsal Industries Inc. ° 1516) 237-A040

Pacific Measurements Inc. L (8U8) 734-57%U

Republic Electranics

Rockland Systems Corp. (201) 767-7900

Sanders Associates, Inc. {603) 669-461
Microwave Div. L]

Servo Corp. of America ° ° ° (516) 938-9700

Solid State Technology, Inc. O (®8T 7278555

Tektronix D) O 0 ° ® {

W & G Instruments ° o (] ] ] ® . (201) 994-0854
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MANUFACTURERS  ADDIRESSES

The following are companies advertising with us who are listed in the Directory to Instrumentation Manufacturers.

.

AILTECH

2070 Fifth Avenue
Ronkonkoma, NY 11779
Charles Scheetz

(516) 588-3600

g ¥

EIP Microwave Inc.
2731 North First St.
San Jose, CA 95134
R. A Bush

(408) 946-5700

Engelmann Microwave
Skyline Drive
Montville, NY 07045
Carl Schraufnagl/
(201) 334-5700

EPSCO Inc., Microwave Div.
411 Providence Highway
Westwood, MA 02090
Richard Strickland

(617) 329-1500

wll 7

Flann Microwave Instruments Ltd.

Dunmere Road

Bodmin, Cornwall PL31 2QL
United Kingdom

A. D. Frampton

Bodmin 3161

Y. e

General Microwave Corp.
155 Marine St.
Farmingdale, NY 11735
Moe Wind

(516) 694-3600

S

Hewlett-Packard Co.

1501 Page Mill Road

Palo Alto, CA 94304
(415) 857-1501

Hughes Aircraft Co.
Electron Dynamics Div.
3100 W. Lomita Blvd.
P.O. Box 2999
Torrance, CA 90509
Marilyn M. Talley
(213) 534-2121

e

Marconi Electronics Inc.
100 Stonehurst Court
Northvale, NJ 07647
Keith Elkins

(201) 767-7250
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Marconi Instruments
Microwave Products Div.
P.O. Box 10

Stevenage

Herts, SG1 2AU, England
Allan Luskow

04382311

Maury Microwave Corp.
8610 Helms Ave.
Cucamonga, CA 91730
M. A. Maury, Jr.
(714) 987-4715

Micro-Tel Corporation
6310 Blair Hill Lane
Baltimore, MD 21239
Wayne Brandt

(301) 823-6227

Microwave Associates, Inc.
South Avenue

Burlington, MA 01803

R. Conway

(617) 272-3000

Microwave Semiconductor Corp.

100 Schoot! House Road
Somerset, NJ 08873
Art Cox

(201) 469-3311

=

Narda Microwave Corp.
75 Commercial St.
Plainview, NY 11803
R. E. Snowden

(516) 349-9600

S

Polarad Electronics, Inc.
5 Delaware Drive

Lake Success, NY 11042
Edward Feldman

(516) 3281100

=R

Rohde & Schwarz
14 Gloria Lane
Fairfield, NJ 07006
C. E. Barlow

(201) 575-0750

N

Systron-Donner Corp.
Instrument Division
2727 Systron Drive
Concord, CA 94518
Gail Dishong (Mr.)
(415) 676-5000

Microwave Programs Div.
14844 Oxnard Street
Van Nuys, CA 91409
John Becker

(213) 786-1760

LT

Tekelec-Airtronic
B.P. No. 2

Cité des Bruyeres
Rue Carle-Vernet
Sevres 92310, France
H. J. Lefay

(1) 5347535

Texscan Corporation
2446 N. Shadeland Ave.
Indianapolis, IN 46219
Raleigh B. Stelle 11/
(317) 357-8781

—N

Wandel & Goltermann GmbH
Postfach 45

D-7412 Eningen

Federal Republic of Germany
Mr. Wissling

(07121) 8911

Watkins-Johnson Co.
3333 H illview Ave.
Palo Alto, CA 94304
(415) 4934141

Wavetek Indiana

66 North First Ave.
Beech Grove, IN 46107
Jack Rendel

{317) 783-3221

Weinschel Engineering
One Weinschel Lane
Gaithersburg, MD 20760
(301) 948-3434

WILTRON

825 E. Middlefield Rd.
Mountain View, CA 94043
Walt Baxter

(415) 969-6500

CORRECTION
The correct listing for Solid State

Microwave Division, Thomson-CSF in

the Solid State Buyer’s Guide of our

March issue is:

Products: Transistors, Diodes

Address: Solid State Div.
Thomson-CSF
Commerce Drive

Montgomeryville Ind. Park
Montgomeryville, PA 18936

D. Kupinewicz
(215) 362-8500

e
K
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Contact and
cultivate overw
200 major
buyers of
components
and

subsystem

INTERNATIONAL

TELECOMMUNICATION INTEL!
AND COMPUTER COM ( )

EXPOSITION

- - LOS ANGELES CONVENTION CENTER
Exhibit at INTELCOM 80 NOVEMBER 10—14, 1980
Over 200 communications and data processing OEM’s will Manufacturers of solid state devices, instrumentation,
be on hand to exhibit their products and examine yours tubes/TWT, and passive devices will comprise the Compo-
when INTELCOM 80 convenes. nents Exhibition of INTELCOM 80. The technical sessions

will be chaired by prominent authorities in research, devel-

You couldn’t ask for a better exhibiting apportunity. Parti- opment and engineering.
cipation will give you access to key executives from a'l ex-
hibiting organizations, including many who are unapproach- If you want important new customers in the world’s two
able through regular sales calls. fastest growing industries, plan to exhibit at INTELCOM

80/Los Angeles.
TECHNICAL ABSTRACTS ARE INVITED

COMPONENTS A KEY ATTRACTION
This year, equipment and systems will share the 200,000

square foot floor with components and subsystems manu- For further details on participation in the Components
facturers. In addition, the Conference Program will include Seminar or Exhibition, return the enclosed coupon or con
a Components Symposium, addressing practical applica- tact address supplied below with coupon.

tions problems and advanced developments.

