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The performance you need...

the economy you want.
100 kHz to 40 GHz

’ 9 H
Here’s Wha! POIarad‘ ‘S ,r’\ew fe'med ¢ Greater accuracy for Frequency readout and Spans.
3rd generation, 600 “B” Series * Expanded frequency coverage; 3 MHz to 40 GHz
Spectrum Analyzers offer you... (Models 630B &.640B). , il
» Cooler operating temperatures increase service life
¢ 80 dB on-scale range for 10 dB/div. log scale. and reduce warmup time.
¢ I[mproved accuracy for 2 dB/div. and linear scales.
e Greater sensitivity, flatness and noise-free dynamic
range.
¢ All signal levels directly measured in dBm.

TWO NEW ACCESSORIES for the Internal Digital
Memory and Programmable Data Processing Interface:

* Improved dynamic range for harmonics and IM. ¢ Mode! 6488 Adapter for the GPIB, IEEE-488 Bus.
¢ Improved display stability and resolution through ¢ Mode! 6700 Digital Cassette Recorder stores and
reduced residual FM and noise sidebands. recalls up to 120 displays per cassette.

U.S.A. Prices (Sept. 80)

Freq. Range Without Including
Memory Memory

100 kHz to 2 GHz  N/A $ 9,250
3MHzto 40 GHz $11,325 $12,975
3MHz 10 40 GHz  $15,325 $16,975
Call or write for complete specifications with internal

or to request a demonstration. preselector

d polarad polaracd polarad p:«

Polarad Electronics, Inc. 5 Delaware Dr. Lake Sucess N.Y. 11042 Tel: 516-328-1100 TWX: 510-223-0414

Circle 1,0n.Reader. Service Card




It is incredible...both filters have approximately the same low loss
(true, there is a difference in bandwidth.) However, Ké&L’s IB10 Series
utilizes high Q circuits to achieve a surprisingly low insertion loss for the size.
(A size that will fit perfectly on a circuit board.)

Frequencies from 30 MHz to 12 GHz...Contact us with yoar requirements.

MICROWAVE NCORPORATED

408 Coles Circle/Salisbury, Md, 21801/301-749-2424/TWX-710-864-9683
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OUDLE-BALANCED MIXERS!

il Clgamnits af ceussel

95 100 Pieces e
. $4.50 (10-49)

For demanding industrial
and commercial applications,
where low-cost and high-performance

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

metal case, non hermetic seal

Doa't let the low price mislead you. As the world’s number
ona manufacturer of double-balancedimixers, Mini Circuits’
has accumulzted extensive exgerience sn high-volume production
Lo 1500 RF 1500 IF DCS500 and testing, a key factor in achieving a successful low cost/high per-
Conversion Loss. d8 Typ. Max formance [ine of products.
Dne Octave from Band Edge 5.5 Y
Total Range 5.5 85
Isolation. d8 Typ  Min
Lower Band Edge to LORF 50 35
One Decace Higher L0 45 30
Mid Range LORF 45 30
LOIF 40 )
Upper Band Edge to LBO-RF 35 25
One Octave Lower LB+ 30 20

Frequency Range. MH2z

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

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

Of course. our one-year guarantee applies lo these units.

Signal. 1dB Compression Level - tdBm
Impedance. All Ports 50 ohm
Electronic Attenuation Min (2OmA) 3dt

World's 1argest manulacturer of Doutite Balanced Mixers

) - » ]
[JMini-Circuits
MINI-CIRCUITS LABORATORY
A Dwsion of Scientmic Ceponents Corg 21 Rev IBL

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Teiex 125460 International Telex 620156
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Broadband, 0.5 —4.2GHz e Only 0.2dB insertion loss
Isolation over 30 dB midband, 25 dB at bandedges ® Octave bandwidths
Two way © up to 10 W (matched output )

* High performance microstrip construction

® Housed in rugged RFl-shielded aluminum case

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

® Meets MIL-202E standards

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

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

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

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

Frequency Insertion Isolaticn. Amplilude VSWR
Range. Loss.dB dB Unbalance, (All Ports) Power Rating-w ‘ S s
Mode| GHz Typ! Max ipp Ain dB oo Divider Combtner Price Qty. 5
Pi—e . . V| 0 -
ZAPD-1 0510 04 006 M 0> e 0w W SIBE5 19 - - v
- - ) - -
ZAPD-2 1040 s @/ W i 120 WW IDmw  SS8ES 0 b o
ZAPD-4 202 > s LN 0 100 nmw SR8 18
Dimensions 7 *J * 049 Connectors Avallable. BNC. [NC avaiabie at no addittonal charge

35 00 acoitional toe SMA and Type N

At Bt o0 M

2625 East 14th Street Brookiyn. New York 11235 (212) 769-0200 m Mln'-Clrcu Its
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.the SMALLEST

MIXERS

Now available.

BROADB

40 kHz-36
.95
MODEL TFM-2
$11.95 (6-49)

g

Dy

ACT NOW TO IMPROVE YOUR SYSTEM D "
increase your packaging density, and lower your costs. . .
specify Mini-Circuits new microminiature TFM serles. These tiny units,
0.5" x 0.21” x 0.25" the smallest off-the-shelf Double Balanced Mlxers
available today, cover the 40 kHz - 3 GHz range and offer
isolation greater than 45 dB and conversion loss of 6 dB.
Each unit carries with it a 1-year guarantee by MCL. Upgrade
your new system designs with the TFM, rapidly becoming the
new industry standard for high performance at low cost.

from Mini-Circuits of course.

Model TFM-2 1-1000 MHz | $1195
————
Modei TFM-3 0.04-400 MMz | $19.95
| = = ——— o cS———
Model TFM-4 5-1250 MHz | $21.95
— —

- Model TFM-11  1-2000 MHz | $39.95
N S

Model TFM-12  800-1250 MHz | $39.95
L= =

)
Actual size Model FFM-15  10-3000 MHz | $59.95

10 kM2 1 MHz 1 MHz 10MH 100 MH2 1GHz

Simple mounting options offer optimum circuit layout.

aH

]
Use the TFM series 1o solve your tight spate proalems Take Model Frequency MHz Conv loss, ¢B Isolation dB Cost
advantage of the mounting versatility --plug 1t upright on a PC ! "M"‘»'jlv! a lmvl:auvg Edge Upper a‘;.- Eage
board or mount it sidéways as a latpack o o g rade Mg Mot R Stave v
RA 1 LR L] * i Lh#
Mode No Rt WM lyp M Ty Me T M I M Ty W Tyh M Ty M| Beastity  Pree
TFM 2 w0 Yy OG-0 60 TS $150 4% 4540 40 05 XM AW 0| B8 S
TEM Y | e300 D4 . . | 1 n Iy
TEMG | 53050 525t D150 6l ; S5E5(50 a6 a5 @ 0 0 BB H W 4 ol
TFM 1 10K K w 4 a5 & il 200 TJ4 SeW
TEMA12 | 802250 800 1 (O t : ) % 3 : ) 4 SN
TEM 15 110K ok . § S ‘ 3 0} ) S50 8
Signal | g compres.aen evel ¢ @M Impetoce 10 poe . il gt power W ToM! input Current
prak 40 mA Cpersting thHrage mpeesto e 557C W0 S 100 ¢ P terhperasere S0 F (10 sec

LU powde < WEBmM 1 el sarpreas 4 9Bm

| Low Haywona Moae
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Telecommunications
GaAs FET.Power Amplifiers

3 >

driver (IPA)
amplifier for
Satellite

5.9-6.4 GHz Uplink
power capability

Features
o TWTA Replacements
e High Linear Power Output
e Internal Voltage Regulation
® Reverse Voltage Protection
e Hermetic FET Devices

Electrical Characteristics (@ 30°C)

SMALL | POWER OUTPUT (GBm)

FREQ SIGNAL @ 1dB COMPRESSION VSWR Ip

MODEL RANGE GAIN POINT INJOUT TYP
NUMBER (GHz) (a8) MINIMUM TYPICAL MAX (Amps )

MSC 98703R 5964 40 30 31 1.5/2.0:1 18

MSC 98713R 5964 45 33 34 16/201 25

MSC 98723R 5964 49 36 37 15/20:1 50

NOTES (1) Higher gain options available
(2) Recommended supply voltage for best efficiency Vp = + 10Vdc reguiated

atIp (reter tabie)
(3) Aternate supply voltage Vp= +13Vdc with internal regulation and
reverse voltage protection also avallable at reduced efficiency

YOUR TOTAL MICROWAVE RESOURCE

Custom designed amplifiers with higher
power outputs and optimization of band-
width and/or efficiency are available.
Please call or write for a complete GaAs FET
Product Data Packet.

= & MICROWAVE SEMICONDUCTOR CORP.
ll.- mm on affiliate of SIEMENS

100 School House Road

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

(201) 469-3311  TWX (710) 480-4730  TELEX 833473
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Earth Terminols.'

Coming
Events

WARC ‘79
SYMPOSIUM
JAN. 26-27, 1981

Sponsors: AIAA,
IEEE. Place: IEEE
Haq., United Engi-
neering Bidg., 345
E. 47th St., New York, NY. Theme:
“WARC ‘79 — Issues and Impacts.”’ Con-
tact: Dr. W.C.Y. Lee, ITT Defense Com-
munications Div., 492 River Rd., Nutley,
NJ 07110. Tel: (201) 284-3373.

1981 IEEE/MTT-S Call for Papers.
INTI MICROWAVE  Sponsor: |EEE
SYMPOSIUM MTT-S (held jointly
JUNE 15-17, 1981 with IEEE AP-S on

June 17-19, 1981}.
Place: Bonaventure Hotel, Los Angeles, CA.
Theme: “Around the World with Micro-
waves,”’ includes such topics as CAD and
measurement techniques, microwave and
mm-wave solid-state devices and [Cs, etc.
Submit 35-word abstract and 500- to 1000-
word summary by Jan. 15, 1981 to: Dr. Don
Parker, Technical Program Chrmn., MTT-S
Symposium, Hughes Aircraft Co., Bldg. 268,
M.S. Ab4, Canoga Park, CA 91304,

INT'L ELECTRI- Call for Papers.
CAL, ELECTRON- Sponsor: |EEE —
ICS CONF. & EXPO. Canadian Region.
OCT. 5-7, 1981 Place: Automotive

Bldg., Exhibition
Place, Toronto, Canada. Topics: Micro-
computer and Computer Technology, Power
Technology and Systems, Electronic Circuits
& Systems, Communications, Industrial and
Energy Systems, Biomedical Engrg. and
Electromagnetic Capability. Submit 3 copies
of 1-page abstract by Feb. 27, 1981 to Con-
ference Office, R.T. Copley, Tech. Program
Comm. Chrmn., 1450 Don Mills Rd., Don
Mills, Ontario M38 2X7. Tel: (416} 445-
6641; TLX: 06-966612.

6TH INT'L CONF.
ON INFRARED &
MM WAVES
DEC. 7-12, 1981

Call for Papers.
Sponsors: |EEE
MTT-S and IEEE
Quantum Electronics
and Applications
Society. Place: Carillon Hotel, Miami Beach,
FL. Session Topics: Millimeter Sources,
Devices or Systems, Millimeter and Submil
limeter Propagation, Atmospheric Physics
and Propagation, Plasma Interactions and
Diagnostics, Guided Propagation and De-
vices and Calibration Standards, etc. Submit
35- or 40-word abstract by June 30, 1981

to: Mr. K.J. Button, Program Chrmn., MIT,
Francis Bitter Nat’l Magnet Lab, 170 Al
bany St., Cambridge, MA 02139. Tel: (617)
253-5561; TLX: 92-1473. %%

MICROWAVE JOURNAL



Wavetek introduces the first
microwave signal generator with
intermal sweep.

In the 7 to 124 GHz frequency
range, you're going to have a
tough time finding a more
versatile signal generator than
the new Model 907A Especially
at just $7,295

The 907A is an all-solid-state,

CIRCLE 8 FOR DEMONSTRATION

and pulse modulation
capabilities—plus its unique
internal sweep feature

The instrument's frequency
range is continuously vanable
with front panel or external
voltage control Output 1s
displayed on a 3¥%2-digit LCD
Output level 1s continuously
adjustable from 0 to -127 dBm
and leveled to halt a4 dB Another
3%2-digit LCD displays the level.

You can get FM and pulse
modulation from the 907A's internal
modulator, or these plus AM from
an external source Because of its
full modulaton capahilities, the

907A 1s 1deal for su

programming of frequency and
amplitude 1s optionally availuble
We only know of one other
microwave signal generator that
approaches the Model 907A 1n
versatility, accuracy, and punty.
And that's cur Model 907—the 7 o
11 GHz version which goes for
$6,795" Either one qgives you
excephonal pertormance tor the
dollar And that's something we
put into everything we make
Wavetek San Diego,
9045 Balboa Ave , PO. Box 651
San Diego. CA 92112 Tel
(714) 279-2200, TWX, 910-335-2007

w3 = el lor such crpleaions NAJANETEE KC

sensitivity.

Weput
alittle

sweeper
in every one

we make.

WaveTeK W77

FREQUENCY

World Radio History

CIRCLE 56 FOR LITERATURE

EXT
FREQ
CONTROL

FREQUENCY IGHz)

MODE e rx

M SWEEP EXT

—————==INPUT (10 k:
AN 2.4

=
-

-~ .




Introducing broadband Avanpak mixers
for improved threat detection.




NTVW MAVALILCA 4=10 \JI1Z 1111XCEC0S willl

high IF bandwidths boost wideband

superhet performance.

Jigher isolation, lower conversion
oss, and low VSWR plus extremely
~videband performance for fast, band
‘olding receivers. Avantck now has
sroduction quantities of the DBX series of
videband double balanced microwave
nixers in stock.

solation is typically greater than 30 dB,
hat is 5-10 dB better than anything pre-
riously available for increased system
lynamic range. Conversion loss is typically
1.0 dB and only 7.5 dB at 18 GHz with a
1.0 GHz IF for increased receiver sensitiv-

ty. IF flatness is less than 1.0 dB across Test or screen components and bread-
20-6.0 GHz for accurate amplitude trans- board your system with coaxial connec-
ation. R port and L port VSWR is tions. Then just remove the connectors
< 2.0:1 to ensure a good 50 ohm match and bolt the package directly to the
with components such as switches and fil- ground lE;l;mc for microstrip assembly. The
ers. Avantck has combined all of these Avanpak package mixers measure only
catures with a 2.0 to 7.0 GHz and 4.0 to 0.22” X 0.66” X 0.96"-0.14 inches®.
B80GHz RF Fr%qu‘cncy coverage and IF Data and product available today.
requencies to 6.0 GHz. If you're designing a widcband superhet
[:l}e Avanpak package eases the tran- EW receiver, {'ammcr, warning recciver or
ition from prototype to production. spectrum analyzer, call or write Avantek
Iake your choice of pin or ficld- today. Avantck, 3175 Bowers Avenuc,
eplaceable coaxial connectors with the Santa Clara, CA 95051. Telephone
rermetically-scaled Avanpak package. (408) 727-0700.
Avanpak Mixer Performance
Typical Typic Typical ating Frequencies
Conversion Loss Isolati LER Port Jx &0 fr
Model (dB) (dB) VSWR (GHz) (GHz)
DBX-184L/M* 60 30 20:1 6.0-16.0 DC-03
65 30 2011 6.0-16.0 DC-40
75 30 20:1 40-18.0 DC-4.0
DBX-185L/M 60 3 201 5.0-18.0 DC-05
65 30 20:1 5.0-16.0 DC-6.0
75 30 20:1 5.0-18.0 DC-6.0
1DBX-167L/M 60 ) 20:1 7.0-16.0 DG-1.0
65 30 20:1 7.0-16.0 DC-40
DBX-158L/M 55 30 201 8.0-15.0 DC-05
60 30 201 8.0-15.0 DC-1.0
DBX-72L 55 3 170 20- 70 DC-0.3
65 3% 1.7:0 20- 7.0 DC-08

*The L suffix has an mput intercept point of + 15 dBm and requires only +7.0 dBm LO drive level.
The M suffix has an input ntercept pomnt of + 20 dBm and requires + 13 dBm LO dnive level.

Avantek

©1980 Avantek, inc. Avanpak and Avantek
are registered trademarks of Avantek, Inc.



A RESONANT MODE PIN SWITCH

In the search for ever faster switching
speeds for PIN diode switches, the
author demonstrates that bias net-
works which are not critically damped
can provide RF pulse widths and rise
and fall times that are shorter than
those of the applied bias pulse. Experi-
mental results for a 1 W X-band switch
employing a commercially available

diode module and a deliberately under-

damped bias circuit are shown. A theo-
retical analysis of this mode of switch-
ing is also included.

Sum
@Up'

GLASSED MOAT PIN PHASE
SHIFTER DIODE

A PIN diode structure employing boro-
silicate glass passivation in an etched
moat around the diode mesa offers
greater diode capacitance reproduci-
bility than convent.onal techniques at
some sacrifice in breakdown voltage
rating. Within this limitation, however,
diodes capable of handling 300 W
(500 V breakdown) and 500 W (840 V
breakdown) have been produced.
Characteristics of 3-bit phase shifters
for both power levels centered at 9
GHz using diodes with junction capaci
tanc: of 0.1 and 0.15 pF are shown
The high power evaluation methods
and results are discussed in detail and
four different sets of reliability tests
are described.

LOSSY MICROSTRIP ANALYSIS
POCKET CALCULATOR PROGRAM

Based on Wheeler’s single formula for
the computation of characteristic im-
pedance of narrow and wide line
microstrip, analysis programs for the
T158 and HP67 calculators are pre-
sented. Given microstrip dimensions
and properties of substrate material,
the programs compute characteristic
impedance, effective dielectric con-
stant, frequency dependent values of
Q, attenuation constant and dispersive
dielectric constant. Provision is also
made for differing strip and ground
plate conductivities. Complete pro-
grams for the two calculators as well as
step-by-step illustration of their use are
included.

PASSIVE COMPONENT BUYERS
GUIDE

Over 180 US and foreign suppliers of
passive microwave components are
listed in the final 1980 Microwave
Journal Buyers Guide. The products
covered inciude filters, couplers, at-
tenuators, mechanical switches, rotary
joints and similar components. Full
addresses for listed suppliers who ad-
vertise in the Microwave Journal fol-
low the product/supplier matrix. A
Reader Service Inquiry number is pro-
vided for each product category.
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Workshops
&cCourses

GWU CEE COURSES

Sponsor:  George Washington Uni
versity, School of Engrg.
and Applied Science

Site: The Royal Quality Inn,
4875 N. Harbor Dr.,

San Diego, CA

Course No. 302SD —

Jan. 26-30, 1981; $645
Course No. 426SD —

Feb. 2-6, 1981; $645
Spread Spectrum
Communications Systems
(No. 302SD) — definition
and techniqgues involved.
ECM and ECCM for Digital
Communications

{No. 4262D) — fundamen-
tal concepts of ECM and
ECCM techniques.
Director, Cont. Engrg. Ed.,
George Washington U.,
Washington, DC;

Tel: (202) 676-6106 or
(800) 424-9773.

FIBER OPTICAL
COMMUNICATIONS
INTENSIVE SHORT COURSE

Sponsor:

Dates:
& Fees

Content:

Contact:

University Conference
Services, Arizona State U.

Site: Arizona State University,
Tempe, AZ

Date: March 9-11, 1981

Fee: $395

Instructor: Dr. Joseph Palais, ASU

Subject: Focuses on transmission
medium optical sources
and detectors, and systems.

Contact: U. Conf. Services, Arizona

State U., Tempe, AZ 85-81;
Tel: (602) 965-5757.

GIT SHORT AND CE COURSES

Sponsor:  Georgia Institute of Tech
nology, Engineering Exp.
Station and Dept. of
Continuing Ed.

Site: GIT, Atlanta, GA

Dates: Millimeter-Wave Systems
& Fees and Technology — Feb.
2-4,1981; $350, ECM
Short Course, March 2-4,
1981; $300

MM-Wave Systems Tech-
nology — Covers mm-wave
system fundamentals.
ECM Short Course — Pro-
vides description of prin-
ciples of ECM, ESM, &
ECCM.

Dept. of Cont. Ed., GIT,
Atlanta, Georgia;

Tel: (404) 894-2400.

Topics:

Contact:



Another Design Headache?

e
Are you having headaches trying to e : S
design your system around mixer packages? ™ history on programs such as FleetSatCom
Watkins-Johnson's traditional guality and Marnsat, GPS. Leasat and Space Shuttle
reliability built into these flatpack mixers provide Get quick relief for your design headaches.
superior performance over broad bandwidths, high e Contact the Watkins-Johnson Field Sales Office
3rd order intercept points and exceptional isolation. in your area or phone Mixer Applications Engineering
This package style has an extensive space gualification in Palo Alto, California at (415) 493-4141, ext. 2637
Performance Characteristics e
Typical Typical
L. R Frequency IF Frequency Typical Conversion Isolation’ 3rd Order Intercept
‘Model (MHz) o Sl Loss (dB) (dB) Point (dB)
WJ-M4A 10-1500 DC-1000 <6.5 >35 +12
wJ-m4B 10-1500 DC-1000 <70 =580 +22
WJ-M4E 10-1000 DC-600 <8.0 >25 +30
wJ-#aG 800-3500? DC-1500 <.0 >25 +12
WJ-M4H 800-35002 DC-1500 <70 =25 +18
WJ-M4J 10-1500 DC-600 L Ly >25 +22

Note 1 Pertormance at low end of band s generally better
Note 2 R Port restricted to 800-2200 Mtz trequency range

SO900 S

Shown actual size.

Designing can be painless

with W-J’s M4 Series of flatpack mixers. _

Watkins-Johnson—U.S.A. » California San Juse (408 262-1411 E! Segunde (2121 640-1980 » Georgia, Atlarta 1404 458-3907 e District af Columbia, Gailhersb
301) 948-7550 » Massachusetts. Lexington 171 861-1580 o Ohio, Fairbor (5131 4268303  Texas. Dallas 214 234-5396 ¢ United Kingdom Dedwaorth Rd - Qakley G
Windsor Borksheto SL4 4LH o Tol Wenaser 69241 « Cable WIUKW-WINDSCOR » Tolex 847578 » Germany Federal Republic of: Manzinjerwey 7 8000 Muenchy
o Tol OHO| B36011 o Cable WJIDBM-MUENCHEN e Telex 4292401 o Naly. Prazza G Marcoan 25 (0144 Roma-ElJR o Tel 59 45 54 o Cabla WJIRCOM:| o Tolex
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T HP: EXPERIENCE N MICROWAVE TECHNOLOGY

When your RF network
measurement needs are
large, but your budget isn't.
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HP new 8754A the 11850 Power Splitter markers give precise
Network Analyzer brings ($675). You can completely frequency data. In addition,
speed, convenience and identify filter passbandsand  probes are available for

2 skirt characteristics without  in-circuit measurements.
economy to misleading harmonic or

RF measurements.
It costs only $12,400
and consists of:

Built-in 41300 MHz swept
source with +10 dBm
leveled output, calibrated
sweeps and crystal
markers.

Three channel receiver

to measure any two

transmission or reflection

parameters simultaneously
with = 80 dB dynamic
range.

CRT display for fully cali-

brated rectilinear and polar

lots with resolution to
).25 dB and 2.5° per

major division.

Just add the test set appro-
priate for your application
and youtre prepared to make
thorough and accurate mea-
surements quickly and easily.
Here are just a few of the things
you can do with the 8754A:

Transmission Magnitude
and Phase

It’s easy to measure loss,
gain and phase shift using just

Dacember — 1980

Spurious response.

Simultaneous
Transmission and
Reflection

Using the 8502 Test Set
($2250) you can see the trade
offs between transmission
gain or loss and input match
in a single test setup. For
complete two-port character-
istics of networks, including
devices like transistors, an
S-parameter test set is
available.

Impedance

Measure and display
impedance in polar form with
convenient Smith Chart
overlays. Test sets are avail-
able for both 50 and 75 ohm
systems. The 8754A5 crystal

HEWLETT

(éP] PACKARD
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Add a storage/

normalizer and
increase the 8754A%
capabilities even
more!

The HP 8750A
Storage/Normalizer can
automatically remove
system frequency
response variations. And
you can make compari-
son measurements easily
because normalization
directly displays the
difference between two
responses. The 8750As
digital storage permits
flicker-free displays,
even for measurements
requiring slow sweep
rates.

Best yet, all this capability
is offered at an affordable
price. A call to your nearby
HP field sales office is all you
have to do to get more infor-

mation, or write 1507 Page

Mill Road, Palo Alto,

CA 94304.

