rowave

*IOURNAL

INTERNATIONAL EDITION O VOL. 23, NO. 10 0 OCTOBER 1980

COMMUNICATIONS
o mm Satellite System

® Semiconductor Light Sources
¢ 18 GHz Repeaters

AND

Cooled L-Band Ampilifier
Suspended Substrate Components




NEW SPECTRUM ANALYZERS

>The perfon'nance' you need...

the economy you want.
: .2 100 kHz to 40 GHz

] 9 =
Here’s Wha! P°|arad“s ,I;IeW feflned * Greater accuracy for Frequency readout and Spans.
3rd generation, 600 “B” Series * Expanded frequency coverage; 3 MHz to 40 GHz

Spectrum Analyzers offer you... (Models 630B & 6408B). , ke ot

¢ Cooler operating temperatures increase service life
¢ 80 dB on-scale range for 10 dB/div. log scale. and reduce warmup time.
e Improved accuracy for 2 dB/div. and linear scales.

° grr(\egaé?r sensitivity, flatness and noise-free dynamic TWO NEW ACCESSORIES for the Internal Digital

« All signal levels directly measured in dBm. Memory and Programmable Data Processing Interface:
¢ Improved dynamic range for harmenics and IM. * Model 6488 Adapter for the GPIB, IEEE-488 Bus.

¢ Improved display stability and resolution through ¢ Model 6700 Digital Cassette Recorder stores and
reduced residual FM and noise sidebands. recalls up to 120 displays per cassette.

/"““ = t .
R i ot ’{j" ":C

t
§! oM

Lrom b TRt SN

ty

U.S.A. Prices (Sept. 80)
Freq. Range Without Including
Memory Memory
100 kHz to 2 GHz N/A $ 9,250
3MHzto 40GHz $11,325 $12,975
3MHzto40GHz $15,325 $16,975
Call or write for complete specifications with internal

or to request a demonstration. preselector

d polarad polarad polarad [pe

Polarad Electronics, Inc. 5 Delaware Dr. Lake Sucess N.Y. 11042 Tel: 516-328-1100 TWX: 510-223-0414
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When you have a K&L kit,
you'll never have to wait
for the right filter.

PROBLEM:

Remember the times you've needed a filter at the
last minute to complete a breadboard or test? You
probably lost valuable time waiting for the filter.

SOLUTION:

K&l Tunable Filter Kits.

While we handle rush orders to help you out, a
better solution is for your lab to have the filter on
the shelf when you need it. (And we'll even
provide the shelf; a sturdy wooden case.)

STANDARD BANDPASS FILTER KITS HAVE:

Tuning ranges covering 24 MHz to 18 GHz in
octave and half octave bands,

3 and 5 section response 24 MHz to 4000 MHz.

3 and 4 section response 4000 MHz to 18 GHz.
*3dB Passband typicaily 5% of the tuned frequency.
Power handling 50 watts.

*We'll manufacture special bandwidths for your
specific needs. Call or write for our filter kit data sheet.
Bandreject Filter Kits are also available.

PN MWAGE B AR JTATE

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



The most significant
price breakthrough in
DOUDLE-BALANCED MIXERS!

rs@l
9 5 100 Pieces : £
® $4.50 (10-49)

/

For demanding industrial

and commerdial applications,

where low-cost and high-performance

are critical; model SBL-1 will fill your need.

Modei SBL-1

Fietal casednonhermeticiseal Don't let the low price mislead you. As the world’s number

one manufacturer of double-balanced mixers, Mini Circuits’
has accumulated extensive experience in high-volume production
LO_1:500 RF 1500 IF DC-500 and testing, a key factor in achieving a successful low cost/high per-
Conversian Loss. d8 WISl formance line of products.
One fOctave from Band Edge 5.5 )
Total Range (i) Wb}
Isolation. dB Typ Min
Lower Band Edge to LORF 50 35
One Decade Higher LOIF 4504 880
Mid Range LORF 45 30
LOIF 40 28
Upper Band Edge to  LO-RF 35 25
One Octave Lower  LOIF 30 al
Signal. 148 Compression Level -1d8n

Impedance. All Ports 50 ochms
Electronic Attenuation Min (20mA) 3dB Worig's larges! manulactures of Doubte Balanc =0 Mixers

_ dMini-Circuits

MINI-CIRCUITS LABORATORY

Frequency Range. MHz

The tough SBL-1 covers the broad frequency range of 1-500 MHz with 6 dB conversion loss and
isolation greater than 40 dB. Oniy well-matched, hot-carrier diodes and ruggedly constructed
transmission-line transformers areused Internally, every component is bonded to the header
for excellent protection against shock, vibration and acceleration.

Here are some of the steps taken to ensure quality: Every SBL-1is RF tested two times, every solder
connection is 100 per cent inspected under a high power microscope, all transformer leads are
double-wrapped, and all components are rated for more than + 85 °C operation.

'Of course. our one-year guarantee applies to these units.

2625 East 14th Street Brooklyn, New York 11235 (212)

Domestic and International Telex 125460 international Telex 620156 A Dwision of Scientiic Cemposents Corp 21 Rev IBL

CIRCLE & ON-REARER SERVICE CARD



JOWER

Broadband, 0.5—4.2GHz e Only 0.2dB insertion loss
Isolation over 30 dB midband, 25 dB at bandedges ® Octave bandwidths
Two way @ up to 10 W (matched output)

¢ High performance microstrip construction

® Housed in rugged RFl-shielded aluminum case

e Available with BNC, TNC, SMA and Type N connectors

® Meets MIL-202E standards

® Also useful as power combiners
atsignallevels up to +10dBm

95
»
- '1-9

-

Now you can specify and purchase
state-of-the-art power dividers at '3
to 'z the price of competitive units, with
immediate off-the-shelf delivery.
from Mini-Circuits,of course.

This breakthrough in price/perfor-
mance is a natural extension of our ex-
tensive experience in high-volume man-
ufacturing, exacting quality-control and
thorough testing. This expertise assures
you highly reliable power dividers with
guaranteed repeatability of performance
at lowest cost.

So, if you are among the thousands
of companies now using Mini-Circuits
signal-processing units in your systems
designs, add power dividers to the list
of price/performance industry stan-
dards available from Mini-Circuits.

Y
Frequency Insertion |{solation, Amplitude VSWR (
Range, Loss,dB dB Unbalance, (All Ports) Power Rating-w ‘

Model GHz Typ Max Typ Min dB Typ Divider Combiner Price Qty. .
EAPD-1 Q510 02 04 25 19 101 120 10w 10mw §3985 1-9

ZAPD-2 1020 02 04 25 1B 01 120 10w 10mw §5985 1.8

ZAPD-4 2082 02 05 28 18 02 120 10w 10mwW  §55 98 18

Dimensions 2 +2 * 07§ Connectors Available: BNC TNC availabie at no additional ¢harge

£5 00 asditions! for S5MA and Type N

(LS

- ; s ‘- 250y —
2625 East 14th Street Brooklyn New York 11235 (212) 769-0200 m M ln'-C|rcu lts
& Diarn } St all 8 g o

Domestic and International Telex 125460 International Telex 620156

International Representativos: ~ AFRICA: Afitra (PTYI Lt P O Box 9813 Johsnmwitisg 2000 South Ates - AUSTRALIA: Crerers Elnction Sorvicw, 55 A s St New South Wiles
Austenin 2065 EASTERN CANADA: B D Hummei 2524 Maynarg Ave  Utica. NY 13502 . ENGLAND: Dale Biectronies L1, Dai Hovme VWhar Saed Fuminy Gresn Camisdey, Sormy,
Weted Kipodoss FRANCE: SCIE DIME $ 31 Rue (Bedsge-Sand 91120 Palalesau Fianca GERMANY. AUSTRIA, SWITZERLAND, DENMARK: Industri Blecwons s CIMEH, 0000
Pesorturt Main Wiuyerstrasga 14, Wast Geérmany — INDIA! Gaekwar Entorprises. Kumal Mahsl 17 ML Dahsnubar Mang Bomowy 400 096 India  ISRAEL Vectronks L #1. B8 Davoion it
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Coming
Events

29TH INT'L WIRE Sponsor: US Army
AND CABLE Communications
SYMPOSIUM Research and Devel-
NOV. 18-20, 1980 opment Command
Place: Cherry Hill
Hyatt House, Cherry Hill, NJ. Sessions:
Qutlook for Voluntary Standards in USA,
Cabie Design | and |1, Materials, Connectors,
Fiber Optics I, 11 and I}, etc. Contact:
Elmer F. Godwin, Dir., GEF Associates,
Shrewsbury, N.J. Tel: (201) 741-8864.

1981 DoD-INDUS- Sponsor: Electronic
TRY FIBER OPTICS Industries Associa-

he basic

)\ all solid state
driver (IPA)
amplifier for
Satellite

STANDARDS tion {(EIA). Place:
CONFERENCE Washington, DC.
APRIL, 1981 Theme: Fiber optic

standardization.

MSC 98700 SERIES
GHz Uplink

power capability

Contact: EIA, 2001 Eye St., N.W., Wash-

ington, DC 20006. Tel:

3RD INT'L
CONFERENCE ON
I-O AND OPTICAL
FIBER
COMMUNICATION
APRIL 27-29, 1981

(202) 457-4981.

Call for Papers.
Sponsor: Optical
Society of America.
Place: Hyatt Re-
gency San Francisco,
San Francisco, CA.

Topics: Research
and development in integrated optics and
optical fiber communication, including such
areas as fibers and cables, connectors, cou-
plers, equipment systems and transmission
techniques and integrated optics and active
devices. Submit 2 copies of 35-word abstract
and 200-t0-500-word summary by Nov. 28,
1980 to: Optical Society of America, 1816
Jefferson Place, N.W., Washington, DC
20036. Tel: (202) 223-8130.
16TH SYMPOSIUM Call for Papers.

OF THE INT’L Sponsor: Int’l
MICROWAVE Microwave Power
POWER INSTITUTE Institute. Place:
JUNE 9-12, 1981 Royal York Hotel,

Ontario, Canada.

Theme: Non-communication aspects of
microwaves, such as bioeffects, microwave
ovens, industrial microwave systems, RF
systemns and applications, microwave power
generation, equipment safety, etc. Submit
up to 40-word abstract and 500-word sum-
mary by Jan. 5, 1981 to: Dr. S. Kashyap
(US and Asia), National Research Council of
Canada, Div. of E.E., Ottawa, Ontario, KIA
ORS8 Canada. Tel: (613) 993-9214.
1981 IEEE/MTT-S Call for Papers.
INT'L MICROWAVE Sponsor: IEEE
SYMPOSIUM MTT-S (hetd jointly
JUNE 15-17, 1981 with IEEE AP-S on

June 17-19, 1981).

Features

¢ TWTA Replacements

® High Linear Power Output

® |nternal Voltage Regulation
® Reverse Voltage Protection
® Hermetic FET Devices

Electrical Characteristics (@ 30°¢)

SMALL POWER OUTPUT (dBm)
FREQ SIGNAL @ 19B COMPRESSION VSWR
MODEL RANGE GAIN POINT INFOUT
NUMBER : (GHz) aB) MINIMUM TYPICAL MAX

MSC 98703R 5964 40 30 31 1.5/2.0:4
MSC98713R | 5964 45 99 34 15201
MSC 98723R 1 5964 49 36 37 1.5/2.0:1
NOTES (1) Higher gain options available
(2) Recommenaed supply voltage for best etficiency Vp = + 10Vdc reguiated
atIp (refer table)
(3) Alternate supply voltage Vp= +13vdc with internal regulation and
revarse voltage protection also availlable at ‘educed efficiency

YOUR TOTAL MICROWAVE RESOURCE

Custom designed amplifiers with higher
power outputs and optimization of band-
width andlor efficiency are available.
Please call or write for a complete GaAs FET biane! Bondvercise Hove, Lk OOt A

EledUel ol aEke!. Theme: ‘‘Around the World with Micro-
I'l=l- MICROWAVE SEMICONDUCTOR CORP. waves,’’ including such topics as CAD and
= Y an affiliate of SIEMENS measurement techniques, microwave, and
100 School House Road mm-wave solidstate devices and IC’s, etc.
Somerset, New Jersey 08873, U.S.A. Submit 35-word abstract and 500 to 1000-

(201) 469-3311  TWX (710) 480-4730  TELEX 833473 word summary by Jan. 15, 1981 to: Dr. Don
4 Parker, TPC 1981 MTT-S Symposium.

Hughes Aircraft Co., Bldg. 268, M.S. A54,
Canoga Park, CA 91304. 3%
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MODEL AY-A79
SUBASSEMBLY

-

We’'ll Supply the Components...or the Complete 7)1tegrated Subsystem!

DIRECTIONAL COUPLERS DIODE SWITCHES :
A full line...from A full line...from For all your components or supassembhes..from off-the-shelf
10KHz to 18 GHz 10MHz to 18GHz to custom designs...contact

¢ P.C. Board plug-in * SPST up to SP16T
¢ All connector types » P.C. Board plug-in E N G E. M A N N
» Stripline » All connector types

Engelmann Microwave Co. — Subsidiary of Pyrofilm Corporation

« Octave and muitioctave
Skyline Drive, Montville, New Jersey 07045 ¢ (201) 334-5700
: E80-3

World Rad




- = HP: EXPERIENCE IN MICROWAVE TECHNOLOGY .

The 1300 MHz Network Analyzer—

Until now
performance like this
was beyond reach:




e Over 3 Decades of

Swept Frequency Coverage
e 100 dB Dynamic Range
e Direct Measurement of Group Delay

HP’s 8505A Network Analyzer
brings the precision, resolution and
range you need for the measurement
of phase and magnitude of trans-
mission and reflection, group delay
and deviation from linear phase. And
any two parameters can be measured
and displayed simultaneously.

@ Test signals come from the
8505As built-in high performance
sweeper with exceptional spectral
characteristics and a wide variety of
sweep modes (including two in-
dependent start stop sweeps) to
accommodate virtually any test
requirement.

e The 8505As 500 kHz 10 1.3 GHz
frequency range gives you the broad
coverage vou need to characterize
such networks as filters. transistors.
antennas. cables, SAW devices
and crystals.

® Your measurements are fast
and accurate thanks to a swept
display with a marker system that
provides a high resolution digital
readout of the parameters value
at the frequency of any of five vari-
able markers. And group delay
measurements are made directly: no
calculations required. Or you can
observe phase distortions directly in
the form of deviation from linear
phase using the 8505ASs revolutionary
electronic line stretcher.

® With optional phase-lock
capability, the 8505A can be locked
to such precision signal sources as
the HP 8640 and 8660 Signal
Generators. This provides the
stability and resolution needed to
characterize ultra narrowband
devices such as crystal filters.

Octoher — 1980

Get the speed,
precision and efficiency
of automatic

measurements.

Because the analyzer is program-
mable. via the Hewlett-Packard
Interface Bus (IEEE-488), you

can combine the 8505A with a com-
puting controller such as

HP Model 9825A Desktop
Computer to configure a powerful
automatic measurement system.
With remarkably simple pro-
gramming you can make many
measurements quickly and with
enhanced accuracy. and easily
format the data to the form you
want. The result is high throughput
for cost-effective operation in

both production test and design lab
applications.

Find Out More.

We've only touched on the high-
lights of the 8505A% performance
and capabilities here. For complete
data, contact your nearby HP field
sales office. or write 1507 Page Mill

Road, Palo Alto, CA 94304.
HEWLETT

(ﬁﬁ] PACKAR

CIRCLE 10 ON READER SERVICE CARD

Add capability with HP's
Storage-Normalizer.

The companion HP 8501A
Storage-Normalizer brings these
additional features to the 8505A
Analyzer:

o Digital storage for flicker-free
displays.

o Normalization to remove errors
and make direct comparisons.

o Magnifier for up to a tenfold
increase in resolution.

e CRT Labeling that presents
major 8505A settings and
marker data.

e Signal Averaging that raises
signal-to-noise ratio. thereby
improving narrowband group
delay and low signal level
measurements.

O W (L4 Ceel TN e

W A0 LB

Group Delay of 70 MHz bandpass filter
with and without averaging (Vert scale
Snsec/div)

When the HP-1B programmable
8501A is combined with the auto
matic 8505A ‘computing controller
combination, the system offers
versatile display capabilities for
text and graphics plus high-speed
digitizing for fast. yet precise and
comprehensive measurements.

Reflection Coetticient data reformatied
to iImpedance magnitude and angle

45906A




L C and X Band Downconverters

- C and Ku Band Upconverters *
- Frequency Translators to permit use of existing C Band receiving equip-
ment for new X Band applications

NEW COST EFFECTIVE DESIGNS

- Frequency Translators for upconverting existing C Band transmitters TIMELY DELIVERY.
for Ku Band applications
. Loop Test Translators for C, X and Ku Band applications
Functional specifications include:
Conversion Loss (maximum). . . . .. 12 dB without options,
15 dB with options
Amplitude Response . . . ......... +.25 dB maximum over any
40 MHz band, + 1 dB maximum
' over 500 MHz
Frequency Stability .. ........... 1 X10%/day, 5 X 10 ¢/month,

1 X 10 7/day optional, phase locked
to station, 5 MHz reference optional

LevelControl .. ................ 30 dB continuous standard, 60 dB
optional
Intermodulation Distortion . . .. ... With two inband signals each at

~13 dBm, the third order inter-
modulation products are less than
-50dBc

Input/Output Isolation. . . .. ... ... 60 dB maximum

Miteq Test Translators for satellite communications feature minimum amplitude and delay distortion,
along with a low intermodulation distortion and a high frequency stability. Options include internal
and external LO selection, internal and external reference selection, input filtering, an input PIN
attenuator, input/output amplifiers, a waveguide input/output and a synthesized LO to 5 MHz

reference.
Input Output RetucrinBLoss LO
Frequency Frequency (dB) Frequency
Model (GHz) (GHz) In Out (GHz)
DN-8011 5.925-6.425 3.74.2 23 28 2.225
UP-6-12 5.925-6.425 11.7-12.2 23 20 SYS
UP-6-14 5.925-6.425 14.0-145 23 20 8.075
UP-8011 3.7-4.2 5.925-6.425 28 23 2:225
UP-4-12 3742 11.7-12.2 23 20 8.0
UP-4-14 3.7-4.2 14.0-145 28 20 10.3
DN-12-4 11.7-12.2 3.74.2 20 23 8.0
UP-12-14 11.7-12.2 14.0-145 20 20 288
DN-12-6 11.7-12.2 5.9-6.4 20 23 BY75
DN-14-4 14.0-145 3742 20 23 108}
DN-14-6 14.0-145 5.925-6.4 20 23 8.075
DN-14-12 14.0-145 11.7-12.2 20 20 23
DN-14-10 14.0-14.5 10.95-11.20 20 20 3.05
DN-14-11 14.0-14.5 11.45-11.70 20 20 255)
DN-10-4 10.95-11.20 3.70-3.95 20 23 7.25
DN-11-4 11.45-11.70 3.95-4.20 20 23 7.50
(10.95-11.20) (7.25)
DN-4245 (11.45-11.70) 3.7-4.2 20 23 (7.50)
DN-10-4WB 10.95-11.70 3.45-4.20 20 23 7.5
DN-10-4HO 10.95-11.70 4.20-3.45 20 23 15,15

MITEQ INC.100 RICEFIELD LANE/ HAUPPAUGE, N.Y. 11787, (516) 543-8873, TWX: 510-226-3781
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:LIMINATE NON-RECURRING ENGINEERING COSTS, ASSURE I "

"-‘;—&

“eaturing solid state reliability, low phase noise, status monitors, summary alarm, ICSC compatibility, low intermodulation
distortion, no spectral inversion and dual conversion with mechanically tunable or frequency agile phase lock oscillator.

Type
Tunability

Frequency Sense

Tuming Range

Input Charactenstics.
Frequency

Input Level
Input Impedance
Return Loss

Qutput Characteristics:
Frequency

Bandwidth
impedance
Return Loss
Level

Transfer Charactenistics.

Noise Figure

Gain
Image Rejection
Level Stability

Frequency Response

Group Delay
|18 MHz)

Intermodulation
Distortion —
{third order)

AM/PM Conversion
Gain Slope

Spurious Qutputs
Gain Adjustment

UPCONVERTERS DOWNCONVERTERS
UP-8201 UP-8205 DN-8001 CN-8012
Dual conversion Dual conversion Dual conversion Dual conversion
Second local Second local First local First local

oscillator only oscillator only asctllazer only oscillator only
No inversion No inversion No inversion No inversion
500 MHz 500 MHz 500 MHz 250-1000 MHz
50-90 MHz 50-90 MHz 3.7-4.2 GHz 10.95-11.2 GHz
100-180 MHz optional 100-180 MHz optional 11.45-11 7 GHz
1095-11 7 GHz
11.70-12 2 GHz
-20dBm -20dBm ~-20dBm -20dBm
75 ohms 75 ohms 50 ghms 50 ohms
26 dB minimum 26 dB minimum 23 dB minimum 20 dB minimym
5.925-6.425 GHz 14.0-14.5 GHz 50-90 MHz(100-180 50-90 MHz (100-180
MHz optional) MHz optional)

40 MHz, 80 MHz optional

50 ohms

23d8

-5dBm, up to+30
dBm with optional
output amplifiers

12 dB typical

15 dB nominal
80 dB minimum
=+ 25dB at
constant temperature
=+ 5dB0-50°C
—+ 1 dBwith
optional amplifier
40 MHz at .5 dB
36 MHz at 4 dB
20 MHz at .2 dB
Less than .03 ns/MHz
linear
Less than .01 ns/
MHz?2 parabolic
Less than 1 ns peak-
to-peak ripple

At -20 dBm output

50 dBc
<.1"/dB to -5 dBm

< 02 dB/MHz maximum

-90 dBm in band

=3 dB nominal con-
tinuously variable

40 MHz, 80 MHz optional
50 ohms
20dB
-5dBm, up to+4-20
dBm with optional
output amplifiers

12 dB typical

15 dB nominal
80 dB minimum
+ 25dB at
constant temperature
+.5dB0-50 C
=+ 1 dB with
optional amplifier
40 MHz at 5 dB
36 MHz at .4 dB
20 MHz at .2 dB
Less than .03 ns/MHz
linear
Less than .01 ns/
MHz? parabolic
Less than 1 ns peak-
to-peak ripple

At -20 dBm output

50 dBc
<.1/d8 to-5dBm

<02 dB/MHz maximum

-90 dBm in band

=+ 3 dB nominal con-
tinuously variable

40 MHz, 80 MHz optional
75 ohms
26 dB
—+10 dBm nominal,
—+ 20 dBm optional

10 dB typical, 12 dB maximum,
aslowas ' 5dB
with optional
amplifier
30dB
80 dB minimum
+ 25dBat
constant temperature
=+ 5dB0-50 C
=+ 1 dBwith
optional amplifier
40 MHz at 5dB
36 MHz at 4dB
20 MHz at .2 dB
Less than .03 ns/MHz
linear
Less than .01 ns
IiHz? parabolic
Less than 1 ns peak-
to-peak ripple

With two -40 dBm
input signals

60 dBe

.1 'dBto+5dBm
output

<042 dB/MHz maximum

-65 dBe

optional

40 MHz, 80 MHz optional
75 ohms
26 dB
+ 10 dBm nominal,
+ 20 dBm optional

10 dB typical, 12 dB maximum,
aslow as 4 dB
with optional
amplifier

30dB

80 dB minimum

» 25dBat
constant temperature

- 5dB0-50 C

1 dB with
optional amplifier

40 MHz at 5 dB

36 MHz at 4 dB

20 MHz at .2 dB

Less than .03 ns/MHz
linear

Less than .01 ns/
MHz? parabolic

Less than 1 ns peak-
to-peak ripple

With two -40 dBm
input signals

60 dBc

1 /dBto  5dBm
output

< 02 dB/MHz maximum

-65dBc

optional




MILLIMETER-WAVE
COMMUNICATIONS SATELLITES —
PART Il

The final portion of this article deals
with the technologies critical to the
implementation of millimeter-wave
satellite systems and identifies the re-
search and development required in
some of those fields. The need for sub-
stantially more data describing the
propagation characteristics of 40/50
GHz signals in a geosynchronous satel-
lite application is emphasized. The al-
ternatives for providing reliable spatial
diversity are discussed. Since the use-
able data rates of the millimeter-wave
system exceed the capabilities of inter-
faces to users, the need for economical
new bulk data storage techniques is
pointed out. Additional development
of space switching equipment, receiv-
ers, transmitters and satellite antennas
is recommended and other recent stud-
ies on the subject are mentioned.

SEMICONDUCTOR LIGHT
SOURCES

Beginning with a general comparison
between the light emitting diode
(LED) and the injection laser light

_sources for fiber optic communications
applications, the article proceeds to a
detailed description of one of each
type of device. The LED chosen is the
etched-well design, applicable to sys-
tems up to several kilometers long op-
erating at moderately high data rates.
Fabrication of the device is described
in detail; its characteristics and special
features are discussed. The single mode
injection laser diode is used to repre-
sent that family of devices and its con-
struction and application are similarly
discussed. Criteria governing the selec-
tion of one or the other device for a
given system are also provided.

18 GHz PASSIVE REPEATERS

Considerations for the design and in-
stallation >f repeater stations in an 18
GHz terrestrial system are discussed.
Free space and atmospheric path losses
are defined. Rainfall attenuation data
is shown. The use of passive reflectors
for obstructed paths is discussed and a
table of passive reflector gain data is
provided. Finally, calculations for a
number of sample link legs are shown.

MILLIMETER-WAVE COUPLED
LINE FILTERS

Printed circuit media hold the promise
of reducing the cost of millimeter-wave
system components and, further, offer
an opportunity for size reduction
through component integration. Sus-
pended substrate and microstrip are
candidates for such applications. The
article describes the design of parallel
coupled filters and diplexers in both
media. A practical transition from
waveguide to suspended substrate is
illustrated. A step-by-step procedure
for developing a four-section coupled
line filter from a lowpass prototype
demonstrates the approach taken. Ex-
perimental results for a number of
Ka-band filters are shown. Characteris-
tics of a diplexer made up of two of
the filters are also shown.

L-BAND COOLED GaAs FET
AMPLIFIER

The development of an L-Band GaAs
FET amplifier designed for low-noise
characteristics at cryogenic tempera-
tures is described. The two-stage ampli-
fier cooled to 18°K in a closed cycle
helium refrigerator achieves a noise
temperature of less than 20°K from

1.2 to 1.5 GHz. A number of transis-
tors were evaluated for the design and
some are recommended for cryogenic
applications. Four of the amplifiers

are used routinely in a radio astronomy
application at the University of Cali-
fornia Hat Creek Observatory.2%
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'World Radio Histol

Workshops
& Courses

PRINCIPLES OF MODERN RADAR
SHORT COURSE

Sponsor: Georgia Institute of
Technology

Date: November 3-7, 1980

Site: GIT, Engineering Experi-
ment Station

Subjects: Radar systems analysis,
synthesis and evaluation;
plus demonstrations.