Please send additional information on the
Components Section of INTELCOM 80/Los Angeles.
| am particularly interested in:
Exhibiting Attending
__ Presenting a paper or technical contribution.

Name

Howard Ellowitz, Publisher Title
Microwave Journal
610 Washington Street Company
Dedham, Massachusetts 02026
Tel: (617) 326-8220 Address
WATS: (800) 225-9977
TWX: 710 348 0481 City State Zip
MICROSOL DEDM
=T Country




Microwave
Products

Fiber Optics
HIGH PERFORMANCE FIBER
OPTIC KIT

A full duplex fiber optic data link kit
contains major components for two
TTL-compatible, 20 Megabaud trans-
ceivers with a bit error rate of 1x 10 °.
The PC board layout enables the trans-
ceivers to be used as transmit/receive
stations in a duplex link or as repeaters
in an optical data line. Experimenter’s
Kit includes printed circuit boards, IC
devices, emitters, detectors, EMI/RFI
shields, ferrite chokes, fiber optic con-
nector components with associated
tooling, a length of terminated fiber
optic cable, plus complete instructions
and specifications of all major compo-
nents. AMP Ing., Harrisburg, PA. Jim
Pletcher, (717) 564-0100. Circle 101.

KIT FOR FIBER OPTIC
CONNECTOR, SPLICE
INSTALLATION

A kit designed for laboratory or field
use contains mechanical, electrical, op-
tical and disposable equipment and
materials needed to fabricate low-loss,
lap-and-polish optical connector termi-
nations, or to produce low-10ss, opti-
cal fiber ““fusion” splices. Both the fi-
ber optic connector installation and
splice installation kits contain com-
plete instruction manuals. Price: con-
nector kit, $1,381; splice kit, $3,072.
Avail: 60-90 days. ITT Corp., Electro-
Optical Products Div., Roanoke, VI.
(703) 563-0371. Circle 102,

FAST FIBER OPTICS PAIR:
DETECTOR AND EMITTER

Model MFOD104F is a PIN photo-
diode detector with typical response
timeof 2nsat 20 Vand 6nsatb V
and Model MFOE103F is an infrared
emitter with 15 ns response time. The
detector may be used in analog fiber
optics systems requiring a bandwidth
up to 100 MHz, and in digital systems
with a speed requirement up to 200
MBaud. In data communications links
operating at 5 V, the detector is usable
up to 110 MBaud and the emitter up
to 20 MBaud. The PIN photodiode has
aresponsibility of 0.40 uA/uW at Vg
5. For the infrared emitter, out put

April — 1980

power is 140 uW at Ig = 100 mA.
Price: MFOD104F, $30, qty. 100-
499; MFO3103F, $35, qty., 100-499.
Del: Immediate from OEM sales of-
fices. Motorola, Inc., Semiconductor
Products, Inc., Phoenix, AZ. Harry
Koski, (602) 244-4305. Cirde 140.

Devices
TWT OFFERS 250 W IN K,-BAND

TWT, Model 881H provides more than
250 W of CW power in the 14.0-14.5
GHz band. The tube is 3 metal-ceramic
design with PPM focusing and for ced-
air cooling. A modulating anode is uti-
lized for fast turn-on and turn-off of
beam current during nor mal operating
sequencing and under fault conditions.
Projected cathode life of greater than
25,000 hours is offered. Tube body is
conduction-cooled through its base-
plate support, and an integral collector
thermal switch is provided to allow
tube turn-off under excessive tempera-
ture conditions. Bandwidth is 500 MHz
minimum, gain at rated power output
is typically 45 dB, and nominal effi-
ciency is 25%. Size: 21.6” L x 5.2 W
(54.9 cm x 13.2 cm). Weight: 11 Ibs.
(5 kg). Hughes Aircraft Co., Electron
Dynamics Div., Torrance, CA.

(213) 534-2121. Circle 116.

LOW DIVERGENCE CW LASER

Model LCW-30 isa low divergence CW
laser combining multimode CW laser
with an NSG SELFOC lens. It offers
less than 7 miltiradians divergence at

5 mW output. Typical characteristics
include a threshold of 100 mA and an
operating current of 135 mA at a peak
wavelength of 820 nm. Price: $500
each in single quantities. Del: 4-6 wks.
ARO. Laser Diode Laboratories, Inc.,
New Brunswick, NJ. Richard Klein,
(201) 249-7000. Circle 147.

Materials

GaAs FET CHIP CARRIERS

Gel-Pak is a chip carrier designed for
handling and shipping devices such as
GaAs FET's. Product incorporates
non-slip non-adhesive Si elastomer,
which has been cast into a transparent
hinged container. Chips loaded onto
this flat silicone surface are held tightly
in position, but are removed easily by
vacuum, or tweezer. Chips are immo-
bilized on surface of elastomer by use
of separator fabric and compression
foam. Gel-Pak carriers can be supplied
with company logo or other identify-
ing markings and a single carrier will
accommodate a variety of chip sizes.
Gel-Pak Carrier Systems, Stanford,
CA. Victor E. Althousc,

(415) 941-9347. Circle 114.

fcontinued on page 78)

We've made
a great
change in
RT/duroid

materials
for you
=l | 74

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

You can specify 1 .02 at no ad-
ditional cost. With + .02 you get:

® Greater directivity in narrow
frequency band couplers.

