
Special Show Issue: 
RF Technology Expo 87 

Featuring New Products on Display 



^hat RLC’s 
oaxial Filters 
an Do For You 
EREORM! 

rom DC to 40 GHz 
nth low insertion loss, 
igh rejection and 
)w VSWR. 

LC’s complete line of filters have the 
gh quality and superior performance 
)u need . Select a standard filter from 
jr catalog or have us build a custom 
ie to your exact specifications, 
rototype delivery takes less than four 
eeks, standard delivery from stock. 

ypes:_ -— -Bandpass. 
Low pass, 
High pass 

onfigurations: TO-5. TO-8, 
Tubular. 
Cavity. 
Comb Line, 
Interdigital, 
Micro Miniature 

requency: DC to 40 GHz 

dB Bandwidths: 0.1 to 100% 

ections: 2 to 20 

ejection: Spurious Free to 
40 GHz 

ower: milliwatts to kilowatts 

nvironmental 
onditions: MIL-510327, 

MljX-5400 

onnectors: ^éMA. N. BNC. TNC, 
SC. HN. Tabs, Pins 

ill or write today for complete 
'educations. 

RLC ELECTRONICS, INC. 
83 Radio Circle, Mt. Kisco. NY 10549 
(914) 241-1334 • TWX: 710-571-2103 

Belgium 011 (32)02-511-22-77 • France 011 (33) 1-534-75-35 • Germany 011 (49) 906-4091 • India Bangalore 011 (91) 602120 • Italy 011 (39) 2-7380641/2 
Israel 011 (97) 23 259598 • Japan 011 (81) 270-5921 • Taiwan 011 (02) 751-3733/44 • United Kingdom 011 (44) 1-979-0123 



Iteeves-loffman 
ills your 

"Can't Miss" 
Dependability 

* 

ô 

I
 IL-O-55310 
id other 
gh reliability 
»quirements 
ong-term commitment 
quality has earned Reeves-
Ffman a high degree of 
tomer confidence. Those who 
>end on us demand high performance 
1 cannot afford component failure. For 

those needs, Reeves-Hoffman is right 
on target. □ Reeves-Hoffman 

has provided high-quality 
quartz crystal products for 

military and industrial applica-

tions for nearly half 
a century. This 

experience is enhanced 
by an unmatched degree of 

order control; we are the only
oscillator manufacturer with in-house facilities 
for the production of quartz crystals, hermetic 
seal packages, and hybrid substrates. □ In 
addition to MIL-QPL oscillators, we can also 

fit your special requirements. □ Whether you 
need MIL-O-55310 QPL 

oscillators, or the reliability 
that a QPL supplier 

can provide, set your sights 
on Reeves-Hoffman. 

REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

Reeves-Hoffman, 400 W. North Street, Carlisle, PA 17013 USA • Phone 717-243-5929 
TLX 265873 RHDV UR • FAX 717-243-0079 

See us at RF Technology Expo, Booth #243. 
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What you don’t see in this picture... 
is the NEV Weinschel Engineering! 
The NEW Weinschel Engineer¬ 

ing is part of a leading hi-tech 
international corporation. 

With this association come new 
financial and engineering resources, 
and a renewed focus on customers— 
with attention paid to delivery, 
follow-up, and, overall, good 
competitive service. 

What won 't change is the same 
high quality and performance we’ve 
always built into our microwave 
components. 

From simple adapters to 
programmable step attenuators, 
Weinschel components are recog¬ 
nized worldwide for their perform¬ 
ance, precision, and durability. 

The widest selection of 
attenuators anywhere. 
Weinschel gives you more con¬ 

nector configurations, higher power 
handling capabilities, and broader 
frequency ranges. 

Our high power attenuators have 
the top power ratings and broadest 
frequency ranges. Our miniature 
and subminiature attenuators offer 
the highest average and peak power 
available. 

And you can rely on our patented 
resistive elements to provide excep¬ 
tional long-term stability. 

Naturally, we do specials. 
Custom solutions to your com¬ 

ponent problems have been a big 

INFO/CARD 3 

part of our business for thirty-five 
years. 

And here’s the proof. 
See for yourself the performance 

and variety of Weinschel components. 
Our new catalog includes complete 
specifications and useful technical 
information. Call or write for your 
free copy. 

'® 

WEINSCHEL 
ENGINEERING 

One Weinschel Lane 
Gaithersburg, MD 20877 
(301) 948-3434 • 800 638-2048 
Telex: ITT440702 
Telefax: (301) 948-3625 
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HIGH POWER 
2 Way Combiner 

rf editorial 

Wanted: 
Your Contest Entry 

1000 WATTS 
Model D2051 
Freq. Range 1-200 MHz 
Loss 0.5 dB 
Isolation 20 dB 

100 WATTS 
Model D1824 
Freq. Range 20-500 MHz 
Loss 0.5 dB 
Isolation 20 dB 

BROADBAND RF 
COMPONENTS 

• Hybrid Junctions 
• Power Combiners 
• Power to 20 KW 
• Frequency .01-2000 MHz 

See Gold Book and Microwave & RF 
Product Directory for Additional Products. 

By Gary A. Breed 
Editor 

íí ̂ hoot! I could've done that!” 
— unidentified RF engineer, com¬ 

menting on the winner of the First Annual 
RF Design Awards Contest. 
Maybe that engineer could have been 

a winner, but he never got the chance. . . 
he didn't enter. Why didn’t you enter? Did 
you think your ideas weren’t important? 
(Why not leave that evaluation up to the 
judges.) Did you think the competition 
would be too stiff? (Our entrants weren't 
Nobel laureates, just working engineers 
like you.) 
Maybe you just didn’t know what to 

think of our design contest. I’ll accept that 
argument for our first contest, but now you 
know what kind of recognition the winners 
will receive, and you know that the prizes 
offered are the best you’ve ever seen for 
such a contest; you have no excuse not 
to enter your unique engineering contribu¬ 
tion in the Second Annual RF Design 
Awards Contest! 

Still not convinced? We published the 
1986 winning design and several of the 
contenders. Take another look at the last 
several months of RF Design. Those con¬ 
test entries vary from digital to analog; 
from several ICs and transistors to just a 
couple diodes. We don’t expect earth-
shaking discoveries, just your “neat litle 
circuit” that does its job a little better, a 
little cheaper, or a little differently. 
The rules and judging criteria for the 

contest are designed to favor small, rela¬ 
tively simple circuits. They also place 
plenty of weight on your willingness to 
take a little extra time to present it as 
clearly as you can. We aren’t judging 
grammar or handwriting; we just want to 
understand your idea. 
Dan Baker, our 1986 winner, joins Andy 

Przedpelski and me on the panel of judg¬ 
es. We all appreciate the pride you have 
in your work, and in that “little” idea that 
will be your entry. Please make our job as 
judges as difficult as possible! 

An Introduction 
Mark Gomez has joined RF Design as 

Assistant Editor. Mark comes to us via 
Malaysia, England and the University of 
Wyoming. With a BSEE and experience 
in test and instrumentation, Mark has the 
right analog background and the right en¬ 
thusiasm for RF that is needed to help 
keep RF Design on top of the techniques 
and products that you need to know 
about. 

6 

WERLATONE INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 
TWX 510-600-0747 

decades ahead 
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Direct dial 
In manufacturing, time is money. Which 
is why we designed straightforward 
controls into the new Wavetek 2500 
synthesized signal generator. To make 
it the easiest to operate. So training is 
simple and fast. 
A spin knob enables easy, tune-for-

effect control of carrier frequency. 
It adjusts modulation and output levels, 
too. Off-line time is minuscule, since 
the 2500 has a simple, key-activated 
AutoCai™ feature to keep the 2500 up 
and running within specs. 

For a free brochure and demonstra¬ 
tion of the only signal generator tuned 
to your manufacturing needs, call your 
nearest Wavetek sales office: 
Northeast 91 4 357-5544 
Southeast 81 3 797-1 792 
Central 31 7 787-391 5 
West 61 9 565-9234 

Wavetek 2500 Signal Generator. 
Frequency Range: .4 to 1,1 00 MHz 
Output Level: +13 to -137 dBm 
Price: $5,695 

bl F 
The new Wavetek 2500. It out¬ 
classes everything in its class. 

Hl 
II 

See us at RF Technology Expo, Booths #346 & 348. 
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Getting Your Hands on the 
RF Devices You Need 

ndesign 
a Cardiff publication Established 1978 
Main Office: 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 • (303) 220-0600 

Publisher 
Keith Aldrich 

By Keith Aldrich 
Publisher 

In this issue you will find not one but two articles on a subject which as an 
engineering magazine we have never 
covered before: the distribution of RF 
components. 

Until recently, the electronics parts d s-
tributor, so familiar to most OEMs, has rot 
played much of a role in the selling or pur¬ 
chasing of RF devices. RF circuits have 
been too customized, or produced in too 
small a quantity for their components to 
become “commodity” items, the main 
staple of distributor sales. Partially as a 
result, distributors have taken little interest 
in RF requirements, technology or par¬ 
lance and have been poor representatives 
of RF manufacturers. 

This situation has been inconvenient to 
the RF engineer looking for quick sam¬ 
ples or small quantities of particular 
devices to try out in the development of 
a new design. In other industries, it is the 
distributor who typically fills such de¬ 
mands. Likewise, the distributor for other 
industries has stocked component inven¬ 
tories for some customers, sparing them 
the necessity of doing it themselves. No 
such luxury has been available for OEMs 
who make RF equipment. 
The two articles in this issue deal with 

recent changes in this situation. An article 

from Avantek on page 91 describes a 
number of distributor firms now emerging 
(without naming any) which handle com¬ 
plementary lines of RF components as 
their main specialization. Avantek’s in¬ 
terest in the subject stems at least in part 
from the MMIC amplifiers it is marketing 
for $1.80 in 10,000-piece quantities. This 
kind of marketing is a radical departure, 
obviously, from that which has been used 
by the company in such markets as elec¬ 
tronic countermeasures. The low-cost 
MMICs come close to being commodity 
items, used in application “From Test to 
Toys," as supporting ads proclaim. The 
Avantek product is respresentative of 
many others now coming out, and the 
emergence of RF distributors is a sign of 
such times. 
A second article, the lead news item on 

page 16, describes a specific “master 
distributor” of RF power devices: RF 
Gain, a Richardson Electronics company 
with a massive distribution center in 
LaFox, III., which ships product on the 
same day an order is received in 90 per¬ 
cent of cases, no matter how small or 
obscure the order. The company also 
maintains stock in a number of regional 
offices, so that it can handle inventory of 
particular RF parts for regular customers 
in that area. 

Both these stories signal a new era in 
the RF industry. While some may lament 
the passing of the good old days, we per¬ 
sonally hail the dawning of a mature 
market with all the modern conveniences. 
That is why we have published these ar¬ 
ticles, even though they do not deal with 
engineering techniques. The advantages 
they speak of are for the convenience of 
RF engineers, to help them hasten their 
designs onto the marketplace. And we’re 
for that. 
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DAICO 
PHASE COMPENSATED 
STEP ATTENUATORS 

OPTIMIZED FOR SINGLE FREQUENCY/NARROW 
BAND APPLICATIONS 

□ Range of Center Frequencies: 20 to □ Range of Attenuation Values/ 
70MHz Steps: From O.ldB (LSB) to 32dB 

□ High Speed 25 Nanoseconds Typical (MSB) One Bit (Step) through 
Eight Bits (Steps) 

□ Low Transients 25mV Typical 
□ Meets Military Environmental 

Requirements 

FEATURES: 
■ Single +5V Supply Operation 
■ TTL Control Inputs 
■ RF Operating Power +10dBm 
■ 50 Ohm Impedance 
■ VSWR 1,35/1 Maximum 
■ Insertion Loss 0.6dB/Bit 

typical Idb/Bit Maximum 
■ Dual In-line MIC (Microwave 

Integrated Circuit) Package 

Also Available Broad Band Phase Compen¬ 
sated Step Attenuators and Voltage Controlled 
Attenuators with Operating Frequencies from DC 
to 2 GHz. 

DAICO INDUSTRIES, INC. 
2139 East Del Amo Blvd., Compton, CA 90220 

Telephone: 213/631-1143, TWX 910-346-6741. 
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ONLY SUPER-COMPACT 
DOES ALL THIS ... 

Full control of HP8510 and HP8753 
Network Analyzers from the 
PC environment 

Total Range of Apollo work Stations 
for multi-tasking, multi-user applications: 
DN320/330/460/550/ 560, plus the New DN3000 

HP UNIX Environment 
for multi-tasking, multi-user applications: 
HP 9000 Series 300/500 



....AND MORE! 
SUPER-COMPACT 

PC 11 
SUPPORTED FOR: 

• IBM PC XT/AT 
• COMPAQ 
• HP VECTRA 
• AT&T PC6300 
• OLIVETTI M24 

...and other compatibles 

SUPER-COMPACT 
MAINFRAME 1.81 

SUPPORTED FOR: 
• SUN 
• RIDGE 
• APOLLO 
• DEC VAX 
• IBM Mainframes 
• CYBER Mainframes 
• HP500 Series (UNIX) 
• HP200/300 Series (UNIX) 

THAT'S NOT ALL 
CCC/COMPACT offers the WIDEST RANGE of 
RF & Microwave CAD capabilities available: 

ANALYSIS / OPTIMIZATION: SYNTHESIS: 
SUPER-COMPACT 
& AUTOART 

SUPER-COMPACT PC 
& AUTOART PC 

CADEC 4 
CADEC + 
LINMIC + 

MICROWAVE 
DESIGN KIT 

FILTER DESIGN KIT 
PLL DESIGN KIT 
RF & COMMUNICATION 
DESIGN KITS 

COMPLEX MATCH 

WHAT'S NEXT? 
In our continuous striving for TECHNICAL EXCEL¬ 
LENCE, COMPACT SOFTWARE brings you: 

SUPER-COMPACT 1.9 /PC 4.0 
with completely NEW, UNIQUE features, including: 

• NEW, IMPROVED 1986 MICROWAVE MODELS 
• UNRESTRICTED NODAL NOISE ANALYSIS 
• USER-DEFINED MODEL CAPABILITY 

WHAT'S NEW? 
SUPER-COMPACT 1.81 , SUPER-COMPACT PC 3.1 , 
AUTOART and AUTOART PC offer SIGNIFICANT 
improvements in ERROR TRAPPING and other USER 
INTERFACES. 

FREE! 
For all SUPER-COMPACT Mainframe and PC users, 
with current Support Agreements, ALL new versions 
are FREE! If support has lapsed, just update yourself 
to current status and exchange your program for the 
newest, enhanced version! 

CCC COMPACT 
THE SOFTWARE COMPANY 
483 McLean Blvd and 18th Avenue. Paterson. New Jersey 07504 

(20 1 ) 88 1 -1200 • (20 1 ) 825-7966 • Telex 130073 • Fax (20 1 ) 88 1 -836 1 

See us at RF Technology Expo, Booths #410, 412, 509 & 511. INFO/CARD 7 



EIMAC Tubes Provide Superior 
Reliability at radio station KWAV — 
over 112,000 hours of service! 

Ken Warren, Chief Engineer at 
KWAV reports that their 10 k.W 
FM transmitter went on the air in 
November, 1972, equipped with 
EIMAC power tubes. The origi¬ 
nal tubes are still in operation af¬ 
ter over 13 years of continuous 
duty! 

Ken says, “In spite of terrible 
power line regulation, we’ve had 
no problems with EIMAC tubes. 
In fact, in the last two years, cur 
standby transmitter has oper¬ 
ated less than two hours!” 

Transmitter downtime means 
less revenue. EIMAC tube relia¬ 
bility gives you more of what you 
need and /ess of what you don’t 
want. More operating time and 
less downtime! 

EIMAC backs their proven tube 

reliability with the longest and 
best warranty program in the 
business. Up to 10,000 hours for 
selected types. 

our products are backed by the 
most comprehensive and long¬ 
est warranty offered in the indus¬ 
try. Send for our free Extended 

Warranty Brochure which covers 
this program in detail: Write to: 

Varian EIMAC 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: (415) 592-1221 

Quality is a top priority at EIMAC, 
where our 50-year charter is to 
produce long-life products. And 

varían 
See us at the RF Technology Expo, booth #550. 
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rfletters 
CAST 

Letters should be addressed to: Editor, 
RF Design, 6300 S. Syracuse Way, 
Suite 650, Englewood, CO 80111. 

More Ladder Analysis Program 
Notes 
Editor: 
Thanks to a number of readers with 

sharp eyes (and compilers)! The following 
is a complete list of corrections to date for 
my Ladder Network Analysis program as 
described in the November 1986 issue of 
RF Design magazine (p. 68). There have 
been four separate revisions of this pro¬ 
gram as sent to those requesting either 
listings or the program disk. Some of the 
versions already include some of all of the 
corrections. At this point, it would be easi¬ 

est to simply compare the noted line num¬ 
bers against the version you have and 
make the required corections (if any). For 
those of you with C64 versions, use the 
line numbers under the column “C64” 
and those with IBM-PC versions, use the 
column “IBM.” 
Load your version of BASIC. Load the 

NETWORK program. List the affected line 
numbrs and edit the line as shown below. 
Be sure to press the RETURN key when 
finished with each individual line, so the 
changes will be entered in the computer’s 
memory. Finally, save the corrected ver¬ 
sion of the program to the disk. If anyone 
has trouble with these corrections, please 
return your master disk and I will send you 
the latest version. I apologize for any in¬ 
convenience this may have caused. 

CUT YOUR 
COST 50%' 

C64 
140 
160 

570 

575 
585 

620 
660 

800 
850 

1590 

1680 

IBM 
140 Change the version to 4.03 and the date to Dec. 15, 1986. 
160 Change the ST(MS) to ET(MS). 
180 (IBM only) Change the version number to 4.03PC. 
580 Add a right parentheses following the first “+1.” 

The line should read: EF=((C(N)+1)/2)+ .. . (the rest is OK). 
585 Add the following new line: C(N)=INT(EF*100+0.5)/100 
605 Add the following new line: C(N)=INT(EF*100+0.5)/100 
590 (IBM only) Change the GOTO 760 to GOTO 690. 
630 Remove the R(N)=M from the end of the line. It is not needed. 
670 The square root of C(N) and the factor CM should be added. 

Change the line to read: 
L(N)=(DE*3E10)/(SQR(C(N))*CM*FO*FR*360): . .(the rest is OK). 

— (C64 only) Change the GOTO 850 to read GOTO 860. 
850 Remove this line by typing 850 and then the RETURN key. 

It is a remnant from past versions and is not needed. 
1220 (IBM only) Some versions read: PRINT J TAB(T1) OUTPUTS. 

Change this to read: PRINT J TAB(4) OUTPUTS. 
1480 Add a right parentheses following the first “+1.” 

The line should read: EF=((C(E)+1)/2)+. . .(the rest is OK). 
1570 The square root of C(E) and the factor CM should be added. 

Change the line to read: 
L(E)=(DE*3E10)/(SQR(C(E))*CM*FO*FR*360): . (the rest is OK). 

2370 (IBM only) Change to read: Q2=160-((P1(l)-Y1)*E1). 
2372 only) Delete this line, if present. 
2375 (IBM only) Delete this line, if present. 
2690 (IBM only) Change the version number to 4.03PC. 

When you need an SMB con¬ 
nector, but don’t need the M1L-
spec, you can save up to 50% 
without sacrificing performance 
Johnson’s JCM-B miniature coaxial 
connectors give you a low-cost, com- ’ 
mercial grade alternative for com¬ 
munications, computer, office 
equipment and test and 
measurement applications up 
to 4 GHz. 

JCM-B connectors can be 

Kenneth Wyatt 
Woodland Park, Colorado 

Pros and Cons on Military Projects 

Editor: 
Your viewpoint in the Nov. 1986 maga¬ 

zine shows how far afield from reality 
some of us have managed to drift since 
World War II. You don’t remember Neville 
Chamberlain, who carried his umbrella to 
Munich in 1938, and you don’t realize how 
the communists have learned to stabilize 
tyranny based on our Constitutional sep¬ 
aration of powers — a triad of the Com¬ 

munist Party, the KGB, and the GRU, in¬ 
stead of an executive branch, a legislative 
branch, and a judicial branch. 
Our national safety is at issue here. 

Neither the LLL X-ray expert nor the 
media snoops appreciate that. Much of 
our technological advancements of the 
last fifty years, computers, navigation 
systems, supersonic flight, satellite sys¬ 
tems, medical advances, microcircuits, 
even color TV, have resulted from pro¬ 
grams directed toward our national safety 
as much as anything else. 

RF Design 

interchanged and intermated 
with their MIL-spec SMB coun¬ 
terparts, and give you virtually 

the same electrical, mechan¬ 
ical and environmental per¬ 
formance. In addition to die¬ 
cast versions, machined 
versions of JCM-B con¬ 
nectors are available. 

For SMA applications up 
to 8 GHz, you get the same perfor¬ 
mance and cost savings from Johnson’s 
machined JCM-A connectors. Both 
JCM-A and JCM-B connectors are 
available in gold or nickel-plated ver¬ 
sions with beryllium copper and half-
hard brass contacts. 

For complete specifications and pric¬ 
ing on all Johnson JCM miniature coax¬ 
ial connectors, contact your local 
distributor or E.E Johnson. 

A JOHNSON 
COMPONENTS PRODUCTS 

E.F. Johnson Company Waseca, Minn. 56093 
Telephone 1-507-835-6307 Telex 290470 TWX 910-565-2161 

CALL TOLL-FREE! 1-800-247-8343 

INFO/CARD 9 
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RF POWER 
Lab Instruments & Modules 

• 2 to 5000 Watts, 25Hz to 550MHz 
• Innovators in Solid State Design 
• Superior Quality Construction 

BI-POLAR DESIGNS MOST ITEMS IN STOCK 

A complete line of high quality RF Power Amplifiers designed for versatility and reliability. 
Choose from over 30 laboratory type AC instruments, or from more than 40 state-of-the-art 
DC modules for OEM or special project use. All modules are housed in “one-piece” solid 
aluminum machined RFI-proof enclosures for reliability and low leakage performance. 
Over 16 years of RF POWER design and manufacturing experience enable us to supply 
you with a combination of the very best amplifier system for your money and provide the 
know-how to quote you on your special requirements. If we don't have what you need, 
we’ll design it! Send for your free amplifier catalog. 
APPLICATIONS: NMR/ENDOR/ESR, Communications, Lab Test Equipment, Ultra 
Sonics/Sonar, RFI/EMI Testing, Accelerators, Medical Research. 

Engineering International, Ltd., U.S.A. 
21820 87th SE, WOODINVILLE, WA 98072 206-485-9000 • 206-823-1832 • TELEX: 24-7028 

Made in U.S.A. 
See us at RF Technology Expo, Booth #655. 
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rÍTetters Continued 

Your One-Stop Source for... 

LOW 
We have to keep our powder dry as 

long as there is as much as one tyranny 
in the world. Their goal is to help us to 
bury ourselves. And as long as our people 
do not accept the small amount of respon¬ 
sibility for helping to protect their 
neighbors and descendents from our own 
Gulag, we will end up in one. 

Keats A. Pullen, Jr. 
Kingsville, Maryland 

true, that figure would counter an impres¬ 
sion gamed from the media that the com¬ 
ing generation of professionals is only 
“out for bucks.” 
Thank you for helping to make these 

new engineers aware that others share 
their choice. 

Tom M. Padwa 
Baltimore, Maryland 

CRYSTAL 
OSCILMTORS 

Editor: 
I appreciated very much your mention 

in “RF Viewpoint” of the young man who 
left his job rather than work on “star wars” 
projects. 

I am a project enginer, 33; my con¬ 
science also will not permit me to work 
on military equipment. To this end I 
decline any work requiring a security 
clearance. This stand has brought criti¬ 
cism, even ridicule, from my colleagues. 

I know that there is comparatively little 
non-military work available. Nonetheless, 
engineering search firms have told me 
that some 20 percent of engineering grad¬ 
uates are refusing war-related projects. If 

Errata 
“Low Noise Preamplifier Design for 

NMR,” January 1987, page 39, omitted 
a few important words. The second 
paragraph of the second column on 
page 39 should begin: 
“The noise figure F defined as the 

ratio of the total amplifier output noise 
power to the output noise due to the 
source resistor only is given by Equa¬ 
tion 1.” 

dBc/Hz 

120 

140 

160 

CO-233L2 © 
CO-224L2 © 
CO-20412 ® 

CO-2O7L2 @ 

100 1 10 100 
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ULTRA STABLE 
O' Oven Series (C0-207L2)_ 

Square or 
Rectangular 

MLC’s 

Aging 1x10 '“/day 

Frequency 5 MHz standard 
Available to 25 MHz 

Noise floor - 160dBc/Hzat 5MHz 

Æ) HIGH STABILITY 
Oven Series (C0-204L2) 

Aging 1x10 ’/day 

Frequency 5. 10 MHz standard 
Available to 125 MHz 

Noise floor - 160dBc/Hz to 12.5 MHz 

Available Now! 
Miltope Corporation, the Nation’s leading 
independent manufacturer of militarized/ 
ruggedized computer peripherals NOW offers 
Custom Hi-Rel MLC’s through a wholly owned 
subsidiary MLC Technologies. 
Hl-Q P90/NPO/BX-Hi-Rel monolithic multilayer chip 
capacitors are offered from stock. 
The “square” or “rectangular” chip capacitors are manu¬ 
factured of homogeneous, low porosity, fine grain ceramics 
and in accordance with Mil-C-55681 . . . ideally suited for sur¬ 
face mount applications in missiles, spacecraft, hybrid and 
microwave circuits. 

©HIGH STABILITY 
VHFOven Series (CO-224L2) 

Aging 1x10 ’/day 

Frequency 25-300 MHz 

Noise floor - 160 dBc/Hz to70 MHz 

MODERATE STABILITY 
Non-oven Series (C0-233L2) 

Aging 2x10 ’/year 

Frequency 5-200 MHz 

Noise floor 160dBc/Hz to 100 MHz 

Call The 
Application 
Engineering 

Hot Line Today! 