Doemestie US prices only




Guest Editorial

N

<

Thomas W. Parker /s the Gen-
eral Manager of the Micro-
wave Component Division of
Omni Spectra, Inc., A M/A-
Com company. He attended
Stanford University, receiving
his B.S. in Physics in 1967
and an M.S. in Applied Phy-
sics from Johns Hopkins Uni-
versity in 1973. He is current-
ly completing an M.BA. pro-
gram at Pepperdine University.

Mr. Parker started his in-
dustry career with the West
inghouse Electric Corp. in
1968, where he was involved
in the design and develop-
ment of state-of-the-art pas-
sive and active microwave
components for system ap-
plications. Prior to joining
Omni Spectra in 1978, he
was the engineering manager
of the Component Division of
Addington Laboratories.
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The
Passive Component

Challenge in the
1980°s

THOMAS W. PARKER
Omni Spectra, Inc.
Microwave Component Division

Burlington, MA

The 1980s present formidable chal-
lenges to passive microwave compo-
nent manufacturers. Market demand
for these products during the past
three years has exceeded capacity in
many cases with lead times for ‘“off
the shelf” catalog components stretch-
ing beyond twenty weeks. Due to the
continued build-up of military spend-
ing and the emphasis on complex elec-
tronic systems, both in the US and
abroad, the demand outlook remains
strong, especially over the next three
to five years.

Indeed, for a market that has been
sometimes regarded as mature in
growth and technology, there contin-
ues to be emerging market opportu-
nities and a significant amount of
technological innovation. Perhaps the
greatest technical challenges result
from the requirements being generated
by airborne ECM and missile applica-
tions. System technology trends have
been pressing passive component man-
ufacturers to respond with more mini-
aturization, broader bandwidths and
increased integration of functions in a
single package. In the newest systems
now under development such as ASPJ
and AMRAM, packaging density will
be the biggest overall hurdle.

The use of microstrip on high di-
electric constant substrate materials as
a transmission medium and air dielec-
tric slot line has found widespread ac-
ceptance among passive component
manufacturers. This technology will
continue to take hold with improved
processing techniques promising de-
creased costs, particularly in large vol-
ume multifunction production applica-
tions, where size and performance con-
straints make the use of stripline pro-
hibitive. Also under development, are
microstrip chip components such as
attenuators and LC networks which

can be installed in integrated package
supercomponents and offer electrical
performance compatible with broad-
band requirements through K3 band
and above. In these areas, passive com-
ponent manufacturers will utilize thin
film technology developed for active
networks and integrated circuits.

Channelized receiver requirements
have spurred growth in the filter mul-
tiplexer market. Segmenting the 2-18
GHz band into multiple channels has
been done with several innovative de-
sign techniques, but these passive com-
ponents are still cost driven by highly
skilled labor. System requirements in
the 1980s will place strong emphasis
on lowering the cost of performing
this type of function and on develop-
ing techniques to circumvent their use.

After several decades of false starts,
it appears that the millimeter-wave
market will become a reality in the
1980s, with high volume applications
for many passive components. Appli-
cations will be radar, proximity fusing
and secure communications. The large
quantities associated with these re-
quirements will increase the availabil-
ity of standardized components that
can be offered from the catalog. To
participate in this market, the passive
component manufacturer will have to
invest a large amount of capital in de-
velopment and equipment.

Better electrical performance and
increased reliability will be required of
all microwave interconnects, such as
cable assemblies and coaxial connect-
ors. The sub-miniature market will
experience the most rapid growth,
with the strongest trend in hermetic
sealed versions used in MIC and hy-
brid packages. To meet volume con-
straints, system designers will continue
to look for a flush mount integrated
connector type that performs well

{continued on page 21/}
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For over a decade, tlectro-
magnetic Sciences has developed.
qualified, and supplied micro-
wave components for at least 30
satellite projects, many involving
contracts with more than one
customer.

The experience on these space
programs has given EMS con-
siderable understanding of the
importance of weight and relia-
bility, as well as experience in
making the necessary trade-offs
between such items. Techniques
for reducing weight while main-
taining structural integrity have
been part of most of the pro-
grams undertaken by EMS.
Among the devices included in
previous “High-Rel” programs
are:

Filters and Equalizers
Latching Phase Shifters
Circulators and Isolators

Single Channel Monopulse Converters
Latching Circulators and Switching Assemblies
Subsystems combining various Microwave Devices

Electroma netic CANADA DATRON CANADA. LT2 . Toranto. Tel 416 233-2930
FRANCE: DATRON. Vincennes. Tel. 808 02-60
GERMANY: MICROSCAN GmbH. Ismaning b Muenchen Tel 089-96163

SCiences’ INDIA HIRMAL INTERNATIONAL. New Delhi. Te: 634089

ISRAEL: MICROWAVE & ELECTRONICS. LTO. Ter-Aviv Tel (03) 50081 50982
ITALY. TE_ECTRON SpA. Roma. Tel 597785
125 Technology Park/Atlanta I nc. JAPAN: NEW METALS AND CHEMICALS CORP Ltd. Tokyo. Tel 201 6585

= SWEDEN: AJGERS ELEKTRONIK AB . Sundbyberg Tel 08-385475
Norcross, Ga. 30092 A THE NETHERLANDS. DATRON BV. Korlenhoel Tel 4560834
Tel: 404-448-5770 TWX: 810-766-1599 UK C T LONDONELECTRONICS. Landon Eng and Tel 01 527 5641
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 FREQUENCY BAND ~ 6GHz 8GHz 11GHz
_TYPENUMBER  1D4353  1D43s9 ~ LD4362
FREQUENCY RANGE 56-71GH2 _ 71-85GHz _ ~ 10.7—12.7GHz
~ SATURATED POWER 23w 23w 24w
OVERALL EFFICIENCY E 88% | = _ 39%

 SMALL SIGNAL GAIN ~ 48dB. N 48dB 50dB
DIMENSIONS ?8 x 56 x 260mm WEIGHT79929}ans approx 1 |
__RF CONNECTIONS: SMA coaxial connectors. : : i
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Nippon Electric Co.,Ltd.
Tokyo,Japan
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sroadband. This type of interconnect
iystem is intended to eliminate cable
issemblies and allow components to
Je ‘“‘plugged” together directly. The
approach would increase the designer’s
flexibility with respect to levels of
somponent integration and enhance
iystem maintainability. The eventual
:mergence of a standard interconnect
iystem to meet these needs will neces-
iitate a close cooperative development
:ffort between the connector manu-
facturer and the system and compo-
1ent users.

In addition to meeting the techni-
:al challenges of the 1980s, microwave
:omponent manufacturers will be con-
‘ronted with higher levels of reliability
icreening and software requirements.
n the past, many passive microwave
somponents have been sold almost as
rommodity items with relatively low
evels of screening and testing. This
yegan to change in the last decade,
ispecially for those supplying to satel-
ite applications. Now, however, strin-
jent reliability requirements are being
mposed on nearly all military systems
ind are passed down to the compo-
'ent supplier by the system manufac-
urer, This trend is likely to continue
jue to the increased complexity and
iophistication of passive components.

The costs of screening, testing and
eliability support are volume-related
ind favor the larger component houses
~vho can afford to take on the added
nanagement burden. Many of these re-
irements such as high level end item
icreening, strict configuration control
ind trade ability mean that the manu-
‘acturer must be able to separate pro-
jram-oriented business from standard
yroducts which are generally more
irect labor and material cost driven,
Certainly the risks will be higher for
‘he passive component manufacturer
vho must deal with hardware that has
ioftware and testing costs that are a
arge percentage of the total end item
:ost. One trend that may help to hold
lown some of these costs is the push
‘or QPL components. This allows the
iser to purchase a qualified part that
1as been manufactured as a standard
~ith high volume savings.

Manufacturers of passive microwave
:omponents have good reason to be
sptimistic about the prospects for fu-
wure growth. |f the risks are higher,
‘hen so should be the rewards. To be
wuccessful, component houses will
1ave to recognize and act on the tech-
ology and management requirements
of future system programs. Emphasis
nill be on integration, and miniaturiza-
tion and a broad component expertise
nvill be needed to participate in the
vigher growth market segments. %

december — 1980

We made a smart move when we de-
signed our new 6509E phase shifter.
Instead of placing the rf connectors
next to the adjustment shatt, we
moved them to the end opposite the
shaft so the unit is easier to mount
and minimizes panel space. (In fact,
we're making all our 6500 series
phase shifters available with that
configuration).

We also improved the 6509E’s EMI
and moisture sealing, and put a lock-

ing nut on the adjustment shatft to
allow the precise manual controls to
be locked in at any point in the band.
And when phase resetability is impor-
tant, the 6509E can be supplied with
an optional digital readout dial
indicator.

The 6509E typically offers a VSWR of
less than 1 + .05 (f in GHz), an inser-
tion loss of less than .04 db/GHz
minimum, and an insertion phase ad-
justment range of 40 degrees per GHz.

6509E PHASE SHIFTER
ErequencylRenge ¢4 .o bt o LDl DC-18GHaz:
VSWR: DC-6 6-12 GHz 12-18 GHz
Spec. Max. ol 7SR 241
Typ. Max. 1634 1.43:1 Ikl
Insertion Loss:
Spec. Max. 0.5dB 1.0dB 2.0dB '
Typ. Max. 0.2dB 0.54B 0.7dB
Phase Shift 240 480 720
(Degrees at Max. Freq.)
Phase Shift
(Degrees/GHz/Shaft Turn) . ... .. ... coiiiiiiiiii. ... 1.48

As the newest member of Sage’s exten-
sive line of continuously variable
mechanical phase shifters, the 6509E
is engineered and designed with the
religbility and quality you've come to
expect from Sage. Whatever your
needs in microwave technology, it's
smart to move to Sage Laboratories.

We're always looking for ways to
make good components better.

jsage

LABORATORIES,.INC.
3 HURON DRIVE * NATICK, MA 01760
(617) 65630844 + TWX: 710-346-0390

6509E PHASE SHIFTER

ANOTHER SMART
MOVE FROM SAGE

/
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Go for the Gold Standard in
Precision Components.

SWHR Autotesters
and SWR Bridges

Precision
Adapters

7 : \\.‘\
¥ Precision
Air Lines

Precision
Terminations



YVith YWiitromn.

And you thought we only made
Juality microwave instrumentation. The U.S.
National Bureau of Standards, the standards
abs 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
neasurement system you need. No one offers
1comparable group of SWR Autotesters, pre-
sision air lines. terminations, adapters. SWR
3ridges. open/shorts and RF detectors.

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 to 26.5 GHz.

SWR Autotesters

Latest in Wiltron's family of SWR
Autotesters is the Series 97. Here in one small
dackage, we integrate a broadband microwave
oridge. a precision termination, a detector
and your choice of test port connectors. Per-
‘ormance 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
Jorts offer comparable performance. The
Wiltron family of SWR Bridges is equally accu-
"ate over most of its 10 MHz to 18 GHz range

ST e h T T e o

Terminations and Open/Shorts

Wiltron Terminations provide an
jccurate 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
sonnectors and feature aged termination
tesistors for long-term stability. Maximum SWR
jaries from 1.002 at low frequencies to 1.135
it 26.5 GHz. Wiltron 22 Series Open/Shorts for
he DC to 18 GHz range are offered with a
zhoice of connectors.

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 1.02 to 18 GHz and 1.1 to 26.5 GHz
Other Wiltron 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.

WILT'ROIN
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Contract News

Microwave

Devices and Circuits:
Contract Items at ERADCOM

V. G. GELNOVATCH

US Army Electronics Technology and Devices Laboratory

Fort Monmouth, NJ

As has been customary with past
reviews of ERADCOM work, this sta-
tus report will deal with the review
and update of microwave and millime-
ter-wave device and circuit contractual
work excluding thermionic devices
which will be offered in a later, sepa-
rate review. Additionally, surface
acoustic wave (SAW) work will be re-
ported for the first time. Recently ini-
tiated, currently active and recently
completed work will be presented.

Texas Instruments, under contract
DAABOQ7-78-C-2966, is developing a
3.5 watt GaAs FET with 5 dB of gain
and 35% efficiency at K-band. This
effort is the supporting work for a
second objective which is a 10 watt
transmitter with 25 dB gain and 25%
efficiency over the 12-16 GHz band.
The driver amplifiers which produce
.5 watt output over the band have
been completed. The output devices
which are 4800 uum gate width via hole
grounded chips are producing 2.1
watts and have lower than expected
gain. The via hole concept is being
temporarily given up since T sees no
improvement in performance over the
air bridge approach. A new device
structure, currently under Navy spon
sorship which yields 600 mW at 6 dB
of gain from a gate width of 1350 um
will be pursued for possible applica-
tion to the Army program.

As a back up to the above transmit
ter program, a new program has just
been initiated with Hughes DAAK20-
80-C-0527 to develop a 3.5 watt
Ky-band GaAs FET device and a 6
watt amplifier at 15 GHz with 10 dB
gain and 30% efficiency. The approach
in the proposal centers of using a total
3.6 mm gate width device to achieve
the objective from a combined cell
(using Nagi combiners) architecture.

24

An effort to develop analog mono-
lithic GaAs microwave IC’s is being
conducted at Rockwell International
Corporation under contract DAABO7-
78-C-2999. There are two objectives
in this effort; the first being to develop
a monolithic dc-10 GHz ampilifier with
20 dB gain and noise figure of 5 dB,
the second being a 15 GHz receiver
with 1 GHz bandwidth and a 8 dB
noise figure. The monolithic amplifier
was successful and reported in the pre-
vious (the first generation used distri-
buted elements) report. A second gen-
eration amplifier using lumped ele-
ment matching was designed to reduce
GaAs substrate area. It has resulted in
1/8 x 1/8" chip (first generation was
1/8 x 1/4") layout. The K,-band re-
ceiver has been designed and fabricat-
ed. The above amplifier is utilized as a
wide band |F amplifier within the
Ky-band receiver. The receiver is fabri-
cated on a 1/4”" x 1/4"" GaAs chip and
uses an RF GaAs FET amplifier and a
dual gate mixer as well as the wide-
band IF ampiifier. The LO source will
be external to the chip for this feasi-
bility demonstration. It 1s anticipated
that the chip will be scribed into sepa-
rate functions for testing. No test data
is available yet.

As part of the Army monolithic
technology thrust, a brand new con-
tract (DAAK20-80-C-0279) has been
awarded to TRW. We will develop a
voltage tunable local oscillator operat-
ing over the 13-15 GHz frequency
range in monolithic format to essen-
tially round out limitations of the pre-
vious contract. The key performance
parameters will be frequency control
and stability. A mixer and wideband
IF will be required. No data is avail-
able at this time.

Raytheon, under contract DAAK 20-
79-C-0269, is investigating monolithic
on-chip matching techniques to pro-

vide an understanding of the means to
optimize broadband performance and
realize lowered costs in future micro-
wave power GaAs FET device designs.
The approach has been to investigate
both all optimization and matching
technology on GaAs substrates. Ray-
theon has worked with the 1600 um
state-of-the-art (SOA) cell which was
optimized for power and gain prior to
the Army program. Cell optimization
has centered around thermal optimiza-
tion while circuit work investigated
both Wilkinson and Lange couples on
4 mil GaAs substrates. Current status
of the program is that a physical lay-
out of a 10-14 GHz power amplifier
with a goal of 3 watt output on a 6.4 x
3.8 millimeter GaAs substrate has been
completed. It consists of a four cell
output amplifier together with a single
cell, two cell and 50 2 connected cell
for test purposes. The various test con-
figurations were chosen to yield maxi-
mum parameter information in the
operation of the four cell output net-
work. Additionally, a redesigned SAO
cell with a .7 um gate length has been
completed.

A new program has been awarded
to AVANTEK, DAAK?20-80-C-0284,
to develop a discrete GaAs Low Noise
FET for 20 to 40 GHz wideband ap-
plication. The specification at 22 GHz
is 8 dB gain and 2 dB noise figure. Fur-
ther useful performance is required to
40 GHz. Initial approaches as outlined
in the proposal will be a gate whose
mask dimensions will be 75 x .5 um
but after processing will have a length
of <.5um. A “T" gate will be used to
decrease gate resistance. The gate will
be placed closer to the source.

TRW under contract DAABO7-77
2731 to develop a 65 watt 3.1 to 3.5
GHz bipolar power transistor has had a
very significant breakthrough. After a

{continued on page 26)
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new 250 mW to 1 W GaAs FETs
with outstanding gain and
efficiency.

Get the smallest, easiest to use
devices available today in the 250
mW to 1 watt range with Avantek’s
new family of power GaAs FETs.
Choose from three power levels
with up to 35% power added efh-
ciencv: the 250 mW AT-8160; the
500mW AT-8150; or the l wattAT-8140
All are available in flange pack-
ages lor operation up to 8 GHz
and in chips for up to 12 GHz.

In critical applications such as
satellites, radar amplifiers, and
ECM equipment, Avantek power
GaAs FETs ofter the industry's
finest combination of gain and
power added efficiency.

Now!

1 dB gain compression point.
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Like all Avantek transistors, the
AT-8100 series features all gold
metallization to ensure maximum
performance and reliability. De-
vices are 100% tested for RF and
DC performance. Packaged de-
vices are hermeticallv sealed and
100% leak tested. We also ofter
high reliability screening based on
MIL-STD methods. For more in-
formation on Avantck’s power
transistors phone (408) 727-0700
or write Avantek, 3175 Bowers
Avenue, Santa Clara, CA 95051.

Avantek

€ 1980 Avantek, Inc
Avantek I1s a registered trademark of Avantek. In

CIRCLE 16 ON READER SERVICE CARD

Avantek is your

domestic source
for power GaAs FETs.




We've made
a great
change in
RT/duroid’

materials
for you
+ .02

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

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

m Greater directivity in narrow
frequency band couplers.

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

® The same in dual path phase
comparison devices.

m Closer frequency response
curve tolerances in stripline
filters.

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

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

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

EUROPE Mektron NV. Gent Belgium

ROGERS

Circle 17 for Immediate Need
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long and uphill struggle they have
achieved 85 watts at 3.1 GHz and 76
watts at 3.5 GHz, although not from
the same chip simultaneously. Incor-
poration of matching transformers will
hopefully level the power output
across the above band.

Hughes, under contract DAABOQO7-
78-C-3002, is developing high cutoff
frequency Schottky Barrier diodes and
mixers at 60, 94, 140, 220 and 340
GHz for line of sight communications,
radar, missile guidance and terminal
homing projectiles. The approach has
been to design and fabricate beam
lead diodes using proton bombard-
ment and mesa etching techniques for
low capacitance using GaAs. Current
emphasis is at 94 GHz using variable
geometry honeycomb diodes which
have achieved conversion loss as low as
4.6 dB. At 220 GHz, two parallel ap-
proaches are being made to develop
the 220 GHz mixer, both of which are
designed to be sub-harmonically
pumped. The approach uses a four
port waveguide junction with anti-
parallel diode pairs mounted at the
junction center. The second approach
is exploring the feasibility of using a
planar mixer module mounted on the
feed horn of a parabolic reflector.

The Army has pursued the InP de-
vice technology heavily over the last
half decade for application to low
noise coherent local oscillators. A fol-
low on effort to previous work
DAABO7-78-C-2940 (which ended
last year and was reported in the pre-
vious report) was initiated at Varian
under contract DAAK?20-79-C-0279.
This program has three objectives;

a) develop low noise single diode CW
InP Gunn Oscillators, b) develop InP
power combiners, ¢) develop high
power pulsed InP Gunn oscillators.
Progress to date is as follows: a new
two zone cathode diode is undergoing
processing, the single diode benchmark
is 125 mW at 94 GHz and 95% com-
bining efficiency has been demonstrat-
ed using two diodes. Future plans in-
clude development of super thin de-
vices and larger area pulsed devices.

As part of the InP thrust, a 6.3A
program was awarded to Varian to es-
tablish the reproducibility and relia-
bility of the InP devices developed
under the aforementioned 6.2 A work.
The contract number is DAAK20-79-
C-0280. Progress to date has shown
results such as 195 mW at 57 GHz
both repeatably and reproducibly from
two zone cathode, five epi layer de-
vices. This work includes the develop-
ment of diamond in copper heat sink-
ing packages and varactor tuning
methods.

Hughes is currently developing a
10 watt combiner at 140 GHz for mis-
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sile seeker application under contract
DAAK20-79-C-0259. Current progress
to date has demonstrated 9.2 watts
(50 to 100 nsec pulse) at 141 GHz.

Texas Instruments is under contract
to design a family of highly selective
L-Band filters for pre-selector func-
tions in TDMA communication sys-
tems such as GPS to replace the large
and costly filters currently utilized
(contract DAAK?20-79-C-0257). The
approach is to utilize surface acoustic
wave technology (SAW) on both
quartz and lithium niobate. The band
to be covered is 1-1.5 GHz. The fre-
quency of operation requires use of
E-beam lithography to define the .5 um
transducer metal line widths. Progress
to date has been the generation of a
computer program for generating apod-
ization and/or withdrawal weighted
transducers and the design of two fil-
ters (1227 MHz and 1575 MHz) for
quartz or lithium niobate. This ap-
proach should yield significantly lower
insertion loss and steeper sloped/higher
out of band rejections performance
than available hithertofore. Size will
be reduced dramatically.

A program to significantly increase
the frequency stability of Army me-
teorological probes at L-band through
the use of SAW delay line technology
has resulted in an increase in stability
from 1700 ppm to 300 ppm of the
standard Army radiosonde probe. This
new technology replaces the stripline
cavity stabilized oscillator previously
used. On a follow on contract TRW
(DAAK20-80-C-0260) is designing and
fabricating a 403 MHz version for use
in parts of the world where regulations
prohibit the use of the L-band fre-
quency. Due to experience gained
through the L-band effort a design
architecture has already been chosen.
No other results are yet available.

In an effort to marry the GaAs
microwave monolithic technology
with the SAW signal processing tech-
nology, a new and innovative effort
with far reaching consequences has
been initiated at United Technologies
Research Center (DAAK?20-79-C-0263).
The objective of this effort is centered
around the fact that GaAs is weakly
piezoelectric and thus offers the possi-
bility of fabricating SAW structures
upon it. The impact is, of course, that
the possibility is available to build
complete monolithic GaAs receivers
(including signal processing such as
correlation, convolution, etc.) on a
single chip. The demonstration vehicle
will be a voltage tunable oscillator us-
ing a SAW resonator on GaAs. Work to
date has dealt primarily with resonator
parameters for surface wave propaga-
tion and temperature stability and
looks very promising. &%
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Our SAW Filters give you
less for your money.

Less cost.

Today, Andersen SAW filters are
priced competitively with other filter
technologies. We have hundreds
of standard designs suitable for
thousands of applications. So you
save on design charges. And if
you need something tailor-made,
our fast, computerized design
capabilities and large production
volume can reduce your costs far
below what you'd expect.

e "-‘5'
";:‘ 111 " Because

you get greater

PSRN precision in a
SAW filter vs

equivalent LC smaller package.
network

See for yourself
how Andersen SAW filters
stack up in size against LC filters.

permanently fixed performance
characteristics. Once that design is
checked by our computers, it never
has to be checked again. Unlike

LC filters, our SAW filters need

no tuning, assembly, checking,
retuning, and rechecking. So you
save time, labor and capital
equipment costs.

Typical frequency response of Andersen
BPP70-1300-3-133A of 1 5MHz bandwidth

Less maintenance.

Less tuning.

Because there's nothing to
tune. Our filters are passive analog
solid-state devices. They have

Because there's nothing that can
ever get out of tune. Our SAW
filters not only cost less than you'd
think to begin with. They won't
nickel and dime you to death after
you buy them.

Less rejects.

Because SAW filters of the
same design are virtually identical.
That helps you produce a more
consistent end product. And
our proven designs assure top
performance. You get a superior
shape factor. Improved close-in
rejection. Inherent linear phase.
And less distortion than with
conventional filter designs.

Less confusion.

Because if there's one thing we
give you more of, it's information.
Volume | of our Handbook of
Acoustical Signal Processing will
tell you everything you need to
know about the right SAW filter for
your application.  -=:
Plus, for a limited
time. the Hand-
book is free. So
send for your
Copy NOw.

Andersen SAW filters. We think
you'll agree they re everything
you've always wanted in a filter.

o e A )

& ANDERSEN L ABORATCIAE S

@ ANDERSEN LABORATORIES

Andersen Laboratories. Inc., 1280 Blue Hills Avenue, Blcomtfield, CT 06002 Teiephone (203) 242-0761 TWX: 710-425-2390

Andersen SAW products are available ir the United Kingdom and Eureperthrengh-our sister company, Signal Technology Ltd.. Swindon. Wiltshire, UK
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THE
MINIPAD
ATTENUATOR

OUR SMALLEST, LIGHTEST,
HIGH PERFORMANCE FIXED
ATTENUATOR.