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

B The same in dual path phase
comparison devices.

® Closer ifrequency response
curve tolerances in stripline
filters.

MIL P 13949E calls for : .04
tolerance. Our new process
controls make us tighter than
that: 1 .02 tolerance on the
dielectric constant of RT/ duroid
material 5870 (2.33) and of
RT/duroid material 5880 (2.20).

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

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

EUROPE Mektron NV, Gent, Belgium

ROGERS

Circle 38 for immediate need
Circle 56 for information only 77



mm waves

18 to 75 GHz

THE WAY WITH

struggle to get 5 db noise figure at 18 GHz; SpaceKom
ixer/preamps can do it up to 75 GHz. (On a custom basis,
we're working at 100.) Look at the typical faan

narrow and full W.G. bandwidth units; .
sorry, there ISN'T ANYTHING
for comparison.

o
Fole

| Figure, db

T 1 [Overst ,m] _m.xaaano‘n_ma U] 1840 70

Narrowband | No® | RFIN. | 0SB Nelse | | xBang | Fx-U | 18 26 € 60
GHZ | Figure, db T ol

| I | KaBang | Feal |26540 [ 60

K Bang | F20 | 2123 35 ABand | Fau | 3350 65
| } ! i

KaBang | F32U [318323 3° oBand | Fuy | w060 [ 75
+ -+ +

Q-Bang | F46-U | 4346 | 45 vBang | F¥u | 5075 | 80

AH units IF out 10-500MHz, RF-10-IF gain- 25 db

SpaceKom — Honeywell

SPACEKOM MICROWAVE CENTER, HONEYWELL, INC.
214 E. Gutierrez St. » Santa Barbara, CA 93101 ¢ (805)965-1013

Circle 39 on Reader Service Card

Miniature (OSM)
Terminations

Low VSWR and broadband operation allow
these fixed coaxial loads to be used in both test
measurement and in system applications. At very
competitive prices, they offer the highest
quality available.
B DC to 26.5 GHz
B Temperature Range:
-54°C to +125°C
@ Average Power: 0.5 watts
@ MIL-E-5400 and MIL-E-16400
Environmental Requirements

Available for Immediate Delivery

Omni
Spectra

Just part of the comprehensive line

of t[;)hrec':isl"coln micc;rowaéle components Microwave Component Division
in the ful'-line Omni Spectra s
Microwave Component Catalog. Omni Spec"a; Inc.

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

Circle 40 on Reader Service Card
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{from page 77) NEW PRODUCTS

SERIES OF BROADBAND
ABSORBING MATERIALS

ECCOSORB® CV is a series of electri-
cally tapered broadband absorbing ma-
terials intended for use in anechoic
chambers. Power reflectivity of 0.01%
(-40dB) and less is assured at frequen-
cies above the low-frequency limits
(6-9 GHz) to frequencies above 100
GHz. At frequencies two octaves below
the lower limit of the -40 d8B region,
reflectivity of these materials remains
better than - 29 dB. Models CV-3,
CV-4, and CV-6 are made from light-
weight artificial dielectric loaded flex-
ible foam. Front surface is rippled for
optimum impedance match. Size: 24"
x 24" per sheet. Thickness: 3 to 6
inches, depending upon model. All
materials are self-extinguishing. Emer-
son & Cuming, Canton, MA. Jeanne B.
O’Brien, (617) 828-3300. Circle 113.

Instrumentation

THERMOCOUPLE POWER SENSOR
OFFERS LOW SWR, CALIBRATION
DATA

Model 8485A is a coax power sensor
capable of making measurements from
50 MHz to 26.5 GHz in a power range
of - 30 dBm to + 20 dBm. SWR speci-
fication is 1.25 max. at 26.5 GHz.
Each sensor is calibrated for CAL
FACTOR, which is plotted at 34 fre-
quencies on an attached label and is
traceable to the US National Bureau
of Standards. The measurement root
sum of squares uncertainty at 26.5
GHz is + 3.21%. Input connector is
APC-3.5 and it mates directly with
SMA. Price: $700 per power sensor.
Del: 12 wks. Hewlett-Packard Co.,
Palo Alto, CA. (415) 857-1501.
Circle 117.

PROGRAMMABLE, BROADBAND
NOISE GENERATOR SERIES

Model PNG 5100 through 5110 is a
series of noise generators which feature
full noise source capability from 10 Hz
to 1 GHz in a compact instrument or
rack mounted, 7-inch high, panel. Out-
put is greater than +10dBm (10 mW)

MICROWAVE JOURNAL



across the given frequency range.
|EEE-488 Inter face Bus remote pro-
gramming is featured, with on and off
standby, external pulse and attenua-
tion control, as well as local and re-
mote capability. Series has the follow-
ing standard frequency bands: 10 Hz -
20 kHz, 10 Hz - 100 kHz, 10 Hz - 500
kHz, 100 Hz - 3 MHz, 100 Hz - 10
MHz, 100 Hz - 25 MHz, 100 Hz - 100
MHz, 1 MHz - 200 MHz, 1 MHz - 500
MHz, and 10 MHz - 1 GHz. Optional
frequency bands are available up to 40
GHz. Micronetics Inc., Norwood, NJ,
(201) 767-1320. Circle 148.

Components

SEAMLESS FLEXIBLE WAVEGUIDE

Two styles of seamless flexible wave-
guide are offered: WR 90, with an 8.2-
12.4 GHz frequency range and 1.100”
x 0.530” nominal O.D.; and WR 62,
with a 12.4-18.0 GHz frequency range
and a 0.757"' x 0.400" nominal O.D.
Both feature corrugated walls that can
be bent, flexed and twisted; and they

are constructed of either brass or beryl-

lium copper. Waveguides come in
lengths up to 1 foot with or without
flanges. Microwave Development Lab-
oratories, Inc., Natick, MA. Ernest
Bannister, (617) 655-0060.