(203) 
853-
4433 

Visit us at the 1986 MTT/S Exhibition — Booth No. 113 

MLEtechnologies 
Division of Miltope Corporation 

VECTRON 

The Crystal Oscillator Company 

RF Design 

1770 Walt Whitman Road • Melville, New York 11747 
Tel: 516-420-0200 » TWX: 510-221-1803 

VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850 
203/853-4433. TWX: 710/468-3796 

INFO/CARD 11 
See us at RF Technology Expo, Booth #405. 

See us at RF Technology Expo, Booth #353. 
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news 

RF Gain/Richardson Services Small 
Thomson-Mostek Orders Fast 

December 31, 1986 marked the end of 
the first full year in which Thomson Com-
ponents-Mostek, Montgomeryville, Pa., 
employed RF Gain, a Richardson Elec¬ 
tronics Company, as the “fully-franchised 
master distributed” of its RF power tran¬ 
sistors and other products. The relation¬ 
ship has proved “very successful,” accor¬ 
ding to Don Kupinewicz, Marketing Man¬ 
ager of the Thomson-Mostek company, 
accounting for a substantial number of 
orders of less than $5,000 each, some as 
small as $25. 
“The main advantage of Richardson is 

that is is specifically geared to the RF 
market area that our product goes into,” 
said John Walsh, Thomson’s military pro¬ 
ducts marketing manager. “They know RF 
products, RF engineering, RF buzzwords, 
and carry everything in RF power from 
megawatt transmitters to small signal RF 
devices and everything in between. 

“Also,” said Walsh, “they have extrema-
ly responsive service. If an engineer gets 
an order in by two or three o’clock, Rich¬ 
ardson will get that order out the sarnie 
day, for delivery the next day.” 

Bill Henderson, Thomson’s regional 
product marketing manager for the North¬ 

east, elaborated on these advantages: “To 
most big distributors, the RF market is too 
small and too customized for them to take 
much interest. The words “drop-in” and 
“or-equal” don’t apply as much. You can’t 
just trade off one manufacturer's part with 
another’s nearly as often. The Richardson 
people maintain extensive cross-reference 
files, and know just when you can trade 
off and when you can’t. Plus, they carry 
most of them in stock and can ship one 
or the other just as fast. This is a big help 
to an engineer, especially when he needs 
samples or small quantities on short 
notice for some job he’s working on.” 

Most of the RF Gain/Richardson inven¬ 
tory is housed in a massive distribution 
center at Richardson’s new corporate 
headquarters plan in LaFox, III., but inven¬ 
tories are also maintained according to 
customer demand in several regional of¬ 
fices in the United States and overseas. 
Thomson-Mostek may be the com¬ 

pany’s largest supplier in terms of volume, 
but is only one of many whose products 
are stocked by Richardson: others include 
Philips, Amperex, RCA, and Motorola. RF 
Gain was acquired by Richardson three 
years ago, and was founded only eight 

years ago in Long Island as the brain-child 
of David Gilden and Joel Levine. Levine 
is now manager of the Richardson Divi¬ 
sion that includes the RF Gain operation. 
Just months ago the division added Randy 
Conaway, formerly of Thomson-Mostek, 
as Product Manager for RF power trans¬ 
istors. 

Both Levine and Conaway are bullish 
about the future for Richardson Elec¬ 
tronics, which has jumped from an annual 
sales volume of $12 million in 1979 to 
about $75 million last year, with prospects 
for 20 percent growth in 1987. No other 
company, says Conaway, specializes in 
the niche of “trailing edge” technology, 
a term coined to suggest the availability 
of products broadly in use, whether or not 
they represent the latest technology. 
(Richardson is the world’s major supplier 
of power tubes, for example.) RF power 
transistors represent new additions to this 
technology (“leading edge” of the “trail¬ 
ing edge?!”) Says Levine: “Our objective 
is to become not so much the master dis¬ 
tributor for a select group of manufac¬ 
turers as the master distributor for the en¬ 
tire RF industry, when it comes to RF 
power.” 

New distribution center in LaFox, III., stocks $30 million inventory. 
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Kissed by quietness. 
GHz transistors whisper 1.2 dB. 

Silent, nearly-noiseless, GHz RF parts 
that provide top performance without 
sacrificing gain in receiver front-end are 
real sweethearts of efficiency. 

Particularly if you're designing portables 
or land-mobile radio where signals come 
in weak most of the time. Because you 
can't get those signals through noisy, low-
quality front ends that put up their own 
sound barriers. 

Motorola now provides small-signal 
amplifiers that are not only kissed by noise 
figure specs as low as 1.2 dB, but are of¬ 
fered in a variety of packages, plus chips, 
for optimum applications flexibility. 

and soon-to-be-registered 70- and 100-mil 
ceramic types, including SOT-23/SOT-143 
with tape and reel packaging options, 
plus unpackaged chips. 
We even plan to offer the ceramics in 

Hi-Rel versions. 
And listen to these best-in-industry per¬ 

formance specs: 1.2 dB and 1.7 dB noise 
figures at one and two gigahertz levels for 
the higher-current versions and 1.2, 1.7 
and 2.8 dB NF at one, two and four giga¬ 
hertz frequencies for the lower-current 
types. 
The 1.2 micron die geometries are all 

of gold top-metal construction with fully-
implanted base and emitter structures 
with silicon nitride passivation for opti¬ 
mum reliability. 

They're affordable, too, with bipolar 
performance that can't be beat at any 
price. 

MMBR941.L 
MMBR951.L 

MRF9411.L 
MRF9511.L 

One-on-one design-in help. 
Anywhere in the U.S. or Canada, get 

an engineer-to-engineer update on the 
latest in Motorola RF technologies. Call 
toll-free any weekday, 8:00 a.m. to 4:30 
p.m., MST. Or we'll have an applications 
engineer contact you. 

1-800-521-6274 
Send the coupon to Motorola Semicon¬ 

ductor Products, Inc., P.O. Box 20912, 
Phoenix, AZ 85036 and we'll send you 
a free sample kit 
of the Macro-X 
package, an appli¬ 
cation note on 
noise figure con¬ 
cepts and data 
sheets. 

MOTOROLA 

Were 
pnyour 
desidn-in 
teàm. 

High-frequency whispers. 
Rated at 15, 30, 50 or 100 mA Ic collector 

currents, the MRF-/MMBR- family pro¬ 
vides a totality of choice in four different 
package styles, including plastic Macro-X 

To: Motorola Semiconductor Products, Inc. 
PO. Box 20912, Phoenix, AZ 85036 

Please send me a free MRF951 low-noise RF device kit. 
29SRF00200S7 

Come see us at 
RF Technology Expo 

Booth #423-425-427 & 
324-326 & 328 
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Higher frequencies. Lower power. 
CMOS PLLs with the greatest flexibility and lowest power drain 

for frequency synthesizer applications to over 1 GHz. 

It's no secret. Motorola offers the 
industry's broadest line of CMOS Phase-
Locked Loop Frequency Synthesizers, 
and a great variety of bipolar single and 
dual modulus prescalers to match, for 
designs to over 1 GHz. 

These Motorola ICs permit you to do 
cost-effective, reliable and flexible low 
current-drain synthesizer designs. Appli¬ 
cations embrace mobile, marine and 
amateur two-way radios, cellular radio¬ 
telephones, avionics and instrumentation 
equipment, TV/CATV tuners, scanners, 
sonobuoys and federal/military radios. 

The blessings of CMOS. 
Our CMOS wide operating supply 

range of 3 to 9 volts and wide operating 
temperature range of -40 to +85 degrees C, 
with the inherent high noise immunity 
and low power operation, make your 
design job a lot easier. 

Selected Motorola CMOS PLL 
Frequency Synthesizers 

A multitude of frequencies. 
Motorola PLLs can generate a multitude 

of frequencies from a single reference 
source, providing a means of tuning 

either by switch closure or in 
concert with a micropro¬ 
cessor. They allow you to 
produce and control an 
almost infinite number 
of frequencies with just 
one crystal. 

When these CMOS 
PLL Frequency Synthe¬ 
sizers are combined 
with a loop filter and 
VCO, they provide 
direct synthesis up to 

their specific frequency 
limits. For higher VCO 

frequencies, down mixers 
or one of Motorola's single 

or dual modulus prescalers, 
as appropriate, are used between 

the VCO and PLL. 

Prescale 
Modulus Interface Typical System Examples Part Number 

Single 

Serial 
60MHzw+4prescaler 

Loop resolution -4 kHz 

MC145155 

MC145157 

4-bit bus MC145145 

Parallel 

MC145151 

MC145106 
16MHzw+4prescaler 

Loop resolution - 40 kHz 

Dual 

Serial 

1 GHz w *128/129 prescaler 
Loop resolution -12.5 kHz 

MC145156 

MC145158 

MC145159 

4-bit bus MC145146 

Parallel MC145152 

Selected Motorola Bipolar 
Prescalers 

Modulus Frequency ICImAjtyp. Part Number 

+32/+Î3 

+40/+41 

+64'+65 

+128/+129 

+20/+21 

+128/+129 

+64 

+64 

+256 

225 MHz 

225 MHz 

225 MHz 

520 MHz 

225 MHz 

1GHz 

225 MHz 

1.1 GHz 

1.1 GHz 

6 

6 

6 

8 

6 

7.5 

35 

23 

23 

MC12015 

MC12016 

MC12017 

MC12018 

MC12019 

MC12022* 

MC12023 

MC12073 

MC12074 

Other facets of flexibility. 
All of Motorola's general purpose 

CMOS PLL frequency synthesizers give 
you the choice of on- or off-chip reference 
oscillator operation. Many are CMOS 
MPU/MCU-compatible. 
With the exception of the MC145159, 

which has a high gain sample and hold 
(analog) phase detector, they all provide 
digital phase/frequency detectors with 
single-ended three-state or double-ended 
outputs. 
You have your choice of reference 

divider integer values, and versatile pro¬ 
grammable dividers also are provided. 

•Available QI. 1987. Pin and functionally compatible with Fujitsu MB501L 

Keeping pace. 
The Motorola frequency synthesizer 

line is regularly revised and upgraded to 
reflect advancing technology and keep 
pace with industry needs. 
We recently introduced enhanced ver¬ 

sions of nine MC14514X and MC14515X 
series devices with improved ac charac¬ 
teristics. 

Additional product developments now 
in progress ensure that you can count 
on continued line enhancement, higher 
levels of integration and much higher 
frequencies with low dynamic power 
consumption. 

One-on-one design-in help. 
Call toll free any weekday, 8:00 a.m. 

to 4:30 p.m., MST, from anywhere in the 
U.S. or Canada for engineer-to-engineer 
assistance. 

1-800-521-6274 
If a phone call can't answer your needs, 

we'll have one of our local specialists 
contact you. 

For more detailed information on 
CMOS PLL frequency synthesizers, pre¬ 
scalers and electronic tuning components, 
complete and send 
in the coupon or 
write to Motorola 
Semiconductor 
Products, Inc., P.O. 
Box 20912, Phoenix, 
AZ 85036. 

MOTOROLA 

V\ere 
pnyour 
design-in 
beâm. 

See us at RF Technology Expo, 
Booths #423, 425, 427, 324, 326 & 328. 

To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 
Please send me more information on CMOS PLL frequency synthesizers. 



Only the Teddy Bear 
Can’t Use Our Help .. J 

.——“‘"■i A 

Priced as low as $1.30 each, 
Avantek’s silicon MMIC 
amplifiers and frequency 
converters provide 
outstanding gain-bandwidth 
per dollar. 

Design engineers can simplify circuit 
designs, improve performance and lower 
overall system costs, as MODAMP™ MSA-
series amplifiers and MSF-series fre¬ 
quency converters provide improved gain 
and bandwidth over hybrid components 
... for less. These Monolithic Microwave 
Integrated Circuit (MMIC) components are 
designed for use in applications that lis¬ 
ten, watch or talk ... from satellites, 
G.P.S. navigation receivers and fiber optic 
systems ... to police radar detectors, 
medical equipment and ... even toys. 

quency spectrum from DC to 8 GHz, with 
gains as high as 33 dB, noise figures as 
low as 2.5 dB and power outputs as high 
as 20 dBm (@ 100 MHz). The MSA- and 
MSF-series of products are available in a 
range of packages, from low-cost plastic 
to high-rel metal/ceramic. 

Selected MSA & MSF Components 
(Performance @ 1.0 GHz) 

Max 1000 
Useable Gain Noise P|dB Piece 

Frequency (dB, Figure (dBm. Package Price 
Model (GHz) typ.) (db.typ.) typ.) Type $$$ 

MSA4M70 4.5 17.0 5.5 1.5 A 12.35 
MSA 0204 4.0 11.0 6.5 4.0 B 1.90 
MSA-0370 4.5 125 5.5 10.0 A 16.10 
MSA-O420 3.5 8.5 7.0 15.0 C 18.45 
MSA-0685 4.0 16.5 3.0 1.5 D 1.30 
MSA-0835 6.0 23.5 3.0 12.5 E 7.80 
MSF-8835 8.0 20.0 N/A 9.0 E 12.40 

A) 70 mil stnpline B> 145 mil plastic C) 200 mil BEO 
D) 85 mil plastic E) 100 mil ceramic 

A Growing Family of MMICs to 
Meet System Designer’s Needs 
Since 1982, Avantek’s silicon MMIC prod¬ 
uct family has grown to include more than 
50 different models covering the fre-

INFO/CARD 13 

See us at RF Technology Expo, Booths #329, 

Avantek is a recognized leader in ad¬ 
vanced, high-performance microwave 
semiconductors and MMICs for space and 
military applications. And, we deliver in 
quantity ... last year Avantek shipped 
more than 1,000,000 MMICs/and built over 

800,000 complex microwave components 
for more than 3,000 customers. So, when 
you need high performance low-cost 
MMICs — whether your system listens, 
watches or talks —you know Avantek can 
deliver ... in volume. Contact your 
nearest Avantek Distributor for additional 
information. 

Avantek Distributors 

Applied Specialities, Inc., Baltimore, MD (301) 792-221 1 

Applied Specialities of Florida, Largo, FL (813) 531-2099 

Component Distributors, Inc., Atlanta. GA (404) 441-3320 

Sickles Distribution Sales, Lexington, MA (617) 862-5100 

TMA/RF, Teterboro, NJ (201) 393-9330 

Central 

Penstock Midwest, Palatine, IL (312) 934-3700 

Thorson Distributing Co., Dallas, TX (214) 233-5744 

West 

Penstock, Inc., Los Altos, CA (415) 948-6552 

Sertek, Inc., Westlake Village, CA (818) 707-2872 

©AVANTEK 
3175 Bowen Ave, Santaclara, CA 95054-3292 

• • . 



news Continued 

NBS Issues Three Reports on EMC 
Measurements, Susceptibility 
and Shielding 
The National Bureau of Standards has 

recently issued three reports in the area 
of electromagnetic compatibility (EMC). 
The first covers susceptibility to interfer¬ 
ence of electroexplosive devices, such as 
automotive airbag initiators, aerospace 
explosive bolts, mining and construction 
apparatus. Another is a study concerning 
measurement of shielding material effec¬ 
tiveness. This study addresses the need 
for measurement techniques for the less 
predictable shielding performance of 
plastic and composite shielding materials. 
The third report includes the text material 
for a short course in EMC/EMI measure¬ 
ments presented by NBS, including TEM 
cells, anechoic chambers, open fields and 
reverberant chambers. 

All three may be obtained from the 
Superintendent of Documents, U.S. Gov¬ 
ernment Printing Office, Washington, D.C. 
20402. A Statistical Characterization of 
Electroexplosive Devices Relevant to 
Electromagnetic Compatibility Assessment 
(TN 1094) is $2.75, stock no. 003-003-
02744-8. A Study of Techniques for Mea¬ 
suring the Electromagnetic Shielding Ef¬ 
fectiveness of Materials (TN 1095) is 
$3.50, stock no. 003-003-02735-9. Elec¬ 
tromagnetic Compatibility and Interfer¬ 
ence Metrology (TN 1099) is $8.50, stock 
no. 003-003-02760-0. 

Swedish Defense Forces to get 
Frequency-Hopping Radios 
The Materiel Administration of the 

Swedish Armed Forces (FMV) has an¬ 
nounced a contract for a state-of-the-art 
Combat Net Radio system for the Swe¬ 
dish Army and Navy. 
The contract, placed with Ericsson 

Radio Systems AB, Stockholm (Sweden), 
involves a new type of Combat Net Radio 
system using frequency hopping for both 
voice and data. Delivery will take place in 
the beginning of 1989 and is scheduled 
to be completed in 1993. Marconi Defence 
Systems Ltd., a subsidiary of GEC, Eng¬ 
land, is the main subcontractor to Erics¬ 
son for the order. Marconi will be respon¬ 
sible for supplying major parts of the 
transceiver. 
The new Combat Net Radio system, de¬ 

signated StarCom (TR 8000 in Sweden), 
was developed in close cooperation be¬ 
tween Ericsson, Marconi and the Materiel 
Administration of the Swedish Armed 
Forces. It is protected against jamming 
and interception, since radio traffic 
“hops” over the entire frequency band 
many times per second and is simultane-

The Ericsson StarCom frequency hopping radio system has been selected for tactical 
communications by the Swedish Armed Forces. 

ously encrypted. It is one of the first 
systems capable of utilizing this technolo¬ 
gy and to be produced in large quantity 
anywhere in the world. The Swedish 

HP Calculator Capable 
of Symbolic Mathematics 

Hewlett-Packard company introduces 
the HP-28C, believed to be the first calcu¬ 
lator capable of doing symbolic mathema¬ 
tics. Algebra and calculus operations that 

RF Design 

Defence Forces, as well as the armed 
forces in other countries, have for several 
years conducted practical field trials of the 
system and achieved very good results. 

could not be performed with a calculator 
can now be performed on the HP-28C. 
The display is a four-line by 23 character 
LCD. Complex numbers, matrices, vec¬ 
tors, lists, algebraic expressions and other 
data types can be viewed, edited and 
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How sure are you of your 
Instrument Specialties can 

provide you with Certified Testing3;., 
document with computer print-outs... 
recommend corrections if necessary! 

What is Certified Testing? 
Certified Testing is Instrument Specialties’ name for its auto¬ 
mated test program that evaluates the effectiveness of the 
interference control built into the equipment being tested. It is 
available only from Instrument Specialties. State-of-the-art 
emissions and susceptibility measurements over the range 
of 20 Hz to 20 GHz up to 20 V/m...RF gasket evaluation... 
FCC/VDE/CISPR and MIL-STD-461 A/B tests... TEMPEST 
facility measurements per NACSIM 5203 and 5204 require¬ 
ments... all can be performed and documented, depending on 
your needs. 

How do we test? 
Tests are computer-controlled, to provide customized testing 
with precise results, repeatability, and hard-copy documentation 
to be included in your test reports. In addition to those tests 
mentioned above, shielding can be tested to MIL-STD-285, 
IEEE 188, NSA, etc. RF gaskets are tested using the SAE 
ARP-1705 transfer impedence method, to 140 dB. Computers 
and proved software, plotters, signal sources, oscilloscopes, 
meters, receivers, amplifiers and antennas are employed in 
a quantity and degree of sophistication not available even to 
most manufacturers of Class A and B devices. In fact, few, if any, 
other test facilities in the U.S. have a comparable array of equip¬ 
ment, calibrated and trace¬ 
able to the National Bureau 
of Standards! 



Interference Control? 
Where do we test? 
Your place or ours! If your equipment is portable, 
we’ll conduct your tests in our new shielded en¬ 
closures, including semi-anechoic (non-echoing). 
Commercial tests are confirmed in an open field test 
site, itself tested in accordance with FCC stan¬ 
dards. Originally developed to ensure performance 
of our own EMC shielding 
strips, these superb facilities 
are available to you on a daily 
basis. Engineering help is also 
available on request. On the 
other hand, when on-site test¬ 
ing is required, we’ll gladly 
come to you with our portable 
laboratory instruments. 

What do you get? 
We’ve been told our Test Reports are the 
best in the industry. More detailed, and 
much clearer, since you get a continuous 
sweep of frequency spectrum— not just a 
few hand-plotted points. You get computer 
print-outs and documented data which 
meet both FCC and military audit require¬ 
ments. And, if desired, we can supply you 
with engineering consultation leading to 
specific recommendations and verification. Finally, our strict non¬ 
disclosure policy assures that only you or your designees receive this 
valuable data. 

For more information on rates and schedule availability, or to 
discuss your specific needs, phone and ask for EMC Customer 
Service. Or, write us at Dept. RFD-29. 

/I INSTRUMENT SPECIALTIES COMPANY, INC. 
PO. Box A • Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 

Specialists in interference control since 1944 

INFO/CARD 14 

See us at RF Technology Expo, Booth #240. 



rf calendar_ 
February 24-26, 1987 
NEPCON West 87 
Convention Center, Anaheim, California 
Information: Show Manager, NEPCON West 87, Cahners Exposi¬ 
tion Group, 1350 East Touhy Ave., RO. 5060, Des Plaines, Illinois 
60017-5060; Tel: (312) 299-9311 

February 25-27, 1987 
Industry-University Advanced Materials Conference 
Colorado School of Mines, Golden, Colorado 
Information: Dr. Jerome G. Morse, Advanced Materials Institute, 
Colorado School of Mines, Golden, CO 80401; Tel: (303) 273-3852 

March 24-26, 1987 
Southcon/87 
Georgia World Congress Center, Atlanta, Georgia 
Information: (800) 421-6816 (outside California); (800) 262-4208 
inside California; or (213) 772-2965 

April 1-8, 1987 
Electronics and Electrical Engineering '87 
Hannover Fairgrounds, Hannover, West Germany 
Information: Hannover Fairs USA, Inc., 103 Carnegie Center, P.O. 
Box 7066, Princeton, NJ 08540; Tel: (609) 987-1202 

April 21-23, 1987 
Electrical Overstress Exposition 
San Jose Convention Center, San Jose, California 
Information: Jim Russell, EOE, 2504 N. Tamiami Trail, Nokomis, 
FL 33555; Tel: (813) 966-9521 

April 27-29, 1987 
IEEE Instrumentation and Measurement Technology 
Conference 
Sheraton-Boston Hotel, Boston, Massachusetts 
Information: Robert Myers, Myers/Sm th, Inc., 1700 Westwood 
Blvd., Los Angeles, CA 90024; Tel: (213) 475-4571. 

May 11-13, 1987 
37th Electronics Components Conference 
Boston Park Plaza Hotel and Towers, Boston, Massachusetts 
Information: Tom Pilcher, Electronic Industries Association 2001 
Eye St. N.W., Washington, DC 20006; Tel: (317) 261-1306 

May 27-29, 1987 
41st Annual Frequency Control Symposium 
Dunfey City Line Hotel, Philadelphia, Pennsylvania 
Information: Dr. R.L. Filler, U.S. Army Electronics Technology and 
Devices Laboratory, SLCET-EQ, Fort Monmouth, N.J. 07703-5000; 
Tel: (201) 544-2467. 

June 9-11, 1987 
IEEE MTT-S International Microwave Symposium 
Bally's Grand Hotel, Las Vegas, Nevada 
Information: Robert A. Week, U.S. Army, LABCOM, ETD Lab, 
SLCET-MH-W, Fort Monmouth, NJ 07703-5000; Tel: (201) 
544-4489 

June 22-26, 1987 
Laser 87 Optoelectronics Microwaves 
Munich Trade Fair Center, Munich, West Germany 
Information: Münchener Messe-und Ausstellungsgesellschaft 
mbH, Messegefände, Postfach 121009, D8000 München 12, West 
Germany; Tel: (89) 5107-0 

rf courses_ 
Georgia Institute of Technology 

Elements of Phased-Array Radar System Design 
March 10-13, 1987, Atlanta, Georgia 

Millimeter Wave Systems and Technology 
April 6-9, 1987, Atlanta, Georgia 

Information: Deidre Mercer, Department of Continuing 
Education, Georgia Institute of Technology, Atlanta, GA 
30332; Tel: (404) 894-2547. 

The George Washington University 

Defense Electronics Executive Overview 
March 2-6, 1987, Washington, DC 

Spread Spectrum Communication Systems 
March 9-13, 1987, Washington, DC 

Principles of Air Defense and Air Penetration 
April 6-9, 1987, Washington, DC 

Synchronization in Spread Spectrum Systems 
April 6-10, 1987, Washington, DC 

Wind Shear Radar 
April 20-22, 1987, Washington, DC 

Information: Ken Tebo, Director, Off Campus Programs, Con¬ 
tinuing Engineering Education Program, George Washington 
University, Washington, DC 20052 

Southeastern Center for Electrical Engineering Education 

Antennas: Principles, Design, and Measurements 
March 24-27, 1987, St. Cloud, Florida 

Information: Ann Beekman, SCEEE, 1101, Massachusetts 
Ave., St. Cloud, FL 32769; Tel: (305) 892-6146 

R&B Enterprises 

EMP Design and Pulse 
February 19-20, 1987, Philadelphia, Pennsylvania 

Grounding, Bonding and Shielding 
March 12-13, 1987, Philadelphia, Pennsylvania 

Information: Greg Gore, R&B Enterprises, 20 Clipper Road, 
West Conshohocken, PA 19428-2721; Tel: (215) 825-1960 

Interference Control Technologies, Inc. 

Practical EMI Fixes 
March 17-20, 1987, San Antonio, Texas 

TEMPEST Facilities 
April 7-10, 1987, Atlanta, Georgia 

Grounding and Shielding 
March 10-13, 1987, Orlando, Florida 
April 7-10, 1987, Phoenix, Arizona 

Design and Measurement 
April 20-24, 1987, San Jose, California 

Intro to EMI/RFI/EMC 
May 18-20, 1987, San Diego, California 

Information: Interference Control Technologies, Inc., P.O. Box 
D, Gainesville, VA 22065; Tel: (703) 347-0300 
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TEK MICROCIRCUITS 

Microlithography 
perfected. 

Now, it’s all yours. 
Whatever your needs—from submicron 
to wafer scale integration, with mask sizes 
from 3" to 7"—our experienced staff is 
ready to work with you using our E-beam 
and optical tooling capability. 

If you’re looking for a full spectrum 
of mask design and tooling capabilities, 
we can help. Working as a design 
partner, our mask design team will con¬ 
sult with you for the best layout approach, 
assuring the success of your finished 
photomasks. 

