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Desigmens (hoice
Microwave Components Every
Designer Should Know About!

KDI PYROFILM has more to offer in microwave resistive
components for Coax., Stripline and
Microstrip Applications

60 S. Jefferson Road e Whippany, N. J. 07981  (201) 887-8100
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MITEQ
SYNTHESIZED
FREQUENCY SOURCES

Featuring a thumbwheel frequency selection, low phase noise, 10
MHz frequency steps, 5 MHz input reference and options for 10 MHz
and 100 MHz input reference.

GENERAL SPECIFICATIONS

Power
Output |[Output
Model Frequency| (Min.)

Reference Input -
Frequency: 5 MHz standard,
10 MHz and 100

MHz options Number (GHz) |(dBm)
Friﬁlﬁiy Step e o PLS-3742-10| 3.7-4.2 | +13
Size: 10 MHz PLS-4449-10| 4.4-4.9 | +13
Frequency PLS-4853-10| 4.8-5.32| +13
Stability: B ol - SR PLS-6570-10|6.55-7,05 | +10
YL EY PLS-7075-10| 7.0-7.55| +10
PLS-7277-10| 7.2-7.7 | +10

Spurious Outputs -

Inband: -70 dBc

Outband: -55 dBc
Power Output

Variation -

Frequency: +1.5 dB 100 RICEFIELD LANE

Temperature: +1.5 dB
DC Power: +20V at 700 mA HAUPPAUGE,NY 1178
Operating

Temperature: 0 to 50°C 516)543-8873
Weight: 23 oz,

Connectors - RF: SMA female
DC: Solder filter

aa . annae A TTnan 15 a e b B 4 et e s S s ew -



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

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

BASIC CASE STYLES

PSC Series ZAPD Series

TWO-WAY 0°
(2kHz — 4200 MHz)

momwmmmh nﬂn | B |
moclor &e =

TWO-WAY 90° TWO-WAY 180°
(1.4—4200 MHz) (10kHz — 500 MHz)

wewHnll wenxorHa
THREE-WAY 0° Bmmami Q

(0.01 — 760 MHz)
SIX WAY O°

= = B
FOUR-WAY 0O° (1— 175 MHz)

(2kHz — 1000 MHz) a E *
= = w s BOH M BHM R ™

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

wem B5H EEEEEE ERERRRRRRH

DISTRIBUTORS—USA

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

VIRGINIA, WASHINGTON D.C.

NORTHERN NEW JERSEY & EASTERAN PENNSYLVANIA MARYLAND, WEST VIRGINIA &
WESTCHESTER COUNTY NORTH CAROLINA

Microwave Distributors MLC Distnibutors Crown Electronics Pen Stock MLC Drstributors

61 Mail Drive 456 Germantown Pike 11440 Coliins Street 105 Fremont Avenue 1561 Randali Court

Commack, NY 11725 Lafayette Hill, PA 19444 N Hollywood. CA 91601 Los Aiton CA 94002 Woodbridge, VA 22191

{516) 543-4771 (215) 825-3177 (213) 877-3550 (415) 948-6533 (202) 296-2497

B43-1/REVC



OMBINERS

Over 96 models covering
2 kHz to 4.2 GHz

For complete specifications and performance curves, refer to

1980-81 MicroWaves Product Data Directory

Max.
Min. insert.
Freq. isol-dB |loss-dB | See
range (Mid- (Mid- | notes Price
Model (MHz) band) | band) !below! (Qty.)
2-WAY 0° I

PSC-2-1 0 1-400 20 0.75 $9.95 (6-49)
PSC-2-1W 1-650 20 09 $14.95 (6-49)
PSC-2-2 0 002-60 20 0.6 $19.95 (6-49)
PSC-2-1-75 0 25-300 20 0.75 1 $11.95 (6-49)
PSC-2375 55-85 25 0.5 1 $19.95 (6-24)
PSC-2-4 10-1000 20 12 $19.95 (6-49)
MSC-2-1 0.1-450 20 0.75 $16.95 (5-24)
MSC-2-1W 2-650 25 08 $17.95 (5-24)
ZSC-2-1 0 1-400 20 075 3 |9$27.95 (4-24)
2SC-2-1-75 0 25-300 20 075 1,3 |$29.95 (4-24)
ZSC-2-1w 1-650 20 08 3 [$32.95 (4-24)
ZSC-2-2 0 002-60 20 06 3 |$37.95 (4-24)
ZSC-2375 55-85 25 05 1.3 [$37.95 (4-24)
ZMSC-2-1 0 1-400 20 075 4 [$37.95 (4-24)
ZMSC-2-1w 1-650 20 08 4 |$42.95 (4-24)
ZMSC-2-2 0 002-60 20 06 4 |$47.95 (4-24)
ZFSC-2-1 5-500 20 06 5 |$31.95 (4-24)
ZFSC-2-1-75 0.25-300 20 0.75 5 |[$32.95 (4-24)
ZFSC-2-1W 1-750 20 0.8 5 |$35.95 (4-24)
ZFSC-2-2 10-1000 20 10 5 |$39.95 (4-24)
ZFSC-2-4 0 2-1000 20 10 S5 |$44.95 (4-24)
2FSC-2-5 10-1500 20 10 5 |[$49.95 (4-24)
ZFSC-2-6 0 002-60 20 06 5 |$36.95 (4-24)
ZFSC-2-6-75 0 004-60 20 08 1.5 [$38.95 {4-24)
ZAPD-1 500- 1000 19 06 6 |$39.95 (1-9)
ZAPD-2 1000-2000 19 06 6 |[$39.95 (1-9)
ZAPD-4 2000-4000 19 08 6 1$39.95 (1-9)
E W | 2-WAY 90 [
PSCQ2-1.5 1.4-17 25 0.7t 2 |$12.95 (5-49)
PSCQ2-3.4 3038 25 0.7 2 |%$16.95 (5-49)
PSCQ2-6.4 5.8-70 25 07t 2 1$12.95 (5-49)
PSCQ2-7.5 7080 25 07t 2 |$12.95 (5-49)
PSCQ2-10.5 90-110 20 07t 2 |$12.95 (5-49)
PSCQ2-13 12-14 25 07t 2 |512.95 (5-49)
PSCQ2-14 12-16 25 07t 2 |$16.95 (5-49)
PSCQ2-21.4 20-23 25 07t 2 |$12.95 (5-49)
PSCQ2-50 25-50 20 07t 2 |$19.95 (5-49)
PSCQ2-90 55-90 20 07t 2 |$19.95 (5-49)
PSCQ2-180 120-180 15 0.7t 2 |$19.95 (5-49)
25CQ2-50 25-50 20 07t 2,3 1$39.95 (4-24)
Z25CQ2-90 55-90 20 0.7t 2.3 |$39.95 (4-24)
ZSCQ2-180 120-180 15 07t 2.3 [$39.95 (4-24)
ZMSCQ2-50 25-50 20 07t 2.4 [$49.95 (4-24)
ZMSCQ2-90 55-90 20 07t 2.4 1$49.95 (4-24)
ZMSCQ2-180 120-180 15 07t 2.4 |$49.95 (4-24)
ZAPDQ-1 500-1030 20 09 2,13 |$59.95 (1-9)
ZAPDQ-2 1000-2000 18 09 2,13 [$59.95 (1-9)
ZAPDQ-4 2000-4200 20 09 2,13 559.95 (1-9)
I - WAY 180°
PSCJ-2-1 1-200 25 08 §$19.95 (5-49)
PSCJ-2-2 0.01-20 25 0.5 $29.95 (5-49)
ZSCJ-2-1 1-200 25 o8 3 |$37.95 (4-24)
ZSCJ-2-2 001-20 25 05 3 |$47.95 (4-24)
ZMSCJ-2-1 1-200 25 08 4 |$47.95 (4-24)
ZMSCJ-2-2 001-20 25 05 4 1$57.95 (4-24)
2FSCJ—2-1 1-500 25 15 5 [$49.95 (4-24)
ZFSCJ-2-3 5-300 25 15 5 1839.95 (4-24)

1. 75 ohms tmpedance

12 Average of coupled outputs less 3 dB

3. BNC connectors standard TNC available

4 SMA connectors only

5 BNC connectors standard TNC available

SMA & Type N available at $5 additional cost
6 BNC and TNC connectors (SMA and Type N at $5 additional cost) (BNC not

available on 22 PD-4)
Please specily connectors
1. TNC SMA & Type N at $5 additional cost
Please specity connectors

1980-81 EEM

1980-81 Gold Book, Vol. 2

Max.
Min. insert.
Freq. isol-dB |(loss-dB | See
range (Mig- (Mid- | notes Price

Model (MHz) band) | band) Ibelow! (Qty.)
_ 3- WAY 0°
PSC-3-1 1-200 07 $19.95 (5-49)
PSC-3-1W 5-500 15 14 $29.95 (5-49)
PSC-3-1-75 1-200 25 07 1 $20.95 (5-49)
PSC-3-2 001-30 25 045 $29.95 (5-49)
PSC-3-13 1-200 35 0.6 $24.95 (5-49)
2SC-3-1 1-200 25 0.7 3 |$37.95 (4-24)
ZSC-3-1-75 1-200 25 0.7 1,3 [$38.95 (4-24)
2S8C-3-2 0.01-30 25 0.45 3 [$47.95 (4-24)
ZSC-3-2-75 0.02-20 28 06 1.3 |$48.95 (4-24)
ZMSC-3-1 1-200 25 07 4 |$47.95 (4-24)
ZMSC-3-2 001-30 25 045 4 |[$57.95 (4-24)
ZFSC-3-1 1-500 20 0.9 5 |[$39.95 (4-24)
ZFSC-3-1W 2-750 20 10 5 |[$41.95 (4-24)
ZFSC-3-13 1-200 85 06 | 5 [$39.95 (4-24)
e i e 4 WAY 0 e
PSC-4-1 0.1-200 075 $28.95 (6-49)
PSC-4-1-75 1-200 20 09 1 $24.95 (6-49)
PSC-4-3 0.25-250 20 075 $23.95 {6-49)
PSC-4A-4 10-1000 15 11 $49.95 (6-49)
PSC-4-6 001-40 25 0.5 $29.95 (6-49)
ZSC-4-1 0 1-200 20 075 3 |$46.95 (4-24)
ZSC-4-1-75 1-200 20 08 1.3 [$46.95 (4-24)
ZSC-4.2 0 002-20 25 05 3 | $69.95 (4-24)
ZSC-4-3 0 25-250 20 075 3 [$43.95 (4-24)
ZMSC-4-1 01-200 20 075 4 |$56.95 (4-24)
ZMSC-4-2 0 002-20 25 05 4 [$79.95 (4-24)
ZMSC-4-3 0 25-250 20 075 4 1553.95 (4-24)
ZFSC-4-1 1-1000 18 15 8 {$89.95 (1-4)
ZFSC-4-1W 10-500 20 15 8 |$74.95 (1-4)
ZFSC-4375 50-90 30 2 1.8 1$89.95 (1-4)

6-WAY 0° I

PSC-6-1 I 1-175 I 18 I 10 I 1$68.95 (1-5)
ZFSC-6-1 1-175 20 12 9 [$89.95 (1-4)

ISR Feias 8- WAY 0 So==meac=ec

PSC-8-1 | 05175 11 $68.95 (1-5)
PSC-8-1-75 05-175 20 0.8 1 |$69.95 (1-5)
PSC-8A-4 5-500 18 1.8 $89.95 (1-5)
PSC-8-6 001-10 23 11 $79.95 (1-5)
ZFSC-8-1 0.5-175 20 11 10 |$89.95 (1-4)
ZFSC-8-1-75 05175 20 10 1,10 $90.95 (1-4)
ZFSC-8375 50-90 25 13 1,10 1$119.95 (1-4)
ZFSC-8-4 0 5-700 20 S 10 [$129.95 (1-4)
ZFSC-8-6 001-10 23 11 10 1$109.95 (1-4)
16-WAY 0°
ZFSC-16-1 | 05-125 118 | 16 | 11 1$174.95 (1-4)
24- WAY 0 IEEsraae——
ZFSC-24-1 02-100 [ 20 1 12 1$264.95 (1-4)
8 SMA connectors standard. BNC or reguest
9 BNC connectors standard TNC available. SMA avaitable at $15

additional cost
10.  BNC connectors standard. TNC available at $10 additional
cost. SMA at 825 additional cos®
11. BNC connectors standard TNC available at $20 additional
cost. SMA available at S45 addional cost
12. BNC connectors standard. TNC avaitable at S35 additional cost
SMA available at $65 addiional cost
13.  BNCconnectors (not avadabie tor ZAPDQ-4) TNCavailable (SMA (3MM)and Type N
on request Add S5 per umit
Please specity connectors

World's largest manufacturer of Double-Balanced Mixers

[ Mini-Circuits

A Divisior ot Screntihc Componemts Corp

» 2625 East 14th St., Brooklyr}_N.!., 11235 (212) 769-0200 Domestic and International Telex 125460 International Telex 620156
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All O T10aay's Dest Coupilers rnave one wuing
in common. . . they all have the same name.

Narda.