Contact: Department of Continuing

Ed., GIT, Atlanta, GA
30332. Tel: (404) 894-2400

18TH RELIABILITY ENGINEERING
AND MANAGEMENT INSTITUTE

Sponsors: U. of Arizona, College of
Engineering, Honeywell
Information Systems

Date: November 10-14, 1980

Site: Ramada Inn, 404 N. Free-
way, Tucson, AZ

Fee: $575

Topics: Reliability engineering
theory and practice.

Contact: Dr. Dimitri Kececioglu,

P.E., Aerospace and Mech-

anical Engrg. Dept., U. of

Arizona, Bldg. 16, Tucson,

AZ 85721.

Tel: (602) 626-2495
26TH SPUTTER/PLASMA ETCH
SCHOOL AND CONFERENCE

Sponsor: Materials Research Corp.

Site: La Posada Resort Hotel,
Scottsdale, AZ

Date: December 9-11, 1980

Lecturer: Dr. Eric May, IBM San Jose
Research Labs.

Theme: Plasma surface physics,

automated systems for sput-
tering and plasma etching
of high resolution ICs.
Rosemary McPhillips, MRC,
Orangeburg, NY 10962

Tel: (914) 358-2002

Contact:

NEAR-FIELD ANTENNA TESTING
SHORT COURSE

Sponsors: Technical U. (TU) of Den-
mark, Electromagnetics
Institute (EI) plus NBS
(US) and European Space
Agency

Site: TU, Lyngby, Denmark
Date: January 26-30, 1981
Subject: Near field antenna testing
with spherical scanner.
Contact: Dr. J. Appel-Hansen, El

Bldg. 348, Tech. U. of Den-
mark, DK-2800, Lyngby,
Denmark ¥



I§ you can’t
shrink your

shrink your
avionics!

Natkins-Joknson Company is proud of its production
apability in MINPAC™ low-profile amplifiers.

Available with SMA connectors or in stripline-
compatible packaging, these W-J amplifiers feature
ill-brazed assemblies, metal-to-metal hermetic seals, wide
Jynamic ranges, as well as state-of-the-art noise figures
and power outputs. Furthermore, W-J's MINPAC ampli-
iers feature the smallest size available in the free world
at very attractive low prices. These amplifiers are available
n low-noise, broadband, medium-power and phase- and
jain-matched versions.

This amplilier series is ideal for applications in airborne
‘adar, telemetry, countermeasures, and communications.
n fact, missile manufacturers are now incorporating these
miniature MINPAC amplifiers in their dense packaging
sonfigurations

-or additional details and information concerning this

axciting breakthrough in package and circuit technology, by ™

zall or write your locat Watkins-Johnson Field Sales Office g’ DICjLM//;/PAC s

sr phone Solid State Applications Engineering in Palo Alto, r&a - ‘

California at (415) 493-4141, ext. 2327. ultioctave frequency coverage
Noise Figure as low as 4 4B

Gain as high as 36 dB
+12 dBm power out (at 1 dBc 0.}

Low Noise

* Noise Figure aslow as 15 dB
* +10 dBm power out

» Gain as hign as 27 dB

Medium Power

* +24 dBm power out [at * dBc.p.)
» Noise Figure as low as 3 di3

* Gain as high as 22 dB

Package Slze A B
inches and (mm) LxWxH i% LxWxH
Stripline Madule 1.62 08 280 | 1.69 .64 235

(4116) (27.43) (7'1) | (42.93) (16.26) (5.97)
With SMA Connectors 1.955 3 04 2.02 1.156 .380

' I I|ﬂ P Q C (49.66) (33.02) (10.16) | (51.31) (29.21) (9.65)

Low-Protile GaAs FET Ampllflers CIRCLE 12 ON READER SERVICE CARD

Watkins-Johnson—U.S.A.: Arizona, Phoenix (602! 266-1331 « California, San Jose 408! 262-1411 El Segundo (2151 640-1980  Colorado Denver 3031 534-6877 « Florida, Altamonte Springs
305! 834-8840 » Maryland, Gaithersburg 301/ 948-7550 ¢ Massachusetts, Lexingtof 7817 IPEE{TSHIE W Jersey. Red Bank 201 B42 2422 « Chio, Fairborn 5131 426-8303 » Texas, Dallas
(214! 234-5396 o Umted ngdom Swley Ave V mdsor Berkshlre SLe 5JU Tel Wndsor 69241 . Cable WJUKWWINCSOR * Toler B475i& « West Germany: Manzingerweg 7. 8000




Guest Editorial

Dale Peterson /s Executive
Vice President and Chief
Operating Officer for Fre-
quency Sources, Inc. He has
been a part of the microwave
component business since
1959 when he was building
voltage tunable magnetrons
and reflex klystrons at Eitel-
McCullough. After the pur-
chase of Eimac by Varian As-
sociates, Mr. Peterson held
various engineering and man-
agement positions in the
microwave tube and solid-
state source areas until he
joined Frequency Sources in
1973. He holds patents on
microwave tubes and RF cir-
cuits for microwave tubes.

16

Microwave Components
Make or Buy?

DALE L. PETERSON
Frequency Sources, Inc.
Santa Clara, CA

In the last twenty plus years | have
heard almost all the reasons (OEM's)
equipment manufacturers have given
for wanting to make microwave com-
ponents in house.

— We have to be cost effective!

— We can’t be dependent on a small
supplier for our critical needs!

— We must have vertical integration
to be competitive!

— We need technical and schedule
control over critical components!

— Qur production is so large you can’t
meet our needs.

With the above ‘‘reasons’’ in the
minds of the OEM'’s, how does the
microwave component house respond?
The proper response is simple. Be well
enough focused and managed to solve
the customer’s microwave component
problems more efficiently and better
than he can.

The average system engineer does
not really want to be in the compo-
nent business, no matter what he says.
He wants the component problem(s)
solved so that his resources can be fo-
cused on system technology.

The component supplier is and
must be a service to the equipment
manufacturer. As long as it is a service
function, done professionally and with
dependability, it will be a service in
demand. If we in the microwave com-
ponent business fail our customer then
we deserve to lose. When we are not
dependable, we are not satisfying a
need but creating a problem. Who in
the systems business needs another
problem?

System houses almost always have a
large number of talented microwave
engineers capable of doing an excellent
job of microwave component selection,
and, if necessary, design. The missing

ingredient that precludes the system
manufacturer from being the best mi-
crowave component source is shared
experience and focus. The major fac-
tor in a make or buy decision should
be the relative experience between the
equipment manufacturer and the com-
ponent supplier since that impacts
both technical and cost performance.
The microwave component supplier
that makes his advantages visible can
respond to the arguments for in-house
production given by his system house
customer and come out a winner. The
following paragraphs discuss these
arguments.

“We have to be cost effective.’” The
equipment manufacturer that builds
its own components will in all prob-
ability be limited by market factors to
servicing only its own needs. Market
share and product focus advantages
are required to be cost effective. If the
microwave component manufacturer
cannot offer his larger product and
manufacturing base, (i.e. all the equip-
ment manufacturers who use his com-
ponents) as sufficient competitive ad-
vantage then he may not deserve to
win.

The sales leader in any business has
a major competitive advantage. The
cost advantages of volume are auto-
matic but only if managed. The speci-
fic cost reduction drivers of volume
are: tearning curve effect, scale effect,
and investment for cost reduction.

The component manufacturer will
be a sales leader in respect to the
equipment manufacturer by virtue of
his larger selling base and large volume
of focused production.

“We cant depend on such a small
supplier for our production program.”’
Is it better to have 20% of a compo-
nent manufacturer’s production and
engineering tied up on your job, with

{continued on page 18)
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MEET

That stands for Termination-Insensitive Mixer, bout call him TIM for short.
TIM would love 500hms from those he's closely connected with, but he never getsit

And that doesn't upset him.

Because TIM is designed to accept even really bad mismatches and still perform
flawlessly.

in fact, his third order IM ratio, conversion loss, and harmonic products are virtually
impervious to mismatch. And as you've undoubtedly discovered, real world mismatches
are seldom predictable, but with TIM, real world performance is.

To find out how this new breed of mixer can help You, <end for our descriptive
information packase, which includes a brief biography and detailed specifications,
curves, application notes, etc.

TIM, the Termination-insensitive Mixer. Because the real world isn't ever 50ohms.

Adams Russell

ANZAC DIVISION
80 Cambridge Street Burington MA 01803 (6173 273-3333 TWX 710-332-0258

CIRCLE 130N READER SERVICE CARD
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{from page 16) COMPONENTS

80% in reserve or have a 100% of a
small group in the equipment manu-
facturer’s shop working on this job
only? | think the answer is obvious.
How can an internal group start up
and gain the cost and quality advan-
tages of extensive learning curve ex-
perience without the benefit of conti-
nuing volume production and program
« \ continuity. The answer has to be that
6 o“ < ' the well managed leader in production
$ \) | volume will have the most accumulated
oo experience and the lowest cost. Prod-
Q . uct focus and competitive pressures
? f ' produce survivors who force costs
down as volume expands. Isn’t this
what the equipment supplier really
R wants?
- - - g ""We must have vertical integration."’
Al dect <L A The best answer for that question is as
e ram e eeen i e a question. Why? In the past few years

a5 w3 T ey e s By B B an increasing number of component
?> ; e o
x ~ % 1 4 E 3 r

ﬁm manufacturers have gone into the busi-
’V) R 997 9% 3% ; outdone, several equipment manufac-
-~ o 2 5 &
.'2 ,'zi % 92
5 ;‘. !

ness of building equipment. Not to be

turers are getting into the components

Patent Pending 27 3 t"u business. My answer is still a question.
siibipet sty S w Why? Sometimes it makes good eco-

3 — 10 Position Latching Switches | | o e my make sene o do

what you know how to do and let

These small, multi-position switches have 1,000,000 cycle others do what they know how to do.
reliability (each position). A hard-copy print-out of the When business is good the decision is
first 100,000 cycles can be supplied. Each position has a easy but when business gets tight we
50-ohm termination. It can be ordered 3, 4, 5, 6, 7, 8, 9, or 10 all get smart in areas far from our spe-
position. Options available: Supression diodes, power recepta- C'f'g expertise.
cle, internal TTL drivers compatible with DC or 115 volts AC ‘Our production is so large you
actuation can’t meet our needs.’ The compo-

: SPECIFICATIONS: nent manufacturer should be the best
= 5 at manufacturing high quantities and
i 2 -3 3-8 Gl 8-124 GHz  124-18 GHz ! ! :
S?x'n"?ﬁiﬁlfif :(31 ) 1.311 & 141 151 at high production rates. That is what
insertion lass (max.) 0248 0.3 d8 0448 05d8 the “focused factory’’ concept is all
f":a"?" iy gﬂ‘;gw o VZ""B ”60“8 e about. The component manufacturer
ctuating voitage 24 c c nomina a 8 3 3
Actuating current 50 milliamps maximum at 28 Vdcand 72 'F "f' to beg'n with a”focused busmes'& A
Impedance 50 ohms focused factory’’ can produce high
Switching time 2C ms maximum volume products much more cheaply
FuE pawey Bvetage 59 waitis z than a plant designed for flexibility.
Operating mode latching with self de-energizing circuitry, suppression diodes, reset contiol 7
terminal, indicating circuitry, TTL driver and 50 onm termination of each Why then can't the componept manu-
unenergized output. (also availeble in low-level loaic) facturer supply the “production needs’’
of the equipment manufacturer. Is it
UZ guarantees all it's single pole, multiposition and transfer possible that the real statement being
switches; (1) Will show less than 1/200 Ohm resistance change made by the system manufacturer is

how can | avoid letting this large order
out of my shop.
“We need technical and schedule
control over critical components.” |s
it not true that systems engineers and
Uz Inc SEND FORNEW CATALOG subcontracts people can evaluate and
< control vendor status if they are seri-

after 100,000 cycles, and (2) Will show no intermiitents
in 1,000,000 cycles.

A Dynatech Company 9522 West Jefferson Bivd. ous about it and they select responsible
Culver City, CA 90230 (213) 839-7503 TWX: 910-340-7058 component houses? This is normally a
statement used to avoid good manage-

CIRCLE 29 ON READER SERVICE CARD ment practices regardless as to whether

things are made or bought.

In summary, | believe microwave
components shou!d be built where the
most value in terms of cost, quality,
product innovation and delivery can
be provided. This should be at well fo-
cused and managed component houses. ¥
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AN ADDED DIMENSION FOR INT

COM:

COMPONENTS FOR
COMMUNICATIONS
EXHIBIT/CONFERENCE

10-13 November 1980+Los Angeles Convention Center, Califomia

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

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

The INTELCOM 80 Components Conference will bring
together distinguished pioneers in the solid state field
. leaders who have spearheaded many of the most
important advances in semiconductor technology over
the past quarter-century. Attendees will be treated 10
a rare and illuminating exchange of views on issues
that confront and undoubtedly confound users and
producers of communications components the world
over.

An Executive Forum, chaired by C. Lester Hogan, for-
mer President of Fairchild Camera and Instrument,
San Jose, California, will focus on “The Infrastructure
Needed to Develop a Telecommunications Industry.”’

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

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

Components Symposia

CUSTOM LSI/VLS! DESIGN FOR THE SYSTEMS
ENGINEER

Doug Fairbairn

Publisher

LAMBDA — The magazine of VLSI design

SOLID STATE SOURCES FOR COMMUNICATIONS

Carl Sirles — Manager of RF Component Development
Rockwell International

TUBES FOR COMMUNICATIONS SYSTEMS
Chet Lob

Technical Director

Varian Associates

Yetohar - 1980

SATELLITE EARTH STATION COMPONENTS
Lou Cuccia

Manager, Technica' Development
Transportable/Mobile Ground Stations

Ford Aerospace and Communications Corporation
DIGITAL MODEMS

Estil Hoversten

Vice President - Development

LINKAB!T Corporation

A sixth session on fiber optics components is being
organized.

o |\ TERNATIONAL
TELECOMMUNICATION
AND COMPUTER
C ‘M k EXPOSITION
-

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

e “Emerging Fiber Optics Technologies’”
e “Programs and Field Trials of Fiber Optics
Tecknology.”
INTELCOM is sponsored by:
Horizon House, 610 Washington Street,

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

For information CIRCLE READER SERVICE
NUMBERS 15 (attending), 16 (exhibiting),
17 (technical program participation).
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Avantek transistors are built
to takeit.

Field-proven reliability from
America’s microwave
specialists.

Avantek GaAs FET and bipolar
transistors have earned a solid
reputation for performance
and reliability through
extensive use in military com-
munications, radar and ECM
equipment, marine radar and
communications equipment,
and aboard orbiting space-
craft.

Built-in quality and 100%
testing.

Every Avantek transistor,
regardless of price, frequency
range or package type features
gold metalization to insure
maximum reliability and
specially designed gate struc-
tures to provide optimum low
noise or high power perfor-

J

-

AVANTEK TRANSISTOR SELECTION CHART

AT-0045
AT-0025A
AT-0025

AT-4680
AT-4690
AT-4641
AT-4642
AT-2645A
AT-2645

AT-4880

60MHz
60MHz

VSOOMHz
500MHz
500MHz

AT-4890 3.0dB 9.5dB 4.0GHz
AT-4841 3.5d8 7.5d8 4.0GHz
AT-4842 4.00B 7dB 4.0GHz
AT-1845A 2.2dB 1408 1.0GHz
AT-1845 2.5dB 14dB 1.0GHz
AT-1825 3.00B 1308 1.0GHz
AT-8110
Chip AT-8111 1.3dB(TYP) 12d8 4GHz
| AT-8060 2.8dB(TYP)[ 8dB 12GHz
Chip AT-8061 2.5dB(TYP) 9dB 12GHz
e == ‘J.
TP |[TYPG@P ]
PARTNO. | p (“1ag) | (.108) | P (sAT) |TESTFREQ.
AT-7510 27.5dB 9.5dB 29dBm 4GHz
PARTNO. | P,(-1dB) | TYP/S,,!* | Gmax |TESTFREQ.
AT:3850 | +20dBm 40 9d8 3GHz

CIRCLE 18/ ON-READER'SERVICE CARD

mance. And every device is
100% tested for RF and DC
performance, hermetically
sealed and 100% leak tested.
For applications that require
it we offer “R” series high-
reliability screening based
on MIL-STD methods and
conditions.

Impressive inventory and
quick turn-around.

To insure rapid shipment in
volume, we maintain an in-
ventory in excess of 4.5 million
finished transistor chips and
packaged transistors. So
whether your applicationcalls
for proven high-reliability or
prime commercial grade bi-
polar or GaAs FET microwave
transistors, Avantek is
the right choice. Contact us
today: Avantek, Inc., 3175
Bowers Avenue, Santa Clara,
California 95051, phone
(408) 727-0700.

Avantek

© 1980 Avantek Inc
Avantek 1s a registered trademark of Avantek, Inc
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ypecial Report

FERDO IVANEK

Yarris Corporation

Carinon Electric Operation
san Carlos, CA

Part | of this Special Report
(pp. 65-68, Microwave Journal
September, 1980) contained
background information on the
ICC'80 Panel Session* ‘Solid-
State Amplifiers as TWT Substi
tutes,”” and individual presenta-
tions by three panel members:
R. L. Metivier, P. G. Debois, and
J. Gewartowski.

Part 1l contains the presenta-
tions by the other three panel
members, C. C. Hsieh, |. Haga
and K. Morita.

e C. C. Hsieh presents the advan-
tages of silicon bipolar power
transistors for Class C opera-
tion below 5 GHz, and Class A
operation below 4 GHz.

e /. Haga summarizes the results
of several GaAs FET power
amplifier implementations in
the various bands between 4
and 14 GHz, elaborates on the
reliability aspects and assesses
the possible advances over the
next five years.

e K. Morita presents data on the
usage of TWT and GaAs FET
power amplifiers in Japan, de
fines the relative power re-
quirements for a digital radio
application, and points out the
heat-sink size disadvantage of
present-day GaAs FET ampli-
fiers.

* Panel Session held at the 1980 Interna-
tional Conference on Communications,
Seattle, Washington.

This Special Report concludes
with summaries of the short pres-
entations from the floor, and
notes on the pane! discussion
with audience participation -
both provided by the moderator.

BIPOLAR POWER
TRANSISTOR AMPLIFIERS
AS TWT SUBSTITUTES

CHI C. HSIEH

Farinon Electric Operation
Harris Corporation

San Carlos, CA

Power GaAs FET amplifiers
have been the focus of all micro-
wave development activities for
the past five years; very few pub

lications have dealt with the de-
velopment of high power bipolar
transistor amplifiers.!-2 However,
basea on the commercially avail-
able data the bipolar power tran-
sistor amplifiers offer superior
Class-C performance below 5
GHz, and below 4 GHz as linear
power amplifiers. Included in the
following two paragraphs are
some up-to-date data of bipolar
power transistors both in Class-C
and Class-A operations. Many
TWT amplifiers in the 2-3 GHz
frequency range have been re-
placed by bipolar amplifiers over
the past decade. (10-20 W output
power), whereas only limited
numbers of GaAs FET amplifiers

TABLE |

Some commercially available Class-C Bipolar Power Transistors (internally matched)

Freq. Range (GHz) Peat (W)
23-27 20
3.1-35 20
3.7-4.2 10
22-23 45
16-1.7 45

1.75-1.85 2.5 kW
1.7-2.0 500 W
20-23 500 W

Freq. Range (GHz) Poat (W) G (dB) n (%) Manufacturer
1.7-20 20 6 35 MSC
20-23 20 6 35 TRW, MSC, CTC,
24-27 20 6 30 MSC
2.7 -3.2 40 8 42 TRW

3.0 15 5 38 TOSHIBA
3.7-4.2 10 7 35 TRW
4.4-50 5 7/ 30 TRW

TABLE Il

Some Class-C TWT Replacement Bipolar Power Amplifiers for the OEM market

Gain (dB) Manufacturer
40 MPD
40 MPD
40 MPD, MSC,
40 MSC
27 MSC
66 MPD
60 MPD
60 MPD




are presently being used, while at
lower output power.
CLASS-C BIPOLAR POWER
TRANSISTOR AMPLIFIERS

At frequencies below 5 GHz,
the bipolar power transistors of
fer high efficiency, high output
power and high reliability. Also,
as of today the bipolar power
transistors still cost less dollars
per watt, as compared to power

ported the

CLASS-A BIPOLAR POWER
TRANSISTOR AMPLIFIERS

For linear amplifications be-
low 4 GHz, the bipolar power
transistor amplifiers offer a dis-
tinct advantage in linearity- per-
formance as compared to the
GaAs FET power amplifiers. A
number of publications have re-
ill-behavior’’ of the

3rd-order intermodulation dis
tortion of GaAs FET power am
plifiers 891911 Figure 1 shows

a comparison of the 3rd-order
IMD between a bipolar transistor
amplifier and a power GaAs FET
amplifier at 2 GHz. The curves
clearly show that the 3rd-order
intercept is meaningless when
used to indicate the linearity of a

GaAs FET's. Most of these de-
vices are used in common-base
configuration; devices marketed
by TRW, MSC and CTC are most
ly internally matched in the

TABLE 11l

Linear Bipolar Power Transistors

package to a SDeCifiC bandwidth, Freq. Range (GHz) P, at 1 dB Comp. (W) G (dB) Manufacturer
which simplifies the amplifier de
sign. Some of the higher per 2.3 5.0 7.0 FUJITSU
formance devices are listed in 2.3 6.0 6.5 CcTC
Table | 34§ 2.2 25 9.0 FUJITSU

Several power amplifier manu
:)acu;rers are currenﬂy dellv?rrvl\?% TABLE IV

e CRTC @ vy AP S 93 Linear Bipolar Power Amplifiers
replacements, although most ra-
dIOhSVSterg manu faCttl)J.I;QI’S hSave Freq. Range Po @ 1dB Comp. Intercept Gain Manufacturer
in-house design capability. Some (GHz) (W) point (dBm) (dB)
of the bipolar power amplifiers
which are currently produced for 1.0-20 9 +49.5 43 o
the OEM market are listed in 1.7-24 2 +43 37 MPD
Table 11.© 21.22 10 +50 60 FARINON
2R3 10 +50 40 MPD

. ‘.\\\“\\

i\ §uper Hydrophobic
\ Surface

Provides clear

! transmission windows

for Microwave Antennas
and Radomes

e Prevents Sheeting
e Discourages Ice Formation
e Minimizes Cross-Polarization

(XPOL)
Highest durability obtain

controlled bonding ‘ ; 1 g
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Fig. 1 Comparative examples of 3rd-order
IMD in power amplifiers using bi-
polar silicon transistors and GaAs
FET's, respectively.

GaAs FET power amplifier. It is
also a difficult task to apply the
iF pre-distortion technigue to

3rd IMD

THLILU TEw L HIO LY MY W v iy, 1w

it is not a simple 3rd-order de-
vice.'? The bipolar power transis
tor amplifiers, when operated in
Common-Emitter configuration
and Class-A mode offer “‘well-be-
haved’’ 3rd-order IMD character-
istics; the IMD level at any out-
put power level can be estimated
from the 3rd-order intercept
point by using the well known
2:1 relationship.

Three of the highest perform
ance linear bipolar power transis
tors are listed in Table 111.7

The linear bipolar power am
plifiers listed in Table IV are cur
rently in production and are be-
ing used in place of traveling
wave tube amplifiers.

CONCLUSION

In summary, the bipolar power
transistor amplifier represents a
mature technology. The saturated
mode amplifier can readily re
place TWT amplifiers below 5
GHz. The bipolar power transis-
tor amplifiers offer a “‘well-be-
haved’’ 3rd-order linearity char

radio systems shows superior per
formance as compared to GaAs
FET Power Amplifiers at fre-
guencies below 4 GHz.
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GaAs FET POWER AMPLIFIERS
AS A SUBSTITUTE FOR THE
TWT

ISAO HAGA

Microwave & Satellite Comm. Div.
Nippon Electric Company, Ltd.
Yokohama, Japan

NEC has been producing vari:
ous kinds of solid-state power
amplifiers using Si bipolar transis-
tors, Gunn diodes or IMPATT di-
odes which have been used in the
various communication equip-
ments. Several thousand solid-
state microwave power amplifiers
employing Si bipolar transistors,
Gunn diodes or IMPATT diodes
have been produced during 15
years, and it is confirmed that
these amplifiers have provided re
liable service in the field. Today,
the most interesting and excel

lent solid-state active semicon-
ductor for microwave power am-
plifier is the GaAs FET.

RECENT ACHIEVEMENTS

The mass production of the
power GaAs FET ampilifier was
begun at NEC in Oct. 1977, and
about 1310 units, such 5 W/10W
in6 GHz, W in 8 Hz, 25 W in
11 GHz and 2 W in 14 GHz, have
been manufactured during 2.5
years.

Figure 1 is the internal view of
the 14 GHz band, 2 W GaAs FET
amplifier. This amplifier consists
of 8 stages. The final stage is a
hybrid coupled balanced type
amplifier. The 1st, 2nd and 3rd
amplifier modules consist of 2
stage amplifiers respectively,
while the 4th and 5th modules
consist of single-stage amplifiers.
Each unit amplifier module is
provided with internal matching
circuits.

GaAs FET power amplifiers
provide the best dc-RF conver-
sion efficiency, the lowest inter
modulation distortion and the
lowest AM-PM conversion charac

Fig. 1 Internal view of the 14 GHz band
2 W GaAs FET amplifier.

teristic compared with the other
type solid-state amplifiers:

— The dc-RF conversion effi-
ciency of the GaAs FET pow-
er amplifier with 38 dB in gain
and 10 W in output power at
6 GHz band is more than 14%,
and that of the 14 GHz band,
35 dB gain, 2 W amplifier is
more than 10%.

IM3 of the 6 GHz band 38 dB
gain, 10 W amplifier is less
than 25 dB at 3 dB output
back-off point, and that of the
14 GHz band, 35 dB gain, 2W
amplifier is less than 20 dB at
3 dB output back-off point.
We have not observed “Dip
Phenomenon’ of the IM;
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characteristics on the mass
production type GaAs FET
amplifier employing the grad-
ed-recess type GaAs FET.

— The AM-PM conversion coef-
ficient of the 6 GHz band 38
dB gain, 10 W amplifier is less
than 1.5°/dB, and that of the
14 GHz band 35 dB, 2 W am-
plifier is less than 2°/dB.

— Small signal gain deviation due
to ambient temperature varia-
tion of the high gain GaAs
FET amplifier is about +2 dB/
RECC.

RELIABILITY

The high power GaAs is oper-
ated at a large voltage amplitude.
Therefore, a high temperature
storage test and a dc burn-in test
slone are not sufficient to esti-
mate the reliability of a high
power GaAs FET.

Since reliability of a high pow-
er GaAs FET has to be estimated
under the worst operating condi-
tions, NEC conducted high tem-
perature operation test with an
RF signal drive using 60 NE 868

series GaAs FETs. Test condi-
tions were 135°C in channel tem-
perature, 8 V in drain-source
voltage and saturation in output
power. As a result, we can con-
firm that the MTBF is better than
450,000 hours under operation
at a channel temperature of
130°C and saturation output
power.