Talk to us about photomasks for 
CMOS, bipolar, GaAs, and CCD ICs, 
thin and thick film hybrid circuits, wave 
guides, graticules, surface acoustic 
devices, multi-layer ceramics, etched 
metal components, meshes, and dis¬ 
play devices. We’re experienced in 
them all. 
Whatever your photomask needs, our 

engineering staff will interface directly 
with your foundry service to ensure 
smooth integration into your production 
process. 
Our dedication to your success is dem¬ 

onstrated by our greater than 99°/o qual¬ 
ity performance and ability to consistently 
meet your critical delivery schedules. 
Find the right solution the first time. 
Call us. 

Tektronix Integrated Circuits Operation 
P.O. Box 500, M/S 59-420 
Beaverton, OR 97077 
Phone: (800) 262-4374 (outside Oregon) 

(503) 627-2515 for technical 
assistance 

Tektronix 
COMMITTED TO EXCELLENCE 

Copyright 1986. Tektronix. Inc. All rights reserved. ICO-003B. 

See us at RF Technology Expo, Booth #343. 

INFO/CARD 15 



EEsof’s new Touchstone 1.5“ gives you 
a new magnitude of CAE utility. 

Since Touchstone was already the microwave industry's 
standard of computer-aided engineering, there seemed 
little room for really dramatic improvement. But this new 
release makes Touchstone significantly more powerful. 

Start with elements. Touchstone 1.5 adds twenty 
elements, to total over 120. That means even quicker, 
better design results. And MMIC foundry element libraries 
are now a Touchstone option. 

More optimizers 

We've added six optimizers, including minimax, 
least p* and quasi-Newton. We've also added a minimax 
option to our gradient and random optimizers. And the 
random optimizer now lets you maximize—as well as 
minimize—error functionl The additional optimizers give 
you choices that help your designs converge more rapidly 
to the results you want. In fact, no other program comes 
close. 

Larger Circuits 

Same with analysis. Touchstone 1.5 boosts circuit 
file size by a factor of four, increases the length of lines to 
225 characters. This quantum improvement lets you 
analyze much larger circuits—and makes Touchstone 1.5 
your only logical choice for complex projects like 

sophisticated MMIC designs. 

Advanced graphics 

Touchstone 1.5 brings you many new features such 
as polar displays. Smith charts that display admittance 
and impedance, and an interactive graphics cursor (with 
the mouse, for instance, you can read numerical Smith 
chart coordinates directly from the graphics screen). 
What's more we've improved the graphics speed. 

We've also developed advanced windowing. Pop¬ 
up windows offer help. Others display numerical output 
in color. The screen now splits between graphics and text 
to let you organize your data better. Actually, we've 
improved the windowing environment so much that 
you'll probably only want a single monitor. 

What next? 

These are just the major new features. There's more. 
And in all, they plainly make Touchstone 1.5 the industry's 
CAE tool of unapproached value. 

What's next? We're hard at work. And Touchstone 
owners will get new releases—as they get 1.5—as part of 
their regular extended support contracts. To join them, call 
or write EEsof now. 

© 1987 EEsof. me Touchstone • a regstered trademark of EEsof Inc 



■ The microwave/RF industry's 
optimal CAE tool 
—has just been optimized! 

You see above how Touchstone's graphics output gives you control of the 
interactive cursor. And you get an idea of the many advanced kinds of plots that 
1.5 lets you generate — with hard copies of everything you see on the screen. 

Also note the windowing, another feature of Touchstone 1.5. This one 
displays the output status, and you invoke it at the touch of a single function key. 

Opposite page (Left): Polar display with optimization activated: (Right): 
Admittance chart with tune mode activated. 

Come see us at the RF Technology Expo, Booths #533, 535, 537, 434, 436, 438. 

INFO/CARD 16 
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semiconductor rpix/isioiv 
A SUBSIDIARY OF LORAL CORPORATION 

16 Maple Road, Chelmsford, MA 01824 
(617)256-4113 ■ TWX (710) 343-6506 

Beam Lead PIN Diodes 
Discover small but rugged low 
inductance, low capacitance, fast 
switching Beam Lead PINs. 

Discover mechanically innovative, 
flexible beam design. 

Discover Frequency Sources 
Semiconductor applications and 
technical support. 

Discover a variety of product types 
available from stock. 

Discover useful and helpful information 
in our Data Sheet and Application Note 
on Mesa and Planar Beam Lead PINs 
NOW! 

Example of product availability 

PART NO. GC4901* GC4902* GC4801** GC4802" 

I Breakdown 
Voltage 
VBR (V) MIN 

100V 100V 100 V 100V 

Series Resis. 
RS (Ohms) 
MAX 

3.0 2.0 4.0 3.0 

Capacitance 
Cj (pF) MAX .03 .06 .02 .07 

L Lifetime 
TL (ns) TYP 50 50 150 150 

M Switching 
if' Time Í. TS(ns)TYP 

5 5 15 15 

Mesa Planar 
Others available upon request 

Discover Frequency Sources 
Semiconductor for all your semi¬ 
conductor diode requirements. 

INFO/CARD 23 

See us at RF Technology Expo, Booth #524. 



Signetics is your 
broadline RF supplier. 

VHF GAIN MIXERS/MODULATORS FM IF 
COMPANDORS AUDIO POWER SYNTHESIZERS 

NE568 
150 MHz 

PHASE LOCKED LOOP 

Features: 

• Linear FM Demodulation 
• Temperature Compensated 
Oscillator 

• Large Lock /Capture Range 
• Series and/or Parallel Loop 

Filter Options 

NE5204 
BROADBAND RF AMP 

Features: 

• LOW COST! 
• 200 MHz Bandwidth ±0.5 dB 
• 20dB Insertion Gain 
• 4.8dB Noise Figure: 75Q 
• 6dB Noise Figure: 50Q 
• No External Components 
• Input/Output Matched to 
50/750 

Applications: 

• Fiber Optic Clock Recovery 
• Fiber Optic Modulation/ 
Demodulation 

• Satellite FM Demodulation 
• VHF FSK Demodulation 

Applications: 

• TV Cable and Antenna 
Signal Amp 

• Signal Generators 
• Data Communications 
• Modems 
• Network Amp 
• Telecommunications 

NE602 
LOW POWER UHF 
MIXER/OSCILLATOR 

Features: 

• VHF operation 
• 2.4 mA supply current, 18 dB 

conversion gain 
• 5 dB noise figure 
• Multiplier cell double balanced 

mixer 

Applications: 

• VHF transceivers 
• 802.4 LANs 
• Cellular radio 
• HF/VHF frequency conversions 
• SCA/FM receivers 
• Cordless phones 
• Remote control 
• Security systems 
• Dual quadrature mixers 
• RF data links 

For Literature 
INFO/CARD 95 

For Literature 
INFO/CARD 96 

For Literature 
INFO/CARD 97 

For immediate applications assistance 
or information on other products 
call 408/991-4571. 

For a local Signetics sales office 
location and phone number call 
800/227-1817, ext. 900. 

One standard, ̂ defects. 

Signetics 
a subsidiary of U.S Philips Corporation 

See Signetics in booths 339 and 341 at RF Technology Expo in Anaheim. 



Continued 

used in calculations as easily as ordinary 
numbers. For example, a matrix can be 
multiplied by a complex number by press¬ 
ing the “x" (times) key. The operating 
system allows the user to mix direct entry 
of algebraic expressions with RPN (re¬ 
verse polish notation) logic operations. 
Equations can be entered and stored in 
the user’s own terms with the equation 
solver capability. A variable, anywhere in 

the equation can be solved by this ma¬ 
chine. The menus and soft keys incorpor¬ 
ated provide high level problem solving 
without the need for programming. 
The HP-28C can also graphically depict 

any single valued function and plot statis¬ 
tical data. Once an expression is plotted 
in the display, the user can locate an ap¬ 
proximate root, press a key to record the 
coordinates, then use the equation solver 

Introducing a small 
accomplishment in 

UHF frequency sources! 

to calculate the root with 12-digit accuracy. 
Contained is a unit conversion system for 
converting values between unit systems. 
The values of 120 units are built in; the 
user can have unlimited combinations. 
The memory for the calculator is com¬ 
posed of 128K ROM and 2K RAM. 
The calculator has separate alpha and 

numeric keyboards. It measures 7.5” x 
6.25” x 0.5” when open and weighs 8 
ounces. The supply comes from three N-
cell alkaline batteries. The options for the 
HP-28C include a battery powered ther¬ 
mal HP printer which communicates via 
an infrared beam. 
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Our SAW-stabilized frequency 
sources provide a unique solution 
to your demanding UHF system 
requirements. They pack the 
performance of a fine cavity 
oscillator into less than a tenth of 
a cubic inch. Their small size, 
low power consumption and ex¬ 
cellent reliability are made possi¬ 
ble by our advanced UHF Quartz 
SAW technology. 
We cover applications from 

150 MHz to 6000 MHz, and 
offer a wide range of options 
including temperature compensa¬ 
tion, frequency multiplication 
and voltage tuning. We can cover 
the full -55°C to +125°C 

temperature range and offer test¬ 
ing and screening to a variety of 
MIL Standards. 
Our SAW-stabilized UHF 

frequency sources are being used 
in IFF systems, radar frequency 
synthesizers, GPS receivers, 
emergency location transmitters, 
fiber-optic communications and 
a host of other UHF and micro¬ 
wave system applications. 

Contact us with your next 
UHF frequency source require¬ 
ment. You’ll find our engineer¬ 
ing staff ready to provide you 
with a custom solution that is 
innovative, timely and cost-
effective. 

RF Business Briefs 

TRW to Sell VHSIC Devices 
Commercially 
TRW will begin sales of its advanced 

I Very High Speed Integrated Circuit 
(VHSIC) devices through its commercial 
electronic components operation. Devices 
available through the sales force of TRW’s 
Electronic Components Group are those 
created by TRW’s Electronic Systems 
Group for Phase 1 of the Department of 
Defense’s tri-service VHSIC program. 
Sales will be made only to United States 
defense contractors qualified to receive 
and safeguard International Traffic in 
Arms Regulation (ITAR) materials. The 
government agency that qualifies defense 
contractors to purchase such material is 
the Defense Logistics Service Center, Bat¬ 
tle Creek, Mich. 

AEL Sells Israel Subsidiary 
AEL Industries, Inc. has completed the 

sale of its 59 percent interest in Elisra 
Electronic Systems Ltd. to Tadiran Ltd., 
Israel’s largest electronics company, in ex¬ 
change for six percent of Tadiran’s capital 
stock. The transaction is valued at $20 
million. According to the agreement of 
sale, AEL can request redemption of all 
or a part of its share holdings at any time 
during the 1990/1991 timeframe if Tadiran 
does not offer to include AEL's holdings 
in a public offering during the next three 
years. 

RFIM 
RF Monolithics, Inc. • 4441 Sigma Road • Dallas, Texas 73244 U.S.A. 

Phone: (214) 233-2903 • Fax: (214) 387-8148 • Telex: 463-0088 

INFO/CARD 19 

See us at RF Technology Expo, Booth #335. 

TRW Sells Transformer Division 
to OPT Industries 
TRW Inc. and OPT Industries, Inc. an¬ 

nounced that OPT has purchased TRW’s 
Transformer & Coil Products operation for 
an undisclosed price. The business will 
operate as United Transformer Corpora-

j tion, a wholly-owned subsidiary of OPT In¬ 
dustries, with headquarters in New York 

February 1987 



City. Product lines acquired from TRW in¬ 
clude transformers and inductors, mag¬ 
netic amplifiers, electronic wave filters, 
and coils, primarily for military customers. 

EPSCO, Inc. Acquires Neico 
Microwave Company 
EPSCO, Inc. announces the acquisition 

of the assets and business of Neico Micro¬ 
wave Company and subsidiaries, a pri¬ 
vately owned company located in Hopkin¬ 
ton, Mass., for $4.8 million in cash and ap¬ 
proximately 110,000 shares of EPSCO 
common stock. Neico Microwave is a | 
manufacturer of microwave transmitter 
and antenna components with net sales 
of approximately $9.1 million for the calen- | 
dar year 1986. 

sûrement system. Under the terms of the 
contract, Scientific-Atlanta will design, fab¬ 
ricate and install a state-of-the-art integrat¬ 
ed radar measurement system and sup¬ 
port equipment for the 6585 Test Group, 
Holloman Air Force Base, New Mexico, 
Radar Target Scatter Site (RATSCAT). The 
U.S. Air Force and its prime contractors 
will use the system for radar cross sec¬ 
tion measurements of designated targets 

such as airplanes and missiles. 

TRAK Receives Amplifier Contract 
TRAK Microwave Corporation has re¬ 

ceived a contract valued at approximately 
$1 million from the U.S. Navy. The con¬ 
tract is for gain and phase-matched GaAs 
FET amplifiers with built-in filter for an air¬ 
borne phased array telemetry system. 

GigaBit Logic Announces 
Cray Order 

GigaBit Logic announces that Cray Re¬ 
search Inc. has placed a one-year order 
with GigaBit in excess of $3 million. Cray, 
the acknowledged world leader in super¬ 
computers, will use the logic and memory 
devices procured under this order to enter 
the next phase of development of a GaAs-
based parallel processor supercomputer. 
Seymour Cray, the project leader and 
principal designer of the Cray-3, has 
worked closely with GigaBit Logic and his 
own GaAs team to perfect the ICs for the 
Cray-3 system. In support of the project, 
GigaBit has achieved yields approaching 
40 percent on VLSI ICs with densities of 
30,000 components per device. 

200 Watt 
225-400 MHZ 
Broadband 

Gold-Metalized 
Silicon FET 

National Semiconductor and 
Westinghouse in VHSIC Pact 

National Semiconductor Corporation I 
has entered into an agreement with West¬ 
inghouse Corporation for fabrication of 
VHSIC (Very High-Speed Integrated Cir¬ 
cuit) 10k gate arrays. The foundry service 
utilizes National’s 1.25-micron VHSIC fa¬ 
cility in Santa Clara, which is fully certified 
under MIL-M-38510. Westinghouse’s gate 
arrays will go into the F16 VHSIC pro¬ 
grammable signal processor (vpsp) and 
the multi-role surveillance radar (mrsr) | 
program. The contract begins immediately 
and is scheduled to run through calendar 
year 1987. 
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Scientific-Atlanta Receives Order 
for Radar Measurement System 

Scientific-Atlanta, Inc. has received an 
$8.8 million order from the Department of 
the Air Force for an integrated radar mea-

polycore rf devices 
1107 Tourmaline Drive • Newbury Park, California 91320 • U.S.A 

Telephone: (805) 498-4552 • Telex: 910 3361547 

See us at RF Technology Expo, Booths #250 

RF Design INFO/CARD 20 
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Wavetek 

If you need smooth, 
fast frequency shifting, 
our synthesizers can dish it out. 

Today's sophisticated radar 
and communications systems 
can call for 10 MHz frequency 
changes at the drop of a 
microsecond. 
Wavetek's Model 5135A 

can do it, and with practically 
no close-in phase noise 
or hopping spurs. As a 
frequency-agile local 
oscillator, it's so fast it 
can make scrambled 
communications almost 
impossible to decode and can 
greatly improve the accuracy 
and dynamic range of radar 
In the lab or in the field, 
it can duplicate frequency 
hopping, FM or sweeping 
under computer control. 

Close behind is our own 
Model 5130A, with switching 
time of 3 to 20 microseconds. 
Like the Model 5135A, it has 

our patented* Direct Digital 
Synthesis for phase-
continuous switching. 

Both models offer a 100 
KHz to 160 MHz frequency 
range with .001 Hz resolution. 
They also offer the element 

of surprise, with prices far 
below what you’d expect to 
pay. To find out more, please 
call Applications Engineering 
at [619] 279-2200, Ext. 
303. Or write Wavetek San 
Diego, Inc., 9045 Balboa 
Ave., P.O. Box 85265, 
San Diego, CA 92138. 
TWX 910-335-2007. 

INFO/CARD 21 FOR LITERATURE 
INFO/CARD 22 FOR DEMONSTRATION 

See us at RF Technology Expo, Booths #346 & 348. 



APPROACHING 

Introducing the new dmat 
SERIES FROM TRANS-TECH. 
A new line of materials that has "0” porosity, is super 
dense, and is laser-cuttable with lower power. Available 
in a range of sizes, thicknesses and shapes. 

Key features include: 
Size. 1 to 4 inch disc or square 
Thickness . 010 to .050 in. at ± .001 in. (stan¬ 

dard) or + .0005 in. (optional) 
Camber/Flatness .. < 0003 inch per inch 
Loss Tangent. 0001 at 10 GHz 
Surface Finish. <4|i", <2p", <lp." (To be 

specified when ordering) 
Dielectric Constant. 8.9 to 14.0 ± 2% at 7GHz 

Dielectric constants compatible with Gallium 
Arsenide technology are available. For more infor¬ 
mation on this new line of substrates, contact your 
Trans-Tech/Alpha Sales rep. 

Trans-Tech Inc. ES Alpha 
A subsidiary of Alpha Industries, Inc. 
5520 Adamstown Road, Adamstown, Md. 21 71 0-301 -695-9400 -TWX 71 0-854-8418-Telex 89-3456 The MiCtOWave People 

INFO/CARD 17 
See us at RF Technology Expo, Booth #510. 



WHEN YOU WANT 
THE VERY BEST 

PHASE-LOCKED SIGNAL SOURCES AND FREQUENCY SYNTHESIZERS 
30 MHz to 21 GHz 

Communication Techniques, Inc. has established a 
world wide reputation as the “Specialist” in Microwave 
Signal Sources and Frequency Synthesizers for Satellite, 
Terrestrial Radio and Troposcatter Communications 
Systems, Radar, Telemetry and Microwave Landing 
Systems; and the various segments of the Defense 
Industry. 
CTI offers a unique total resource for low phase-noise 

signal generation over the frequency range of 30 MHz 
to 21 GHz, in descrete bands. An extensive array of 
standard catalog items are shown in the table to the right. 
In addition, CTI can provide customized versions as well 
as integrated assemblies derived from modifications to 
the standard product line. 

Call or write for our full line catalog. 

Model No. 
Series Product Line Description 

P & MP Mechanical Phase-Locked Sources; Standard & Low Profile 

A & MA Automatic Phase-Locked Sources; (AGILE)-Standard & Low Profile 

XSM & XSMP Ultra-Low Noise Sources; Locked to 5 or 10 MHz 

FMPL Modulatable Phase-Locked Transmitters; Modulatable 10 Hz to 12 MHz 

MX Frequency Multipliers; High Efficiency-Low Noise to 21 GHz 

MFSR Microwave Synthesizer; Ultra-Low Noise &<1 kHz Steps 

SLSR Microwave Synthesizer; Moderate-Low Noise & 1 to 10 MHz Steps 

DSR & MDSR Microwave Synthesizer; Low Noise, Small Size & Low Cost-10 kHz Step 

PXS & PXSM Crystal Oscillators; Free Running or Locked to 5 or 10 MHz 

C & VC0 Cavity Oscillators; Low-Noise Mechanically or Voltage Tuned 

PPC Converts Magnetron RADAR to MTI RADAR>40 dB Cancellation 

COMMUNICATION TECHNIQUES, INC. 
9 Whippany Road, Whippany, NJ 07981 • Phone (201) 884-2580 • TWX 710-986-8265 • FAX 20 1-887-6245 

INFO/CARD 24 
See us at RF Technology Expo, Booths #304 & 306. 



rr coyer story_ _ 

New Amplifier Employs Latest 
RF Power Techniques 
By Yogendra Chawla 
ENI, Inc. 

The 630L RF Power Amplifier is a new 
solid state broadband power amplifier 
from ENI, providing a linear low distortion 
output of up to 30 Watts over the 300 to 
1000 MHz frequency range. The 630L is 
a self contained amplifier with a gain of 
45 dB and gain variation of ±1.5 dB in an 
open loop application or ±0.5 dB when 
used in closed loop operation. The wide 
bandwidth is achieved without band 
switching, so the amplifier may be driven 
by any standard signal or sweep gener¬ 
ator to provide amplified CW, AM, FM, 
SSB, TV pulse and other complex modu¬ 
lated RF signals. 

The ENI 630L is recommended for ap¬ 
plications requiring high gain linear 

amplification without band switching and 
tuning. It may be used as a standard gain 
block or as a computer controlled sub¬ 
system with TTL or IEEE 488 bus inter¬ 
face capability. 
The unit is designed with an optimal 

mix of broadband solid state RF amplifier 
design techniques including lumped ele¬ 
ments, ferrite loaded coaxial, microstrip 
and stripline for the desired performance. 
The overall design is modular in concept 
for ease of manufacturing and main¬ 
tenance. The RF power transistors are 
quadrature combined for low interface 
VSWRs and graceful degradation in the 
event of a transistor failulre. The RF chain 
has built-in gain gain and output power 
margins for best reliability. The individual 
RF transistor stages are optimally de¬ 
signed for maximum stable gain and effi¬ 
ciency. High power S-parameter measure¬ 
ment techniques have been used to maxi¬ 
mize design confidence. 
The quality and reliability of an ENI 

amplifier is designed in using extensive 
built-in operation protection to prevent 
damage from excessive voltage, current 
and temperature. A fault condition is 
displayed by the “status” lamp on the 
front. The load VSWR is continuously 
monitored and a greater than 3:1 VSWR 
condition is indicated on the front panel. 
The amplifier maintains power regulation 
in closed loop operation up to a 3:1 
VSWR, when the output power is limited 
without shutting off the amplifier. The ther¬ 
mal design is optimized for overall re¬ 
liability using forced air cooling with a 

ENI 630L Performance Summary 
Typical Applications 

EMI/RFI susceptibility testing Equipment calibration 
RF components and subsystem testing General laboratory instrumentation 
Antenna testing 

Some of 
Digital gain control 
Open loop operation 
Internal and external closed loop 

operation 
Linear and high power mode 
Optional signal on-off gating 
Forward and reflected power 
measurement 

Brief 
Bandwidth 
Power 
Gain 
Gain variation 

Harmonic Distortion 
Third Order IM Distortion 
Noise Figure 
Cooling 

the Features 
System status for fault location 
Load VSWR indication when greater 
than 3:1 

Built-in test equipment (BITE) for 
maintenance 

Full remote control capability via 
a computer 

Optional IEEE-488 bus interface 

Performance Specifications 
300-1000 MHz 
30 Watts CW 
45 dB nominal 
±1.5 dB for open loop 
±0.5 dB for closed loop 
Better than 20 dB 
Better than 25 dB 
10 dB 
Forced air 

front to rear air flow, so the unit may be 
easily rack mounted. 
A large meter is mounted on the front 

panel for indication of forward and re¬ 
flected power. The amplifier gain is con¬ 
trollable from front panel “up/down” push 
buttons, or via the remote TTL or IEEE 
488 interface. When additional power is 
needed, the amplifier may be switched 
from the linear Class A mode of opera¬ 

tion to a higher Class AB mode by selec¬ 
ting a front panel “Mode” control push 
button. Internal or external Automatic 
Level Control of the unit is available when 
the front panel “ALC” button is selected. 
With the ALC off, the amplifier provides 
the nominal 45 dB of gain over the 300 
to 1000 MHz frequency range. 

ENI, Inc., Rochester, N.Y. For more in¬ 
formation, circle INFO/CARD #170. 

RF Design 35 



rf special report 

New Techniques and Components 
Boost RF Power 
By Gary A. Breed 
Editor 

More power, better efficiency, broader 
bandwidth, higher frequency and more 
reliability: These are the many areas of 
development in solid-state RF power tech¬ 
nology. This Special Report takes a quick 
look at some of the latest design innova¬ 
tions and product developments that make 
RF power one of the most active areas in 
the electronics industry. 

There are two general areas to explore: 
components and techniques. Transis¬ 

tors are the biggest story in components, 
with support from chip capacitors and 
resistors, plus ferrite and iron powder 
materials for inductors and transformers. 
Design and construction techniques of 
note are combining methods, thermal 
management, feedback networks and pro¬ 
tection circuitry. These developments are 
in response to the demand for RF power 
in communications, military, broadcasting, 
medical and scientific applications. 

RF Power Transistors 
Bipolar RF transistors continue to be a 

major part of RF power applications, parti¬ 
cularly in lower voltage and lower cost ap¬ 
plications. Devices are available providing 
up to 600 watts power at HF and low-VHF 
(Motorola MRF430). Similarly rated devic¬ 
es are available from Thomson-Mostek. 
In the UHF range, where 225-400 MHz 
military equipment provides the demand, 
TRW has push-pull devices which provide 
100 watts at 500 MHz, and others up to 
50 watts at 1000 MHz. Amperex and 
Acrian are also active in RF power 
bipolars. 
Power FET devices are the transistors 

“in the news” with rapid development in 
power capability, frequency range, and 
fabrication techniques. The whole alpha¬ 
bet is represented in the world of power 
FETs, with T-, V- and D-MOS and POLY-, 
HEX-, PSI-, ISO- and MOSFETs. Along 
with the multitude of trade names for 
devices are as many variations on the fab¬ 
rication processes. The gate structure of 
an FET is the critical portion of its design, 
and different manufacturers have devel¬ 
oped their own methods to meet their own 
performance objectives. 
The performance of power FETs is im-

RF power components and techniques come together in Acrian class A linear amplifiers 
for UHF television transmitters. 

pressive. Motorola’s TMOS™ devices in¬ 
clude the MRF154 with 600 watts power 
up to 90 MHz or more. M/A-Com PHI has 
VMOS devices in the 150 watt range for 
applications up to 175 MHz, and DMOS 
FETs in the UHF range with watt power 
output. Acrian and Polycore are other ac¬ 
tive participants in the UHF power FET 
market. As fabrication techniques im¬ 
prove, FET technology will command an 
even greater share of new designs. 

Another class of FET is the static induc¬ 
tion transistor (SIT), a new development 
that has yet another gate configuration. 
The SIT shows great promise in pulsed 
power applications in the HF/VHF/UHF 
range, and is fabricated in a highly repro¬ 
duceable manner. Prototype units have 
demonstrated power at the 200 watt level 
(CW) at 225 MHz, and promise even 
higher power at lower frequencies and in 
pulsed mode. SITs are already in use at 
audio and ultrasonic frequencies, and ap¬ 
plications at RF are being developed right 
now. 