CUMING DB

No-nonsense specs..reliability..repeatability

.. .at no extra cost

There are over 150 different catalog items in the Narda
line of directional couplers...from stock. They
operate over multi-octave and octave as well as over
extremely broadband frequency ranges from 50 MHz
to 26.5 GHz. We offer the smallest couplers and the
broadest band widths available. (We also custom
make specials).

With over 26 years of service to the microwave com-
munity, the Narda name is your assurance that you
are receiving unequalled performance and reliability.

Write for complete information from the leader in
microwave components for systems and test — Narda.

w%(’/zeom mMIChOwaLed go... narda

THE NARDA MICROWAVE CORPORATION

PLAINVIEW, L.I., NEW YORK 11803

516-349-9600 + TWX:510-221-1867 + CABLE: NARDACORP PLAINVIEW NEWYORK
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Pulsed Power
Transistors

Products for modern
solid state L-Band
Radar Systems

AMPAC 1214 SERIES (Medium Pulse)
AMPAC 81214 SERIES (Long Pulse)

FEATURES

) * Hermetic Package  * Ruggedized VSWR
* Low RF ¢ Input:Output Matching
Thermal Resistance ¢ Emitt2r Ballasted

ELECTRICAL CHARACTERISTICS (i« 25°C)
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NOTES 11} For AMPAC 1 214 Sernies device test

conditions pulse width 500 sec
it duty Cycle 10O percent

{2) For AMPAC B1214 Seres device
test conditions pulse width | Q00

SeC ot duty cycle F percent

(3) AMPAC™ US. Patent No
3651434 March 21, 1972

13

’

J14é1

Jii

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

100 T MICROWAVE SEMICONDUCTOR CORP
S50 e an affiliate of SIEMENS
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Coming
Events

1981 IEEE/MTT-S Sponsor |EEE
INT’L MICROWAVE MTT-S (held jointly
SYMPOSIUM with IEEE AP S on
JUNE 15-17, 1981 June 1719, 1981
Piace  Bonaventure
Hotel, Los Angeles, CA. Theme “Around
the World with Microwaves,’’ includes such
topics as CAD and measurament techniques,
microwave and mm wave solid-state devices,
IC’s, etc. Contact: Al Clavin, Hughes Air
craft Company, Bldg 268/ A-55, Canoga
Park, CA 91304. Tel. (213} 702-1778

27TH ANNUAL Spansars: US
TRI-SERVICE Navy and DoD
RADAR agena

SYMPOSIUM Place. The Nav

JUNE 23-25, 1981 Postgraduate Schoo
Monterey, CA
Theme Davelopment and aperat 1

military radar systems. DaD s ty

ance through SECRET and a need-to-know
endorsement will be rag | tor sitend
snce at the Symposium. Caniact s
Sympaosium Coordinator, Ervironmenta
Reszarch Institute of Michig P E
8616, Ann Art M1 48107

Tei. (3131 994-1200, ext. 324

20TH GENERAL Six r !
ASSEMBLY OF " uf Rad
THE INT'L UNION URSI
OF RADIO Nt I Commit
SCIENCE WUSNCI. Pl
AUG. 10-19, 1981 Hya1t Hegency

HG Yashingior
DC. Symposia Sessior A wte i
Subn 1o W .

Mothemaetical Modetis of Radio Prog
Interaction ot Electromagnetic Waves with
Biologicatl Systeimns i tinus of
Assembly Commi . P

Dow, Exec. Sec 1981 URSI Genes
Assembly Oraar t

Academy of Sciongs 2101
Ave , NW  Washington, DC 20418
T 12021 389647

6TH INT'L CONF Call for Papers.

ON INFRARED & SPONN 1EEE

MM WAVES { Sand EEE

DEC. 7 12, 1981 Quanium Eloct
W AR :

Sociery . Place Ca
Beach, FL Topics. M

ARl 5 Yots | o0
tuon, atn Pee phy 1 prapa
plasma interactions and dagnostics, guided
propagation and dewvice t¢. Submit 356

40-word abstract by June 30, 1981 to

Mr. K. J. Button, Program Chairman, MIT
Francis Bitter Nat’l Magnet Lab, 170 Albany
St., Cambnidge, MA 0212

Tel: 617) 253-5561. g%

MICROWAVE JOURNAIL



the telemetry receiver
your computer really
understands

Microdyne’s New 1200-MR

Both remotely and manually controllable, the
1200-MR double conversion receiver is the first to
anticipate and meet the many telemetry requirements
of the 1980’s. Consider just some of the features:

¢ [EEE-488 or optional RS-232 interface
* Keyboard entry for manual control

¢ Discrete tuning ranges, voltage controlled from
215MHz to 4.2 GHz

e AM, FM, PM and Bi-Phase Demodulation Modes
¢ DC to 5 MHz video Baseband response

¢ Synthesized LO’s, phase locked to a common
5 MHz reference, with 1 x 107 stability

e Up toseven internal 2nd IF filters, switch
selectable with BW’s up to 10 MHz

¢ Ruggedized design allows installation on aircraft,
land vehicles, ships and submarines

For free technical brochures describing the 1200-MR
receiver, and/or the 3200-PC and 3200-PC(10) Diversity
Combiners call or write: Microdyne Corporation,

627 Lofstrand Lane, Rockville, Maryland 20850.
Telephone (301) 762-8500.

Microdyne ’/’/’@ Corporation

Now - Extremely fast fade rate combiners
for dramatic BER and SNR improvements

The new 3200-PC and 3200-PC(10) are the first
and only commercial Pre/Post-D Diversity Combiners
offering the following unique features:

Fast Fade Rates —Optimal Ratio Combining
maintained with two randomly phased RF signals
that vary up to 20 dB in relative amplitude at fade
rates up to 20,000 c.p.s.!

AM/AGC Combining — AM Function insures
Optimal Ratio Combining when fade rates exceed
limited receiver AGC response times.

BER and SNR Improvements — Dramatic BER
reductions and SNR improvements under severe
multipath, flame attenuation and pseudo-random
noise conditions.

Receivers Required — Two 1200-MR receivers are
used with the 3200-PC Combiner. Two 1100-AR or
similar type receivers, with 10 MHz and appropriate
logic outputs are used with the 3200-PC(10)
Combiner.

Replaces Other Combiners — The 3200-PC(10)
replaces Microdyne 3300-C or similar type 10 MHz
input combiners with BER and SNR limitations.
Ruggedized Design — Both combiners are ideally
suited for ground stations and installation on aircraft,
mobile \'e%lri(él&s. surface ships and submarines.
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A CHOICE SELECTION:

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

Look at the performance you get for only $12,775:
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 better
than 0.3% accuracy.

All this in a rugged, lightweight plug-in for the
HP 182T 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 HPs new budget-
minded spectrum analyzer. Reader Service No. 64

E INMICEOV\A

HINICIL ()

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
$17.950.

When your applications require input overload
protection, elimination of multiple responses, or
100 dB harmonic distortion measurement range, add
the HP 8445B Automatic Presclector. For wide
dynamic range swept response measurements to 1.5
GHz. just add the 8444A Tracking Generator. For
versatile coverage at audio, VHF, UHF and micro-
wave frequencies, this modular family offers value
for present and future needs. Reader Service No. 65




HP’s family of
microwave spectrum
analyzers.

—

Get the performance
you need and the
convenience you want
with HPs 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- : :
. . - | DESEESED FOR
quency response is within = 1.2 dB to 1.8 GHz and + 3dB m
at 18 GHz. Resolution bandwidths from 1 kHz t0 3 | For today’s and SYSTEMS
MHz are standard. with 100 Hz resolution available as an tomorrow’s most demanding
option. From 1.7 to 22 GHz, theres a built-in preselector needs. choose the HP 8566A
which permits measurement of distortion products as i y %
small as 100 dB down. The 8565A is €asy to operate 'I;hc 8166;? defines lhﬁ)alﬁ&_mf—il;cans in microw avcl?&eclmmw
. ' analyzer periormance: 2022 Z coverage, — to +.
too. Just set three controls: lunmg frequenc)’~ ffequenc)’ dBm r:ngc. 10 Hz resolution bandwrdth throughout (with cor-
span and amp“[ude reference level. Resolution video respondingly low L. O. phase noise). and counter-like frequency
s ) s A o accuracy: The level of performance, flexibility and convenience
filtering and sweep times are automatically set. Bright of the B%6A brings unparalleled capabilty to microwave spec
s . e trun; analysis. Perhaps even more significant. this performance is
LED5 in the CRT bezel glVC you all penment opemtmg essential 10 realize the benefits of automatic spectrum analysis
condilions in easy View The price for a” [his perfor_ which the 8566 can deliver when under computer control via
- e y the HP interface Bus. Complivated. time-consuming measure-
mance and convenience is )22,200; add $300 for the 100 ment 'outt)iencs. inclu;]]im: ones lgm previously were impractical.
5 . 4 - can now be accurately executed with minimum operator involve
Hz resolution option. Reader Service No. 66 ment wnen the ud;z:ccdhn‘icrm\ ave and digital technologies
. L 3 . contaned in the 8560A are applied. Price of the 8566A is $54,500;
For more information on these outstanding values in a systera comprised of the 85664, G¥2ST Computer, printer and
microwave spectrum analysis, call your local HP sales PO DL S B A e gD
office or write to 1507 Page Mill Rd., Palo Alto. CA 94304.

Domestic US. pnces only.
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»>«1 to I8 GHz Coverage
With Watkins-johnson’s
W]J-1292 Microwave Synthesizer

The Heart
of Your
Microwave

] “‘" FREQUENCY SYNTHESISER W4 1250 A

FREQUENCY/GHZ

FREQUENCY INPUT

Standard Features: Typical Options:

e Single unit covers 0.01 to 18 GHz e Extension to 40 GHz

¢ Digital sweep e |EEE 488 bus compatibility
* 100 kHz resolution ® 10 Hz resolution

¢ Standard computer interface ® |Leveling

e 1 X 10-9/day stability

Custom system designs have been supplied to meet many critical needs. For detailed specifications
on Watkins-Johnson synthesizers and system capabilities, contact the W-J Field Sales Office in

your area or phone SSE Division, Applications Engineering, in Palo Alto, California at

(415) 493-4141, ext. 2218.

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




INSTRUMENTS
IN ONE

The WJ-1204-1 offers sweeper versatility with
synthesizer accuracy from 100 MHz to 40 GHz.

Standard Features: Typical Options:

e 0.1to 26 GHz/0 dBm, leve'ed ¢ Low-noise, small-step range extender
0 to 90 dB precision attenuation 26 to 40 GHz frequency coverage
Pulse/square-wave modulation Rack mounting

Digital sweep External leveling

Power meter

Reliability of all solid-state

amplification and muitiplication

Variable PRF

e |EEE bus frequency control, vernier output power

Watkins-Johnson has combined the operating and performance capabilities of a SYNTHESIZER,
SWEEPER, MODULATOR and POWER METER into one complete instrument—the WJ-1204-1.
And, with Option AF the WJ-1204-1 is a RANGE EXTENDER for a 1 GHz synthesizer providing
state-of-the-art phase noise capability through 26 or 40 GHz.
In addition to the features listed above, the WJ-1204-1 offers a light weight of 37 Ibs., microprocessor
control, designed to MIL-T-288008, internal FM (1 kHz *=0.1% deviation), narrowband continuous
sweep, 10 kHz to 1 MHz resolution and pen-lift signal.
For a demonstration of this versatile, multicapability instrument, contact the
Watkins-Johnson Field Sales Office in your area or call SSE Division, Applications
Engineering, in FPalo Alto, California at (415) 493-4141, ext. 2218. WLJ

Watkins-Johnson —U.S.A.: » California, San Jose (408) 262-1411, El Segundo (213) 640-1980 » Georgias, Atlanta (404) 458-9907  District of Columbia, Guithersburg, MD
3011 948-7550 » Massachuselts, Lexington (617) 861-1580 « Ohio, Fairborn (513} 426-8303 e Texas, Dallas {214) 234-5396 e United Kingdom: Dedworth Rd . Oakley Green
Windsor, Berkshire SL4 4LH » Tel Winijscr 69241 ¢ Cable WIUKW-WINDSOR e Telex 847578 « Germany, Federal Republic of: Manzingerweg 7 8000 Muenchen 60
* Tel (089) 836011 » Cable W.DBM-MLENCHEN e Telex 529401 ¢ ltaly: Piazza G Marconi, 25 00144 Roma-EUR ¢ Tel 59 45 54 ¢ Cable WJROM-| ¢ Telex 612278
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Publisher’s Note: This month’s Sum
Up is provided by our Associate Edi-
tor, V. G. Gelnovatch. Mr. Gelnovatch
is currently director of the Microwave
and Signal Processing Devices Division
of the Electronics Technology and
Devices Laboratory, ERADCOM. He
has assembled the contributed articles
on solid state topics which are fea-
tured in this issue.

GaAs — A TECHNOLOGICAL
CATCH-22

The current “darling”” of the micro-
wave community is the monolithic
microwave |C MMIC technology,
building on a firm foundation estab-
lished by discrete GaAs devices in the
1970s. This keynote report takes a
sobering look at some of the conflict-
ing boundary conditions that the in-
dustry faces in the inevitable techno-
logical shake out before GaAs becomes
a household word and suggests some
strategy which could ease the pain.