This miniature, high performance fixed
attenuator has been designed to meet the
needs of today’s sophisticated microwave
systems. The Minipad will operate within
the stated specifications in most any
hostile environment be it airborne, ship-
board or land application. VSWR is
typically less than 1.15 at 12.4 GHz and
less than 1.25 at 18.0 GHz while the
frequency sensitivity is normally less than
0.05 dB per GHz. The Minipad uses the
Unique tube attenuator developed at
Midwest Microwave. The tube attenuator
is inherently a very reliable element
because of its basic construction
simplicity. The connectors for the
Minipad attenuator are fabricated from
stainless steel. The close tolerance
machining plus the precise captivation
techniques ensures an excelient match

over the complete frequency range. All
Minipads are production tested using the
latest state-of-the-art swept frequency
techniques. This complete testing
assures that every attenuator will be
within the published specifications.

B DC to 18.0 GHz

W 1 thru 30dB

@l -65°C to+125°C

B 2 watts at +25°C

M MIL-E-5400 environment

B MIL-A-3933 requirements
B MIL-E-16400 environment
B 0.86 in. long x 0.28 in. diam.

‘O‘

- o

. %

- m
w% <

28 diam
AN

86 + 02 —!

1 through 12dB Weight: § grams (0.175 o0z.)

28 cham
LY

-‘————IOQ*:OQﬁ-l

13 through 30dB  Weight: 6 grams (0.212 o0z.)

DC to 18.0 GHz
HIGH PERFORMANCE

& Model 290, M290, F290

B Maximum VSWR: 1.07 +0.015fGHz

@ input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

Operating Temp. Range: -65°C to +125°C

@ Connectors: Stainless Steel SMA per
MIL-C-39012

ATTENUATION VALUE ACCURACY
1,2,3,4,5, and 6dB 10.3d8
7,8,9,10 thru 20dB £0.5dB

21 thru 30 dB +1.0dB




DC to 12.4 GHz
HIGH PERFORMANCE

@ Model 291, M291, F291

B Maximum VSWR: 1.07 +0.015{GHz

8 Input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

@ Operating Temp. Range: -65°C to +125°C

# Connectors: Stainless Steel SMA per

Double Male Connectors

(M PREFIX TO MODE

L NO.)

e
\/'

Mo

MIL-C-39012
ATTENUATION VALUE ACCURACY
1.234,5and6dB +0.3dB
7,8.9.10 thru 20dB #0508
21 thru 30dB +1.0d8

DC to 8.0 GHz
HIGH PERFORMANCE

B Model 292, M292, F292

# Maximum VSWR: 1.07 +0.0156fGHz

B Input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

B Operating Temp. Range: -65°C to +125°C

B Connectors: Stainless Steel SMA per

dB VALUE OVERALL LENGTH
1-12dB 28"
13-30d8 1.12”

Double Female Connectors
(F PREFIX TO MODEL NO.)

MIL-C-39012
ATTENUATION VALUE ACCURACY
1.2,3.4,5,6,7.8.9,1008 £0.308B
~ 11thru20d8 £0.508
21 thru 30dB +1.0d8

DC to 2.0 GHz
HIGH PERFORMANCE

B Model 294, M294, F294
B Maximum VSWR: 1.15

B Input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C

@ Operating Temp. Range: -65°C to +125°C

B Connectors: Stainless Steel SMA per

MIL-C-39012
ATTENUATION VALUE ACCURACY
1 thru 20dB +0.3d8
21 thru 30dB +0.5dB8

DC to 18.0 GHz
INEXPENSIVE

B Model 444, M444, F444

B Maximum VSWR: DC to 4.0 GHz1.25¢4.0to

12.4 GHz 1.45 @ 12.4 to 18.0 GHz 1.65
B Input Power: 2 watts average at +25°C
derated linearly to 0.5 watts at +125°C
B Operating Temp. Range: -65°C to +125°C
B Connectors: Stainless Steel SMA per

MIL-C-39012
ATTENUATION ACCURACY

VALUE DC to 12.4 GHz | 12.4 to 18.0 GHz2
1.2.3,4dB +0.7508 +0.7508
5,6.7,808 +0.75dB +1.00dB

9,10,11,12d8 +1.00dB +1.2508

13 thru 20dB +1.50d8 +1.50dB

21 thru 30dB +2.0dB +2.0d8

dB VALUE ! OVERALL LENGTH
1-12dB .90”
13-30d8 1.03”

U.S.A.

ENGLAND

FRANCE

ISRAEL

JAPAN

W.GERMANY
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Around
the
Circuit
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At Sylvania Systems Group
— West Div. E. Arthur
Meyers assumed the posi-
tion of Manager, EW Engi-
neering Dept. within the EW Organization. . .Susan B.
MacDonald joins COMPAC as Sales Manager. . .In its
movement to centralize management, TRW Semiconduc-
tors appointed Chuck Thompson divisional marketing
mgr. for long range planning and Majid Basy assumes

Mr. Thompson'’s prior post as manager of power opera-
tions, TRW Semiconductors. . .Other changes in corpo-
rate ranks include the promotion of Frank J. Thomas to
V.P. of Operations and appointment of Richard C. Sin-
gleton as Controller at Antekna Inc. . .Garrett E. Pierce
becomes the Financial V.P. at Materials Research Corp.,
a newly created position. . .Laser Diode Labs, the Valtec
Inc. subsidiary, appointed Steven Klunk as Sales Manager
.. .David Sobo was named V.P. of Marketing at Leasa-
metric, inc. . .Microlab/FXR named David Garippa as
Vice President and Treasurer. . .S. Edward Brown has
been promoted from Eastern to Nat’l Sales Manager at
Frequency Sources West Division. . .At TerraCom, the
Loral Corp. Div., John A. McGuire was named Executive
V.P. . .Mason Carter, Jr. joins Metex Corp. as General
Manager of the newly established Electronic Products
Div., William E. Sweetman is appointed General Mgr. of
its recently formed Technical Products Div. and Jack
Bernstein becomes Senior V.P. for Corporate Develop-
ment, a new position. . .Narda Microwave Corp.’s share-
holders elected Paul N. Fulton a Director and Glenn B.
DeBella was elected Vice President by the Narda Board.
.. .Colonel Robert R. Rankine, Jr. assumes the director-
ship of the Air Force Avionics Lab, at WPAFB.

GTE received a $7.4M
contract from the US
Army to develop the AN/
MLQ-33 countermeasure
system. . .Other US Army awards include $3M from
ERADCOM (Electronics Research & Development Com-
mand) to produce a new ground radar detector and radio
direction-finding system. Bunker Ramo Corp. is contrac-
tor for the AN/MSQ-103 TEAMPACK system and GTE
Products will install the 50-ft. antenna masts on the AN/
TSQ-114 Special Purpose Detection Sets (TRAIL-
BLAZER)...CORADCOM, the US Army Communica-
tions Research and Development Command, awarded a
contract to Harris Corp. for satellite communications
earth stations. Initial funding for production of super-
HF, jam-resistant, secure terminals amounts to $12.7M.
.. .An AF contract valued at $16.4M has been awarded
by Aeronautical Systems Div. to ITT Avionics Div. for
developing an ECM self-protection system for manned
strategic aircraft. . .Ford Aerospace & Communications
Corp.’s Western Development Labs received a $2.7M,
2-year contract from NASA — Lewis Research Center to
develop a multibeam, scanning spot beam spacecraft an-
tenna system. . .California Microwave, Inc. signed a

PERSONNEL

CONTRACTS

$6.6M contract to supply radio modernization equip
ment to Mexico’s Sec. of Communication & Transporta-
tion. . .Cal. Microwave also received a $1.3M turnkey
contract award from Supreme Headquarters Allied Pow-
ers Europe to supply the electronic system for an experi
mental satellite earth terminal at SHAPE's Technical
Centre. . .Hughes Aircraft Co.’s Electron Dynamics Div.
received an order from P. T. Radio Frequency Commun-
ications, Bandung, Indonesia, for 40 of the Hughes 40 W
communications power amplifiers.

Reactel, Inc. has an-
nounced a full line of LC,
tubular, cavity and wave-
guide filters for the 2 kHz-
18 GHz range. Principals in the venture are D. E. Clay-
comb, Pres. and Manny Assurian, V.P. Company is lo-
cated at 645-C Lofstrand Lane, Rockville, MD 20850.
Tel: (301) 279-5535.

NEW MARKET
ENTRY

AEL iIndustries, Inc. re-
ported second quarter re-
sults for the period ended
August 29, 1980 of net
income of $369K or 19¢ per share on sales of $14.6M.
This compares with 1979 quarterly net income of $812K
or 43¢ per share and sales of $13.6M. . .For the first
quarter ended September 30, 1980, California Micro-
wave, Inc. reported net income of $469K or 22¢ a share
on sales of $12.1M. This compares with FY80 first quar-
ter net income of $608K or 29¢ a share on sales of
$9.9M. . .For the third quarter ended September 28,
1980, EPSCO, Inc. reported net income of $261K or
28¢ per share and net sales of $4.3M. This compares
with 1979 third quarter net income of $228.3K or 25¢
per share and net sales of $3.24M. . .M/A-COM, Inc. and
its subsidiaries reported results for the fiscal year ended
September 27, 1980 of net sales of $322.5M and net
income of $24.9M or 77¢ per share. In FY79, net sales
were $227M, net income totalled $13.2M or 46¢ per
share. . .For the second quarter ended September 30,
1980, Alpha industries, Inc.reported net sales of $6.5M,
net income totalling $559K or 23¢ per share. During the
same quarter of 1979, net sales of $4.7M, net income of
$393K or 20¢ per share were reported. . .Scientific-
Atlanta, Inc. had first quarter results of sales of $55.6M,
net earnings of $3.6M or 35¢ per share for the period
ended September 30, 1980. During the comparable
1979 quarter, sales were $39.5M, net earnings were
$2.2M or 24d per share. . .During the first quarter ended
September 27, 1980, Sage Labs, Inc. reported sales of
$623K, net earnings of $74K or 17¢ per share. For the
comparable 1979 quarter, sales were $481K, net income
of $48K or 11¢ per share. . .During its first quarter end-
ed September 30, 1980, Narda Microwave Corp. had
sales of $5.5M, net income of $311K, or 26¢ per share.
In the first FY80 quarter, sales totalled $3.7M, net in-
come was $177K or 15¢ per share. . .For the first quar-
ter ended September 30, 1980, Radiation Systems an-
nounced earnings of $180K or 27¢ per share on sales of
$1.8M. This compares with last year’s first quarter earn-
ings of $162K, or 21¢ per share on sales of $1.3M. . .
During the third quarter ended September 30, 1980,
Eaton Corp. reported sales of $732M, net income of
$15.5M, or 58¢ per share. This compares with 1979
third quarter sales of $793, net income of $34M or
$1.30 per share. Tektronix, Inc. reported its 1980 results
for the year ended May 31, 1980 of net sales of $971M,
earnings of $85M or $4.66 per share. This compares with
1979 fiscal year net sales of $786.9M, earnings of
$77.1M or $4.28 per share. &

FINANCIAL NEWS
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We'reina
class by ourselves!

Series LWA and LAB;

up to 200 watts power;

frequencies from 1MHz to 8400MHz
ligher powers, nigher frequencies, more design and linear transistor power amplifier product line acquired from the
ierformance features, more models to fit your applications— Hughes Electron Dynamics Division.
1at's the continuing story of MPD Class A solid state linear Complete technical details and specifications are yours for the
implifiers. The result is a product line that nobody else asking—then, get ready to move to the head of the class in solid
1 the industry —repeat, nobody— can even come close state linear power amplifiers!
3 matching!

You can now choose from 225 standard MPD models,

vailable in mogule or rack-mounted cabinet configura- =il LT
ons for systems applications, as well as self-contained 226-4C0 L
struments for laboratory use. Ultra-broadband frequency 1 Tz T s |, POWER-FREQUENCY GUIDE
anges from 1-1000MHz up to 7900-8400MHz, including ! .
;L;irnr;;e;vtessé (;ﬂ?gopé)’\\zﬁrz model with 200 watts saturated power ] —m— \\\ T,ﬁgaf‘g&?,a;;cp'ﬁﬁ:é
These Class A amplifiers are particularly recommended £ \
Jr applications requiring exceptional linearity and wide f \ " BROAD BAND
ynamic range. They combine low noise figure with high E o 058 \\ =" “NARROW BAND
ower output to yield low distortion amplification of both D 1 2 LT00.0400, N
ingle and multi-carrier signals with any form of modulation. § ol Ui wnd) : peel T I L v g
Jther standard features of most models include: high © My 25 | Gas] ;E;%magégevsjl
fficiency; high gain; built-in protection against DC input oo oo ' 1 3742GH: :
aversal, thermal overload and infinite load VSWR,; | soa4ah: I
raceful degradation; drift-free output; field-replaceable a4 iasascg I R o
Jodular construction. o T P
In addition, MPD manufactures and markets the wideband AR AN AL T S e Y
12 10 100226 430500 700 1000 1400 1700 2000 3700 4000 8000 8400

FREQUENCY, MHz

MICROWAVE POWER DEVICES, INC.

330 Oser Avenue, Hauppauge, N.Y, 11787 » Tol. 516:231-1400 « TWX 510.227-6239
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MII.LIMETER WAVE DEVICES TO 325 O GHZ.

DETECTORS, GENERATORS ’ S = . (At
MIXERS, and MUI.TIPLIERS : P : g £ .
; Bolometers PR At 2
Detector Elements g ; X "
Detector Mounts A
Harmonic Elements
Harmonic Generators
Harmonic Mixers
Mixer Mounts
Mixer Diodes
Multiplier Mounts
Multiplier Elements
’ Thermistor Elements
FERRITE DEVICES
Isolators
Modulators
Phase Shifters
Switches
TE1o COMPONENTS
Adapters
Attenuators A
Bends
Couplers
Evacuation Units
Flanged Lengths
Frequency Meters
Hybrids
Insulated Flanges
Loads
Mismatches
Phase Shifters -
Pressure Flanges -
Pressure Gauges .
Probes
Shorts
Sliding Terminations
Swilches
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Transitions b
Tuners E/H o)
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The

Resonant Mode

PIN

R. J. CHAFFIN
Sandia National Laboratories”
Albuquerque, NM

Switch

This paper describes a new
node of operation of the PIN
Jiode shunt RF switch.* This
node produces RF switching
ipeeds that are considerably faster
than the applied bias pulse rise-
time and pulse widths that are
considerably shorter than the ap-
alied bias pulse width. The basic
arinciple utilizes the fast “snap-
of f” action of the PIN diode to
thock excite an L-C bias network.
The bias is easily adjusted so that
RF can flow through the switch
‘or only one half-cycle of this bias
sircuit ringing.

This new mode of operation is
important to the development of
very fast rise time RF switches
for communication and radar
systems.

INTRODUCTION

The schematic of a conven-
tional! shunt mode PIN diode
switch is shown in Figure 1.
When the diode is reverse biased,
it essentially disappears from the
circuit and allows RF to pass
freely from the input to the out-
put with little attenuation. When
the diode is forward biased, it
“shorts’’ the 50 §2 line and causes
most of the RF input to be re-
flected rather than transmitted.
Thus, by varying the bias, one
can turn the RF on and off at the

* This work sponsored by the US Depart-
ment of Energy (D.O.E.) under Contract
DE-AC04-76-DP00789.

t A US Department of Energy facility.

leramhar — 19RN

output. (Note Ca and Cg are just
dc blocks and do not affect the
RF, and L looks like an RF open
to keep the RF from going out
the bias port).

Attempts to raise the switching
speeds of such circuits have led
to circuits using smaller inductors
and diodes with narrower | re-
gions. In all cases up to now, the
bias network has been critically
damped to prevent ringing and
overshoot. Present designs using
this technigue can produce pulse
widths of ~ 10 ns with rise and
fall times of 3-4 ns? at the several
watt level. Half-nanosecond rise
times have been demonstrated at
the 20 mW level .3

Instead of fighting the prob-
lem of ringing and overshoot it is
possible to harness these effects
to produce improvements in
switching speed by deliberately
underdamping the circuit.

RESONANT MODE PIN SWITCH

In working with switches of
the type shown in Figure 1 we
made the observation that if Ca
and Cg in Figure 1 were made
very small, it would reduce the
RF pulse width at the switch out
put. A further observation was
made that if the reverse bias
pulse width was widened the RF
output would oscillate on and of
as shown in Figure 2. The traces

CONVENTIONAL SHUNT
MODE PIN SWITCH

BIAS O~

B

Cs

Ca

iy ST

50 0 50 €2 LINE PIN 50 §2
INPUT l DIODE ouTPUT
O- O

B

Fig. 1 Conventional shunt mode PIN RF switch.

213



DETECTED RF

APPLIED
BIAS PULSE

DETECTED RF

APPLIED
BIAS PULSE

Fig. 2 Applied bias pulse and detected RF
for small values of blocking capaci-
tance in the coaxial PIN diode switch

Fig. 3 Detected RF output from coaxial
switch using narrow bias pulse

(L = 570 nH, 20 ns,div)

in Figure 2 were taken at X-band
using a Hewlett-Packard coaxial
PIN diode switch (HP-33144A),
driven by an Amperex ATF-456A
driver. This switch was modified
by placing 1.1 pF chip capacitors
in series with each of the two ex
isting 200 pF blocking capacitors
in the unit. If the applied bias
pulse is narrowed a single pulse
out the chain shown in Figure 2
could be obtained. This is shown
in Figure 3. The important ob-
servation from Figure 3 /s that
the output RF pulse width and
rise and fall times are shorter
than the applied bias pulse. Fig-
ure 4 shows a sampling scope
photo of the RF output pulse
ccrresponding to the detected
pulse shown in Figure 3. The
peak output shown in Figure 4 is
1 Win X-band. The insertion loss
in the "“on’’ state is 1.8 dB and
the isolation in the off state is

> 80 dB.

The results shown in Figures
2-4 were clearly due to some
type of ringing in the switch, but
the package of the 33144 A coax
1al switch did not lend itself to
internal probing to determine the
cause.

EXPERIMENTAL CIRCUIT
MEASUREMENTS

In an effort to understand this
effect, the experimental micro-
stripline ¢ rcuit depicted in Fig-
ure 5 was constructed. This cit
cuit was built on 1/16" thick,
teflon-glass circuit board. The di
ode module was a Hewlett-Pack-
ard 33644 A coaxial hermetic
package, containing four narrow
base PIN diodes. This module is
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the same one used inside -he HP-
33144A coaxial switch described
earlier. A schematic diagram of
the experimental microstripline
switch is shown in Figure 6

Fig. 4 Sampling Scope Signal corresponding
to Figure 3 {X-band, 1 W, 2 ns/div,
L = 570 nH).

The microstripline circuit’s be
havior was found to be similar to
that of the modified coaxial
switch tested earlier. 11 aflows
easy probing of the voltages and
currents in the different circuit
paths.

{10 ns/div).

Figure 7 shows the measured
voltage waveform across the PIN
dioces when the bias is switched
from farward to reverse and held
there {corresponding to a wide
"on’’ pulse). The inductance used
was 143 nH. The voltage is found
to ring at a frequency determined
by the bias inductance and switch
capecitance and it eventually
reaches a steacdy state reverse
voltage. This ringing is excited by
the snap-off* action of the nar-
row base PIN diodes. Figure 7
explains the effect seen in Figure
2, i.2. the voltage across the PIN
dioces is ringing from forward to
reverse bias which turns the RF
off and on, respectively. The
voltage eventually settles to the
app ied reverse value which leaves
the RF output on. (Note the dif-
ference in ringing frequencies be-
tween Figures 2 and 5 is due to
the difterent bias inductances
used in the coaxial and micro
stripline circuits).

EXPERIVMEN"AL SWITCH (TOP \IEW!
BIAS IN2UT

RF QUTPUT

RF INPUT

77c. 7 D g =
—//C’////////’ "——
i

Vsl /

3 //-_;éou'ND';tA/ME/ T

TOP & BCTTOMI
Vo e N e / ///1

1

175 -

Fig. 5 Experimental resonant mode PiN switch in microstripline format.
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Fig. 6 Schematic diagram of experimental resonant mode PIN switch

Figure 8 shows all ¢f the perti-
nent waveforms corresponding
to this mode of PIN switch oper-
ation. These waveforms were
measured on the microstrip'ine
switch. The top trace s the ap-
plied bias pulse measured at the
bypassed end of the bias induc-
tor. (Note — the fall time of the
bias pulse is sped up by the ring-
ing action of the circuit.) The
second trace on Figure 8 shows
the current in the inductor. When
reverse bias is applied, the cur
rent through the bias inductor
begins to ramp towards larger re
verse values, extracting the stored
charge from the PIN diodes. Af-
ter all the charge has been re-
moved the diode current ceases
abruptly {because of the snap-off
action of the narrow base PIN di-
ode). This abrupt cessation of
current causes a ringing to occur
in the L-C circuit consisting of
the bias inductance and switch
capacitance. One half-cyle of
this ringing can be seen on the
third trace in Figure 8 which cor-

responds to the voltage across the
PIN diodes. This voltage would
have continued ringing (such as
shown in Figure 7) except for the
fact that the applied bias has
gone back to the forward bias
state, preventing another ringing
cycle. The bottom trace in Figure
8 shows the detected RF output
It can be observed that the RF
output occurs during the half cy
cle of ringing in the reverse bias
direction.

THEORETICAL ANALYSIS

The pasic theoretical explana
tion of the operation of this
switching mode can be summa
rized by saying that the abrupt
cessation (or “‘snap-off’'} of cur
rent flow in the narrow base PIN
diode that occurs when it is
switched from forward to reverse
bias causes the bias circuit to ring
if it is underdamped. If the ap
plied bias pulse returns to for-
ward bias before the ringing volt
age is allowed to ring back to re
verse bias again, a sing'e pulse o

(Where f; = (2m/LC) . Hence,
the rise and fall times and pulse
width are determined by the L-C
network, not the bias pulse, i.e.

Pulse Width == QT1 /AL R (1)

r

A simplified equivalent circuit
»f the PIN switch is shown in
Figure 9. The inductlance, L, is
just the bias inductor shown in
Figures b and 6. The capacitance
is the reverse bias capacitance of
the diodes in parallel with the
two 1.1 pF blocking capacitors
shown in Figure 6. (It can be
shown that for the ringing circui
the 50 £2 line impedances and
bias inductor bypass capacitor
can be considered as short cir-
cuits to first order).® The switch
shown in the equivalent circuit
represents the “‘snap-oft’” action
of the diodes, 1.e. the diodes are ¢
“short circuit” until all of the
charge is extracted and then they
become an open circuit. This will
occur when a reverse charge,

Q=fl1gdt= g -7 (2

where Ig = reverse current

lg = forward bias current

T = minority carrier life
time in diodes

has been extracted from the di-
odes (since all four diodes are as
sumed identical we can treat
them as one diode with four
times the area). The minority car
ner lifetime of the diodes was
measured using the charge re-
moval method? and is 50 ns. For
the data shown in Figure 8, the
forward bias current was 40 mA.

FORWARD BIAS

REVERSE BIAS

BIAS VOLTAGE vg
{1V div)

INDUCTOR CURRENT
£200 mA i}

DIODE VOLTAGE
5V o)

DETECTED RF

Fig. 8 Internal waveforms of experimental

Fig. 7 Ringing voltage across diodes for a
very wide bias pulse (L -~ 143 nH).

switch adjusted for single pulse out
put (L - 143 nH).



Thismeans that Q = | + 7=
(.04A) - (B0 x 107 sec) =

2.0 x 107 coulombs. Hence, di-
ode snap-off should occur when
the area under the current trace
on Figure 8 is equal to this
charge. The area under the diode
current trace in Figure 8 between
the zero crossing and snap-off is
about 1.1 square divisions. Since
each square division corresponds
to {200 mA) - (10 ns) = 2 x 107°
coulombs the charge removed is
(1.1div) - (2x107°) =22 x
107 coulombs. Hence, the snap-
off time measured agrees very
well with its theoretical value.
The exact shape of the bias cur-
rent waveform does not matter
as long as all the charge is with-
drawn in a time much shorter
than the carrier lifetime, then di-
ode snap-off will occur at a time
defined by Eq. 2. The inductance
used to obtain the waveform
shown in Figure 8 was L. =

143 nH.