Passive Components 
Higher power requires coupling capaci¬ 

tors with greater current handling capaci¬ 

ty, terminating resistors of higher wattage 
and low reactance, and magnetic materi¬ 
als with lowest temperature rise and high¬ 
est electrical stability. Capacitor manufac¬ 
turers have made great improvements in 
large chip capacitors for RF applications, 
responding to the need for power han¬ 
dling, as well as the higher voltages util¬ 
ized by some FETs. Resistors and termi¬ 
nations are available with higher power in 
smaller spaces. New ceramic materials 
allow a greater resistance stability with 
temperature rise, making smaller attenua¬ 
tors and terminations possible. 

Magnetic materials are in demand, too. 
Transformers and inductors are integral to 
all power amplifier designs, and at least 
at HF and VHF frequencies they are the 
primary means of coupling and combin¬ 
ing transistors and amplifiers. Ferrites and 
iron powders are by nature lossy and the 
challenge continues to provide electrical 
stability at high power levels. 

Combining Techniques 
At higher frequencies, above about 100 

MHz, transmission-line combining net¬ 
works remain the primary means of sum¬ 
ming the power of transistors and ampli-
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fier modules. While the basic techniques 
have not changed for some time, some of 
the recent component developments (ter¬ 
minations, substrates, coaxial cables) have 
made it possible to reduce losses and im¬ 
prove the accuracy of these combiners. 
A major application requiring maximum 
precision and stability of transmission-line 
couplers and combiners is phased-array 
radar. 
Another type of radar is pushing for¬ 

ward the state-of-the-art at HF: over-the-
horizon-radar (OTHR). One company in 
the middle of OTHR system develop¬ 
ment is Werlatone Inc. This firm has 
developed combiners to go from indivi¬ 
dual 600-watt modules to 25 kW com¬ 
bined outputs over a frequency range of 
1-200 MHz. The SITs noted earlier are be¬ 
ing developed to cover this wide band¬ 
width required for OTHR. To monitor this 
high power phased-array system, Werla¬ 
tone has also developed a high power 
precision directional coupler to provide 
continuous power monitoring calibration. 

At the 25 kW level, the low distortion re¬ 
quired for the OTHR system ruled out the 
use of ferrite loaded combiners. An air¬ 
core design was developed using hardline 
transmission line and high power external 
terminations. Werlatone’s unique (and 
proprietary) development is the use of all 
standard 50 ohm loads rather than the 
usual 2R or R/2 terminations. Over the 
5-28 MHz range, the final design will han¬ 
dle 40 kW with an insertion loss of about 
0.2 dB and port-to-port isolation of 20 dB. 
Although a specific application developed 
by Werlatone, this combiner represents 
the type of applications RF power engi¬ 
neers are being asked to develop. 

Amplifier Design 
Implementing an amplifier design using 

some of these new devices and system 
techniques requires a combination of 
analytical and creative engineering. 
Selecting the right device for an applica¬ 
tion is certainly not an obvious matter. Op¬ 
tions include internal matching, different 
gain characteristics, biasing and oper¬ 
ating voltages, single or multi-chip con¬ 
figuration, plus all the subtle (and not so 
subtle) variations found among the power 
FET fabrication methods. 
One goal the engineers strive toward is 

maximum efficiency. Of course, the match¬ 
ing networks can be optimized and oper¬ 
ating parameters can be chosen for most 
efficient operation, but the real progress 
has been in the switch-mode classes of 
amplification. Class D, E and higher 
modes offer greater efficiency than Class 
A, B or C, but at the cost of linearity. CW 
and certain pulse applications have no 
need of linearity, nor does FM. For these 
applications, operating a transistor as a 
switch is the most efficient means of 
amplification. Shaping the driving pulse 
can improve a specific device’s efficiency 
by compensating for its input capacitance 
and its FT limitations. 
So far, this is an application for lower 

VHF and HF, since the square wave of a 
switching amplifier contains the funda¬ 
mental frequency and harmonics (some 
applications limit the driving waveform to 
the fundamental, 3rd and 5th harmonics). 
The 80 percent efficiency figures achieved 
are very attractive in high power commu¬ 
nications and industrial uses, where a 
considerable savings in electrical power 
can be realized. 

Linear applications such as AM and 
SSB require modulation of a switched 
amplifier. AM modulation of Class D and 
E amplifiers has been used for over ten 
years in mediumwave and shortwave 
broadcast transmitters. Less widespread 
is the use of SSB with switching ampli¬ 
fiers. SSB requires the stripping of the 
amplitude components from the modulat¬ 
ing waveform, then restoring them by 
amplitude modulating the final amplifier. 
The varying frequency components are 
unchanged by the amplifier chain. In this 
method, the time delays of the RF signal 
and the amplitude envelope must be 
equal for proper recombination at the 
output. 
Wider bandwidths and higher frequen¬ 

cies present RF engineers with design 
challenges, too. Input and output match¬ 
ing has to be efficient over the desired 
bandwidth, and also must include what¬ 
ever compensation is needed for the vari¬ 
ations in device characteristics. Higher 
frequencies require accurate and consis¬ 
tent mechanical construction. The larger 
devices and their higher powers force 
designers to include voltage, current and 
thermal considerations for all parts of the 

circuit, from the conductors on a substrate 
laminate to the decoupling chokes and 
capacitors. 

System Considerations 
Perhaps the item at the top of the list 

of performance requirements is reliability. 
Commercial and military needs both in¬ 
volve reliability for safety, effectiveness 
and economic reasons. Since power tran¬ 
sistors are inherently less forgiving of their 
operating environment than the tubes that 
preceded them, protection and isolation 
circuitry has to be designed into an ampli¬ 
fier system. One technique used by Micro¬ 
wave Modules and Devices and by ENI 
involves the use of 90° couplers to com¬ 
bine the outputs of several transistors. 
The primary advantage of this method is 
that it reduces VSWR sensitivity of the 
system, both at the input and output. An¬ 
other advantage over the more common 
push-pull operation is better suppression 
of odd-order harmonics. 

Soft failure is another aspect of reliabili¬ 
ty in a combined-amplifier system. If one 
module fails, it is important that the en¬ 
tire system not be shut down. The 90° 
combining scheme noted above provides 
isolation between amplifiers, limiting the 
effect a failed module has on a system. 
Hybrid combiners are designed to dump 
any power due to a system unbalance into 
a resistive load. Standard design results 
in a system of four modules being able to 
operate at one-fourth rated power if one 
module fails. The unbalance caused by 
a failure results in dissipation of a sub¬ 
stantial amount of power in the loads, but 
allows continued operation of the system. 
The additional protections usually in¬ 

cluded in solid-state RF power amplifier 
systems are: overvoltage, overcurrent, 
high VSWR, low or high drive power and 
temperature. While these are straightfor¬ 
ward requirements, it should be noted that 
the protection circuits themselves have to 
be highly reliable. 

Summary 
This report has only pointed out some 

highlights of current work in RF power. 
There are a lot more ideas being worked 
on in the component manufacturers’ labs, 
and on the workbenches of design engi¬ 
neers in all parts of the RF industry. HI 
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rf featured technology 

Iron Powder Cores for 
RF Power Applications 

By Jim Cox 
Micrometals, Inc. 

As RF engineers strive for higher power, 
they need to have the right components, 
capable of handling that power. The pur¬ 
pose of this article is to present new in¬ 
formation which will allow the RF design 
engineer to select the proper iron powder 
core for inductors and transformers han¬ 
dling power in the 250 kHz to 5 MHz fre¬ 
quency range. Much of the data present¬ 
ed can be used for applications through¬ 
out the HF range. 

Iron powder cores are commonly used to produce high Q inductors and trans¬ 
formers for selective circuits. Iron powder 
cores used in RF applications are com¬ 
posed of extremely small particles of high¬ 
ly pure carbonyl iron, the distributed air¬ 
gap of iron powder cores contributes to 
their rather low permeability and very 
good stability. In applications involving low 
level signals, the choice of core size, 
material and winding is normally based 
on required Q and/or packaging require¬ 
ments. A listing of the general magnetic 
properties of carbonyl iron powders is 
shown in Figure 1. 
Low level broadband transformers and 

RF chokes are commonly built on high 
permeability ferrite cores. Ferrites are a 
non-metallic, ceramic ferromagnetic com¬ 
pound with a spinel crystalline structure. 
Ferrite cores have higher permeability 
than iron powder cores, but are less 
stable. While much of the information 
presented here will be applicable to fer¬ 
rite cores, the data presented is primarily 
intended for iron powder cores. 

Inductor and transformer applications 
involving higher power signals require ad¬ 
ditional considerations. A common mis¬ 
conception is that core saturation is the 
primary limiting factor in selecting a core 
for RF power applications. While it needs 
to be determined how much voltage drop 
or current flow a given inductor or trans¬ 
former can support before a limit is 
reached, this limit will be either magnetic 
saturation or excessive temperature rise 
resulting from both winding (copper) and 
core material losses. 

General Magnetic Properties 

Resonant Circuit 
Basic Material Temperature Frequency Range1 Color 

Mix # Iron Powder Permeability (po) Stability (♦) (MHz) Code 

1 Carbonyl C_ 20_ 280 ppm/°C_ .15-2.0_ Blue_ 

2 Carbonyl E_ TO_ 95_ ,25-10._ Red_ 

3 Carbonyl HP_ 35_ 370_ ,02-1.0_ Gray 
6 Carbonyl SF 8.5 35 2.0-30. Yellow 

7 Carbonyl TH 9.0 30 1.0-20. White 

8 Carbonyl GQ4_ 35_ 255_ .02-1.0_ Orange_ 
10 Carbonyl W 6.0 150 10-100 Black 

12 Synthetic Oxide 4J)_ 170*_ 20-200_ Green/White 

15 Carbonyl GS6 25 190 10-3.0 Red/White 

17 Carbonyl 4.0 50 20-200 Blue/Yellow 
22 Synthetic Oxide 4.0 410* 20-200 Green/Orange 

0 Phenolic 1 0 50-250 Tan 

'Frequency range indicated is for maximum Q. For wide-band applications where high Q is not required, 
the useful frequency range will typically extend 10 to 100 times higher. 
• Non-linear 

Figure 1. Table of iron powder core materials. 

Figure 2. Core saturation determination. 

Magnetic saturation is the point at which 
an increase in magnetization force does 
not result in any further increase in flux 
density. This implies that there will be a 
loss of permeability. An inductor will show 
a decrease in inductance and a transform¬ 

er will show both a decrease in impe¬ 
dance and will not transform the addi¬ 
tional signal. Carbonyl iron powders typi¬ 
cally reach their maximum permeability 
at about 3,000 gauss and then begin to 
saturate. They reach full saturation at ap-
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Figure 3. Core loss vs. AC flux den¬ 
sity for -6 material (u = 8.5). 

proximately 10,000 gauss. This character¬ 
istic is illustrated in Figure 2. 
With continuous sinewave signals, iron 

powder cores are limited by temperature 
rise resulting from losses rather than 
magnetic saturation. Temperature rise re¬ 
sults from losses in both the winding and 
the core material. The fundamental wind¬ 
ing losses are equal to l2R where I is the 
RMS current flowing in amperes and R 
is the effective AC resistance. At high fre¬ 
quency the current carried by a conductor 
tends to be concentrated near the surface 
(skin effect). The skin depth of the AC cur-

example, at 1 MHz a wire larger than #35 
AWG will not be fully utilized and will thus 
show an increased AC resistance. Due to 
this, the use of a large number of strands 
of fine wire that are insulated from each 
other and interwoven can be useful in re¬ 
ducing the AC resistance of conductors 
at high frequency. Such a conductor is 
known as litz wire. Practical litz conduc¬ 
tors are very effective at frequencies 
below 500 kHz, but begin to lose effect 
above 3 MHz. 

Core Losses 
Figures 3 and 4 show core loss graphs 

for two iron powder core materials (Micro¬ 
metals, Inc. materials 6 and 2) with perme¬ 
abilities of 8.5 and 10. The losses generat¬ 
ed by the core materials were determined 
experimentally. The total loss of a wound 
coil was measured and the losses due to 
the test set-up, the winding, and the core 
material were separated. The information 
presented is for the core material alone. 

Figure 6. Percent winding loss for 
single-layer coils. 

Power dissipation (mW/cm1) 
Core 10 C 25 C 40 C 
T30 400 1148 2026 
T37 412 1170 2065 
T44 310 884 1556 
T50 307 874 1535 
T68 234 664 1167 
T80 212 602 1056 
T94 160 454 802 
T106 114 322 566 
T130 117 331 582 
T157 94 266 468 
T200 87 260 436 
T300 62 186 327 
T400 43 130 228 

Figure 5. Chart of power dissipa¬ 
tion for various core sizes. 

Figure 4. Core loss vs. AC flux den¬ 
sity for -2 material (u = 10). 
rent in a copper conductor at room temp¬ 
erature is described by: 

6.62 
Skin Depth (cm) = ̂ =-

where f is frequency in hertz. 
Wire size should be chosen for a skin 

depth equal to the conductor radius. For 

als were determined experimentally. The 
total loss of a wound coil was measured 
and the losses due to the test set-up, the 
winding, and the core material were sep¬ 
arated. The information presented is for 
the core material alone. 
The core loss is expressed in milliwatts 

per cubic centimeter as a function of peak 
AC flux density (DC flux does not gener¬ 
ate core loss) for a number of frequencies 
from 40 kHz to 5.0 MHz. This power dissi¬ 
pated by a core will generate temperature 
rise. The formula used which describes 
this relationship is: 

Temp. Rise (°C) = 

Power Dissipation (Milliwatts) 833

Surface Area (cm2) 

This formula provides a reasonable ap¬ 
proximation for the temperature rise of a 
core in free air. In other environments, 
such as moving air or an enclosed case, 

other relationships will need to be used. 
With constant power dissipation, it typical¬ 
ly takes a core about 2 hours to reach its 
final temperature. Applications involving 
low-duty or intermittent operation can time 
average the losses. 

It is important to limit the operating 
temperature of inductors and transformers 
using iron powder cores. Long term op¬ 
eration of iron powder cores above 100°C 
can cause a permanent reduction in both 
Q and inductance. 
A listing of the power dissipation in milli¬ 

watts per cubic centimeter for tempera¬ 
ture rises of 10, 25 and 40 degrees C for 
most of the common iron powder core 
sizes is shown in Figure 5. For those not 
familiar with the part numbering system: 
A T30 is a toroidal core with an outside 
diameter of about .30 inches, while a T400 
is a 4.00 inch outside diameter toroid. It 
can be seen that the physically small 
parts can dissipate more power per unit 
volume than the physically large parts. 
The peak AC flux density (Figures 3 

and 4) for sinewaves is described by Fara¬ 
day’s Law: 

E 10» 
B = 4.44 A N f 

Where: 
B = Peak AC Flux Density (Gauss) 

(1 Gauss = 10—* Tesla) 
E = RMS Sinewave Voltage (Volts) 
A = Core Cross-Sectional Area (cm2) 
N = Number of Turns 
f = Frequency (Hertz) 

This form of Faraday’s Law is general¬ 
ly more useful for transformer applications 
where the applied voltage is normally 
known. For an inductor, 

E = 2n f LI 

Where: 
E = RMS Sinewave Voltage (Volts) 
f = Frequency (Hertz) 
L = Inductance (Henries) 
I = RMS Current (Amperes) 
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Comparing the core loss characteristics 
of the three materials shown in Figures 
4, 5 and 6 at a particular frequency does 
not indicate a significant difference in the 
power dissipated in milliwatts per cubic 
centimeter at a given AC flux density. 
However, with further investigation it be¬ 
comes evident that for a given inductance 
and voltage, the lower permeability mat¬ 
erials generate less AC flux density and, 
thus, lower core loss, than the higher 
permeability materials. 

Coils wound on lower permeability mat¬ 
erials, however, require more turns than 
higher permeability materials to produce 
the same inductance, and will, therefore, 
produce greater winding loss. In general, 
the best compromise in performance will 
occur when the winding and core losses 
are approximately equal. 
While the distribution of total loss be¬ 

tween the core and winding for any given 
frequency is dependent on the winding 
details, as well as the physical size of the 
coil, it is useful to have a rough approx¬ 
imation of this distribution. Figure 6 illus¬ 
trates this distribution for three iron pow¬ 
der core materials over the frequency 
range of 250 kHz to 5.0 MHz with a typical 
single layer winding. This graph shows 
that at a frequency of 1 MHz, of the total 
loss generated in a typical coil wound on 
material 2, about 40 percent of that loss 
is due to the winding. In the higher perme¬ 
ability material 15, at 1 MHz, about 10 per¬ 
cent of the total loss generated is due to 
the winding. With this guideline, it is then 
possible to estimate how much core loss 
can be tolerated without exceeding rea¬ 
sonable temperature rise limits. 

In an effort to take the basic core loss 
data, which is expressed in magnetic 
terms and present it in more common en-

gineering terms, application curves have 
been generated by Micrometals, Inc. The 
set of curves shown in Figure 7 shows the 
maximum voltage as a function of induc¬ 
tance (and inductive reactance) for var¬ 
ious core sizes in Micrometals material 2 
at a frequency of 1 MHz for a temperature 
rise of 25°C due to core loss. These 
curves are based on continuous sinewave 
signals. A similar set of curves in terms 
of current as a function of inductance ap¬ 
pears in Figure 8. Similar graphs are avail¬ 
able for other frequencies and core mater¬ 
ials from Micrometals, Inc. 
The use of these curves can be illustrat¬ 

ed with the following examples: 
1) If an inductor application at 1 MHz 

requires 10 uH (microhenries) and the AC 
RMS current level is 1 ampere, Figure 10 
shows that a T68 size core will be required 
(Part number T68-2). It can also be seen 
in Figure 9 that this condition corresponds 
to a voltage drop across this coil of about 
70 volts. 

2) To select a core for a transformer re¬ 
quiring 100 ohms of primary inductive re¬ 
actance and capable of supporting 200 
volts RMS, Figure 9 should be used. This 
shows that 100 ohms of reactance is equal 
to 15.9 uH and that a T157 size core will 
be required to support the 200 volts RMS. 

Inductance ratings in microhenries for 
100 turns are commonly provided by iron 
powder core manufacturers. The number 
of turns required to produce a desired in¬ 
ductance for a core with a known induc¬ 
tance rating is given by: 

Material 2 — 1 MHz 

Core 
T30 
T37 
T44 
T50 
T68 
T80 
T94 
T106 
T130 
T157 
T200 
T300 
T400 

Watts 
21 
26 
37 
49 
88 
125 
160 
236 
331 
515 
794 
1127 
2108 

Required Turns = 

100 
desired L (uH) 

L rating uH/100 turns 

vs 

In example (1) the T68-2 has an induc-

Figure 7. Maximum AC RMS voltage 
characteristic. 

Figure 8. Maximum AC RMS current 
characteristic. 
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Figure 9. “Power Rating’’ for 25C 
temperature rise due to core loss. 

tance rating of 57 uH for 100 turns and 
will thus require 42 turns for 10 uH. The 
T157-2 in example (2) has an inductance 
rating of 140 uH for 100 turns. The 15.9 
uH will require 34 turns. In general, for in¬ 
ductors, the largest wire which will fit in 
a full single layer will produce the best 
results. A winding table with this informa¬ 
tion is available. 

It is further possible to define a “power 
rating” for the various core sizes. This 
“power rating” will be defined to be the 
product of the current flowing through a 
coil times the voltage being dropped 
across that coil. For a given temperature 
rise due to core loss, this product is in¬ 
dependent of the number of turns wound 
on the core. Figure 9 shows this informa¬ 
tion for material 2 at 1 MHz. 

Summary 
The selection of the core size and mat¬ 

erial for RF power inductors and trans¬ 
formers has typically relied on the “cut 
and try” method. New data and applica¬ 
tion information is now available which 
allows the design engineer to more easily 
and accurately select the optimum iron 
powder core size and material for these 
applications. H 
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price range. It offers complete GPIB programmability and a new standard in ease 

of operation. At twice the price, 
the 6400 would still be a bargain. 

Our engineers gained exceptional stability and accuracy by “locking” the fre¬ 
quency to a crystal marker at the beginning of every sweep. Because frequency is 
always on the mark, you won’t waste time looking for traces that have drifted off the 
screen. You’ll have excellent repeatability of test data taken on very narrow band¬ 
width devices. Even if tests are made days apart. 



et the drift. 
Dynamic range is 71 dB (+ 16 to 

— 55 dBm). Use the Wiltron 6400 for the 
most demanding applications including 
TV tuner, cellular radios, filters, ampli¬ 
fiers, diplexers and DBS. For a permanent 
record, test data are plotted in graphical 
or tabular format on an optional ink¬ 
jet printer. 

The 6400 is a joy to use on the pro¬ 
duction line, in the laboratory, or out in 
the field. 

Autoscaling can be used to automat¬ 
ically select the optimum display for your 
device. The display is fully annotated to 

Specifications 
Signal Source 
Frequency Range: 

Model 6407: 1 to 1000 MHz 
Model 6409: 10 to 2000 MHz 

Frequency Accuracy: ± 100 kHz 
Frequency Resolution: 10 kHz 
Leveled Output Power Range: +12 dBm to +0.1 dBm 

Optional attenuator: + 10 dBm to — 70 dBm 
Harmonics: < - 30 dBc 
Nonharmonic spurious: < - 40 dBc 
Network Analyzer 
Dynamic Range: +16 dBm to — 55 dBm 
Vertical Display Resolution: 0.003 dB maximum 
Horizontal Display Resolution: 101, 201, or 401 points. 
Normalization: 800 points, automatically interpolated for ranges 
less than full range. 
Markers: up to 8. 
SWR Autotesters 
Directivity: 40 dB 
Impedance: 50 or 75 ohms 
lest Port Connector: Type N or BNC 
RF Detectors 
Impedance: 50 or 75 ohms 
lest Port Connector: Type N or BNC 

Test Data on Friday, 10:15 AM: 
Ml Marker Frequency: 104-72 MHz 
Passband Amplitude at Ml Marker: —4 82 dB 

Test Data on Wednesday, 3:30 PM: 
Ml Marker Frequency: 104.72 MHz 
Passband Amplitude at Ml Marker: —4 86 dB 

ensure accurate, confusion-free 
interpretation of test data. 

You get fast production test 
times since frequencies can be 
changed without recalibration. 
Go/no-go limit lines and up to 
eight markers, which can be set 
to test points of interest, make 

readings easier. Costly setup time is eliminated by storing up to nine front panel 
setups in memory. 

In addition to the 6400 s 17.8 cm (7 in.) display, there’s a composite video out¬ 
put which will drive a larger screen. Production people love it. And with a weight of 
only 16 kg (35 lb), the 6400 can be carried to the most inaccessible repeater station. 

Now in a single instrument, you get everything you need to make fast, accu¬ 
rate RF measurements. And you don’t get the drift. 

For more information, contact Wiltron, 490 Jarvis 
Drive, Morgan Hill, CA 95037'2809. Tel: (408) 778'2000. 

WILTRON 
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tfi/emc corner 

Metalized Mica Improves 
EMI Shielding 

By Mark H. Gomez 
Assistant Editor 

EMI shielding often proves to be an ex¬ 
pensive, troublesome affair. This article 
discusses a cost effective alternative 
developed by Wilson Fiberfill Interna¬ 
tional. Conventional methods include a 
properly selected metal alloy placed 
around or adjacent to a circuit component 
to suppress radiated magnetic fields inter¬ 
fering with other nearby components or 
vice versa. The new method utilizes 
nickel-coated mica compounds to achieve 
the same results. 

There seems to be a crying need for a 
cost effective method of electro¬ 

magnetic interference (EMI) shielding. 
The factors that should be considered for 
effective shielding should include mag¬ 
netic properties, physical properties, 
technological properties, and of course 
the economic standpoint. Permeability of 
a material determines the magnetic con¬ 
ductivity. The saturation flux density is im¬ 
portant in the shielding of strong magnetic 
fields. The electrical conductivity, thermal 
expansion, corrosion behavior, workabili¬ 
ty, price, design and production aspects 
are of definite importance. This can be 
achieved satisfactorily utilizing a poly¬ 
propylene resin base with a 45 percent 
loading of nickel coated mica filler which 
provides up to 40 dB of signal attenuation. 
The need for secondary coatings such 

as conductive paints and zinc sprays is 
eliminated with this process. Mica is a low 
cost substitute for fiberglass but it essen¬ 
tially provides the same stiffness and 
dimensional stability. Solving warpage 
problems are inherent in the conductive 
mica filler. Conductive mica filler also pro¬ 
cesses well since it is easily molded. It 
provides long-life shielding without flak¬ 
ing or chipping. Another advantage is that 
mica utilizes existing mold tooling built for 
amorphous thermo plastics such as acry-
lontrile-butadienestnyene (ABS). Even at 
high loading, the nickel coated mica com¬ 
pounds can be processed virtually the 

Figure 1. An initial application — a snap fit connector hood. 

same as any mineral filled polypropylene. 
Nickel coated mica could provide greated 
conductivity without the sloughing that’s 
associated with carbon blacks now being 
used in blow molding conductive 
containers. 
The nickel coated mica is based on a 

micro-flake. Mica is used because it has 
an aspect ratio of 50:1; nickel is used for 
its excellent electrical properties. Nickel 
is easily dispersed in the compound as 
compared to long metal fibers resulting 
in a uniform homogenous nickel coated 
mica throughout the part and hence uni¬ 
form shielding is achieved. The nickel 
coated mica is a small particle filler which 
molds easily. Due to its size, the nickel 
mica flows through small gatings easily 
when compared to metal fibers which 
either break or foul at the gate. When 
compared to aluminum flake, the nickel 
flake gave better properties as far as 
dispersion and electrical properties were 
concerned. 

To achieve conductivity, high loadings 
of compound mica are needed because 
of the relative low aspect ratio of the filler. 
Due to their low surface resistivity, the 
compounds can be used where preven¬ 
tion of electrostatic discharge (ESD) is 
essential, for example in the direction of 
microprocessor circuitry. 
The cost of using nickel coated mica 

compounds is about one half that of using 
nickel coated carbon fiber compounds per 
cubic inch. The overall picture here is that 
the cost of providing EMI shielding can 
be reduced by utilizing the nickel coated 
mica compounds due to its low initial and 
manufacturing costs while delivering the 
same or improved characteristics. Other 
nickel coated mica materials are in 
development stages, including polycar¬ 
bonate, nylon and polybutylene tereph¬ 
thalate (PBT). 