MMIC LINEAR AMPLIFIERS —
DESIGN AND FABRICATION
TECHNIQUES

Linear MMIC circuit technology has
progressed to the point where com-
plete microwave receivers can be fab-
ricated on a wingle GaAs chip. The
front cover demonstrates just such ac-
complishment. This paper will discuss
such issues as MMIC design principles,
material technology, circuit fabrica-
tion, some pertinent examples of the
art and concludes by predicting some
future trends.

MONOLITHIC MICROWAVE GaAs
POWER FET AMPLIFIERS

Recent advances in the development
of the monolithic power GaAs FET
amplifiers are presented. Single ended,
push-pull and paraphase amplifiers are
compared. Fabrication and characteri-
zation of passive matching circuit com
ponents such as inductors and capaci-
tors are discussed. Future performance
improvements and potential system
applications are projected.

A HIGH PERFORMANCE S-BAND
RADAR TRANSISTOR

First attempts at L-band phased array
solid state modules generated 10 W
from four silicon bipolar power tran-
sistors. This paper describes an S-band
high performance pulsed power tran-
sistor developed for phased array and
ECM applicators. It utilizes an im-
planted base, arsenic emitter, P moats,
two layer refractory gold metallization
and advanced matching circuitry and
has yielded over 90 W at 3.1 GHz with
over 40% efficiency.

MILLIMETER-WAVE InP GUNN
DEVICES: STATUS & TRENDS

The Indium Phosphide (InP) Gunn de-
vice offers superior performance as a
wideband low noise amplifier, low
noise local oscillator, self-mixing oscil-
lator, and low to medium power trans-
mitter source in the mm wave region.
Its development and advances are pri-
marily driven by military systems re-
quirements and developments span-
ning missile and projectile guidance,
high resolution radars, intercept secure
communications and EW/ECM
functions.

Workshops
& Courses

RADAR TECHNOLOGY SEMINAR

Sponsor: |EEE/AESS

Site: Hilton Hotel,
Huntsville, AL

Date: April 20, 1981

Fee: $125, IEEE member:

$140, nonmember
Lecturer: Dr. Eli Brookner,
Consulting Scientist
Radar systems, signal proc-
essing, solid-state tubes, etc.
Dr. Eli Brookner,
Raytheon Company
Wayland, MA 01778
Tel: 358-2721, ext. 2366

MICROWAVES FOR MANAGERS

Sponsor: Microwave Training Institute
Date: April 22-24, 1981
Location: Microwave Training Institute,

Subjects:

Contact:

Palo Alto, CA
Fee: $495
Seminar: Al Scott, Mgr. of Adv. De-
Leader: velopment, Varian MTD
Topics: Survey of microwave sys-
tems and devices, financial
aspects and future trends.
Contact: Microwave Training Institute,

Box 11534, Palo Alto, CA
94306, (415) 969-7363

26TH SPUTTER AND PLASMA
ETCHING SCHOOL

Sponsor: Materials Research Corp.
(MRC)

Site: Holiday Inn, Palo Alto, CA

Date: April 29 - May 1, 1981

Fee: $395, full program;

$125 - basics, day only
Lecturer: Dr. Eric Kay,
IBM San Diego Labs
Rosemay McPhillips, MRC
Orangeburg, NY 10962
Tel: (914) 358-2022
RF TECHNIQUES AUTOMATIC
GROUP WORKSHOP

Call for Workshop Papers
Sponsors: Automatic RF Techniques

Group, MTT-11.
Site: Bonaventure Hotel,
Los Angeles, CA
June 18-19, 1981
Panel discussion on
mm-wave network analyzers,
both automatic and manual
versions. Submit 500 to
1000-word summary with
illustrations (2 copies) by
April 13, 1981.
Send papers to: R. H.
Swartley, General Electric
Space Div., Rm U2312,
P.O. Box 8555, Philadel-
phia, PA 19101.
Tel: (215) 962-3904.

Contact:

Date:
Topic:




equipment is essential
to successful mission
accomplishment.

amplifiers are essential
to reliable EW
equipment.

Watkins-Johnson's GaAs FET solid state amplifiers, ranging in frequency from 0.5 to 20 GHz,
are designed 1o provide outstanding performance and reliability in a wide variety of applications
Available in standard or custom-tailored configurations, our amplifiers surpass the most
severe environmental conditions and tests.

Watkins-Johnson's expertise in high
technology amplifiers includes,
Low-Noise Models

Narrowband Performance
Multioctave Coverage
Medium-Power Outputs

Multiport Units

Limiting Amplifiers

Looping Amplifiers

MINPAC™ Low-Profile Configurations
(Stripline or Coaxial versions)

o TWT/TWTA Retrofits

Watch for
our exciting new

products in
1981!

For additional information concerning these essential amplifiers. or a new MINPAC™ brochure,
call or write your lacal Watkins-Johnson Field Sales Office or phone Solid State Applications

Engineering in Palo Altg, California at (415) 493-4141. extension 2247

Watkins-Johnson—U.S.A.:  California, San Jose 408) 262-1411, El Segundo 213} 640-1980 e Georgia, Atlanta |1404) 458-9907 # District of Columbia, Gaithersburg ML
301) 948-755C » Massachusetts, Lexingtan (617 861-1580 ¢ Ohio, Fairtorn (5131 426-8303 o Texas, Dallas |214) 234-5396 ¢ United Kingdom: Dedworth Rd . Oakley Green
Windsor Berkshire SL4 4LH o Te! Wiadsor 69241 « Cable WJUKW-WINDSOR e Telex 847578 » Germany, Federal Republic of: Manzingerweg 7 8000 Muenchen 6(
» Tel 089] 836011 e Cable WJDBM-MUENCHEN o Telex 529401 o Italy; Piaz-a G_Marconi 25 00144 Roma-EUR e Te! 59 45 54 « Cable WJROM-I » Telex 612271
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Guest Editorial I——

a

William R. Wisseman /s
manager of the Advanced
Microwave Components in
the Central Research Labora-
tories at Texas Instruments
Incorporated. He is responsi-
ble for the development of
GaAs power and low noise
FET’s, hybrid and monolithic
microwave integrated circuits,
and high speed digital circuits.

Dr. Wisseman received the
Bachelor of Nuclear Engineer-
ing degree from North Caro-
lina State University in 1954
and the Ph.D. degree in Phy-
sics from Duke University in
1959. He joined the Central
Research Laboratories at
Texas Instruments in 1960.
He is Chairman of the Micro-
wave Devices Technical Com-
mittee of the IEEE Electron
Det ices Society.

;
/
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GaAs Technology
in the 80s

WILLIAM R. WISSEMAN
Central Research Laboratories
Texas Instruments Inc.
Dallas, TX

GaAs microwave and high speed di-
gital technologies have come of age.
The ““future’ is finally here for GaAs.
Why is this happening now? People
who have worked in this field for a
number of years have seen three prim-
ary areas of device activity: Gunn di-
odes, IMPATT diodes (flat profile and
Read type), and FET's. While there is
a continuing interest in both Gunn and
IMPATT diodes, the number of com-
panies involved in their development is
relatively small. These devices clearly
are important for some applications,
but they have not had a major impact
on microwave systems.

The GaAs FET is a far more versa-
tile device than either the Gunn or the
IMPATT diode since it is superior for
use in both medium power and low
noise microwave circuits at frequencies
up to 20 GHz and possibly as high as
30 GHz. In addition, relatively com-
plex high speed digital circuits opera-
ting at clock rates of up to 4 GHz have
been demonstrated. Even more impor-
tant, in my opinion, is the recent deve-
lopment of monolithic microwave in-
tegrated circuits (MMIC's). MMIC’s
can easily be fabricated on GaAs since
the semi-insulating substrate used for
fabrication of planar FET's (on suita-
bly doped active regions) can also
serve as the dielectric for microstrip or
coplanar transmission lines.

The fact that the GaAs FET is a
versatile device with many applications
is, of course, central to the current
GaAs revolution and has attracted
many companies previously not in-
volved in GaAs technology develop-
ment. Further, the FET has a relative-
ly simple structure from a materials
point of view. Initially, FET's were
fabricated in active layers grown on
semi-insultating substrates by vapor or
liguid phase epitaxy. It was found,
however, that direct ion implantation
of a suitable species into the substrate,
followed by a high temperature an-
neal, provides high quality active lay-
ers with superior intraslice uniformity
and slice-to-slice reproducability. Sev-
eral companies are now developing
capabilities to prepare round sub-
strates, up to 3 inches in diameter, of
the quality required for ion implanta-
tion. The availability of such sub-
strates, large by GaAs standards, al-

lows application of techniques used
for Si processing with a corresponding
potential decrease in cost of both dis-
crete devices and IC’s.

Where will the major volume im-
pact of GaAs technology be? ! don’t
believe it will be in the digital IC area.
Application of GaAs IC's for high
speed data processing will be impor-
tant for special cases, primarily mili-
tary, where relatively low circuit densi-
ties are required. GaAs is competing
head-to-head with Si technology for
digital applications, however. Experts
in the field disagree as to what speed
advantage GaAs offers, and some even
question that it offers any advantage.
Certainly, advanced Si processing tech-
nology may overcome, to a large mea-
sure, the GaAs mobility advantage.
The other advantage GaAs has is the
semi-insulating substrate, but this be-
comes less significant at LSI and VLS|
circuit densitites. Consequently, | be-
lieve GaAs technology will play an
important, but limited role for di-
gital IC’s.

The situation is completely differ-
ent for microwave circuits. Except for
Si IMPATT’s at millimeter-wave fre-
guencies above a few GHz. In fact,
GaAs technology is making inroads
down to frequencies of 1 GHz or even
lower for some applications. Discrete
GaAs devices, both low noise and po-
wer, have demonstrated the superior-
ity of GaAs technology. These devices
are beginning to have substantial im-
pact on the microwave industry.

| believe that the real future for
GaAs technology - the area that has
the greatest growth potential - is in
monolithic microwave integrated cir-
cuits. A few years ago the practicality
of GaAs MMIC’s was in question due
to the cost of GaAs substrates. Was it
practical to put passive components
and transmission lines on GaAs when
they might consume most of the area?
This question was recently raised again
in a recent article (Microwaves, De-
cember 1980, pp. 54-61), where it was
concluded that some circuits, particu-
larly power amplifiers of the type de-
scribed in the paper by H.Q. Tserng
and V. Sokolov in this issue, are not
practical in MMIC form because of the
high GaAs substrate cost.

{continued on page 18)
MICROWAVE JOURNAL



“Low loss” or “light weight” devices have been
available before. EMS has combined both features
in one package designed for space environment. In
addition to the low loss of less than 0.05 dB and
weight of less than 175 grams, performance is as
follows:

Frequency Range:

Insertion Loss:

Isolation:

VSWR:

RF Power:

Waveguide Intertace:

Peak Insertion Loss Change over
any Channel (Channels range
from 36 to 77 MHz in Width):
Variation of Insertion Loss over
Temperature and Life:

Group Delay Variation per Channel:
Ambient Temperature Range:

Electromagnetic
Sciences,

25 Technology Park/Atlanta Inc.
Norcross, Ga. 30092
el:404-448-5770 TWX: 810-766-1599

5.925t06.425 GHz
0.1 dB max

25 dB min.

1.10:1 max.

1w Cw

WR 137

0.012 dB max.

0.037 dB max.
0.03 ns max.
-20°to +50°C

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

FRANCE: DATRON. Vincennes. Tel. 808-02-60

GERMANY: MICROSCAN GmbH. Ismaning b. Muenchen. Tel. 089-96163
INOA- HIRMAL INTERNATIONAL. New Delhi_ Tet 694089

ISRAEL: MICROWAVE & ELECTRONICS. LTD.. Tel Aviv. Tel. {03) 50981. 5098¢
ITALY: TELECTRON SpA. Roma. Tel. 5917785

JAPAN: NEW METALS AND CHEMICALS CORP Ltd. Tokyo. Tel 201-6585
SWEDEN: AJGERS ELEKTRONIK AB.. Sundbyberg. Tel. 08-985475

THE NETHERLANDS: DATRON B.V.. Kortenhoel. Tel 35-60834

UK. C.T._LONDON ELECTRONICS. London. Engiand. Tel. 01-527-5641



W
i
i
1
!
[
I

FIRST OF

ITS KIND .-
—FROM > l

 MICRONETICS! -

Solid State Broadhand
Programmable

Noise Generators

Make Micronetics your dependable
source for quality and fast delivery!