Circle 146.

SPURIOUS FREE TRANSISTOR
OSCILLATOR FOR 2090 MHzBAND

Model HFE-B53 is a fundamental tran-
sistor oscillator which provides 17-20
dBm output over a + 50 MHz tuning
range centered at 2090 MHz. Spurious
responses of the oscillator are guaran-
teed to be less than 80 dBc in or out
of band. Second harmonic content is
25 dBc min. with an optional low pass
filter provided at additional cost. A
variety of input voltages can be ac-
cepted over the * 12 to 24 Vdc range.
A fine resolution screwdriver shaft
provides tuning; AFC tuning is option-
al. Free-running, long-term tempera-
ture stability is £ 0.15% over the 0° to
50°C temperature range. Price: $325
each, plus $35 each for the AFC op-
tion and $50 each for the low pass fil-
ter option. Engelmann Microwave Co.,
Montville, NJ. Carl Schraufnagl,

(201) 334-5700. Circle 106.

{continued on page 80)
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THE DIFFERENCE BETWEEN

AND

QBH101... LOW IN/OUT VSWR AND HIGH
REVERSE ISOLATION ... WITHOUT PADS!

Call @wiorwine US Patent 4,042,887

Q-bit Corporation 311 Pacilic Ave  Faim Bay, Flonda 32405
(305) 727-1838 TWX (510) 959-6257

[J=5]

Circle 41 on Reader Service Card

Miniature (OSM)
Attenuators

Omni Spectra OSM Miniature Series
Attenuators provide precise, fiat frequency
response for broadband applications. At very
competitive prices, they offer the highest
guality available.
W DC to 18 GHz
@ VSWR less than 1.35
B Values from 1-20 dB in
1 dB steps
® MIL-E-5400 and MIL-E-16400
Environmental Requirements

Available for Immediate Delivery

Omni k_,

Spectra

Just part of the comprehensive line ;. -
of precision microwave components Microwave Component Division

in the full-line Omri Spectra Omni Spectra, |nc_

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

Circle 42 on Reader Service Card




{from page 79) NEW PRODUCTS

GaAs FET L NA SERIES FOR
3.7-4.2GHzBAND

Two lines of GaAs FET LNAs cover
the 3.7-4.2 GHz band. Both lines fea-
ture 100°K typical noise temperature,
Series AW-4290 offers ac (115 or 230
Vac), dc (+15 to +28 Vdc) and ac/dc
(- 18 to - 28 Vdc) powered versions.
Series AWC-4200 is dc (+15 to +28
Vdc) powered through the RF output
connector. Both series are offered with
a choice of 49/53 dB or 58/63 dB
(min/m ax) gain. Other characteristics

include: 0.5 dB full-band gain flat-
ness, .01 dB MHz max. gain slope, .01
ns/MHz max. linear group delay, 0.1/
dB max. AM/PM conversion {at - 5
dBm Pg) and 1.25:1 max. input and
output SWR. Series amplifiers also
provide + 10 dBm linear output capa-
bility (1 dB gain compression}. Third-
order intercept point is +20 dBm.
Price: AW-4295, under $1600; AWC-
4205, under $1500. Del: 120 days
ARO. Avantek, Inc., Santa Clara, CA.
Jim Lindauer, (408) 249-0700.

Circle 104.

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

justment. Safety circuits. Write, call or wire for details.

EFSCO LRGeS

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

Circle 43 on Reader Service Card
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STRIPLINE FLANGE
TERMINATION WITH 25 W
DISSIPATION

The PFT-525-2, a conduction cooled
power termination, dissipates 25 W
average power at a heat sink tempera-
ture of 100°C. This stripline flange ter-
mination features a solderless clip con-
tact. The standard temperature coeffi-
cient is less than 150 ppm /°C. SWR
fromdc to 2 GHz is 1.20 max.; from
2-4 GHz is 1.30 max.; and from 4-6
GHz is 1.50 max. Price: $17.95 each
in qty. of 50-99 pieces. KDI Pyrofilm
Corporation, Whippany, NJ. Al Arfin,
(201) 887-8100. Circle 108.

SCHOTTKY DIODE DETECTOR
SERIES FOR 0.1 - 18 GHz BAND

A series of miniature, Schottky diode
detectors, #2086-6040-00, are multi-
octave, matched zero-bias detectors.
Series feature MIC construction, pro-
vide broadband (0.1-18 GHz) per form-
ance and a voltage sensitivity of 600
mV/mW. Response over the specified
frequency range is typically + 1.0 dB.
Tangentia! sensitivity is - 45 dBm mini-
mum, SWR of the detector (zero-

bias) is 1.6:1 typical and 1.8:1 maxi-
mum. Avail: from stock, in both zero-
bias and biasable versions as well as in
matched and unmatched models.
Omni Spectra, Inc., Microwave Com-
ponent Division, Merrimack, NH.
{(603) 424-4111. Cirde 139.

HIGH TEMP. TEFLON HELIAX®
CABLE

FT4-501is a 1/2’*, 50 ohm cable suit-
able for operation up to 200°C. Its
Teflon foam dielectric features a veloc-
ity propagation of 85% and exhibits
low phase change with temperature.
An annularly corrugated outer conduc-
tor, in conjunction with the connector
O’ ring seals, provides a longitudinal
moisture block. Differential expansion
is eliminated by mechanically locking
the outer conductor and bonding the
inner conductor to the closed-cell-
foam dielectric. Connectors feature a
self-flaring design. Cable is normally
supplied unjacketed; custom jacketed
versions are available. Andrew Corpo-
ration, Orland Park, IL.