For more information from Wilson 
Fiberfill International, please circle 
INFO/CARD #131. Hl 

48 February 1987 



Model 31 15 Double Ridge Guide 
1-18 GHz 

Model 3116 Double Ridge Guide 
18-40 GHz 

■I 

Model 3106 
Double Ridge Guide 
200 MHz-2 GHz 

Model TR3 Non-Metallic Tripod 
2268 kg capacity 

Model 3146A 
Log Periodic 
300MHZ-1 GHz 
tour other models 
available 

Model 1060 Turntable 
with controller and IEEE-488 bus option 

1-76 meter diameter available 

Model 6502 
Active Loop Antenna 

10 kHz-30 MHz 

Model 3109 Biconical 
20-200 MHz 

three other models available 

Model 3121 
Adjustable Element 
Dipole Set 
28 MHz- 1 GHz 

TEST WITH 
CONFIDENCE. 
ENGINEERED TO PERFORM 
If compliance testing is your pri¬ 

mary responsibility, you need top-
oi-the-line products you can count 
on. Like EMCO antennas, de¬ 
signed tor repeatable FCC/VDE 
testing. Manufactured for the strin¬ 
gent requirements of MIL-STD test¬ 
ing. With high sensitivity for 
TEMPEST testing. Most have VSWR 
ratios of less than 2:1. And all ex¬ 
hibit exceptional dynamic range 
and linearity. 

CALIBRATED INDIVIDUALLY 
Every EMCO antenna is individ¬ 

ually calibrated using both C63.4 
and ARP 958 standards, then ship¬ 
ped to you with a signed Certifi¬ 
cate of Compliance—a claim no 
other manufacturer of test anten¬ 
nas can make. 

MANUFACTURED 
WITH CARE 

We choose only the best and 
most durable materials for EMCO 
products. Then we pay close at¬ 
tention to details—machined tol¬ 
erances are often less than one 
one-thousandth of an inch. And 
while we've automated for effi¬ 
ciency, we still take the time to 
hand-assemble and inspect each 
one of our products. 

TWO-YEAR WARRANTY, 
SERVICE WORLD-WIDE 

Because we know how well 
every EMCO product is engi¬ 
neered and built, we can back 
each one with a two-year war¬ 
ranty—twice the industry stan¬ 
dard. And EMCO has more than 
30 representatives worldwide to 
help you—wherever you are. Call 
our 800 number for more informa¬ 
tion and the name of your EMCO 
representative. Ask for your free 
catalog of EMCO products, too! 

FIRST IN QUALITY 
FIRST IN PERFORMANCE. 

1-800-253-3761 

The Electro-Mechanics Company 
Call toll-free between 7:30 AM and 4:30 PM. (CST) 

In Texas, call 512-835-4684 International Telex: 797627 
P.O Box 1546. Austin. Texas 78767 
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The Bottom Line In 
Bipolar Performance 
Is Value 

BIPOLAR PERFORMANCE 

0.1 0.2 05 1.0 5.0 10.0 20.0 

FREQUENCY (GHz) 

It’s time for final decisions. The sales 
pitch has been heard, the data sheets read, 
the samples delivered. You now sit down 
by yourself, in your lab, on your test equip¬ 
ment, and see now they really perform. 

You’ll expect, of course, the very best 
gain and noise figure within your cost con¬ 
straints. That’s why NEC has introduced 
these new high performance bipolars, 
NE856 and NE680/681, in SOT23 and 
Micro-X packages at such reasonable 
prices... to give you value. 

For oscillator and gain stage applica¬ 
tions the NE856 is an excellent candidate, 
while the NE680/681 would be the ideal 
choice for your low noise, high gain re¬ 
quirements. Each of these NEC bipolars uses 
titanium, platinum, and gold, along with 
SiO2 and Si3N4 passivation to give you the 
highest reliability. 

Whether you're working in such areas 
as electro-optics, cellular radio, GPS, or 
MMDS, you can have that renowned NEC 
quality. And you’ll have it where it counts 
the most... on the bottom line. That’s value. 

Send for your free NEC bipolar brochure 
and data sheets. Our comprehensive bipolar 
line will have what you’re looking for... 
value. 

Quality Speaks For Itself 

NEC 
NEC Corporation 

See us at RF Technology Expo, 

CALIFORNIA EASTERN LABORATORIES 
3260 Jay Street, Santa Clara, CA 95054 (408) 988-3500 

Western (408) 988 3500 Eastern (301) 677 1310 
Canada (613) 726 0626 
Europe: NEC Electronics GmbH 0211/650301 
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Unprecedented Performers! 

The A-8000 Spectrum Analyzer. 
A step beyond the 

A-7550. 

Now 2.6 GHz frequency coverage! 

Fully synthesized. Tracking generator.* Quasi-peak detector. 
Truly portable. And again, an exceptional value! 

The new A-8000, quite simply put, is our response to 
industry’s demand for a higher frequency, yet still econom¬ 
ical, Spectrum Analyzer. 

Now, with two models and seven options to select 
from, you can custom configure the unit that meets your 
specific testing requirements. 

The commonality of the A-8000 and A-7550 offer you 
many benefits. Two powerful microprocessors, menu 
driven display modes and single function keyboard entry 
aid the user in the operation of all analyzer functions. To 
further increase the operational simplicity of the A-8000 
and A-7550, the microprocessor systems automatically 

A-8000 and A-7550 Features — All Standard: 
• Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz 
to 1 GHz • VRS™ (Vertical Raster Scan) CRT display ■ Single 
function keyboard entry ■ Menu driven display modes 
■ Automatic amplitude calibration * Selectable linear / log display 
modes ■ Digital storage of all displayed parameters ■ 70 dB 
dynamic range • 300 Hz resolution bandwidth ■ Selectable 
scan widths, 1-2-5 sequence + 0 and full scan ■ Accurate center 
frequency readout ■ Direct center frequency entry 
■ Automatically scaled electronic graticule ■ Variable top scale 
reference (+30 to -95 in 1 dB steps) • IF gain in 1 dB steps 
• Line, bar, average, compare and peak hold display modes 
■ 300 Hz and 30 kHz video filters ■ 106 to 266 VAC operation 
without switching • 12 to 30 VDC operation 

select and optimize the analyzer's bandwidth, sweep rate 
and center frequency display resolution, with manual 
override if desired. 

Increased flexibility...added features...and 
exceptional value continue to make IFR the logical 
choice when considering your next Spectrum Analyzer. 

Contact your IFR distributor or representative 
for a demonstration. 

‘Optional Features Include: ■ Internal rechargeable 5 APH 
battery for truly portable operation ■ Internal tracking generator 
with 1 dB step attenuator • FM I AM ISSB receiver ■ IEEE-488 
_ interface bus ■ RS-232 interface bus ■ 75Q adapter 

Internal quasi-peak detector 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita, Kansas 67215-8935 U.S.A. 
316 / 522-4981 / TWX 910-741-6952 

See us at RF Technology Expo, Booth #310. INFO/CARD 37 



Matrix Makes Switching 
as Easy as “OFF” or “ON” 

MATRIX MAKES 
SWITCHING A SNAP 
Whether you’re switching VHF, HF, IF, 
video, audio or DC, Matrix Systems 
makes it a snap. That's because we 
can tailor a system to your exact 
needs using Reed, CMOS, or Pin 
Diode relays. The chart tells the story. 

It pays to deal with a company like 
Matrix who really understands the 
switching business. We’ve been 
designing and delivering state-of-the-
art systems for over 15 years to 
defense contractors, government 
agencies, the TV industry, ATE 
manufacturers - and more. Built to the 
toughest electrical and packaging 
specs imaginable. 

BUILT TO YOUR SPECS 
Don’t spend months designing a 
custom switching system when we 
can do it faster and for far less 
money. We assume total system 
responsibility, including computer 
compatibility, control panel, status 
indicators, scanning functions and 
power supplies. We can switch any 
type of cable system: coax, twinax, 
triax, common ground, floating ground 
or twisted pair. And because our 
systems are modular, repairs can be 
made in minutes. 

MATRIX COVERS THE 
WHOLE FREQUENCY 
SPECTRUM 

BALANCED AUDIO 
4- ► 
CMOS RELAYS 

BALANCED AUDIO 
« ► 
REED RELAYS 

VIDEO 
«- ► 
CMOS COAX RELAYS 

VIDEO, IF, HF 
*- ► 
COAX & TWINAX REED RELAYS 

IF, HF, VHF 
◄- ► 

COAX PIN DIODE RELAYS 

4- ► 
0 FREQUENCY 300 MHz 

COMPUTER 
COMPATIBILITY 
Just apply a control input from your 
computer and the system will instantly 
route your signal to as many points 
as needed. 16 bit parallel interface is 
standard, and we also offer IEEE-488 
and RS232, all with status feedback. 

NEW PRODUCTS 
We have a lightweight portable 
system which is perfect for test, and 
service. Plus an ULTRA-FAST 
(microsecond range) pin diode coax¬ 
ial system. 

LEAVE THE SWITCHING 
TO US 
Don’t make switching a chore. Make it 
a snap. Matrix has the answers to 
your switching problems, no matter 
how tough they may be. 

oooooo oooooo 
oooooo oooooo 
oooooo 

MATRIX SYSTEMS CORPORATION 
5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 
(818) 992-6776 • TWX 910-494-4975 
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rf designer’s notebook 

PIN Diode Switches — Part II 

By Andrzej B. Przedpelski 
A.R.F. Products, Inc. 

The series type PIN diode switch is 
another widely used RFSPST switch con¬ 
figuration. Instead of short-circuiting the 
RF path in the OFF condition, as in the 
shunt configuration, it provides an open 
circuit. Ideally, all RF power is reflected 
back to the source and absorbed there. 
In the ON condition, its effect on the cir¬ 
cuit should be minimal. 

In the series switch configuration, shown in Figure 1, the most important diode 
characteristic in the diode nonconducting 
condition (switch OFF) is its capacity, Cd 

(Figure 2). 
Putting diodes in series increases the 

isolation by reducing the total effective 
series capacity. This effect decreases as 
the number of diodes increases, unless 
transmission lines are used between the 
diodes to transform the diode reactances 

(Figure 3). In this case, however, the op¬ 
timum line length is not exactly 90 de¬ 
grees, but depends on the diode capacity. 
This effect is shown in Figure 4. 

Series Switch — ‘On’ Condition 
The diode resistance, Rd, in the con¬ 

ducting condition, determines the inser¬ 
tion loss, as shown in Figure 5 The 
equivalent circuit of Figure 1 (a) is used, 
which causes the ideal insertion loss to 

Figure 1. Series PIN diode switch. Figure 2. Isolation vs. diode capacity. 

Figure 3. 2-PIN diode switch. 
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be 6.02 dB. 
The above analyses neglect diode lead 

inductances. In most cases these 'eac-
tances can be neglected. However, ir very 
critical high frequency applications, they 
can be taken into account using one of 
the many available network solving pro¬ 
grams. 

When the number of diode sections in¬ 
creases, so does the total maximum isola¬ 
tion in the OFF condition. The usual 
precautions have to be taken to prevent 
direct signal leakage across the switch. 

Part III of these PIN diode notes will 
deal with T/R switches. Look for it in an 
upcoming issue. H 

About the Author 
Adrzej B. Przedpelski is vice presi¬ 

dent, development of A.R.F. Products, 
Inc., 2559 75th St., Bouder, Colo. 
80301. He serves as consulting editor 
to RF Design. 

Figure 4. Two diode isolation vs. line length. Figure 5. Loss vs. diode resistance. 

CONTINUOUS CREATIVITY. .. 

G lasteel Industrial Laminates 
Make a World of Difference 

Glasteel, the leader in contin-
. uous lamination technology. 
Manufacturers of high quality, 

low cost electrical grade copper clad 
circuit industry. 

Clasteel Industrial Laminatès 

See us in Booth 2698A 

Wfsr '87 
February 24 26. 1987 
Anaheim Convention Center 
Anaheim. California 

For samples and information contact: 
Dave Barrell, National Sales/Marketing Manager 

(818) 357-3321 or write Glasteel Industrial Laminates, 
P.O. Box 217-1727 Buena Vista St., Duarte, CA 91010 

^^COHNBCr^ 

90 See us at RF Technology Expo, Booth #451. 
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Where Are the RF and Microwave 
Component Distributors? 

Ready Access to Components Saves 
Time and Money 

By John F. Locke 
and Northe K. Osbrink 
Avantek, Inc. 

For most areas of the electronics in¬ 
dustry it is standard procedure to pur¬ 
chases “commodity" electronic compon¬ 
ents through a stocking distributor rather 
than directly from the manufacturer. The 
distributor is usually the supplier of choice 
for the engineering laboratory and pilot 
production line, where the need for com¬ 
ponents is variable and immediate. All of 
the advantages of dealing with a dis¬ 
tributor apply to the RF/microwave field as 
well as to the general electronics world. 

The distributor maintains a stock of 
components, with most items avail¬ 

able for immediate delivery. Generally, the 
components carried by a distributor are 
available for delivery from stock in a week 
to 30 days; the same components from 
the manufacturer will often take 90 days 
or more for delivery in similar quantities. 
The delivery of “specials” can take even 
longer, of course. 
The distributor is organized for and in¬ 

terested in serving the small-to-medium 
quantity purchaser — with minimum order 
levels as low as $25.00 — as well as the 
OEM, and able to process orders profit¬ 
ably for a few components. By contrast, 
many manufacturers have substantial 
minimum requirements for direct-from-
factory orders due to their order-pro-
cessing costs. 
A distributor generally offers several 

complementary lines of components, 
which can greatly reduce the amount of 

Avantek's distributors carry their complete product line, including the popular MM IC 
amplifiers. 

“shopping" needed to complete a project. 
Many distributors also offer value-added 
assembly, technical and testing services. 
The distributor maintains a stock of data 
sheets and literature, and can provide 
helpful consultation to the engineer selec¬ 
ting a particular component. During the 
project design phase, a distributor can act 
as a “friend in the industry" who can ar¬ 
range contact with the manufacturer’s 
engineering staff if required. The distrib¬ 

utor already has the firm relationship of 
a major customer with the manufacturer. 

During the production cycle, the dis¬ 
tributor can be a valuable asset again. 
Emergency requirements for additional 
components can generally be met immed¬ 
iately. Most distributors are happy to ar¬ 
range contracted “just-in-time” delivery or 
to maintain a buffer stock to assure that 
production requirements are met. they 
can, in effect, serve as a warehouse for 
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Table 1: Microwave Components in Distribution 

MCL- i (3 GHz) i- i ~| 
MIXERS WJ (18 GHz) । i 1 

AVANTEK= (18 GHz) r 1 ' J 

COMLINEAR^ (0.1 GHz) ] 
TRW i (0.9 GHz) F 1 

AMPLIFIERS WJ = (2.5 GHz) g i 1 
MCL (2.3 GHz) I i] 
AVANTEK=| (18 GHz) ' ' ! J 

TRW ¿ (4 GHz) i ~| 
MOTOROLA^ (0.9 GHz) ] 

TRANSISTORS PLESSEY= (1.5 GHz) i ] 
H P === (4 GHz) I-  i ] 
AVANTEK=i(18 GHz) i | I ~| 
M/A i (4 GHz) i- i ] 

SWITCHES/ 
LIMITERS AVANTEK= (18 GHz) I l 

OSCILLATORS AVANTEK= (18 GHz) j 

1 10 100 1 10 18 
FREQUENCY MHZ GHz 

production components with no overhead 
cost to the manufacturer, which can 
significantly reduce the amount of cash 
tied up in production inventory. Most 
distributors will special-order components 
or stock special components if prior ar¬ 
rangements are made. In fact, the distrib¬ 
utor’s stock is built around what it sees 
as its customers’ needs. 

Finally, once a customer's credit is 
established, a distributor is often willing 
to arrange flexible financial terms and 
other special arrangements such as 
“future-ship” and “pack-and-hold.” 

Remarkably, such services of the dis¬ 
tributor generally come at no additional 
cost to the customer. For most products, 
the pricing is structured so that the cost 
of a component purchased through a dis¬ 
tributor is identical to that of the same 
component in the same quantity pur¬ 
chased directly. In fact, sometimes addi¬ 
tional order processing charges imposed 
by a manufacturer make the part less ex¬ 
pensive from the distributor. 

In order to take advantage of these con¬ 
veniences, of course, it is necessary first 
to find a distributor of RF and microwave 
components. For the designer requiring 
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For a power resistor that 
stays non-X up to vhf, 
there’s only one choice. 
The Carborundum® Type SP. Only the 
Carborundum ceramic power resistor 
behaves like a pure resistance rather than 
an inductor and/or capacitor. It operates 
from low audio frequencies up into the vhf 
range. Each unit is a solid body of resistive 
material. No windings, no film. Ideal for 
frequency-sensitive rf applications like 
feedback loops. 
And it gives you extremely high power 

density, with great surge-handling capabil¬ 
ity because it’s solid. 

Our Type 234SP, for example, is about the 
size of a 2-watt carbon comp, but dissi¬ 
pates a full 10 watts in 40°C ambient air. 
Moreover, it can consistently absorb 
surges of over 10X rated power for several 
seconds and come back for more with very 
little △ R. Forced-air-cooled, water-cooled 
or immersed in oil, it will handle even 
greater power overloads. 

Other Carborundum Type SP resistors— 
including high-power, water-cooled 
configurations—are rated from 2.5 to 1000 
watts. For further details, call or write us 
today. 

STANDARD OIL 
ENGINEERED MATERIALS 

CARBORUNDUM- ELECTRONIC 
COMPONENTS 

Standard Oil 
Engineered Materials Company 
Electronic Ceramics Division 
PO. Box 339 
Niagara Falls, New York 14302 
716278-2553 
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A new generation of power transistors for radar applications deliver ... 

A new dimension in power! 
MSC announces four new state-of-the-art high-power 
S-Band and ultra-broadband L-Band bipolar transistors 
specifically designed to meet the stringent junction 
temperature and performance requirements of today’s 
most advanced radar transmitter designs. These devices 
offer the highest power and lowest junction temperatures 
commercially available. 

S-Band/120W 

Freq. Po 
type No. (GHz) (W) 

AM 2729-110 2.7-2.9 125 

AM 2931-110 2.9-3.1 120 

Pulse = 50 g/4% Tf = 30°C 

L-Band/175W 

Freq. Po 
type No. (GHz) (W) 

AM 0814-175 0.85-1.4 175 

AM 1214-175 1.2-1.4 180 

Pulse = 120 g/4°/o Tf = 

Pg eff vcc Atjf 
(dB) (%) (V) (°C) 

7.0 40 40 65 

7.2 38 42 65 

pg eff vCc atjf 
(dB) (%) (V) (°C) 

7.7 52 35 75 

8.0 55 40 75 

30°C 

See us at RF Technology Expo, Booths #431 & 433. 

In addition to the inherent performance advantages 
shown in the typical data, an added benefit is that fewer 
devices are required. This results in: 

• Reduced system cost 
• Fewer power combiners/splitters 
• Reduced size/weight 
• Increased reliability (reduced parts count) 

Best of all, they’re available now ... in MSC’s field-
proven AMPAC™ hermetic package with full input and 
output internal matching. 

For further information, circle the bingo number. For more 
specific assistance contact your local MSC representative 
or our sales department directly at (201) 563-6300. 

MICROWAVE SEMICONDUCTOR CORP. 
A Siemens Company 
100 School House Road, Somerset, New Jersey 08873 

MSC . . . the experienced 
leader In advanced microwave 
technologies 
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Silicon transistors operating up to one or 
two GHz, most of the components may 
be available from the well-known stock¬ 
ing distributors. Unfortunately for the 
microwave designer using GaAs FETs, or 
needing such components as microwave 
mixers, varactor-tuned oscillators or 
hybrid or monolithic gain modules, the 
distribution is not nearly so universal or 
as well-developed. 

Why is this? Traditionally, the RF com¬ 
ponent market is not a “commodity" mar¬ 
ket. Each project has tended to require 
special component specifications or cus¬ 
tom configurations. Too, many RF com¬ 
ponent manufacturers are relatively small 
companies with limited production runs, 
making it difficult for a distributor to main¬ 
tain suitable stocking levels. Finally, RF 
components may not represent a signifi-

We re sending a signal, 
quiet and clear. 

Introducing Fluke’s 6061 A Signal 
Generator with premium spectral 
purity. 

Low SSB phase noise makes the 6061A 
a perfect source for signal simulation. And 
an excellent choice for use in large dynamic¬ 
range measurements. 

The 6061A has all the features of our 
popular low-cost 6060B Signal Generator 
plus enhanced low-noise performance. 
The IEEE-488 interface is included at no 
charge. 

For more information about Fluke’s 
signal generators, call 1-800-426-0361. 

Fluke 6061A_ 
frequency range_ TOKHz to 1050MHz 

Amplitude range_ » 13dBm Io -127dBm 

Accuracy_ ±1 OdB plus overrange 

Spurious_ __ < —60dBc 

Residual FM (lOOOMHz)_ 12Hzrmsin 3to3HzBW 

Typical SSB phase noise (1000MHz. 20KHz oltset)_ - 117dBcZHz 

cant enough percentage of its overall 
sales to justify a full line distributors car¬ 
rying them; and the distributor’s sales per¬ 
sonnel — experts in ICs, perhaps — are 
simply not familiar enough with RF com¬ 
ponents to support their sales effectively. 

However, there are some RF and micro¬ 
wave components available through dis¬ 
tributors, albeit specialized distributors 
and not necessarily the full-line suppliers., 
that one is likely to call for carbon resistors 
and potentiometers. 

Table 1 shows a brief summary of some 
of the types of products, by frequency 
range and manufacturer, that are carried 
by distributors. Among the products listed, 
Motorola RF semiconductors are carried 
by a large number of “full line” electronics 
distributors, as are ancillary components 
such as chip capacitors, chip resistors, RF 
connectos and RF-filtered feedthroughs. 
The other components from other manu¬ 
facturers are available only through spec¬ 
ialized RF and microwave products dis¬ 
tributors. 
As an example, Avantek stocking dis¬ 

tributors carry all standard products 
operating through 18 GHz. This includes 
200 types of semiconductors; 200 oscil¬ 
lators, including varactor- ard YIG-tuned 
units; 1000 amplifiers, 400 mixers 
and 200 control devices, including PIN-
diode switches and limiters; as well as 
cases, boards and hardware. Any distrib¬ 
utor has access to the inventory of the full 
network of distributors. Most also carry 
complementary related lines. For exam¬ 
ple, one Avantek distributor also carries 
Comlinear operational, video and linear 
amplifiers; Mini-Circuits amplifiers, at¬ 
tenuators, frequency doublers, limiters, 
mixers, phase detectors, power splitters, 
switches and transformers; Inmet Corp, 
attenuators, terminations, equalizers and 
DC blocks; Palco adapters, connectors 
and cable assemblies; Teledyne Micro¬ 
wave isolators and switches; Wavetek pro¬ 
grammable attenuators, turret isolators 
and fixed attenuators; and Huber & 
Suhner adaptors, cable assemblies and 
connectors. As more distributors and 
component manufacturers recognize their 
value to one another, the RF engineer will 
find greater convenience in obtaining the 
parts he needs. 0 

IN THE U.S AND NON-EUROPEAN COUNTRIES: John Fluke Mig Co , Inc . PO Box C9090. M/S 25OC Everett. WA 98206, Sales: (206) 356-5400. Ollier (206) 347-6100 
EUROPEAN HEADQUARTERS Fluke (Holland) BV. P0 Box 2269 5600 CG Eindhoven, the Nellieilands (040) 458045, TLX 51846 

© Copyrigh! 1987 John Fluke Mig Co.. Inc All rights reserved Ad No 2941-6061 

See us at RF Technology Expo, Booths #461 & 463. 
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Our rugged military 
DRO’s give you a 

stable flight 

M/A-COM’s high performance DRO's are an integral part of 
EW systems on today’s — and tomorrow's — military aircraft. Our 
compact DRO's withstand the harshest environments. That is why they’re 
onboard with the ALQ-99, ALQ-135, ALQ-161, ALQ-171, ALR-46, ALR-56, 
ALR-621, and RAPPORT. 

Our DRO’s are custom designed to meet your system requirements, 
and are developed with cost, quality, and producibility in mind, 
enabling us to offer our customers high volume, high quality production, 
at very competitive prices. 

When your next job requires unique packaging, rugged MIL SPEC 
performance DRO’s in the 3 to 25 GHZ range, come to M/A-COM OMNI 
SPECTRA, INC., Microwave Subsystem Division, to get your program off 
the ground. 

Omni Spectra, Inc. 
Microwave Subsystem Division 

2626 South Hardy Drive, Tempe, Arizona 85282 
(602) 966-1471 □ TWX 910-950-1296 □ TELEX 668-332 

M/A-COM Omni Spectra also produces VCOs, DTOs, GaAs FET amplifiers and multifunctional assemblies. 
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Step Up In Performance, 
Down In Size. 

- Hermetically Sealed Crystal 
/ & Oscillator 

Clean Room 
Manufacturing 

K Custom 
Integrated 
Circuit 

Processing 

Motorola VCXO’s Offer a 
Space Saving Dimension 
in System Design 
Motorola VCXO’s not only deliver the reliability and 
stability your applications demand. . .they also provide 
space saving dimensions for greater design flexibility! 
Hybrid and I.C. component technologies give the 
Motorola VCXO a space saving size of just .820" x 
.520" with a .355".seated height. Motorola’s new VCXO 
occupies only .426 in.' of board space compared with 
some competitive offerings of 2.25 in.2 or .714 in.2. 

tures of 0° to +70°C; varying input voltage and load 
changes; aging; shock; vibration and more. Deviation 
of ± 100 ppm is achieved over a voltage range of 0.5 Vdc 
to 4.5 Vdc. Wider deviation is optionally available. 