,4
i

(A}

Features: Digitally programmable from remote source via GPIB
(IEEE-488 bus line) » Full noise source capability from 10 Hz—1 GHz
* High crest factor (peak to rms ratio higher than 5) < Completely
Solid State « Qutput greater than 10 dBM (10 mw) across given fre-
quency band * 0-99 dB attenuation range in 1 dB steps » Rack-
mounting available

PNG 5100 Series

MODEL NO. FREQUENCY RANGE FLATNESS VSWR
= IKG 5101 10 Hz—20 KHz +0.50B 1851
PNG 5102 10 Hz—100 KHz *+0.5DB 18581
....... 'S
PNG 5103 10 Hz—500 KHz *0.508 1.5:1
PNG 5104 100 Hz—3 MHz +0.75 DB 1.5:1
PNG 5105 100 Hz—10 MHz *+1.00 0B 1ESe1
PNG 5106 100 Hz—25 MHz *+1.2508 eSO
PNG 5107 100 Hz—100 MHz +1.50 0B 1.5:1
PNG 5108 1 M;—}OO MHz +2.008 15551
PNG 5109 10 MHz—500 MHz +2.5D8B &l
PNG 5110 300 MHz—1 GHz *2508 1.5:1

Write for our latest noise catalog.

36 Oak Street Norwood NJ 07648
(201) 767 1320 twx 710 991 9603
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(from page 16) GaAs TECHNOLOGY

| disagree with this conclusion.
With the availability of large, round
GaAs wafers and the use of ion im-
plantation to fabricate active layers,
the cost of processing GaAs wafers can
be reduced substantially along a learn-
ing curve of the type so well establish-
ed in Si processing. This presupposes a
volume requirement, of course. There
is already evidence the volume require-
ment for discrete FET's will be suffi-
cient to substantially reduce GaAs wa-
fer processing cost. This cost reduction
will impact the cost of MMIC's, for
which FET's are the primary yield-de-
termining components.

The question then becomes, “What
1s the trade-off between MMIC pro-
cessing cost and the cost of equivalent
hybrid circuits using discrete devices?"’
Putting passive components such as in-
ductors and capacitors on GaAs will be
practical in production if material and
processing uniformity is sufficient to
eliminate much of the assembly and
engineering expense incurred for hy-
brid 1C’s. The reduction in the number
of interconnections would also give
improved reliability. At this time it is
not clear at what point it would be
cost-effective to move from the use of
one large MMIC chip to several MMIC
chips or discrete FET's and other com-
ponents. Determining this point is one
of the goals of major R&D efforts now
under way at several companies. There
are potentially large volume require-
ments for GaAs microwave technology
(e.g., phased array radars and expend-
able jammers) that will become practi-
cal only if GaAs MMIC's are able to
bring the cost now projected for hy-
brid circuits down to an affordable
level.

In any case, it is clear that GaAs
MMIC technology is going to have a
major impact on the microwave indus-
try. GaAs MMIC’s will become suffi-
ciently important during the 80s that
companies will need to have this capa-
bility to be cost-competitive as sup-
pliers of microwave components. At
the present time, most of the develop-
ment of GaAs technology in the
United States, particularly MMIC and
digital IC’s, is carried out by large
companies that have major capital
commitments to equipment-intensive
semiconductor processing and substan-
tial GaAs R&D efforts. On the other
hand, most microwave circuits are now
supplied by relatively small companies
using discrete devices in hybrid config-
urations. During the 80s the nature of
our industry will change: either small
companies will establish MMIC capa-
bility, or the large systems companies
will rely more and more heavily on
their in-house capability to support
microwave circuit requirements. %

MICROWAVE JOURNAL



NEW!8.0-12.4 GHz  omnivic's NEWEST

PASSIVE
FILTERS
FROM

OMNIYIG

LIMITERS
YIG U

OSCILLATORS

DETECTORS

s & _F & >

L — =1 — —

COMB-LINE-INTERDIGITAL
HELICAL RESONATOR
WAVEGUIDE
LUMPED AND SEMI-LUMPED
SUSPENDED SUBSTRATE
STRIPLINE

STANDARD DETECTORS

Omnlyig Freq. Range k 1
Model # (GHz) Factor {dBm)
Tunnel
SPECIFICATIONS
Freq. Range 812 4 GHz DTOD1P 0.1- 0.5 800 50
RF Power Output 15 mW, min DT2C1P  1.0- 2.0 800 -50
Output Variation 3dB DT9A1P 2.0-18.0 450 48
2nd Harmonic 2008 Schottky 3
Other Spurious 60 dB
Freq. Drift 0 C 1065 C SRUiRIAD o D ICTIS SRUSENECNT = 8000 -
NNpebriey 1amHs  DSBAIN  8.0-16.0 1500 52
Hysteresis 14 MHz DS9AIN  2.0-18.0 1000 51
Tuning Speed 8 mSec oF
Tun. Sens. 22 MHz 'mA €5 . ST 200 ey
Dimensions 17" inches
Weight oz  STANDARD LIMITERS
PRODUCTION YIG OSC. Wocers  term T "l aBme
B 1-4 GHz. RF power output 20-60 mW. Pin
2nd harmonic 16 dB. ztgg: (1)(1)(2)2 82 20
® 1.7-4.3 GHz. RF power output 30 m, A By e R P STANDARD FILTERS
2nd harmonic 20 dB. Schottky Turn- OMNIVIG FREQUENCY INSERTION STOPBA!
(EUBRIESS AIELTSOn MODEL RANGE LOSS  REJECTI(
B 1-2 GHz. RF power output 30 mW. SLOE1 0.1-0.5 05 +15 NO. (GHz) (dB) (dB)
Integrated with PIN modulator. SL1Et 0.5-1. A 3
: SL3D1 oy ok IS OFC-110  0.5-1.0 0.75 60
B 2-12 GHz. RF power outputs: 40 mW 2.0-4.0 1.2 14 OFC-120  1.0-2.0 075 60
g}j GHz, 10mW @8 GHz & 7mW @ 12 **Measured at P ,,, 30 dBm OFC-280 2.8-35 05 40
2z
DEMOS AVAILABLE TO OFC-290 3.7-4.2 0.5 40
@ 8-12 GHz. RF power output 15 mW. QUALIFIED PROGRAMS OFI-190 2.0-4.0 0.75 60
2nd harmonic 20 dB. OFI-200 4.0-8.0 0.75 60
® 12-18 GHz. RF power output 10 mW, Let Omniyig help with any special  ofoa 10010 oee o
i e limiter or detector requirements you  omL-104 2.09-215 25 30
;ng-g'6-5 GHZ&?;BDOWG' output 50 mwW. may have. We also manufacture  OFL-260 .065-075 2.0 30
PAE ‘ zero-bias Schottky detectors, limiter-
;ng':a?:;’?:’;g%gef output 20 mW. detectors, comb generators, isotec- _G.EggUAPLISSEASY—
I : "
tors and a broad line of YIG-tuned
PapNElES L fonkrelioul g filters, oscillators and multipliers ABROBBATIVE ASCLITUDE
2nd harmonic 60 dB. : ’ ' SPECIAL DESIGNS
Ask around, we deliver! ARE OUR SPECIALTY

ASK AROUND — WE DELIVER

OMNIYIG@INC.

ASK AROUND...WE DELIVEI

3350 Scott Boulevard Santa Clara. Ca. 95051

3350 Scott Blvd., Bldg. 66, Santa Clara, CA 95051
(408) 988-0843 TWX 910/338/7356

SEND FOR OUR NEW CATALO(C

NIDAI G 180 NN DEANED CCONVMIWCCE CPAD

3350 Scott Blvd., Bldg. 66, Santa Clara, CA 95051
(408) 988-0843 TWX 910/338/7356

SEND FOR COMPLETE CATALOG
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Go for the Gold Standard in
Precision Components.

SWR Autotesters
and SWR Bridges

Precision
Adapters

Precision
Precision Terminations
Air Lines



With Wiltron.

And you thought we only made
quality microwave instrumentation. The U.S.
National Bureau of Standards, the standards
labs of Japan, West Germany, Great Britain
and quite a few others know better.

Wiltron is also a precision compo-
nents house. No one else is better prepared to
show you how to make microwave measure-
ments simply and accurately and then provide
you with all the precision components and the
measurement system you need. No one offers
a comparable group of SWR Autotesters, pre-
cision air lines, terminations, adapters, SWR
Bridges, open/shorts and RF detectors.
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SWR Autotesters

Latest in Wiltron's family of SWR
Autotesters is the Series 97. Here in one small
package, we integrate a broadband microwave
bridge, a precision termination, a detector
and your choice of test port connectors. Per-
formance is exceptional with directivity of 40 dB
and a frequency range of 10 MHz to 18 GHz.
Several other models with N or WSMA test
ports offer comparable performance. The
Wiltron family of SWR Bridges is equally accu-
rate over most of its 10 MHz to 18 GHz range.
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Terminations and Open/Shorts

Wiltron Terminations provide an
accurate reference for SWR measurements
as well as a termination for test instruments
and devices under test from DC to 26.5 GHz
They are available in GPC-7, N and WSMA
connectors and feature aged termination
resistors for long-term stability. Maximum SWR
varies from 1.002 at low frequencies to 1.135
at 26.5 GHz. Wiltron 22 Series Open/Shorts for
the DC to 18 GHz range are offered with a
zhoice of connectors.

Precision Air Lines

When you want better accuracy in
measuring return losses from 0dB to
55dB. you'll need a Wiltron Air Line. These
50-ohm Air Lines provide both a standard
impedance and a time delay for use in Wiltron
Ripple Averaging and Magnified Reflection
Measurement Techniques. Series 18 covers
the 2 to 18 GHz range. The 18A50 offers a
GPC-7 connector and features an SWR of
1.002. The 18N50 has an N male or female
connector and an SWR of 1.006. Series 19
operates from 2 to 26.5 GHz with an SWR of
1.006 to 18 GHz and 1.01 t0 26.5 GHz.

Precision Adapters for Accurate
Measurements

Wiltron 50-ohm Series 34 Adapters
virtually eliminate errors caused by mismatch
The adapters are available in GPC-7/N,
GPC-7/WSMA . N/N and WSMA/WSMA
Range is DC to 26.5 GHz. Typical SWR
ratios are 1.02to 18 GHzand 1.1t0 26.5 GHz
Other Wiitron Calibration Lab Quality
Components

Wiltron also offers the industry's
most extensive line of RF detectors with
coverage up to 34 GHz.
So go for the Gold Standard

Go Wiltron and your microwave
measurements will be as good as pure gold
Remember, Wiltron offers you one source
shopping for production or development
measurement systems and cal lab reference
standards.

For more information, call or write
Walt Baxter. Wiltron, 825 East Middlefield
Road. Mountain View, CA 94043
Phone (415) 969-6500.

See us at Microwaves Communications 81, Tokyo.
Seki Booth #4005.

WILTROINY
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Special Report

GaAs - A Technological

Catch-22

DR. JOHN T. MENDEL
Hughes Aircraft Co.
Industrial Electronics Group
Torrance, CA

Everywhere within the techni-
cal community we hear the famil-
iar refrain “‘as soon as the market
develops the price of GaAs de-
vices and monolithic circuitry
will drop dramatically.”” From
the marketplace we hear, “as
soon as the price becomes com-
petitive the demand will grow
dramatically.”” Although these
two statements are by no means
incompatible or mutually exclu-
sive, they do pose a fundamental
and formidable dilemma for the
GaAs industry. This dilemma will
probably have more influence in
shaping the future course of this
fledgling industry than all of the
scientific endeavors currently in
progress. In the evolutionary his-
tory of 2!l technologies, econom-
ics has traditionally played the
dominant role and will continue
to do so in any free economy.
Only those technologies survive
and prosper which inherently
possess a ‘‘compelling’” economic
justification. In the following dis-
cussion the word “compelling” is
the key to understanding and ac-
curately predicting the future
role of GaAs in the cosmic
scheme of the universe.

It is relatively easy to compile
an impressive list of real applica-
tions of GaAs devices and circuit
ry. Furthermore, it can be shown
that in each application GaAs has
actually demonstrated superior
performance even in laboratory
models of early design. Certainly,
with this kind of evidence, no
one can doubt the economic po-
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tential of this highly versatile
compound semiconductor. It we
analyze each one 0f these appti
cations from a total market view-
point, we can conclude that the
dollar potential is guite substan-
tial. However, this is specious
logic which leads to completely
erroneous conclusions.

To better understand the eco-
nomic forces at play, it is instruc-
tive to briefly review the silicon
industry which is well document
ed with volumes of factual data.
First of all, consider the stagger
ing size of this industiy — in
1980 sales of $13 hiilion for just
the active devices — not the vast
array of computers and black
boxes that resulted from vertical
integration. Discretes alone ac-
count for $3 billion of the total,
the remainder being IC’s. The
slope of the sales curve for silicon
suggests that within a short time
this industry will rival the tradi-
tional giants of our national eco-
nomy — steel, automobiles and
oil. We are witnessing a true revo-
[ution in the electronics industry
which is unlike anything else in
our history hoth in scope and in
its effect on our culture. The
technical world will never be the
same again. The most alarming
aspect of this change is the in-
credibly short time span in which
it occurred.

Why is the size of the silicon
business fundamental 1o under-
standing GaAs? Simply because
it puts into perspective the enot

World Radio Histo

mous torces at work. If we as-
sume that 20% of the sales vol-
ume of silicon devices goes into
continuing research and develop-
ment (a reasonable assumption
considering the pace of this in-
dustry) the current level of this
type of activity is $2.6 billion an-
nually. 1t is very difficuit for
most of us to fully comprehend
the implications of this monu-
mental R & D effort. We grew up
in an era where the R & D effort
associated with a new technology
was an order of magnitude less.
The numbers of scientists, engi-
neers, technicians, and support
personnel were minuscule by
comparison to the present silicon
levels. The equipment and facili-
ties were likewise modest and al-
most insignificant alongside that
which is becoming commonplace
in the silicon arena.