There are now more than
2,250 power GaAs FET’s which
have operated for more than
4600 hours in the field, total de-
vice-hours already exceed
25,000,000 hours. During this
time, only four failures have oc-
curred. Therefore, the MTBF of
the GaAs FET in the field is
6,250,000 hours, it corresponds
to 160 fit.

When the power GaAs FET
amplifier is used as a TWT substi-
tute, seven or eight GaAs FET's
are used with a total gain of
about 35 dB. Therefore, the
MTBF of the power GaAs FET
amplifier is 900,000 to 700,000
hours based on the field data, so

we can assume that the MTBF of
the power GaAs FET amplifier -
will be at least ten times better
than the TWT.

To guarantee high reliability of
the power GaAs FET amplifier,
it is necessary to perform syste-
matic screening tests of the chan-
nel temperature, the dc bias con-
ditions, the gate leakage current,
and the aging under saturated
output power.

PROJECTIONS

Figure 2 shows the realized
output power characteristics by
NEC today, and the expected
output power characteristics of
the GaAs FET amplifier in the
near future. We have already real-
ized 12 W at C band, 3W at 11
GHz band and 2 W at 14 GHz
band.

The output power limitation
of the GaAs FET power ampli-
fier is caused by lower gate break-
down voltage and higher channel
temperature. | he lower gate
breakdown voltage causes imped-

ance imbalance between individ-
{continued on page 28)
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ual cells or chips, and thereby
causes gain expansion.

Increasing gate breakdown
voltage is necessary for increasing
the output power, for eliminating
expansion, and for higher effi-
ciency amplification in Class B or
Class C operation.
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Fig. 2 Present and projected power output
characteristics of GaAs FET power
amplifiers. Means for obtaining the
projected improvement are:

(a) development of the new internal
matching technique

{b) development of the new heat
radiation technigue

(c) increase gate breakdown voltage.

To increase the output power
of the C-band and X-band GaAs
FET amplifier, it is necessary to
develop new heat reduction tech
niques and to increase the gate
breakdown voltage. Also, to in-
crease the output power of the
K,-band and K-band GaAs FET
amplifier, it is necessary to devel-
op the new internal matching
technique and to develop the
new monolithic |C devices.

As a result of many develop
ment efforts, we can now antici-

pate that in another half decade
it will be possible to produce
GaAs FET amplifiers with out-
put power of about 26 W at 6
GHz, 10W at 11 GHz and 5 W at
20 GHz.

GaAs FET AMPLIFIERS
IN MICROWAVE SYSTEMS

KOZO MORITA
Nippon T&T Public Corp.
Yokosuka, Japan

STATE-OF-THE-ART GaAs FET's
IN JAPAN

Progress in the development of
GaAs FET's has been so remark-
able during the past five years
that medium power output
TWT's have already been replaced
by GaAs FET amplifiers.

According to the latest report
on FET's in the experimental
stage, 25 W power output at 6
GHz with 24% power-added effi
ciency and 700 MHz bandwidth
is attainable. At 10 GHz, a flip-
chip FET with 28.8 mm total
gate width has achieved 11.6 W
power output with 800 MHz
bandwidth and 14% power-added
efficiency.

Recent reports on GaAs FET
amplifiers describe a seven-stage
amplifier with 12.5 W saturation
power, 40 dB gain, 500 MHz
bandwidth, 1.6°/dB maximum

AM/PM conversion and 17%
overall efficiency in the 6 GHz
band. In the 12 GHz band, a 3.6
W amplifier with a 28 dB gain
and 1 GHz bandwidth was ob-
tained using recessed-gate FET's.
A five-stage amplifier using flip-
chip FET's has also been reported
to have 2 W saturation power
with 29 dB linear gain in the
same band.

APPLICATIONS IN MICROWAVE
COMMUNICATION SYSTEMS

FET amplifiers as TWT substi
tutes have been applied in micro-
wave systems since 1977 as
shown in Figure 1. More than a
thousand FM transmitters with
0.5-5 W power outbut in the 6-8
GHz bands have been manufac-
tured and a 10 W transmitter in
the 6 GHz band became avail-
able recently.

3000| TWT. TUBE

/ SOLIDSTATE
£ XCEPT FE

I

MORE THAN 1W

2000}

1000t

L E
75 76 77 8 9 80
YEAR

NO OF REPEATERS PRODUCED IN JAPAN

Fig. 1 GaAs FET amplifiers progress in
Japan.
{continued on page 30)
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Career Opportunities at
Ford Aerospace are out

of this world!

Ford Aerospace & Communications Corporation, located on the beautiful
San Francisco Peninsula, has outstanding opportunities for the following
individuals to apply their expertise in our high technology environment:

Principal Engineer

Requires a minimum of 15 years’ experience in design/analysis of com-
plete antenna microwave systems.

Microwave Circuit Designers
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Engineers
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consideration, please callRobert Edens at(415) 494-7400, Ext. 4144, orlin-
da Mockrud at Ext. 6601 —or submit resume with salary history/require-
ments to Professional Employment, Dept. RE-28, 3939 Fabian Way, Palo
Alto, CA 94303. An equal opportunity employer.

€&€Z®» Ford Aerospace &
Communications Corporation

Western Development Laboratories Division

Its also a bear-dozer,
bird-dozer and deerfdozer

Bulldozers in a forest
uproot much more than
trees. They drive wildlife
from their natural habitats,
which provide the food,
water and cover all animals
need.

Our country’s demands
for timber, minerals and
energy need not be met at
the expense of our wildlife
resources. We can balance
necessary economic
development with conser-
vation.

As part of its effort to preserve the balance, the National
Wildlife Federation has acquired more than 2,000 acres in Califor-
nia, Illinois, Wisconsin and South Dakota just to keep eagle-dozers
away from the endangered bald eagle.

Help save a place for wildlife. Write Department
503, National Wildlife Federation, 1412 16th Street, N.W
Washington, D.C. 20036.

Save A Place ForWildlife.

32

{from page 30) AMPLIFIERS

L R
1

e S s

0.5

R

Il

VACUUM_ SOLID STATE
TUBE TYPE TYPE EXCEPT
KLYSTRONS

IE =

FAILURE OCCURRENCE
REPEATER YEAR

B¢ —Ia's )
FULLY SOLID
STATE TYPE
WITH IMPATT

DIODES

Fig. 3 Failure occurrence probability of
11 GHz radio repeaters.

EQUIPMENT PRICE {10071 /™
- — il MAINTENANCE
COST

VACUUM TUBE TYPE

SOLID STATE 7
TYPE EXCEPT N
TWT$ OR KLYSTRONS A

FULLY SOLIDSTATE TYPE

ESNNXY
w
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Akira Hashimoto, of the NTT
Engineering Bureau, Tokyo, Ja-
pan, gave a reliability and main-
tenance cost comparison of radio-
relay repeaters operating in their
network, which convincingly il-
lustrates the benefits of the tran-
sition from all tube to all solid-
state equipment. His data are re-
produced in Figures 2 through 4.
Note that this survey does not
include all solid-state equipment
using GaAs FET's.

*Unable to attend the conference, B. Ma-
alsnes asked F. Ivanek to make the pres-
entation using the prepared vugraphs.

**Presentation made by J. Gewartowski,
substituting for F. Paik who was unable
to attend.

NOTES ON THE DISCUSSION

The discussion was most pro-
ductive, as could be expected
from the presentations that pro-
vided so much up-to-date factual
information, and blended so well
into a coherent picture.

Since no deliberate attempt
was made to reach consensus,
everybody was left to reach his
own conclusions. The following
notes represent the moderator's
personal views of what transpired
from the presentations and the
discussion.

The development of power
GaAs FET 'sbroadened and inten-
sified the solid-state competition

fcontinued on page 98)
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Around
the
Circuit

Recent promotions include
Warren Gould, who moves
from CATV Product Line
Manager to Operations
Manager for TRW RF Semiconductors, and at HRB-Sin-
ger, Inc., George N. Doliana was named V.P., Programs
Development and Richard L. Wales, V.P., Programs Man-
agement. Mr. Doliana leaves his post as Director, Com-
mand and Information Programs and Mr. Wales the job
of Director, Special Programs. . .In a senior management
reorganization at Eaton Corp.’s Electronic Instrumenta-
tion Div. (EID), EID’s new Operations Managers are
Francis X. Geissler, former General Mgr. of the Cramer
Div. of Conrac Corp. and Howard Cooper, an Eaton Gen.
Magr. at the City of Industry, CA facility. And at Eaton’s
AIL Division, Dr. Curtis Schleher has been appointed
Dir. of Planning, a new post. . .Ed V. Roos was appoint-
ed Mgr. of Crystal Technology’s Optical Device Dept. . .
Ed Mendel, Pacific Measurements, Inc.’s Marketing Man-
ager, assumes the newly created post of V.P. of Market-
ing. . .E-Systems, Inc. has promoted Billy C. Hooker to
V.P. - Advanced Systems, Frank E. Stapp, V.P.-Electron-
ic Warfare, and Dr. Phil H. Rogers, V.P.-Electronic Sys-
tems Software. . .Robert Trouard was named Mgr. of the
Equipment Engineering Dept. in the Strategic Recon-
naissance Organization at the Western Div. of GTE Syl-
vania Systems Group. . .Lyman ““Rusty’’ S. de Camp was
named Senior Systems Engineer for California Micro-
wave’s Satellite Communication Div. . .At the Pulsecom
Div. of Harvey Hubbell, Inc., Steve Petty was named
Regional Sales Manager for the Pacific Northwest, West
Coast and South West. . .Alan H. Rice became Manager
of the Thin Film Div. of Tek-wave, Inc., the Frequency
Electronics, Inc. subsidiary.

PERSONNEL

American Electronics Labs
(AEL) received a $7.3M se-
ries of orders from the Ft.
Monmouth US Army op-
eration to install EW suite components in aircraft. AEL
also was awarded a $2.5M contract from the AF Systems
Command, ASD for ECM equipment for the EF-111A. . .
Westinghouse Electric Corp.’s Defense Group was grant-
ed a $25M USAF contract for Full Scale Development
of modifications to the F-16’s AN/APG-66 fire control
radar. . .Naval Electronic Systems Command awarded
GE’s Electronic Systems Div. a $134M contract for AN/
TPS-59 radar systems. . .Scientific-Atlanta, Inc. signed an
agreement to furnish its 3-meter antenna to California
Microwave, Inc. for the latter’s satellite ground stations.
Some 400 antennas will be delivered during 1980, and
900 by the end of 1981. . .NRL has developed a process
to grow semi-insulating GaAs for direction ion implanta-
tion. These new crystal growth methods have been ac-
cepted by the Naval Air Systems Command and con-
tracted to M/A, Inc. for manufacturing technology. . .
GTE received six contracts valued at $5.2M for terres-
trial and on-board satellite communication systems for
various European domestic satellite systems.

CONTRACTS

34

Georgia Institute of Tech-
nology’s Radar and in-
strumentation Lab has
been active in the develop-
ment of jeeps, trucks, tanks, missiles, ships as well as air-
craft which are radar “proof.” Also, GIT's Engineering
Experiment Station engineers are conducting a study to
improve the AN/APS-94F radar system on the OV-ID
Mohawk aircraft for the US Army. . .On Aug. 15, 1980,
Loral Corp. completed the merger of Frequency Sources,
Inc. into a wholly-owned subsidiary of Loral. In a trans-
action valued at $55M, Loral exchanged .75 shares of
common stock for each of FSI’s 2.3M shares. . .Another
merger on Sept. 3, 1980, made MBAssociates (MBA)
into a wholly owned subsidiary of Tracor. Tracor issued
.3125 of one share of its common stock for each of
MBA's approximately 1.2M shares outstanding. . .Metex
Corp.’s Electronic Products Div., Edison, NJ., announced
a 21% increase in prices of their entire line of EMI/RFI
shielding products. . .Expansion plans of Itek’s Applied
Technology Div. call for a new 78,444 sq. ft. building at
Sunnyvale, CA. By March 1981, E-Systems, Inc. will
complete a 280,000-sq. ft. expansion of the Garland, TX
facility. . .M/A COM, inc. acquired LINKABIT Corp.
LINKABIT shareholders will receive 1.0575M shares
(after exercise of outstanding options) of M/A-COM
common stock. M/A-COM, Inc. also acquired Omni-
Spectra, Inc. following approval of the transaction by
stockholders of both companies on Aug. 25, 1980. Un-
der the agreement, stockholders of Omni-Spectra, in-
cluding certain option holders, will receive a maximum
of 838,244 shares of M/A-COM common stock and
Omni-Spectra will operate as a wholly-owned M/A-COM
subsidiary under its present management. Also, M/A-
COM, Inc. announced that it will build its own nation-
wide digital sat. com. network connecting the Burling-
ton, MA operations with its operating companies in MD,
CA and NC. . .Aydin Corp. formed an operation to de-
velop and market products in digital telecom ., specifical-
ly in Time Div. Multiple Access systems for sat. com.
Dr. Joseph Deal has joined Aydin to head new product
development for this new operation, based initially at
Aydin Microwave Div. in San Jose, CA.

INDUSTRY NEWS

Raymond Industries, Inc.
reported half-year results
for the period ended June
30, 1980 of sales of
$18.6M, net earnings of $3.8M or $3.37 per share. This
compares with 1979 net sales of $16.5M, net earnings of
$595K or 73¢ per share. . .Adams Russell reported third
quarter net sales of $9.2M, net income of $714K or 39¢
per share for the period ended June 29, 1980. During
the same 1979 quarter, net sales were $7.38M, net in-
come was $545K and earnings per share were 31¢. . .
Microwave Power Devices, Inc. announced net sales for
the fourth quarter of the year ended July 31, 1980 of
$1.8M (unaudited). This compares with 1979 quarterly
results of $1.41M. Sealectro Corp. reported on June 17,
1980, second quarter net income of $609K, or 41¢ a
share on sales of $10.9M. For the comparable 1979
quarter, net income was $574K, or 39¢ per share and
sales were $8.7M. . .Hewlett-Packard Co. reported third
quarter sales of $810M, net earnings of $70M or $1.15
per share for the period ended July 31, 1980. This com-
pares with 1979 quarterly results of $620M, net earnings
of $52M or 89¢ per share. . .Harris Corp. reported year-
end sales of $1.3B, net income of $79.7M or $2.63 per
share for the period ended August 21, 1980. This com-
pares with 1979 annual results of $1.075B sales, $68.8
net income or $2.32 per share.

FINANCIAL NEWS
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We'reina
class by ourselves!

,'—"ﬁ Series LWA and LAB;
up to 200 watts power;
frequencies from 1MHz to 8400 MHz

figher powers, higher frequencies, more design and linear transistor power amplifier product line acquired from the
ierformance features, more models to fit your applications— Hughes Electron Dynamics Division.
1at’s the continuing story of MPD Class A solid state linear Complete technica details and specifications are yours for the
mplifiers. The result is a product line that nobody else asking—then, get ready to move to the head of the class in solid
1the industry —repeat, nobody— can even come close state I near power amplifiers!
) matching!
You can now choose from 225 standard MPD models, -
vailable in module or rack-mounted cabinet configura- : $00-1000 |
ons for systems applications, as well as self-contained 225400 | !
1struments for laboratory use. Ultra-broadband frequency 201 00 T 100500 || POWER-FREQUENCY GUIDE
anges from 1-1 000OMHz up to 2900-8400MH2, including A MPD Solid State Class A
ur newest high power model with 200 watts saturated power o —— ' Linear Power Amplifiers
ating at 500-1000MHz. \
These Class A amplifiers are particularly recommended £ \
r applications requiring exceptional linearity and wide f \ T T EROADIEAND
ynamic range. They combine low noise figure with high g 1 1050 \\ =77 NARROW BAND
ower output to yield low distortion amplification of both 3 45 : L 7000400, SN\
ingle and multi-carrier signals with any form of modulation. § % 100-08% ] o O .
ither standard teatures of most models include: high o et 225 | Ga:::so;e;g:ggvs.eq
fliciency; high gain; built-in protection against DC input = TTeoz00 |} 3742GH: {
sversal, thermal overtoad and infinite load VSWR; | ssesch 1
raceful degradation:; drift-free output; field-replaceable 3 e ol ey O
1odular construction. 3! ey el Gl TR o |
In addition, MPD manufactures and markets the wideband SHELEED

§_
g.

15 10 100225 400500 700 1000 1400 1700 2000 3700 4000
FREQUENCY, MHz

MICROWAVE POWER DEVICES, INC.

330 Oser Avenue, HauppauworldRadio History * Tel 5162311400 » TWX 510.227.6239



THE VM-4A . . . A NEW
IN MICROWAVE MEASUREMENTS

*AUTOMATIC IF VECTOR SUBSTITUTION — Implemented commerciaily for the
first time in the VM-4A enables a major advance in the speed, accuracy and
dynamic range of Microwave Measurements. ..

0.01-18 GHz

DUAL CHANNEL

140 dB CHANNEL ISOLATION

pu PROCESSOR CONTROLLED

TRACKING LOCAL OSCILLATOR

>100 dB DYNAMIC RANGE — SINGLE STEP
0.1,0.01,0.001 dB RESOLUTION

ADAPTIVE AVERAGING REDUCES NOISE ERRORS
PHASE OPTION — 0.1° RESOLUTION

FRONT PANEL PROGRAMMING WITH PROMPTING
RS-232 PRINTER OUTPUT

IEEE-488 BUS COMPATIBILITY

SELF CHECK FEATURES

OPERATES WITH MINIMUM TECHNICAL SKILLS

NOW, for the first time, you can easily and accurately make single-step insertion-loss meas-
urements beyond 100 dB over the 10 MHz to 18 GHz frequency range, manually or semi-automatically.

Combining analog and digital data processing, under control of two microprocessors, the VM-
4A Dual-Channel Receiver measures to 70 dB with 2 0.01 dB resolution at up to five frequencies
per second. One microprocessor operates a spectrally pure local oscillator phase locked loop
system. The other provides adaptive signal averaging for improvement of the signal-to-noise ratio
for higher resolution or low level
measurements. It also provides
interfaces to internal modules,
the IEEE-488 bus and RS-232
printer output, as well as an in-
ternal program mode controlied
from the front panel. Self-test
and diagnostic functions aiso
are included.

Programs, measurement
results, and prompting messages
are displayed on a 40-character
tlat gas-discharge display. Pro-
grams and measurement results
can be printed externally via the
RS-232 interface.

U.S. Patents 4,103,223 and 4,138,637
Patents Pending

4312/VM-4A Insertion Loss Measurement System
0.01-18 GHz
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High performance miniature directional
couplers from Midwest Microwave. These
couplers have been designed to meet today's
demanding microwave systems requirements.
As an “off-the-shelf” item you get: (1) operational
temperature performance from -55°C to
+125°C; (2) An epoxy sealed package that will
survive allsaltspray andhumidity specifications
presently being imposed; (3) A package with

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.

Y NATIONW ! FREE NUMBER 1-800-521-4410 For technical information, price, delivery or to place orders

SPECIFICATIONS

5010-6 m 5010-20

ALL ARE 1-2

ALL ARE 0.20

DIMENSIONS All dimensions are in inches

(See Engineer Drawing
Above)

ALL ARE 0.51
ALL ARE 0.94
ALL ARE 1.95
ALL ARE 0.65
ALL ARE 0.30
ALL ARE 1.35

N/A

5011-6 m 5011-20

ALL ARE 2-4
20 £1.25
BOTH ARE £ 0.75

ALL ARE 22

ALL ARE 1.15

ALL ARE 0.20

ALL ARE 0.51

ALL ARE 0.34

ALL ARE 1.35
BOTH ARE 0.60 0.65

ALL ARE 0.30

ALL ARE 0.75

N/A

ALL ARE 2.6-5.2
20 £ 1.25
BOTH ARE £ 0.75
BOTH ARE 20
ALL ARE 1.25

ALL ARE 0.25

N/A
N/A
ALL ARE 1.15
BOTH ARE 0.60 0.65
ALL ARE 0.30
ALL ARE 0.56

ALL ARE 0.57

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

: 3800 Packard Road, Ann Arbor, Michigan 48104

(313)971-1992 TWX 810-223-6031

: Walmore Electronics Ltd. 01-836-1228
:S.C.I.LE. - D.I.LM.E.S. 014-38-65

5013-6 m 5013-20

ALL ARE 4-8
20 £1.25
BOTH ARE ¢ 0.75
BOTH ARE 20
ALL ARE 1.25

ALL ARE 0.25

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

ALL ARE 0.61

ALL ARE 0.57

STEPATTENUATORS *» COAXIAL TERMINATIONS » DIRECTIONAL COUPLERS ® D.C. BLOCKS * GAIN EQUALIZERS
CALIBRATED ATTENUATOR SETS * MEDIUM POWER
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Centered
%0 0.02

L =

0.4 MAX.

4

X

0.093£0.010

0.104 DIA.

thru (TYP. 2 for
5010 & 5011,

TYP.1 for all others)

£altd

5016-6 m §C16-20 5017-6 m 5017-20

5015-8 | 5015-10 | 5015-20

——

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

ALL ARE 0.40

N/A
N/A
ALL ARE 1.15
BOTH ARE 0.60 065
ALL ARE 0.30
ALL ARE 0.36

ALL ARE 0.57

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

ALL ARE 0.50

N/A
N/A

ALL ARE 1.25

BOTH ARE 0.75 0.80

ALL ARE 0.30

ALL ARE 0.77

ALL ARE 0.63

ALL ARE 8-16

BOTH ARE £ 0.75
BOTH ARE t2 | 15
ALL ARE 1.40

ALL ARE 0.50

N/A
N/A
ALL ARE 1.25
BOTH ARE 075 0.80
ALL ARE 0.30
ALL ARE 0.77

ALL ARE 0.63

(1) S000 Series Couplers available with removeable termination. Add suffix "R to model number

MIDWEST
MICROWAVE

BETWEEN-SERIES ADAPTERS * MICROWAVE RESISTORS * PRECISION 7MM ADAPTERS * RESISTIVE POWER DIVIDERS
5 AND 10 WATT TERMINATIONS

FIXED ATTENUATORS

: Racom Electronics 443126-7-8
'-"':.Toko Trading, Inc. 03-409-5831

ALL ARE 12.4-18
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
ALL ARE 1.25
BOTH ARE 0.75 0.80
ALL ARE 0.30
ALL ARE 0.77

ALL ARE 0.63

ANY: Omecon Elektronik Gmbh (08201) 1236

t
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Get 3M’s help from start to finish.

1 2 3 S 6 78910

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

CU-CLAD %17

IELECTRIC CONSTANT |

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.

from 2.17 to 2.55, our CuClad Teflon-glass For more information on any of our Microwave
substrates deliver dependable characteristics Products write us. Microwave Products, Electronic
within precise tolerances. In the 6 and 10 €rrange, Products Division/3M, 223-4 3M Center, St. Paul,
3M'’s Epsilam series provide a remarkable Minnesota 55101. Or if your need is urgent, call us
combination of dielectric and physical properties. now at 612-733-7408.

When you move to production, our Bonding Film CuClad and Epsilam-10 are registered trademarks of 3M.

Tefion is a registered trademark of DuPont Co.
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INTRODUCTION

Part | of this article considered
the various critical technologies
necessary for the development of
millimeter-wave communication
satellites. It treated cost, weight
and performance models for sub-
systems, methodology for design
trade-off studies and conceptual
designs for high frequency com-
munication satellite systems.

TECHNOLOGY ASSESSMENT

One of the objectives of the
study has been the identification
of technologies critical to imple-
mentation of millimeter-wave
space communication systems.
Brief scenarios which describe re-
search and development needs
follow for several of the more
critical technologies.

Propagation

By far, the one item of great-
est impact on the results of this
study was the assumed propaga-
tion fade statistics. Consequent-
ly a more refined engineering ana-
lysis of 40/50 GHz communica-
tions should await basic data
from satellite experiments in the
40/50 GHz region. The scale of
these data should be comparable
with the work performed at low-
er frequencies. The propagation
studies are more difficult at these
wavelengths, not only because of
the increased clear air attenua-
tion over that existing at lower

frequencies, but also because of
the increased attenuation result-
ing from rain and cloud coverage.
As a result of these factors, pro-
pagation of millimeter waves has
exhibited severe fluctuation ef-
fects and has been difficult to
analyze. The research required
for millimeter wave propagation
could be done in conjunction
with other experimental work
requiring geosynchronous satel-
lites and atlowing the additional
payload of a group of millimeter-
wave beacons.

High Data Rate Diversity Link

In choosing the means of
transmitting between two spatial
diversity sites, several techniques
were considered. From the view-
point of size and operation dur-
ing inclement weather, the buried
millimeter wave link and fiber
optic system have the greatest
potential. These two schemes also
provide the greatest capacity for
high data rate transmission. Sub-
stantial research and development
efforts are already under way in
both these areas and it is doubt-
ful that additional effort would
be called for. At this time it
would appear that the buried
waveguide and optical fiber tech-
nologies will be competitive.
However, because of its large
contribution to the overall cost
of the satellite communication
system (Application 1), the diver-

sity link costs must be substan-
tially reduced and/or the link op-
erated with high traffic loads.

Bulk Data Storage

The attractive capability of
millimeter wave communications
to provide near 1 Gbit data rates
is severely limited by the inter-
face of the communication to the
users. 1t is always necessary to
provide buffer storage which op-
erates at these high data rates.
Currently, solutions require high
parallelism in digital equipment
and correspondingly large costs.
Several technologies have been
suggested which may eventually
accommodate these applications,
but none is sufficiently devel-
oped to allow estimates of avail-
ability.

Since there is strong motive
for the development of high data
rate storage in the computer in-
dustry, it is likely that additional
research sources will not speed
the process. Rather, research
should be limited to determining
new advances in the area and
judging their impact on the at-
tractiveness of millimeter digital
communications.

Space Switching Equipment
Switches for application in
millimeter wave communications

applications are currently avail-
able but are considered too bulky
for the large capacity systems of



interest. The development pro-
gram for these components
would be to provide reliable fer-
rite switches while taking advan-
tage of the inherent small size of
millimeter devices. Special atten-
tion should be given to the use of
these switches in matrix arrange-
ments with configurations adapt-
ed to satellite communication
requirements.

This problem is primarily one
of engineering design; most of
the work is that of prototype
construction and testing. Flight
tests are required primarily for
reliability and life-time analysis.
After the switching capacity re-
guirements are specified it is esti-
mated that development can be
completed in 2 years.

Receiver and Transmitter

Because of the high loss propa-
gation characteristics of millime-
ter waves, improvements in sys-
tem performance will depend
heavily on the availability of high
performance receivers and trans-
mitters. In particular, the weight
of the spacecraft transmitter is
especially critical. With our as-
sumed models, it appears these
devices would account for a sub-
stantial portion of spacecraft
weight. in some configurations
the required satellite weight ex-
ceeded launch capabilities.

By our estimates, a 2 Ib. reduc-
tion in spacecraft weight can be
realized for every 1 Ib. reduction
of transmitter weight. The 2:1
leverage occurs because of the re-
duced requirements for structure,
attitude control and station keep-
ing. Our analyses indicate only a
modest RF power requirement
per device for Application |.
However, the total RF power re-
quired is substantial, requiring a
significant weight penalty in the
thermal control system. In Appli-
cation I, the required RF power
and thermal control capacity per
transmitter were substantial and
severely restricted satellite pay-
load.