Inherent Reliability 
Motorola’s custom integrated circuit minimizes the 
number of components, resulting in a VCXO that offers 
outstanding reliability and consistency from unit to unit. 
The double hermetic seal with class 100 clean room 
processing enhances reliability. 

150" 150' 
860" 830' 

/Ö 350 ’ 
820V 835" 14335 

Mfr. X Mfr. Y MOTOROLA 

Superior Deviation/Stability Performance 
Motorola voltage controlled crystal oscillators are another 
example of Motorola high performance in a smaller, 
more efficient design. Motorola VCXO’s offer a wide 
frequency range of 3 to 24 MHz featuring superior 
frequency stability and deviation sensitivity. Our VCXO’s 
maintain a frequency stability of ± .0025 percent through¬ 
out a wide range of conditions: operating tempera¬ 

Phase-Lock Loop Applications 
VCXO’s are predominantly used in all phase lock loop 
applications for com¬ 
munications equipment 
and analog/digital inter¬ 
face as well as in LAN’s 
and other forms of com¬ 
puter-shared manage¬ 
ment systems. For phase 
lock loop applications, Motorola offers a wide variety of 
reference oscillators to fill your system needs. 

Contact us for complete information and samples at the 
following address: Motorola Inc. -Components Division, 
2553 North Edgington Street. Franklin Park, IL 60131. 
Phone: (312) 451-1000 EXT. 4835. TWX: (910)255-4619, 
FAX: (312) 451-7585, TELEX 499-0104. 

PHASE LOCK LOOP APPLICATION 

PHASÍ5RÍQ 
KT 

(M) MOTOROLA INC. 
Components Division 

©1986 Motorola. Inc. Motorola and A* are registered trademarks of Motorola, Inc. 

Motorola < omponents Division is a broad-based supplier of quality components for the electronics OEM. For more information about specific product lines, contact: 
Quartz Bars / Carlisle. PA (717) 249 1456 • Data Clocks, TCXOs, Crystals, Filters, Memory Backup Batteries / Franklin Park. IL (312) 451 1000. Ext 4835 

Piezo-Ceramic Speakers. Annunciators, Filters, Transducers. Displays I Albuquerque, NM (505) 822 8801 • Hybrid Circuits I Ft. Lauderdale. FL (305) 475 5000 
NiCd Batteries / Ft Lauderdale. FL (305) 475 5000 • Printed Circuit Boards / Schaumburg, IL (312) 576-8468 
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rf design feature 

Computer Enhanced 
S-Parameter Design 
A Program for Rapid Exploration 
of Design Options 

By Stanley Novak 
Instituto Militar de Engenharia 

In engineering practice we often need 
to design a high frequency amplifier using 
one particular device which best fits our 
requirements, for gain, frequency re¬ 
sponse, noise, etc. As S-parameters are 
increasingly used by manufacturers for 
characterization of high frequency trans¬ 
istors, a design procedure using those 
parameters, together with the Smith Chart 
to check stability conditions, is a natural 
choice. 

Calculations using complex numbers 
are fairly tedious, repetitive, and sub¬ 

ject to personal errors. The infinite multi¬ 
tude of choices makes it necessary to 
verify the design more than once to find 
best operating conditions for the amplifier. 
That purpose seems best suited for a 
computer synthesis program with various 
options for the designer to quickly check 
out alternate possibilities for realization of 
the circuit. To evaluate the alternatives, 
the author has developed the program 
presented below. 

Amplifier Design 
After selecting a suitable device the 

designer must match it at selected fre¬ 
quency to the chosen source and load. 
Source or load could be transmission line, 
another stage or some general complex 
quantity. To do this he needs to know the 
input and output reflection coefficients, 
which may be plotted on the Smith Chart. 
In case the device is potentially unstable 
(K<1), he also needs to plot stability circles 
to verify if the reflection coefficients will 
allow stable operation. At the same time 
he needs to know input and output im¬ 
pedances associated with the reflection 
coefficients, for matching-circuit design. 
The process of amplifier design can be 

divided into the following steps: at first we 
need to find if the selected device is stable 
or potentially unstable at the required fre¬ 
quency. For this, S-parameter design uses Figure 1. Program flow chart. 
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stability factor K (which for potentially 
unstable transistors is less than one), and 
is defined as: 

1+|SiiS22_S12S21 |-|S l1|2— |S22p 
K— - (1) 

2|S 12S21 | 

Only after evaluation of the stability fac¬ 
tor K can we proceed with amplifie' de¬ 
sign, because the approach will be dif¬ 
ferent for amplifiers with K<1 than with 
K>1. 

Transistors with K>1 
Let us take the simplest case with K>1 

where the amplifier will be unconditionally 
stable. In such a case we don’t need to 
know parameters of the stability circles. 
The program skips the printout for stability 
circle values since we don’t need to use 
the Smith Chart. If it is desired to include 
stability circle parameters, delete line 695 
and values will appear on the screen. 

Next, the program calculates the maxi¬ 
mum available gain for the chosen device, 
GM. Again there is a choice: we may aim 
for highest GM or for some lower gain G. 
If we want GM, the program is fairly 

PROGRAM CALCULATES STABILITY CIRCLES 
FOR INPUT AND OUTPUT OF TRANSISTOR 
AND CONSTANT GAIN CIRCLES 

S-PARAMETERS OF THE DEVICE 
GIVEN IN MAGNITUDE AND ANGLE 

TRANSISTOR MRF 571 
FREQUENCY 1Q00 MHZ 

INPUT PARAM. (11) =.61 178 
REVERSE PARAM. (12)=. 09 37 
FORWARD PARAM. (21) =3 78 
OUTPUT PARAM. (22) =.28 -69 

CHAR. IMP. OF THE LINE (OHM)? 50 
STAB. FACTOR K=1.036 

AMPLIFIER UNCONDITIONALLY STABLE 
MAX. GAIN IN DB'S=14.054 
MAX. NUMERIC GAIN=25.438 
WANT MAX. GAINCY/N)? Y - » TO TABLE lb 

(ALTERNATIVE CHOICE) 
IMPEDANCE TO MATCH SOURCE 
RS + XS=2.887 .56 

IMPEDANCE TO MATCH LOAD 
RL + XL=17.571 -73.95 

RMS - SOURCE REFL. COEFF. 
MAG=.89 ANGLE=-178 .711 

RML - LOAD REFL. COEFF. 
MAG=.8O6 ANGLE=66.097 

Table 1a. Example of unconditional¬ 
ly stable device (max. gain). 

straightforward, calculating input and out¬ 
put reflection coefficients together with 
corresponding values of input and output 
impedance needed for matching. In this 
case we also obtain a perfect match on 
both ends which may be verified by using 
a circuit analysis program around the de¬ 
sign frequency. The actual design of the 
matching network is not included in the 
program as many such programs are 
available. Also, the requirements for nar¬ 
row or broad band matching circuits are 
out of spectrum on this paper. 
The situation changes significantly if 

we requires lower gain than maximum 
(G<GM). Because the algorithm, so far, 
starts from output plane we need to find 
the location of so-called constant gain 
circles on the output plane for the chosen 
value of gain G. The treatment of this sub¬ 
ject can be found in the references. Such a 
circle is calculated by the program for any 
chosen gain and displayed cn the moni¬ 
tor. The values may be used later for plot¬ 
ting the circle on a Smith Chart, but for 
convenience the program has the option 
of automatic choice of minimum reflection 
coefficient on the output plane. This also 
provides for minimum standing wave ratio 

5000 MHz PULSE GENERATOR WITH 30 ps RISETIME 

Above Photos Include the 30ps Risetime of the Sampling Head. 

Our newest pulse gene'ator is ideally suited for testing GaAs systems and for driving fast laser diodes. It 
features pulse repetition rates from 10 - 5000 MHz, risetimes as low as 30ps, a true dual-channel capability, 
independent amplitude (2V max.), and offset controls (—5V to +5V) for each output. All settings are digitally 
displayed (Model PG5000A: $1 7,500). A 5V dual-channel version is also available for repetition rates upto 
3000 MHz, Model PG3000Aat$1 9,500. High powersingle-output versions include the Models PG 5000A-
4V to 5000 MHz and 4V output, and PG 3000A-1 OV to 3000 M Hz and 10V output, at $22,500 each. For your 
system integration applications, the output drivers of the above pulse generators are offered separately as 
clock drivers ($4,800 to $9,500). We also furnish six different dc-coupled clock drivers which operate to 
2200 MHz and to 5V per output. They feature variable risetime and duty cycle, programmable output 
amplitude and output offset, and sub-nanosecond gating capability ($995 to $3,500). 

In addition, our popular PG 1000A pulse generator offers both differential TTL (to 350 MHz) and differential 

Colby Instruments, Inc. 
Electronics Research & Development 
1810 14th Street, Santa Monica, CA 90404 
(213) 450-0261 

ECL (to 1000 MHz) with built-in source and variable 
duty cycle (1 V ECL: $7,700; 2V option: add $800). All 
prices quoted are U.S.A, list prices only. Complete 
specifications on all of our products are available on 
request. We also offer custom modifications to suit 
specific needs. 
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at the output of the device for easier out¬ 
put matching. In this case we could still 
avoid use of the Smith Chart. 

At this point it is also important to men¬ 
tion a fact often overlooked in the litera¬ 
ture: By choosing gain of the device less 
than maximum, we deliberately mis¬ 
matched the device. Therefore, the match¬ 
ing network can never provide a perfect 
match at the output, even if input is again 
perfectly matched by using values given 

by the program. 
From now on we will need the Smith 

Chart to check on calculated values. We 
may elect to use a value other than 
minimum reflection coefficient provided 
by the computer. For this we plot a con¬ 
stant gain circle on the Smith Chart and 
choose any value of reflection coefficient 
which terminates on the constant gain cir¬ 
cle. After determining its magnitude and 
angle from the Smith Chart we use the 

program option for selecting reflection 
coefficient instead of gain, load reflection 
coefficient in our case. Then we enter 
selected values and the program cal¬ 
culates the corresponding input reflection 
coefficient and impedances needed for 
match and the design is finished. 

Transistors with K<1 
Another case is design using a poten¬ 

tially unstable transistor (K<1). Here we 

WANT MAX. GAIN(Y/N)? N 

SELECT GAIN OR REFL. COEFF .(G/R) ?G —* (ALTERNATIVE CHOICE)-

GAIN IN DB'S? 12 
NUMERIC GAIN-15.848 

CONSTANT GAIN CIRCLE 
CENTER-0.534 ANGLE-66.097 
RADIUS-0.437 

MIN. REFL. COEF.-. 097 ANGLE-66.097* 

Doty Scientific 
RF POWER AMPLIFIERS 

SELECT GAIN OR REFL. COEFF. (G/R) ? R --
SOURCE OR LOADIS/L)? L - » TO TABLE 1c (ALTERNATIVE 
LOAD REFL. COEFF. AMPL. AND ANGLE? CHOICE) 
.097,66.097 

IMPEDANCE TO MATCH LOAD -a 
RL * XL -53.213 -9.538 

IMPEDANCE TO MATCH SOURCE 
RS ♦ XS—11.093 .776 

RMS - SOURCE REFL. COEFF. 
MAG-. 636 ANGLE—178.128 

RML - LOAD REFL. COEFF. 
MAG-. 097 ANGLE-66.097 

Table 1b. Example of unconditional¬ 
ly stable device with selected gain 
or reflection coefficient. We would like to introduce you to a new line of high perfor¬ 

mance broadband pulse amplifiers. These class AB units are 
fully protected against all drive levels, duty cycles, and load 
mismatches. Innovative transformer and circuit designs result 
in ultra-fast blanking and pulse response, and in low distortion 
and noise. In addition, these amplifiers come with a two-year 
unconditional warranty. 

"Please, 
my little 
girl needs 
blood’.’ 

Doty Scientific — Innovation, Performance, Reliability 
Guaranteed. 

SPECIFICATIONS 
Rise Time: less than 0.1 us to 90% 
Settling Time: less than 1 us to within 5% 
Fall Time: less than 1 us to -50dB 
Total Output Noise: 

Unblanked: 45dB above thermal 
Blanked: 25dB above thermal 

Typical Gain Characteristics 
Model 200A 

Flatness of response throughout power band¬ 
width is ±1.5dB at half rated power. 

20 -10 0 10 20 30 40 50 
Output power. dBm 

Control panel includes three rotary decade attenuators, directional pulse power meter 
with 0.3 us response time, and adjustable power limiter. 

Quiescent AC power demand is about 8% of rated RF pulse power. Total efficiency at 
full power is about 30%. 

Blood saves lives. And your company can 
make a major contribution to the constant 
need for blood in your community. Please 
contact your local Red Cross Chapter to 

see how easy it is to hold a blood drive at 
your company. 

GIVE BLOOD, PLEASE X 

POWER PULSE CW 
BANDPASS GAIN POWER POWER WEIGHT 

MODEL (MHz) (dB) (W) (W) (lbs) PRICE 
200A 7-140 48 200 50 44 $ 6,900 
400A 8-130 50 400 100 49 8,800 
800A 8-120 54 800 200 65 12,800 

Doty Scientific, Inc., 600 Clemson Road, Columbia, SC 29223 Phone: (803) 788-6497 

See us at RF Technology Expo, Booth #247. 
American 
Red Cross INFO/CARD 93 
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Paramixer. 
A Decisive Advantage In 
Winning The Wide-Band 
Dynamic Range Game. 
135 dB Spurious-Free 
Dynamic Range. 

At frequencies from HF to microwave. 

Paramixer™ Technology is a design archi¬ 

tecture which realizes the highest dynamic 

range frequency converters available 

today. 

Jamming Immunity (out-of-band dy¬ 

namic range) of radar and communica¬ 

tion receivers can be significantly 

enhanced even in the harshest environ¬ 

ments with a Paramixer front end. The 

Paramixer frequency converter is capa¬ 

ble of withstanding out-of-band interfer¬ 

ing signals of up to one watt without 

suffering in-band desensitization. The 

unequalled second-order intercept per¬ 

formance of the Paramixer frequency con¬ 

verter can permit frequency hopping 

tuning speed to be maximized by elim¬ 

inating the need for preselection filtering. 

Spur levels due to out-of-band jammers 

are reduced to levels presently attained 

by preselector designs. 

Optimal in-band dynamic range can 

be attained by incorporating Paramixer 

technology throughout the RF chain. 

Triple-conversion architectures can be 

realized with more than 90-db in-band 

spurious-free dynamic range in a 1 MHz 

bandwidth. 

more than — 100 dBc with 0 dBm input. 

Specifications For A Typical 
Paramixer Frequency Converter. 

Input intercepts: 

Third-order 

Second-order 

Noise figure 

LO power required 

DC power required 

>+ 45 dBm 

>+ 82 dBm 

<6.5 dB 

+ 17 to + 20 dBm 

<7 Watts 

Wide Frequency Coverage Applications -

HF To Microwave. Paramixer technology 

can be used to realize low spurs and high 

dynamic range in designs for wide-band— 

■ Frequency Converters 

■ Translators 

■ RF-to-Digital Converters 

■ Exciters 

■ Synthesizers 

Reduce synthesizer spurs by incorporat¬ 

ing Paramixer technology into critical 

frequency translator stages. Paramixer 

frequency converters have been designed 

having M X N products (M>3, N>2) at 

High-level Paramixer frequency convert¬ 

ers have been designed to handle contin¬ 

uous signals at power levels exceeding 

ten watts. Gain a winning advantage in 

the wide-band dynamic range game— call 

us today for details. 

Steinbrecher Corporation. 185 New 

Boston Street, Woburn, Massachusetts 

01801. Telephone (617) 935-8460, 

Telex 948600. 

Circle reader service number 47 

Steinbrecher 
Providing you with a decisive advantage. 

It is a Steinbrecher goal to provide 

our customers with a decisive 

advantage, gained through applied 

technology, superior engineering 

and high quality manufacturing. 

See us at RF Technology Expo, Booth #349. 



also need the Smith Chart to check on 
computed values. As before we have a 
selection of alternatives. After calculation 
of stability factor K<1, the computer prints 
the parameters of input and output sta¬ 
bility circles which may be plotted on a 
Smith Chart for further analysis. Then the 
value of maximum stable gain: 

MSG= 
|S21 | 

|S 12 | 
(2) 

is displayed to guide the choice of gain 
G, which should be smaller than MSG. 

In the simplest case we choose gain 
value rather than selection of reflection 
coefficient. From the chosen value of gain 
the computer calculates parameters of the 
constant gain circle which can be plotted 
again on the Smith Chart together with 

stability circles. The computer automat¬ 
ically chooses the minimum value of out¬ 
put reflection coefficient and calculates 
the corresponding value of input reflec¬ 
tion coefficient and appropriate values of 
input and output impedance for design of 
matching networks. 

In some instances we may find that the 
calculated input reflection coefficient will 
be inside or uncomfortably close to the in¬ 
put unstability region. In such a case we 

SOURCE OR LOAD CS/L) ?S 

SOURCE REEL. COEFF. AMPL. 
AND ANGLE? .636,-178.128 

IMPEDANCE TO MATCH SOURCE 
RS+XS=11 .127 .776 

IMPEDANCE TO MATCH LOAD 
RL+XL=39 .924 -54.531 

CMS-SOURCE REFL. COEFF. 
MAG=.635 ANGLE=-178 .129 

RML-LOAD REFL. COEFF. 
MAG=.559 ANGLE=66.101 

BEHLMAN 
Table 1c. Example of unconditional¬ 
ly stable device with selection of 
source reflection coefficient. 

... For Every Application and More 

Leave your 
markon life. 

By leaving even the smallest 
legacy to the American Cancer 
Society in your will, you can 
leave a loving and lasting impres¬ 
sion on life. And giving life is 

Unquestioned value, high quality 
and customer satisfaction have made 
Behlman the fastest growing manu¬ 
facturer in the AC power industry. 

Whether you have a simple, 
complex or out of the ordinary 
application, we approach your 
requirements with genuine interest 
and professionalism. When you win, 
we win is our straight forward bus¬ 
iness approach to success. Let us 
demonstrate how our high quality and 
customer satisfaction can be a winner 
for you too. 

AC Power Sources 
The widest range of manual and 
programmable AC Power Sources 
in the world. 

Uninterruptible Power Systems 
New and revolutionary UPS concepts 
guarantee the ultimate control of all 
powerline problems. 

We sell solutions to AC Power 
problems. Call or write today 
for more AC power information. 

the greatest way 
of leaving your 
mark on it. 

AMERICAN 
’CANCER 
SOCIETY’ 

BEHLMAN 
A Fiskars Company 

1142 Mark Avenue 
Carpinteria, California 93013 

(805) 684-8311 
CALL COLLECT 

For more information, call your local ACS 
Unit or write to the American Cancer Society. 

4 West 35th Street. New York, NY 10001. 
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could either use another value of gain or 
choose a new value of reflection coeffi¬ 
cient on the constant gain circle. In the 
first case the approach will be the same 
as before. In the second case we choose 
the value of output reflection coefficient, 
rerun the program and when we reach the 
point where choice between gain and 
reflection coefficient is offered, we chcose 
reflection coefficient, and load reflection 
coefficient in particular. Then we enter 

magnitude and angle of the selected out¬ 
put reflection coefficient, and the program 
again calculates the value of input reflec¬ 
tion coefficient and appropriate values of 
impedances for matching. The process 
obviously may be repeated for other 
values of gain after obtaining parameters 
of the constant gain circles. To be sure 
that none of the parameters falls into an 
unstable region, it is recommended to 
follow the design on the Smith Chart. 

TUSONIX 
If you’re looking for excellence in 

EMI Filters ... 

TRANSISTOR MRF 571 
FREQUENCY 500 MHZ 

INPUT PARAM. (11) = .62 -143 
REVERSE PARAM. (12) .08 33 
FORWARD PARAM. (21) =5. 5 97 
OUTPUT PARAM. (22) = .41 59 

CHARP. IMP. OF THE LINE (OHM) ? 50 
STAB. FACTOR K=.577 

STABILITY CIRCLES ***** 
CTR. INPUT=2 .101 ANG. IN=150. 15 
RAD. IN=1 .359 

CTR.OUTPUT=4 .745 ANG.OUT=73 .554 
RAD. OUT=4 .097 

AMPLIFIER POTENTIALLY UNSTABLE 
MAX. STABLE GAIN=18.372 

SELECT GAIN OR REFL.COEFF.(G/R) ? G 

GAIN IN DB'S? 15 
NUMERIC GAIN=31.662 

CONSTANT GAIN CIRCLE 
CENTER=.478 ANGLE=73.554 
RADIUS=.741 

MIN. REFL. COEF.=. 262 ANGLE=-106 .446 

IMPEDANCE TO MATCH LOAD 
RL+XL=38.232 20.682 

IMPEDANCE TO MATCH SOURCE 
RS+XS=17.663 -16.148 

RMS-SOURCE REFL. COEFF. 
MAG. =.519 ANGLE=140 .042 

RML-LOAD REFL. COEFF. 
MAG. = .262 ANGLE=-106 .446 

TABLE Id. 
EXAMPLE OF POTENTIALLY UNSTABLE DEVICE 

Tusonix has QPL approval on 
EMI Filters and Filter Caps 

These miniature EMI ceramic filters and capacitors are 
designed to suppress unwanted EMI in applications 
where small size is critical. Tusonix filters and filter caps 
cover a variety of voltage, attenuation and capacitance 
ranges in both solder and bushing mount styles. We have 
QPL approval and most are available from stock, ready 
for immediate shipment. 

If you’re looking for excellence in EMI Filters, Tusonix 
is your perfect source. Write for our EMI Filter catalog 
TODAY ... or please call 
us at 602-744-0400. 

PO. Box 37144, Tucson, AZ 85740-7144 
602-744-0400, Telex: (RCA) 299-640 

Table 1d. Example of potentially 
unstable device. 

Finally, in some cases we prefer to use 
a certain value of input reflection co¬ 
efficient and find the corresponding value 
of output reflection coefficient. This is par¬ 
ticularly advantageous in case of mini¬ 
mum noise design, when the manufac¬ 
turer gives the value of input reflection 
coefficient for minimum noise. The pro¬ 
gram gives the option of choosing the in¬ 
put reflection coefficient and from its value 
calculates the output reflection coefficient. 
Again, it is strongly recommended to use 
the Smith Chart to remain in the stable 
region. 
As in the case for K>1, it is important to 

consider that whenever we choose the 
gain or output reflection coefficient rep¬ 
resentation for K<1 we could never 
achieve perfect match at the output, 
because the stable operation requires cer¬ 
tain mismatch at the output. Similarly, if 
we choose certain input reflection coeffi¬ 
cient we are deliberately introducing 
mismatch at the input, which results in 
certain standing wave ratio at the input. 
It is standard practice to do that in design 
of high frequency amplifiers, as this is one 
way to achieve stable operation of the 
amplifier without introducing feedback. 
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Band/Low/High Pass • Notch • SSB -Wide/Narrow Band 

Crystal Filters 
For 25 years, Microsonics has designed, devel¬ 
oped, and produced thousands of custom 
crystal filters, lumped-constant filters, and 
discriminators to fulfill thousands of space, 
military, and commercial requirements from 
de to 200 MHz. Now we're the largest discrete 
filter manufacturer in the U.S. 
We carefully control each step of the process 

from the quartz crystal, which we fabricate 
ourselves, through coil fabrication to the final 
tested filter. Assembly and inspection employ¬ 
ees are each trained and certified to WS6536D. 
Proprietary computer analysis, modeling, and 
optimization programs are routinely used. And 
our engineers work closely with you to ensure 
you get exactly what you want, when you want it. 
Our new Crystal/LC Filter 

catalog describes many typical 
models and their specifications 
that have been selected for their 
unique features, and as a class, 
represent our capabilities. 
The next step is yours. 

Send for your copy. 

crystal/lc filters 

band P4SS nr jECT

-5&«eôüÂûzïô 

ICROSONICS 
INCORPORATED 

A Subsidiory of Signal Technology Corp 

60 WINTER ST. WEYMOUTH, MA 02188-3336 
(61 7) 337-4200 TWX 710-388-6833 

''1 986 
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SMALL CONNECTORS. . .BIG DEAL 

Small connectors can kill a big system if they don’t work or aren't there when you need them. 
AEP can help make sure this doesn't happen to you. 

Connectors that work. 

Our production standards exceed MIL-C-39012 requirements. 11% of our workforce is in 
quality control to make sure these standards are met. Need proof? We've shipped 144,000 
cable assemblies (with AEP SMB connectors) for the ARC-164 military radio-NO 
REJECTIONS. Weve also shipped almost 150,000 SMA and SMB connectors to a major 
radio manufacturer-NO REJECTIONS. 

Connectors when you need them. 

It's easy to get our parts quickly, thanks to our network of stocking distributors and four- week 
factory delivery of 92 standard items. If you need something unusual, we generally deliver 
specials in twelve weeks. 

The right connector for the job. 

We make hundreds of varieties of SMA, SMB, and SMC connectors-many 
available in MIL-C-39012 QPL approved versions. Our 7000 series has 

unequalled performance in microminiature size. Do you need 75 
ohm connectors? SMA launchers for hermetic MIC packages? We 

make them. You can also save time, trouble, and money by 
letting us build flexible and semi-rigid cable assemblies for 
you. 

If we sound like the kind of connector supplier you'd 
like to have, call or write for our catalogue. 

We'll probably save you some 
money, too. 