If we assuime that real progress
is directly correlated to the mag-
nitucde of investment in terms of
people and facility resources,
then we must conclude that
GaAs cannot challenge silicon in
its traditional markets unless
some profound changes occur.
The present combined industry
and government dollar support
for GaAs R & D is approximately
2% of the dollar support tor
R & D insilicon. Although future
events could alter the GaAs in
vestments signiticantly, the level
will remain a few percent, which
means that the nature of this ef-
fort will always be quite modest.
The GaAs eftort must be tocused

{continued on page 26)

MICROWAVE JOURNAL



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

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

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

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

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

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

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

breakthroughs.

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

Combination of Hughes
Model 4743 vH Series
External Mixer and Hewlett
Packard 8566A Spectrum
Analyzer
So if you're planning
to use millimeter-waves
in your application, or need
a solution to a millimeter-
wave problem, call us today.
For free application
notes and catalogs, write
or call Hughes Electron
Dynamics Division, 3100
West Lomita Boulevard,
P O. Box 2999, Torrance
California 90509, (213)
517-6400

HUGHES AIRCRAFT COMPANi
ELECTRON DYNAMICS DIVISION
Making waves in millimeter-wave
technology.
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in those areas where it is truely
unique, i.e., doesn’t compele
with silicon, but instead performs
a very necessary function not ad-
dressed by silicon. These unigue
targets are not likely to be big
markets like those enjoyed by a
silicon microprocessor and con-
sequently the investments in

R & D will be correspondingly
small. In short, there is nothing
on the horizon which is going to

alter the basic structure of semi
conductor investment strategy
and consequently we must fore-
cast future developments with
this assumption as a central tenet.

“UNIQUE" GaAs APPLICATIONS

Two very important and basic
areas of application of GaAs tech-
nology are microwaves and opto-
electronics (primarily fiber optics

Yes, these are the right numbers.

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

Call or write:

Q-bit Corporation

311 Pacific Avenue

Palm Bay, Florida 32905
(305) 727-1838

TWX (510) 959-6257

Power Feedback-Technology in Hybrid Amplifiers

Q-bit Corporation|

26

CIRCLE 19 ON READER SERVICE CARD

and integrated optics). In both of
these applications the conflict
with the silicon industry is rela-
tively minor and should not pre-
sent any serious obstacle to fut-
ure growth. In fact, the micro-
wave applications of GaAs sup-
plied the original impetus to the
pioneering effort of exploiting
the advantages of low noise GaAs
FET’s. Bipolar silicon transistors
are limited by the fundamental
physics to the low end of the
microwave spectrum leaving the
higher frequencies completely
open to any other semiconduc-
tor technology capable of doing
the job. Fortuitously, the inher-
ent properties of GaAs make it
an ideal candidate for both trans-
mitters and low noise receivers in
the microwave region and the
progress in this area has been very
impressive indeed. Particularly
remarkable are the noise figures
of practical devices of 0.6 dB NF
at 4 GHz and 1.3 dB at 12 GHz
with excellent results up to 30
GHz. The very high electron mo-
bility of GaAs is fundamental in
achieving this outstanding per-
formance which alone could jus-
tify all of the R & D expenditures
for all work done on GaAs to
date. Noise figure is so basic to
any measure of merit of a micro-
wave system that minimizing this
parameter is worth the invest-
ment so long as good results are
forthcoming.

At the other end of the micro
wave system, the power ampli-
fier, GaAs FET's promise some
very attractive advantages over
existing electron beam amplifiers.
Initially, the driving force was
the hope for greatly improved
life and reliability. As is well un
derstood in the military, the ma-
jor cost of ownership of a micro-
wave system is the downtime
caused by the output tube fail-
ures. Some of these are predict
able and can be prevented with
scheduled replacement but many
failures are the result of marginal
reliability which necessitates re-
dundancy and other costly com-
promises. With the theoretical
life and reliability projection for
GaAs it was believed possible to
effect almost an order of mauni-
tuide improvement — which in

fcontinued on page 29}
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- SURPRISED? MOST PEOPLE ARE
NEC is one of the world’s largest manufacturers of Schottky diodes for commercial, military and
* hi-rel applications. Delivery is immediate, prices are competitive.

; SINGLE -BATCH MATCHED SIMILAR TO HP A
: ND4974-7E . ND4976-7ZE . " 5082-2800
ND4973-7E ND4975-7E 5082-2810
' ND4972-7E : ND4971-7E 5082-2811
v ND4981-7E ND4982-7E 5082-2835

microwave semiconductors

, 3005 Democracy Way, Santa Clara, CA 95050 (408} 938-3500
Exclusive sales agent for Nippon Electric Co., Ltd., Microwave Semiconductor Products. U.S.A. 0 Canada ] Eutgve

T 3 . CIRCLE gbo,w&mm&gwlcecm;o




PLUG IN TOTAL
SWEPT MEASUREMENT
UTOMATION.

On the production line, on the bench, or
in the most complex ATE system, no
olher swepl mmeasuremenl syslem even
approaches the total automation of our
new 1038/N-10.

PLUG IN TOTAL BUS CONTROL
Plug the new N-10 Scalar Network Ana-
lyzer into your Pacific Measurements
1038/D-14 Mainframe. And you turn on
total bus control. All data and function
inputs are digital, and can be entered via
the bus or manually on the front panel.
Driven via IEEE STD 488 bus by your
host computer, the 1038/N-10 complete-
ly automates all insertion loss/gain,
return loss and absolute power meas-
urements. And with your 1018B Power
Meter, it even automates swept pulse
power measurements. Plus, all the auto-
matic features are available in the
manual mode.

TURN ON THESE ADVANCED
FEATURES =]
+ /6 dB dynamic range, * 16 dB to e i Racdi i

~60dB CHANNEL A
.02 dB data resolution on A channel

.002 dB data resolution on B channel o

NETWORK ANALYZER

CHANNEL B

VR rasTIoN CFFRLT -

~'---w}MﬁM\N’¢(mtcd'"— - [ oo ] . -
o " B e : o9 ag

i e o
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1 M o1
- 1 7 B
§ ouanweL aano -.

LN .. eNony ' T L
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TUAS PR

PACIFIC MEASUREMENTS INC /488 Tasman Drive/Sunnyvale, CA 94086 /(408) 734-5780/TWX 910-339-9273
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. would result in enormous
Jollar savings. These potential
cenefits have not been well docu
nented with real case histories
since the data base is now only
ambryonic. It remains to be seen
aactly how this aspect will spur
‘he investments necessary to dis-
lace tubes from their estab-
ished markets.

Over and above the considera-
ions of life and reliability, GaAs
>ifers advantages of simplicity
nd small size. The simplicity is-
sue is not confined to the active
jevice itself but includes also the
cower supply and other circuitry
yecessary to operate the device.
The high voltage power supply
ind the grid modulator associated
~vith TWT's and klystrons in-
/0lves a very complex and failure-
Jrone array of highly stressed
darts. The failure statistics are
/ery unfavorable just because of
.he large parts count and the hos-
‘ile environment of any high volt-
jge circuit. In contrast to this un-
‘avorable situation, the low volt-
1ge supplies associated with GaAs
=ET's should present very few

problems. The small size of a
GaAs FET amplifier offers the
power ful advantage of imple-
menting in a practical manner
the active array concept — where
each element of the antenna is
fed by its own transmitter whose
phase is precisely controlled. For
aircraft and missiles, this tech-
niqtie could be the wave of the
future, but not before a tough
competition with existing elec-
tron tubes. On the basis of raw
power and conversion efficiency,
tubes are difficult to beat. An
electron beam in a vacuum inter-
acting with a high impedance
copper circuit is a combination
which inherently possesses high
thermal capacity, excellent con-
version efficiency, and relative
freedom from anomalous effects.
Soine of the advantages of the
tube approach become even more
apparent at the higher frequen-
cies where thermal problems sev
erely limit the power from a sol
id-state amplifier. Much progress
needs to be made with the pro-
grams now under way in GaAs
before we see many real system

examples. However, with the
promise of new and innovative
system concepts made possible
by GaAs, the industry will vigor-
ously pursue these objectives in
the immediate future.
Formidable problems not with-
standing, GaAs does indeed offer
some important rewards to the
microwave community which
apparently cannot be achieved
by other means. Why then can’t a
substantial and healthy industry
exist with these applications serv-
ing as a base? Simply because the
entire microwave market is quite
small and shows few indications
that it will change. If GaAs were
to successfully penetrate all of
those microwave sockets where a
clear need exists, the total annual
device and monolithic circuit sales
would still be quite modest, the
order of several hundred million
dollars (as a point of reference all
klystron sales for 1980 were $95
million). Even though the micro-
wave industry serves as the foun-
dation of a substantial part of the
electronics industry as a whole, it

is by itself a small specialty busi-
fcontinued on page 30)

REACTION INSTRUMENTS RECEIVING MULTICOUPLERS

For Surveillance, Aeronautical & General Applications

v

e 400 kHz to 32 MHz

¢ 100 kHz to 32 MHz (optional)

¢ Wide Dynamic Range

Model 410 HF MULTICOUPLER
General Purpose HF Multicoupler

¢ Choice of Number of Outputs - 16 maximum
« Noise Figure - 6dB at 30 MHz
¢ Switch Selectable Dual Input (optional)

Model 528 VHF MULTICOUPLER
Optimized for Aeronautical Service Applications

o VHF/AMBand
¢ Upto Twelve
Outputs

« Automatic AC/DC Power
switchover
» Noise Figure - 6.5 dB

e 20to 1100 MHz

Model 414 VHF/UHF MULTICOUPLER
Wideband Performance for Surveillance Applications

¢ 1200 MHz Optional
o Up to Twelve Outputs

¢ Dual 1 x 6 (optional)
¢ Wide Dynamic Range
¢ 70 dB Reverse Isolation

For prompt response to your requirements
for high quality, field-proven,Distribution
Amplifiers,Multicouplers, Converters and
related products which will meet TEMPEST
requirements, please call (703) 471-6060 today.

E REACTION
INSTRUMENTS

1916 Newton Square West
Reston, Virginia 22090
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(from page 29)

Fig. 2 Direct write E-beam lithography machine.

ness. Witness the great ditticulty
many aerospace companies are
experiencing in their attempts to
hire gualified microwave engi-
neers. Very few major universi-
ties and colleges even offer a cur-
riculum which emphasizes this
discipline, primarily because of
lack of student and faculty inter-
est. Our educational institutions
predict the present trend wiil
continue and that industry itsell
must assume responsibility for
training in this area. This state of
affairs is neither alarming nor de-

pressing but does reflect the reali-

ties of a situation which many
forecasters choose to neglect.

Fig. 1 A portion of the recessed gate struc-
ture of a 0.5 micron gate length low
noise FET. This device is fabricated
by direct write E-beam lithography.

CAPITAL — INTENSIVE
GaAs PROCESSING

The silicon |C industry is just
now beginning to experience the
very high costs of the “"next gen-
eration’’ of processing equip-
ment. The impact of these costs
has already had a profound effect
on the nature of the industry in
terms of mergers and acquisi-
tions. To finance the implemen-
tation of fine line lithography,
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lotally new dry processing tech-
niques and E-Beam mask produc-
tion have caused more than one
company to seek a wealthy part-
ner capabie of supporting such
huge expenditures. Even substan-
tial companies such as Fairchild
and Signetics have followed this
course.

Unfortunately, this advanced
generation of processing equip-
ment is where one starts in the
GaAs business. Low noise FET's
have been available with submi-
cron gate lengths for several years
(see Figure 1). Direct writing on
wafers using E Beam machines is
a well developed technique. GaAs
vapor phase cpitaxial and metal
organic CVD are sophisticated
processes compared to what is
commonly used in the silicon in-
dustry. Liquid encapsulated Czo-

chralski high pressure crystal
pullers appear to be a hasic nec-
essity-it material problems are to
be brought under control. Diag-
nostic tools such as a well devel-
oped SIMS capability along with
deep level transient spectroscopy
proach to reseairch and develop-
ment. These are only a lew exam-
ples of the exorbitant tuition fees
required to join the fraternity.
Onre can argue that by judicious
short cuts you may avoid the ex-
pense of a complete capability
and, in fact, good work has been
accomplished with very modest
facilities. However, as the various
technigues mature this capital
situation is going to become
more burdensome regardless of
the style of the organization.
With the rapid evolution of new
equipment, ihe obsolescence of
existing equipment will occur too
fast for reasonable amortization.
This expenditure, in all probabil-
ity, will never be recovered and
must still be regarded as an initia-
tion fee associated with a new
technology.

Figure 2 illustrates the elabo-
rate equipment installation asso-
ciated with a direct writing E-
Beam machine for development
work and prototype production.
This machine will accurately and
consistently define a 0.25 um
gate for a low noise FET and is
also useful for the maskless deti-
nition of small circuits. Although

Fig. 3 Four hundred KeV ion implantation machine.
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severab advanced sihicon process
iy tacihies eniploy sinilar i
‘hines i a production environ
nent, their cost i1s borne by a
huge pmdmt throughput.