(312) 349-3300. Circle 103.
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SAW BANDPASS FILTERS

A line of surface acoustic wave bandpass filters is offered
for communication systems and radar |F systems. Center
frequencies range from 70 to 150 MHz. Group delay var-
iations range from 100-500 nS, insertion losses from

19-22 dB and ripple from 0-1.0 dB. Size: 2.35" x 1.15"
each, in production quantities, varying according to spe-
cific mode!. Rockwell International, Filter Products,

Newport Beach, CA. (714) 8334324/4544. Cirde 130.

RF TERMINATIONS HANDLE
UP TO 50 WATTS

Models 1426
and 1427 are
broadband co-
axial termina-
tions for use
fromdcto 8
GHz. Units
have a maxi-
mum average
power input of =,
50 Wand 25 W, L8
respectively, \
and 5 kW peak
for both mod-

els. Max. SWR for bothis 1 2to 4 GHz and 1.3 to 8 GHz.

Connectors are semi-precision type N male or female

which mate with same type connectors per MIL-C-39012.

Price: $175, 1426, $100, 1427 (both prices are for
male or female connectors), Avail: stock to 90 days
ARO. Weinschel Engineering, Gaithersburg, MD.

(301) 948-3434. Circle 133.

PRECISION TRIMMER CAPACITOR SERIES

SF/SP is a line of sealed glass dielectric precision trimmer
capacitors with temperature coefficients of * 50 or

+ 150 ppm/°C. Seal withstands 40 psi. Typically, a 1-20
pF, SP20, PC styte mounts horizontally and is .440"’
long. The high resolution trimmer has 72 turns per inch
and tuning is linear without reversals. Standard maxi-
mum capacitance ratings ate 4.5, 5.5, 8.5, 10, 11, 12,
14, 16, 17, 20, 22, 25, 28, 30, 3 and 40 pF in both hori
zontal and vertical PC mounting. Typical prices: $2.60
each for 4.5 pF rating and $6.15 each for 20 pF rating,
1000 gtys. Del: 6-8 wks for large quantities, smatl quan-
tites from stock. Voltronics Corporation, East Hanover,
NJ. Richard J. Newman, (201) 887-1517. Cirde 129.

MINI QUADRATURE HYBRID COUPLERS

A series of miniature quadrature hybrid couplers, Model
H, are 3dB 90° couplers which span the 250 MHz - 18
GHz frequency range. These devices exhibita SWR in
the range of 1.1 to 1.5 and an isolation in the range of
30 dB to 15 dB, depending upon model. Units have an
amplitude balance ranging from + .25 dB to + .5 dB.
Stripline construction incorporates precision etching and
tightly controlled material tolerances Model’s materials
insures reproducibility of electrical parameters as well as
excellent phase and amplitude tracking. Units are pack-
aged in lightweight solid aluminum cases with convenient
mounting holes. Prices: $115, in unit qty. Del: 4 wks.
in small qty. RLC Electranics, Inc., Mt. Kisco, NY.
(914) 241-1334. Circle 137.

fcontinued on page 82)
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Multi-Octave PIN Diode

ATTENUATORS

NEW

Multi-Octave

Digitally Programmable

Attenuators
from 0.1 to 18 GHz

Model | Mainband | Stretch Band

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

e Frequency Range: 0.1-18 GHz

e Attenuation Range: Up to 60 dB

® Step Size: As low as 0.1 dB

® Exceptional flatness and accuracy

® Small Size, Low Pcwer Consumption
e 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 10 18 GHz.

GENERAL MICROWAVE CCRPORATION
155 Marine Street, Farmingdale, L 1. New York 11735
Tel: 516-694-3600
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(from page 81) NEW PRODUCTS
SPECTRUM/COMB GENERATOR
SERIES

A series of spectrum/comb generators,
SCG 1000, SCG 2000 and SCG 3000,
cover frequency ranges from 1 kHz -
5MHz, 5 MHz - 100 MHz, and 100

MHz to 1.0 GHz in octave bandwidths.

Fundamental to the fifth harmonic is
typically less than 2.0 dB variation,
and up to the tenth harmonic is less
than 5 dB variation. Input power is O
to 10 dBm and output is 5 dBm, typi-
cally. Units have an operating temper-
ature from -55°C to + 71 °C and input
power is + 5V typically. Price: starts
at $75. Del: 90 days ARO. Frequency
Engineering Laboratories, Farming-

dale, NJ. (201) 9389000. Circle 107.

LOW ESR CERAMIC CHIP
CAPACITORS

Low equivalent series resistance (ESR)
HF series ceramic chip capacitors are
offered for requirements above 100
MHz. ESR values are in the 0.05 ohms
range. Available in NPO and P100 for-
mulations. Sizes: 0.080" x 0.050""
and 0.125" x 0.095". Del: 12 wks.
Prices: 50% higher than standard RF
chips. Centre Engineering, State Col-
lege, PA. Richard N. Stover,
(814) 237-0321.

Circle 105.

MINIATURE BANDPASS FILTER
SERIES

Series 1B10 are miniature bandpass fil-
ters with center frequencies from 160
MHz - 3.0 GHz. Bandwidths can be
specified at 3% to 70% of the center
frequency and the devices can be man-
ufactured with 2 to 8 resonant sec-
tions. Filters are designed to meet full
range of military environmental re-
guirements, includina temperatures
from -62°'C to + 125°C. Input and
output terminals are glass feed-through
pins, volumes can be SMA, SMB, or
SMC connectors can be provided.
Price: $250-$475, (1-2 pcs.) depend-
ent upon design. Avail: 6-8 weeks.