Applied 
Engineering Products 

1475 Whal ey Avenue 
New Haven, CT 06525 

(203)387-5282 
TWX 710-465-1173 
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5 PRINT "ÍCLR1" 
10 REM AMP. DESIGN, S. NOVAK FEB. 1986 
15 POKE53281 ,1 :POKE53280 ,1:PRINTCHRS (144) 
20 DIM V (9 ) ,R (9 ) , I (9) ,M (9 ) , A (9) , A$ (9) 
25 PRINT"PROGRAM CALCULATES STABILITY CIRCLES'* 
30 PRINT"FOR INPUT AND OUTPUT OF TRANSISTOR" 
35 PRINT "AND CONSTANT GAIN CIRCLES" 
40 PRINT" :PRINT”S-PARAMETERS OF THE DEVICE" 
45 PRINT”GIVEN IN MAGNITUDE AND ANGLE" 
50 A$(1)=”INPUT PARAM. (11)=" 
55 A$ (2) = "REVERSE PARAM. (12) = " 
60 A$ (3) ="FORWARD PARAM. (21) = " 
65 AS (4)="OUTPUT PARAM. (22)=" 
80 AS (8)="RMS-SOURCE REFL.COEFF." 
85 A$ (9)="RML-LOAD REFL.COEFF." 
90 E=1E3 
95 PI=3 .14159265 
100 READ TS 
110 PRINT:PRINT"TRANSISTOR" ,TS 
120 READF 
130 PRINT"FREQUENCY ", F/1E6 "MHZ ": PRINT 
140 FORJ=1TO4 
150 PRINTAS (J) 
160 READ M(J) ,A(J) 
170 GOSUB1800 
180 PRINTM(J) ,A(J) 
190 NEXTJ 
200 PRINT 
210 INPUT"CHAR. IMP.OF THE LINECOHM3" ;ZO 
220 REM CALC.S12*S21 AND DS**** ****** * 
230 R1=R(2) 
240 11=1 (2) 
250 R2=R(3) 
260 12=1 (3) 
270 GOSUB1700 
280 P=R 
290 Q=I 
300 R1=R(1) 
310 11=1(1) 
320 R2=R(4) 
330 12=1(4) 
340 GOSUB1700 
350 R(5)=R-P 

360 I(5)=I-Q 
370 REM CALC.C1.C2 VALUES ************ 
380 R1=R(5) 
390 11=1(5) 
400 R2=R(4) 
410 I2=-I(l) 
420 GOSUB1700 
430 R(6)=R(1)-R 
440 I(6)=I(1)-I 
450 R2=R(1) 
460 I2=-I(l) 
470 GOSUB1700 
480 R(7)=R(4)-R 
490 I(7)=I(4)-I 
500 REM POLAR CONV. DS ,Cl ,C2 ********** 
510 FOR J=5TO7 
520 GOSUB1900 
530 NEXTJ 
540 REM CALC SQUARED VALUES ********** 
550 FORJ=1TO7 
560 V(J)=M(J) *M(J) 
570 NEXTJ 
580 REM S12S21 
590 V(2)=SQR(P*P+Q*Q) 
600 REM D-B PARAM ******************** 
610 D1=V(1)-V(5) 
620 D2=V(4) -V(5) 
630 Bl=l-V(4)+Dl 
640 B2=l-V(l)+D2 
670 REM CALC STAB. FACTOR ************* 
680 K=(l+V(5)-V(l)-V(4) )/(2*V(2) ) 
690 PRINT "STAB .FACTOR K= " INT (K*E) /E 
695 IF K>1 THEN 820 
700 PRINT: PRINT"STABILITY CIRCLES ****»" 
710 CI=M(6)/ABS(D1) 
720 CO=M (7)/ABS (D2 ) 
730 AI=-A(6) 
740 A0=-A(7) 
750 IF DKO THEN AI=AI-180 
760 IF D2<0 THEN AO=AO-180 
770 RI=V(2)/ABS (Dl) 
780 RO=V(2)/ABS(D2) 
790 PRINT"CTR. INPUT"INT (CI*E) /E ,"ANG. IN= "INT (AI*E) / 

/WBE DIRECTIONAL COUPLERS 

A73 Series Directional Couplers are of reciprocal hybrid ferrite circuitry, featuring broad 

bandwidth with outstanding directivity and flatness. 

APPLICATIONS 

Some general applications for the A73 Series are: 

Line Monitoring: Power split from the line is -20 dB down for sampling without altering line 

characteristics, for level measuring, VSWR alarms, etc.. 

Power Measurements: Insertion in the line allows level measurements with simple lower level detec¬ 
tors or field strength meters and power measuring equipment. By reversing the 
coupler In the line or using the A73D types, an indication of impedance match 

and/or reflected power can be measured by comparing the forward to reflected 

power levels. 

Load Source Isolator: Using a directional coupler in the line, a signal can be taken from the source 
to the tap with high attenuation (directivity) between the tap and the load. 

Model 
Freq 
Range 

MHz 

Coupling 
Level 
dB 

Coupler 
Type 

In Line 
Power 

Minimum 
1-500 (d 
MHz 

Directivity 
B) 5-300 

MHz 

In Line 
Loss 
(dB) 

Flatness 
of Coupled 
Port (dB) 

VSWR 
Price 50 ohm 

with 
BNC conns. 

A73-20 

1-500 

20 

single 

5W cw 

(10W cw 

5-300 MHz) 

20 30 
.4 max 

.2 
typical 

1.1 
5-300 MHz 

1.25 
1-500 MHz 

1.05: 1 
5-500 MHz 

1.5:1 
1-500 MHz 

$ 62.00 

A73-2OCA 

A73-20GB 

30 

40 

40 

45 

119.00 

220.00 

A73-20P 

1-100 

single 
50W cw 

(75 ohm 
limited 

to 
10W cw) 

35 dB mln 

40 dB min typical 

.15 

1.1 

1.1:1 
max 

1.04:1 

typical 

83.00 

A73D-2OP dual .3 148.00 

A73-20PAX 

10-200 

single 

45 dB mln 

.15 136.00 

A73D-20PAX dual .3 282.00 

A73-30P2 1-100 30 single 200W cw 

50 ohm 

30 dB .05 ±.15 1.05: 1 
max 

312.00 

This chart Is just a sampling of couplers available. Connector options available. Consult factory for specials and OEM ^plications. 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O BOX 21 652, PHOENIX, AZ 85036 TELEP H ONE: (602 ) 2 54- 1 570 
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E, "RAD. IN= "INT (RI *E) /E 
795 PRINT 
800 PRINT "CTR.OUTPUT=" INT (CO*E)/E, “ANG. OUT= "INT (AO* 
E)/E, "RAD.OUT="INT(RO*E)/E 
810 IF K 1 THEN 1050 
820 REM CALC.GM ********************** 
825 PRINT: PRINT"AMPLIFIER UNCONDITIONALLY STABLE" 
830 U=1 
840 IF Bl>0 THEN U=-l 
850 GM= (M(3)/M(2) )*(K+U*SQR(K*K-1) ) 
860 PRINT "MAX. GAIN IN DB 'S= ",INT (10 *LOG (GM) /LOG (10 ) 
*E)/E 
870 PRINT"MAX. NUMERIC GAIN= ",INT (GM*E) /E 
880 INPUT"WANT MAX. GAIN (Y/N)";B$ 
890 IF B$O"N" THEN 910 
900 GOTO 1070 
910 REM CALC. ZS & ZL **************** 
920 M(8)=M(6) *(B1+U*SQR(B1*B1-(4*V(6) ) I ) / (2*V (6) ) 
930 A(8)=-A(6) 
940 J=8 
950 GOSUB1800 
960 GOSUB1520 
970 U=1 
980 IF B2>0 THEN U=-l 
990 M(9)=M(7) *(B2+U*SQR(B2*B2- (4 *V (7) )))/(2*V(7) ) 
1000 A(9)=-A(7) 
1010 J=9 
1020 GOSUB1800 
1030 GOSUB1450 
1040 GOTO 1425 
1050 PRINT: PRINT"AMPLIFIER POTENTIALLY UNSTABLE" 
1060 PRINT"MAX. STABLE GAIN= ",INT (10*LOG (M (3) /M (2) ) 
/LOG(IO) *E)/E"DB" 
1070 PRINT: INPUT" SELECT GAIN OR REFL .COEFF . (G/R) " ; 
C$ 
1075 IF C$O"G" THEN 1850 
1080 PRINT: INPUT"GAIN IN DB 'S";GP 
1085 GP=10t(GP/10) 
1090 PRINT"NUMERIC GAIN =" ,INT (GP*E) /E 
1100 G=GP/V(3) 
1110 M(9)=G*M(7)/(1+D2*G) 
1120 A(9)=-A(7) 
1130 RC=SQR(1-2*K*V(2) *G+V(2) *V(2) *G*G) /(1+D2*G) 

1140 PRINT:PRINT"CONSTANT GAIN CIRCLE" 
1145 PRINT"CENTER="INT(M(9) *E) /E ,"ANGLE="INT (A(9) * 
E)/E, "RADIUS="INT(RC*E)/E 
1150 REM CHOOSE MIN. LOAD REFL .COEFF. ** 
1155 M(9)=M(9)-RC 
1160 IF M(9)<0 THEN A(9 )=A (9) -180 
1165 IF M(9)<0 THEN M(9 )=ABS (M (9) ) 
1170 PRINT: PRINT"MIN .REFL .COEF.=" INT (M (9 )*E) /E; "A 
NGLE="INT (A(9)*E)/E 
1175 REM CALC ZL ********************* 
1180 J=9:B=1:C=4 
1190 GOSUB1800 
1200 GOSUB1450 
1220 REM CALC ZS OR ZL *************** 
1230 R1=R(J) 
1240 11=1 (J) 
1250 R2=R(5) 
1260 12=1(5) 
1270 G0SUB17OO 
1280 R3=R(B)-R 
1290 I3=I(B)-I 
1300 R2=R(C) 
1310 12=1 (C) 
1320 GOSUB1700 
1330 R2=l-R 
1340 12=1 
1350 R1=R3 
1360 Il=-I3 
1370 GOSUB1750 
1375 IFJ=8THEN1435 
1380 J=8 
1390 R(J)=R 
1400 I(J)=I 
1410 GOSUB1900 
1415 IFJ=9THEN1440 
1420 GOSUB1520 
1425 GOSUB1960 
14 30 END 
1435 J=9:GOTO1390 
1440 GOSUB1450 
1445 GOTO1425 
1450 REM CALC RL ********************* 
1460 PRINT: PRINT" IMPEDANCE TO MATCH LOAD" 

RA-Q 

Multilayer ceramic capacitor 
for use at microwave frequencies 

QPL to MIL-C-55681 
■ Extremely High-Q 
■ Lowest loss of any type capacitor 
■ Low equivalent series resistance 
■ High series-resonant frequency 
■ High current carrying capabilities 

Call or write for ordering information and 
complete specifications. 

Your order shipped within 10 days when you select 
from our 1,239,580 standard designs • All types, 1 
Hertz to 100 MHz ■ NO MINIMUM ■ No engineering or 
set-up charges • For more details, call our Engineer¬ 
ing Hotline at (213) 473-0584. 

Republic Electronics Corp. 
Technology for over 30 years 

176 East 7th Street, Paterson, New Jersey 07524 
201-279-0300 □ TWX 710-988-5908 

®TTE, Inc. 
2233 S. Barry Ave. 
Los Angeles, CA 90064 
(21 3) 478-8224, Telex 3725291 . 

See us at RF Technology Expo, Booth #529. 
INFO/CARD 53 

See us at RF Technology Expo, Booth #462. 
INFO/CARD 54 



1470 GOSUB1600 
1480 RL=R*Z0 
1490 XL=I*Z0 
1500 PRINT" RL+XL= "INT (RL*E)/E, INT (XL *E)/E 
1510 RETURN 
1520 REM CALC RS ********************* 
1530 PRINT: PRINT" IMPEDANCE TO MATCH SOURCE" 
1540 GOSUB1600 
1550 RS=R*Z0 
1560 XS=I‘Z0 
1570 PRINT "RS+XS= "INT (RS *E)/E ,INT (XS *E) /E 
1580 RETURN 
1600 REM (1+COMPL .NO) /(1-COMPL .NO) *** 
1610 R1=1+R(J) 
1620 I1=-I(J) 
1630 R2=1-R(J) 
1640 12=1 (J) 
1650 GOSUB1750 
1660 RETURN 
1700 REM COMPL. NO. MULTIPLY ********** 
1710 R=R1*R2-I1*I2 
1720 I=I1*R2+R1*I2 
1730 RETURN 
1750 REM COMPL. NO. DIVIDE ************* 
1760 D=R2*R2+I2*I2 
1770 R=(R1*R2+I1*I2)/D 
1780 I=(I1*R2-R1*I2)/D 
1790 RETURN 
1800 REM POLAR TO RECT. ************** 
1810 A=A( J) *PI/180 
1820 R(J) =M( J) *COS (A) 
1830 I(J) =M( J) *SIN (A) 
1840 RETURN 
1850 REM REFL. COEFF. CHOICE *********** 
1855 PRINT :INPUT"SOURCE OR LOAD (S/L)";D$ 
1860 IFD$<'>"L"THEN1875 
1865 PRINT :INPUT"LOAD REFL .COEFF .AMPL AND ANGLE";M 
(9) ,A(9) 
1870 GOTO1180 
1875 PRINT: INPUT "SOURCE REFL. COEFF AMPL AND ANGLE" 
; M( 8) ,A(8) 
1880 J=8:B=4:C=1 
1885 GOSUB1800 

1890 GOSUB1520 
1895 GOTO1220 
1900 REM RECT. TO POLAR *************** 
1910 M(J)=SQR(R(J) *R(J)+I (J) *I(J) ) 
19 20 A (J) =90* (SGN(I (J) ) + (I (J)=0) ) 
1930 IF R(J)=0 THEN 1950 
1940 A(J)=ATN(I(J)/R(J) )*180/PI+A (J) *(1-SGN (R (J) )) 
1950 RETURN 
1960 REM PRINT REFL. COEFF. *********** 
1965 PRINT 
1970 FORJ=8TO9 
1975 PRINTAS (J) 
1980 PRINT"MAG="INT(M(J) *E) /E ,"ANGLE= "INT (A(J) *E) /E 
1985 PRINT 
1990 NEXTJ 
1995 RETURN 
3000 REM TRANSISTOR DATA STORAGE ***** 
3001 REM DATA MRF96 6,1E8 ,.89 ,-2 8,.006 ,79 ,1.56 ,132 , 
94,-17 
3002 REM DATA MRF9 66 ,5E8 ,.97 ,-14 ,.004 ,76 ,1.63 ,156 ,. 
96,-9 
3004 REMDATA 2N 3570 ,5E8 ,.385 ,-55 ,.04 5,90 ,2.7,78 ,.89 
,-26.5 
3005 DATA 2N3570 ,750E6 ,.277 ,-59 ,.078 ,93,1.92 ,64 , . 84 
8,-31 
3010 REMDATA MRF571 ,2E8 ,.74 ,-86 ,.06 ,48,10 .5,129 ,.69 
»-42 
3020 REMDATA MRF571 ,5E8 ,.62 ,-14 3, .08 ,33, 5.5,97 ,.41, 
-59 
3030 DATA MRF571 ,1E9 ,.61,17 8,.09 ,37 ,3,78 ,.28,-69 
3040 DATA MRF57 1,1.5E9 ,.65 ,158,.11 ,44,2,62 ,.26 ,-8 8 
3050 DATA BFR9 1,2E8 ,.49 ,-90 ,.06 ,55 ,8.72 ,120 ,.66 ,-30 
3060 DATA BFR91, 5E8 ,.35 ,-150 ,.09 ,60 ,4.34 ,90 ,.45,-35 
3070 DATA BFR9 1,8E8 ,. 34 ,175 ,.13 ,65 ,2.84 ,75 ,.4 ,-40 

QUALITY ON A BUDGET 
75DR-003 Dual Rotary Attenuator DC-1000 MHz $168.00 

75S-002 Solid State Coax Switch 1-500 MHz $ 80.00 
75B-002 Pushbutton Attenuator DC-500 MHz $ 95.00 

JFW Industries, Inc. 
5134 Commerce Square Drive 

Indianapolis, Indiana 46237 
(317) 887-1340 
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Call for Papers 
_~gexpo 
fgeast 

Nov. 11-13, 1987 
World Trade Center 
Boston, Mass. 

and 

February 10-12, 1988 
Disneyland Hotel 
Anaheim, Calif. 

— K technology. 

rgexpo 

• 60 papers needed for each conference. 
• Papers should be 20-30 minutes long. 
• Question-and-answer period to follow paper. 
• All papers will be published in the Proceedings. 
• Speakers receive free registration and Proceedings. 

Proposals should include title, abstract, author(s), company, address and 
telephone number. A brief description of the applicability of the subject to 
current RF technology would be helpful. 

rf expo east proposals 
due by March 16, 1987 

rf technology expo proposals 
due by June 15, 1987 

Send to: 
Gary A. Breed 
Editor, RF Design 
6300 S. Syracuse Way, 
Suite 650 
Englewood, Colorado 80111 



Program Description 
All the previous discussion about 

various options offered by the program 
may be best illustrated on the flow chart 
(Figure 1). The program uses DATA state¬ 
ments to store transistor S-parameters at 
various frequencies, and allows storage 
of more transistors’ data. All data storage 
is located at line 3000 upwards. Storage 
of data is accomplished by first typing 
device identification, frequency at which 
parameters are defined, then S para¬ 
meters in order STI, S12, S21, S22. 
The program first displays identification 

of device, frequency and all parameters. 
This serves as verification that we entered 
all data correctly. The program does all 
the needed complex algebra to calculate 
stability factor K at line 690. If K>1 it pro¬ 
ceeds to offer choice between maximum 
gain, or selection between lower gain or 
specification of input or output reflection 
coefficients. 

If we are not satisfied with the offered 
solution we could draw the constant gain 
circle on Smith Chart, select any other 
value of output reflection coefficient on 
the circle, and rerun the program. Instead 
of selecting the gain, we choose output 
reflection coefficient and enter the mag¬ 
nitude and angle as read from the Smith 
Chart. A similar approach may be used 
in case of K<1 . The difference here is that : 

the program first displays information on 
instability area circles and maximum 
stable gain. Circles should be drawn on ' 
the Smith Chart to follow the design. 

If we prefer to use input reflection co¬ 
efficient in the design, such as when low 
noise design is involved, we use the op¬ 
tion for selecting input reflection co¬ 
efficient and obtain other corresponding 
parameters. 
Examples for all options are given in 

Table 1(a, b, c, d). 

Final Notes 
S-parameter design is rigorously de¬ 

scribed in the references, and the reader 
is referred to those sources to get a bet¬ 
ter understanding of the subject. The pro¬ 
gram does not operate for unilateral । 
devices (S12 =0), as such devices rarely 
exist in the real world, and are usually the 
result of simplification of the device 
representation. As is, the program will run 
directly on Commodore 128 and 64. For 
other computers slight changes will be 
needed which should be no problem to 
implement for operators familiar with 
BASIC. H 
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SAWTEK OSCILLATORS . . . 

. . .Reliable high-performance frequency sources for military and 
commercial applications that. . . 

■ provide superior frequency stability over a wide range of 
environmental conditions. 

■ cover frequency ranges from 100 MHz to 25 GHz. 

■ offer excellent phase noise and short-term stability performance, 
free of interfering spurious responses. 

■ are available in numerous modulation formats. 

■ utilize either discrete or hybrid construction techniques. 

Get the optimum performance from your system. Go with the 
proven performers. . .Sawtek Oscillators. 

Call us today at 305/886-8860 for an evaluation of your oscillator 
application. Or write Sawtek Inc., P.O. Box 18000, Orlando, Florida 
32860. FAX 305-886-7061. TWX 810-862-0835. 

h SAWTEK 
J INCORPORATED 

See us at RF Technology Expo, Booths #650 & 652. 
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MICROWAVE MODULES & DEVICES, INC. SOLID STATE 

MMD’s unique integration of device and circuit 
technology has resulted in a major break¬ 
through of current technological barriers lead¬ 
ing to a new high order of performance in the 
areas of VHF, UHF and microwaves. 

The twelve groups shown herein are typical of 
the wide range of products currently being de¬ 
signed and produced by MMD. However, nei¬ 
ther products, categories nor frequency ranges 
are restricted to those listed. 

COMMUNICATIONS 

FREQ.: 420 - 450 MHz FREQ.: 250 - 350 MHz. 
PWR: 10W & 160W pulsed. PWR: 13W. 

FREQ.: “L” band. 
PWR: 1000W 

pulsed. 

FREQ.: 
420 - 450 MHz 
PWR: 1200W 
pulsed. 

RADAR 

FREQ.: 1.2- 1.4 GHz 
PWR: 300W pulsed. 

FREQ.: 
420 - 450 MHz. 
PWR: 700W. 

MICROWAVE MODULES & DEVICES. Inc. 

500 Ellis St. Mountain View, CA 94043 (415) 961-1473 TELEX 508746 
See us at RF Technology Expo, Booths #439, 441, 340 & 342. 



ECM *E W AVIONICS 

BROADCAST TELEVISION 

FREQ.: 
88 - 108 MHz. 
PWR: 
700W. 

FREQ.: 
170 - 230 MHz. 
PWR: 
100 - 200W. 

RECEIVER 
AMPLIFIER 
MODULES 
WITH HIGH 
DYNAMIC 
RANGE. 

TWO MODELS 

FREQ.: FREQ.: 

WIDEBAND HYBRID 
AMPLIFIERS 

2-32MHz 20-80MHZ FREQ.: 20-2000 MHz. PWR: Up to 10W. 

MICROWAVE MODULES & DEVICES, Inc. 

500 Ellis St. Mountain View, CA 94043 (415) 961-1473 TELEX 508746 
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With IFI, finding a wide variety of high gain, high power, high quality broadband 
RF amplifiers to suit your specific requirements isn't a problem any more. 

For example, the IFI 400 series offers a choice of Also contact IFI for all your modular, system com-
power outputs from 100W to 15.000W over a broad patible, High Frequency Power Amplifiers • E-Field 
bandwidth of 10kHz to 220MHz, in 
models such as: 

• ultra wideband RF power amplifiers 

• high power pulse amplifiers 

• multi-channel leveling capability 

ST 
IN RF TESTING 
AND STILL 
THE BEST 

Generators & Sensors • TEM Test 
Cells • Antennas • Automatic Leveling 
Systems and Custom EMC/Suscep-
tibility Systems. 
IFI, the problem solvers in RF testing. 
Send for our IFI Data-Pak today! 

INSTRUMENTS FOR INDUSTRY, INC. 
151 Toledo Street • Farmingdale, N.Y. 11735 • (516) 694-1414 
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rf design feature 

A Tuned Circuit with 
Constant Trim Rate 

A Solution to the Problem of 
Non-Linear Tuning 

By William A. Edson 
SRI International 

Simple LC tuned circuits suffer from the 
problem of non-linear frequency change 
with linear capacitance change. The 
author has developed a circuit which 
closely approximates a linear capacitance 
vs. frequency relationship. This article is 
an abbreviated and updated version of his 
original paper on the subject, published 
in the IEEE Transactions on Instrumenta¬ 
tion and Measurement, Vol. 1M-18, No. 1, 
pp.22-27 (March 1969). 

The tuned circuit shown in Figure 1 
has the interesting and valuable pro¬ 

perty that the trim rate of C3 is amost in¬ 
dependent of the resonant frequency 
selected by C2, the main tuning 
capacitor, if the values of the other three 
capacitors are properly chosen. A deriva¬ 
tion of the conditions tht must be met is 
contained in the original paper. Although 
it is not sophisticated, the analysis is com¬ 
plicated and tedious occupying a total of 
about three pages. The mathematically in¬ 
clined reader is referred to the original 
paper. 
As shown in Figure 2, the bridge of five 

capacitors is equivalent to a single capa¬ 
citor, here designated Co, with a value 
given by the equation: 

Figure 1. Basic circuit config¬ 
uration. 

Figure 2. Equivalent circuit. 

c = lo
0 PS 

RF Design 

The resonant frequency of the system is 
given by the usual relation: 

œ = (LC0)-» (2) 

A practicing circuit engineer rarely has 
an opportunity (or excuse) for using a se-
cond partial differential equation, but this 

C2C3(C ! +C4+C5)+C2(Ci C4+C4C5)+C3(C ! C4+C1 C5)+C ! C4C5 

C2C3+C2(C 1 +C5)+C3(C4+C5)+C 1C4+C1C5+C4C5 

is one of those occasions. The condition 
for making the trim rate of C3 indepen¬ 
dent of the value of C2 is governed by 
the elegant expression: 

ac2ac3 (3) 

Stated in another way, this equation 
assures us that the left hand will not know 
what the right hand is doing. Most of the 
analysis in the original paper is devoted 
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to evaluating this condition, which is 
satisfied by the equation 

and completely independent of C5 

whenever the other four capacitors form 
a balanced bridge in accordance with the 
equation: 

C, C2

This result is subject to the criticism that 
Co is, in general, a function of C5. Al¬ 
though valid, this criticism is not serious 
because Co is always insensitive to C5

C3 C4
(5) 

This condition is met in most if not all of 
the numerical examples that follow. 

Microprocessor controlled. 

Numerical Examples 
The interpretation of the foregoing ex¬ 

pressions is facilitated by numerical ex¬ 
amples, which display both the merits and 
the limitations of the approach. We begin 
with a particularly simple case, in which 
L = C, = C2 = C3 = C4 = 1, in which case 
Co is also equal to 1, and Eq. (5) is 
satisfied. For these values, Eq. (4) re¬ 
quires C5 = 3. Starting from this 
reference, we explore the consequences 
of making small incremental changes in 
C3 and wide variations in C2. 

Substitution of the selected values for 
L, C,, C4, and C5, in Eqs. (1) and (2) 
yields: 

30 db At ten. 

With the advent of micro¬ 
processor control, the 352C 
Spectrum Analyzer provides 
unique benefits to meet your test¬ 
ing needs. 

The built-in microprocessor 
allows 6 complete control setups 
to be stored in non-volatile 
memory. When the unit is pow¬ 
ered up, it automatically recalls 
the last control setup used prior to 
shut down. The microprocessor 
also allows you to transfer test 
data to hardcopy by a standard 
printer output. The accom¬ 
panying printer shown is optional. 