A 400 KeV on implantation
machine 1s shown in Figure 3.
Because o1 the high voltage capa
hifity and nther special fedatures,
the cost of this installation i1s sev
pra! times that of typical silicon
implantation equipment, The
deep implants required for some
FET devices necessitates the
fugher voltage which adds con
siderably to the cost.

Since substrate material char
acteristics determine device pes
formance, many GaAs develop-
nent organizations teel that a
nugh pressure LEC crystal puller
as shown in Figure 4 is the key
to tuture progress. Because of the
Jnusual height ot this installa
fron, a special laboratory room
must be available. Excellent st
con water materiai is readily sup-
plied by several reliable sources
vhich eliminate the need for this
type o1 equipment tor those
working on silicon devices and
integrated circuits. Even if they
choose to grow their own crys-
tals such an elaborate installation
vould not he required.

Fig. 4 High pressure Czochralsk: crystal
puller.
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Al present, the lure of an ex
ciung new lield with @ very
pronusing future has encouraged
the targer companies 10 make the
mtial investments. However , this
favorable investment climate can
not exist over an extended period
without the development of a
genuine viable market. This is
particularly true when there are
other pressing demands for this
same captital. The time constant
during which the investors are
patient 1s due to run out in the
immediate future. When this hap
pens there will be the usual re-
trenchment and only those prod
ucts with an established econom
ic base will be continued with
adequate support.

The foreqoing is basic econom
1cs but has been largely ignored
by those playing the GaAs art.
Some are too busy exploring new
phenomena to pay close atten-
tion to the business picture and
incorrectly believe that those is-
sues will resolve themselves. The
real danger 1s that when the busi
ness Issues are addressed the ad
justments will be too sudden and
too drastic. It would behoove us
all to mitiate the sensible reduc-
tions without the forcing func-
tnon of a financial crisis. We
could plan these to be gradual,
and based on real data as op-
posed to speculation. Such re
sponsible action would lend cred
ibihity to the fraternity and could
only improve the investment
climate.

MAJOR PROBLEMS AND
POTENTIAL SOLUTIONS

The kindest description of the
current effort in GaAs is chaotic.
The scope of the activity is ovel
whelming in view of the limited
resources being applied. A pleth
ora of small government device
and circutt contracts aimed at
the cutting edge of the technol
ogy typify the outside support
available. Internally, many com-
panies are investing heavily in a
wide range of exploratory efforts
to stay abreast of the fast pace
of the industry. Very little
thought has been given to a long-
range investment strategy. The
most vocal proponents ot GaAs
have embarked on a messianic

fcontinued on page 32)
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crusade which has created expec
tations which are not likely 10
be satistied. They spend most of
their energies in going from con-
ference to conference describing
new “‘break-throughs.” Although
well intentioned, this type of
promotion is already becoming
counter-productive. Many serious
proposals to pursue fundamental
problems can’t get {unding be-
cause they are perceived as mun-
dane and behind the art. The lit
erature abounds with articles de-
scribing ambitious projects and
alleged progress along a bt oad
front. If one were to assess the
technology from reading these
articles, the impression would
fend to overly optimistic conclu-
sions. The groundwork is being
laid for an inevitable backlash
which can only hurt the industry
in terms of continued support.

What is desperately needed is a
systematic and fundamental at-
tack on the basic material and
processing problems. Long-range
plans must be formulated which
are realistic and well supported
and which will lead to continuity
of effort. It is very debilitating
for those doing the work 1o exist
in a highly volatile and disorga
nized environment which is char
acterized by rapidly shifting pri
orities. Real progress will only
come with long term, dedicated,
focused efforts.

The number of qualified ex-
perts capable of major contribu
tions to the art are very few in-
deed. Only a handful of universi-
ties have research programs of
any substance and these are guid-
ed by a very small faculty group.
The growth of the GaAs industry,
even if monetary constraints were
removed, woulld be seriously lim-
ited by the supply of good peo-
ple and this supply system is not
likely to change in the near fut
ure. The available resources need
to be applied with more care and
precision in defining their mis
sion if we hope to improve our
performance.

To be more specific in suggest
Ing how to bring order out of
chaos, some bold judgments are
in order. Because of the paucity
of real data, these judgments may
prove Lo be imperfect. However,
the alternative of continuing
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along with no strategy is almost a
guarantee of poor results.

e The first recommendation is to

give higher priority to funda-
mental studies such as impur
ity control, epitaxial tech-
nigues, ohmic contacts, ion
implantations, etc. At present,
we dare too enamoured of gad
gets because these can be used
to win government contracts
and o supply material for
publication.

Dedicate the digital MSI work
toward a new front end signal
processors such as prescalers,
frequency synthesiczers, code
generators, etc. Such circuitry
would have immediate impact
on radar receivers and would
perform functions which
would be difficult, if not im-
possible, to accomplish with
existing technologies. A corol
lary to this thrust would be a
move away trom the main
frame compuiter business and
other applications of a similar
SOrt.

Emphasize microwave analog
devices, both discrete FET's
and monolithic circutts. In this
arena low noise FET's and
power FET's have already
made a significant contribu
tion 1o the art. However, ex-
cessively optimistic objectives
such as low cost monolithic
transmitter/receiver modules
should be carefully reassessed.
We should first concentrate on
performance with regard (o
the monolithic effort. The cost
can only come down through
the well established principles
of the learning curve.

Time order our objectives.
Currently we are chasing ev-
erything with equal vigor. Ob
viously there are some near
term requirements which
should receive the bulk of our
attention and some long term
programs which sould survive
with lower priority. In this
manner we could accelerate
the successful application of
GaAs in real systems.

Put high speed LS| on the bot
tom of the priority list. The
likelihood that GaAs is going
1o prevail in thisarena isre

mole and the current maturity
of the technology is such that
effort along these lines will
not be productive (excepl to
generate new benchmarks).

The term GaAs suggests a sin
gle technology based solely on
this one compound semiconduc
tor. In actual fict, the ternary
and quaternary compounds such
as InGaAs and InGaAs/InP will
displace GaAs in many applica-
tions. We are already witnessing
this trend in optoelectronics
where it is important to vary the
band gap of the semiconductor
to accommodate different wave-
lengths of light. This inevitable
proliferation of the base mate-
rials will put an additional strain
on the available resources.

The foregoing is not intended
as a negative prognosis for the
future of GaAs in military sys
tems. In view of its remarkable
attributes and high leverage on
system performance, economic
justification is no obstacle to con-
tinued investments for such ap-
plications. Most of these systems
require state-of-the-art devices to
achieve superiority in the freld
and for this reason GaAs has
much to offer.

Dr. John T. Mende! is Assistant Group Exec-
utive/Director of Technology, Industrial
Electronics Group, Hughes Aircraft Com-
pany. Prior to joining Hughes he worked for
the Bell Telephone Laboratories, Murray
Hill, New Jersey in the Electronics Re-
search Department. Dr. Mendel received the
B.S.E.E., M.S.E.E., and Ph.D. degrees from
Stanford University. 2%
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MII.LIMETER WAVE DEVICES TO 325 0 GHZ. :

DETECTORS, GENERATORS

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

i Thermistor Elements

FERRITE DEVICES
Isolators
Modulators
Phase Shifters
Switches

TE1g COMPONENTS
Adapters
Altenuators
Bends
Couplers
Evacuation Units
Flanged Lengths
Frequency Meters
Hybrids
Insulated Flanges
Loads
Mismatches

Phase Shifters
Pressure Flanges
Pressure Gauges
Probes
Shorts
Sliding Terminations
Switches
Tees
Terminations
Transitions
Tuners E/H
Tuners
Twists
Windows

ANTENNA PRODUCTS
Horns

WAVEGUIDE and HARDWARE

€12 F31-155$

/4\\.//1\ (<N

344 SarLerm S, Meoroxo, Ma. 215
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Around -
the i :;_f\
Circuit -

At Keene Corp.’'s Chase-
Foster Laminates Div.,
Michael Johnson has been
named Marketing Mgr.,
Electionics. . .Frank Carroll was appointed a Sales Engi-
neer at Narda Microwave Corp. NY. . .Diamond Antenna
& Microwave Corp. announced the return of H. S. Tiger
as Chief Engineer. . .John G. David was appointec Mgr.
of Automatic Test Equipment Affairs in the Marketing
Dept. at RCA Automated Systems. . .Thomas C. Cahill
joins RLC Electronics as Regional Sales Mgr. . .Eaton
Corp.’s Electronic Instrumentation Div. appointed Del
Black as So. CA District Mgr. . .lrwin Drangel has been
promoted from Product Marketing Mgr. for Advanced
Materials Div. of Material Research Corp. to Dir. of Mar-
keting while Ross Stander, former Marketing Dir., as-
sumes the new position of Dir. of Plasma Etching. . .
Jesse R. Lien, V.P. - Engineering of GTE, has been elect-
ed a Fellow of the IEEE. Mr. Lien, also Pres. of GTE
Labs, was chosen for his “leadership in electronics re-
search and engineering”’. . .James N. Finley was promot-
ed to Dir. of Field Marketing and William F. Marvin to
Dir. of Central Marketing for the Applied Technology
Div. of 1tek Corporation. . .Terry L. Miller was promoted
from Mgr., MW Materials Product Line to Div. Mgr. of
the MW Materials Div. of Rogers Corp. . .Ron Potter
joined the mktg. dept. of Tecom as Mgr., Adv. Programs.

Adams-Russell has been
selected to provide CATV
services for Lexington and
Hudson, MA and the Vil-
lage of Lynbrook, Nassau County, NY. . Hughes Air-
craft Co. was awarded a S54M contract from the Army
Electronics R & D Command (ERADCOM) for produc-
tion of 48 AN/TPW-36 mortar locating radars. . .1tek
Corp.’s Applied Technology Div. received a $32.7M con
tract from the USAF for ALR-46/69 radar warning sys-
tems, spares and related test equipment. . .Cincinnati
Electronics Corp. was awarded a $7.7M contract from
the Naval Training Equipment Center for the 15E34A
ECM Signal Practice Trainer Device. . .Hazeltine Corpo-
ration received a fixed price contract for $15.7M from
the Electronic Systems Div. of the USAF Systems Com
mand for development of engineering models for the
USAF Airborne Comm. Systems, SEEK TALK.

CIT Alcatel {(subsidiary of
Compagnie Generale
d’Electricite) reached an
agreement with Laser Di-
ode Labs {(subsidiary of M/A-COM) under which they
will share technotogy, production techniques and mar-
kets for electro-luminescent diodes, laser diodes and
photodetectors in the 300-1600 nm range. . .Cablewave
Systems announced that they will represent the Spinner
Company of Munich, W. Germany in the US. . .Wein-
schel Engineering Co., Inc. appointed Arva Hudson Inc.
as Weinschel’s authorized sales rep. for the Washington/
Oregon area. Arva Hudson offices are located at: P.O.
Box 1512, Bellevue, WA 98009, Tel: (206) 455-0773

PERSONNEL

CONTRACTS

INDUSTRY NEWS

34

and 8700 S.W. 26th Avenue, Portland, OR 97219, Tel:
(503) 245-9589. . .Metex Corp. announced the sale of its
electronic shielding product line and related business as-
sets to Chomerics, Inc. Terms of the sale include $3.0M
paid to Metex in cash and $3.0M by a 5-year, secured
note; additional payments amounting to between $2.2M
and $3.7M will be paid over the next 10 years. . .Loral
Corp. announced the acquisition of KSW Electronics
Corp. of Burlington, MA. KSW will become a part of
Loral’s Frequency Sources subsidiary and be combined
into Frequency's GHz Div. in Chelmsford, MA. Dr. Jer-
ome Hartke, President of KSW, will be General Mgr. of
the combined operations, and David Weinhold, presently
Gen. Manager of GHz, will be Asst. Gen. Manager.

Amplifonix, a new com-
NEW MARKET pany which makes cascad-
ENTRY ed and custom hybrids, has

occupied a design and pro-
duction facility in Bristol, PA. Some 30 catalog items
will be manufactured for kHz to 500 MHz applications,
with deliveries to begin in 2-4 wks. Contact: Dr. Art
Riben, President, Amplifonix, 221 Rt. 13, Bristol, PA
19007. Tel: (215) 788-2350.