Therefore, emphasis in the
technology effort on spacecraft
transmitters should be on light-
weight devices, efficient opera-
tion, and modest to high power
outputs. Both the spacecraft and
ground terminal receivers should

44

have a relatively low noise per-
formance. It appears appropriate
to consider cryogenically cooled
types for the ground terminals
while uncooled types may suffice
for the spacecraft.

Satellite Antennas

Two areas of satellite antenna
development are of interest in
millimeter wave communication
applications. One is to improve
the tolerance of dish or lens fab-
rication to reduce error toler-
ances. At millimeter wavelengths
this allows significantly improved
antenna gain. The second is fur-
ther development of multibeam
antenna technigues, an important
adjunct to the switch capacity of
a communication satellite. Each
of these areas requires further
engineering studies to improve
construction techniques and to
decide among alternative designs.
Work is currently underway for
both of these design efforts. Con-
sequently, it is expected that two
years is sufficient for adequate
development after system require-
ments are defined.

CONCLUSIONS

For the trunking application,
typical annual cost to the user
for a simplex voice channel via a
high capacity 40/50 GHz satellite
is approximately $950. However,
the rain margin assumed is suffi-
ciently only to support 99.9%
availability with respect to rain
attenuation. Cases having higher
reliability, such as 99.99%, were
not evaluated due to excessive
system costs and/or excessive
spacecraft weight. This is signifi-
cantly lower than current sim-
plex channel tariffs of $3,500 to
$6,500 annually. The bulk of this
difference is due to economy-of-
scale effect arising from the use
of high-capacity millimeter wave
satellites. Other operational fac-
tors, such as differences in as-
sumed versus actual utilization,
would account for the remainder.

For the wideband direct-to-
user application, the annual costs
were about $200K per user in a
360 terminal 40/50 GHz satellite
network. The spacecraft provided
120 half-duplex channels to this
network so that on the average
each terminal could access the

spacecraft 1/3 of the time. How-
ever, no site diversity was as-
sumed for this application.

Compensation for rain attenu-
ation aboard the spacecraft led to
excessive cost and/or spacecraft
weight for configurations having
rain reliability in excess of 96%.
A similar commercial service us-
ing existing satellites for televi-
sion and radio would cost ap-
proximately $500K /year/termi-
nal; however, it would provide
higher reliability.

One of the unknowns which
will significantly influence the
design and cost of a millimeter
space communication system is
the propagation statistics for the
ground station locations. One of
the primary results of the study
relates the link reliability (percent
of the time the link is operation-
al) to assumed weather statistics
and, in the case of the point-to-
point service, an assumed ground
station diversity.

Technology risks have been
defined in the research program
for those technologies deemed
most critical to the cost of an
overall millimeter communica-
tion system. The critical technol-
ogies include all receivers and
transmitters, bulk data storage,
diversity landline, satellite
switching and satellite antennas.

Recommendations as a result
of this study include additional
experiments and analysis of at-
mospheric propagation character-
istics and specific technology re-
search scenarios intended to re-
duce the costs of subsystems. It
is also recommended that the
methodology and models devel-
oped here be extended to other
applications such as navigation
satellites where maximum advan-
tage can be taken of existing
methodology and models.

Further investigation of satel-
lite broadcast applications at mil-
limeter frequencies is required.
Such investigations should be di-
rected toward increasing the link
reliability by the use of multiple
satellites and massive satellites to
provide sufficient RF power to
assure communications through
moderate rainstorms. The com-
mercial marketability of applica:
ble services should also be
investigated.

MICROWAVE JOURNAL



ive to implementation of ad-
ranced communication satellites
~vould include additional re-
:earch in on-board signal process-
ng, direct modulation for re-
seive/transmit at 50/40 GHz,
lata regeneration for use with
ligital transmission, storage and
nethods for efficient use of space
sommunication links with vari-
ible data rate users.

Since completion of these in-
srestigation, several technology
ydvances and new concepts have
deen demonstrated for millime-
er wave satellite communica-
tions. None of these, however,
jegate the results of this study,
ind all could be employed with
the methodology which has been
discussed here. A new model! for
astimating rainfall attenuation
jlong an earth-satellite path has
Jeen introduced recently by
Crane.? This model is perhaps the
nost accurate employed thus far,
1s Crane has proposed a set of
3ight regions into which the earth
s separated for estimating rainfall
‘ates.

Ricardi'® has used the Crane
nodel to calculate the cumula-
live distribution of total atmos-
dheric attenuation along the sat-
3llite path at various frequencies
n the band from 7-50 GHz.
From Ricardi’s work, it is noted
that a link operating at 40 GHz
~ill be disrupted on the order of
2-3% of the time. It is pointed
Jut, however, that space diver-
sity (as discussed above) can sub-
stantially reduce the outage due
to excess rain attenuation.

In addition to propagation
osses, Ricardi has presented oth-
ar factors which should be inte-
yrated into the systems analysis
Jiscussed here. Among these fac-
tors which influence the choice
of frequency of a millimeter
SATCOM system are frequency
/ariation of a terminal’s EIRP,
spatial discrimination, and band-
width available for spread spec-
trum anti-jamming. In discussing
these factors, Ricardi has indicat-
2d that operating at millimeter
w~vavelengths improves the sys-
tem'’s ability to discriminate spa-
tially between desirable and un-

spread spectrum techniques to
improve resistance to undesirable
signals, and to reduce the differ-
ence in EIRP of a potentially in-
terfering terminal and the SAT-
COM terminal. The trade-off of
all these factors with the effects
of propagation loss should be
further considered as part of the
systems analysis of this paper.

A recent technology assess-
ment by Frediani!! provides an
updating of many sub-systems
investigated originally in this pro-
gram.5%7 The work of Frediani
should be reviewed to include his
recommendations where appro-
priate.

In addition to the concepts
and technology discussed in the
above references, Eaves'? has in-
vestigated the use of the upper
SHF and EHF regions to provide
secure satellite communications
to large numbers of users. In par-
ticular, he has considered afford-
able and secure mobile communi-
cations. As alternatives to con-
ventional transponders, he has
presented system concepts and
technologies which include up-
link coverage through directive
and nulled beams, on-board sig-
nal processing, and downlink
beam hopping. Eaves has indicat-
ed that, to achieve the goal of
interference-resistant EHF SAT-
COM for large numbers of small
mobile users, a complex space
segment is necessary. The sys-
tems analysis described here
should be applicable to the fol-
lowing concepts which were
shown by Eaves to provide the
basis of the system he considered

¢ On-board signal processing for
demodualtion-remodulation
and decoupling the uplink and
downlink;

e Multiple-beam reception for
reliable uplink communica-
tions with small terminals;

e Power-efficient signal process-
ing with SAW technology to
demodulate large numbers of
FDM users;

e Provision of satellite EIRP to
serve large numbers of small
terminals at modest power
consumption through a TDM
downlink with beam hopping.

coupling of uplink and downlink
by the use of on-board signal
processing is the fact that this
permits an FCM uplink/TDM
downlink structure to avoid
many of the limitations of trans-
ponder satellites. Navy SATCOM
requirements parallel many of
the concepts discussed by Eaves!
and Ricardi'® in that the Navy
community is one with a large
number of highly mobile plat-
forms each having a comparative-
ly light total communications
load.!® The use of a processing
sate!lite has been shown to be
important for this application as
is the use of the highest frequen-
cy which technology will support
and which permits acceptable
link performance.'3 The use of
millimeter wavelengths for all ap-
plications of interest here must
be compatible with the regula-
tions set forth recently by the
World Administrative Radio Con-
ference ‘79 (WARC-79) .14

In extending SATCOM links tc
higher frequencies, consideration
has been given to employing fre-
quencies as high as 300 GHz.'3
As technology and atmospheric
models improve for these higher
frequencies, analysis as described
in this article can be applied to
describe feasibility and afforda-
bility of systems operating at fre-
qguencies as high as 300 GHz.
Technology, in particular that of
receivers and transmitters, has
advanced considerably in recent
years for frequencies above 100
GHz!'6!7 |n addition to the pa-
pers discussed above, several ses-
sions of EASCON '79'® were de-
voted to advanced satellite com-
munication technology, and
should be integrated where ap-
propriate into the work reported
here.
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Tektronix has it: a fully
analyzer that's versatile

and easy touse. .




The 492P is a fully
pmgrammable version of the
Tektronix 492. 1t has the same

ease of use as the 492, with
three-knob operation and
microprocessor aided fea-
tures. And, like the 492, it
has the widest frequency
coverage of any com-
mercially available spec-
trum analyzer: 50 KHz ©
220 GHz using external
waveguide mixers above
21 GHz.
In the local mode it
rovides all of the ben-
efits of the manual 432.

In remote operation, the 492P
adds its own out standing
benefits as a GP1B (IEEE-488)
instrument.

VERSATILE
TIMESAVER —AT HOME
OR IN THE FIELD
Full pmgw'ammability
allows you to operate the 492P
under program control: change
its front panel settings, read the
data from its display, send
spectral waveforms from its
internal digital storage memory
to other GPIB devices. When
connected to a GPIB controller
such as the Tektronix 4052
Graphic Computing System and
its companion 4631 Hard Copy
Unit, you can make sophisti-
cated analytical measurements
and repetitive tests automati-
cally, with permanent docu-
mentation of computed results.
When you need to take
data on site, a special TALK
ONLY mode lets you log
instrument setup con itions
and waveform data onto & GPIB tape
cassette, such as the Tektronix 4924, for
later analysis.

EASY TO USE.

The 492P is friendly. Its high level
language lets you concentrate on mea-
surements instead of programming.
Most commands are simply
abbreviations of the front panel
nomenclature. For example, to
set the center frequency {0 5.2
GHz, just send, “FREQ 5.2
GHz” over the bus. To read the
frequency, send, “FREQ?"

POWERFUL
INTERNAL PROCESSING.

Besides being easy t0 talk
to, the 492P is smart. It gives

you location and amplitude of
all displayed signals, finds the
maximum and minimum

ints of the specarum, tracks
drifting signals, and can auto-
matically peak its internal
preselector for accurate amplitude
measurements between 1.8 and
21 GHz.

‘When you want to return to an
existing measurement setup, just ask,
and the 492P gives youd consolidated
report of its settings. These internal
operations simplify your application
programs and make them run faster.

WE INVITE
COMPARISON AND
INQUIRIES
Compare the 492P pmgTammable

spectrum analyzer to any other. We
think you won’t find anything to equal
its ease of [c:ﬁeration, high peformance
and versatility at any price. Fully op-
tioned, the 492P is under $35,000. With
the Tektronix 4052 Graphic Com| uting
System Controller and 4631 Ht Copy
Unit, it’s under $50,000.

Call your nearest Tektronix Field
Office (listed in major city directories)
for complete technical information on
the highly capable programmable
492P.

Or call 800-547-1512 toll-free for
descriptive literature.

Tektronix, Inc.; PO- Box 1700, Beaverton
OR 97075. In Europe: European Marketing
Centre, Postbox
827, 1180 AV

Amstelveen, The
Netherlands.

TektroniX
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Technical Feature

INTRODUCTION

Common to any fiber optic
data transmission link, regardless
of format, are the following es-
sential components: the photon
source {LED, laser), the transmis-
sion medium (optical fiber), and
the photon sensor (detector).
Among these elements, the
source is usually considered the
active component. It is the objec-
tive, in what is to follow, to shed
more understanding on the ele-
ment which is the source of light
in fiber optics. The fundamental
function of any fiber optic light
source is to efficiently convert
electrical energy (current) into
optical energy (light) in @ manner
which permits the light output to
be effectively launched into the
optical fiber. Also, the light sig-
nal generated by the source must
accurately track the input electri-
cal signal to minimize distortion
and noise. From the overall sys-
tems point of view, enough signal
power must be generated at the
source to overcome attenuation
of the fiber plus interface {cou-
pling and connector) losses with
enough optical power left over to
drive the detector. Above all, re-
liability and cost factors must
demonstrate substantial improve-
ments over conventional data
transmission techniques in order
to justify the use of fiber optics.

System power budget, distor-
tion, reliability and cost consider-
ations require that fundamental
system elements be ‘‘performance
optimized’’, and it is in this con-
text that the subject of semicon-
ductor light sources will be dis-
cussed. Although a myriad of de-
vice types and configurations ex-
ist on today's market, we have
chosen the two most widely used
light sources for detailed discus-
sion: the etched-well surface
LED, and the single mode CW la-
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ser diode. Taken together, both
devices adequately cover the ma-
jority of analog and digital data
transmission applications via fiber
optics.

A GENERAL COMPARISON
BETWEEN LIGHT EMITTING
DIODES AND INJECTION LASERS

Power Efficiency and Beam
Characteristics

Although LEDs and lasers are
fabricated from the same basic
semiconductor compounds, and,
in fact, have similar heterojunc-
tion structures, they differ sub-
stantially in their performance
characteristics. LEDs are general-
ly less efficient than injection la-
ser diodes (ILDs) and their spa-
tial intensity distribution in Lam-
bertian (cosine). Lasers, on the
other hand, exhibit a relatively
high degree of waveguiding and,
hence, for a given acceptance an
gle, it is usually possible to ob-
tain at least an order of magni-

o 0

Semiconductor Light Sources
for Fiber Optic Applications

tude improvement in coupled
power over that which can be
achieved with LEDs. The in-
creased output within a narrow
beam gives the laser a distinct ad-
vantage when used with low loss
and graded index optical fibers,
since these fibers generally have
small core diameters (< 100 um)
and low numerical aperture. (The
numerical aperture is the sine of
the acceptance half-angle; usually
N.A. <0.25 for low loss fiber).
For comparison, at the same elec-
trical input power (e.g. 200 mW)
and fiber acceptance angle (N.A.
= (0.2), the LED is capable of
launching about 300 uW of opti-
cal power into the core of the
fiber, and an injection laser about
3.0 mW. The total optical power
produced by the LED in this case
isabout 7.0 mW, whereas the la-
ser emits about 10.0 mW for the
same electrical input. Thus, the
coupling efficiency is about seven
times better for the laser. It is
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Fig. 1 Etch-well light emitting diode schematic.
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sfficiency considerably for both
LEDs and lasers through the use
>f microlenses.

Since injection lasers and
LEDs can be fabricated from the
same semiconductor compounds,
it is possible to optimize both de-
vices to match the attenuation
characteristics in optical fibers by
varying the composition, and
aence the bandgap and emission
~vavelength, of the active region
of the light source. Although the
oss curves for the many varieties
of glass fiber vary in detail, gen-
arally they possess minima near
320 nm and beyond 1200 nm.
Typical losses on the order of
5 dB/km or less can be achieved
n the 800 nm to 850 nm region
and, more recently attenuation
>f only 0.2 dB/km has been
ichieved at 1500 nm. GaAs-
3aAlAs (Gallium-Arsenide, Gal-
ium-Aluminum-Arsenide) semi-
sonductor compounds span the
~vavelength region between 780
am and 940 nm. For the longer
~vavelengths, the quaternary al-
oys based on InP-GalnAsP {Indi-
im-Phosphide, Gallium-Indium-
Arsenide-Phosphide) are used to
over the wavelength region from
1000 nm to 1600 nm.

3ignal Distortion and Noise

Signal distortion can originate
n both the light source and the
:ransmission medium. For
sources, both LEDs and lasers,
ulse response (digital) and lin-
sarity (analog) are parameters of
arime importance. LEDs exhibit
slower pulsed response than la-
sers and have rise and fall times
n the range of 3 to 15 nanosec-
onds. Lasers, however, are much
‘aster devices, capable of re-
sponding within 200 picoseconds
~vhen biased at or slightly above
threshold. Recently, modulation
n excess of 4 GHz has been
ichieved using injection lasers.
3ecause there is a trade-off be-
iween speed and efficiency in
most LEDs, their useful signal
Jandwidth extends only up to
about 200 MHz. Linearity, ex-
oressed as the percentage of pow-
ar contained in the second har-
monic of the demodulated light
signal, is hetter than 40 dB below

anan

both LzDs and lasers. Lasers, be-
cause they require a finite
amount of current to reach their
“on’’ state and because this
“threshold current” is strongly
temperature dependen:, require
more complex drive circuitry
than do LEDs. Feedback stabili-
zation of the light signal, with re-
spect to temperature and power
output, is often reguired for the
satisfactory use of lasers at high-
er frequencies. For high frequen-
cy analog modulation (> 200
MHz) of injection laser diodes,
harmonic distortion must be ba-
low -82 dB. This value is attain-
able only with sing'e mode lasers

Fig. 2 SEM photograph of LED chip {200X}.

such as the structure described in
the section on single mode injec-
tion laser diodes.

Signal distortion can also arise
from the transmission medium,.
Pulse spreading in optical fiber is
due primarily to modal and ma-
terial dispersion. In step index fi-
ber, i.e. a circular waveguide com:-
posed of a high index transparent
“‘core’’ surrounded by a lower in-
dex of refraction “cladding’’ ma-
terial, modal dispersion is a sim-
ple consequence of the difference
in path length for axial and skew
rays. The problem of modal dis-
persion isgreatly reduced through
the use of “‘graded index’’ opiical
fiber, in which a near parabolic
index of refraction profile is used
to slow down axial rays in order
to precisely compensate for dif-
ferences in path length. Material
dispersion, on the other hand, is
due to the fact that the index of
refraction (i.e. speea of light} in
the core is wavelength dependent
Thus, material dispersion is mini-
mized when the spectral band-
width of the souree is kept nar-
row. The spectral width for the

40 nm, whereas for lasers the
spectral width (full width at half
intensity) is less than 3 nm.

Recently, injection lasers oper-
ating in a single longitudinal
mode have been fabricated with
an emission spectrum less than
0.1 nm. For these devices, mate-
rial dispersion in the fiber is es-
sentially eliminated as a signifi-
cant source of signal distortion.
Much of the recent activity in
longer wavelength devices (InP-
GalnAsP) stems from the fact
that in many fibers, material dis-
persion passes through zero in
the wavelength region between
1200 nm and 1300 nm. Together
with the very low attenuation at
longer wavelengths, zero material
dispersion is the driving force be-
hind the development of quater-
nary LEDs and lasers.

Reliability

In the past, LEDs have gener-
ally been considered to be much
more reliable than their laser
counterpart. This is not surpris-
ing since although the material
structures are almost identical for
both devices, additional degrada-
tion mechanisms exist in the case
of 1L.Ds which at first glance may
make them appear to be some-
what less reliable than LEDs.

Gradual degradation, however,
occurs by the same bulk mecha-
nism in both LEDs and lasers.
Dislocation networks in the vic-
inity of the active region can
propagate under the influence of
mechanical stress and heat. |f
they penetrate the active area,
non-radiative recombination oc-
curs and causes a reduction in in-
ternal quantum efficiency. Un-
fortunately, in the case of laser,
the effect is much more notice-
able since these increased optical
losses are manifested as a shift in
threshold. Because of the high
external differential quantum ef-
ficiency of the laser, large
changes in power output can re-
sult from relatively small changes
in threshold current. For the
LED, the same reduction in effi-
ciency results in a much smaller
decrease in light output. Bulk de-
gradation in both LEDs and la-
sers is minimized by using sub-
strate material having the lowest



possible defect count and by min-
imizing those forces which tend
to induce defect migration. De-
vice thermal impedance and
bonding stress are therefore of
paramount importance in reduc-
ing degradation rates in fiber op-
tic sources.

In addition to bulk degrada-
tion, injection lasers suffer the
additional problem of facet ero-
sion. Changes in the reflectivity
of the end mirrors of the laser
caused by the photochemical in-
teraction of GaAlAs with ele-
ments in the external environ-
ment result in a gradual increase
in threshold with time. This
problem virtually has been elimi-
nated through the use of facet
passivation films composed of
aluminum oxide.

More recently, the reliability
of both lasers and LEDs has im-
proved to the point where de-
gradation rates of 1%/1000 hours
or less have been routinely ob-
served. Lifetime estimates made
through the use of high tempera-
ture accelerated life tests indicate
that useful lifetime in excess of
10% hours can be expected.

THE ETCHED-WELL LIGHT
EMITTING DIODE

For applications requiring
moderately high digital and ana-
log data transmission up to sev-
eral kilometers, the high radiance
etched well emitter has proven to
be a reliable and inexpensive al-
ternative to the injection laser.
Shown schematically in Figure 1,
the etched well emitter consists
of a double heterojunction wave-
guide whichk has bzen selectively
contacted on the p-side (heat
sink face) to form a circular emit-
ting aperture nominally 50 um in
diameter. The substrate above the
aperture is removed via chemical
etching thus forming the ‘“‘etched-
well”" for which the device is
named. Although, as shown here,
the substrate is mounted up, fab-
rication of the device structure is
accomplished by depositing the
active semiconductor layers on
top of the substrate in a process
commonly referred to as liquid
phase epitaxy (LPE). In this
process, layers of ternary Ga,_x
Al As are precipitated onto a sin-
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gle crystal GaAs substrate from
molten Gallium-rich melts. Cry-
stal growth is accomplished by
controlled cooling of the saturat-
ed melts at approximately 850°C.
By exposing the substrate to each
metal for a predetermined period
of time during the cooling cycle,
the thickness of each layer is pre-
cisely controlled. In Figure 1, the
GaAs substrate is n-type, and in
the completed device has a thick-
ness of approximately 100 um.
The first grown layer isa 10 um
thick Ga_,Al;As n-type region
referred to as the ‘window’’; this
layer forms a transparent window
through which light generated in
the active layer passes. The next
grown layer, the active layer, is
p-type Ge doped Ga, ¢5As, o5 As
about 1 um thick. It is followed
by a 2 um p-type Ga_,Al 3As bar-
rier layer which completes the
three-layer waveguide structure.
Normally, a fourth layer of GaAs
{not shown) is grown as a passi-
vating cap. Aluminum is em-
ployed to increase the bandgap
and reduce the index of refrac-
tion of the semiconductor com-
pounds so that, when the struc-
ture is forward biased, carriers
injected across the P/N junction
are confined to the active layer.
Highly efficient radiative recom-
bination takes place in this region
creating photons at the bandgap
energy of the active layer which
are emitted in all directions. Fig-
ure 2, is a Scanning Electron Mi-
crograph (SEM) of a single LED
chip in which the etched-well is
clearly visible. The chip is about
.020"" square by .004" thick; the
well is approximately .009" in
diameter at the bottom. The cir-
cular emitting aperture {not vis-
ible) is centered in the well bot-
tom of the opposite side of the
chip facing the heatsink surface
and is approximately .002" in
diameter.

It is important to point out
that although the internal quan-
tum efficiency of the double he-
terojunction LED is extremely
high, only a relatively small per-
centage of the light escapes from
the semiconductor. This is pri-
marily because the high index of
refraction of GaAs and its
GaAlAs alloys, about 3.2, defines

a smali angle of total internal re-
flection within the chip. Thus, al-
though the absorbing GaAs sub-
strate has been remnved by selec-
tive etching, only light incident
within a 17° cone normal to the
window layer surface can be ex-
tracted. The remaining optical
energy is reabsorbed within the
bulk of the chip. Also, within cer-
tain limits, the LED rise time,
guantum efficiency, and peak
emission wavelength can be ad-
justed by varying the acceptor
concentration and aluminum
content in the narrow active re-
combination region. Heavier Ge
doping in this layer reduces the
carrier lifetime and results in fast-
er rise and fall times, but at the
expense of quantum efficiency.
Alternatively, a lightly doped ac-
tive layer results in high efficien-
cy but with much slower re-
sponse. Optimum doping occurs
when Na ~ 1 x 1018 which
yields a total efficiency of 5%
with rise time of 15 nsec. for the
structure described here. As men-
tioned previously, the peak emis-
sion wavelength, Ap, can be ad-
justed by varyving the solid com-
position of Ga,_, Al As of the ac-
tive layer. For x = 0, is GaAs,
Ap ~ 900 nm; for x =0.10, A, ~
800 nm with a linear dependence
within these composition limits.
One convenient feature of the
etched-well emitter, is the ability
to use the etched well to position
the fiber pigtail for optimum
alignment. In general, the LED
aperture diameter (~ 50 um) is
smaller than the core diameter of
typical step and graded index fi-
ber pigtails. This minimizes the
alignment accuracy necessary to
achieve optimum coupling effi-
ciency between LED and fiber
pigtail. For large core (125 um)

(
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Fig. 3 Schematic of laser diode chip
showing far field emission.

{continued on page 54)
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{from page 50) SEMICONDUCTOR

high N.A. (0.5) step index fiber,
coupling efficiency of about 25%
has been achieved with simple
butt alignment. Index matching
gel can result in a substantial im-
provement in coupling efficiency
even though the effective N.A. of
the fiber is reduced in the pres-
ence of a higher index gap mate-
rial. This is due to the fact that
LED external efficiency is im-
proved by increasing the angle of
total internal reflection within
the LED chip. One novel version
of the LED involves the use of a
spherical microlens in place of
the fiber pigtail shown in Figure
1. Microbead lenses can be used
in large core or fiber optic bun-
dle applications in which the
source is fabricated as a discrete
component without the pigtail.
A 150 um diameter spherical mi-
crobend placed within the etched-
wall of the LED chip collimates
the output beam so that 1.5 mW
can be coupled into a standard
0.5 N.A. 045" diameter fiber
optic bundle.

THE SINGLE MODE INJECTION
LASER DIODE

Since the commercial intro-
duction of CW semiconductor
lasers in 1975, many improve-
ments in performance and relia-
bility have been achieved through
the use of increasingly more so-
phisticated laser structures. Re-
cently, the development of the
Double-Carrier-Confined (DCC)
structure described at the end of
this section has resulted in excep-
tionally stable performance suit-
able for both high frequency ana-
log and digital applications. Fig-
ure 3 shows a schematic diagram
of a laser chip along with a cross-
section of the emitted beam. In
its most fundamental form, the
injection laser consists of a sim-
ple P/N junction slab waveguide
which contains end mirrors
formed by cleaving the crystalline
semiconductor along parallel
plates. Photons generated by car-
rier recombination in the vicinity
of the junction provide the
pumping mechanism when the
diode is forward biased. Because
of the high index of refraction of
GaAs and its related compounds,
the semiconductor-air interface
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provides a built-in reflectivity of
about 30%; this reflectivity pro-
vides optical feedback required
to operate the laser. To achieve
continuous wave (CW) operation,
the conditions of effective opti-
cal waveguiding parallel and per-
pendicular to the P/N junction,
extremely low operating current
density, and low thermal imped-
ance are necessary. As with the
LED structure described previ-
ously, the double heterojunction
(DH) waveguide provides an ex-
cellent means of controlling both
carrier and optical confinement

Fig. 4 SEM photograph of DCC laser
structure (5000X).

by using Ga,—x Al As to modify
the bandgap and index of refrac-
tion profile of the laser wave-
guide. Similarly, the peak emis-
sion wavelength of the laser is
determined by the aluminum
fraction in the active layer. It has
been shown experimentally that
the threshold current density re-
quired for CW operation of the
DH laser must be below about
2.5 KA/em?; J,, greater than this
value results in excessive self-heat-
ing due to the relatively low ther-
mal conductivity of GaAs alloys.
To achieve low current densities
and minimize Joule heating, ex-
tremely thin active layers of less
than 0.3 um {d in Figure 3) are
required. For a composition dif-
ference between guiding layers
and active region of Ax = 0.3,
threshoid current densities less
thar 1.0 KA/cm? have been ob
tained for DH diodes with thin
active layers. An unfortunate
consequence of the need for low

current density and thin active
layers is the increased divergence
of the emitted beam due to dif-
fraction as light exits the laser
facet; i.e. A\p ~ d. Beam diver-
gence perpendicular to the plane
of the junction between 30° and
50° FWHM typically results.
Semiconductor injection lasers
differ vastly from macroscopic
gas and solid state laser systems
in this one respect.