The frequency of the ringing
shown in Figure 7 is 175 MHz.
The value of capacitance needed
to cause this resonance with 143
nH is 5.78 pF. This agrees close-
Iy with the values used in the ex
perimental circuit shown in Fig-
ures 5 and 6 (4 pF total diode
capacitance in parallel with the
two 1.1 pF blocking capacitors).
One further test that can be
made on the simple theoretical
model is the amplitude of the
ringing voltage. Figure 8 shows a
current step of 160 mA in 3 ns
or adi/dt = 5.3 x 107 amps/sec-
ond. The voltage across the di-
odes should be approximately
L-di/dt. This voltage is (5.3 x
107 A/fs) - (143 x 10° H) = 7.6
volts. This compares favorably
with the 6.5 volt spike seen in

t o

r—Dj ]
o =L 2Ny

Cc

WHERE
BIAS INDUCTOR

C  DIODE AND CIRCUIT
(1) | CAPACITANCE

Fig. 9 Simplified equivalent circuit of
resonant mode PIN switch,

Figure 9. The conclusions to be
drawn from the above results are
that the effect is well understood
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and the model shown in Figure 9
is correct.

The capacitance of the L-C
network cannot be made appre-
ciably smaller due to the limita-
tion imposed by the diode capac-
itance. Hence, to shorten the
pulse width it is necessary to re-
duce the value of the bias induc-
tor (or use a lower capacitance
shunt diode). However, one can-
not make the inductance too
small or the Ldi/dt ""kick’’ will be
insufficient to fully reverse bias
the diodes and the insertion loss
will increase. For full turn-on of
a 1 W X-band output we found
that the minimum value of L we
could use was 64 nH in the
switch shown in Figure 5. The
resulting output is shown in Fig-
ure 10. The "junk’’ that occurs at
the end of the RF pulse is tran-
sient ringing in a different part of
the switch and not the LC bias
ringing. This is more clearly
shown in the lower trace on Fig-
ure 10 which was taken with the
RF input source replaced by a
termination.

P
o
S

Fig. 10 Experimental switch, shortest full
height pulse achievable
(1W X-band 1 ns/div L = 64 nH).

RF ON

RF OFF

This mode of operation also
works well for applied bias pulse
repetition frequencies (PRF's) up
to very high values. We have been
able to generate pulse widths of a
few nanoseconds at PRF’s up to
100 MHz under control of the
external bias pulse generator.
{(The pulse width is controlled by
the L-C bias circuit and the PRF
is controlled by applied bias pulse
generator).

CONCLUSIONS

This paper has analyzed a new-
ly discovered mode of operation
of the shunt mode PIN RF
switch. This mode produces
switch rise times that are faster

and pulse widths that are narrow
er than the applied hias pulse.
The basic principle utilizes the
“snap off’” action of a PIN diode
to shock excite an underdamped
series resonant L-C bias network.
The circuit is easily adjusted to
allow RF to pass through the
switch for only one-half cycle of
this ringing. Hence, the switch
rise-time and pulse width are con-
trolled by the L-C network in-
stead of the applied bias pulse.
A model of the switch was
generated and shown to be con-
sistent with measured data.
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RF COAXIAL SWITCHES
DC TO 18 GHz

o
- SPDT - MULTI THROW -
il CS-33 SERIES 4 CS-38 SERIES
_Type _ , __ModelNo. Type NSy ~ Model No.
Fa_ilsafe el CS-33510 SP3T Basic Unit CS-38S513
Fallsa_fe w/indicators CS-33S1C SP3T w/indicators CS-38513C
Latching CS-33s6D SP4T Basic Unit CS-38S14
__Latching w/indicators _ C8s-33s6C SP4T w/indicators CS-38514C
i _ SP5T Basic Unit CS-38S15
TRANSFER SP5T w/indicators CS-38S15C
L— |, CS-37 SERIES SP6T Basic Unit CS-38S16
Type Model No. SP6T w/indicators CS-38S16C
T ™ = g e IR - . SP7T Basic Unit CS-18S517°
Eg:ll::;ee w/indicators gss-gzg:g SP7T w/indicators Cs-18517¢C"
; SP8T Basic Unit CS-18518°
Latching CS-37S6D A -
Latching w/indicators _ CS-3786C SP8T w/indicators CS-18818C

“Operating frequency li-mited to 12 GHz

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

TTL SWITCH DRIVERS OB e e T L i
As a special option, on both failsafe and latching type ;‘ %
X

switches, drivers can be provided which are compatible
with industry standard low power Schottky TTL circuits. Vs, 3 >

Two options are provided as follows: R; R l
1. All units are provided with a 5 volt (Vcc) connection Logic Input O—— - ———— AN

and an internal pull-up resistor (R1). When the 5vo't

connection is made, the Logic Input current drain

closely resembles two low power Schottky TTw Com T -
loads (40 uA). L Rs
2. If a high level Logic Input current drive (450 MA@ - - —
2.4 Vcc) is available, the 5 volt (Vec) connection R, - 6.2K ohms
need not be made. R, = 27 - 63K ohms
SPECIAL FEATURES AVAILABLE Switch requires one of the above drivers per position

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

e Arc Suppression Diodes

(except Failsafe). VSW, Vcc, and Com terminals are
common to all positions.

RF PERFORMANCE _

CS-33, 38 SERIES

CS-37 SERIES
Frequ;engyg 7 ) 0-6 GHz 6-12 GHz 12-18 GHz 2 0-4 GHz 4-12 GHz 12-18 GHz
VSWR (max.) 1.25:1 1.40:1 1.50:1 1.25:1 1.40:1 1.50:1
Insertion Loss (max.) 0.2 dB 0.4 dB 0.5 dB 0.2 dB 0.4 dB 0.5 dB
Isolation (min.) 70 dB 60 dB 60 dB. 70dB 60 dB 60dB
™ TELEDYNE MICROWAVE g 5o cts, rcne:
| and Isolators e Multiplexers and
1290 Terra Bella Ave., Mt View, CA 94043 {415) 968-2211 TWX (910) 379-6939 Integrated Components ¢ VCOs
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for Analysis of
Lossy Microstrip
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Anyone working with micro-
strip circuits knows the two for
muias published by Wheeler in
1965, one for the calculation of
the characteristic impedance of
narrow strips and the other for
wide strips. Some busy workers
may have missed Wheeler's more
recent paper: in which he de-
rived a single formula for com-
putation of the characteristic im-
pedance of narrow as well as
wide strips. In combination with
the incremen:al inductance rule,
the new formula can be used for
the analysis of the Q factor and
attenuation of microstrip trans-
mission lines of an almost arbi-
trary shape.

B

In his 1977 paper, Wheeler em:-
phasized that his procedure was
very suitable for programmanle
pocket calculators. When disper
sion effects are also taken into
account, which can be easily

done by applying the Getsinger
mode!,? a procedure is obtained
for complete analysis of micro
strip transmission lines at micro
wave frequencies. Such analysis
programs, which will be de-
scribed here, have been written
for the T159 and HPG7 calcula
tors. Starting with specified
microstrip dimensions and speci-
tied properties of the substrate
material, the programs compute
the characteristic impedance Z
and the effective dielectric con-
stant €gffg for iow frequencies.
Furthermore, the programs com-
pute the frequency dependent
values of the Q factor, the atten-
uation constant «, and the disper
sive dielectric constant €eff. In
order to also permit analysis of
laminates with aluminum back
ing, the programs are written s0
that the strip conductivity and
the ground plate conductivity
are each entered separately. This

article will discuss the program
wiitten in algebraic logic of the
TI159 calculator, with the differ
ences pertaining to the reverse
Polish notation of the HP67 cal-
culator pointed out in square
brackets [ ].

LOSSLESS MICROSTRIP

The computation of the char
acteristic impedance is accom-
plished by the steps shown in
Figure 1. The physical width w
of the strip conductor is first
corrected by amount Aw in or
der to obtain the equivalent
width w' (Formulas (1), (2}, and
(3)). This computation is pet
formed in the subroutine SBR
001 which is located between
positions 001 and 076. The out-
put of this subroutine is the valug
of the corrected width w’ which
is stored in register 12

&) v~

o

Ve +1

= 2 :
{2) Aw—~-"1+|n (%) L 1
n(¥+1.1)

(3) w=w+adw

(4) b= \—r—]|=
w

In 1+(%ﬂ) [b+\/b:+a7r:]

Fig. 1 Lossless microstrip.



TABLE |
Strokes TI159 Strokes HP67 Comments
2STO N 2STOB enter h
18TO 12 18TOC enter w
.01 STO 13 .01 STOD enter t
10 STO 14 10 STO E enter ¢,
SBR 001 GSB a compute w’
SBR 080 compute Zo

The computation of the char
acteristic impedance according to
Equation (5) is performed in the
subroutine 080, located between
positions 080 and 158. The re-
sult of computation is Zy which
appears in the display register.
[In the HP67 program, computa-
tions of w' and of Z, are both
pertormed in subroutine a.]

Subroutines 001 and 080 may
be used independently of the
rest of the program, if only the
properties of a lossless micro
strip are of interest. As an exam-
ple, the characteristic impedance
will be computed for the follow
iNg mMicrostrip transmission line.
h=2 mm, w=1 mm, t=0.1 mm,
¢,=10. Listed in Table | are the
nstructions which are to be en-
tered in the calculator
After keying the instruction
“SBR 001," the calculator will

briefly flash the values of w and
w’, and then display steadily the
value of w'. In the present exam-
ple, the brief displays will be '1.”
and then “1.013161134.” The
latter value then reappears in the
permanent display. When the last
instruction ''SBR 080"’ is keyed
in, the resulting value of Z, ap-
pears in the display, first as a
flash, then steadily. In the pres-
ent example, the value is
65.7139774. The values beyond
the third digit are meaningless,
since Wheeler’s procedure has an
accuracy of 2% or better. These
digits are presented here only as

microstrip dimensions but with
dielectric removed. The charac
teristic impedance of the air
filled microstrip is denoted by
Zy. The effective dielectric con
stant at low frequencies eqff, Can
be now computed by Equation
(6). If the calculator has stayed
on after completing the previous
example, etfo May be found as
in Table 11 The value of et
seen in the display is 6.3239161

DISPERSION

Knowledge of the effective d
electric constant is important for
calculations of the wavelength in

TABLE 1
Strokes T159 Strokes HP67 Comments
1870 14 1STOE enter ¢ =1
1STO 12 enter w, because register 12
presently contains value of w’
from the previous example
SBR 001 GSB a compute w' for the air dielectric
SBR 080 compute Z'o for the air dielectric
#6571 4% =00 65.714:x?

divide by previous Zo and square
the result

the verification of the proper ex-
ecution of the program. [w and
w' flash and Z,, is displayed. ]

To find the effective dielectric
constant of this microstrip, the
characteristic impedance must be
computed again for the same

the microstrip, which is 1A/€qff
times the free space wavelenath
€eff IS a slowly varying function
of frequency, as indicated in Fig-
ure 2. This effect 1s known under
the name dispersion. The low-{re
guency value of the effective d)

t
AR (6)
(7)
f
L A (8)
(9)

computed with dielectric removed

computed with dielectric present

€effo — 70

ZO

f (GHz) = 0.8 7 h (mm)

G=0.6+0.009 Z,

€y~ €effo

Coft — € p N
1+G _f_
p

40

Fig. 2 Dispersion.

'orld Radio Histo
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teffo. Behavior at other frequen:
cies may be approximately de-
scribed by Equation (9) which
has been derived by Getsinger.?
In this formula fy and G are two
wuxiliary constants defined by
Equations (7) and (8). Note that
the units selected for the pro-
jram are millimeters for h, and
yigahertz for f and fp,.

The dispersive value €gff is
‘omputed in subroutine 180, lo
sated between positions 180 and
230. [On HPBG7, eeff is computed
in the main program, and may be
verified only by observing the

TABLE IH

Strokes Comments

05 x 25.4 = STO 01 enter h in mm

10.1 STO 04 enter €,

10 STO 08 enter f in GH2
29 STO 25 enter Z_ in §2
7.37 STO 26 enter €4
SBR 180 display:

8.763745531

final result in register E.] After
execution, the output is con-
tained in the display register. To
verify whether subroutine 180 is
working properly, we may com
pute the following example
which is taken from Getsinger's

€effo=7.37, Zo=29 §2. In order
10 evaluate the effective dielec
tric constant at 10 GHz, we must
enter the following instiuctions
in the calculator (see Table 111},
The resulting €e¢ 1S IN agreement
with Getsinger’s Figure 4.

SKIN EFFECT

The skin depth & depends on
the frequency of operation and
on the conductivity of the mate
rial. The two typical materials for
microstrip conductors are copper
and aluminum. The conductivity
of copper is 6=5.8 x 107 S/m
{same as mhos/m), and the con
ductivity of aluminum is ¢ =
3.62 x 107 S/m. In order to avoid
entering the conductivity inta the
calculator for each comiputation,
the conductivity of coppet is al-
ready incorporated in Formula
(10). Only the relative conduc-
tivity, oy, has to be entered. For
copper, g, = 1, and for aluminum
o, = 3.62/5.8 = 0.62.

The skin depth is computed
by subroutine 160 [subroutire
bl . In order to check the overa
tion ot this subroutine. we will
compute the skin depth of alumi
num at 2 GHz. The instructions
for the calculator are given in
Table V. Therefore, the skin
depth is approximately .0019
mm, or 1.9 um.

The lossy In microstrip consist
of dielectric losses and conductor
losses. They may be expressed in
terms of Q factors: Qg for di
electric losses, Q¢ for conductor
losses. Instead of Q factor,
Wheeler prefers to use the power
factor p, which is identical to
1/Q.

TABLE IV
Strokes TI59  Strokes HP67 Comments
2STO 08 2STO8 enter f
.62STO 17 .62 Enter enter o,
SBR 160 GSB b display:
.00187670

The dielectric losses in the
microstrip transmission line are
computed from the dielectric dis-
sipation factor tan 8, usually giv
en by the manufacturer of the
dielectric substrate. For most
substrates, tan & has a value be-
tween 0.001 and 0.0001. Since
only a portion of the total elec
tric field in microstrip transmis:
sion line is contained within the
dielectric material, the value of
tan 6 is to be multiplied by the
Wheeler's “‘filting fraction,”” as
seen in Equation (11).

Computation of the conductor
losses is based on the skin-effect
consideration which is illustrated
in Figure 3. Note that in this

E Dimensions (when €, = 1) Result
T i h w t Z;
OEMNNY | ;
i1 | i+ 8% 7\2 w t 2
z T T AIR 4 4
| h+8, /2 w- 8, t- 8, -
$ | |
7f/7f/77T/7777/7777/77/7777/7777/77777
ZH_ ZI + Zru_ ZI
(12} 'é_ o o - o o
Cc o
(10) 8 (mm) = " 1
20 7/ (GHz) - 58 - & , 3
r s “ 1/Q,+1/Q4
i b (14) & (dB/m) = 90.96 yeyy ~oHa
SR EET G : eff —Q

Fig. 3 Losses.

77"?7;‘]" Ra (.‘I’j ist
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computation the dielectric has
been removed, and the whole
space between conductors is
filled with air. The characteristic
impedance for the air-filled trans-
mission line must be computed
three times, the corresponding
results being denoted Zg, Zg,
and Zg'.

The first of these characteris-
tic impedances, Zg, is computed
for the air-filled microstrip made
out of perfectly conducting ma-
terials (skin depth is zero); thus,
the dimensions are h, w, and t.
The second characteristic imped-
ance, Zg, is computed for a mi-
crostrip in which the ground
plane conductor has been reced-
ed by one-half of the correspond-
ing skin depth. Finally, charac-
teristic impedance Zg' is comput-
ed for a microstrip in which all
the sides of the strip conductor
have been receded by one-half of
the skin depth for the strip con-
ductor. Using the values of Zg,
Zy, and Zg', the inverse of Qg
can be computed by (12). After-
wards, the overall Q and the at-
tenuation constant are obtained
from (13) and (14).

The entire computation is con-
trolled by the main program
which is stored between position
240 and postion 447 [000 and
118] . The exampies which have
been computed above are only
the intermediate stages of the
entire analysis, and they have
been necessary only for a better
familiarization with the program.
The entire analysis proceeds
through all the intermediate
states mutomatically. The user
must only enter the input data
into registers 01 through 08,

[1 through 8], call the main pro-
gram by the command “SBR
240" [GSB a], and then read
the results from the registers 25
through 29 [A through E] .

The computational procedure
will be explained on the follow-
ing example. Suppose the micro-
strip dimensions arte h=1 mm),
w=2.75 mm, and t=0.1 mm. The
dielectric constant of the sub-
strate is €,=2.5 and its dissipation
factor is tan 6=0.001. The strip
is made of copper and the ground
plate is made of aluminum. The
instructions for the calculator
shown in Table V.
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TABLE V
Strokes T159 Strokes HP67 Comments
1STO 01 1STO1 hin mm
2.75 STO 02 2,75 STO 2 win mm
.1STO 03 .18TO 3 tin mm
2.5S8TO 04 25S8STO 4 €, of the substrate
18TO 05 1STOS o, for the strip conductor
.62 STO 06 62STO 6 g for the ground plate
.001 STO 07 .001 STO 7 tan § of the substrate
2STO 08 2STO 8 fin GHz
SBR 240 GSB a execute the main program

The calculator will now com-
pute a sequence of four different
characteristic impedances Z,, Z,
Z5, Zg' through the use of sub-
routines 001, 080, and 160 [a
and b] which are familiar from
the earlier discussion. In each

culators disagree in the last one
(or several) digits. In the results
presented here, only those digits
are shown which are identical on
both calculators. All the perti-
nent results may now be read
from the appropriate registers in

TABLE Vi
Strokes T159 Strokes HP67 Display Comments
RCL 25 RCL A 49.458131 Zo in
RCL 26 RCL B 2.04437532 €affo
RCL 27 RCL C 382.047 Q
RCL 28 RCL D 681647 ain dB/m
RCL 29 RCL E 2.04924136 €aff

computation, the values of w, w'
and the corresponding character-
1stic impedance will be flashed on
the display. In this way, the user
can monitor the progress of the
computation. After the fourth
characteristic impedance has

Table VI. it can be seen that the
dispersion is not yet pronounced,
€efs differs only slightly from
€effo- IN the effective dielectric
constant at 10 GHz is now to be
computed, the procedure is as
follows in Table VII. The effec-

TABLE VII
Strokes T159 Strokes HP67 Display Comments
10 STO 08 108708 enter new operation
frequency
SBR 240 GSB a repeat the analysis
RCL 29 RCL E 2.14120670 €off at 10 GHz

flashed in the display, the Q fac-
tor appears in permanent display
signifying that the computation
has been computed [on HPG7,
display contains ) . The entire
computation takes about 50 sec-
onds [35s]. For the example at
hand, the first six digits of the
display are 382.047 [.681647] .
Because of the slight differences
in computational techniques, the
results computed by the two cal-

Vorld Radio History|

tive dielectric constant has in-
creased from 2.04 to 2.14,

LIMITATIONS

The display of the pocket cal
culator has ten digits, but only
the first two digits of the dis-
played results may be considered
reliable, and even those must be
viewed with some reservations.
First of all, very seldom can the
microstrip dimensions be fabri

MICROWAVE JOURNAL



S lCU VI LVWUO Uy UL aLuurs
acy. Also, the cross section of
the strip conductor only roughly
pproximates a rectangular shape
{the edges are not smooth, etc.).

As far as the theoretical value
of the characteristic impedance
s concerned, Wheeler has found
that his formula is accurate with
n 2%, with a typical error small-
ar than 1%.

The thickness t used in com-
outations should be limited by:

t<w.

Thus, the cross section of the
strip may be either a flat rectan-
jle, such as shown in Figures 1
and 3, or up to a square. Wheeler
says that for a square shape more
accurate results are obtained if
the strip is narrow {i.e. when
~ < h), but he shows an example
n which the correct result is ob-
tained for a square shape on a
wide strip which has w = 2h.
The range of widths for which
Nheeler has presented his results
e

0.1hsx<10h.

Another limitation of the de-
scribed procedure stems from the
‘act that the loss computation is
yased on the assumption of con-
juctor dimensions being much
arger than the skin depth. At
ow freqguencies, this assumption
mnay be violated, because the skin
lepth 6 may become larger than
:he conductor thickness t. In
such a case, the corrected thick-
1ess t - 6¢ for computation of
Z,' comes out to be a negative
jumber. The :omputation of
Zo' proceeds formally in the
same way as before, based on w'
~hich is smaller than w. The

TUIRANN Y VY I U 10 U UL 1 v g
ing against this situation. If &

> t, the final display is not any-
more set equal to Q, but the dis
play is set to - 1.” When this
signal is encountered at the end
of execution, it serves only as a
warning. The computation is
completed as usual, and the re
sults are stored in registers 25 to
29 as before. However, the values
of Q and « are not reliable in this
case. The attenuation of strips
which are thin in comparison
with the skin depth has been
studied by Horton, Easter, and
Gopinath,® and also by Rizzoli.®
Both studies show that when

t < 26, the attenuation becomes
much larger than the value com
puted by the method described
here.

[For the HP program execu
tion stops with the value of t -
b, a negative number, displayed
in the register. The correct value
of ]Zo is still available in register
A
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“HP-67 PROGRAM"

>TEP COMMAND CODE

)01 Label A 31 25 11
)02 % 02
)03 00 0
)04 STO (i) 35889
JO5 RCL 4 34 04
JO6 STOE 33 15
)07 RCL 1 34 01
)08 STO B 33 12
)09 RCL 2 34 02
)10 SNOIC S3N13

STEP COMMAND CODE

011 RCL 3 34 03
012 STOD 33 14
013 GSB a S2R22]
014 1 01
015 STOE 33 15
016 GSB a S 2l
017 RCL 6 34 06
018 GSB b S22
019 2 02
020 + 81

{Program Continued)

STEP COMMAND CCDE

021 RCL 1 34 01
022 A 61
023 STO B G812
024 GSB a &2 22 11
025 RCL 5 34 05
026 GSB b 32 22 12
027 STO 9 33 09
028 2 02
029 : 81
030 RCL 1 34 01

{continued on page 46






CIRCLE 25 ON READER SERVICE CARD




{from page 43) POCKET CALCULATOR

STEP COMMAND CODE STEP COMMAND CODE STEP COMMAND CODE

031 4 61 093 RCL 4 34 04 156 RCL C 212
032 STO B 33 12 094 1/x 35 62 156 PAUSE 35 72
033 RELZ 34 02 095 1 01 157 + 61
034 RCL 9 34 09 096 51 158 PAUSE 35 72
035 51 097 i 81 159 1/x 35 62
036 STOC 33 13 098 RCL 7 34 07 160 4 04
037 RCL 3 34 03 099 x 71 161 X 71
038 RCL 9 34 09 100 RCL C 34 13 162 RCL B 34 12
039 51 101 + 61 163 X 71
040 STO D 33 14 102 ENTER 41 164 STOO S200)
041 x <0 a1 71 103 1/x 35 62 165 8 08
042 R/S 84 104 STOC 33 13 166 RCLE 34 15
043 GSB a 2 22 11 105 R 35 53 167 = 81
044 isz 31 34 106 RCL 8 34 08 168 1 01
045 isz 31 34 107 X A 169 4 04
046 RCL (i) 34 24 108 RCL E 34 15 170 Sl 61
047 + 61 109 Vx 3184 71 1 01
048 isz 31 34 110 X 71 172 ) 01
049 RCL (i) 3424 |~ 101 9 03 "N 378 = 81
050 : 81 112 0 00 174 x 71
051 2 02 113 : 83 1735 ENTER 41
052 51 114 9 09 176 x2 32 54
053 STO C 33 13 115 6 06 177 T 35 73
054 RCL (i) 34 24 116 X 7 178 x? 32 54
055 RCL A 34 11 117 STO D 33 14 179 RCL 9 34 09
056 - 81 118 R/S 84 180 X 71
057 x’ 32 54 119 LABEL a 32 25 11 181 + 61
058 STO B %) 1% 120 RCL C 34 13 182 Vx 31 54
059 RCL 4 34 04 121 RCL D 34 14 183 + 61
060 Xy 35 52 122 e 81 184 RCL O 34 00
061 , 51 123 1 01 185 X 71
062 RCL 8 34 08 124 . 83 186 1 01
063 RCL 1 34 01 125 1 01 187 + 61
064 X 71 126 + 61 188 n 31 52
065 7 35 73 127 T 35 73 189 4 04
066 x 71 128 X 71 190 2 02
067 . 83 129 1/x 35 62 191 . 83
068 8 08 130 x2 32 54 192 4 04
069 x 71 131 RCLD 34 14 193 X 71
070 RCL A 34 11 132 RCL B 34 12 194 RCL E 34 15
071 - 81 11&58 = 81 195 1 01
072 x2 32 564 134 x? 3254 196 + 61
073 RCL A 34 11 135 i 61 197 Vx 31 54
074 : g4 1136 Vx 31 564 198 B 81
075 0 00 137 4 04 199 PAUSE 35 72
076 0 00 138 : 81 200 STO (i) 33 24
077 9 09 139 1/x 35 62 201 ds z 31 33
078 X 71 140 In 31 52 202 RETURN 35 22
079 . 83 141 1 01 203 LABEL b 32 25 12
080 6 06 142 + 61 204 RCL 8 34 08
081 + 61 143 n 36 73 205 X 71
082 x 71 144 : 81 206 5 05
083 1 01 145 RCL D 34 14 207 8 08
084 + 61 146 X 71 208 X 71
085 z 81 147 RCLE 34 15 209 Vx 31 54
086 RCL 4 34 04 148 1/x 35 62 210 T 35 73
087 X<y 35 52 149 1 01 211 X 71
088 51 150 + 61 212 2 02
089 STOE 33 15 151 2 02 213 0 00
090 1/x 35 62 152 - 81 214 x 71
091 1 01 153 STO 9 3309 215 1/x 35 62
092 51 154 x 71 216 RETURN 35 22

{continued on page 48)
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withstand the rigours of GW
applications with an oper-
ational readiness time of

3 seconds from switch on of
simultaneous heaterand h.t.
The kind of customers who
have M-OV on their side
speak for themselves. ..
Seaslug, Rapier, Bloodhound,
Sea Dart, Sea Wolf, Skyflash
to name but afew.