The Narda Microwave
Corp. reported half-year
results for the period end-
ed December 31, 1980.
Six-month net sales were $11.9M, net income was
$735K and earnings per share were 55¢. In 1979, half-
year net sales were $8.45M, net income was $S425K or
38¢ per share. . .AEL Industries, Inc. reported net in-
come of S405K or 271¢ per share on sales of S15.8M in
the third quarter ended November 28, 1980. This com-
pares with 1979 quarterly results of net income S741K
or 39¢ per share on sales of S12.5M. . .Varian Associates,
Inc. reported annual results for the year ended Septem-
ber 30, 1980 of sales of $620.8M, net earnings of
$22.1M or $2.77 per share. This compares with 1979 an-
nual sales of S493M, net earnings of $S8.58M or $1.13
per share. . .Alpha Industries, Inc. reported third quarter
sales for the period ended December 31, 1980 of $7.6M,
net income of S730K or 30¢ per share. This compares
with 1979 quarterly net sales of $5.6M, net income of
S$469K or 24¢ per share. . .Adams Russell Co., Inc. an-
nounced first quarter net sales of $10.7M, net income of
S$814K or 25¢ per share for the period ended January 4,
1981. This compares with 1979 first quarter net sales of
$7.96M and net income of $529K or 19¢ per share. . .
Watkins-Johnson Co. reported unaudited results for fis-
cal year 1980 ended December 31, of sales of $S132.8M,
net earnings of S7.1M or $2.23 per share. This compares
with fiscal year 1979 sales of $S127.64M, net earnings of
$7.25M or $2.32 per share. . .Scientific-Atlanta, Inc. re-
ported six-month results for the period ended December
31, 1980 of sales of $120.6M, net earnings of $7.9M or
75¢ per share. This compares with 1979 half-year sales of
$85.97M, net earnings of $5.2M or 55¢ per share. . .
EPSCO, Inc. announced 1980 year-end net income of
$936K or 96¢ per share on net sales of S16.0M for the
period ended December 31, 1980. In fiscal year 1979,
net income was $1.24M or $1.35 per share on net sales
of $13.28M. . .Sage Laboratories, Inc. announced net
earnings for the six months ended December 27, 1980 of
$141K or 32¢ per share on revenues of $1.36M. For the
comparable period of 1979, net earnings were $101K or
23¢ per share on revenues of $1.0M. . . M/A-COM, iInc.
announced annual results for the period ended Septem
ber 27, 1980 of net sales of $322.48M, net income of
$24.9M or 77¢ per share. For year-end 1979, net sales
were $227M, net income was $13.2M or 46¢ per share. 2%
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3F Microwave products for telecommunications

electronics. laboratory i
less than 1 MHz up to 8.4 GHz—power outpu
several kilowatts-—all solid state—that's th
that's getting wider every day. with a constantly
commercial. industnal and military apphcations.

Space Satellite Amplifiers
+ Class A linear or Class C

+ 1500 to 2300 MHz
. “Space-Qualiﬁed" transmitters

Satellite Ground Stations

» GaAs FET power amplifiers, up 10 8.4GHz

« 1 and 5MHz distribution amplifiers, up to 26 outputs
» FM carrier paseband video distribution amplifiers

+ IF amplifiers, 70, 700 and 1100 MHz

Terrestrial Microwave Amplitiers

+ Microwave LOS, 100 watts

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

Broadcas!

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

« FCC type-accepted driver amplifiers

+ UHF TV internal 3-tone amplifiers

Avionics

» FAA and MIL TACAN transmitter systems— power
amplifiers, modulators, synthesizers, power supplies

» L-band digital transmitters (JTIDS)

+ Data link transmitters

» Upidown converters

« Airborne pulse amplifiers

MICROWAVE

330 Oser Avenue, Hauppauge. N.

nstrumentation and test-

_defense

_frequenc
ts from less th
e world of MPD.
growing spectrum of

jes from
an 1 wattup to
it's a world

Missile Systems

+ Command destruct transmitters

+ Guided weapon data link amplifiers
« Military drone transmitters

Radar Amplifiers

+ L-band transmitters

+ S-band pulse drivers for 3-D radar

+ Shipboard drivers for AN/'SPS-48 radars

Electronic Warfare

« Communication jammers

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

Military Commu nications Amplifiers

» Long-pulse data inks

+ Communication command hnks

« UHF transceiver ampliﬂersmodulators
» MIL RF power boosters (ECCM)

Lahoratory Instrumentation Test

+ Class A linear amplifiers
+ RFIEMI test amplifiers
+ Power meter calibration systems
+ Commercial and MIL power supplies—
high efficiency. compact packaging. up to 6000 watts
« DC-DC converters

POWER DEVICES, INC.

Y. 11787 = Tel 516-231-1400 * TWX 5102276239
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Systron-Donner Advanced

YIG DRIVERS

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

VOLTAGE-TUNED OSCILLATORS

MECHANICAL AND VOLTAGE-TUNED OSCILLATORS

Note 1: Current is steady state. Surge current will be 70% higher.

Systron-Donner’s
setting the standards for:

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

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

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

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

World Radio Histo




YIG-TUNED FILTERS

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

SYSTRON DONNER

ADVANCED COMPONENTS DIVISION
A Member of the THORN EMI Group

CIRCLE 28 FOpTE{TemaInen

CIRCILE 27 ENR DEMNNSERATIOW

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

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

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




When Timing Is Important
You Can Count On

B RF Frequencies from 2 to 18 GHz
@ IF Frequencies to 5.2 GHz
® Guaranteed Isolation Greater Than 23 dB
B Guaranteed Conversion Loss Less Than 6 dB
& Delivery, Stock to 90 Days
Double Balanced Mixer Selection Guide -
i < Frewency (GHz Whether your application is communications,
e T —r——r—1—7—=  EW. or radar, Aertech can deliver mixers when
- Mx8500- you need them . . . in fact many of the standard
- MX7500 - o . .
- AXB500 production units shown here are available from
R ot s e i stock. In addition, mixers can be integrated with
—— = me = other Aertech components such as amplifiers,
X2001 6 5 .
=& wxao0r = isolators, and PIN diode modules to provide
< MXSC00 o
- MX7000 — complete subsystems.
- M XB000A -
- s 10 -
023 b e R Contact us today for fast service on all your
5 o o O, . Mixer requirements . .. or send for our detailed
< MRX10408» brochure
- MHX2060)B &
- X185 -
il - b @O .-
L HXIMOA -
HXBE
- MHx1 -
Mt 1160
| I ! 12080A -
130
- \ 16000A * -
F i U o a subsidiary of TRW

825 Stewart Drive, Sunnyvale, CA 94086, (408) 732-0880, TWX: 910-339-9207
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Linear Amplifi
‘Design and Fabrication Techniques

D. R. CH’EN, D. R. DECKER,

W. C. PETERSEN, and A. K. GUPTA

Rockwell International

Microelectronics Research and Development Center

CYS=

Special Keport

INTRODUCTION AND
TECHNOLOGY DESCRIPTION

The beginning of an era of cost
eftective MMIC's {monoiithic
microwave integrated circun!s)
with their integration ot high
performance GaAs FET's and as
sociated circintry is upon us. This
new technological approach’™? to
microwave circuitry will make
possible applications heretotore
not technically and/or financial
v feasible In this paper, the
main focus will be duected (o
ward hinear amplifiers aithough
most circuit design rules, GaAs
materials requirements, and de
nce fabrication technology are
apphlicable to the generalized
MMIC approach.

MMIC circunt design principles
and device layoul procedures will
be presented first. Details of ma
terials growth and characteriza
non which make possible the
realization ot GaAs MMIC ampli
fiers wiil he covered 1in the next
section Circunt fabrication tech
niques including a planar, 1on 1im
planted, GaAs MMIC fabrication
process will be outlined. Circuit
design iteration procedures and
actual examples of an ultra wide
band amphfier and an RF pream
phifier will he presented. The final
sechon will Sumimarize the high
ighits of the MMIC Linear ampl
hier technology and attempt to
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Fig. 1 Cross section of MMIC chip.
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project the direction of future
trends.

LINEAR MMIC DESIGN PRINCIPLES

T'he des:gn of MMIC's 1s main
Iy accomplished through the use
ol computer-aided design (CAD)
techniques which utilize models
ol the active devices and passive
components to compute the pre
dicted circuit performance. The
accuracy and, consequently, the
usetulness ot these design tech
niques s directly refated to the
accuracy and completeness of
the device and circuit element
models upon which the analysis
is based. Since this is the founda
tion upon which further analysis
and designs are based, excellent
models must be developed tor
the active GaAs FET's* and the
circuit elements.

The structure of typical MMI{C
circuit elements may be seen in
the cross section shown in Figure
1. lon implantation is used to
torm the FET active layers and
resistors. Metal-insulator- metal
(MIM) capacitors (~125 pF/mm?)
are used as tuning elements for
RF bypassing. High impedance
transmission lines give inductive
reactance over the desired band.
Thin film resistors may be used
for improved temperature stabil
ity. The primary transmission
mode for complex amplifier de-
sign (s microstrip, and either edge
or through substrate via ground
ing (Figure 2) is used as needed.
Plated air bridges may be used
for low capacitance crossovers of
beam lead fabrication. The sub
strate thickness may range bhe
tween approximately 100 and
250um depending on frequency
and reguired power dissipation
capability.

The impedance of microstrip
transmission hines of various
widths may be calculated from
standard formulae for a given
substrate thickness and a dielec
tnic constant of ¢, = 12.9 for
GaAs. Circuit impedances as high
4s about 110 ohms and 90 ohms
can be realized with practical
linewidths for 250um and 125um
thickness substrates respeclively
The loss per umit length of such
narrow transmission lines can be
computed, but measured values

40

are more accurate since they ac
count for all factors involved, in
cluding such variables as metalli
zation roughness. A Q of ~ 125
through X-band 1s attainable.

Examples of both ultra wide
band and narrow band MMIC
amphifier designs have been cho
sen to demonstrate the progress
of a typical design cycle. Both of
these amplifiers are constructed
LUSING MICTostp cictntry with
250um substrate thickness, The
narrow band design is a first iter
ation whereas the ultra wide
band amphtier 15 a second 1tera-
tion.®

The narrow band amplifier is
designed to operate as a pream
plifier in the 10 to 15 GHz band.
A single stage, common source
design with a small source induct
ance to improve imput match at
minimum noise comprises this
amplihier. Series C, shunt L tun
Ing at both input and output pro
vide dc blocking and simple bias
injection. MIM capacitors are
used to tune mput and output
ind to bypass the shunt induc-

Fig. 2 Scanning electron micrograph of
through-substrate via hole on a
500 um thick substrate.

tors which are used for bias in-
jection. The GaAs FET is a single
150um wide finger with a nomi
nal gate length of 0.7 um.

The ultra wideband amplifier
1S destgned 1o operate across the
band from 100 MHz 1o 10 GH_z.
This amplifier 15 designed with
four FET stages of which two
provide active matching at input
and output and the other two
provide most ol the gain. There
fore, the configuration of the
four stages is common-gate, com
MonN-source, COMmOon-source,
common-drain from input 1o

'World Radio Histol

outputl respectively. The first
two stages are tuned for ming
mum noise. On-chip bias net
works with MIM hypass capaci
tors are provided for all FET s,
A scanning electron micrograph
of the ultra wideband amplifier
1Is shown in Figure 3.

MATERIAL TECHNOLOGY

The preferred MMIC fabrica-
tion technology has evolved to-
ward the basic ion implanted
{1.1.) GaAs FET process technol-
ogy proneered by Rockwell In-
ternational . *® This is primarily
due to the superior device param-
eter uniformity and reproduc
hility offered by the |.l. method.
This technigue, however, puts
strong constraints on the proper-
ties of the semi-insulating (S.1.)
GaAs substrate material.

Well behaved S.I. GaAs ingots
with resistivities of v 1 X 108
ohm-cm can be grown by the
horizontal Bridgman and the lig-
uid encapsulated Czochralski
{LEC) techniques. lon implanted
active FET layers with electron
mobilities of ~ 4500 cm?v!g7!
for 1 X 107 em™* doping con-
centration can be prepared using
either type of substrate material.
A historical difficulty of control
in the preparation of S.1. GaAs
substrates has been a serious im-
pediment to the development of
monolithic circuitry. Various
qualification procedures which
assess the ability ot the S.1. sub-
strates to withstand high-temper-
ature processing have been em-
ployed on an empirical bhasis to
circumvent this problem. A pre-
selection test for bulk S.I. GaAs
substrates involves qualification
of the entire GaAs ingot by sam-
pling the front and rear ot each
boule. Extensive data has shown
that all waters within the ingot
are qualitied when samples trom
both ends pass the qualttication
tests.

The LEC crystal growth tech
nique using the in-situ GaAs syn-
thesis capability of a high pres
sure puller, with Si background
impurity concentration, in the
high (10'*) to low (10'%)em™*
range, ofters approximately an
order of magnitude higher purity
crystals than the Bridgman meth
od.” The etch pit density, which

MICROWAVE JOURNAL



“1g. 3 Scanming electron micrograph of
ultrawideband MMIC amplifier with
2.5 mmsq. chip size and 250 um
thick substrate

ndicates degree 0! crystal chisor
is in the 10710%em™ range
his s one 10 two orders of mag
itude higher than the etch pit
lensity of Bridgman crystals
{owever, no clear correlation has
ieen established between the
tch pit density and device per
ormance and yieid 1n GaAs. Ad
anced diameter control tech
nques have been developed {or
_EC crystal growih which per
nits the growth of boules with
Ze unife thin® 1 mm of
1 2" diameier ingot.

In cantrast, the imied size
nd irregular shapes of the typical
Inidgman walers are very unde
irable for device manufactliting
\ctual MMIC circuits fabricated
mna 2" diameter LEC GaAs wafer
re shiown on the cover of thns
ssue In thos photograph, an ar
ay of circuits 1s tabricated from
he samie mask set. The circut
rray Inoludes the narrowband
sreamplifier and ultra wideband
miplifier. The ultra wideband
mplifier 1s shown in the scan
ng electron micrograph of Fig-
ire 3. Presently, both 2" and 3"
hameter LEC ingots are being
rown by Rockwell and other
iboraiories.