K & L Microwave, Inc., Salisbury, MD.
(301) 749-2424. Circle 112.

LINEAR POWER AMPLIF{ER
COVERS 500-1000 MiHz

Model LWA 510-210 is a Class A linear
power amplifier which operates in the
500-1000 MHz frequency range at out-
put power levels of 200 W saturated
and 120 W at 1 dB gain compression.
Other characteristics include: 58 dB
small signal gain; * 1 dB small signal
gain flatness; 10 dB noise figure; har-
monics of -20 dB at 1 dB gain com-
pression; input/output SWR of 2:1.
Load SWR may be infinite, all phase
angles, to saturation. Operation is
from a 24 Vdc, 60 A power source.
The amplifier's cooling fans require an
additional 120 or 240 Vac power
source. Type N, female connectors are
supplied. Microwave Power Devices,
Inc., Plainview, NY. (516) 433-1400.
Circle 142,

BROADBAND DIRECTIONAL DETECTORS
.5-18 GHz — with Unequaled Flatness

V
A
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KRYTAR

|
574 Weddell Drive, Unit 5 e Sunnyvale, CA 94086 1‘uasos T
(408) 734-5999

T 1

| | Frequency
Model |  (GHa)
12118 |  1-124
[ 18185 218
[ 8208

5-18
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T T
Frequency

| Sensitivity | Directivity | Max | Sensitivity
| (#8) (GHa) | (dB) (GHiz) | VSWR | (uv/uw) | Price |
<218 1818 | 135 40 $675
1231124 | 158124 | | 12
52124, | 17.2-12.4: | 1.35 10 $775 |
+72-18  |15124-18 | |
. -—4 — - - —1
+51-124 [17.1-124 1§85 10 $875
+7 1-18 (1512.4-18 )
+ — + - —
+12 |14 518 | 1.40 10 $975
12.12.4-18
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PLUG-TO-JACK COAXIAL SMA ADAPTOR

Mode! 50-678-000 is an SMA jack made of gold-plated
stainless steel which mates with an SMA plug to provide
the transition in a right-angle configuration. Unit is de-
signed for testing of components on subsystems. Size:
.625"” x .685". Sealectro Corporation, RF Components
Division, Mamaroneck, NY. (914) 698-5600. Circle 136.

MINI ROTARY ATTENUATOR SPANS dc- 1 GHz

Miniature rotary attenuator, Model MA-211, offers 3 W
power handling, dc-1 GHz frequency coverage, and mini-
mal package density. Unit provides 0-60 dB attenuation
in 10 dB steps. Impedance is 50 ohms; insertion loss, 0.2
dB; maximum SWR is 1.2 at 500 MHz and 1.3 at 1 GHz;
accuracy ist 1% or 0.3 dB at 30 MHz, + 2% or 0.3 dB at
500 MHz and * 3% at 1000 MHz. Peak power handling
capability is 100 W, 3 us pulse and operating tempera-
ture range is 0° to +55°C. SMA connectors are standard.
Weight: 6% 0z (185 g). Price: $150, each. Del: 4-6 wks.
Texscan Corporation, Indianapolis, IN. Raleigh B. Stelle,
1, (317) 357-8781. Circle 135.

DOUBLE-BALANCED MIXER COVERS 6-18 GHz

ER-1011 is a 618 GHz double-balanced mixer. With
-3dBm LO power, SWR is 2.0 maximum and conver-
sion loss is 6.5 dB max. LO-signal isolation is 20 dB and
LO and signal isolation to IF is 40 dB. The IF band is
100-500 MHz. Size: 2" x 2" x 3/8”. Unit usesa SMA
connector. Price: (small qty) $475. Avail: from stock.
Triangle Microwave, Inc., East Hanover, NJ. Martin
Rabinowitz, (201) 884-1423. Circle 134.

SCR PULSE MODULATOR

VX X-3415 is a standardized SCR pulse modulator with
all solid-state components capable of driving a magne-
tron at from 7-10 kW peak output. Modulator has three
pulse widths: 0.05 us at a PRF of 4 kHz, 0.25 us at a ‘
PRF of 2 kHz and 1.00 usata PRF of 100 Hz. Opera-
ation is from a single-phase, 120 V power supply {(either
50-60 or 400 Hz); outputis 5kV at 5A. A28V dc
power supply option is available. Size: 7' x 7" x 5",
Avail: off the shelf. Varian Associates, Beverly, MA.
John Denman, (617) 922-6000. Circle 132,

CARCINOTRON POWER SUPPLY

A carcinotron power supply works with the Thomson-
CSF C010, C010.1, C020 and Q08 tubes, and it can be
modified to handle other BWO’s. Ripple of the unit is in
the 10 mV peak-to-peak range with regulations of
0.0005% for line and load changes. Crowbars are provid-
ed for the anode, collector and line supplies with re-
sponse time of 5 us. Automatic on/off sequencing, inter-
locks, functional indicating lamps, meters and provisions
for external modulation of the anode and line supply are
also provided. Megavolt Corporation, Hackensack, NJ.
Harry Tekel, (201) 487-0100. Circle 131.

FAST ACQUISITION FREQUENCY AGILE SOURCE

PLA-FA-4853 is a fast acquisition frequency agile source.
It features low phase noise, and covers the 4.8-5.32 GHz
frequency band with +13 dBm power output. Acquisi-
tion time is 1 ms maximum, multiplication factor is x48,
with locking to an input signal at 0 * 3 dBm. Alternate
frequency bands are offered. Price: $1390 in gty. of
1-4. Avail: 60-90 days ARO. Miteq Inc., Hauppauge,
NY. (516) 543-8873. Circle 141.