Smalleris
beautiful

environmental test labora-
tories are now working on
the next generation of
magnetrons. The smallest,
most rugged and most reli-
able of tubes are emerging for
the 80’s. And beyond!

[Military
Get M-OVonyourside

1. M-OV Magnetrons
attract special attention!

M-OV have been supplying magnetrons for
over 40 years and vacuum tubes for over 60 years.

Many types are now available, for example,
small rugged metal ceramic magnetrons built to

[ MAG23  1-50 2:25

j A

Type Peak Peak Peak Pulse Duty
Duration Cycle
Power Voltage  Current  {ps)

(kW) {kv) (8)
MAGI5  8-00 5-80 5C 0-12 0-0015
MAG17  0-30 0-85 15 0-35 0-0014
MAG19 350 110 11-0 65 0-001
30 0:25 0-001

M-0OV’s developmentand |

2.

M-OV

A MEMBER OF THE GEC GROUP

Users

2. You're either quick
or you're dead

That’s the problem for electronic equipment
subjected to EMP from nuclear explosion. M-OV
metal ceramic EMP protectors react withina
nanosecond and provide fast protection without

the high capacitance penalty
of semiconductors.

3. Trigger
Switch to
M-OV!

M-OV gas filled metal
ceramic Trigger Switches are
intended for single shot con-
denser discharge in exploding
bridge wire and similar
applications.

They’re extremely rugged;
shock and acceleration of 100g
and random vibration of
0.3g2/Hz between 20 and
2000Hz have been success-
fully with-stood. A small
quantity of tritium, introduced
into the gas filling to ensure
reliable triggering aftera
prolonged period in a dark
environment, is another
example of M-OV expertise.

M-OV Trigger Switches
are fitted in Sea Wolf,

Sea Dart and Sting Ray.

Ifyou would like to know more, contact us at Hammersmith.

8720

THE M-O VALVE CO LTD, HAMMERSMITH, LONDON W6 7PE, ENGLAND. TEL 01-603 3431. TELEX 23435. GRAMS THERMIONIC LONDORM
Distributed in the USA by: EEV INC., 7 WESTCHESTER PLAZA, ELMSFORD. N.Y. 10523. TEL 914 592 6050. TELEX 710567 1215.
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Superchips.™
They’re indestructible.

ATC's 108-Series UHF/Microwave porcelain capacitors offer outstanding per-
formance under extremes of voltage, frequency, time and temperatute; in short,
the best in the industry. They're ideal for the most demanding design applica-
tions because they're virtually indestructible. Their rugged, self-encapsulated
porcelain construction insures ultra-high Q, high power handling and ultra-
stability. No wonder the U.S. Navy dubbed them “Superchips™.™

100 Series capacitors are available as chips, pellets (pre-tinned chips), and a
variety of leaded styles, laser marked for permanent identification of capacity
value and tolerance.

For rapid delivery, call ATC at (51 6) 271-9600 or write:
& american technical ceramics

div. of phase ind., inc.
One Norden Lane, Huntington Station, N.Y. 11746.

CIRCLE 27 ON READER SERVICE CARD

Miniature (OSM)
Terminations

Low VSWR and broadband operation allow
these fixed coaxial loads to be used in both test
measurement and in system applications. At very
competitive prices, they offer the highest

quality available.

@ DC to 26.5 GHz
0 B Temperature Range:
¢ -54°C to +125°C

B Average Power: 0.5 watts

B MIL-E-5400 and MIL-E-16400

“’% r, Environmental Requirements
4 Available for Immediate Delivery

»

Omni

Spectra
Just part of the comprehensive line

of ;:]rec{vslnloln mn(():rowage components Microwave Component Division
in the full-line Omni Spectra H
Microwave Componen‘: Catalog. Omni Spec"as Inc.

21 Continental Boulevard
Merrimack, New Hampshire 03054
(603) 424-4111 TWX 710 366-0674
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CIRCLE 28 ON READER SERVICE CARD

{from page 46) CALCULATOR

T1-59 PROGRAM

THICKNESS CORRECTION:

001 { RCL 13: RCL 11 ) x? STO 15

011 ( ( RCL 12 2nd Pause w
016 : RCL13+1.1 ) X2ndn } x?

028 1/x SUM 15 ( { ({ RCL 15/x 1/x

038 X4 })Inx+1):2ndn )}

048 STO 15 RCL 13 2nd Prd 15 ( (

056 RCL141/x+1):2 ) STO 16

067 2nd Prd 15 RCL 15 SUM 12

073 RCL 12 2nd Pause w
076 INV SBR

CHARACTERISTIC IMPEDANCE:

080 { RCL11X4:RCL12 ) STO 17

091 ( ( 14+8:RCL14 ):11 )

105 STO 15 RCL 17 2nd Prd 15 (

112 2nd 7 x> X RCL 16 ) STO 18

120 (RCL 15 x? ) SUM 18 RCL 18 \/x

130 SUM 15 { { RCL 15 X RCL 17 +1
141 ) Inx X 42.4:( RCL14+1 )

155 «/x ) 2nd Pause 2z
158 INV SBR

SKIN DEPTH:

160 { { RCL 08 X RCL 17 X 58 ) /x
172 X20X2nd 7 ) 1/x
179 INV SBR [

DISPERSION:

180 ( ‘8 X 2nd n X RCL 01 X

189 RCL 08 : RCL 25 } x* STO 15 (

199 RCL 25 X .009 + .6 ) 2nd Prd 15

212 1SUM 15 ( RCLO4 - ( RCL 04

223 RCL 26 ): RCL 15 ) €off
230 INV SBR

MAIN PROGRAM:

240 RCL 01 STO 11 RCL 02 STO 12

248 RCL 03 STO 13 RCL 04 STO 14

256 SBR 001 SBR 080 STO 25 Z
264 1STO 14 RCL 02 STO 12 SBR 001

274 SBR 080 STO 10 z
279 RCL 02 STO 12 RCL 06 STO 17

287 { SBR160:2 ) STO 21 5.,/2
296 SUM 11 RCL 02 STO 12 SBR 001

305 SBR 080 STO 22 Z
310 RCL 05STO 17 RCL 02 STO 12

318 SBR 160 STO 23 )
323 INV SUM 12 RCL 01 STO 11

330 { RCL23:2 ) SUM11RCL 23

340 INV SUM 13 SBR 001 SBR 080 Z;'
349 SUM 22 RCL 10 INV SUM 22

356 INV SUM 22 ( RCL 22: RCL 10 )

366 STO 19 1/0,
368 ( RCL 10: RCL 25 } x” STO 26 €,
378 SBR 180 STO 29 €eff
383 ( (1-RCL291/x ):( 1-

395 RCL 04 1/x ) X RCL 07 ) STO 20 1/Qy
405 SUM 19 RCL 19 1/x STO 27 Q
412 ( RCL29\'x X RCL 08 X 90.96 :

426 RCL 27 ) STO 28 a

431 0. x" t RCL 13 INV 2nd x "t A
439 RCL 27 2nd Pause INV SBR
444 2nd Lbl A 1. +/-

448 R/S %

MICROWAVE JOURNAL



Technical Feature
WAVE
0 <
(AN (3
¥, \A
| REVIEWED

&

» v
Oojar »°

o2

Novel PIN Diode for

MIC

Phase Shifter

A novel PIN diode structure utilizing borosilicate glass in an etched moat around the
diode mesa offers a tow cost diode passivation technique. Diode chips made in this form
have been utilized ta make an X-band MIC phase shifter measuring only 20 x 41 x 10 mm
vet operating to 300 - 500 W peak RF power (depending upon the diode breakdown voltage

employed with short circuit l0ads.

SUSUMU KAMIHASHI, MASAHIRO KURODA and KATSUMI HIRAI

Electronics Equipment Division
Toshiba Corporation
Kawasaki, Japan

INTRODUCTION

High power PIN diode phase
shitters have been reported* for
use at L- and S bands.'? These
are operable to peak RF powers
of 1 kW, as required in surveil-
lance type radars operating at
these frequerncies.

At X-band frequencies and
above, however, it becomes in

500 volt breakdown diodes) or
500 W (with 840 volt break-
down).

Emphasized in the paper are
1) the diode structure and char
acteristics, 2) the circuit config
uration and design criteria, and
3) measured RF performance of
the phase shifter, both under high
and fow power .

L

=

AP passivaTion
/ GLASS
Mx— P
1 ~—— %~ LaveR
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Fig. 1 Grooved mesa PIN diode. {a) photograph of a chip and (b} cross sectional view.

creasingly difficult to design a
phase shifter having a cross sec
tion which does not exceed a
half-wavelength in any dimen-
sion, because the physical size of
the phase shiiter 1s not insignifi
cant compared with the half
wavelength dimension at these
high frequencies. Equally impor
tant, the phase shifter must be
made very light weight, since
X-band radars are typically used
for airborne applications.

In this paper describes the
development of a small size and
light weight X-hand 3 bit MIC
phase shifter having peak RF
power handling of 300 W (with

+ J. F White, Semiconductor Control,
Artech House, Dedham, MA, 1977,
p. 464.

GLASSED MOAT PIN DIODES

The maximum RF power sus-
tainable by a PIN diode for short
pulsed conditions in the reversed
bias state is imited by the magni
tude of the RF voltage swing

compared to the diode bregk
down voltage. Accordingly, high
€r diode breakdown voltage re
sults in higher peak power per
tormance for the phase shifter.

Three types of diodes were de-
veloped for the present X-band
phase shifter. Design parameters
of these are summarized in Table
1. The type A, diode has a junc-
tion capacitance, C;, of 0.10 pF
and breakdown voltage, Vg, of
500 vol:. The type A, diode is
the same as the type A, except
the Cj = 0.15 pF. the type B di-
ode, with C; = 0.10 pF. has high-
er Vg than the type A, and A,.

Diode wafers were 1abricated
by p-type d tfusior i11to the |
layer, which had been grown epi-
taxially on an N+ substrate. The
diode structure 1s shiown in Fig-
ure 1. The mesa is tormed by a
groove which does not reach the
N+ substrate, and is covered witl
ead-boro-silicate glass tor passi
vation. This grooved mesa struc
ture otfers greater cicde caoac

TABLE 1

DESIGN PARAMETERS OF PIN DIODES

Junction Forward Breakdown | Region
Type Capacitance Resistance Voltage Width Chip Size
C.at 100 V R, at 100 mA Vg
i s
A, :0.10 pF
AL A, 0.74 2 500 V 40 um 500 um -
A, :0.15 pF
B 0.10 pF 0.88 02 840 V 50 pm 700 um ©

|World Radio Histo
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Fig. 2 ({a) 3-bit circuit configuration and {b) photograph of a phase shifter.

tance repraducibility than does
the conventional technique in
which the mesa structure is
etched through (to the N+ sub-
strate). It does so, however, at
the sacrifice of breakdown voit-
age. The capacitance tends to be
more reproducibly obtained be-
cause, when the etching pro-
ceeds only part way into the |
layer, it does not encroach as
much on the cylindrical center
area which defines the diode’s
capacitance. On the other hand,
because the complete | layer
boundary of the diode is not to-
tally covered by the glass some
leakage path ultimately is en-
countered as the applied high
voltage causes wide spreading of
the depletion zone; and therefore
a lesser breakdown is exper-
enced. Sufficient breakdown,
however, is realized to permit the
desired peak power handling for
the phase shifter, as will be seen.
In this case, after some experi-
mental tradeoffs were conducted
petween junction capacitance
variation and realizable break-
down voitage, a groove depth of
40 to B0 microns was chosen.
The resultant structure, shown
diagrammatically in Figure 1, was
used to praduce diodes having
500 volts of breakdown (with 40
um groove depth) to 840 volts
{with 50 um groove). A subset
consisting of 0.10 and 0.15 pF
iunction capacitance for the 500
volt breakdown diodes was used
to accommodate the extra capac
tance appropriate for smaller
phase shift bits. These can be
used in both 300 W and 500 W
circuits, since voltage stress is low
in these positions. The resultant
design parameters of these three
diode types are shown in Table 1.

50

PHASE SHIFTER CIRCUIT DESIGN

As shown in Figure 2a, the
3-bit phase shift circuit is com-
posed of a 45° two-stub loaded
line bit, a 90° three-stub loaded
line bit and a 180° branchline
hybrid bit. The 180° section af-
fords moderately wideband per-
formance around 9 GHz by tol-
erating * 10° phase shift error.
(See footnote p. 49.) Single plate
chip capacitors are used for dc
isolation between individual bits,
and the whole circuit is integrat-
edona 13 mm x 0.63 mm alum-
ina substrate.

In the 300 W phase shifter,
the type A, diode (Table 1) is
used for diodes Dy, Dg and D,
and type A, for the rest of the
diodes. In the 500 W phase shift-
er, diodes D4, D¢ and D, are re-
placed with the 840 volt, type B
diodes.

The diode chip is mounted on
a gold plated molybdenum ped-
estal, which in turn is soldered to

the metal ground plane within a
hole drilled in the alumina cir-
cuit adjacent to the required di-
ode circuit connection. Since it

is in this vicinity that the circuit
is most likely to have a voltage
arc over, possibly between the
diode connection wire or strap
and the base of the diode or its
metal pedestal mount, a silicon
rubber compound was applied

to the chip after installation. this
coating has a thickness of a few
tens of microns. Sharp disconti-
nuities of the microstrip circuit
could also induce an arc over
near the diode holes, consequent-
ly, the circuit patterns were mod-
ified to have rounded corners in
these areas.

MEASURED LOW POWER
PERFORMANCE

Electrical performance of the
300 W phase shifter over a 6%
fractional bandwidth centered at
9 GHz is summarized in Table 2.

TABLE 2

ELECTRICAL PERFORMANCE OF THE 300 W PHASE SHIFTER

Phase shift bits 3 Max. rated input power 300 W (peak)
Phase shift range 0 ~ 315° Max. rated input power 5 W (Cw)
Max. phase shift error (*) + 18° Forward bias supply + 2V, 300 ma/3 bit
Rms phase shift error (*) 8° Reverse bias supply -40 V
Insertion phase Operating temperature

variation (*) {*) +10° range ~30° to +60 C
Max. insertion loss 2.3dB Weight 17 g
Max. VSWR 1.6 RF connectors SMA type female

(*) Over all bias states and frequencies

(*) {*) Unit to unit
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3 01 300 W is defined under the
ondition of 1 microsecond pulse
~vidth and 0.001 duty cycle.
Measured small signal characteris-
lics of phase shift, insertion loss
ind SWR are shown in Figure 3.

Performance for the 500 W
ohase shifter is the same except
that more forward bias (+100
milliamperes instead of +50 mil-
liamperes per diode) is used in
order to regain the 2.3 dB inser-
tion 1uss while using the higher
voltage (and hence, higher for-
ward resistance) diodes.

HIGH-POWER EVALUATION

Three kinds of high power RF
experiments were performed in
order to establish the power han-
dling capability of the two phase
shifter designs.

First, the dependence of inser
tion loss on RF input power was
measured for the 300 W and 500
W phase shifters using reverse bias
voltage {VR) as a parameter.

Figure 4, from which it can be
seen that for peak input power
levels below 500 W and 900 W
respectively, the insertion loss of
the all reversed biased circuits
(Vg = -40V) is below the cor-
responding loss of the circuit
when all diodes are forward
biased. This indicates that, below
these RF power levels, little RF
heating and/or diode breakdown
is induced by the incident RF
voltage waveforms.

In the second sel of tests, the
output port of the phase shifter
was terminated with a sliding
short circuit which was moved
through a half wavelength of tra-
vel for each high RF power level
(incident at the other port}. This
test was repeated using increased
RF power levels until diode
burnout, signified by a dc short-
circuited diode, was observed. It

was found that the burnout pow-

er so obtained depended upon
the way in which the RF input
power was increased. For exam-
ple, when the input power was

taneously sliding the short circuit
termination through all phases as
well as simultaneously electroni
cally switching the diode hack
and for th between forward and
reverse bias between RF pulses)
the 180° bit diode burned out at
P, = 580 W for the 300 W phase
shifter design. On the other hand,
if the input power was abruptly
applied, diode failures in the
180° bit occurred at only Py, =
380 W peak. This difference in
power handling capability could
be due to the relatively long time
constant associated with surface
charge build up of the PIN diode
itself. Alternatively, it could be
associated with some transient
heating phenomena in the diode,
possibly even in the overshoot of
RF voltage in the test circuit or
in the diode phase shifter circuit.
In any case, however, the practi-
cal phase shifter must be able to
sustain rapid application of rated
power and accordingly a rating
below 380 W peak is necessary
when only the 500 bolt break-
down (type A) diodes are used.
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Fig. 3 Small signal performance of the 300 W phase shifter (a} Phase shift, (b) Insertion loss, {c) SWR.
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Fig. 4 Dependence of insertion loss on RF input power {a} 300 W phase shifter and (b} 500 W phase shifter.

A third method for evaluating
the phase shifter under high pow:-
er consisted of observing the dc
leakage current induced in the
diodes when the RF power is ap-
plied. This was done in a single
diode test fixture consisting of a
50 ohm miicrostrip line which the
diode terminates. The equivalent
circuit, including the biasing and
oscilloscope measuring hookup,
is shown in Figure 5a. In this test
it was found that no leakage cut
rent was measured for the reverse
bias condition (- 40 volts) until
the input power reached a peak
of 130 W. Further increase of P
produced the rectified waveform
shown in Figure 5b. With contin
uing power increase this wave-
form develops a slight bump neai
the trailing edge, as shown in Fig-
ure 5¢. Once the onset of this
bump is observed, its magnitude
is found to increase rapidly as a
function of increasing Pi,, with
burnout typically encountered
at Pin = 530 W (under the condi
tion that RF was applied quickly
from the otf to on condition. In
a separate analysis it was estimat
ed that 530 W in this experimen
tal fix!'ure corresponded to the
380 W which likewise produced
burnout in the 180° bits of the
complete phase shifter circuit.
This estimate was pertormed tak
ing INnto account the additional
circuit losses found in the com
plete phase shifter compared with
the lower loss of the single diode
test fixture.

Based on the results of these
three tests, it is felt that the 300
W rating represents both a con
servative and realistic rating for
reliable operation of the phase
shifters in a complete phased ar
ray antenna. Further reliability
testing, described in next section,
supporis this view. Using the
same criteria in the 500 W rated

52

design (with positions D4, Dg
and D, occupied by 840 volt
breakdown (type B) diodes,
burnout occurred at a minimum
critical power of 580 W, and the
rating of 500 W accordingly was
applied in this case.

RELIABILITY TESTING

Four types of reliability tests
were conducted to verify the di-
ode and circuit design.

First, ten complete phase shift-

ers were operated at room tem-

humidity of 90/ for 2000 hours,
then tested to determine whether
their reverse dc leakage current
at room temperature was below
10 puA at the rated breakdown
voltage. No failures were ob-
served for any of these tests,
thereby confirming the integiity
of both the diode and circuit
designs.

Fourth, HTRB (High Temper-
ature Reverse Bias) tests were
performed at three levels of tem-

Z, ™ 5040 33nH 2 2uF
1000PPS SAMPLE £ OSCILLOSCOPE
RF PULSE T
(a)
DIODE A, DIODE A,
| 1 B
i
02V div I \ 02V tw
T 0 5us div l \ 0 5us div
\ [
— ~ Y
T T
——— ,-..,ﬁL.__quL
INPUT PEAK POWER 280 W INPUT PEAK POWER 390 W
REVERSE BIAS 50 v (b) REVERSE BIAS 50 v {c)

Fig. 5 Rectified current waveforms (a) measurement circuit, (b) waveform at Piy

and (c)atP,, ~ 390 W.

perature with an incident peak
power of 300 W (at 1 usec pulses,
0.001 duty cycle and matched
loads) for 8000 hourts.

Second, a single phase shifter
wads switched under an ambient
temperature of 100°C fiom for-
ward (+100 mA) to reverse bias
(-40 V) at a 100 Hz rate fou
1000 hours.