In order to minimize the abso-
lute threshold mifliamperes,
“stripe geometry’’ must be em-
ployed. Many methods exist for
fabricating stripe geometry DH
diodes, but all of these tech-
niques primarily are aimed at re-
ducing the surface area of the
waveguide in order to isolate a
single paralle! transverse mode.
This is usually accomplished by
selectively contacting the surface
of the laser chip so that current
flows in a narrow stripe, usually
less than 10 um wide (w in Fig-
ure 3) along the length of the op-
tical waveguide. With conven-
tional diodes of this type, lateral
current spreading occurs as the
drive current is increased so that
the optical width in the near
field increases. These variations
cause the excitation of higher or-
der parallel transverse modes and
changes in the parallel beam di-
vergence as a function of drive
current. Nonlinearities in output
vs. current usually develop as a
result and it is this type of behav-
ior which is particularly undesir-
able for fiber optic applications.

Figure 4 is a Scanning Electron
Micrograph of the DCC single
mode laser cross section, in which
output stabilization has been
achieved by funneling current
through a conducting channel
formed in the GaAs substrate pri-
or to LPE deposition of the
GaAlAs laser waveguide structure.
In this photograph, the laser
structure has been magnified
5000 times; the channel width is
approximately 5 um and the ac-
tive layer, which appears as a
continuous single white line ex-
tending across the top of the
channel, is less than 0.2 um thick.
In this more recently developed
structure, only a single parallel
transverse mode is generated over

{continued on page 56)
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Fig. 5 Light output vs. drive current for
single mode CW lasers.

the entire operating range of the
diode. Also, because all of the
funneled current contributes to
the lasing stripe, i.e. no current is
lost in spreading, threshold cur-
rent has been reduced to well be-
low 100 mA in the DCC struc-
ture. Typical power output ver-
sus input current curves as a func-
tion of ambient temperature are
shown in Figure 5. High power
capability in excess of 14 mW is
achieved with room temperature
threshold current of about 75
mA. The device exhibits highly
linear behavior and its paralle!
beam divergence is maintained at
6° FWHM over the entire operat-

ing range; perpendicular beam di-
vergence for this device is ap-
proximately 35°.

DCC lasers are available as dis-
crete components or coupled to a
fiber optic pigtail. Figure 6 shows
a typical single mode laser assem-
bly (SCW) which incorporates a
graded index fiber optic pigtail
and a monitor detector. The de-
tector, by sensing scattered light,
allows the power level at the
source to be monitored as part of
a feedback control network to
compensate for threshold shifts
as a function of ambient temper-
ature. Coupling efficiency be-
tween the DCC laser chip and
62 um core diameter, 0.2 N A,
fiber is 40 to 50% when a spheri-
cal lens is formed on the input
end of the pigtail. Alignment of
the fiber to the 7 um x 0.2 um
source is accomplished using a
special microprocessor controlled
stepping motor manipulator hav-
ing a step resolution of 0.1 um.
Using this configuration, the
tracking error between laser and
monitor output is less than 2%
up to the maximum output from
the pigtail {5 mW). Current laser
development is directed toward
the incorporation of additional
elements within the laser pack-
age. For example, the entire laser
transmitter including TE cooler,
thermistor, feedback network,
detector chip, and signal interface

DETECTOR ANODE
(-) NEG BIAS

LASER CATHODE (-)

DETECTOR CASE

DETECTOR CATHODE
(+) POS BIAS

MONITOR DETECTOR

LASER ANODE (+) CASE

FIBER PIGTAIL/

DETECTOR MODEL

LOL - 21 =211
50V BIAS

TR — 3.7n sec

Fig. 6 SCW-aser assembly.
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can be incorporated in a single
dual in-line package (DIP) modi-
fied to accept either a pigtail or
F/O connector.

SUMMARY

Two important light sources
for fiber optic applications, the
high radiance etched well LED
and the single mode injection la-
ser, respectively, have been de-
scribed in terms of their perform-
ance characteristics and structure.
Requirements for very high pow-
er and data rate may dictate the
use of lasers over LEDs while low
bandwidth links LEDs are more
appropriate. When comparing the
two devices for the purpose of
evaluating their relative suitabil-
ity in any given F/O systems ap-
plication, one must fully recog-
nize the wide range of overlap in
their performance. There is a
general tendancy to utilize LEDs
whenever possible, simply on the
basis of reliability and cost. These
factors will become less impor-
tant in the future, since many of
the laser reliability problems ex-
perienced in the past are rapidly
being resolved. Also, because of
the nature of semiconductor de-
vices, future costs are expected
to fall considerably as the device
market matures.
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Device Type FLM4450-5 | FLM5964-5 | FLM6472-5 | FLM7177-5
Power Output (dBm) Min. 36 36 36 36
VDS =10V, IDS =1/2 |DSS TyDA 37 8 37 S/

Pin (dBm) 29 31 32 33
e = Z1—='50%
Freq. Range (GHz) 4.4-5.0 5.9-6.4 6.4-7.2 7.1-7.7

2945 Oakmead Village Court, Santa Clara, CA 95051
(408) 727-1700 Telex 171182, TWX: 910-338-0047
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I¥’s a Wiltron.

Infroducing the Wiltron 560 Scalar Network
Analyzer. Use it for easy, accurate, low cost
measurement of transmission loss or gain, return
loss (SWR) and absolute power. Use it
manually or under GPIB control.

Use it with a Wiltron 610D Sweeper or
equivalent for a continuous dual display of loss
or gain, return loss or power in dB or dBr in
the 40 MHz to 18 GHz range. The 560 is delight-
fully easy to use. Controls are clearly marked
and intelligently laid out. Built-in logic and
memory virtually eliminate erroneous and
uncertain test data.

No other network analyzer has all
these features.

GPIB programmability with 0.01 dB
resolution. - 66 dB (+16 dBm to —50 dBm)
dyncmic range. - Better than 40 dB directivity
from 1C MHz to 18 GHz. - New WSMA Detector
with 10 MHz to 34 GHz range. - Automatic
power measurement calibration. - LED readouts
— no mechanical type readout controls
- Sweeper marker display with TILT Control.

- Memory-corrected output data. - Refreshed
non-flickering display. - Broadband com-
ponents that make uninterrupted transmission
measurements from 10 MHz to 34 GHz and

return loss from 10 MHz to 18 GHz. - Makes
measurements with wave guide components.
- No modulation required.

40 dB directivity.

For high accuracy, the 560 offers 40 dB
directivity with reference calibration enhanced
by memory that stores the average of reflectons
from a short and an open. System residuals
are subtracted from test data leaving only the
test device characteristics for display. For a
permanent record, use a CRT camera or X-Y
plotter or under GPIB control, arive an X-Y
plotter or printer.

Prices begin at $5900.

For aninstrument with so many applicaticns,
prices are remarkably kow — 57250 with GPIB or
$5900 without. A fully automated tumkey system,
the Model 5610 which includes all necessary
hardware and software is also offered.

For an early demo or full data on the 56C
or 5610, phone Walt Baxter, [445) 969-6500 or
address Wiltron, 825 East Middlefield Road,
Mountain View, CA 94043.

WILTROIN

CIRCLE 42 ON READER SERVICE CARD
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A previous article (see Refer-
ence 1) has described in detail
the DM 18 radio’s purpose and its
environmenta!l and technical
qualities. Path design aids will be
described that explain how to
overcome intervening obstacles
and circumvent on-site construc-
tion/maintenance problems.
Sample calculations are given
for several paths.

The calculations contain the
system gain of the radio, the gain
and loss of the antenna-transmis-
sion line combination, and the
variable quantities that make up
the loss of the path. These path
losses, free space attenuation, at-
mospheric absorption, and rain
attenuation are considered first.
Then the system and antenna
gains are taken into account as
part of the examples.

FREE SPACE

Attenuation in free space is a
well-known guantity and will be
shown here without the effects
of atmospheric refraction (fad-
ing) being considered.

The loss due to free space may
be calculated as shown:

LOSSES
FREE SPACE
ATMOSPHERIC
RAIN

DM18

1 ZN1O

Fig. 1 Free Space consideration showing
typical tower mounting (which may
also be a short support on top of or
within a building).

60

Loss {dB) =96.6 + 20 log f (GHz) + . . .
+ 20 log d (miles)
Loss (dB) =92.4 + 20 log f (GHz) + . ..
+ 20 log d (kilometers)
Figure 2 shows ease of calcula-
tion, and for comparative pur-
poses, the common frequencies

of 2 GHz and 6 GHz are also
given.

150

140 A ;
A
130 2Ry’ <
L
2 120 3o ol w/
S LS A
£ A Pd
110 > ]
IS
/ // ';E/
100
A
90 //
80
0.1609 1609 KM 16.09 3218
0.1 10 M 100 200

Fig. 2 Free space path attenuation.

ATMOSPHERIC ABSORPTION

Attenuation of a microwave
signal by moisture in the air has
little or no effect on a signal that
is commonly used as a communi-
cation frequency below 6 GHz,
but as can be seen in Figure 3,
higher frequencies are affected.

As the wavelength becomes
shorter, the quarter wavelength
of the desired signal approaches
that of the droplets in the air.
Figure 3 shows the commonly
known first absorption band due

to water vapor peaking at 22 GHz.

Note that at 18 GHz the attenua-
tion is 0.1 dB per kilometer

(0.1609 dB per mile). This quan-
tity is still quite small, but it will

add up for longer paths, i.e., 10
miles = 1.6 dB.

For 18 GHz a composite graph
has been made (Figure 4) which
gives the sum of free space and
atmospheric absorption attenua-
tion. This graph may be used as a
practical tool in the design of a
path whether it be direct line of
sight or via a passive reflector.

RAIN

Rain attenuation is the third
factor affecting the signal re-
ceived. As with atmospheric ab-
sorption, the higher the frequen-
cy the greater the effect. But
since rainfall quantities vary dra-
matically with geographic areas,
this effect must be applied to
each individual path. Figure 5
gives the effect of rainfall at vari-
ous rates for path loss versus fre-
quency. As before, the attenua-
tion is greater at higher frequen-
cies and this must be taken into
account for 18 GHz:

Figure 6 is a map of the United
States giving the rate of rainfall
for different regions. Combining
Figures 5 and 6, or other known
rain rate, will produce the attenu-
ation to be added to Figure 4.
One last note about rain attenua-
tion — rain cells (storms) usually
do not occur over the whole path
at one time, but have an average
diameter of 4 miles (6.4 km);
therefore, reducing the quantity

1.609

05
0.2
0.1

0.05

s
0.02 A
0.01

0.005

0.002

0.001

0.1609

B PER MILE

0.01609

d8 PER KILOMETER

T

1

]

T

|
30 5060 1012 15| 24
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Fig. 3 Atmospheric absorption losses.

MICROWAVE JOURNAL



LTI

vy

yu

of the dB/distance times the rain
cell diameter. (See Reference 2.)

150 COMPOSITE
Z #-FREE SPACE
140
(] A
8130 L
-
@120 b
-
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100
0.1609 1609 KM 16.09 32.18
0.1 1.0 MI 100 200

Fig. 4 Composite of free space and
atmospheric absorption losses
versus distance for 18 GHz.
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016 5 0.1
0.08 < 0.05
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0.016 0.01
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L
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FREQUENCY (GHz) 18
Fig. 5 Rainfall attenuauion.

OBSTRUCTED PATHS
(Use of Passive Reflectors)

Path obstructions can be avoid-
ed by placing the antenna high
enough to transmit over the ob-
struction or by using a passive re-
flector to transmit around the
obstruction. The DM 18 radio,
with integral antenna, has been
designed to mount at whatever
height is necessary to overcome
an obstruction, but some users
may prefer to place the radio at
a mare convenient, lower loca-
tion and use a passive reflector to
transmit over the obstruction.
The passive reflector can be used
either on the obstacle or a high
tower near one end (similar to a
periscope).

In the United States, the Fed-
eral Communication Commission
has decreed that periscopes,
where the active antenna is point-
ing verticalty, may no longer be
installed. Present installations
must be changed by 1985. This is
due to the inherent possibility of
interference with this configura-
tion. One may ask, "When is a
passive a periscope?’’; the answer
may be that the active antenna is
not to be pointed vertically (90°)
to the horizontal and that the in-
stallation does not cause interfer-
ence with any other users.

The gain of a passive reflector
varies with its size, operating fre-
guency, and included angle i.e.,
angle between the two signal
paths.

TABLE 1
PASSIVE REFLECTOR GAIN (dB)

Included

Size (feet)
Angle

(degrees) 4x6 6x8 8x10 10x16
120 94.0 993 1035 1105
100 96.1 1012 1055 1125
90 97.0 1020 106.2 1135

80 97.7 1030 1070 1140

60 98.7 1040 1080 115.2

40 994 1043 1090 1158

20 998 105.0 109.2 116.2

This gain may be calculated by
the use of the following formula,
but for simplicity Table 1 is pro-
vided at 18 GHz for several pas-
sive reflector sizes vs. included
angle.

Passive Repeater Gain =

20 log 4n(Area) (cos a)
)\2

EXAMPLES

With the data given in the pre-
ceding pages concerning path loss
and passive antenna gain, we will
now present a few typical exam-
ples on the following pages.

Mid-Path Passive
a; = 2 miles = 128 dB (from Figure 4)

a; =4 miles = 134 dB (from Figure 4)
2a = 100°

Antennas at sites (1) and (2} are
4 foot = 44 dB gain each.

DM18 transmitter power = +18 dBm

Receiver threshold = -74 dBm for
4 T1 lines at 107® BER

The question here is to deter-
mine the size of the passive gain
and realize a satisfactory receive
level i.e., fade margin = 20 dB.

VT T w e e B ww W TTTA

distance a, and a,. No loss is be-
ing considered for transmission
line because the proposed instal-
lation has the antenna no more
than two feet from the tower
mountable radio.

The gains are the two anten-
nas and the passive which we are
to determine.

Losses Gains
a, 128dB  Two antennas 88 dB
a; 134dB  Passive ?

262

Radio equipment system gain
18dB + 74 dBm =92 dB

Required gain of passive = . . .
= |losses - ant. gain - system gain
+ an acceptable fade margin

=262-88-92+20=102dB

Referring to Table 1, we find
that for an angle of 100°and a
required gain of 102 dB, a passivt
size of 6' x 8" would minimally
meet the requirements, but bette
margin would be obtained using
an 8’ x 10’ passive.

Passive Near To One End
(not near field): Find fade margin

a; = 1/2 mile= 116 dB
a, = 8 miles = 141 dB
2a = 20°

Using the first passive found in
the previous example (6’ x 8),
we have a passive gain = 105 dB.

Radio equipment gain = 92 dE

Lofses Gains
a,; 116 2 antennas 88
a; 141 Passive 105

257 dB Radio Equipment_92
285 dB

Therefore, fade margin equals
285 - 267 = 28 dB.
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telephone service.
Whlch IS why telephone authorities all over the world are consider-
- ~ , | ing new phone exchanges
= at this very moment.
But with voice and com-
puter traffic making urgent
new demands on phone sys-

, * This is all by way of

% e introducing ITT's new

B System 12, a unique ex-

4 change system based on

Rt (€ latest technology. In fact,
; b 1 { W future technology.

As cities grow, ITT’§ new System 12 will But let us explain.
s Before ITT created this

system, we carefully mapped the direction telecommunications will

take over the next decades.

Which irresistibly pointed toward an integrated worldwide informa-
tion delivery network—what we at ITT have called Network 2000™

And everything we foresee in this ultimate network, we've antici-
pated in the revolutionary architecture of System 12.

It's a fully digital system, able to handle voice and high-speed
computer data with equal ease.

And a system whose fully distributed processing permits telephone
planners to expand and modify an existing network —virtually without
limit.

It stands to reason that any country that's growing (and what
country isn't?) must have telephone exchanges that can keep up
with the growth

Which narrbvvs the choice quite a bit. ITT
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1980 International Telephone and Telegraph Corparation, 320 Park AvengeziNew Yorkghiy=10022, U.S.A.
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Now you can add famous
Rust-Oleum’ protection to
aviation obstruction markings.

We’re up to any job. Rust-Oleum
offers a full line of tower coatings for
marking aviation obstructions, suchas
microwave transmission towers,
antennas and smokestacks. Our
Aviation Surface White and
Orange finish coats meet FAA
specifications, including
standards for luminosity
and chromaticity. These
durable coatings are avail-
able in high-gloss and flat
finishes.

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

/'\\n simple.

applied with brush, roller, spray or
paint mitten. And because they're

, water reducible, clean-up is fast and

\ Get our free guide.
Rust-Oleum offers a bro-

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

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

Systems

A__l&;“‘_-_ 4 '

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

25 RUST-OLEUM

CORPORATION

1 HAWTHORN PARKWAY
VERNON HILLS, ILLINOIS 60061
MElER HO E (312] 367-7700
TELEX 72-4494

& >
“wsr.oew’ Rust-Oleum

g
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Design Techniques
Substrate and M

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

INTRODUCTION

Low cost compact filters are
an important aspect of millime-
ter-wave systems design. Almost
3ll receiver systems require input
filters or multiplexers for image
rejection or channelization. A
major obstacle to the production
of millimeter-wave systems has
been high cost. The use of print-
ad circuits helps to overcome this
obstacle and also allows for great
reduction in size through compo-
nent integration. Suspended sub-

strate and mig¢rostrip are two such
printed circuit media, with sus-
pended substfate having the po-

Icie should provide
some useful techniques for the
design of parallel coupled filters
and diplexers in suspended sub-
strate and microstrip. Printed cir-
cuit transitions have been fabri-
cated to allow waveguide inputs
to the circuits. The filters we
have fabricated in suspended sub-
strate utilize stripline equations
and certain assumptions. The per-

Fig. 1 Probe transition half section.

World Radio Histol

formance of these filteérs closely
approximates the calclilated per-
formance. To avoid exgremely
narrow gaps in tightly ¢oupled
end sections of widebany filters,
these sections can be madified td
eliminate the gaps. Use hagb
maae of a method for the com-
pensation of the effects due to
the discontinuities at the open
ends of each filter section. Final-
ly, diplexers can be designed by
appropriately spacing two filters
froma “T"" junction.

TRANSITIONS

Figure 1 shows a half section
of the suspended substrate chan-
nel used in our experimental
work. A simple probe transition
from waveguide to suspended
substrate was found to work well
from 26.5 to 40 GHz. The sub-
strate material is .010 inch 5880

INSERTION LOSS
V== = =0
| I . = =5
2. — - ~———10

S ~ RETURN LOSS %15
w20

265GHz | {\\ ,ﬁ‘ s “fmf«sz
\ i I
VARV

Fig. 2 Suspended substrate probe transitior
and line loss.

RETURN LOSS

{continued on page 69



High
technolofy g
has no limits

with us.

At COMSAT, we've made
some of the most exciting
and important technological
advances in satellite cornmu-
nications. And we're continu-
ing to do so. One reason for
this is that our environ-
ment encourages creative
thinking. Which, in turn,
leads to technological break-
throughs. We don't put limits
on our people.

You benefit directly
through a better opportunity
for self-growth and profes-
sional fulfillment. You ex-
pand your horizons as you
develop new skills and abili-
ties. And youll be working
with some of the most res-
pected persons in their cho-
sen fields.

We're the company that
pioneered the INTELSAT glo-
bal communications system,
which today puts more than
100 nations in touch. And
today we're pioneering and
exploring new areas to ad-
vance our many high tech-
nologies.

We now have five divi-
sions. (1) Corporate Head-
quarters, which provides
satellite services to the U.S.
international communica-
tions carriers serving the
public. () COMSAT Labs, our
R&D center for development,

of engineering and support
services. (3) Monitor and
Control Engineering Divi-
sion, for the design, imple-
mentation and field instal-
lation of computer controlled
satellite monitoring systems
and special earth terminals.
(4) COMSAT General, which

provides satellite cormmuni-
cations services for the mari-
time industry. (5} COMSAT
General Telesystems, which
is engaged in the design,
manufacture and marketing
of high technology telecom-
munications systems and
related equipment,.

Our rapid expansion
has created numerous career
openings in many diversified
engineering disciplines: an-
tenna, microwave, signal
processing, radio frequency
interference, and others; as
well as technician-related
areas and markeuing.

We offer excellent salar-
ies and benefits. If you want
to know more about us,
simply write to us for our
standard resume form, indi-
cating your area of interest.
We'll be in ouch with you
promptly. Write to Senior
Ermployment Representative,
Department 2-RC, COMSAT,
950 L’Enfant Plaza, S.W.,
Washington, D.C. 20024 .

O
S&msAaT
)
COMMUNICATIONS SATELLITE CORPORATION
COMSAT GENERAL CORPORATION

An Equal Opportunity M/F - An Affirmative Action Employer
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Juroid, copper thickness .0005"
or less. The waveguide back short
s non-adjustable. Insertion and re-
turn loss of two probe transitions
aind 1.4 inch of suspended sub-
strate line are shown in Figure 2.

Printed circuit transitions from
waveguide to microstrip have
been previously demonstrated
along with various coupled line
filters and diplexers.! Both sus-
pended substrate and microstrip
transitions and filters were fabri-
cated within channels which were
cutoff to waveguide modes of the
frequencies of interest. Microstrip
has the advantage of having less
dependence on spacing from the
filter edges to the channel walls.
Suspended substrate filters are
more critical in that respect.
Computer programs involving
suspended substrate are avail-
able,?? however, ones we know
of calculate parameters for lines
which are symmetrically located
within and parallel to the walls
of the channel. The coupled sec-
tions of a multisection filter are
normally skewed within the chan-
nel, causing impedance and veloc-
ity changes in the coupled
sections.

EXTENDING THE BANDWIDTH OF
COUPLED LINE FILTERS

There are both electricai and
physical limitations encountered
when designing coupled line fil-
ters. One can design a wide band-
width filter (25% or more) using
appropriate lengths and even and
odd mode impedances. Network
analysis and computer graphics
will show that the band edges do
not have the ideal response (e.g.,
Tchebysheff or maximally flat).
This is because the coupled-line
sections are used to approximate
ideal circuit elements. A review
of Cohn'’s articles*5 will reveal
the electrical approximations
used.

Aside from electrical limita-
tions, one will find that for wide
bandwidth filters the end sections
may require such physically close
coupling that they may either be
impossible to fabricate or be to-
tally unrepeatable. As pointed
out by Mosko® one may not need
to have coupled end sections at
all. Instead, they may be replaced

by two quarter-wave sections of
simple transmission line.

In order to understand why
this is so, an example should
prove illuminating. Figure 3
shows the development of a four-
section coupled line filter starting
from a three reactance element
low pass prototype. A short de-
scription of each step follows:

A. The N=3 prototype: Note
that prototypes are symmet-
ric for odd N only. The pro-
cedure is not too different for
even N. The prototype g val-

o Le 0" L,

A o I S 4
TN L, C
e T it

pL, b L, p

. 8 {&—"'L(TJM’ 3 A

ues (Henrys, Ohms, Farads)
are found from synthesis, the
values given by tables or
through formulas.

B. Passing from the low pass
prototype to the band pass
equivalent: The series and
parallel elements are all reso-
nant at the center frequency
wy. Values of L and C are
found by equating the imped
ances of the ladder circuits
between 0 and 1 Hz with the
impedances of the bandpass
equivalent between wg, and

LOW PASS PROTOTYPE IN - 3)

LOW PASS TO BAND PASS

IMPEDANCE SCALE

HALF WAVE LINE EQUIVALENT
22 44: - ]

I e of - L=

f W ZavZ, @a3C

USE IMPEDANCE INVERTERS

$p 2zy Ki.

] Ky TW V99 m

il TRANSFORM p TO Z,,
E 2a Koi| £€ JLIK o] $TILK | £ 3K, 2o 2
L_J Kul Z0\ _gl'
W
Zu -'u ‘:0
o T e ’ 7. REPLACE LC CIRCUITS
G o N2 Ky M2 K| W2 EB ¢ BY HALF WAVE LINES
7 24 [ Zy
o S T
H Zué N (Ko AaN 4 K DA aK A MAK, (V4 32,  SAME ASG
! y L1 % :
: 2061 : : 1
R Wiz . ' ! COUPLED LINE EQUIVALENT
- 00y | . - : Zoe ZO [l - o & I‘. _K_l
l__{—l oes |
| .
| S A Zo0, ! ‘ 2 2 1 Zo_(20|'
z 7 | (s10] (s} T 1
// I H Zoe, !
1}
} gt S 2t FOR EACH K
/ Ty
/ g bo— K A\
"4
: ; R
/ | et W
|
/ H z ' y \
Y / : o 4 UNCOUFLED ENDS
. 5 /2 Zao, \
o ol Zoe; \ Zi = Koo 2oy 'f%
= i P Zooy \
x T L B \ 212,0" 120, ~ 24y,
\
Zy )
Zy Zo \
fa— —e| A
Ay i

Fig. 3 Development of fi

Iter from prototype.
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Fig. 4 Computed performance of 8 GHz
BW filter with and without coupled
end sections.

the upper band edge frequen-
CY w,. See e.g., Altman’ for
more details.

C. Thecircuit is impedance
scaled: Resistances and re-
actances are all scaled up a
factor p (to be determined).

D. A half-wave transmission line
of impedance Z, approxi-
mates a parallel tuned circuit
if the latter is very lightly
loaded. Conversely it approxi-
mates a series tuned circuit if
heavily loaded. We take the
case here of light loading. The
parallel tuned circuit in step C
can be approximated by a
nalf wave distributed line of
impedance Z, if the p value is
adjusted as given.

E. Using ideal impedance invert-
ers all series tuned circuits can
be converted to parallel tuned
circuits. To have the same im-
pedance characteristics the
previous resistance p must be
changed to a new value p’".
Note that the inverter value
K,, is picked so that the pre-
vious series tuned circuits are
converted to parallel tuned
circuits with the same L and
C values as the single parallel
tuned circuit given above.

F. A simple impedance inverter
(transformer) Ky, allows the
use of resistance Z, instead of
p.

G. All the parallel tuned circuits
are loaded lightly by high im-
pedance inverters and there-
fore can be approximated by
half-wave lines of impedance
Vg

H. This network is identical to
G, however, the filter is bro-

70

ken up into four segments
with each segment consisting
of an impedance inverter be-
tween two quarter-wave lines
of impedance Z,. Cohn* has
shown that the transfer char-
acteristics of the two port
formed by each segment
closely approximate those of
a coupled line section. This
approximation requires that
the even and odd mode im-
pedances of the coupled line
be dependent upon the im-
pedance K of the inverter as
shown in |.