{continued on page 84)
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Hard Hal

BRAND

on the job.
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" .
3 times
WsT-OLEW the spray
coverage
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extra cost.

MR
HAT

Solids <
Content
- S ARD A FRY O™ SFRAYEN
Comparison | =« iimn e By

HARD HAT sprays are specially formulated for
tough industrial applications like ‘dentification marking,
touch-up maintenance, and stenciling . . . in extra-big
sizes that last longer.

Higher solids content. 78% to 138% more
solids than other industrial sprays. “Zebra Card” tests
show that one can of Hard Hat brand can give the same
coverage and hiding as three cans of competing sprays.
(Write for test results.)

Higher gloss retention. Twice as long as other
industrial sprays. Hard Hat sprays resist fading and
chalking due to sunlight. And they're extremely abrasion
resistant. You won't repaint as often or worry about
markings “washing out.”

Fast dry time. Minimizes downtime. Hard Hat
coatings dry to the touch in 10 to 20 minutes, so your
equipment is back in operation—fast. And there are a
variety of colors—including primer and fluorescents.
For fast delivery, call your Rust-Oleum distributor.

25 RUST-OLEUM
CORPORATION

11 HAWTHORN PARKWAY, VERNON HILLS, IL 60061
TELEPHONE (312) 387-7700 TELEX 72-4494

(© 1980 Rust-Oleum Corporation U § A
Circle 46 on Reader Service Card
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{from page 83} NEW PRODUCTS
94 GHz RADAR RECEIVER AND
TRANSMITTER

Model 41948 radar receiver and trans-
mitter operate at 94 GHz. The trans
mitter may be frequency modulated
by external source; AM or pulse mod-
ulated may be derived from an internal
1 KHz source or external TTL com-
patible voltage modulator. Receiver
has a discriminator for FM modulation
and a detector for AM/pulse modula-
tion. Dual-mode receiver includes a
low noise balanced mixer, Gunn local

oscillator, pulsed or FM/CW reception
modes, AFC lock and AGC in the IF
ampiifier. Transmitter consists of a
20 mW Gunn oscillator. Frequency
deviation is + 100 MHz at rates to
abowt 5 MHz. AM is on/off at rates to

500 kHz (square wave). Price: $68,250.

Del: 5 months ARQ. Epsilon Lambda
Electronics Corp., Batavia, I L.

(312) 879-6006. Circle 111.
DRM RECEIVER SERIES

Mode! DRM6-D 3 is a message receiver
for the 6 GHz FM/FDM band. It fea-

Summit, a division of Dana Industrial, has designed a new connectorized, RFI
shielded Model 1307 mixer. In addition, the Model 1307 can also be used as a pulse
modulator, phase detector or current-controlied attenuator.

A unique assembly process gives the 1307 exceptional LO-RF isolation and low
noise capability. A typical low noise figure is 5.3 db with an isolation figure greater
than 40 db. Some of the additional features of the 1307 are as follows:

® Peak input power of 50 mw.

Peak input current of 50 ma.

Operating temperatures of -54°C to +100°C.
Female SMA connectors.
LO and RF port frequency range cf 1.0 - 4.2 GHz.
® IF port frequency rarge of DC to 1000 MHz.
As with all of Summit’s RF products, delivery is stock to thirty (30) days with a two
(2) year warranty. For more information about Summit’s Model 1307 and other fine
RF products, write today for a new free catalogue.

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

DANAINDUSTRIAL <BARES
PRODUCTIVE PEOPLE v
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tures thumbwheel tuning from 5.925-
6.425 GHz; synthesizer stepsof 10
kHz; downconverter local oscillators
phase-locked to internal or external
5 MHz reference (switchable), thresh-
old extension for improved perform-
ance at low carrier-to-noise levels,
plug-in IF filters and baseband mod-
ules for changes of channel capacity
and four baseband outputs. LNR Com-
munications Inc., Hauppauge, NY.
Howard Carlin, (516) 273-7111.
Circle 109.

FAST ACQUISITION FREQUENCY
AGILE SOURCE

PLA-FA-4853 is a fast acquisition fre-
quency agile source. It features low
phase noise, and covers the 4.8-5.32
GHz frequency band with +13 dBm
power output. Acquisition time is 1
ms maximum, multiplication factor is
x48, with locking to an input signal at
0 + 3dBm. Alternate frequency bands
are offered. Price: $1390 in qty. of
1-4. Avail: 60-90 days ARO. Miteq
Inc., Hauppauge, NY. (516) 543-8873.
Circle 141.

HYPERABRUPT TUNING DIODES

A hyperabrupt tuning diode offers

C4 = 20pf + 10%, PIV of 15V, tuning

ratio C4/C8 of 1.8 min., 2.4 typical.

Diodes provide octave tuning or

straight line frequency tuning. Del:

2-4 wks., depending upon quantity.

Price: $4.10 each, for 100 pieces,

package style DO7. Eastron Corp.,

Haverhill, MA. (617) 373-3824.
Circle 115.