Third, 50 diodes were biased
at 200 volts at an ambient tem
perature of 60°C and at a relative

'World Radio Histo

280 W

peratures (175, 200, and 245°C)
for 10 Type-B diodes each. The
diodes were reverse-biased at 400
V peak with a 100 Hz half-wave
rectified voltage souice. An MTF
(Median-Time-to-Failure), o1
time at which 50% cumulative
failure occurs, was found to be
3500, 400, and 10 houts for :he
175, 200, and 245°C tests, 1e
spectively, with a diode failuie
criterion of 30% decrease in
breakdown voltage. From Ari
henius plots, the MTF of diodes,

{continued on page 82)
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Adams-Russell Co. - Anzac Div.* ° ° (617) 273-3333
Aertech Industries * ) o (408) 732-0800
Airtron Div. of Litton Systems ° ° ° ° ° ® ° (201) 539-5500
Alan Industries * o (812) 372-8869
Alpha Industries * e o ° ° ° ° ° (617) 935-5150
American Electronic Laboratories ° (215) 822-2929
American Microwave ° ° (301) 253-6782
American Technical Ceramics * ® (516) 271-9600
Amp, Inc. ° (717) 564-0100
Amperex Electronic Corp. ° (516) 931-6200
Amphenol N. Amer. Div. (Bunker Ramo) ° ° (312) 986-2700
Anaren Microwave ° ° ° (315) 476-7901
Andersen Laboratories * ° (203) 242-0761
Andrew Corporation ° ° ° (312) 349-3300
Anixter-Mark ° (312) 298-9420
Applied Engineering Products ° ° (203) 288-7964
Applied Research e ° ° ° [ (516) 883-5700
Arra, Inc. ° (516) 231-8400
Astrolab Inc. ° ° ° ° ° ° (201) 862-0022
Automatic Connector ° ° ° (516) 543-5000
Avantek * ° o (408) 249-0700
Baytron Company * ° ° ° ° ° (617) 391-1550
Bendix Corp. ° ° e ° (607) 563-5388
Bird Electronic Corp. ° ° ° ° (216) 248-1200
Cahlewave Systems Inc. ] ° ° (203) 239-3311
Centralab Electronics ° ° (414) 228-2281
Centre Engineering ° (814) 237-0321
Cir-Q-Tel . (301) 946-1800
Coaxial Dynamics Inc. ° ° ° ° (216) 267-2233
Coleman Microwave Company ° (703) 984-8848
Com Dev Ltd. ° ° ° ° (514) 636-6920
Compac* ° ° ° ° ° ° (516) 667-3933
Comtech Antenna Corp. ° (305) 892-6111
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Connecting Devices ° ° (213) 322-9024
Cubic Corp. [ {714) 277-6780
Credowan Ltd. ® ® L] L ® {(0243) 670711 (Eng)
Crystal Tech. ° (415) 856-7911
Daico Industries ° ° ° (213) 631-1143
Delair B.V. L 3176 413751 (Neth)
Delta Microwave * ] e (213) 889-6582
Dexcel ° (408) 244-9833
Diamond Antenna & Microwave * ] ] (] L] ° ° {617) 729-5500
Dielectric Communications L] (617) 486-3578
Dielectric Labs Inc. * L] ] (315) 655-8710
Eaton Corp. - Addington Labs * ° ° ® (408) 245-6810
Elcom Systems Inc. ] ° ° (305) 994-1774
Electro Impulse ° ° ° (201) 741-0404
Electromagnetic Sciences * ° ° ° (404) 448-5770
EMC Technology ° (609) 429-7800
Emerson & Cuming * ® ® (617) 828-3300
EM Systems, Inc. * ° ° (408) 733-0611
Engelmann Microwave * [ ] (] ® ] ° (201) 334-5700
ENI Inc. L L (716) 473-6900
English Electric Valve Co. Ltd. * L (0245) 61777 (Eng)
Exacta Circuits Ltd. L] e |(0750) 21601 (Scotland)
Ferranti Ltd. * ° . ° ° (0382) 89321 (Scotland)
Ferrite Control Co. ° ° (201) 458-3333
Flann Microwave Instruments Ltd. L] ° L . L e |Bodmin (0208) 3161 (Eng)
Flexco Microwave o | o (201) 627-8442
Frequency Engineering Lahoratories o ] ° ] ] . (] (201) 938-9000
Frequency Sources - Contours & West Div.* | @ ° ° ° (408) 249-2850
Frequency Sources - Sources & GHz Div. * ® (617) 256-8101
Frequency Sources - Wavecom Div. * ° ° ° (213) 882-3010
Gamma-F Corp. ° L ° ° ° (213) 539-6704
General Microwave Corp. * ® ° (516) 694-3600
GenRad, Inc. ] ] ° ] (617) 369-4400
W. L. Gore & Associates, Inc. * ] (302) 738-4880
GTE Sylvania Systems Group - West Div. ® (415) 966-9111
Harris Corp./PRD Div. ° ° (516) 364-0400
Hatfield Instruments Ltd. ° ° ] L e | (0752) 772773 (Eng)
Herley Industries ° ° o (] (516) 364-0100
Hewlett-Packard Co. o | o | o | o | o o | o (415) 856-1501
Huber & Suhner AG Ltd. * e | o | o ° o | o | o e | {07153 15 15) (Switz)
Hughes Aircraft Co. * L] ° ® ® (213) 534-2121
Hylectronics Corp. o ° ° ° o (617) 486-8911
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Reader Service No. 174 |175 176 178 [179 (18D Telephone No.
Innowave ° (408) 7379622
ITT Components Group (0803) 550762 (Eng)
JFD Electronic Components Corp. (516) 536-7200
Johanson Dielectrics (213) 848-4465
Johansan Manufacturing Corp. (201) 334-2676
Kay Elemetrics ° (201) 227-2000
KD1{ Pyrofilm Corp. * ° (201) 887-8100
Kevlin Manufacturing * ° (617) 935-4800
Kings Electronics ° (914) 793-5000
K & L Microwave * ° (301) 749-2424
Kallmorgen Corp. ° (413) 586-2330
Krytar * ° (408) 734-5999
LaBarge, Inc., Electronics Div. (918) 836-7611
Lark Engineering ° (714) 642-9200
LNR Communications, Inc. ° (516) 273-7111
Locus Inc. * e | o (814) 466-6275
Lorch Electronics Corp. ° ° ° ® (201) 569-8282
3M Electronic Products Div. (612) 733-7408
Marconi Electronic Devices Ltd. * ° ° ® ° ° (0522) 29992 (Eng)
Marconi Electronics, Inc. ° (201) 767-7250
Marconi Instr. - Microwave Prod. Div. * ° ° ° (0438) 2311 (Eng)
MAST Microwave * ° ° (617) 273-4640
Maury Microwave Corp. * ° ° ° ° ° (714) 987-4715
Mecca Electronics, Inc. ° ° ° (201) 625-0661
Merrimac Industries, Inc. * ° ° ° ° (201) 575-1300
Metex Corp. ° (201) 287-0800
Microlah/FXR * o (o |o |0 | @ (201) 992-7700
Micromega (Bunker Ramo Corp.) ° ° ° (213) 889-2211
Micro Metalsmiths Microwave I.td. ° . 3 ° (0751) 31671/31620
Micronetics * ° ° ° (201) 767-1320
Microphase ° . (203) 661-6200
Microwave Applications Group * ° ° ° ° (213) 882-7333
Microwave Associates, Inc. * ° ° ° ° ° ° (617) 272-3000
Microwave Control Co. ° (201) 458-3000
Microwave Development Labs, Inc. * ® ° ° ° ® ° (617) 655-0060
Microwave Filters * ° 3 {315) 437-3953
Microwave Pawer Devices * ° ° o (516) 433-1400
Microwave Products ° ° (213) 882-3434
Microwave Research Corp. ° ° ° (617) 685-2776
Microwave Semiconductor Corp-Diode Op* (617) 667-7700
Midwest Microwave * ° o ° (313) 971-1992
Mini Circuits * ° ° (212) 769-0200




S
5> s

L

<>

“S

5 ol
PP 2SS
AN p,\\ SN qgo WA Q0

\0

(%

‘S
O

o

Reader Service No. 174 | 175 | 176 1178 § 179 180 | 181 | 182 183 | 184 | 185 Telephone No.
Mu-Del Electronics, Inc. (] ] ° (301) 587-6087
Narda Microwave Corp. * ® ® ° ° (516) 349-9600
Nore Microwave ° e 1(03708) 4255 (Eng)
Norlin Communications (] ° (301) 948-5210
Norsal Industries, Inc. ® [ ° ° ° {516) 234-1200
Nurad, Inc. ° (301) 462-1700
0K Machine & Tool Co. 1 o (] (212) 994-6600
Olektron Corp. o o e . . (617) 9437440
Omni Spectra, Inc. * ol ol o o] o o| o o (617) 272-4046
Omniyig, Inc. * ° {408) 241-1226
P & H Laboratories ° ° (213) 882-5616
Philips Ind. - Elcoma Div. * ° ° L L ° {040) 79 11 11 (Neth)
Plessey Avionics & Communications Ltd. ° 01478 43046 (Eng)
Plessey Connectors Ltd. L ® N Hampton 712000
Plessey Hydratec UK ° 27489 /2 7480 (Eng)
Plessey Resistors Ltd. o Swindon 36251 (Eng)
Plessey Optoelectronics & Microwave ° (714) 540-9934
Polarad Electronics, Inc. * [ (516) 328-1100
Premier Microwave Corp. * ° ° ° ° ® ° ] ] (914) 939-8900
Pradelin Inc. o | o | o (609) 448-2800
Radiall ° ° ) ° ° (854) 80 40 (Fr)
Radio Research Inst. Co. o (303) 792-6666
Raytheon Co. ° ° ° (617) 899-8400
Resdel Engineering Corp. o ° (213) 684-2600

RF Products, Inc. ° ] (609) 365-5500
RGA Research & Development Co. ° [ (315) 469-8593
RLC Electronics ° ° ° ° ° ) (914) 241-1334
Rockland Systems Corp. [ (201) 767-7900
Rockwell International ° ® | (214)996-6432
Rohde & Schwarz ° (201) 575-0750
Rohde & Schwarz GmbH & Co. ° (4989) 4129-1 (Ger)
Rowe Industries ° ° (419) 729-9761
RTC La Radiotechnigue-Compelec ° (1) 355 44 99 (Fr)
RYT Industries, Inc. (] (408) 727-5750
Sage Laboratories, inc. * ° [ ° ° ° [ ° (617) 653-0844
Sanders Associates, Inc. ° ° ° ° ° ° ) ° (603) 669-4615
Scientific-Atlanta, Inc. ] (404) 449-2270
Sealectro Corp. * (] o ° (914) 698-5600
Siemens AG * ® [ ° 089) 4144-1/722-1 {Ger)
HRB Singer ° (814) 238-4311
Sivers Labs ® ° ° ® 08-18-03-50 (Sweden)
Socapex ° (213) 887-0750
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Socapex ° (1) 7229 / 13 (Fr)
Solitron/Microwave * ° ° ° (305) 287-5000
Struthers Electronics Corp. ] ° ° ° ° ° ° ° (516) 420-3000
Summit Engineering * ® ® e (406) 587-4511
Systron-Donner Corp. - Adv. Comp. Div. * ° (408) 735-9660
Tasker Systems Div. (Whittaker Corp.) ° (213) 341-3010)
Tayburn Electronics Inc. ° (714) 438-5444
Technicraft - Tech Systems Group * ° o o ° (] (203) 283-5801
Tecom Industries * ° (213) 341-4010
Tekelec-Airtronic * ] (1) 534-75-35 (Fr)
Teledyne MEC ° (415) 493-1770
Teledyne Microwave * o ° (415) 963-2211
Telonic Berkeley ° ° (714) 494-3401
Texscan Corp. * ° ° (317) 357-8781
Thomson-CSF - Microwave Comp. Div. * (] ° ] ° ° o (1) 743-96-40 (Fr)
Thomson-CSF Comp. and Materials Ltd.* ° (256) 29 155 (Eng)
Thomson-CSF GmbH * L (89) 76 751
Times Wire & Cable ° ° (203) 265-2361
Transco Products Inc. * ° ° ° ° (] (213) 822-0800
Triangle Microwave Inc. * ° ° ° (201) 884-1423
TRW Capacitors ° (213) 679-4561
Unaworld Ltd. ° ° ° ° ° L ° ° ° e | (0494) 444061 (Eng)
Uniform Tubes ° o (] {215) 539-0700
United Microwave * ] ° (213) 320-1244
UTE Microwave, Inc. ] (201) 922-1009
Uz, inc. * L (213) 839-7503
Varian Associates * ° L (415) 592-1221
Vari-L * ® | (303)371-1560
Vega Precision Laboratories ° {(703) 938-6300
Voltronics Corp. ® (201) 887-1517
Watkins-Johnson Co. * ° . (415) 493-4141
Wavetek-Indiana ° ° (317) 783-3221
Weinschel Enginnering * ° ° ° (301) 948-3434
Western Microwave L] ° § ° (408) 734-1631
W & G Instruments ° | (201) 994-0854
Yig-Tek . | (415) 244-3240
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Finally a way to make
noise figure measurements—

10 MHz to I8 GHz—-that are accurate

and repeatable.

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

In conventional noise figure measurements,
you now get better accuracy because ENR
(excess noise ratio) has an RSS uncertainty of
+0.1 dB from 10 MHz to 8 GHz, +0.19 dB at 18
GHz, and is plotted on the nameplate at 20
frequencies. Low SWR of <1.15 from 30 MHz
to 5 GHz and <1.25 to 18 GHz further reduces
uncertainty.

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

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

DESIGNED FOR

 HP-IB 2

SYSTEMS

B

Or configure a repeatable,
error-correcting
automatic system.

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

o
Three measurements of & fw.erver's R figure \ \
3 Wit throe dittersnt sets of Muacmomen’ L A
oquipment \_/

- e e e s
" -

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

*Domestic U.S. prices only.
0400:

_




Microwave
Products

Instrumentation

GAS NOISE GENERATOR POWER SUPPLY

AILTECH model 7175 s a triggerable gas noise generator pov
er supply for both manual and automatic noise figure or noise
temperature measurements with AILTECH 70 Series Noise
Generators. Remote mode input 1s +25 to +30 V (pulsed or
CW) when on, 0 V when off, trigger rate i1s 50 Hz to 2 kHz
Power input 1s 115/220 Vac * 10%, 50/60 Hz, 120 W. Size
17" W x 16 L x 5% H. Weight: 20 Ibs. (9.1 kg) net and 25
Ibs. (11.4 kg) shipped. Del: 6 wks. Eaton Corp., Electronic
Instrumentation Div., City of Industry, CA. (213) 965-4911.
Circle 152.

MICROPROCESSOR-BASED SWEEP OSCILLATOR

Model 8350A s a microprocessor based sweep oscillator man
frame available with 6 RF plug-ins, (83500 series) covering the
10 MHz to 26.5 GHz frequency range. The unit also accepts
plug-ins from existing HP solid state sweepers (19 types span
ning 10 MHz to 22 GHz bands) with special {11869A) adapter
All functions can be set by knob, step keys, and keyboard via
HP-1B. Cahibrated power output levels and a calibrated power
sweep may be set in the same manner for the 83500 plug ins
and up to 9 complete operating states may be stored for recall
/ The 83592A plug in covers 10 MHz to 20 GHz in one sweep,
¢ g ..we 1its CW frequency accuracy 1s + 20 MH2z. Other plug ins cover

narrower ranges. Price & Del.: Sweep Oscillator Mainframe
have e Gl o
the (415) 857-1501. Circle 146.
() -
finest components
Selectlon HiGH POWER, 82 dB DIRECTIONAL COUPLER
of attenuators

Texscan

offers you over 200
different attenuator models

including: fixed pads, rotary,
continuously variable and

prerammable- Model FC2606 1s a high power 82 dB diectional coupler with
20 dB mimimum directivity over a 10% bandwidth. Mainlne
: mates with alummum WR 187 waveguide. The coupled output
Write or call tOday for our is a TNC connector. Size: 1.5" long. Sage Laboratories, Inc.,
new 68 page component Natick, MA. Ken Paradiso, (617) 653-0844. Circle 163.

catalogue.
MINIATURE 8-18 GHz ISOLATOR

An isolator which covers the 8 18 GHz fiequency tange, Model
Texscan Curparation Texscan Instruments Lza) Texscari C MBH 60A2051, has a volume of .125 cu. in. Guaranteed perform

2446 North Shadeland Avenue 1, Nortnbridge Road Peschelanger 11 ance is 16 dB minimum isolation, 0.7 dB maximum inser tion
Indiarapolis, Indiana 46219 Berkhamsted, Hertforcsmire  D8000 Munchen 83 toss and 1.5 maximum SWR over the temperature tange of 45

Ph: 317-357-8781 west German
TWX: 810-341-3184 Eﬂ?g};‘;ﬁ’,",m p,?m%;;moza to +85 C. Connectors are SMA female. Price: $138, small
Telex: 272110 Telex: 82258 Telex: 5-22915 qty. Del: 2 wks. TRAK Microwave Corp., Tampa, FL. Tho-

mas L. Roberts, (813) 884-1411. Circle 170.

CIRCLE 30 ON READER SERVICE CARD
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STANDARD 3-FILTER FAMILY FOR 2 GHz
RADIOS

The TX65 family of filters tor the 2 GHZ baml, are produc
von bult filters with measured imsertion losses as low as 0.50
dB. Models TX65 8280 and TX65 8278, are 30 MHz band
width filters with center frequencies in the 2120 and 2170
MH2z range. They have stungent group delay, insertion loss and
amplitude tlatness specifications plus normal - -band SWR and
out of band rejection specifications. Model TX70 7.5 5551, 1s
a 70 MHz IF filter with 4 7.5 MHz, 3 dB bandwidth. Telonic
Berkeley, Laguna Beach, CA. (714) 494-9401. Circle 166.

4-WAY DIVIDER/COMBINER SPANS 8-12, 4 GHz

Model D412M 1s a resistor 1solated power divider which oper
ates over the 8 12 GH7 frequency range with 18 dB minimum
isolation. When used as a power divider, input SWR s 1.70
max.; when used as a 4 way power combiner, nput SWR to
each port s 1.50 max. Insertion phase from innut to any out
put 1s within * 5 pott to port, and amplitude balance i1s with'n
+ 0.2 dB. Maximum passive insertion loss 1s 1.0 dB. Power rat
ing of niernal 1esistors is .25 W CW, 1 kW peak. Price: $175
per unit. Del: 60 days ARQO. Engelmann Microwave Co.,
Montville, NJ. Carl Schraufnagl, (201) 334-5700. Circle 142.

JDOUBLE-BALANCED BIASABLE MIXER

Viodel FMN-1008 1s a broadband, 6.0 18.0 GH: biasable double
salanced mixer. LO frequency range 1s 6.2-17.8 GHz; IF band
nmidth s 260 1o 470 MHzZ and IF band flatness s + 0.5 B
peak to peak). Conversion loss is 9 dB maximem. LO nput
Jower 1s J dBm to * 10 dBm. Port to-port tejection in 20 dB
nmimum, SWR (all ports) is 2.0 max. Bias voltage 1s +15 Vdc
31 10 mA. Connector is SMA (Female). Triangle Microwave,
nc., E. Hanover, N.". James Beard, (201) 884-1423.

Circle 171.

BIASABLE DOUBLE-BALANCED MIXER FOR
8-18 GHz BAND

Viedel MB 8018 is a double-batanced biasable mixer which
sovers the 8-18 GHz range. |F bandwidth 1s 4 GHz. At D dBm
LO, * 5 Vdc @ 7 mA., conversion loss is 7.6 dB max. to 1 GH¢
IF, 9.5 dB max to 3 GHz IF; port-to port isolation 1s 20 B
win. Conctruction s thin-film beam lead. Size: 1.18" L x
1.00"" H x .50" D. Western Microwave, Inc., Sunnyvale, CA.
{408) 732-1631. Circle 172.

\NOISE SOURCE LINE

Series NSP7 are precision, solid state noise sources avallable

mith 7 mm connectors. Sources with nosse outputs of 15.5 dB

ENR are available for 10 MHz - 18 GHz applications. lnput

yower 15 28 V and 20 mA maximum. Size: 2.78" L. Del

Stack to 4 wks, ARO. Micronetics, Inc., Norwood, NJ. Gary

Simonyan, (201) 767-1320. Circle 155.
fcontinued on page 62)
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For Top Quality Waveguidﬁ tan
Technicraft is The Source!!

If this station is part pf yfour rrggr?hv;a\\l/vea::g;:vi%?,
nces are Technicraft ma uid
th(;t:ahelps it play. Technicraft has been de'5||gnmg
and manufacturing quality commerculz'
waveguide since 1947 for t.he free world's
microwave stations.

or custom designed, Technicraft's
waveguide meets the toughest cqstomer zsiedc:.
And Technicraft's years of experlnenci prnd
the assurance of long waveguide life at
optimum performance unde'r‘the mos
demanding field conditions.

Off-the-sheli

or flexible assemblies..|ow power
terminations and transitions, directional cquplers
and adapters, or a range of other pashswever
components .. whatever your nged, where
ycur application, Technicraft
is the only Source!

For rigid

a division of Tech Systems Corp.

401 Watertown Road. Thomaston. Connecticut 06787
{203) 283-5801 TWX 710-475-0537

CIRCLE 31 ON READER SERVICE CARD
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NEC

microwave semiconductors

Low Noise and High Output Power.
Another Great Combo From NEC.

It's not often that high output oscillator
power and low noise are combined in a power
transistor that operates through S band.

But if that’s what you need, that's what
you'll get in NEC’s new NEX2300 Series. These
components feature 30% efficiency at 2.3 GHz
for 1, 2, and 3 watts of oscillator output power.

Packaged in a variety of hermetically-
sealed common collector packages, they're
just right for a range of industrial to high re-
liability space applications. And low AM/FM
noise makes the NEX2300 Series the ideal
choice for VCOs, phase locked oscillators

and frequency synthesizers.
The NEX2300 Series . . . . From NEC. And
California Eastern Labs.

CALIFORNIA EASTERN
LABORATORIES INC.

3005 Democracy Way * Santa Clara, CA 95050
(408) 988-3500 * Telex 34-6393 or 171197
Exclusive Sales Agent for NIPPON ELECTRIC CO., LTD.
Microwave Semiconductors.
CIRCLE 32 ON READER SERVICE CARD

(from page 61) PRODUCTS

HIGH POWER, FLEXIBLE CABLE ASSEMBLIES

A series of flexible, low loss .290°° O.D. microwave cable as
semblies with high power capabilities to 18 GHz are offered.
For 10 ft. cables with straight SMA connectors, typical inser
tion loss ranges from 0.5 dB at 1 GHz to 3.3 dB at 18 GHz.
Impedance is 50 * 1 ohm and time delay is 1.2 nsec/ft. Capact
tance of 26 pf/ft, maximum and maximum SWR s 1.25
through 18 GHz. Dielectric withstanding voltage is 1,500 V,
RMS_; minimum bend radius is 1.5"". Temperature range is

55 to 200 C for cable; - 55°C to 150°C for assemblies.
Weight: 36.0 gms/ft of cable, plus 38.0 gms per SMA connec
tor pair. W. L. Gore & Associates, Inc., Electronic Assembly
Div., Newark, DE. (302) 368-3700. Circle 144,

MICROMINIATURE TE MODE BANDPASS
FILTERS

The FV series of microminiature, evanescent TE Mode band
pass filters covers the 0.5-18 GHz frequency range. Bandwidths
from 4-70% may be specified and filters can be manufactured
with 2-17 resonant sections. As a coaxial device, normal RF
terminals are SMA jack connectors. RF pins can be provided
tor mounting in microstrip circuitry. Vol: from 0.14 cu. in.
Price: Unit qty., from $250. Avail: 6 wks. K & L Microwave,
Inc., Salisbury, MD. Charles J. Schaub, (301) 749-2424.

Circle 148.

MICROWAVE MIXERS SPAN 3.7-4.2 GHz BAND

A line of Magnum pac™ miciowave mixers designed for both
stripline and coaxial applications, Models MC24M and MC24P,
operate in the 3.7-4.2 GHz band. Units have typical 5 dB con-
version loss and 30 dB isolation. MC24M is stripline mount
able; MC24P includes push-on SMA connectors for coaxial ap-
plications. Del: 2-4 wks. Magnum Microwave Corp., Sunnyvale,
CA. David Fealkoff, (408) 738-0600. Circle 154.

HYPERABRUPT, VARACTOR TUNED
OSCILLATORS

The 2.6-5.2 GHz HTO-2600 and 4-8 GHz HTO-4000 are hy
perabrupt varactor-tuned oscillators’buffer amplifiers which
offer hughly linear voltage vs frequency curves and a maximum
+14 Vdc tuning voltage. Power output for each is + 10 dBm,
min. Both combine a bipolar transistor oscillator with a built
in buffer amplifier that 1solates the oscillator from vaniations
in load. Pulling for all phases of a 12 dB return loss i1s 18 and
12 MHz, respectively. Packaging is in hermetic TO-8 packajes
which may be qualified to MIL E-5400 and MIL E-16400.
Price: HTO-2600: $1,470; HTO-4000: $1,600, small qtys.
Del: 90 120 days, ARO. Avantek, Inc., Santa Clara, CA.
David Gray, (408) 727-0700. Circle 137.

YIG-TUNED BAND REJECT FILTER

Model M103R 1s a multioctave YIG tuned band reject filter
that can be tuned electionically from 4 GHz to 12.4 GHz. In
sertion loss in the 4 12.4 GHz s less than 1 dB and the 20 dB
rejection bandwidth 1s 6 MHz. Temperature diift is 200 kHz
C. Analog oy TTL diivers are available as integiated filter
components Omniyig, Inc., Santa Clara, CA. William Capo-
geannis, (408) 988-0843. Circle 159.

MICROWAVE JOURNAL



SOLID STATE AMPLIFIER FOR 400-500 MHz
BAND

Model 4050-12/5552 is a compact, sohd-state amphifier pro
viding 50 dB saturated gain and 100 W CW saturated output
power over the 400-5600 MHz frequency band. The amplifier
operates from a single +28 Vdc power source at 17A. It meets
the vibration requirements of MIL-T-5422F and includes pro
tection against high load SWR, thermal overload and reverse
voltage application. Connectors are SMA Female (Input) and
N Female (Qutput) Size: 3.375" H x 7.5 W x 18" D. Micro-
wave Power Devices, Inc., Hauppauge, NY. Richard Sheloff,
(516) 231-1400. Circle 156.

SMA RIGHT-ANGLE BENT ASSEMBLIES

Series of SMA right angle bent assemblies are designed to les-
sen the distance between mating surface of the connector and
center line of the cable. Employing a new semi-r igid miniature
coaxial cable, the cable is bent 90 at the plug entrance and
the assembly achieves the basic dimensions of a right angle
plug without introducing any right angle plug discontinuity.
Available for either .141 or .086 cable. Cablewave Systems,
Inc., North Haven, CT. (203" 239-3311. Circle 138.

HIGH POWER, FIXED COAXIAL ATTENUATORS

A line of high power, fixed coaxial attenuators, A-201 Series,
can handle powers up to 35 W from dc to 4 GHz, Attenuation
values above 6 dB are undirectional with input normally on
the male connector. Distributed attenuator elements are used
and attenuator accuracy is typically + .5 dB. Size: less than
3'%" L. May be ordered up to 33 dB in 1 dB increments. Price
From $125, unit gqty. Del: 4-6 wks., small qty. RLC Electron-
ics, Inc., Mt. Kisco, NY. (314) 241-1334. Circle 162.

MINIATURE FREQUENCY STANDARD

Model YH-1100 is a miniature frequency standard which
provides an output {requency in the 1-60 MHz range with a
stability of t 5 x 10°% /day. Output will drive up to 10TTL
loads and it operates from a single +5 Vdc input. Size: 4.5 cu.
in. Price: $175, in qtys of 100. Greenray Industries, Inc.,
Mechanicsburg, PA. Glenn R. Kursenknabe, (717) 766-0223.