I,u

ity

High quality semi-insulating
ahs grown by the LEC method
ias demonstrated feasibdity for
n mplarttation in both un
loped and chromium doped
rystals. Active layer umfornmty
ssessed by FET pinchoff voltage
/pl mapping on one quadrant
if a3 diameter LEC waler nsing

100 kel Siimplant reveals
o tand ditierences bhetweern
Stidgman and LEC substrates as
howr in Figure 4 Both wilers
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Fig. 4 FET pinch off voltage, V‘
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y unitormities, how
ever, the LE(l, shice shows hi

ghet
uniformity with onl Vi

7.6% scatler al one standard de
viation from the mean
positions represented by an X"
indhicate areas either near the shce
edae or shadowed by clips diging
processing. Please note that fong
range vaniations in Vg are much

more evident i the Bridgman
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Ihe data

mapping for LEC and Bridgman wafers

sample than in the LEC sample
The difference in the average Vi
O 1he two types ol matedals 1s
typical. The tong range varation
in Vo, which impact device viel:
tor targe MMIC chips, are in the
range of + (3-5) % tor the LEC
maier il

In summary, both the Bridg
man and the LEC arown sub



PLANAR GaAs MMIC FABRICATION PROCESS STEPS
ACTIVE LAYER IMPL ANT
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o
f
é‘ ’{'J) SEMI INSULAHNG(...;\.-FA O AT )

n' IMPLANT

S

FNCAPSULATION AND ANNEAL
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=22
o —AAA—

OHMIC CONTACT METALLIZATION
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Fig. 5 Planar GaAs MMIC fabrication process steps.

strates are useful for MMIC fabri-
cation. Most researchers feel that
the LEC material has the greater
long term potential; however,
only limited quantities of S.1.
LEC material are commercially
available at the present time. It is
interesting to note that the Met-
als Research Corporation, manu-
facturer of the large 10 kg capac-

ity high pressure LEC crystal
puller, has to date, soid seven

of b60 kg of 3"'-diameter S.I.

easily support the MMIC and

in the foreseeable future.
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$750K pullers dedicated to GaAs
with a combined growth capacity

GaAs ingots per month. With rea-
sonable yields, this capacity may

other GaAs device requirements

CIRCUIT FABRICATION
TECHNIQUES

Conventional photolithog-
raphy is a well established tech-
nnlogy offering such advantages
ds paraltel processing of large
wafers using equipment original-
ly developed for Si wafer proc-
essing. The main limitation of
photolithography is in the fine
line resolution, which is limited
to a minumum dimension of 0.7-
1.0um for MMIC fabrication.
This lower limit is sufficient to
allow the use ot standard photo-
lithography in all masking levels
except in the definition of sub-
micron gates which can be de-
fined by direct wafer writing us-
ing an electron beam lithography
(CBL) machine. An added advan
tage of EBL is that it uses a com-
puter to store the patterns to be
generated and, therefore, pro-
vides a fast circuit editing capa-
bility.

In desianing a complex MMIC,
it ts essential t0 have a multilayer
interconnect scheme with low
parasitic capability. Currently,
two-level interconnections are
used on X-band MMIC's with
plasma deposited silicon nitride
as the crossover insulator. Para-
sitic capacitances may be re-
duced lurther by incorporating
gold-plated air-bridye in MMIC
fabrication technology. A by-
product of the air bridge techno!-
ogy is the ability to fabricate
beam leads for all off-chip con-
nections. The heam lead ap-
pruach to off-chip interconnec
tion is highly desirable in Lhe
MMIC process technology since
it efiminates the need for wire
bonds. To put the discussed key
MMIC fabrication techniques in
perspective, a step by step de-
scription of an actual process
flow is outlines.

Figure 5 illustrates the Rock-
well process to tabricate a planar
GaAs MMIC chip incorporating
an FET, a Schottky barrier diode,
a bias resistor, and an MMIC ca-
pacitor. For illustrative purposes,
a two-implant device fabrication
process will be described. Fabri-
cation of the device wafer from a
qualified, S.I. GaAs substrate is
initiated by a photo-resist opera-
tion to define the device and cit -

{continued on page 44/
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Detector Diodes E

Smart $6°

quenmy
Call for immediate price quotations

Part Number 450BD *I

GERMANI|UM BACK DIODES FEATURES:
le Va ' Ry = C‘F ® Low Video Resistance
Part HA mV mV | ohms{ p . .
Number | Range | (Typ) Typ) | (Typl|(Max) : Exce:'j?fnrt\ul;!;':a”ty
= ow i

UL DRM R e B U..: 10 ey | ® Low Rf Impedance

15080 50-150 540 100 7 1.0 i Y ngh Sensltlvlty
: . @ Temp. Stability

200BD | 150-250 [ 550 110 2 ez

25080 | 150-250 | ss0 | 100 | 6 1.0 Operating Temperature
[ 30080 | 250350 | ss0 | 110 [ 7 |07 | -65° to +100°C

350BD | 250-350 | 550 100 6 1.0

1 C C | Germanium Back Diodes are designed for

| 4008D 350-500 560 100 6 07 | microwave video detector and mixer
#*] 450BD 350-500 560 80 5 1.0 application thru Ku band

* V measured at 500 A e “° V measured at 3 mA s

TYPICAL VALUES TYPICAL DETECTOR RESPONSE CURVES
Figure Video
DIODE TEST . of Merit  Resistance
TYPE FREQUENCY 1SS YR Rv() 1000
2GHz 53 dbm 300 400
O 4GH2 56 abm 750 400
8GH2 —42 dbm 75 w00
16 GHz 47 dbm 40 400 7
7GHz 59 abm 730 120 100 /
e 4GHz 57 abm 195 120
8GH2z 52 dbm 100 120 g
16 GHZ 4§ gbm 5% 120 <
2GHz —5% dom 10 80 =
1GH:z 54 dom 100 80 =
ZO0E0) 8GHz 51 dbm 100 80 i /
16 GHz 45 dom 85 30 = 0
3
*2MHz Bandwidth 2 /
E
3
TANGENTIAL SENSITIVITY g //
1.0
- c
Prog - 25VARTBINEL o was & /
M 2
where k 138 x 10-23 Joules /°K O= / 20080
T = temperature in °K 0.1 %
8 bandwidth of detector-amplifier combination n H el 7/ | 3008D
NF = noise figure of the amphifier {expressed as a ratio) i
M = figure of menit of the diode / ‘
01
-60 -50 -40 -30 -20 -10 0
Input Power (dbm)
C C 1 Capability: Tunnel Diodes for Oscillators, Detectors, Amplitiers and
Switches. Back Diodes & Schottky Diodes for Detector-Mixer Applications.
b
l C C | canprovide all of its products tested to MIL S-19500 HI-REL requirements

or specific customer HI-REL requirements including 100% pre-screening
x-ray, environmental and accelerated aging tests. Devices with special
characteristics or special packages to fit unique requirements can be made for

you in a short time. Telex 132-445

CUSTOM COMPONENTS, INC. Box 334 ¢ Lebanon, New Jersey 08833 ¢ (201) 236-2128

C
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{trom page 42) LINEAR AMPLIFIERS

curt areas requining the low dose
implants such as that required tor
the active channel of an FET,
This is tollowed by a shallow Se
or Simplant as illustrated in Fig-
ure 5, step a. Additional localized
mpiants such as an nt implant
suitable tor device contact areas
or Schottky-barrer diode are
carnied out i a similar manner as
shown in Figure 5, step b. The
localized implantation steps are
iollowed by the encapsulation of
the slice with S1;N, and anneal
ing at 850°C tor 30 minutes in
H, atmosphere, step ¢. This high
temperaidre simultaneously an-
neals the two implants and con
verts the shallow implanted
areas, v 2000 A, into FET active
channel fayers with pinchoti
voltages dictated by the implant
conditions (" 3V for small signal
MMIC amplitierst. In contrast (o
the shatlow active area fmplants,
the n+ implant at a higher dosage
is desirabte Tor ohnie contacts
and low value resistors. Addi
tonal implantation can he incos
poraied batore the high temper
aiure step be if required

High performance GaAs FET's
require ohmic contact resistance
0 the low 1 X 10°  emi’ range.
Device ohmic contacts are de
Hined in step d with standardd
photoltthographic techniques,
After the alloying of the AuGe/
Ni ohmic contact areas at 450°C,
d photaresist operation 15 agan
performed 1o define the Schotrky
barsier metaliization tor the
FET's and diodes. Ti/Pt/Au s
selecied for i1s reliable Schottky
barriers as well as {or the first
lByer circuit interconnections,
step e. High meliing point refrac
tory metal gates have been shown
1O be many Limes more resistant
to electrical transient burnout
than Al structurés. A dielectric
layer 1s then deposited on the
entire water as insulation for the
second level interconnections
and dielectric for the circuit MIM
capacitors. Via holes etched
thraugh the dielectric layer are
used for interconnections be
tween the two metallizations.
[P AG s also selected Tof the
second level metallization. In the
final senes ot finishing steps gold
metailizanon Tor the cire RTERAVANTS

a4

plated up for low transmission
losses, the water 15 thinned, the
substiate via holes are cut, and
backside metallization is deposit
ed, step t. Figure 1 shows a cross
secltional view of such a complet
ed cirout

DESIGN EVALUATION

Evaluation of the narrow anc
wideband amplhitier circuits de
scnibed earhier 15 part of the over
all MMIC design cycle, Inmitial re
sults qive an indication of design
performance and help 1o guide
subsequent ciucut optimization.
SINee citcuit Urweaking'’ 15 ex
tremely difticult in the MMIC
technology, periormance analysis
must rely ona combination of
measurements and upgraded
computer modeling. Microwave
evaluation of the integrated chip
involves testing for all periorm

10 | T T T T I
= PREAMPLIFIER QAN uy FREQUENCY ~

0 L 1 1 1 1 1

) ] i 1 il 13 14 1%

FREUCUENCY LMy —

Fig. 6 Measured MMIC preamplifier gain
vs frequency .
ance goals andt identitying contr
butions ot imdwidoal subcircunts.
Inial measurements ot the
gain ot the preamplifier circuit
are shown in Figure 6. The gain
15 above about 5 dB from 10 to
12.5 GHz with a peak gain of
about 7.5 dB at 10 GHz. The in
put and output return 1oss are
nominally about 9 + 4 dB across
the same band. Analysis of these
results has uncovered an extrane
LS Source Of stray capacitance
Continued development of this
circunts expected to tlatien the
gain and increase the center fre
quency by about 10 to 20%.
Charactenzation of the ultia
wideband amplitier has disclosed
several impaortant features of the
design perlormance. Thorough do
measurement and precise birasing
of each FET of this multistage
amphihier appear to be the Key (o

'World Radio Histol

achieving the designed periorm
ance. The measured gain from
H00 MHz to 10 GHZz for this am
plifier is shown in Figure 7. It

10 i T
AMPLIFIER GAIN

y 1 1 U ¥
O 7 1 ; 5

(=]

FREQUENC Y 154p)

Fig. 7 Measured MMIC ultrawideband
amplifier gain.

was necessary to adjust the value
o1 one resistor to obtain this re
sult. The measured input and out
put return 1Hss 1o this amplifier
are shown in Figure 8. Use of

the active matching appfoach
Nidy be seert to resuiy in excellens
matching results ISWR =15 1)
across very wide bandwidth with
concurrent small chip size. Contl
nuing development eiforts on
thisamplitier are anticipated to
realize 10 dB gain across the ful
bandwidth trom 100 MHz 10 10
GHz. Cascading ot these ampli
tiers tor higher gaimn 1s also very
practical as a result o1 the excel
lent match achieved.

0 T

T T T 1
AMPLIFIER INPUT AND DUTPUT SMIATTUH
T o |
8
=10k
2
)
= " npuT.
OUTPUT
20 1 i i i 1
0 rd 4 [ 3 10 i

FREQUENCY (Gr!

Fig. 8 Measured MMIC ultiawideband
amphifier match.

FUTURE TRENDS

The MMIC tfabrication ap
proach s extremely dithicalt to
cireutt tane or tweak This s a

{continued on page 48)
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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 all saltspray and humidity 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.

SPECIFICATIONS

5010-6 m 5010-20

ALL ARE 1-2
20 £1.25
BOTH ARE #0.75
BOTH ARE 25
BOTH ARE 1.10

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

1-800-521-4410 For technical informatlon, price, delivery or to place orders

5011-6 m 5011-20

ALL ARE 2-4
102+1.25(/20¢125
BOTH ARE ¢ 0.75
ALL ARE 22 P
ALL ARE 115

ALL ARE 0.20

ALL ARE 0.51
ALL ARE 0.34
pras 'ALL ARE 1.35
BOTH ARE 0.60 0.65
ALL ARE 0.30

ALL ARE 0.75

5012-6 m 5012-20

ALL ARE 2.6-5.2

10 2125|120 £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 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>