ADAPTORS FOR WAVEGUIDES
AND SMA COAXIAL CONNECTORS

Model 2089-4 is a waveguide-SMA
connector adaptor for the 8.2-12.4
GHz range, and Model = 2089-3 covers
the 12.4-18 GHz range. Units provide
maximum SWR of 1.25 and both have
50 ohm SMA female passivated stain-
less steel receptacles for the coaxial
line. Adaptor = 2089-4 has a UG-39/U
flange on RG-52U silver plated wave-
guide; = 2089-3 has a UG-419/U
flange, RG-91/U waveguide, silver plat-
ed. Weight: 2089-4 - 120 g.; 2089-3 -
75 g. Dimensions: 2089-4 - 1.85"" x
1.6 x 1.6, 2089-3- 1.23" x 1.3"
x 1.3". Kings Electronics Company,
Inc., Tuckahoe, NY. (914) 793-5000.
Circle 110.
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ERRATA

On page 79 of our Microwave Products
section run in Feb., 1980, incorrect
specifications and photo were included
for the FS-1000 frequency syntnesizer
made by Micro-Tel Corp. The an-
nouncement should read:

FREQUENCY SYNTHESIZER
CONVERTS YIG OSCILLATORS

Model FS-1000 is a frequency synthe-
sizer which converts YIG oscillators to
synthesized, digitally-controllable op-
eration. It is also designed to control
most microwave sweep generators.
Frequency is controlled to an accu-
racy of 3 x 10°? per day and residual
FM is reduced to less that 100 Hz. Fre-
quency can be controtled in 100 Hz
steps remotely through |IEEE-488 bus,

parallel BCD, or manually from the
front pane!. Unit has a .01 - 18 GHz
frequency range and resolution can be
selected to 10 kHz (with 100 Hz op-
tion}. Price: standard model- $17,000
Del: 45-60 days. Micro-Tel Corpora-
tion, Baltimore, MD. (301) 823-6227.

Circle 149.

Figure 4, p. 78 of the February 1980
Microwave Journal incorrectly identi-
fies the frequency range of the data
shown. The figure caption and callout
should identify the frequency range as
0.6-0.8 GHz.

The following appeared in the New
Literature section of our Feb. 1980
issue (p. 84). The correct version
should read:

SMA CONNECTOR CATALOG

A 28-page catalog on SMA microwave
connectors describes a line of standard
and high performance and MIL-C-
39012 qualified connectors for use
with flexible cable, semi-rigid cahle and
for stripline applications. A line of
in-series, and ““tee’’ type adapters is
also shown. B & W Associates, Inc.,
Burlington, MA. Robert W. Gray

(617) 272-4420. =%

GOODYEAR
AEROSPACE

Career opportunities for entry level
to senior specialist with degrees in

e ELECTRICAL ENGINEERING
® COMPUTER SCIENCE
® PHYSICS

and experience in

Airborne Radar Systems
Digital Image Processing
Digital Circuit Development
High-Speed Logic Design
Microprocessor Application
Software

for involvement with guidance, naviga-
tion, and contro!l systems with a lead-
ing aerospace company.

SEND RESUME TO.
E.L. SEARLE
GOODYEAR AEROSPACE
AKRON, OHIO 44315

Equal Opportunity Employer M/F/H/V

=\

37 Years of Experience

We do everything in-house......

the Hi Rel space applications.
92 Page Catalog

Over 2,000
Microwave Switches
To Choose From

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.

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

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

4241 Glencoe Ave.

\S
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TRANSCO PRODUCTS, INC.

Venice, California 90291 U.S.R.

FOR EMPLOYMENT OPPORTUNITIES IN AF ENGINEERING,
CALL CHARLIE TALBOT. AN EQUAL OPPOATUNITY EMPLOYER M/F

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

IPi

=)
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Send

forthe
super-

market
buying

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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Micro-X

The Best Package Deal
Available —In Performance,
Reliability and Price

The key to NEC's newly-developed
MICRO-X series of hermetically sealed
ransistors is in manufacturing these high-
performance microwave components, with
a proprietary ceramic package, using
high-speed automated assembly and
testing equipment.

The result is a series of state-of-the-art
transistors economically priced for large
volume OEM's where performance and
reliability are primary design considerations

Ideal for industrial and military appli-
cations such as low noise front ends, IF
amplifiers and oscillators where plastic
transistors cannot be used.

Many devices are priced below $5.00
at 1K. All components available from stock,
and Grade C (TXV) screening is available
for military applications. Contact your
iocal Cal Eastern representative for a
free application note, specification sheet
and sa ‘AJ}()}(/;L

NOISE FIGURE, NF (dB)

MAXIMUM AVAILABLE GAIN, MAG {d8)
=

LA 02 03 04 05 a7 10 20 30 40 05 07 10 20 0 40 50 70 t0.0
FREQUENCY (GHz! FREQUENCY (GH;

NEC microwave semiconductors

California Eastern Laboratories, Inc.
Exclusive sales agent for Nippon Electric Co., Ltd. Microwave Semiconductor Products. U.S.A. O Canada [0 Europe
Headquarters and Warehouse— 5, Inc., . ), ) - ) e Easte
Office aste al 5 , (61 -¢ ) » Midwest Offi
forni 8, ¢ Southwest Offic I

¢ Southern California Offic L
6 « European Sales Office '
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We started with a splash.
Now we’re really making waves.

Right from the start we said you could expect big
things when we entered the millimeter-wave field.
And we kept our promise.\Hughes is now a single
source, not only for the broadé@t range of com-
ponents and devices, but for. complete subsystems
and instruments, as well. Andithe'@aclier we get
into the picture the more we can h

Years of experience in deveTOgmg ¥ ,’
and producing millimeter-wave gy WG‘«HES ’
________ 4 Torrance, California 90509;

HUGHES AIRCRAFI’ COMPANY
ELECTRON.DY.NAMICS DIVISION

L-..__.--x

products for military, commercial and
industrial uses—including space—

give you a lot to draw upon.

So if you're planning to do big things in
millimeter waves, ¢all on the people who made
the same decisionyears ago. And followed through.

For a free information handbook, Millimeter
Waves——Semlconductors and Systems,
wme or call:

Hughes Electron Dynamics Division,
3100 W. Lomita Boulevard,

(213) 534-2121.

Making waves in millimeter-wave technology.
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