Circle 145.
Systems
POWER AMPLIFIERS SPAN 220 - 400 MHz BAND

Models 50HA and 200HA are power amplifiers which offer,
respectively, 50 W and 200 W CW output into 50 ohm:s. Both
units are flat within +1.0 dB from 220 MHz to 400 MHz, and
both offer completely untuned operation for sweep or fre-
quency-hopping applications. Amplifiers are unconditionally
stable, and will continue to operate at rated output, without
damage or shutdown, even into an open or shorted load. They
offer typical harmonic distortion levels of 25 dB below funda
mental at frequencies above 260 MHz: both amplifiers require

1 mW of input power for full ratecl output. Amplifier Research,

Souderton, PA. (215) 723-8181. Circle 136.

fcontinued on page 64)
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NEG
microwave semiconductors

The NEL2300 From NEC Covers
the Spectrum in Linear Power

If high linear power over a broad
spectrum is what you're looking for, NEC's
got the answer.

It's NEC's rugged NEL2300 Series from
California Eastern Labs —a tamily of
hermetically-packaged broadband power
transistors.

The NEL2300 Series operates thru S band
with output power from 1.0 to 3.0 watts. Im-
pressive gain, also — from 8 dB, respectively,
at 2.3 GHz.

So no matter what your linear power re-
quirements are, NEC and California Eastern
Labs have got you covered.

CALIFORNIA EASTERN
LABORATORIES INC.

3005 Democracy Way * Santa Clara, CA 95050

(408) 988-3500 * Telex 34-6393 or 171197

Exclusive Sales Agent for NIPPON ELECTRIC CO., LTD.
Microwave Semiconductors.

CIRCLE 33 ON READER SERVICE CARD



{from page 63) PRODUCTS

MILLIMETER ANTENNA RANGE

Model 5752 1s a compact millimeter anten
na range for the 4.0-60 GHz fiequency
1ange. This range is designed for the devel
opment and testing of antennas in labora
tory and indoor areas. It reduces, and in
some cases eliminates, the need for outdoor
facilities requiting a large amount of real
estate. Price: $255,000. Del.: 6 months.

Scientific-Atlanta, Inc., Atlanta, GA. Ger-
ald Hickman, {404) 449-2000. Circle 165.

Service

SERVICE FOR CALIBRATING
MM-WAVE POWER STANDARDS
A calibration service for millimeter-wave
power standatds {bolometer mounts) in the
94-95 GHz frequency range is available at
the Boulder Colorado Laboratories of NBS.
Effective efficiency and reflection coeffi-
cient calibrations are offered. National
Bureau of Standards, Boulder, CO. Manly
Weidman or Paul Hudson, (303) 497-3210/
3939. Circle 151.

/f

37 Years of Experience

the Hi Rel space applications.
92 Page Catalog

Over 2,000
Microwave Switches
To Choose From

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

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

Our switches are used in hundreds of aerospace programs, including

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

=\

424) Glencoc RAve.
Venice, California 90291 U.S.AR.

TRANSCO PRODUCTS, INC.

FOR EMPLOYMENT OPPORTUNITIES IN AF ENGINEERING,
CALL CHARLIE TRLBOT. AN €QUAL OPPORTUNITY EMPLOYER M/F

IPi

(7

Tel: (213) 822-0800 Telex 65-2448 TWX 910-343-6469 JJ
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PROGRAM FOR CAD MICRO-
WAVE CIRCUITS

A software package for computer-aided
design of microwave circuits, SUPERCOM
PACT'M  incorporates the circuit analysis
and optimization features of pre-existing
programs and extends the versatility and
applications of the package. Interactive
graphics, databanks for transistor and di
electric device data, topology generator, a
new optimization technique and text-edit
ing have been added. Pricing: S40,000 i
censing fee (partial credit allowance for
current users until December 31, 1980) for
licensing on in-house computer and avail
able via commercial timesharing beginning
November 30, 1980. Compact Engineering,
Palo Algo, CA. Jim Lindauer,
(415) 858-1200.

Tubes

600 W FROM HELIX TWT

TH 3591B is a 600 W helix traveling-wave
tube which covers the 14.0-14.5 GHz band
Tube has a gain of approximately 50 dB at
full power and operates with a beam volt
age of approximately 10.5 kV. Constructed
of all-brazed helix assembly, model offers
superior heat transfer and low RF losses.
Unit uses power-saving samarium-cobalt
PPM beam confinement. Life exceeds
30,000 hours and cathode loading had
been held below 1 A/cm®. Thomson-CSF
Electron Tubes Div., Clifton, NJ.
(201) 779-1004.

Circle 140.

Circle 169.

Materials

RESISTANCE CARD
ATTENUATORS

The A3BTO1 1s a 200 ohms per sqg. thick
film attenuator deposited on .032 in. thick
alumina substrate designed for waveguide
applications. It is capable of withstanding
temperatures in excess of 350 C. A variety
of configurations are available. KD1 Pyro-
film, Applications Engineering Dept.,
Whippany, NJ. (201) 887-8100. Circle 147.

HIGH DIELECTRIC CONSTANT
SUBSTRATE

Impioved Epsilam 10 1s a high dielectiic
constant substrate matetial with water ab
sorption value of approximately .05%. In
addition, its dielectiic constant 1s more
tightly controlled than that of the original
Epsilam-10 and its peel strength has been
increased to 10 pounds/inch of width. Con
structed of ceramic filled Teflon compound
material is intended for miciostrip and
stiipline designs. Size: 9" x 9’ sheet,
standard; in .010, .025, .050, .075 or .100
mil thicknesses. 3M, Electronic Products
Div., St. Paul, MN. (612) 733-9214.

Circle 168.
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'I'Ilal Hum Riong nn RMS!?

Most ferrite phase shifters bounce around at
RMS phase error levels of 4 to 6 degrees or
even higher, particularly when frequency,
temperature, and RF power level change.
MAG's Rotary Field Phase Shifters are the
exception. Our unique design approach gives
unlimited phase shift with modulo-360° phase
control characteristics that is independent of

frequency, temperature, power level and ferrite
material parameters. And we give you other
good features such as low insertion loss,
factory-trimmable insertion phase, small tem-
perature dependence of insertion phase, and
your choice of reciprocal and nonreciprocal
behavior. Here are typical characteristics of S,
C, X, and Ku-band models.

Analog, Rotary-Field Ferrite Phase Shifters

MODEL ICO11 MODEL D011 MODEL IE0TY MODEL 1FO011
Frequency Range 5-Band, 10% BW C-Band, 10% BW X-Band, 10% BW Ku-Band, 10% BW
Insertion Loss 0.4 dB Typ. 0.4 dB Typ. 0.5 dB Typ. 0.5 dB Typ
0.6 dB Max. 0.6 dB Max. 0.7 dB Max. 0.7 dB Max.
VSWR 1.3:1 Max. 1.3:1 Max. 1.3:1 Max. 1.3:1 Max.
RF Power 4 KW Peak 4 KW Peak 4 KW Peak 4 KW Peak
200 W Average 100 W Average 60 W Average 60 W Average

+15° Max., t1.0° Typ. | *25° M

0.7° RMS Typ.

Phase Error
(Unidirectional)

Max., +1.5° Typ.
1.0° RMS Typ

+4° Max., ¥ 2.5° Typ.
18° RMS Typ

+3° Max., £ 2° Typ.
1.4° RMS Typ.

Switching Time 650 Microseconds

400 Microseconds

250 Microseconds 250 Microseconds

Weight 50 Lbs. Max.

2.0 Lbs. Max.

6 0z. Max. 6 0z. Max

Size

{(Min. Cross-Section) BT A e

175 X 1.75 X 5.00" Max

1.25 X 1.25 X 3.20" Max. § 1.25 X 1.25 X 2.75"" Max

If you like the hum of our Rotaries and would like more words to go with the music, call

Walt Reed at 213/882-7333.

MICROWAVE APPLICATIONS GROUP, 10019 Canoga Ave.,
(273) 882-7333 » TWX 910-494-1958 (MAG CHAT)

gy !
) b

Chatsworth, CA 91311 | L0\ N

- i

Yeramher — 1QR0
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High Performance
at a low price with HPs
new 8559A

Look at the performance you get for only $10,875:
Frequency coverage from 10 MHz to 21 GHz: flat
frequency response, *+ 3 dB to 2t GHz; —111to +30
dBm measurement range; distortion products are
>0 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. 57

1S0sB

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 + 2dB
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
$15.975.

When your applications require input overload
protection, elimination of multiple responses, or
100 dB harmoric distortion measurement range. add
the HP 8445B Automatic Preselector. For wide
dynamic range swept response measurements to 1.5
GHz. just add the 8444A Tracking Generator. For
versatile coverage at audio, VHF, UHF and micro-
wave frequencies, this modular family offers value
for present and future needs. Reader Service No.58
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HP’ family of
microwave spectrum
analyzers.

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

Covering 10 MHz 10 22 GHz and extendable to 40
(G Hz. this microwave spectrum analyzer gives vou the

combination of wide dynamic range. fully-calibrated
measurement capability plus ease of operation. Fre- 3
quency response is within * 1.2 dBto 1.8 GHzand + 3dB . HP-IB |
at 18 GHz. Resclution bandwidths from 1 kHz to 3 For todav’ and
MHz are standard. with 100 Hz resolution available as an tomorrows most demanding
option. From 1.7 to 22 GHz. theres a built-in preselector | 566
which permits measurement of distortion products as " » choose the HP 8 A.
small as 100 dB down. The 8563A is casy to operate f;l e B56H F defimes lhﬁ):;.jlllc-nlv;l;c(d;ll in microwuy c's&cclryr:)
2 . o analyzer periormadance z 1 22 G Ry coverage to
LOO. JU5[ set [hrce controls. lunlng ffequency- fquUCHC) dBm range. 10 Hz resolution bardwidth lhrnus:hoyl iwith cor
span and amplitude reference level. Resolution, video O I O e e
! - : Y 4 accuracy. The level of performance. flexibility and convenience
filtering and sweep times are automatically set. Bright of the 8566 brings unparalieled capability 10 microwaye spec
S - . . L trum analysis. Perhaps even mosc significant. this performance 1s
LEDsS in the CRT bezel give you all pertinent operatng essentiul to realize the benefits of automatic spectrum analysis
' H AW \¢h i o - 7 LA whech the 8566A ean deliver when under computer control via
conditions in e Thc price for all ‘[hlS e for the HP Interface Bus. Complicaied. time-consuming measure
mance and convenience is $19400: add $300 for the 100 meni routines. including ones that previously were impractical.
. d } . 5 cian now he accurately executed with minimum operator involve:
Hz resolution option. Reader Service No.59 ment when the advanced microwave and digital technologies
. 5 . 5 contained in the 8560A are upphicd. Price of the 8566A is $49.500
For more information on these outstanding values in a system comprised of the 8566A. 9825T Computer. printer and
. . 5 » ngchave e 7.170). 3. > - ‘e No.
microwave spectrum analysis, call your local HP sales B R
office or write to 137 Page Mill Rd., Palo Alto, CA 94304. J

Domestic U S, pnces only

(é HEWLETT
PACKARD




CRYSTAL VIDEO PRODUCTS

An extensive line of crystal video
products is described in a new bro-
chure now available from Aertech In-
dustries. The 12-page brochure con-
tains electrical spectfications, perform-
ance curves, and outline drawings cov-
ering linear and logarithmic detector
video amplifiers, threshold detectors,
and, the newest member of this prod-
uct line, mini-detector log video am-
plifiers. Also included is a section on
applicat ons and a Video Products Se-
lection Guide. Aertech Industries,

825 Stewart Drive, Sunnyvale, CA
94086. (408) 732-0880. Circle 101.

SOLID STATE AMPLIFIERS

A brochure containing information on
a complete line of low noise and power
amplifiers from 755 MHz to 18 GHz.
Aydin Microwave's product line of
solid state bipolar and GaAs FET am-
plifiers provide the latest state-of-the-
art in computer aided thin film design.
These amplifiers are used in microwave
radio links, troposcatter terminals, sat-
ellite earth stations, electronic warfare
and military special test equipment.
The brochure contains performance
specifications for ail standard models.
Aydin Microwave Division, 75 East
Trimble Road, San Jose, CA 95131.
Hal Sawert. (408) 946-5600.

Circle 103.

DOUBLE-BALANCED MIXER
DATA SHEET SERIES

DBX-184 and DBX-185 series of dou-
ble-balanced microwave mixers offer
performance over multi-octave RF, IF
and LO bandwidths — and are pack-
aged in the Avanpak ™™ miniature her
metic case for microstripline or coax-
ial-interfaced systems. Their design

permits overlapping RF/LO and IF fre-

quency ranges with greater than 25 dB
RF-IF isolation and up to 6 GHz IF
bandwidths. Designed for high per-
formance, wideband microwave receiv
ing systems. Avantek, Inc., Advanced
Solid-State Products, Bowers Avenue,
Santa Clara, CA 95051.
(408) 727-0700.

68

Circle 102.

STANDARD RF AMPLIFIERS

Aydin Vector Short Form describes
over 35 RF amplifiers and cascaded
combinations. Their standard modular,
plug-in, hybrid, RF amplifiers are avail-
able in five (5) basic series; MHD, MHT,
GHT, GA and MHA. The MHD series
have muitiple stages of amplification
on a sing'e alumina substrate and are
packaged in a 4 PIN DIP, MHT and
GHT units have a single stage of am-
plification and are packaged in a TO-8
configuration. GA Series units also
have one stage and are packaged in a
modified TO-12. MHA voltage variable
attenuators are available in a TO-8 or
DIP contiguration. Aydin Vector, P.O.
Box 328, Newtown, PA 18940.

(215) 968-4271. Circle 104.

CRYSTAL OSCILLATOR
BROCHURE

—

L, comston coperotie

Comstron, the technology leader in
oscillators for military, commercial and
deep-space applications can assist with
crystal oscillator requirements.
Through proprietary computer-gener-
ated design, testing and production
techniques, Comstron delivers state-of-
the-art low noise performance on
VCX0Os, TCXOs, oven controlled crys-
tal oscillators and phase locked sources
to 1 GHz. Design for Optimum Per-
formance (DOP) programs provide op-
timization of performance and sensi-
tivity analysis. Comstron Corp., 200
East Sunrise Highway, Freeport, NY
11520. Len Borow, (516} 546-9700.
Circle 105.
{continued on page 71)
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GaAs FET COMPONENT
DATA SHEETS
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DEXCEL announces the release of
new data sheets for its quality micro-
wave GaAs FET components. The new
four page data sheets are available on
Dexcel’s broadband microwave ampli-
fiers, oscillator assemblies. TVRO low
noise amplifiers, and gallium arsenide
field effect transistors. All existing
data sheets have been replaced with
new data sheets containing additional
information required by the RF de-
signer. DEXCEL, Inc., 2285C Martin
Ave., Santa Clara, CA 95050.

(408) 727-9833. Circle 106.

CATALOG OF INSTRUMENTS
AND COMPONENTS

General Microwave's 72-page catalog
contains information on both their
components and insteuments. Included
are specifications on power measuring
equipment, PIN diode control devices
from single pole through multi-pole,
from .1 to 18 GHz; RAHAM Radia-
tion Hazard Meters — low cost instru-
ments to measure electromagnetic
radiation levels for comgliance with
OSHA Safety and Health standards
and solid state microwave signal
sources from .4 to 18 GHz. General
Microwave, 155 Marine St., Farming-
dale, NY 11735. Moe Wind,

(516) €94-3600. Circle 108.

MICROWAVE POWER
TRANSISTORS
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IMD’s new catalog contains specifica-
tions on over 75 units including oscil-
lator devices from 2 to 6 GHz; Class A
Class C discrete devices from 2.3 to
4.0 GHz and Class A/Class C matched
devices from 1.4 to 2.7 GHz. IMD de-
livers highest quality devices, provides
knowledgeable technical assistance and
satisfies both your prototype and pro-
duction requirements quickly. Inter-
national Microwave Devices, 51 Chubb
Way, Somerville, NJ 08876. John
Locke, (201) 231-1990. Circle 110.

NEXT GENERATION FREQUENCY
COUNTERS TO 40 GHz

A six-page gatefold brochure describes
Models 545/548 microwave counters.
The two-color pamphlet gives key
measurement capabilities to the 40
GHz band plus key specifications, time
base, general operational features, plus
such options as remote sensor, D to A
converter, power meter, extended fre-
quency, remote programming, GPIB,
rear input and chassis slides. Also high-
lights major performance features, fre-
quency offsets, limits, and extension,
Dac output and power measurement
and serviceability. EIP, 2731 North
First St., San Jose, CA 95134.

(408) 946-5700. Circle 107.

SIGNAL PROCESSING CATALOG

This comprehensive 320 page catalog
describes our complete line of signal
processing components and integrated
networks employing lumped element
designs :n the frequency range of dc
to 4 GHz. Specifications, iltustrations
and dimensional outline drawings are
included for every device. Catalog
M-80 has a high reliability section that
describes quality assurance procedures
and an engineering aid section that
contains application information and
various curves and graphs. Merrimac
Industries, 41 Fairfield Place, West
Caldwell, NJ 07006. Dan Brodow,
(201) 575-1300. Circle 111.

MULTI-BAND SWEEP GENERATOR

Two new models are added to the
MSG-2100 series of microwave sweep
generators: MSG-2100A: 18-26.5
GHz sweeper with +10 dBm leveled
output. MSG-2100B: 26.5-40 GHz
sweeper with +5 dBm leveled output.
Both units are completely solid state,
and optional 488 Bus control is avail-
able. Power output variation, without
leveling, is less than + or -1.5dB. A
complete line of sweep generators
from .01-40 GHz also offered. Division
sion of INTEGRA, Inc., 1400 Cole-
man Ave., Santa Clara, CA 95050.
(408) 727-9601/TWX: 910-338-0585.
Circle 109.



ANALOG ROTARY-FIELD
PHASE SHIFTERS
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A new four-page brochure including
supplemental technical information,
applications data and specifications for
the complete series of rotary-field fer-
rite phase shifters. Analog ferrite phase
shifters have been developed for appli-
cations requiring an accurate relation-
ship between phase shifter and control
current. These units provide unlimited
phase shift with uniformly low hyster-
esis and dispersionless phase shift ver-
sus frequency characteristic. Micro-
wave Applications Group, 10019-21
Canoga Ave., Chatsworth, CA 91311.
(213) 882-7333. Circle 112.

SPECTRUM ANALYZERS

New 16-page brochure describes their
600B Series spectrum analyzers with
new enhanced performance capabili-
ties and versatile accessories. Design
refinements and new accessories pro-
vide significantly upgraded perform-
ance capabilities. “B’" Models replace
the popular “A’’ Models with the same,
compact size, easy to use controls, and
internal digital memory and data proc-
essing interface. The third generation
includes many circuit improvements,
RF module integration and a new |F
design to provide enhanced perform-
ance. Polarad Electronics, 5 Delaware
Drive, Lake Success, NY 11042. Joe
Schindler, (516) 328-1100.

Circle 115.

AUTOMATED 10 MHz - 40 GHz
SCALAR NETWORK ANALYZER
SYSTEMS

A new family of Automated Scalar
Network Analyzer Systems covering
the 10 MHz to 40 GHz range is de-
scribed in this 16-page brochure. In-
cluded are specifications and applica
tion notes for measuring return loss,
transmission loss/gain and power in
coax or waveguide. Block diagrams
show how the system consisting of a
new programmable sweep generator,
network analyzer, desktop controller
and precision components with 40 dB
directivity are connected for the fast-
est, most accurate measurements.
WILTRON Co., 825 E. Middlefield
Rd., Mountain View, CA 94043.
(415) 969-6500. Circle 119.

Dual Polarized Horn
Model A 6100 2to18 GHz

PHASE
MATCH (DEG)

]
(=
e
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2 4 6 8 10 12 14 16
FREQUENCY (GHz)
sge °
Specifications
Frequency 2 10 18 GHz
Gain S to 18 dBi
Polarization Simul. Horiz.
and Vertical
3 dB Beamwidth 60° to 10° nom.
VSWR 2.5:1 max.
Isolation Between Ports__ 25 dB min.
Phase Tracking
Between Ports £17° max.
Amplitude Tracking
Between Ports +1.3 dB max.
Maximum Power 10 watts
Size 6" Aperture, 13" Long
Weight 41bs., 4 oz.

290 Santa Ana Ct., Sunnyvale, CA. 94086 (408) 733-0611
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Planar Spirals from 0.1 to 40 GHz
Conical Spiral Omnis from 0.1 to 18 GHz
Complete DF Systems Including Controls and Displays

@ EM Systems, Inc.

CIRCLE 37 ON READER SERVICE CARD

TWX: 910-339-9305
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New catalog describes the broad line
of high performance microwave diodes
available from Metelics Corporation.
Types offered include step recovery
diodes (T, as low as 20 picoseconds),
PIN diodes (fast switching, limiter,
high power up to 1600 volit Vggr),
Schottky and zero bias Schottky, and
high Q tuning varactors. Chips, beam
leads, various packages. Established
high reliability capability. Metelics
Corp., 1031C East Duane Ave., Sunny-
vale, CA 94086. (408) 737-8181.
Circle 113.

New product data sheets now offered
which describe mixers, mixer/pream-
plifiers, wide band, low noise ampli-

COMPONENTS

RLC Electronics’ new 76-page catalog
describes their complete lines of
switches, filters and attenuators from
dc to 18 GHz. The catalog contains
both electrical and mechanical specifi-
cations plus environmental informa-
tion and typical operating curves. In
addition to their standard lines, RLC

has engineered thousands of custom

designs and produced substantial quan
tities of special units within short time
spans. RLC Electronics, 83 Radio Cir-
cle, Mt. Kisco, NY 10549. Alan Borck
(914) 241-1334. Circle 116

fcontinued on page 76,

fiers, C, X and K-Band communica-
tion converters and frequency trans-
lators for satellite communications
Applications. MITEQ Inc., 100 Rice-
field Lane, Hauppauge, NY 11787.
(516) 543-8873. Circle 114.

Why wait? Precision fmm Coaxial Adapters

Circle reader service number to receive your copy
of our new short form catalog on Precision Adapters.

Call or write for our new, full line Microwave Component Catalog.

DISTRIBUTORS Blake Associates
Medford, MA 02155

7233 Lake Elleanor Drive
Orlando, FL 32809
Phone: (305) 855-4020
TWX: 810-850-0183

CLM Sales
Zero Governors Road 3618 Briarstone Road

Now available from the Microwave Component Division,
Omni Spectra can fill your requirements now.

These rugged adapters offer quality construction and
performance for use in test and instrumentation
applications. Standard configurations offer transitions
from precision 7mm to OSM, OSSM, OSN or OST plug
and jack configurations.

e D.C. TO 18 GHz

¢ LOW VSWR (as low as 1.06:1)

* MEETS MIL-C-39012 REQUIREMENTS

* STOCK TO 4 WEEK DELIVERY

e AVAILABLE FROM LOCAL DISTRIBUTORS

Omni .. Microwave Component Division

Spectra Omni Spectra, Inc.

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

Cavalier Components, inc. Compucon Distributors Hall-Mark Electronics Corp.
220 Reservoir Street 559 North Avenue 969 Worthington-Galena

Randallstown, MD 21133 Needham Hgts., MA 02194 New Rochelle, NY 10801 Worthington, Ohio 43085
Phone: (617) 391-7890 Phone: (301) 922-7717

TWX: 710-328-0463 TWX: 710-862-0222
Hall-Mark Electronics Corp.

Phone: (617) 449-3112  Phone: (914) 576-2888  Pnone: (614) 846-1882

TWX: 710-563-0612

Hall-Mark Electronics Corp. C.W. Swift & Associates  Waltronic Sales
P.O. Box 222035 15216 Burbank Boulevard 3350 Scott Boulevard, Bldg 4
Daltas, TX 75222 Van Nuys, CA 91401 Santa Clara, CA 95051
Phone: (214) 234-7300 ~Phone: (213) 989-1133 Phone: (408) 727-1200

(214) 234-7400 TWX: 910-495-1728 TWX: 910-338-7655
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Will your
country's
telephone
system
be ableto

keep up
with your
country?




\telephone service.
Which is why telephone authorities all over the world are consider
o * e W ing new phone exchanges
e W = at this very moment.
. But with voice and com
s puter traffic making urgent
a0 el Nnew demands on phone sys
24 ‘.' | tems, it's important that any

This is all by way of
& introducing ITT's new
& System 12, a unique ex-

3 change system based on
& & (he latest technology. In fact,
Lol - i @l future technology.
As cities grow, ITT's new System 12 will But let us explain.
L Before [TT created this
system, we carefully mapped the direction telecommunications will
take over the next decades.