I. Thisis the four-section cou-
pled line equivalent of the
three tuned circuit bandpass
filter of step C.

2

T T T .

. 28 37 GHz .
| L e/
5 1 S
= ~INSERTION
10lelea—— ~LOSS
151, 4 4 —t 4
|- RETURN
20t t , LOSS
|
25 i B i

P

Fig. 5 Wideband microstrip filter with
uncoupled end sections.

J. For wide bandwidth filters,
the gap widths for the two
end sections in step | may be
too small to be easily fabri-
cated. Instead of using cou-
pled lines, the end sections
may be replaced by quarter
wavelength lines of imped-
ance Ky, followed by another
quarter wave line of imped-
ance Z,. Note that the input
and output quarter wave Z,
lines of step H are no longer
required.

Figure 4 compares two six-sec-
tion (N=56) Tchebysheff coupled
line filters with design ripple = 5
dB. One of the two filters utilizes
uncoupled end sections and has
slightly less than ideal behavior.
The filters are over 25% band-
width. Similar filters with less
than 15% bandwidth would be
virtually indistinguishable from
each other. In practice, SWR, in-
accuracies in estimating even and

odd mode velocities (in the case of

suspended substrate), and losses,
obliterate the design ripple. Fig-
ure 5 shows the measured results
of a wideband microstrip filter
with uncoupled end sections.

In the Appendix, a small pro-
gram in BASIC gives the required
even and odd mode impedances
for double terminated Tcheby-
sheff filters for any desired num-
ber of sections, frequency range,
and ripple.

PRACTICAL DESIGN OF MICRO-
STRIP AND SUSPENDED SUB-
STRATE FILTERS

Unless provisions are made to
eliminate or reduce the effects of
open end step discontinuities,
coupled line filters will appear
lower in frequency and exhibit
less than ideal behavior. For mi-
crostrip coupled lines, we have
used tables generated by the Bry-
ant and Weiss MSTRIP® program
to determine the gaps and widths
of each coupled section. Knowing
the even and odd mode velocities,
the coupled lengths were deter-
mined by the Dell-Imagine for-
mula,® which differs slightly from
that obtained from the average of
the two velocities. Given the
widths of the coupled sections,
the open end fringe capacitances
can be determined from Silvester
and Benedek.!? It is necessary to
incorporate these end capacities
into the coupled line four port!!
to find the eguivalent two port
used in most network analysis.

Using the above design meth-
ods, microstrip coupled line fil-
ters were subjected to analysis

WIDTH w,
GIVEN THICKNESS h
REL. DIEL. CONST ¢,
FRINGE CAP/LENGTH Cy
h C¢
LET wg = ——
S
el w w
ANDK=1+ — 4 /@ 5 @
W =8 (2 + wo)
pad
THEN y = w, (Ke “° 12

2Ke @0
AND xq = wq In K

Fig. 6 Elimination of step discontinuities.

MICROWAVE JOURNAL



26.5 — S e

40 GH

olHz 205 37.62 Z
T ‘,—-' ——— i —— R

51 A \
'8 1 RETURN

N o ~ LOSS

\- INSERTION

T—— = "LOSS
200, \
25, 84 | ¥
30¢ .
35 4 # \

Fig. 7 Eight GHz bandwidth suspended
substrate filter.

and graphics and the shift to low-
er frequencies determined. All
filter lengths were then decreasea
by the proportional amount de-
rived from this frequency shift.

A simpler and more effective
way to eliminate the effect of
step discontinuities is to eliminate
the steps themselves. This was
shown recently by Malherbe and
Steyn'? for the case of stripline.
Their method alters the step
shape which is used when one
impedance line joins another.
The total capacitance associated
with each incremental strip along
the propagating direction con-
sists of parallel plate capacitances
between strip and grounds, and
edge capacitance. By modifying
the shape of the edges so that all
incremental strips have the same
capacitance, the impedance stays
the same up to the edge discon-
tinuity. We have used this method
for both microstrip and suspend-
ed substrate by compensating for
different edge capacitance/unit
length. Figure 6 gives the shape
of the compensating curve using
equations that reduce to those of
Malherbe. The capacitance per
unit length, C¢, has been derived
by Cohn!3 for the case of strip-
line and is Cs = .043 ¢, pFd/inch
for zero thickness lines where €,
is the relative dielectric constant
of the substrate. Experimentally,
for .010" Duroid, we have had
the closest predicted frequency
response with filters using Cs =
.17 pFd/inch for microstrip, and
13 pFd/inch for the suspended
substrate configuration shown in
Figure 1.

The method we have used to
experimentally determine the
even and odd mode impedances
and velocities for suspended sub-

October — 1980

Yetohar — 1980

SLIALE 15 11IUL pPIgLIdE, bul vely
useful.

e Design a simple coupled line
filter (using the program given
in the Appendix) as if the di-
electric did not exist. Design
for a frequency near the higher
end of the band since the di-
electric will lower it consider-
ably. Use the coupled strip im-
pedances of Cohn!'* with
e, =10.

e Use the step compensation
given by Malherbe with C; that
of Cohn.

e Test the filter for frequency
response. The effective dielec-
tric constant will be €, =
(fo/f5)% where f, = design cen-
ter, f, = measured filter center.

31,25 3591 GHz :AO
~ ———— - =
1
ls

Fod it & 10
RETURN

v LOSS
} J ! \ 20
- INSERTION
0SS

+ 30

LN

Fig. 8 Measured performance of 4 GHz
bandwidth suspended substrate filter.

e Scale all impedances so that
7' =./€, where Z'is the deter-
mined suspended substrate im-
pedance and Z is the imped-
ance with ¢, = 1.0.

e Design desired filter using the
above determined dielectric
constant and impedances. It
may be necessary to change
the value used for Cs to obtain
the desired response.

Figures 7 and 8 show two six
section suspended substrate fil-
ters designed for .5 dB ripple and
bandpass ranges of 30-38 and 32-
36 GHz, respectively. The 8 GHz
bandwidth filter did not require
uncoupled end sections since the
lower effective dielectric constant
of suspended substrate generally
leads to wider line widths and

HG[JO LHall uiIuds U GYuivaicli
microstrip filters. For higher fre-
quencies, where dimensions are
smaller, uncoupled end lines may
be required. As will be seen, these
type filters are almost ideal for
some T junction diplexers.
WIDE-BAND T JUNCTION
DIPLEXERS

Previously, we have described
coupled line microstrip diplex-
ers'® which were used to separate
contiguous or non-contiguous
frequency ranges of about 4 GHz
in K, band. Computed lengths of
Z, line connected each bandpass
filter to the common T junction
so that the extremely large out-
of-band susceptance of each filte!
appeared, at the junction, to be
almost zero at the band center of
the other.

When decoupled end sections
are used, the added 90° line sec-
tion nearest the junction reduces
the out-of-band susceptance
drastically. Depending on the ac-
tual filters and frequency bands
used, it may not be necessary 1o
add any line at all to minimize
the out-of-band susceptance. Fig-
ure 9 shows to contiguous 8 GHz
bandwidth suspended substrate
filters connected together at thei
common junction without added
diplexer lines. The reader should
be forewarned, however, to use
computer analysis on any diplex-
ing structure before fabrication.
In the case of contiguous diplex-
ers, the susceptances at the cross:

|

26.5 GHz 34.2 GHz

fx_'/ — —— ﬁ_}

-10

80

LWM A Y

\
\

O

Fig. 9 Measured response of suspended
substrate diplexer.
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{continued on page 78
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Fig. 2 Schematic diagram of one of two identical stages in the cooled amplifier. All induc-
tors are made with .008" diameter phosphor-bronze wire wound to make a .080"
inner diameter coil. L, and L, are 3 turns with .100" length and ~v10nh inductance.
L, and L, are 4 turns with .125" length and ~v16nh inductance. L, is 5 turns and is
non-critical. Note that L,, L,, and C1 comprise a 500 MHz high-pass filter. All capac-
itor values are in pf. C, is a Johannson Giga-Trim type 7264 variable capacitor. The
ferrite bead is Micrometals Type T10-6. L is the added source inductance VvinH

Kq (wC)?

i

ta = Ry + R+ K/gy,

n

where T i, is the minimum noise
temperature, Tg = 290°K, Rt
+ j Xopt s the optimum source
impedance, gm is the transcon-
ductance, C is the gate to source
capacitance, fT = gm/(27C) is the
gain-bandwidth product, Kg, K,
and K¢ are dimensionless factors
defined by Pucel, et al.,'® g, is
the current noise conductance,
r, is the voltage noise resistance,
and Rg + Ry is the sum of gate
and source resistances external to
the channel. (Resistance in the
channel ptoduces noise through
dn.) For a typical Nippon Electric
Company NE 126 at 290°K,
Oy = .027,C= 45 pF, i1 =95
Q82 fg, = 13, Kg= 14, Kg =13,
KE'e_ 00 and T old =1 2O° x3/TT,
At a frequency of 5 GHz the
above theory gives a noise tem-
perature of 68° (0.9 dB noise fig
ure) which is somewhat lower
than measured'® for the NE 126.
However, the noise temperature
predicted at 1.3 GHz is 18° which
is a factor of 2.7 lower than we
have measured. This discrepancy
cannot be explained by circuit
losses (< 10°K) and most likely
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is due to another noise mecha-
nism not contained in the present
theory.

At a temperature of 20°K the
thermal noise generators ina FET
are reduced in power by a factor
of 15 and probably have a negli-
gible contribution to the total
noise. The transconductance in-
creases by 40% due to an increase
in saturation velocity'® and this
decreases the effect of non-ther-
mal noise in the drain circuit. The
temperature dependence of the
non-thermal noise (i.e., hot-elec-
tron noise and high-field diffu-
sion noise) is not known at pres-

ent but is not likety to be very
large. Some further discussion of
the noise temperature theory at
cryogenic temperatures is given
in Reference 10. )
EFFECT OF SOURCE INDUCTANCE

The purpose of the added in-
ductance in the source lead of
the FET is to apply negative
feedback which increases the real
part of the input impedance to
obtain a near-matched condi-
tion.' Considering the simple
eqguivalent circuit of Figure 1, an
input current, i, causes an eq of
i/jwC, a drain current of gy - i/
jwC, and a voltage drop across L
of jwbL-gm*i/jwC. Thus the ef-
fect is the same as adding a fre-
quency-independent resistance,
R = gm L/C, to the input. This
result is valid for wC<<gmy and
for an output load impedance
much less than the FET output
impedance. |f the latter is not
true Rgg is multiplied by the
complex fraction of the drain
current generator flowing
through the output load.

The addition of L has negligi-
ble effect upon noise tempera-
ture. As shown in a very general
way by Haus and Adler?® the
addition of lossless elements to a
network does not change the
minimum noise measure, Mmin =
Tmin/[To (1 - G1)], of the net-
work. Thus, in the case of high G,
adding an inductance may lower
G and slightly lower Tmin if the
source impedance is reoptimized.
In the particular case of the FET,
Vendelin?! has shown that for
small L the effect upon optimum
source impedance is to reduce

D ong

Fig. 3 Physical layout of the two-stage amplifier. Circuit board is .062" teflon-glass board
Rogers Duroid type 5880. Each stage is tested separately for best noise performance
and input and output return loss before assembly into the two-stage amplifier.

World Radio Histo

MICROWAVE JOURNAL



30} 3
a - ], / NOISE {24 9
E"?O\ L’ /;{ b £
35 \ i S S
g 10 N b 1 B
GAIN "o 20
ot : ) \
% 1d 940 Woe 06 Y
0 0
\ 1 o
5t N\ w1
\ <
2
z
10 NS IN 10 ~
4 5
w
N\ w
3 .
15 ouT | AT 5
= ik

i " 20

Fig. 4 Measured gain, noise temperature,
input return loss, and output return
loss for two-stage amplifier in the 1.2
to 1.7 GHz frequency range.

the reactive part by wlL; as far as
noise temperature is concerned
the effect is to add L {(~vInh} in
series with the gate.

AMPLIFIER CONSTRUCTION

A two-stage amplifier has been
built embodying the above prin-
ciples, using an NE 12683 pack-
aged FET, and cooled to 18°K in
a closed-cycle helium refrigera-
tor.! Each amplifier stage utilizes
the source inductor matching
technique described above to
achieve a 50 ohm input and out-
put impedance, prior to cascad-
ing the two stages. The advantage
of this technique is that it elimi-
nates the need for an input cryo-
genic isolator with its large ther-
mal mass and its associated losses.

The circuit in Figure 2 shows
the series tunaed input configura-
tion used, in which the input in-
ductor L1 is found to determine
the frequency at which the noise
minimum occurs. In a separate
measurement, a variable quarter-
wave transformer was used ahead
of the input to determine the
value of the optimum source re-
sistance, Ropt, which was found
to be 70 ohms. However, as a
practical consideration a source
resistance of 50 ohms is close
enough to Rgpt, avoids the loss
of an input transformer, and im-
proves the match. Figure 3 shows
the physical layout of the lumped
microwave circuit and biasing ar-

board. A teflon circuit board
rather than a ceramic substrate is
utilized to avoid substrate and
solder joint fracture which may
result from temperature cycling
of too rigid a structure. It will be
noted that the source inductance
L is achieved by the use of the
source tab of the packaged FET
together with a small grounding
wire. The small variable capacitor
on the output of the FET is ad-
justed together with L2 for best
output match. Note also the use
of the ferrite bead on the drain
tab to help quench parasitic os-
cillations at high gigahertz fre-
qguencies (additional lossy mate-
rial is sometimes needed in the
lid of the ampilifier box; 1/8"
sheet Radite 75 is used). All sol-
der connections for the cryogenic
amplifier were made using a low-
temperature {ndium solder (In-
dalloy #3 10% Ag, 90% In). Zen-
er diodes are employed on the
gate and drain of the FET to pro-
tect from overvoltage static. Se-
lection was made among various
manufacturers of FETs and also

cular type. Twelve individual sin-
gle stage amplifiers were built
and tested and the ones with best
cryogenic performance were se-
lected for the two-stage NE 126
amplifier described here. Some
correlation was found between
the best manufacturers noise fig-
ure test data and best cooled
performance.

The two-stage amplifier was
attached directly to the 18°K
station of the refrigerator as
shown in Figure 5. A special
low-loss 4-inch long input air-line
was fabricated to bring the signal
through the dewar wall to the
18°K input of the amplifier. The
1/4 inch diameter air-line was
constructed from thin wall
(.006’) stainless steel; the inner
wall of the outer and the outer
wall of the inner conductors were
copper plated and gold flashed to
reduce microwave losses. The es-
timated noise contribution from
this line is 1°-2°K in the cold con-
dition, and its contribution is in-
cluded in the overall measured
amplifier temperature.

Fig. 5 Photograph showing four two-stage amplifiers attached to the 15K station of the CTI
Model 21 refrigerator, at left. The outer dewar and the heat shield {attached to the
77° K station) have been removed to show assembly. The fow-loss input lines (4) are
gold-plated thin-wall stainless steel. They pass through the dewar wall on Type-N
connectors to SMA at the amplifier input and are heat sunk to the 77°K station at
mid-point. The output lines are .085 stainless steel semi-rigid coax.

e



TEST RESULTS

At optimum frequency, room
temperature amplifiers exhibit
noise temperatures of 48° + 3°K
without any corrections for input
losses or second stage contribu-
tion; the input and output return
losses are > 20 dB. Over the 1.3
to 1.6 GHz band the noise tem-
perature is below 60°K and the
return losses > 10 dB. A similar
performance is also obtained
with other FETs, notably some
selected NE 388, NE 218 and
Mitsubishi MGF 1412 FETs, and
Avantek AT8110.

At cryogenic temperatures we
measure a minimum amplifier
noise temperature of 13° £ 1°K
at 1.3 GHz, and under 20°K
from 1.2 to 1.5 GHz (see Figure
4) on one of a pair of amplifiers
built. Over the frequency range
1.3 to 1.6 GHz the gain is greater
than 20 dB. The input return loss
is>20dB at 1.6 GHz and > 10
dB over the 1.35t0 1.7 GHz
range. Other manufacturers of
FETs which are found to give
cooled noise performance in the

20°K range are the Plessey GATD,
NEC NE 218 and Mitsubishi
MGF 1412. The latter two FETs
are recommended for new cooled
designs.

The amplifiers described here
are used in a radio astronomy ap-
plication on the 25 m radio tele-
scope of the University of Cali-
fornia at Hat Creek Observatory.
A total of four amplifiers provide
polarization diversity for spectral
line observation in the H and OH
radio-astronomy bands at 1.42
and 1.66 GHz respectively.

CONCLUSION
An amplifier with very low
noise in L-band has been devel-
oped. It is easily constructed and
has proved reliable in the 20 units
so far constructed. Some of the
units have been temperature cy-
cled to cryogenic temperatures
20-30 times with no reported
electrical or mechanical failures.
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_Type  ModelNo.
Failsafe CS-33S10
Failsafe w/indicators CS-33S1C
Latching CS-33S6D

_Latching w/indicators _CS-3386C

(7 T S S R S A Tl
Failsafe CS-37S10
Failsate w/indicators CS-3781C
Latching CS-37S6D

»»Latc_hirlg y/_ind_icators i _QS-§7_SG_C

‘]'_y_pei‘ e e Model No.
SP3T Basic Unit CS-38S13
SP3T w/indicators CS-38S13C
SP4T Basic Unit CS-38S14
SP4T w/indicators CS-38S14C
SP5T Basic Unit CS-38S15
SP5T w/indicators CS-38S15C
SP6T Basic Unit CS-38S16
SP6T w/indicators CS-38S16C
SP7T Basic Unit CS-18817*
SP7T w/indicators CS-18S17C*
SP8T Basic Unit CS-18518*
SP8T w/indicators CS-18518C*

*Operating frequency I‘im_ited to 12 GHz

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

1
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as é special optiAonv, on both failsafe and latching type
switches, drivers can be provided which are compatible
~ith industry standard low power Schottky TTL circuits.

Two options are provided as follows:

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

2. If a high level Logic Input current drive (450 uA @
2.4 Vcc) is available, the 5 volt (Vcc) connection
need not be made

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

» Arc Suppression Diodes

Frequency 4 e 0-6 GHz 6-12 GHz
VSWR (max.) 1.25:1 1.40:1
Insertion Loss (max.) 0.2dB 0.4 dB
Isolation (min.) 70 dB 60dB

CS-33, 38 SERIES

Vsw O—

T ]
VGG (O #
%R A Pl -
oGICA IR pUE = —— AWV |
= J

R 6 2K ohms
R 27 - 63K ohms

Com O

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

CS-37 SERIES
 12-18GHz  0-4GHz  4-12GHz _ 12-18 GHz
1.50:1 1.2511 1.401 1.50:1
0.5 dB 0.2 dB 0.4 dB 0.5 dB
____60dB _70dB  60dB 60dB
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{from page 71) LINE FILTERS

over frequency can often be
made to subtract from each oth-
er, generally decreasing the SWR
and allowing the lowest loss at
the crossover.

CONCLUSIONS

Both suspended substrate and
microstrip bandpass filters and
diplexers can be readily con-
structed in below cutoff channel
housings. In general, suspended
substrate is preferable because of
lower loss. However microstrip,
with the availability of good de-
sign data and ease of parts inte-
gration, may be preferable where
1 or 2 dB of additional loss can
be tolerated.

REFERENCES

1. Rubin, D., and D. Saul, “Millimeter
Wave Bandpass Filters and Multiplex-
ers,”” 1978 |EEE International Sympo-
sium Digest, pp. 208-210.

2. Smith, J. ., “The Even and Odd-Mode
Capacitance Parameters for Coupled
Lines in Suspended Substrate,”” /EEE
Trans. MTT-19, May 1971, pp. 424431.

3. Mirshakar - Syahkal, D., and J. B. Dav-
ies, ‘Computation of the Shielded and
Coupled Microstrip Parameters in Sus-
pended Substrate and Conventional
Form,” IEEE Trans. MTT-28, March
1980, pp. 274-275.

4, Cohn, S. B., “Parallel Coupled Trans-
mission Line Resonator Filters,”” /IRE
Trans. MTT-6, April 1958, pp. 223-231.

5. Cohn, S. B., "'Direct Coupled Resonator
Filters,” Proc. IRE, Vol. 45, February
1957, pp. 187-196.

6. Mosko, J. A., “’Design Technique for
UHF Stripline Filters,” NAVWEPS
Report 8677, April 1965.

7. Altman, J. L., Microwave Circuits, Van
Nostrand, 1964.

8. Weiss, J., ""Microwave Propagation in
Coupled Pairs of Transmission Lines,”
Advances in Microwave, Vol. 8,
pp. 245-320, Academic Press, 1974,

9. Dell-lmagine, R. A., “’A Paralle! Cou-
pled Microstrip Filter Design Proce-
dure,”” 1970 IEEE International Micro-
wave Symposium Digest, pp. 29-31.

10. Silvester, P., and P. Benedak, ‘‘Equiva-
lent Capacitances of Microstrip Open
Circuits,”” /[EEE Trans. MTT-20,
August 1972, pp. 511-516.

11. 2ysman, G. |, and A. K. Johnson,
““Coupled Transmission Line Networks
in an Inhomogeneous Dielectric Medi-
um,’”” IEEE Trans. MTT-17, October
1969, pp. 753-759.

12. Malherbe, J. A. G., and A. F. Steyn,
““The Compensation of Step Disconti-
nuities in TEM-Mode Transmission
Lines,”” IEEE Trans. MTT-26, Novem-
ber 1978, pp. 883-885.

13. Cohn, S. B., "“Characteristic Imped-
ances of Shielded Strip Transmission
Line,” Trans. MTT-2, July 1954,
pp. 52-57.

14. Cohn, S. B., "Shielded Strip Transmis-
sion Lines,”” /RE Trans. MTT-3, Octo-
ber 1955, pp. 29-38.

15. Rubin, D., and D. Saul, “The Micro-
strip Diplexer — A New Tool for Milli-
meter Waves,”' Microwave Journa/ Vol.
23, June 1980, pp. 55-57.

MICROWAVE JOURNAL



NN REACH YOUR
KEY CUSTOMER,
Mitd) THE MICROWAVE

SYSTEM DESIGN
ENGINEER

( <p_ N

B, |
! .‘L;u r SENY & |
ta o i I
| | ¢ =
477 & 1t 3
iy 1 i |
The MICROWAVE JOURNAL will again ] Lr1y : 1 ft
provide exhibition management for the S ™ 111
1981 MTT-S Symposium/E xhibition. B e I e b
1 e
Even at this early date, space is at a pre- ] " - W ; 3 R
mium and the exhibition is rapidly ap- s o
proaching a sellout. Act now to assure J! TS
your participation in this, the most im- Il 5
portant microwave meeting to be held in ]
the United States. | o
Contact MICROWAVE JOURNAL head- ‘ R
quarters now at (617) 326-8220 for floor -
plan,contract and full details. =

at the = &b
1981 MTT-S Symposium and Exhibition

MICROWAVE JOURNAL
610 Washington Street ® Dedham, Massachusetts 02026

Send me additional information on exhibiting at

June 15-17, 1981

MTT-S 1981.

Los Angeles Bonaventure
Name Los Angeles, California
Title

Organization

Address Send coupon
. or circle Reader
City Service No. 71 for exhibiting information.
. Those interested in attending,
State Zip circle Reader Service No. 72.
Country Phone
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WILTRON 560 Ag REFLECTED SIGNAL

SCALAR B HP3825A HP7225A
NETWORK : Fae: T —1 CONTROLLER PLOTTER
ANALYZER e 4] 1
AND
MILLIMETER TRANSMISSION

SWEEP INCIDENT SIGNAL SIGNAL
GENERATOR
560 10BX
' — ——|————=I">" ADAPTER
= & l‘ CABLES
WAVEGUIDE‘D»E_TECTORS DE\E/%E 41 WAVEGUIDE

£ ) DETECTOR

‘.Q N ~
——J. 3/ TERMINATION

CALIBRATION f{
SHORT U CALIBRATION

Fig. 3 Millimeter waveguide reflectometer setup for measurements above 34 GHz.
Available components are listed in Table 2.

TABLE 1
REFLECTOMETER COMPONENTS FOR USE BELOW 40 GHz

Maury

10 dB Maury @
Directional Waveguide/Coax Wiltron Maury
Freq. Range Coupler Adapters RF Detectors Termination
{GHz) @ Model No. Model No. Model No. Model No.
8.2-12.4 X410C X210D 560-7S50 X301A
10-155 M410C M210D 560-7550 M301A
12.4-18.0 P410C P210D 560-7S50 P301A
15 - 22 N410C N210D 560-7S50 Opt. 2 N301
18 -26.5 Ka10C K210C 560-7S50 Opt. 2 K301
26.5 - 40 u410C u210C 560-7S50 Opt. 3 U301
N/A to 34 GHz
Hughes 44820H-
500

waveguide mount
above 34 GHz

@ Waveguide couplers are also available below 8.2 GHz.

Adapters have SMA or MPC-3 (SMA compatible) coaxial output connectors. Other
adapters are available in frequency ranges to match the available directional couplers.

TABLE 2

MILLIMETER REFLECTOMETER COMPONENTS FOR USE ABOVE 40 GHz

10 dB
Directional Couplers Detectors & Mounts
Hughes
Freq. Range Baytron Hughes Baytron Hughes Fixed Termination
(GHz) Model No. Model No. Model No. Model No. Model No.

40 - 60 3Q-40/10 45333H- 1Q-6F 47323H- 45613H-2000
2010 1Q-6/X 2200

60 - 90 3E-40/10 45335H- 1E5W 47325H- 45615H-2000
2010 1E-5/X 2200

75 -110 3R-40/10 45336H- 1R-5W 47326H- 45616H-2000
2010 1R-5/X 2200

82

by subtracting R from A (A-R mode)
and storing the resultant in the net-
work analyzer memory. Later, the re-
sultant is subtracted from the actual
measurement data to enhance
accuracy.

For 0 dB transmission calibration,
couplers (2) and (3) are connected di-
rectly together, and the resultant is
stored in B-R memory. In this setup,
coupler (3)is recommended for the
most accurate transmission measure-
ments. Because the waveguide termi-
nation provides a mainline match of
greater than 40 dB return loss, error-
producing reflections back through
the DUT are very small and the meas-
urement can be made accurately. The
effect of mismatch introduced by the
adapters and detectors on couplers (1

. and (3) is small. Typical test re-
sults are shown in Figure 2.