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

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

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

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

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

Which narrews the choice quite a bit. ITT

91980 Irternationa! Telephone and Telegraph Corporation, 320 Park Avenue, New,York, N.Y, 10022 L).S.A.
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.+ to 18 GHz!
Now - Microwave Mixers from Anzac. Eleven new hermetically
sealed models cover the 0.5 to 18 GHz range in octave, multi-
octave, and special-interest bands. Termination-Insensitive versions as
well as regular double-balanced units. Each available in either
drop-in flatpack or connectorized versions. All are built for military
environments. And like all Anzac standard products, these Micro-
wave Mixers are available from stock. Send for the special 20-page
catalog supplement which describes these new mixers. Specifications
and performance curves included.

Anzac Microwave Mixers. Going up to 18 GHz!

Adams _ " Russell

80 Cambridge Street, Buﬂ'ington, MA 01803 (617) 273-3333 TWX 710-332-0258
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SYSTEM SETUP
£ e
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21 Type of measurenment to be
made
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FREQUENCY SELECTION
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1} Frequency range hinits
2) Frequency step size or
number of test paints

-

CALIBRATION

T Gy

Enter

1) DUT identification

Select

1) Averaging of open short
resiclua’s

2} Storing of normalized

residua’s
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CRT DISPLAY OF DUT
CHARACTERISTIC
Select marker frequencies
and amplitude hmats

2) 1t necessary, adjust DUT.
2) It not, continue
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MEASUREMENT
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Neasurerient seguence
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HARD COPY QUTPUT
Select

1) Plotted curves

2| Tabular data
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Fig. 2 Series 5600 operational pracedure.

displays and interfaces directly with
the main processor.

In addition to the microprocessor
control sweeper, each Series 5600 sys-
tem includes a GPIB-programmable
scalar ne:work analyzer, desktop con-
troller w'th interactive software and

all required measurement components.

To use the system, the operator simply
inserts a preprogrammed cartridge into
the controller, enters the few inputs in
accordance with the interactive in-
structions and quickly obtains com-
puter-corrected data in tabular or
graphical format. Figure 3 allows the
kind of hard copy available from the
printing controller.

a8 TRANSMISSION
LOMegl "5 8 SO T2l . s
0 !
B 8 i — Sy 4
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0+ : |
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' ]
W |
| I
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Fig. 3 Hard copy output from printing
controller.

As indicated in Table |, six separate
models in the series offer a variety of
frequency ranges and specific applica-
tions can be served at minimum cost.
When required, the RF module may be
replaced when other applications re-
quire different frequency coverage.

The Series 5600 system offers 40
dB directivity from 10 MHz to 18
GHz (see Figure 4) dynamic range is
66 dB and sensitivity is - 50 dBm. Pro-
grammable attenuation of 82 dB is
available in 0.1 dB steps and ROM-
corrected frequencies are accurate to
+ 10 MHz from 10 MHz to 18 GHz.

The network analyzer system em-
ploys an unmodulated signal which
simplifies testing of active devices and
avoids errors caused by modulation
asymmetry or modulation-sensitive
test devices. The internal memory for
calibration data is not effected by
scale changes and front panel controls
can be set for optimum, CRT displays
without the need to recalibrate or re-
vise stored data.

Bus interfaces are internal in both
the sweeper and analyzer eliminating
the need for any external interface
box.

Circle 121 on Reader Service Card
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HOW TO SUPPLY YOUR BUSINESS WITH

TECHNICAL TALENT THROUGH
GOVERNMENT FUNDING and more....

CETA For Your Business will tell you how to

properly acquire and run effective CETA programs
amounting to as much as $250,000.

Also, WE WILL SHOW YOU HOW your business
SHOULD:

@ GENERATE RENEWABLE CONTRACTS AVERAGING
$100.000 IN 30 DAYS

® ESTABLISH OR INCREASE CONSISTENT CASH
FLOW

@ INCREASE PROFIT FROM SALES (50 - 80'%)
® OPEN NEW MARKETS FOR PRODUCTS

AND BENEFIT BY:

® REIMBURSEMENT FOR OVERHEAD EXPENSES

® OPENING OR INCREASING BANK LINES OF CREDIT
® ADDING NEW PROFIT CENTER

® ACCRUING NEW TAX ADVANTAGES

@ INCREASING QUALIFIED TECHNICAL TALENT

To begi, you must be decisive and act immediately!"!

Send your $95.00 (TAX DEDUCTABLE)
check ar money order and receive this New Six-Sectioned
detailed, step-by-step Publication. Guaranteed and PROVEN
TO WORK!"!
J & G INDUSTRIES. INC. P.0. Box 2069
Columbia, Maryland 21045
Allow 10 days for delivery

investment by

P g
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The Jet Propulsion Laboratory,
located in Pasadena, California, has
an opportunity within the Antenna
Microwave Group for an intermedi-
ate to senior level engineer for pro-
jects related to the Deep Space Net
work advanced development and
implementation programs. The
Deep Space Network commands,
controls, and tracks unmanned
planetary probes; technologies in
clude high efficiency low noise an-
tennas and preamplifier subsystems
and high CW power transmission
systems. This is a growth position
with advancement potential for the
capable candidate.

Contact either D. A. Bathker at
(213) 354-3436 or W. A. Imbriale
at (213) 354-5172 or submit resu
me to Professional Staffing Depart
ment D66.

Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Drive
Pasadena, CA 91109

An Equal Opportunity Employer M'F
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ERRATUM

In the October, 1980 issue of
Microwave Journal, the article, “Milli-
meter Wave Coupled Line Filters,”” by
D. Rubin and A. R. Hislop was pub-
lished without the computer program
in the appendix detailing the even and
odd mode impedances for doubly ter-
minated Tchebycheff filters. It is re-
produced here as follows:

APPENDIX

100 PRINT “PROG. CALCULATES 20E,
200 FOR TCHEBYCHEFF FILTER"

110 INIT

120 PRINT “20+ 7;

130 INPUT 20

140 PRINT “F1«, F2= ",

150 INPUT F1, F2

160 REM CALCULATE G VALUES (PG 99 MATTHAEI}

170 PRINT "N« 2 *; “RIPPLE = 7

180 INPUT N, D

190 PRINT

200 X-D/17.37

210 EV-EXP{ X}

220 E2-EXP(X)

230 E~LOG( (E2+E1)/{E2 E1))

243 X~E/(2-N)

250 G140 5-(EXP{X) EXP( X))}

260 DIM AN}

270 DIM B(N}

280 DIM GIN+1)

290 FOR K*1 TON

300 A(K}*SIN({24K 1):PI/{2-N})

310 BIK)*G1'2+SIN(K-PI'N)#2

320 NEXT K

330 Gi1)2-A(1MG1

340 IF N=1 THEN 440

350 FOR K*2TON

360 G{K}*4.A{K 1)+A(KI/B(K 1)-G(K 1}}

370 NEXT K

380 IF 1tN- 0 THEN 440

390 X+E/4

400 E2-EXP(X)

410 ET=EXP{ X}

420 GIN+1)=( (E2+E1)/(E2 E1)}12

430 GO TO 450

440 GIN+1)=1

450 REM CALCULATE ZOE, 200 (PG 473 MATTHAEI)

460 W=2+{F2 F1)/(F2+F1)

470 GO+1

480 DIM JIN}

490 JO-SQRIPI-W/(2-G0-G(1} ) }

500 JIN)=SQR(PI.W/(2:GIN)-GIN+1)} )

510 IF N=1 THEN 550

520 FOR K=1TON 1

530 JIK)=P1-W/{2-SQRIG{K}-G{K+1}))

540 NEXT K

550 PRINT "N 20E 200

560 Z2+20-{1+J0+J012)

570 Z1+20+(1 J0+J012)

580 PRINT USING 590;1,22.21

$90 IMAGE 2D.1D, 6D.10, 6D.1D

600 FOR K=1TON

610 22+2C+11+J(K)+J(K}12)

620 Z1+20-(1 J(K)+J(K}12)

630 PRINT USING 640:K+1,22,21

640 IMAGE 2D.1D, 6D.1D, 6D.1D

650 NEXT K

660 END

RUN
PROG. CALCULATES ZOE, ZOO FOR TCHEBYCHEFF FILTER
20+ 785
F1+, F2= 26, 34
N=? RIPPLE =15, .5

N ZOE 200
1.0 148.0 638
20 116.7 675
30 109.9 69.6
4.0 109.9 69.6
5.0 1167 67.5
6.0 148.0 638

{from page 52) NOVEL PIN

operated at a junction tempera
ture of 100°C, was estimated to
be 2 x 107 hours.

CONCLUSION

Using a new glass filled moat
structure PIN diode chip, permits
a compact high power X-band
phase shifter in an MIC format
measuring 20 x 41 x 10 mm and
weighing below 0.7 ounces. Peak
RF power ratings of 300 W {us-
ing 500 volt diodes) and 500 W
(using 840 volt diodes) were
demonstrated to be realistic thru
a series of reliability tests, includ-
ing an 8000 hour lifetest under
RF power. This phase shifter de-
sign and its diode are well suited
to airborne array antennas at
X-band and above.

ACKNOWLEDGEMENT

The authors wish to thank
M. Itoh and M. Kishita for their
technical assistance.

REFERENCES

1. White, J. F., Semiconductor Control,
Artech House Pub., Dedham, Mass.,
1977. Also, J. F. White, et al, 'PIN
Diode and Circuit Performance for
15,000 High Power L-Band Phase Shift-
ers,”” 1975 5th EMC Conference Pro-
ceedings, pp. 723-727.

2. Schwarzmann, A., ‘’High Power Per-
formance of 5 kW MIC Diode Phase
Shifter,”” Microwave J., 21, Dec. 1978,
pp. 66-67.

3. Hirai, K., et al, “'Practical Design of
C-Band, MIC, PIN, Phase Shifters,” |IEEE
1979 MTT Symp. Digest, pp. 229-231.

Susumu Kamihashi was born in Shizuoka,
Japan, on June 6, 1948. He received the

B.S. and M.S. degrees in electrical engineer-
ing from Keio University, Yokohama, Japan,
in 1971 and 1973, respectively. Since 1973
he has been with the Toshiba Corporation,
Kawasaki, Japan, where he has been en-
gaged in the research and development of
microwave circuit components, especially
microwave digital phase shifters.

Masahiro Kuroda was born in Ehime, Japan,
on February 2, 1949. He received the B.S.
degree in electrical engineering from Osaka
University, Osaka, Japan, in 1971. Since
1971 he has been with the Toshiba Corpo-
ration, Kawasaki, Japan, where he has been
engaged in the research and development of
microwave semiconductor diodes.

Katsumi Hirai was born in Tokyo on Febru-
ary 10, 1944. He received the B.S. degree
from the University of Electrocommunica-
tions in 1966, the M.S. degree from the
University of Tokyo in 1968. He joined the
Toshiba Corporation, Kawasaki, Japan, in
1968, where he has been engaged in the de-
velopment of microwave integrated circuits.
His main concern is in diode phase shifters
for phased-array antennas. o

MICROWAVE JOURNAL



2 < )\\\ ‘ ‘ Jll
\Oh ™ ”» C --\‘\;’:og ;0‘00‘: 0 s EGHNIGAL
uBnARY. o (

Crett Amg

New
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This is your chance to get our Ampllhel'

new Solid State Amplifier Brochure,

hot off the press. It's packed with information Bl'ocl““e!

on Aertech GaAs FET amplifiers, with each product
line listed by end use application . . . electronic
warfare, radar, and communications. For instance, you can quickly locate
amplifiers for EW applications, available in octave bandwidtns at 2-4, 4-8, 8-12,
and 12-18 GHz with multi-octave bands at 2-6 and 8-18 GHz. Output powers
range from +7 to +20 dBm and availability for many models is stock to 45 days.

The brochure also provides useful applications information, complete
outline drawings, and a special section on satellite products.

Send for our best seller today, and find out how
Aertech GaAs FET amplifiers can benefit your system.
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Low Cost

RFI Shielded Cases

COMPAC’s complete fine
of Low Cost Blank,
Standard & Custom
Cases provide “off-the-
shelf solutions to your RFI
problems.” Gaskets,
feedthroughs, circuit
boards and other access-
ories in stock.

Coaxial attentuators and
[ . terminations with SMA,
—— BNC, TNC and N con-

4 nectors and  within-and-between

series adapters are also available. Test
cables come in varying fengths with
choice of connectors.

NEW RF Transfer Switches

Request COMPAC catalog with
complete descriptions and prices.

coviPAC
279 Skidmore Road

Deer Park, New York 11729
(516) 667-3933
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World’s leading maker of
electricity generating
solar cells, panels, systems.

SOLAREX

SOLAREX CORPORATION Industrial Products Div., Dept. 100MJ
1335 Piccard Drive, Rockville, Maryland 20850

301-948-0202 TWX: 710-828-9709 Cable: Solarex

Western office:

SOLAREX CORPORATION 8141 I-70, Frontage Road North

Arvada, Colorado 80002 Telephone: 303-425-5992
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Put your career in

RF Frequency
Synthesizer

Design

on target...

at ITT Avionics in Nutley,

New Jersey where you

could be involved in
sophisticated systems such as:

= Strategic/Tactical ECM Systems

» Electro-optical Countermeasures

» Tactical Navigation

= Computerized VORTAC System

= C* Communication-Navigation-
Identification

We have an excellent opportunity in RF Engineering
for an individual with 10 years experience in
RF/Microwave Frequency Source Design, working
in frequencies through 18 GHz.

Your qualifications should include a BS or MS in EE,
Physics, or Math and an extensive background in
direct and/or indirect frequency synthesis and in
Phase Lock Loop designs. You should be a well-
rounded technical specialist, familiar with the state-
of-the-art in high frequency digital and analog
techniques as well as RF.

Additional opportunities are available for
RF/Microwave Receiver, Exciter, and Power
Amplifier Design Engineers with 2 or more
years experience.

We offer an excelient starting salary and comprehen-
sive benefits including dental insurance, 100%
tuition paid in advance . . . and a relocation package
which includes settling-in assistance.

Please forward resume, including current com-
pensation, to Professional Employment, ITT Avionics
Division, 390 Washington Avenue, Nutley, New
Jersey 07110.

ITT AVIONICS DIVISION

U.S. Citizenship Required
An Equal Opportunity Employer,

Male/Female/Handicapped/Veterans
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A 10T
of people
supply
microwave
components
if you're
able to wait.

Microlab
keeps 10,000
in stock.

You don’t have to wait weeks for the
microwave components you need. And
you don't have to shop several suppliers.
At Microlab/FXR we keep the widest
possible inventory of precision com-
ponents in stock at all times. Most orders
are shipped the same day we receive
them. Send for our new catalog.

MICROLAB/FXR.
the supermarket
of microwave

components
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New
Literature

RECEIVING DIODE HANDBOOK

A 254-page handbook on microwave
receiving diodes includes information
on the principles of receiving diodes,
diode and module construction tech-
niques, technical articles, bonding and
handling procedures and many specific
performance specifications on receiv-
ing diodes and modules. Microwave
Associates, Inc., Burlington, MA.
(617} 272-3000. Circle 129.

BROCHURE ON CERAMIC
MODULES

An illustrated, 6-page brochure de-
scribes CERMODs™, a line of fow
cost, plug-in RF/microwave ceramic
modules. Brochure provides applica-
tion information and photographs on
a standard line of 5-1000 MHz of
three CERMOD amplifiers in three
overlapping frequency bands. Perform
ance data for gain, noise figure, SWR,
power output and reverse isolation are
given together with a summary of re-
liability information. Optimax, Div. of
Alpha Industries, Inc., Colmar, PA.
(215) 822-1311. Circle 130.

TUNABLE BAND REJECT FILTERS
DATA SHEET

A line of tunable dual-mode band re-
ject filters (Series DMR) is described
in a new data sheet. A specification
checklist for ordering and summary of
major design advantages and parame-
ters of these filters which offer up to
40% space and weight savings over
conventional designs for S through

K ,-band applications is provided.
Premier Microwave Corp., Port Ches-
ter, NJ. Jules Simmonds,
(914) 939-8900. Circle 131.
RF & MICROWAVE FILTER
CATALOG

A catalog describing RF and micro-
wave filters (R80-A), includes product
information on 2 kHz to 18 GHz fil-
ters in LC, tubular, cavity and wave-
guide configurations. This 4-page pam-
phlet incorporates part number defini-
tions, electrical and mechanical speci-
fications, performance curves and pho-
tographs for all types. Reactel, Inc.,
Rockville, MD. Manny Assurian,

(301) 279-5535. Circle 132.
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CAPABILITY BROCHURE FOR
RF & MW POWER TRANSISTOR
SUPPLIER

An 8-page, two-color brochure details
capabilities for producing RF and
microwave power transistor line. It
provides a description of manufactur-
ing processes, markets served and qual-
ity assurance practices. Thomson-CSF
Components Corporation, Solid State
Microwave Division, Montgomeryville,
PA. (215) 362-8500. Circle 134.

CATALOG OF COAXIAL SWITCHES

A 20-page illustrated catalog (SS-3),
describes a line of coaxial switches
covering the 0-18 GHz frequency spec-
trum. Includes a selection chart which
summarizes the complete range of
switches. Switches are grouped in the
chart by frequency ranges, function,
size and general characteristics. De-
tailed electrical, mechanical and en-
vironmental performance characteris-
tics are provided. Each switch type is
displayed with dimensioned engineer-
ing line drawings, circuit/schematics
as well as military reference part num-
bers, where applicable. Amphenol
North America Div., Bunker Ramo

Corp., Oak Brook, IL. (312) 986-2322.
Circle 122.

GUIDE TO BROADBAND POWER
AMPLIFIERS

A 12-page booklet provides a guide to
RF power amplifier ratings and what
the ratings signify to buyers. A discus-
sion of design factors in ultra-broad-
band amplifiers, and how design af-
fects power, bandwidth, linearity, dis-
tortion and amplifier protection is in-
cluded. "'Your Guide to Broadband
Power Amplifiers,” also points out
differences in design that lead to dif-
ferences in amplifier performance, and
then treats key parameters that should
be considered for various applications.
Power curves for each of the over 40
standard models offered for 10 kHz-
1000 MHz and 1.0 W-10 kW applica-
tions are shown. Amplifier Research,
Souderton, PA. (215) 723-8181.
Circle 123.

SINGLE CRYSTAL DATA SHEETS

Three revised and updated sheets de-
scribe optical, acoustical and surface
wave crystals. These data sheets pro-
vide information on lithium niobate,
lithium tantalate and bismuth germa-
nium oxide, listing their physical, pie-
zoelectric, dielectric, electro-optic and
surface-acoustic-wave properties. Crys-
tal Technology, Palo Alto, CA.

(415) 856-7916. Circle 124.

GUIDE TO MM-WAVES &
WAVEGUIDES

A double-page guide to millimeter
waves and waveguides shows the ef
fects of various attenuation factors.
Pamphlet includes specifications for
rigid rectangular waveguides at various
bands, atmospheric attenuation dia-
grams, plus a map and chart of world
wide distribution of rainfall. Hughes
Aircraft Co., Electron Dynamics Div.,
Torrance, CA. (213) 517-6400.

Circle 125,

BROCHURE ON RAHAMS

A complete line of RAHAMSs, micro-
wave radiation health hazard meters,
is described in an 8-page brochure.
Data for each model includes general
features, electrical and mechanical
specifications and product photograph.
This two-color booklet also lists OSHA
standards for nonionizing radiation.
General Microwave Corp., Farming-
dale, NY. Moe Wind, (516) 694-3600.
Circle 126.

DOUBLE-BALANCED MIXER
CATALOG

A catalog describing a line of RF dou-
ble-balanced mixers provides complete
data sheets for fow frequency {(dc to
2300 MHz) mixer products and micro-
wave mixers up to 18 GHz. A new
family of high dynamic range commu-
nications band mixers and the Magnum-
Pac™ line of satellite communica-
tions band mixers are included. Mag-
num Microwave Corp., Sunnyvale, CA.
David Fealkoff, (408) 738-0600.
Circle 127.

TWT INSTRUMENTATION
AMPLIFIERS BROCHURE

A 4-page brochure covers a TWT am-
plifier tine designed for testing, cali-
bration and signal amplification. Fea-
tures and performance characteristics
for a 20 W CW TWT amplifier and
100-200 W units are given. Available
standard options are also described.
MCL Inc., La Grange, |L. Robert Mor-
gan, (312) 354-4350. Circle 128.

EIO SELECTION GUIDE

A selection guide to a line of extended
interaction oscillators (E1O0s) offers
comparative data on both CW (15-280
GHz) and pulsed {30-325 GHz) EiOs.
Literature includes outline drawings
and ordering instructions. Varian,
Electron Device Group, Palo Alto, CA.
(415) 493-4000. Circle 133.
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In: Revised
Power GaAs FETs

the highest power Ices
commercially ava ble,

*<\ and made in America
XM_sclasooo SERIES

Features
° Broodbcmaﬁneor Gom

Electrical Characteristics (@ 25°C)

MODEL TEST pout™™ | pour PIN vds PACKAGE
NUMBER FREQ TYP MIN NOM NOM P TYPE
(MH2) ] (W) (mW) V) (mA) (°CIW)
C-BAND SERIES
MSC 88000 6000 0.060 0.050 8 8 90 45 FLIP-CHIP HERMETIC
MSC 88001 5000 0.200 0.175 40 8 150 35 FLIP-CHIP HERMETIC
MSC 88002 6000 0.400 0.350 90 9 300 25 FLIP-CHIP HERMETIC
MSC 88004 5000 1.000 0800 200 9 700 20 FLIP-CHIP HERMETIC
MSC 88012 5000 3.700 3500 800 10 2000 7 FLIP-CHIP HERMETIC
X-BAND SERIES
MSC 88100 12000 0060 0 05C 16 8 90 a5 FLIP-CHIP CARRIER
MSC 88101 12000 0200 0175 56 8 150 35 FLIP-CHIP CARRIER
MSC 884102 42000 0400 0350 125 9 300 25 FLIP-CHIP CARRIER
MSC 88104 12000 1000 0800 280 9 700 20 FLIP-CHIP CARRIER
Ku-BAND SERIES
MSC 88199 15000 0.030 0.025 6 8 70 40 FLIP-CHIP CARRIER
MSC 88200 15000 0.110 0.100 25 8 120 35 FLIP-CHIP CARRIER
MSC 88201 45000 0.250 0.200 70 8 160 29 FLIP-CHIP CARRIER |
MSC 88202 15000 0.450 0.400 140 4 325 23 FLIP-CHIP CARRIER
MSC 88204 15000 0900 0800 316 9 675 15 FLIP-CHIP CARRIER
NOTE (1) Power Qutput at the 1 dB Goin Compressior point is defined as  NOTE (2) Thermal Resistance determined by Infra Red Scanning of Hot
the point where turther increases In Input power cause the out pot Charninel Temperature at rated RF operatirg conditions
put power to decrease 1 dB from the linear portion of the curve keterence MSC Application Note TE 212

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

I..=l- MICROWAVE SEMICONDUCTOR INC.
mwYmm an affiliate of SIEMENS

100 Schoo! House Road

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

(201) 469-3311 TWX (710) 480-4730 TELEX 833473
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millimeter-wave specialists
got their degree in fusion
at Princeton.

How do you diagnose
the temperature profile of
a 1,000,000°C plasmain
a fusion reactor? t wasn't
easy. After all, plasma
diagnostics isn't our spe-
cialty. But that didn't stop us.

We helped Princeton
create a fast-scanning heter-
odyne receiver that takes
over 100 temperature profile
measurements during each
high-energy plasma dis-
charge. This is achieved
by scanning a frequency
range of 60 to 90 GHz every
10 milliseconds.

The receiver uses
Hughes millimeter-wave
components extensively.

For example, there are
Hughes single-ended mix-
ers that deliver a flat fre-
quency response over the
entire range. Also used is
a Hughes self-contained
power-leveling feedback

Photo of plasma in a linear confinement device taken through optical window.

loop. It provides a fifty
microsecond response time
and flat power level within
1dB. And, to keep stand-
ing waves to a minimum,
Hughes matched isolators
and couplers are used.

Princeton’s fast scan-
ning receiver uses Hughes
mixers, leveling loop and
matched isolators and
couplers.

14

Two single-ended
mixers in a balanced
configuration.

Helping Princeton mea-
sure fusion temperatures
is one of the many ways
Hughes provides big solu-
tions using millimeter-
waves.

We've designed sys-
tems for a wide variety of
military applications, for

universities and metrol-
ogy. 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, yet is much smaller
and more reliable than con-
ventional BWO sweepers.

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)
534-2121, Ext. 2215.

]
S T e, P R e 4
HUGHES AIRCRAFT COMPANY

ELECTRON DYNaMICS DIVISION
Making waves in millimeter-wave
technology.
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