For measurements above 34 GHz,
the recommended setup is shown in
Figure 3. Notice that the only differ-
ence between Figure 3 and Figure 1 is
that above 34 GHz waveguide detector
mounts and Wiltron 560-10BX Adap-
ter Cable are used in place of wave-
guide-to-coax adapters and the WSMA
detectors. Because the SWR of milli-
meter waveguide detector mounts is
very high, it is essential that coupler

be used as shown. The adapter ca-
ble interfaces the BNC output of the
waveguide detector mounts to the net-
work analyzer inputs. Built into the
adapter cable are resistors which simu-
late the thermistor and offset imped-
ances of the coaxial detectors and
which are required to maintain the bal-
ance of bridge circuits in the network
analyzer. Under these conditions, the
network analyzer closely maintains
with the waveguide detectors the loga-
rithmic conformity and measurement
accuracy that is achieved with the co-
axial detectors in Figure 1.

A few of the manufacturers that
supply waveguide directional couplers
with 40 dB directivity are listed in
Tables 1 and 2. One source for the
more difficult to find detector mounts
is given. The Wiltron Network Ana-
lyzer is compatible with all presently
available sweep generators. The 5610
system shown in Figure 1 is available
with sweep generator plug-ins operat-
ing up to 40 GHz. For applications
above 40 GHz, Hughes offers a plug-in
sweeper operating up to 110 GHz.

The availability of components and
an automated network analyzer with
required interface cables atlows wave-
guide measurements up to 110 GHz
with ease and accuracy. g
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INTELCOM '80

Components for Communications

10-13 November
Convention Center
Los Angeles, CA

The role of semiconductor de-
velopment in shaping the future
of telecommunications will be
the focus of eight special sessions
during the INTELCOM ‘80 Con-
ference which will be held at the
Convention Center in Los Ange-
les, California from November
10-13. One Executive Forum, an
Application Panel and six Com-
ponents Sympaosia sessions will
be held.

Technology in the predomi-
nantly analog telecommunica-
tions industry has been lagging
considerably behind technical ad-
vancements in the computer in-
dustry, which has benefited from
the immediate application of in-
jovations in semiconductor
Jevices.

Recent growth in digital com-
TMunications, where analog voice
s converted to digital numbers
for transmission and switching,
cesulting in operational and eco-
jomic advantages coupled with
computer controlled switching
Jesigned to provide feature flex-
bility, has created a need for
more semiconductor technology
applications. In particular, micro-
arocessor and memory elements,
~hich provide considerable proc-
3ssing power and large storage
capacity at minimum cost — along
~ith high packaging density — are
finding rapid acceptance in the
telecommunications industry.

Along with these standard
computer devices, the digitiza-
tion of voice has created a farge
demand for new components,
such as CODEC and filters. Due
to this digitization of voice, semi-
conductor development will play
a significant role in the future of
the telecommunications industry
by providing highly reliable sub-
system elements in LS| packages.

EXECUTIVE FORUM

Tuesday, 11 November
9:00 am—11:30 am, Room 217A

The Infrastructure Needed to Develop
a Telecommunications Industry

C. Lester Hogan

Former President

Fairchild Camera and Instrument
Corporation

Speakers include:

Richard Lee, President

Siliconix

APPLICATION PANEL

Tuesday, 11 November
3:00 pm—5:30 pm, Room 216A

The Role of Semiconductor
Technology in Shaping the Future
of Telecommunications

S. G. Pitroda

Vice President & Managing Director
WESCOM Switching

The objective of this Panel is to explore
the role of semiconductor develop-
ment in the changing telecommunica-
tions environment from predominant-

> LR - 5 L ""' ‘—
\ e 3 2 <
.9" i yyk?u -
il A

ly analog to integrated digital trans-
mission and switching networks.

Robert John Paluck

Vice President of Data and Communi-
cations Products

Mostek Corp.

Tom Longo

Vice President
Semiconductor Operations
Fairchild Industries

Earl Rogers
President
PMI

Richard Pieranunzi
Manager-Strategic Marketing
Communications Segment
Motorola Semiconductor Group

COMPONENTS SYMPOSIA

Monday, 10 November
3:00 pm—5:30 pm, Room 216C

Custom LSI/VLS! Design for the
Systems Engineer

Douglas Fairbairn

Publisher

LAMBDA Magazine

i
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This session examines custom inte-
grated circuit alternatives for elec-
tronic systems.

Alternatives for Semi-Custom LS/
Robert Hartmann

President

IC Cost Consultants

Hierarchical Design for VLS/
James A. Rowson

Research Fellow

Computer Science Dept.
California Institute of Technology

A Description of a Single-Chip
Implementation of the RSA Cipher
Ron Rivest

MIT

The Role of VLS! Implementation
Systems in Interfacing the Designer
and Fabricator of VLSI Circuits
Alan Bell

Xerox Palo Alto Research Center

Fast Turnaround Fabrication for
Custom VLSI

Gunnar Wetlesen

Vice President-Engineering

VTI

Tuesday, 11 November
3:00 pm—5:30 pm, Room 216C

Satellite Earth Station Components
Lou Cuccia
Manager, Technical Development-

Transportable/Mobile Ground Stations
Ford Aerospace and Communications
Corp.

The modern commercial earth terminal
has benefited from the development of
new subsystems and components using
the field effect transistor (FET), new
TWT developments, and the use of the
microprocessor and mini-computer.
These new components and subsystems
now provide sensitivity, radiated pow-
er, and terminal and network control
for optimal information handling with
a cost-effectiveness not possible only
five years ago. This session will provide
an update on these key components
and subsystems which are causing a
virtual revolution in user acceptance of
satellite communications.

The FET 110 Satellite Earth Terminals
Jerry Arden

President

Neil Corpron

Manager of Engineering

California Eastern Laboratories

K-Band Paramp LNA’s For Satcom
Earth Terminal Applications

E. Ng

J. Degruyl-Vice President,

Research & Development

Leonard J. Steffek-

Dept. Head of Microwave Technology

H. C. Okean
LNR Communications, Inc.

Modern 10-20 W TWTA's for
High-Capacity Microwave Links and
Satellite-Communications Earth
Stations

J. Boulange

J. P. Desne

Division Tubes Electroniques
Thomson-CSF

The Microprocessor and the Mini-
computer for Earth Terminal and
Network Control

Carl Hellman

Manager of Earth Terminal Engineering
Western Development Labs.

Ford Aerospace and Communications

Wednesday, 12 November
9:00 am—11:30 am, Room 216C

Tubes for Communications Systems
Chet Lob

Technical Director

Varian

This session looks at the latestdevelop-
ments in microwave tubes for terres-
trial and satellite communications.

Amplifier Klystrons for WARC 79
Up-Link Frequencies

Earl McCune

Darrell Green

Varian
{continued on page 87)
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HP’s Small Wonders.

Superb performance in
new quartz oscillators.

e High Short-term Stability.

¢ Low Phase Noise.

are designed for equipment
precision frequency source.
and precision time keeping
systems.

mance you get:

¢ Phase noise: better than
160 dBc at 10 kHz offset

HP’s new 10811A/B Oscillators

requiring a compact, rugged,

Look at the superb perfor-
e Aging rate: <<5 parts in 10'%day
e Warm up: within 5 parts in 10°

of final frequency in 10 minutes
e Time Domain stability: better

B s

CIRCLE 51 ON-READER-SERVICE CARD

e Fast Warmup. l
* Low Power Consumption.

than 5 parts in 10* for a 4

I-second averaging time l
¢ Power consumption: approxi-

mately 2 watts, after warmup

Ideal for instruments, communi- Ou%ut frequency: 10 MHz ‘
cation and navigation equipment (10.

MHz on special order).
Both are plug-compatible with
HP’s 10544 Series compact
oscillators, and also offer higher
performance. Price is $800* (add
$100* for B model with provi-
sions for shock mounting). Call
your nearb{{HP sales office,
or write to Hewlett-Packard,
1507 Page Mill Road, Palo Alto,
CA %4 . *U.S. domestic prices only.
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Millimeter Waves Amplifiers: A Survey
of Device Choices

Jack Ruetz

Varian

A 250 Watt K,-Band TWT for Satellite
Communication

Richard Ohtomo

Hughes Electron Dynamics Division

A 750 Watt K -Band TWT for Satellite
Communication Systems

Ronald Leborgne

Hughes Electron Dynamics Division

Wednesday, 12 November
3:00 pm—-5:30 pm, Room 216B

Digital Modems

Estil Hoversten

Vice President-Development
LINKABIT

Speakers include:

Loic Guidoux

Head of Modem Research and
Development Dept.

TRT

James Bright
Director of Marketing
Novation Inc.

Wednesday, 12 November
3:00 pm—5:30 pm, Room 216C

Eiber Optics Components in
2ommunications Systems

Hdank Maas

National Accounts Manager
Lightwave Communications Systems
Harris Corp.

Jptical sources, detectors, couplers,
ind multiplexing are some areas that
vill be addressed. Specifically injection
aser diodes, avalanche photodiodes,
ight emitting diodes and wavedivision
nultiplexing.

Speakers include:

eter Bark,

siecor

obert Chow,
Nippon Electric Company, Ltd.

Alex Ceruzzi,
Laser Diode Corporation

Thursday, 13 November
3:00 pm—5:30 pm, Room 216C

Solid State Microwave Sources:

The Next Decade

Carl Sirles

Manager of RF Component
Development

Collins Transmission Systems Division
Rockwell International

The 60s saw the development of the
basic technology used in today’s solid
state microwave sources. The 70s
brought many refinements to this
technology. As the 80s begin, new
technologies are emerging which
promise higher reliability and lower

cost for this important class of com-
ponents. This panel session will present
an industry perspective on what sys-
tem designers might expect from solid
state microwave sources in the 80s.

J. W. Sedin
Viee President & General Manager
Frequency Sources, West Division

D. C. Wright

Direczor

Microwave Products Telecom-
mun.cations Div.

California Microwave, Inc.

R. M. Knowles

Vice President-Technical Director
Sources and Assemblies
Microwave Associates, Inc

G. W, Pate, Sr.

Vice President & Technical Director
TRAK Microwave Corp.

J. B. Payne

President

Communications Techniques, Inc.
W. J. Schwartz Jr.

Superviso-

Bell Laboratories 2

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
renge with individually calitrated RF oscillator plug-ins.
Complete with: Digital readout of forward and reflected
power. Soiid-state main frame. Direct reading frequency
dial. Regulated supply voltages. Wide-range power ad-

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

EFSCO [ E

411 Providence Highway, Westwood, MA 02090
(617) 329-1500 - TWX: (710) 348-0484
Expont: France, Elexience - Israel, Racom Electronics
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EXPOSITION ‘choum NO [F/D] x MO} X YR{ COUNTRY
comU ] 1

LOS ANGELES, CALIFORNIA
10 - 13 NOVEMBER 1980
EXHIBIT AND PROGRAM REGISTRATION — ATTENDEE
FIRST NAME & MIDDLE INITIAL LAST NAME
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PROGRAMMABLE

Now! A Choice!

Now! A choice! FOUR new models, TWO new
sizes with the already popular Model 3200,

make a versatile series of programmable step
attenuators.

DC to 2 GHz
IMPROVED 3200-1 0-127 dB in 1 dB steps
NEW! 3200-2 0-63.75dB in
0.25 dB steps
NEW! 3201-1 0-31dB in 1dB steps
NEW! 3201-2 0-120dB in 10 dB steps
NEW! 3202-1* 0.5 dB

* Can be combined with Models 3200-1 or 3201-1 to
provide additional resolution.

WEINSCHEL ENGINEERING
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Improved performance of
our microstrip techniques,
combined with the Teledyne
TO-5 relay, provides superior
flatness and low ripple, insuring
monotonic operation to beyond 1.5 GHz enabling designs with step resolutions to 0.2 dB.

8 cells

All Units Shown Actual Size

Single, five and eight cell units offered in standard as well as customized attenuation cell arrangements
allow design flexibility for the OEM and system designer.

Custom models can be ordered with attenuation cells selected from the following inventory: 0.2, 0.25,
0.4,05,08,1,2,4,8, 10, 16, 20, 25, 30, 32
and 401 dB. Other values can be engineered

i Weinschel Engineering, 1 Weinschel Lane
R T Gaithersburg, Maryland 20760
Contact your local Weinschel representative or (301) 948-3434/TWX (710) 828-9705
the factory for details. Call or write today! Telex 89-8352. Baltimore (301) 792-4067
TDC 10 1 GHz only Los Angeles (213) 990-8606. 7Y
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ACHOICE SELECTION:

HINIC L ()

High Performance
at a low price with HP%
new 8559A

Look at the performance you get for only $10,875:
Frequency coverage from 10 MHz to 21 GHz; flat
frequency response. + 3 dB to 21 GHz: —111to +30
dBm measurement range: distortion products are
>'70 dB down; 1 kHz to 3 MHz resolution band-
widths: digital frequency readout with typically betier
than 0.3% accuracy.

All this in a rugged, lightweight plug-in for the
HP I82T display. Easy to use, too. You simply tune to
the signal. set frequency span (resolution and sweep
time are automatically optimized), and then set the
amplitude reference level. Its HP's new budget-
minded spectrum analyzer. Reader Service No. 73

4508

Modularity means value
with the HP 8555A.

Buy only what you need for your current micro-
wave requirements: you can add different RF tuning
plug-ins or companion instruments as your needs
expand. The HP 8555A RF Tuning Unit covers 10
MHz to 18 GHz (extendable to 40 GHz). hasa + 2 dB
frequency response, and narrow resolution of 100
Hz. These features combine to provide you with an
accurate and sensitive microwave signal analyzer.
The 8555A with the 8552B RF Section and installed
in the 141T Variable Persistence Display Section costs
$15975.

When your applications require input overload
protection. elimination of multiple responses. or
100 dB harmonic distortion measurement range. add
the HP 8445B Automatic Preselector. For wide
dynamic range swept response measurements to 1.5
GHz. just add the 8444A Tracking Generator. For
versatile coverage at audio, VHE UHF and micro-
wave frequencies. this modular family offers value
for present and future needs. Reader Service No. 74
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HP’ family of
microwave spectrum
analyzers.

Get the performance
you need and the
convenience you want
with HP’ 8565A.

Covering 10 MHz to 22 GHz and extendable to 40
GHz. this microwave spectrum analyzer gives you the

combination of wide dynamic range. fully-calibrated
measurement capability plus ease of operation. Fre- 3 ,
uency response is within £ 1.2dB to 1.8 GHzand + 3dB -1E
q 5 . .
at 18 GHz. Resolution bandwidths from | kHz to 3 For mday’s and 3
MHz are standard. with 100 Hz resolution available as an tomorrow’ most demanding
option. From 1.7 10 22 GHz, theres a built-in preselector } 8566
which permits measurement of distortion products as B . choose the HP A.
small as 100 dB down. The 8565A is easy to operate The S566A defines the atate-of the-art in microwave spectrum,
i\ . inalyzer performance | 7 10 22 GHz coverage Mo +]
too. Just set three controls: tuning fﬂ?quency- frcquenc)’ dBm runge, 1Q Hz reg\lution bandwidth throughaus iwith cor-
% ) 5 i respondinaly Low L. Q. phase noise). and counterlike frequency
Span .anc ampluude (eference level. RC:SOIUUOH.\ld.CO aceuracy. The level of performance. flexibility und convenience
filtering and sweep times are automatically set. Bright of the 8366A brines unpuralleled capability to microwave spec-
TRhE . . I =" . trum analysis. Perhaps even more significant. this perfformance is
LEDs in the CRT bezel give vou all pertinent operating essential to rexlize the benefits of wurnmaric specirum analysis
conditions in easy view. The price for all this perfor- ek bk uatios o (‘)‘r‘:pfl;;;‘g&“ggfe’jg:‘qﬁ‘r‘r‘f;:g{gﬂr‘e‘f’
mance and convenience is $19.400: add S800 for the 100 ment routines. including ones that previously were impractical.
. . . i1 now be accurately executea with minimum aperator involve
Hz resolution option. Reader Service No. 75 ment when the advanced microwuse and digital technologies
d X h . contained in the 8566.A are apphed. Price of the 8366 is $49.500:
For more information on these outstanding values in u system comprised of the 83664 9K25T Computer. printer und
microwave spectrum analysis. call your local HP sales i i e g e L
office or write to 1507 Page Mill Rd.. Palo Alto. CA 94304.

Domestic U.S prices ¢niy.

B [ coCeo T

P o P O T annn




.-
£ S Filters with circular cavities, TE111

mode excited, (Figure 1) are common-
ly used in microwave applications with
cavities of the single TE111 mode type,
as well as TE111 dual mode type (1).
The structure of a conventional 6-pole,
3-cavity dual mode filter is shown in
Figure 1(b). Typically:
® Consecutive irises are positioned
90° to each other.

® Every dimension of the filter great-
ly exceeds the diameter of a single
cavity.

® The input and output are rectangu-
lar waveguides.
The first characteristic is the greatest
burden in the construction of this type
of filter. Drilling of the irises is per-
formed in different directions in sever-
al steps. During this phase of construc-
tion, necessary auxiliary holes are be-
ing drilled, to be plugged eventually as
shown in Figure 1(b).
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{a) 3-Pole filter single TE111 cavities

AUXILLARY PLUGS f

ISRAEL GALIN
Frequency Engineering Laboratories
Farmingdale, NJ

The single TE111 mode cavity fil-
ter shown in Figure 1{a) is simple to
construct but requires twice as many
cavities to match the dual mode filter
(Figure 1(b) out of band rejection
properties. Combining: (1) Volume
efficiency of dual mode filters. {2)
Manufacturing simplicity of single
TE111 mode filters. The result is an
attractive new filter.

The E-Field pattern in a circular
cavity supporting a TE111 mode and
the E-Field pattern excited by a coax-

ial probe in the same cavity, are shown

in Figure 2(a) and 2(b). The orthogon-
al nature of the two E-Field patterns
explains the difficulties and the ineffi-
ciency encountered in attempting to
drive microwave signals through the
cavity in Figure 2. Indeed, to a first
approximation, only the deviation
from perfect symmetry causes energy
transfer at all. A mode coupling tuner
positioned as shown in Figure 2{(c) or

MODE COUPLING

{DRILLED TO SONER

REALIZE IRISES)

(b) Conventional 6-pole dual mode TE111

Fig. 1 Circular cavity filters side wall coupled.

A New Type of Dual Mode
Circular Cavity Filter

as in Figure 2(d), will couple the E-
Field excited by the coaxial probe, to
a TE111 mode supported in the same
cavity, resulting in a cavity operating
in the dual mode.

The mode coupling tuner in Figure
2(d) is located a distance away from
the coaxial probe, in an E-Field with
more resembtance to the E-Field of
the conventional dual mode (Figure
1({b). Therefore, one may expect the
configuration in Figure 2(d) to dem-
onstrate superior dual mode quality,
as compared to the configuration in
Figure 2(c).

A trial filter was constructed, con-
sisting of two cavities (1.13 inch diam-
eter}, designed to yield, 35 MHz 3 dB
bandwidth, at 8.0 GHz. The mode
coupling tuners, inserted into the cavi-
ties, effectively couple an E-Field sup-
ported by the coaxial probe in the cav-
ities toa TE111 mode. As expected,
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(c) New 6-pole fitter dual mode TE111
cavities
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the two modes, coupled and “‘folded,’
in each cavity yield a dual mode oper-
ation, demonstrated simultaneously
by the numbers of minimas in the re-
turn loss and the out of band rejection
skirt of the filter. The configurations
in Figure 2(c) and 2(d) were tested,
both yield comparable results. It may
well be that the difference between
these two configurations will become
more pronounced for cavities with
smaller diameters.
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Fig. 2 Initial coupling structure, in the input
{and output) cavity.
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(a) Estimated E-field pattern supported in a
cavity excited by a coaxial probe
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An equivalence was demonstrated
between an iris in a side wall of a cir-
cular cavity to a coaxial probe {in-
stead of the iris) with a mode coupling
tuner properly positioned in the same
cavity. This equivalence suggests a
method for building a new type of
dual mode filters.

The new dual-mode, filter shown in
Figure 1(c) contains none of the struc-
tural disadvantages, typical of the
“old”’ conventional dual mode filters,
is simpler and eventually cheaper to
construct, lending itself to more versa-
tile applications. Together with the
"old"" dual-mode filter and a possible
hybrid combination between the two,
they make an effective, flexible tool to
address microwave filtering applica-
tions.
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A Compact Versatile
Communications
Signal Synthesizer

LOCUS INC.
State College, PA

To meet tomorrow’s simulation
eeds today, the Locus, Inc. SG-122
Sommunications Simulator/Program-
nable RF Generator provides model-
ng evaluation, test and training serv-
ces for C3I Systems. As a stand-alone
Init or integrated into a computer-
sontrolled SIGINT simulator, the SG-
|22 can create a replica of the most
fesired RF signal environments.

An array of SG-122 units operating
inder computer control provides ef-
ective RF emitter scenario replication
if high density signal environments.
“he sources can be remotely controlied
wy means of a computer interface
vhich regulates the parameter of each
imulated signal including modulation
:;ontent and type.

The SG-122 is a solid-state unit
vhich provides two simultaneous, in-
jependent, high-quality RF output
ignals in the 1 to 256 MHz range in a
iingle 6%’ x 19"’ rack-mountable
nainframe. Modular plug-ins providing
soverage to 512 MHz and 1280 MHz
ire available. The unit offers micro-
rocessor control of carrier frequency,
mnodulation type and index, and signal
evel. The carrier frequency resolution
5f the SG-122 is 10 kHz over the 1 to
256 MHz range.

The SG-122, with a standard MP-
1211C AM/PSK Modulator plug-in,
provides the following modulation
capability as shown in Table I.

Fig. 1 LOCUS §G-122 — Front View.
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DATA SOURCE

AUDIO OR
DATA SOURCE

AUDID OR
DATA SOURCE

~ AUDIO OR

DATA SOURCE
AUDIO OR
DATA SOURCE
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—_— | | —
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Fig. 2 A typical test configurati

TABLE |

2

on using four $G-122's.

e AM

e FM

® FSK

e PSK
e OOK

- Modulation Bandwidth
Percent Modulation

- Bandpass
Deviation

- Keying Rate
- Deviation
- Keying Rate

- On/Off Ratio
Rise/Fall Time

20 Hz to 100 kHz
0 to 100% (1/ steps)

dc to 50 kHz
0 to 100 kHz peak (1 kHz steps)

50 kHz, maximum
0 to £ 100 kHz

50 kHz, maximum

50 dB, nominal
2 us, typical




TABLE Il

CONDENSED SG-122 SPECIFICATIONS
WITH MP-1202A CONTROL/INTERFACE MODULE PLUG-IN
AND MP-1211C AM/PSK MODULATOR PLUG-IN

Frequency Characteristics (2 Independent Signals Per Mainframe)
1-256 MHz {10 kHz steps)

< 20 ms
20 to - 120 dBm (2 dB steps}

Frequency Range®
Frequency Switching Time
Output Level Range
Spurious Outputs {(harmonic

and non-harmonic) 50 dBc

Modulation Capability (AM, FM, FSK, PSK, OOK standard}

AM Modulation Depth 0 to 100% (1% steps)
AM Bandpass 20 Hz to 100 kHz
FM Modulation Deviation 0 to 100 kHz peak (1 kHz steps)

FM Bandpass dc to 50 kHz

FSK Deviation 0 to + 100 kHz max.

FSK & PSK Maximum Rate 50 kHz max.

00K (On-Off Keying) 50 dB ON/OFF ratio, nom.
Rise Time/Fall Time 2 us typical

SSB (MP-1212 Modulator USB or LSB
Modulation Bandwidth 4 kHz voice

Internal Modulation Source
Programmable Range
Interface Characteristics
Impedance at RF Outputs

+2 V pk squarewave
7 Hz to 230 kHz

50 ohms, nominal

EXT MOD IN 5K, nominal to 100 kHz
Control Interface®* RS-232C with ‘’daisy chain’’ output
Data Rate 110 or 9600 baud

Data Format
Control Characters
Total Parameter Change Time
Mechanical/Electrical
Size 6-%" H x 19" rack mountable
Power 115 Vac + 10%, 80 watts
* Extended range mainframes and control/interface modules to 12 MHz and
1280 MHz are available as options
*# GP-IB interface available as an option.

1 start, 2 stop, no parity bits
Standard ASCII, 8 bits
< 75 ms at 9600 baud

2 MORE
Unconditionally Stable
Frequency Multipliers

|
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Other modulator plug-ins are available
to provide single sideband (SSB) and
quadrature phase shift-keyed (QPSK)
modulations.

The modulated RF output level is
programmable in 2 dB steps for -20
to - 120 dBm. Both harmonic and non-
harmonic spurious signals are <-50
dBc, providing greater than 50 dB of
spurious free dynamic range over the
1 to 256 MHz band (see Table I1).

Each SG-122 unit communicates
with the host computer or control ter-
mina! via an RS-232C link utilizing
standard ASCII characters. An isolated
output interface is provided for ““daisy
chain’’ control to other SG-122s. Each
modulated RF signal is controlled by
an internal microprocessor which re-
sponds when its unique address is
transmitted in the preamble of the
control character string. Once ad-
dressed, the unit echoes to the termi-
nal and enables control of that unit.
An optional GP-IB interface can be
used instead of, or in tandem with, the
RS-232C interface. The GP-1B inter-
face permits the SG-122 to be used as
a control or monitor element for other
GP-IB equipment such as tape systems,
audio sources, frequency counters, or
receivers.

The versatility of the LOCUS SG-
122 permits evaluation of communica-
tions receiving, recognition and distri-
bution systems, as well as communica-
tion jamming equipment under repeat-
able conditions that closely resemble
operational signal environments. A
front view of the SG-122 is shown in
Figure 1, and a typical interconnec-
tion of four SG-122s capable of pro-
viding eight simultaneous or multiple
non-simuitaneous signals is shown in
Figure 2.

A full line of RF hardware accesso-
ries to complement the SG-122, as
well as software for scenario genera-
tion, is available.

Circle 101 on Reader Service Card

ERRATUM

In the July, 1980 Microwave Tube
Buyers’ Guide, (Microwave Journal,

p. 67) a listing for the ITT Electron
Tube Division was omitted. The divi-
sion address is: P.O. Box 100, Easton,
PA. Tel: (215) 252-7331; Contact:
Travis Gerould. It manufactures
TWT's, klystrons and special devices.
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Microwave
Products

Antennas

LOW COST, 3 M ANTENNA
SYSTEM

A 3-meter antenna system is designed for
economical installation and fast satellite
acquisition time. Constructed of fiberglass
in three sections, the standard antenna is
delivered with spars to mount the single
polarization corrugated feed horn radiator,
4 GHz transformer and mast mount. Basic
reflector contains a splice plate design to
assure surface tolerance for high perform-
ance in C-band and allows 12/14 GHz up-
date. Prime focus feed design provides real
gain figures in excess of 40 dB, and option
to convert to a dual polarization receive
mode or a transmit/receive mode via mod-
ular addition of an orthomode transducer.
Price: $2500, for standard 3-meter anten-
na. System weight: 450 Ibs., with heaviest
section 150 Ibs. Shipping container has a
volume of 150 cu. ft. COMTECH Antenna
Corporation, St. Cloud, FL.
(305) 892-6111.

Materials

HONEYCOMB CORE ABSORBERS
WITH GRADIENT LOADING

A honeycomb core microwave absorber
line, AAP Type HC, are of hexagonal,
open-cell fiberglass construction. Material
is treated with a lossy layer to achieve
broadband electrical characteristics. Grad
ient loading maximizes adsorption and
maintains desired insertion loss. Material
can handle in excess of 10X the RF power
of typical foam absorbers. Resistant to
shock, vibration and humidity, and operat-
ing up to 500°F, these absorbers are avail-
able in various configurations — flat with
gradient or uniform loading, pyramidal,
wedge, and custom machined shapes. Ad-
vanced Absorber Froducts, Inc., Amesbury,
MA. Maurice A. Pennisi. (617) 388-1963.
Circle 110

Au-PLATED Cu CONDUCTIVE
ELASTOMER GASKETS

Xecon~ SPC, a homogenous conductive
elastomer, consists of high grade silicone in
which are suspended microscopic silver-
plated copper particles. In gasket form the
material is suited for wideband EMI/RFI
shielding {better than 110 dB at 18 MHz,
72 dB at 10 GHz) and environmental seal-
ing. Control of dispersion of conductive
particles gives predictable physical and
electrical properties. The material’s 60
durometer strength makes it particularly
suitable for high closure force applications.
Metex Corporation, Electronic Products
Div., Edison, NJ. (201) 287-0800.

Circle 113.

Circle 115.

STABLE SUBSTRATE

Cu-Clad 217 1s a dimensionally stable mi-
crowave substrate which combines woven
glass mechanical stability and economy
with non-woven products low-loss charac-
teristics. Material has high copper peel
strength for fine-line striplining. Size:
Standard sheet — 17" x 36", also up to
36" x 36". Thicknesses come in 10-mil
increments from 10-120 mils. Conforms to
military specification MIL-P-13949F. 3M,
Electronic Products Div., Dept. EP80-18,
St. Paul, MN. (612) 733-9214. Circle 112.

LOSSY FLEXIBLE FOAM SHEET

ECCOSORB" LS is a series of low-density,
high-loss flexible foam sheet materials de-
signed for cavity loading, wrapping of radi-
ating elements or use as waveguide loads.

It is available in a wide variety of forms
with range of dielectric properties. Weight:
5 Ibs./cu. ft. (0.08 g/cc). Size: Standard
sheet — 24" x 24°* with 1/8°°, 1/4"', 3/8"" or
3/4" thickness. Sheets can be cemented to
each other absorber to form a graded ab-
sorber. Spray coating is available to seal
material for outdoor use. Emerson & Cum-
ing, Canton, MA. Jeanne B. O'Brien,

(617) 828-3300. Circle 111.

Devices

STANDARD NPN Si
RF TRANSISTOR

A standard NPN silicon transistor, NEQ21,
comes in 36 and 37 Micro-Disk packages.
The device features a 1.5 dB noise figure at
500 MHz, and can operate at currents up to
50 mA for low distortion applications.
Price: $12, 100 gty. California Eastern
Laboratories, Inc., Santa Clara, CA.

(408) 988-3500. Circle 118.

PIN DIODES FOR 500-900 MHz
ANTENNA SWITCHES

A series of PIN diodes, UM9601-UM9608,
are designed for use with 2-way radio an-
tenna switches and for microwave switching
elements. Operates over a range of 100 MHz
to 4 GHz. When used in antenna switching
circuits of 800-900 MHz 2-way radio, mod-
el UM9601 provides > 30 dB of receiver
isolation during transmit at < 0.4 dB re-
ceive insertion loss. Intermodulation dis-
tortion of received signals is < - 100 dB.
Unitrode Corporation, Lexington, MA.
(617) 861-6540. Circle 142.

300 W CW SPACE TWT FOR
2.0-2.3 GHz

Model 8281H TWT offers 300 W CW in the
2.0-2.3 GHz frequency band. Conversion
efficiency is greater than 50% and integral
heat pipe cooling permits low temperature
operation. Average baseplate flux density

is 2.3 W per sq. in. Cathode loading is 184
mA per sq. cm. Weight: 18.5 Ibs. (8.4 kg).
Size: 22" (55.9 cm) L. Hughes Aircraft
Co., Electron Dynamics Div., Torrance, CA.
(213) 534-2121. Circle 143.

fRLEL M an g 8w NS S ) A
MAGNETRON
Miniature K,,-band magnetron tube, Model
VMU-1255, delivers a min. peak power
output of 350 W (at a duty cycle of 0.002)
and has an operating life expectancy of
over 500 hrs. This device is mechanically
tunable over the 16.2-16.3 GHz frequency
range. Designed for radar beacon trans-
ponders, it has a max. frequency deviation
of 6 MHz over the -54° to 71°C tempera-
ture range. Size: 1.32" x 1.26" x 2.4".
Weight: 8.5 0z. Varian Associates, Elec-
tron Device Group, Palo Alto, CA.

{415) 493-4000. Circle 144.

Systems

EARTH STATION TRAINING
SYSTEMS

A low noise amplifier training system was
developed for use in an earth station train-
ing facility. Consisting of an ultra-low noise
amplifier, hot/cold load, low loss transmit/
reject filters, manual waveguide switch,
and precision test receiver, the system
trains technicians and engineers in a class-
room situation. LNR Communications,
Inc., Hauppauge, NY. Jeannie Piotrowski,
(516) 273-7111. Circle 114

1250 W, 220-400 MHz RANGE
AMPLIFIER

A broadband power amplifier, Model
1000HA, delivers a min. of 1250 W from
220-400 MHz, and offers linear operation
over a 90 dB dynamic range — from noise
level to 1 dB gain compression at 700 W.
Unit employs vacuum tubes in the output
stage. 60+ dB gain figure guarantees full
output with an input level of 1 mW or less;
a continuous gain adjustment of 14 dB is
available on the front panel. Model oper-
ates into any magnitude and phase of load
impedance without damage. An optional
IEEE bus interface is available. Size: 22"
x 60" x 23", Price: $37,000 FOB. Del:
120 days ARO. Amplifier Research, Soud-
erton, PA. (215) 723-8181. Circle 145



Instrumentation

SPECTRUM ANALYZER GPIB
INTERFACE

The 757-57 General Purpose Interface Bus
{GPIB) is designed for use with a spectrum
analyzer and permits remote calculator
control for the processing of commands re-
lated to the sweep, trace data and alphanu-
meric annotations which are displayed on
the CRT. GPIB Interface uses a microproc-
essor in conjunction with the interface
adapter; it will interpret and execute com-
mands issues by a standard controller. Elec-
tronic Instrumentation Div., Eaton Corpo-
ration, Ronkonkoma, NY. (516) 588-3600.
Circle 116.

JOSEPHSON JUNCTION ANALOG

The JA-100 is a Josephson junction analog
which simulates the action of cryogenic,
superconducting Josephson junctions, at
room temperature. It translates the 10-15
pS switching time of a junction into 100 us
and the 2-3 mV gap voltage into 1 V so
that they may be observed with low cost
test equipment. Unit can be used a circuit
component, in the development of Joseph-
son circuit prototypes, and as a means of
reviewing Josephson characteristics. It has a
self-contained power supply. Input power
is 107-135 Vac 60 Hz 10 W. Unit is elec-
tronically isolated and protected against ac-
cidental overload. Price: $245, 1-4 qty;
$215, 5-24 qty. Del: 30 days, FOB. Philipp
Gillette and Associates, Beaverton, OR.
Harold Philipp, (503) 645-6339.

Circle 117.

Components

S-BAND FREQUENCY
SYNTHESIZER

Model 6765 is a frequency synthesizer
which covers the 2080 to 2108 MHz band
in 500 kHz steps with +10 dBm output.
The 10 MHz reference oscillator provides
*+10 ppm frequency stability over the 10 to
55°C range. Unit can be monitored exter-
nally and adjusted to compensate for aging.
Spurious outputs are -50 dBc, maximum,
FM noise is -40 dBc in 3 kHz band at 20
kHz offset. Commands are BCD, TTL; set-
tling time to within 50 ppm of final fre-
quency is 100 ms. dc inputs are 28 and 5 V.
Size: 6" x 4.5 x 2.7"'. Zeta Laboratories,
Inc., Santa Clara, CA. (408) 727-6001.
Circle 141.
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HIGH-LEVEL NOISE MODULE

A high-level noise module NODA45, covers
the 500-1000 MHz frequency band. Com-
ponent operates from a +15 V supply and
uses less than 300 mA. Minimum output is
-82 dBm/a/Hz across 50 ohms, and a peak
factor greater than +12 dB is provided.
Temperature coefficient is < .01 dB/C°
over a range of +10° to 50°C. Long-term
drift after warm-up is < .05 dB per 24 hrs.
Comes with SMA output for noise, solder
lugs for bias. Size: 9.9 x 4.4’ x 1.5, Del:
8 wks., ARO. Micronetics, Inc., Norwood,
NJ. {201) 767-1320. Circle 135.

HYBRID TEST FIXTURE

Model T-1160 is a hybrid text fixture
which was designed for making RF meas-
urements on 4 pin TO-8 RF modular am-
plifiers. Maximum frequency recommend-
ed for making accurate ‘S’’ parameter
measurements is 1.3 GHz. Fixture comes
with 2 modules to give short, open,
through, and 50-ohm impedance for cali-
bration purposes. Pin contacts and header
contact plate are gold plated for repeatable
and reliable interfaces. Q-bit Corporation,
Palm Bay, FL. (305) 727-1838.

Circle 136.

GUIDED ENTRY SLEEVE FOR
SUBMINI RF CONNECTORS

A guided entry sleeve for both slide-on and
snap-on type plugs for SMB and SMC RF
connectors is offered to aid multiple con-
nector mating. A long chamfered entry on
the connector sleeve compensates for ac-
cumulated tolerance build-ups in rack and
panel, or modular interfaces on center-to-
center dimensions. Guided entry aligns the
mating components and prevents damage
of the connector due to misalignment. RF
Components Div., Sealectro Corp., Mama-
roneck, NY. (914) 698-5600. Circle 138.

CUSTOM WIDEBAND HIGH PASS
FILTER

Modeis in Series F-90 and F-100 are cus-
tom wideband, highpass, filters for the 20
MHz to 18 GHz frequency range. Units
provide low insertion loss, good SWR and
rejection through the use of both distribut-
ed and lumped component technigues.
Miniaturized construction is featured.
Price: from $150, unit qty. Del: 4 wks.
RLC Electronics, inc., Mt. Kisco, NY.
(914) 241-1334. Circle 137.

SMALL PROGRAMMABLE
ATTENUATORS

Series 3200 are programmable step attenu-
ators which operate over the dc to 2 GHz
frequency range. They are available in 8, 5,
and 1 cell configurations and 5 standard
attenuation ranges (127 dB/10 dB steps,
63.75 dB/0.25 dB steps, 0.5 dB/0.5 dB
step. Incremental accuracy is: +0.2 dB or
0.5% to 500 MHz; 0.2 dB or 1% to 1 GHz;
and 0.3 dB or 2% to 2 GHz. Switch life is
107 operations; switching speed is 6 ms,
maximum at nominal 12 V/14 mA per cell.
Monotonic performance is guaranteed to
1.5 GHaz. Price: starts at $135 (US). Avail:
Stock to 90 days ARO. Weinschel Engi-
neering, Gaithersburg, MD.
(301) 948-3434. Circle 140.

{continued on page 100)

{from page 32) AMPLIFIERS

to TWT amplifiers. Gunn and
IMPATT diodes seem to be over-
taken, but silicon bipolar transis-
tors continue to compete for ap-
plications in saturated amplifiers
below 5 GHz and in linear power
amplifiers below 3 GHz.

The modern high-efficiency
TWT's offer unmatched overall
performance, reinforcing the sys-
tems users confidence that has
been building up during the past
three decades. This tends to post-
pone the transition to solid-state
TWT substitutes wherever the
advantages thereof are not yet
quite convincing.

Leaders in the development
and systems applications of GaAs
FET power amplifiers are manu-
facturers with superior in-house
device capability. They manage
to absorb the start-up costs and
tend to avoid the use of TWT's
wherever technically justifiable.

The principal performance dis-
advantage of present-day GaAs
FET power amplifiers is their low
efficiency in comparison with the
modern TWT's. Overcoming this
disadvantage may take another
few years of systematic develop-
ment efforts. However, there is a
way of circumventing it in a sig-
nificant number of systems ap-
plications, where the solid-state
amplifiers are not required to
match the standard 10 W or high-
er TWT power output. Such is
the case wherever a sizable trade-
off (3-6 dB) between transmitter
output power and receiver noise
figure is technically and economi-
cally feasible, and does not result
in excessive system interference.

Equipment manufacturers de-
pending on commercially avail-
able active microwave devices are
presently at a distinct disadvan-
tage in terms of power GaAs FET
availability, performance and
cost. GaAs FET's will have
reached maturity when this dis-
tinction becomes negligible, as it
has for TWTs and silicon bipolar
power transistors.

In summary, while solid-state
microwave power amplifiers
made most encouraging progress
during the past five years, the
TWTs kept advancing, as well
and we may well plan another
panel session on the same subject
in another five years. s
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“Special” key for manual “upshift™
functions and service routines

New

8901A Modulation Analyzer.

For the first time all the capability you need to
measure RF frequency. power and modulation
is in one instrument.

The new HP 8901A Modulation Analyzer—
essentially a precision calibrated heterodyne
receiver—quickly characterizes transmitters and
accurately calibrates signal generators.

The 8901A design minimizes measurement error,

e.g. residual FM on the internal local oscillator
is<<1Hz at 100 MHz (50Hz-3kHz BW).

AM & FM accuracy is * 1% (@M +3%). Well
isolated detectors let you separate small values of

l DESIGNED FOR|

O

HEWLETT
PACKARD

incidental AM or FM from large values of primary
modulation.

Easy to use too, the HP 8901A automatically
selects the strongest signal. makes the measurement
and displays the result. All in all. it's not only a new
concept in RF measurements. but an extremely
powerful tool for the analysis of modulated signals.

Take a look at the features above. then if you
want more information call your nearby HP sales
office or write Hewlett Packard Co.. 1507 Page
Mill Road. Palo Alto, CA 94304.

Price $7800%* Calibrator, $500*

*Domestic U.S. Prices Only
049028




(from page 98) NEW PRODUCTS

TERMINATION INSENSITIVE MIXER COVERS
5-9 GHz BAND

MD-164 is a termination insensitive mixer {TIM) which covers
the .5-.9 GHz range. Unit offers 8.5 dB typical conversion loss
with {F port response to 2 GHz; +8 dBm compression point
and +17 dBm 3rd order intercept over the entire band. Price:
$395, flatpack version; $470, connectorized version. Del: from
stock. Anzac Div., Adams-Russell Company, Inc., Burlington,
MA. (617) 273-3333. Circle 120.

SMA QUICK-DISCONNECT RACK AND PANEL
CONNECTOR

The SMA quick-disconnect rack and panel plug connector,
705535-003, has a spring-loaded float mount and is intended
for blind mating rack and panel applications. SWR is 1.25 max.
to 28 GHz. The plug mates with a standard SMA jack and
meets all applicable portions of MIL-C-39012. Price: $6.32,
1000 pieces. Cablewave Systems, Inc., North Haven, CT.
Steven Raucci, Jr., (203) 239-3311. Circle 121.

BUSINESS
OPPORTUNITIES

NEW VENTURES

NYSE company wishes to expand technology
base in materials, energy, semiconductors, and
broadcasting business through new venture
activities.

Preferred are management teams representing
marketing, finance, and technology, disciplines.
Patented products or processes are highly desir-
able. Some track record for business is an added
plus.

Company offers equity participation, competi-
tive salary and benefit package.
Please send a business plan complete with manu-

facturing and marketing strategies and financial
projections to:

Box FM

610 Washington St.
Dedham, Mass. 02026

An Equal Opportunity Employer
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INTEGRATED UHF DUAL ISO-FILTER

Model 103600027 is a UHF dual iso-filter with sharp cutoff
comb-line filter and two high performance ferrite isolators in-
tegrated on a common ground plane structure. Unit covers the
494.554 MHz frequency range with an insertion loss of 1.3 dB
maximum. Rejection at 614 MHz and 438 MHz is greater than
40 dB; input and output SWR remain below 1.3 for al! load
conditions. Both single and dua! iso-filters covering bandwidths
as wide as 70% from 500 MHz to 18 GHz are available. Phase
linearity and loss variation specifications are optional. Model
103600027 price: $1,395. Del: 8-12 wks., ARO. Addington
Microwave Components, Eaton Corp., Sunnyvale, CA. Jim
Wilson, (408) 738-4940. Circle 122.

LOW LOSS COAXIAL CABLE ASSEMBLIES FOR
26.5 GHz BAND

The Gore-Tex ™ .190" O.D. line of coaxial cable assemblies
offer low insertion loss at all frequencies up to 26.5 GHz. Im-
pedance is 50 + 1 ohm; time delay is 1.2 nsec/ft (85% speed of
light); capacitance is 26 pf/ft; RF leakage is more than 100 dB
down at 1 GHz, corona extinction voltage is 2500 V, rms and
dielectric wuthstandmg voltage is 1000 V, rms. Operatmg tem-
perature range is - 55 C to 200 C {cable), 55 C 10 150 C
{assembly}. Minimum bend radius is 1 in., standard assembly.
Weight: 30 gm/ft. of cable,14 gm per connector pair. W. L.
Gore & Associates, Inc., Electronic Assembly Div., Newark,
DE. (301) 368-3700. Circle 124.

BROADBAND OVERLOAD PROTECTOR FOR
RF INSTRUMENTS

A limiter which protects RF instruments from overload dam-
age, Mode! 11867A, provides limiting action at signal levels
around 1 mW. With applied levels of 10 W CW {or 100 W
peak), the output from the limiter stays below 100 mW. effect
on lower level measurements is minimal, typically introducing
frequency response variations of less than 0.25 dB across the
dc to 1800 MHz range. Price: $225 (USA). Del: 2 wks. Hew-
lett-Packard Co., Palo Alto, CA. (415) 857-1501. Circle 125.

TVRO MIXER SPANS .5-3 GHz RANGE

A TVRO mixer, MLK-124, covers the 1-4.2 GHz range and has
an |F output range of 0.5-3 GHz. LO power required is +7 to
+13 dBm, minimum. Isolation for all ports is specified at 20
dB, with typical figures of approximately 30 dB. Unit has a
conversion loss specified at 8.5 dB maximum for the full fre-
quency range, with typical figures in 6.5 dB area. Price: $75,
with SMA connectors, a flatpack version is also available. En-
gelmann Microwave Company, Montville, NJ. Carl Schraufnagi,
(201) 334-5700. Circle 126.

LOW CONVERSION LOSS MIXERS FOR 1-10 GHz

A line of double balanced mixers {FC-325), feature conversion
loss of 4.5 dB max. for the lower frequency models, and no
higher than 5.5 dB max. for the higher frequency units. Line
covers the 1-10 GHz frequency band. Series has flat conversion
loss over the entire frequency range, 1 dB compression points
range from O to +3 dBm and 3rd order intercept points from
+9 to +14 dBm. Models are available both as down-converters
and up-converters and are equipped with SMA connectors.
Lorch Electronics Corp., Englewood, NJ. (201) 569-8282.
Circle 130.

DOUBLE BALANCED TO-8 MIXERS

Miniaturized high and low level double-balanced TO-8 mixers
cover the 1-1000 MHz frequency range. Series M40T mixers
also come in DIP package (relay header) from 10-1000 MHz.
Units operate at +7 dBm LO (low-level model M43t) or +13
dBm LO (high-level model M46t); typical conversion loss is 6.5
dB; typical isolation is 45 dB from 1-100 MHz; 35 dB from
100-500 MHz; 30 dB from 500-1000 MHz. Magnum Micro-
wave Corporation, Sunnyvale, CA. David Fealkoff,

(408) 738-0600. Circle 131.
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RT/duroid

materials
for you
+ .02

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

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

B Greater directivity in narrow
frequency band couplers.

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

# The same in dual path phase
comparison devices.

W Closer frequency response
curve tolerances in stripline
filters.

MIL P 13949E calis for i .04
tolerance. Our new process
controls make us tighter than
that: t+ .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
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There
areonly
two things
you need for
fast delivery
of any
microwave
component.

Your
telephone

and
our catalog.

AN *,v.' 4’ o _;)’
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. 07038
Telephone (201) 992-7700
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New

Literature

PUBLICATION ON MIXER
MODULATION MEASUREMENTS

Publication SP 400-16 describes mod-
ulation measurements for microwave
mixers. This 86-page NBS document
discusses the measurement of mixer
conversion loss using periodic or incre-
mental modulation of the local oscilla-
tor, plus evaluation and minimizing of
associated systematic and random un-
certainties encountered with an X-band
mixer measurement system. It covers
improvements in periodic and incre-
mental modulation techniques and
novel circuits for measuring intermedi-
ate-frequency output conductance and
local-oscillator return loss. Price:
$3.75. Supt. of Documents, Govt.
Printing Office, Washington, DC.
Circle 106.

SMB/SMC COAXIAL CONNECTOR
CATALOG

Catalog CX-9 details a line of SMB/
SMC coaxial connectors. It includes
information on an expanded line of
ConheX connectors, including the
Posi-Loc SMB, both 50 and 75 2
types, and direct solder series. A com-
plete cross-reference to MIL-C-39012,
Series SMB/SMC is provided, along
with detailed specifications and draw-
ings. RF Components Div., Sealectro
Corporation, Mamaroneck, NY.

(914) 698-5600. Circle 107.

DATA SHEET ON VHF POWER
TRANSISTOR

A two-color data sheet, No. SD1480,
describes a 125 W, 28 V VHF power
transistor. Includes application de-
scription, features, absolute maximum
ratings, electrical characteristics, typi-
cal curves and a circuit diagram for the
test circuit. Thomson-CSF, Solid State
Microwave Division, Montgomeryvilie,
PA. (215) 362-8500. Circle 108.

COAXIAL MAGNETRON BOOKLET

A 38-page booklet describes coaxial
magnetrons developed for use in in-
strumentation, surface and airborne
radars and ECCM applications. A his-
tory of coaxial magnetrons is present-
ed, as well as theory of operation, typ-

ical parameters and specifications plus
photos for full line of these devices,
excluding classified types. Modifica-
tion kits for upgrading older radars are
also offered. Varian, Electron Device
Group, Palo Alto, CA.

{(415) 493-4000. Circle 109.

APPLICATION NOTE ON
AUTOMATED SYSTEMS FOR
NOISE MEASUREMENTS

An application note, 64-3, gives details
on how to assemble an automated sys-
tem to make accurate noise figure
measurements. This 32-page booklet
describes a system using a microwave
source and mixer as a tunable down-
converter plus power meter, noise
source and off-the-shelf components.
General noise figure measurement
principals are introduced in addition
to instructions for assembly and oper-
ation. Demonstration software rou-
tines are provided, as well as typical
curves and block diagrams. Hewlett-
Packard Co., Palo Alto, CA.

(415) 857-1501. Circle 103.

RENTAL TEST AND MEASURE-
MENT EQUIPMENT CATALOG

A catalog lists over 2,600 electronic
test and measurement items offered
for rent to government agencies. The
General Services Administration Mas-
ter Price List describes all testing and
measurement devices available for -
short-term rental (one year or less) for
a variety of applications. Leasametric,
Foster City, CA. (415) 574-4441.
Circle 104.

FERRODISC MICROSTRIP
CIRCULATORS AND ISOLATOR
CAPABILITY BROCHURES

Bulletins 1147 and 1141B are capabil
ity booklets for lines of microwave
ferrodisc circulators and isolators.
They provide circuit designers with
comprehensive specifications, includ-
ing key mechanical and thermal pa-
rameters, technical applications infor-
mation and procedures for installing
the devices into microstrip circuits.
Microwave Associates, Burlington, MA.
(617) 272-3000. Circle 105.
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er GaAs FETs

the highest power Ices
commercially avafbie,
and made in' America

\\ ® Broadband Linear Gain
e Lowest The

o Go,‘d Me {®
Electrical Characteristics (@ 25°C) 4]
3 =
MODEL TEST pour | poyrit PIN vas Idss 8ccl? PACKAGE
NUMBER FREQ TYP MIN NOM NOM TYP TYPE
(MH2) W) ) (mwW) v (mA) 1°C'W)
C-BAND SERIES
MSC 88000 4000 0.060 0.050 8 8 ) 45 FLIP-CHIP HERMETIC
MSC 88001 6000 0.200 0.175 a0 8 150 35 FLIP-CHIP HERMETIC
MSC 88002 6000 0.400 0.350 ) 9 300 25 FLIP-CHIP HERMETIC
MSC 88004 6C00 1.000 0.800 200 9 700 20 FLIP-CHIP HERMETIC
MSC 88012 6000 3.700 3.500 800 10 2000 7 FUIP-CHIP HERMETIC
X-BAND SERIES
MSC 88100 12000 0.060 0.050 16 8 % 45 FLIP-CHIP CARRIER
MSC 88101 12000 0200 0175 56 8 150 35 FLIP-CHIP CARRIER
MSC 88102 12000 0400 0.350 125 9 300 25 FLIP-CHIP CARRIER
MSC 88104 12000 1.000 0800 280 ° 700 20 FLIP-CHIP CARRIER
Ku-BAND SERIES
MSC 88199 15000 0.030 0.025 6 8 70 40 FLIP-CHIP CARRIER
MSC 88200 15000 0.140 0.100 25 8 120 35 FLIP-CHIP CARRIER
MSC 88201 15000 0250 0.200 70 8 460 2 FLIP-CHIP CARRIER
MSC 88202 15000 0.450 0.400 140 9 125 23 FLIP-CHIP CARRIER
MSC 88204 15000 0.900 0.800 316 9 675 15 FLIP-CHIP CARRIER

NOTE (1) Power Output at the 1 dk Gain Compression point 1s defined as
the point where further InCreases in INput power cause the out
put power to decrease * dB from the inear perion of the curve

NOTE (2} Thermal Resis:ance determined by Intra Red Scanning of Hot
Spot Chanre, Temperature at 1

oted RF operating conditions

Reterence M3C Application Note TE-212

YOUR TOTAL MICROWAVE RESOURCE
The MSC series of GaAs FETs are designed
for linear power amplifiers and for oscilla-
tor applications from 2-14 GHz. Higher fre-
quency state-of-the-art devices are also
available. Please call or write for a com-
plete GaAs FET Product Data Packet, and
the MSC 24-Page Product Guide.

I..='- MICROWAVE SEMICONDUCTOR INC.
EwSmm an affiliate of SIEMENS

100 School House Road

Somerset, New Jersey 08873, US.A.

(201) 469-3311 TWX (710) 480-4730 TELEX 833473
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Introducing
the latest-
but not last-
Hughes

Uplink HPAs

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

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

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

In a word, “outstanding’

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

Or call (213) 534-2121, ext. 2114.

International offices:

France: 161, de Tolbiac, 75013,

Paris, Tel. 580-9527.

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

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

Where innovations
in TWT technology are
a tradition.

HUGHES

1
(]
[}
[}
1 ]
L J
HUGHES AIRCRAFT COMPANY
ELECTRON DYNAMICS DIVISION
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