In addition, the 352C offers 
features such as AM and FM 
demodulation with a built-in loud¬ 
speaker for audio output, out¬ 
standing specifications such as 
frequency range of 300kHz to 
1000MHz, and a very affordable 
price 

C2C3+4C2+4C3+7 

5C2C3+4C2+4C3+3 

i« 

(6) 

If your testing needs demand 
these features, and more, from a 
spectrum analyzer, call for more 
information and a demo today. 
Call us at: (31 7) 545-41 96 
Outside Indiana call toll free: 
(800) 344-2412 

Texscan 
INSTRUMENTS 

31 69 North Shadeland Avenue 
Indianapolis, Indiana 46226 Our time has come 

See us at RF Technology Expo, Booths #516 & 518. 
INFO/CARD 59 

It is fairly easy to program a personal 
computer of hand-held calculator to deter¬ 
mine the frequency that will result from 
any selected values for C2 and C3. To ob¬ 
tain the trim rate, we must limit our atten¬ 
tion to C3 values that are close to one, 
e.g., 0.99 and 1.00. From Eq. (4), we know 
that the trim rate will have either a max¬ 
imum or minimum for C2 = 1; therefore, 
the first step is to determine the frequen¬ 
cy increment produced by the chosen in¬ 
crement in C3 when C2 = 1. This value 
can be entered into the program as the 
basis for comparison of subsequent 
values, which are determined by inserting 
appropriate values of C2. The final pro¬ 
gram outputs are the frequency and the 
relative frequency increment (trim rate) for 
each value of C2. 
The results of such calculations are 

shown in Figure 3. As C2 is varied from 
zero to infinity, the frequency varies 
through a ratio greater than 5/3. Within 
this range, the trim rate of C3 varies no 
more than 6 percent. The trim rate passes 
through a minimum rather than a max¬ 
imum at the critical point. 
No one works with one-henry inductors 

or one-farad capacitors, sc the obvious 
next step is to substitute a more typical 
inductance value for L and to assign a 
corresponding capacitance value to C, 
and C4. The value of C5 will be three 
times that of Cv The C3 arm will consist 
of a fixed capacitor slightly smaller than 
Ct shunted by a relatively small variable 
capacitor that produces the desired trim¬ 
ming range. The needed capacitance 
range can be estimated from the fact that 
the trim rate of C, is the same as the tun¬ 
ing rate of C2 in the vicinity of C2 = 1. 
The foregoing example has several 

drawbacks. The tuning range is inade¬ 
quate for some applications, C3 is in¬ 
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Figure 3. Tuning curve for prototype circuit. 

Figure 4. Tuning curve for modified circuit. 

Figure 5. Decade tuning arrangement. 

RF Design 

HIGH 
POWER 

EPSCO 
A RESOURCE IN 
RF TECHNOLOGY 
EPSCO’s RF Division represents 
a resource in RF technology 
that engineers like yourself 
should know about. 

From power amplifier mod¬ 
ules to HPA’s and other sub¬ 
systems, EPSCO’s in-house 
capabilities primarily exploit 
discrete silicon FETs and bipo¬ 
lar devices in non-MIC circuits. 
For any RF power requirement 
our experienced design teams 
have every available design 
assist that today’s technology 
has to offer. 

In RF modules 
our concentra¬ 
tion is in the • 
frequency 
range of 
1 MHz to 
3 GHz with 
output power up to 100 watts. 
HPA standard models have 
output power levels up to 1000 
watts at frequencies from 1 MHz 
to 1000 MHz and power levels 
up to 10 KW in custom designs. 

CALL EPSCO EARLY 
For more information and a 

discussion of your particular RF 
requirements, contact EPSCO, 
RF Division, 31355 Agoura 
Road, Westlake Village, CA 
91361. (818) 889-5200. Telex: 
18-3378. 

See us at RF Technology Expo, Booth #500-501 
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conveniently large, and the assumed 
range of C2is unrealistic. In an attempt to 
improve the situation, we set C„ = 4, and 
C, = 0.125, which satisfies Eq. (5) if C2 = 
1 and C3 = 0.5. Using the balanced 
bridge condition it is easy to show that 
Co = 0.9. Substitution of these values in 
Eq. (4) yields C5 = 5/3. The results of 
calculations based on these numbers are 
shown in Figure 4. Note the logarithmic 

abscissa scale used in Figures 3 and 4 
to facilitate interpretation and comparison 
of results obtained with different values of 
circuit parameters. 
Two things are immediately apparent: 

(1) the change of parameters has greatly 
increased the tuning range, and (2) the 
shape of the curve in the region of the 
minimum is essentially unchaged. Other 
calculations not here included, strongly 

Depend on Kay Bench Attenuators to stand up to your requirements 
on the job. Each provides high accuracy, low insertion loss, good VSWR 
characteristics and long operational life. Available in either standard or 
miniature sizes, and in 50, 75 or 90 ohm models. BNC connectors are 
standard (TNC or SMA are optional). Listed below are some typical 
attenuator models. 

MODEL IMPED- FREQ. ATTEN 
NO. ANCE RANGE RANGE STEPS 

Standard 431* 50il DC- 1 GHz 0-41 dB IdB 
Size 432* 5011 DC-lGHz 0-101dB IdB 

442 7511 DC-lGHz 0-lOldB IdB 

Miniature 1/439 50H DC-lGHz 0-22.1dB .IdB 
Size 439 5Cn DC-1.5GHz 0-101dB IdB 

437 5Cn DC-lGHz 0-102.5dB ,5dB 
449 7511 DC-lGHz 0-lOldB IdB 

*The models 431 and 432 are available n high wattage (3W) versions at an 
additional cost. Please add HW to model number when ordering. 

Kay Elemetrics also offers a complete 
line of Programmable, Rotary and Con¬ 
tinuously Variable Attenuators and can design 
an attenuator to fit your specific needs. For 
a complete catalog and price list or to place 
an order call Vernon Hixson at (201) 227-
2000, ext. 104. 
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KAY Tel: (201) 227-2000 TWX: 710-734-4347 
Kay Elemetrics Corp 12 Maple Ave. Pine Brook, NJ 07058 

See us at RF Technology Expo, Booth #337. 
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suggest that the degree of curvature is 
fundamental to the method and is not sub¬ 
ject to control by the choice of the various 
circuit parameters. 
The capacitance of typical variable air 

capacitors changes by a ratio of about 
10:1 from minimum to maximum value. 
With a fixed inductor, this variation 
changes the resonant frequency by about 
1.5 octaves. If shunted across this com¬ 
bination, a small variable capacitor will 
have a trim rate that varies by a factor of 
about 30 as the frequency is changed by 
the main capacitor. The horizontal dash¬ 
ed line in Figure 4 corresponds to a 10:1 
capacitance variation (from 0.37 to 3.7). 
The resulting frequency variation is 
almost an octave, and the total variation 
of the trim rate is 11 percent. The horizon¬ 
tal dashed line in Figure 3 tells a very dif¬ 
ferent story. A 10:1 capacitance variation 
(from 0.3 to 3.0) varies the frequency from 
0.875 to 1.135, a ratio of 1.30 with a trim 
rate uniform to 1.28 percent. 
From these two examples, it is clear 

that considerable design freedom is 
available by judicious choice of the circuit 
parameters. 

Applications 
The method described in preceding 

paragraphs is particularly advantageous 
for resonant circuits that are tuned in a 
decade manner with switched capacitors. 
Consider an oscillator that is to generate 
100 uniformly spaced frequencies in the 
range 9.00 to 9.99 MHz. This condition is 
readily achieved by switching C2 and C3 

with decade switches as shown in Figure 
5. The element values should be chosen 
so that C, = C2 = C3 = C4 = C5/3 for a 
frequency of 9.50 MHz. The ten capacitors 
in the C3arm are chosen to produce fre¬ 
quency increments of 10 kHz. The ten 
capacitors in the C2 arm are chosen to 
produce frequency increments of 100 
kHz. 

In particular, when C3 has its max¬ 
imum value the frequencies produced by 
switching C2 form the series: 9.0, 9.1, 9.2, 
9.3, 9.4, 9.5, 9.6, 9.7, 9.8 anc 9.9 MHz. The 
frequency error inherent in this method is 
quite small and can be determined from 
Figure 3. The tuning range 9.0 to 9.9 MHz 
produced by C2 corresponds to the ratio 
1.10 or ±1.052. This ratio is identified with 
the abscissa interval 0.955 to 1.050 in 
Figure 3. Within this range the relative 
trimming rate of C3 lies in the range 
1.0000 to 1.0018; therefore, the method is 
valid to ±9 parts in 10,000 or ±9 Hz 
overall. An error of this magnitude is like¬ 
ly to be small compared with other errors 
inherent in an analog system of this sort. 
The advantages of decade tuning are 
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compounded in a beat-frequency 
oscillator where the useful output 
represents the difference between two fre¬ 
quencies generated in trim-tunable 
oscillators. An appropriate arrangement 
is shown in Figure 6. Tuning errors are 
minimized by associating a continuously 
variable capacitor with the switched 
capacitor that produces the major steps 
in frequency in the left-hand oscillator. The 
other oscillator provides the two needed 
sets of intermediate steps. The frequen¬ 
cy errors inherent in this arrangement can 
be estimated from Figure 3. The tuning 
range 25.0 to 34.0 MHz corresponds to the 
abcissa interval of 0.85 to 1.15, for which 
the relative tuning rate of C3 lies in the 
range 1.00 to 1.02. Thus, the continuous 
tuning dial, which covers a total of 10 kHz 
and is probably resettable to ±10 Hz, is 
subject to a systematic error of ±1 percent 
or ±100 Hz. The frequency error inherent 
in the other oscillator is about ten times 
smaller, as can readily be demonstrated 
by reference to Figure 3. 

Possible Variations 
Although adequate for many applica¬ 

tions, the foregoing results obviously 
leave much room for improvement, with 
several possible approaches. The results 
of adding a single capacitor in series or 
in shunt with the inductor have been 
calculated. These arrangements tend to 
reduce the total tuning range without ap¬ 
preciably altering the proportions of the 
almost parabolic shape of the curve 
shown in Figures 3 and 4. It seems unlike¬ 
ly that addition of two capacitors in series¬ 
shunt or shunt-series configuration will 
yield better results. 

Eq. (4) indicates that the trimming rate 
of C3 will be absolutely constant if C5 

varies inversely with Co while Cw varies 
as a result of variation of C2. Increasing 
C2 always increases Co, which reduces 
the operating frequency. Therefore, it ap¬ 
pears that we might improve results by ad¬ 
ding an inductance in series with C5 so 
that the “effective capacitance” of the C5 

arm will decrease as the operating fre¬ 
quency decreases in response to an in¬ 
crease of C2. This arrangement suffers 
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MODPAK Shielded RF Housings 
for Prototypes or Production 

Your circuit needs the protection only MODPAK 
can give. More than 100 standard models to 
choose from ... or we will custom-fabricate to 
your specifications. Send for catalog. 

Adams Ra Russell 
MODPAK 
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the fault of adding a second resonant fre¬ 
quency but offers the prospect of 
substituting a relatively flat cubic curve for 
the nearly parabolic curve of Figure 3. 
An alternative approach which does not 

lead to two frequencies is shown in two 
version in Figure 7. The presence of two 
additional capacitors adds considerably 
to the complexity of the calculations re¬ 
quired to establish the performance 

potentiality of these configurations. I have 
made no substantial progress toward solv¬ 
ing these problems. 

Summary 
A singly-resonant circuit including a 

bridge of five capacitors has the desirable 
property of tuning over a substantial range 
of frequencies while maintaining a near¬ 
ly constant rate of trimming. This proper-

Available in frequencies of 5MHz to 2 GHz, 
single and multi-stage TO-8, TO-12 and 4 pin 
DIP packages; standard and custom cas¬ 
caded assemblies with varying gain, NF and 
power output options and a variety of 
connectors. 

CUSTOM RF AMPLIFIER ASSEMBLIES . . . to 
meet your specific need, backed by the 
engineering skill, manufacturing facilities and 
quality assurance experience to meet your ex¬ 
act specifications and requirements. 

QUALITY ASSURANCE ... All Vector RF 
Amplifiers are designed and manufactured 
under a quality system which complies with 
MIL-Q-9858A 

Aydin Vector ... providing you advanc¬ 
ed technology and resources for standard 
and custom hybrid amplifiers, switches, 
attenuators and RF subassemblies. 

To obtain a free detailed brochure call or 
write: 

Figure 7. Alternative circuits. 

ty is useful in many circuit applications, 
including transmitters, receivers, signal 
generators and spectrum analyzers. A cir¬ 
cuit of this kind was used in the Type 
1900A Wave Analyzer manufactured by 
the General Radio Company. Bl 

_ AYDIN 7ÄVECTOR_ 
Aydin Vector Division - POB 328, Newtown, PA 18940-0328 
Tel 215-968-4271, TWX 510-667-2320, FAX 215-968-3214 

See us at RF Technology Expo, Booth #364. 
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THE PROCEEDINGS OF RF EXPO EAST 
BRINGS YOU TOGETHER WITH THE 

SUPERSTARS OF RF AND THEIR PRACTICAL 
SOLUTIONS TO RF DESIGN PROBLEMS. 

• Peter Chadwick, Plessey 
• Ed Oxner, Siliconix 
• Ulrich Rohde, CCC 
Compact 

• Roderick Blocksome, 
Rockwell International 

• Bruce Long, ISC Defense 
Systems 

Their papers are representative 
of all the 56 papers you will 
find in this information-packed 
volume. 

Now, all 56 papers from the 
jam-packed technical sessions 
held at RF Expo East in Nov¬ 
ember in Boston are available 
to you in printed form ... a 
perfect-bound, 550-page soft-
cover book with full 8V2 X 11 
inch pages, and sharply 
reproduced graphics and 
schematics. A volume which 
deserves an honored place in 
your working engineering lib¬ 
rary . . . because every paper 
was carefully selected for work¬ 
ing engineers. 

Technical Sessions 
Shine 
The technical sessions at RF 
Expo East have been proclaim¬ 
ed a resounding success by at¬ 
tendees and speakers alike. At¬ 
tendees packed rooms to listen 
to the likes of .. . 

• Phase Noise Intermodula¬ 
tion and Dynamic Range 

• A Communications 
Double-Balanced Mixer of 
High Dynamic Flange 

• Developing Non-Linear 
Oscillator Models Using 
Linear Design Tools 

• Practical Wideband RF 
Power Transformers, 
Combiners and Splitters 

• Practical Approach to the 
Design of Voltage Tuneable 

Lowpass and Bandpass 
Filters; 

plus 51 other discussions of 
current RF techniques. 

The Price is Right 
You can own your own copy of 
the Proceedings of RF Expo 
East for only $95 ($125 outside 
the U.S. and Canada). A small 
price for solutions to big prob¬ 
lems . . . and less than what 
you often pay for proceedings 
from other comparable tech¬ 
nical conferences. 

Easy To Order 
To place your order, tear out 
one of the attached postcards 
facing this ad and mail it today. 
(You MUST include payment 
with order.) Supply is limited 
... so don’t delay. Act now to 
make sure your staff has all the 
backup it needs. 

If both postcards are 
gone, or for further infor¬ 
mation, call: 
Bonnie Ward 
(303) 220-0600 
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rf expo products 

LTI Debuts 10-500 MHz DMOS Amplifier 
The LB950 is an example of the grow¬ 

ing popularity of Double Diffused MOS 
(DMOS) transistors for RF applications. 
The LB950 is a wideband amplifier with 
13 dB power gain over a 10-500 MHz 
bandwidth, 50 ohm input and output im¬ 
pedances, and +17 dBm output level at 
1 dB compression. The entire circu t is 
fabricated monolithically, including in¬ 
ductors. 
The 10-500 MHz rated bandwidth is the 

±0.5 bandwidth; the 3.0 dB bandwidth 
is 5-650 MHz. Recommended operating 
voltage is 12 volts (single supply), with an 
operating bias to obtain 100 mA current. 
Under these conditions, the typical noise 
figure is 6.5 dB and the 3rd order inter¬ 
modulation products are -40 dB with a 0 
dBm input level. 
The device is currently available in 

sample quantities, with production quan¬ 
tities available in March 1987. Packaging 
options include a TO-79 metal case and 
a 7 mm stripline (SOE) package. Linear 
Technology Inc., Burlington, Ontario. 
INFO/CARD #220. 

2.6 GHz Spectrum Analyzer 
IFR Systems, Inc. 
IFR will make the first public showing 

of their Model A-8000 Spectrum Analyzer 
at the RF Technology Expo 87. Represen¬ 
ting continued development of the IFR 
product line, the A-8000 includes these 

features: 10 kHz to 200 MHz per division 
span, plus zero and full scan; 300 Hz to 
3 MHz resolution bandwidth; an internal 
tracking generator; receiver; RS-232 and 
IEEE-488 interfaces; and battery power. 
IFR Systems, Inc., Wichita, Kan. Please 
circle INFO/CARD #219. 

Touchstone 1.5 
EEsof Inc. 
The latest version of EEsof’s 

Touchstone features four new optimizers, 

18 additional RF/microwave element 
models, refinements of existing models, 
and an advanced General User Inter¬ 
face™. The interface includes windowing 
capabilities, versatile graphics and the 
ability to handle much larger networks 
than previous versions. EEsof, Inc., 
Westlake Village, Calif. INFO/CARD 
#218. 

Single Chip FM/Data Receiver 
Motorola Semiconductor, Inc. 

Motorola introduces a single chip 
(MC3367DW) single conversion VHF FM/ 
Data receiver. It features low voltage 
operation along with less than 1.5 micro¬ 
volt 20 dB quieting sensitivity. The circuits 
include an internal voltage regulator, low 
battery indicator, internal crystal oscillator, 
dual filter capability and voice/data output. 

Motorola, Inc., Phoenix, Ariz. Please 
circle INFO/CARD #217. 

Customized RF Capacitors 
Polyflon Company 

Polyflon introduces custom design, 
high voltage, high Q, non magnetic, fixed 
and variable RF capacitors. The capa¬ 
citors are shock and vibration resistant, 
have a Q greater than 5000, 1 to 1000 pF 
and a voltage rating of 50 kV. Also being 
introduced is CUFLON ultra low loss, 

high Q microwave substrates. Cuflon 
features a pure TFE dielectric with a con¬ 
stant of 2.1. Cuflon’s copper cladding is 
electroplated directly to the TFE which 
eliminates added loss and instability of a 
secondary dielectric. Polyflon Company, 
New Rochelle, N.Y. INFO/CARD #216. 

Miniature Log Amplifiers 
Merrimac Industries Inc. 
Merrimac introduces a range of log 

amplifiers measuring 2.5 x 1.5 x .47” and 
weighing 1.5 oz. They are available for 
center frequencies from 30 to 600 MHz. 

They provide an 80 dB dynamic range 
with a linearity of better than ±1 dB and 
at 160 MHz center frequency, the pulse 
rise time is less than 20 ns. Prices com¬ 
mence at $695 in quantités of 1 to 9. 
Merrimac Industries, Inc., West Card-
well, N.J. INFO/CARD #215. 
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BROAD BAND NOISE SOURCES 
FOR SPACE, MILITARY AND 

COMMERCIAL APPLICATIONS 
DC-50 GHZ

BROAD BAND 
PRECISION, 
CALIBRATED 
WAVEGUIDE 

WR-22,-28,-42 

BROAD BAND 
INSTRUMENTS 
115V or 230V Standard 

Bench Type or Rack Mounted 

MANUALLY CONTROLLED: 
+ 10 dBM Output 

CUSTOM 
&HI REL 
PRODUCTS 

HYBRID FOR SPACE QUALIFIED 
AMPLIFIED MODULES 

10 Hz to 10 MHz, 7 GHz, 9 GHz, 
14 GHz etc. Small size and weight 

MIL-STD-883, MIL-STD-1547 

TYPICAL STAN DARD MODELS 

NC 5100 Series 

NC 5200 Series 

NC 5300 Series 

up to 50 GHz 
15.5 dB ENR, 
noise figure 
meter 
compatible 

up to 50 GHz 
21-25 dB ENR, 
high noise output 

up to 50 GHz 
21-25 dB ENR, 
high noise output 

TYPICAL STAN DARD MODELS 

NC 6101 
NC 6107 
NC 6108 
NC 6109 
NC 6110 
NC 6111 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 
up to 2 GHz 

Other standard models available 
MOST ARE IN STOCK 

PROGRAMMABLE: 
IEEE-488 (GPIB), MATE (CIIL) 
RS232, etc. +10 dBM Output 

DC COUPLED 
AMPLIFIED MODULES 

1 volt output into 50 ohms 
DC-100 kHz 
Low offset voltage 
Compact. 

For More 
Information 
And Quick 
Response Call: 

GARY SIMONYAN 
@ 201-488-4144 

TYPICAL STANDARD MODELS 
NC 7101 
NC 7107 
NC 7108 
NC 7109 
NC 7110 
NC 7111 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 
up to 2 GHz 

OPTIONAL: Remote variable 
filters, signal input combiner, 
75 ohms output, marker input 
Other standard models available 

MOST ARE IN STOCK 

NO1S^oM
“NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
111 Moore St. 
Hackensack, N.J. 07601 
(201)488-4144 
TWX 910-380-8198 

See us at RF Technology Expo, Booths #549, 551 & 553. INFO/CARD 64 
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SAW Filter Bank for 
Signal Channelizing Applications 

■ Small size 
■ Large dynamic range 
■ Well defined channel crossover 
■ Accurate phase tracking 

SAW filter banks are available to custom 
design specifications in the frequency range 
100 MHz to 700 MHz with fractional band¬ 
widths as small as 0.1% or as high as 50%. 
The filter bank can be configured either as 
1 input with n outputs or as n inputs with 
n outputs. 

INFO/CARD 65 See us at 

Crystal Technology 
1035 East Meadow Circle 
Palo Alto, CA 94303 USA 
(415) 856-7911 • TWX 910-379-6625 

RF Technology Expo, Booths #435 & 437. 

rf expo products Continued 
600 MHz Log Amplifier 
Plessey Semiconductors 
Plessey introduces a monolithic 

amplifier which operates at center fre¬ 
quencies up to 600 MHz, 80 dB dynamic 
range with ±1 dB log linearity and as low 
as a 10° phase shift. 

Another new device is a high speed A/D 
converter that operates at 110 Ml-z with 
an accuracy of within ±1/z LSB resolution. 
It is priced at $102 for 1000 pieces. 
Plessey Semiconductors, Irvine, Calif. 
INFO/CARD #214. 

Mixers in Hermetic Packaging 
Watkins-Johnson Company 
Watkins-Johnson introduces the new Z 

series Versapac mixer in a small hermetic 
package measuring 0.520 x .560 x 0.190 
in. All models cover 6 to 18 GHz at a var¬ 
iety of power levels. Also being introduced 
are broadband double balanced micro¬ 
wave mixers. All models cover the range 
from 2 to 26.5 GHz. 

Being unveiled will be the KL80 mono¬ 
lithic limiter with less than a 4.0 cB inser¬ 
tion loss over the 1 to 8 GHz frequency 
range with 2.0:1 VSWR and 10 mA cur¬ 
rent draw. Watkins-Johnson Company, 
Palo Alto, Calif. INFO/CARD #213. 

Digital Attenuators 
KDI Electronics, Inc. 

KDI introduces the DAP series of digital 
attenuators with internal TTL drivers. In 
the frequency range from 500 MHz to 2.0 
GHz, the attenuation is 0 to 30 dB with 
a 0.5 dB monolithic resolution. The 
switching speed is as low as 100 ns. KDI 
Electronics, Inc., Whippany, NJ. Please 
circle INFO/CARD #212. 

Microwave Amplifier is 
Surface Mounted 
Avantek, Inc. 
Avantek introduces a surface mount 

amplifier having a minimum gain of 20.0 
dB with a typical gain of 22.0 dB over the 
full 1000-4000 MHz frequency range. The 

accuracy and a time domain measure¬ 
ment capability. This unit is priced at 
$8250. A 400 MHz SAW resonator oscil¬ 
lator joins the new lineup. This clock pro¬ 
vides 7 dBm of output power into a 50 
ohm load. Tektronix, Inc., Beaverton, 
Ore. INFO/CARD #209. 

2 to 18 GHz Single Band 
Noise Source 
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device has a maximum noise of 6.0 dB; 
minimum 1 dB compressed output power 
of +17 dB. The maximum input and out¬ 
put VSWR is 2.0:1. Avantek, Inc., Santa 
Clara, Calif. INFO/CARD #211. 

Beam Lead PIN Diodes 
Frequency Sources 
Semiconductor-Loral Corporation 

Frequency Sources introduces beam 
lead PIN diodes that are small in size, 
have low impedance, low capacitance 
and fast switching. Frequency Sources 
Semiconductor, Loral Corporation, 
Chelmsford, Mass. INFO/CARD #210. 

Low Cost Spectrum Analyzer 
Tektronix, Inc. 

Being unveiled is the 2710 spectrum 
analyzer. The features include a wide 5 
MHz IF bandwidth filter, 10“5 frequency 

Noise Com, Inc. 
Noise Com has expanded into rack 

mount programmable noise generators 
that span from 2 to 18 GHz. The instru¬ 
ment produces -20 dB/band minimum, 
-10 dBm/band typical and an output with 
a 14 dB minimum creast factor into a 50 

ohm load. The programmable functions 
include attenuator setting, attenuator step 
decrement and increments, dummy load 
and filter selection, time delay and pro-
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rf expo products Continued 
gram/recall operational sequences. The 
unit is priced at $16,000. Noise Com, Inc., 
Hackensack, N.J. INFO/CARD #208. 

Hybrid DIP ECL VCXO 
Vectron Laboratories, Inc. 
The CO-434V series hybrid VCXOs pro¬ 

vide ECL output for 8 MHz through 200 
MHz complementing Vectron’s previous¬ 

HIGH 
POWER 

EPSCO 

ly introduced line of TTL and Sinewave 
Hybrid VCXOs. Vectron Laboratories, 
Inc., Norwalk, Conn. INFO/CARD #207. 

Fixed Attenuators for PC Board 
Alan Industries, Inc. 

Alan’s PI series of fixed attenuators is 
ideal for PC board or socket mount ap¬ 
plications. They are available with at¬ 

troscopy, plasma physics and susceptibil¬ 
ity testing. Amplifier Research, Souder¬ 
ton, Penn. INFO/CARD #204. 

Ultra Wideband RF Amplifier 
Kalmus Engineering International, 
Ltd. 
Kalmus introduces a new ultra wide 

band RF amplifier. The model 502LC, 
covering the broadband frequency range 
from 10 kHz to 525 MHz, has a power out- ! 
put level of greater than 2 W. The 
amplifier has a gain of 36 dB and is priced 
at $1395. Kalmus Engineering Interna¬ 
tional, Ltd., Woodinville, Wash. Please 
circle INFO/CARD #203. 

Board Mountable 
Shielded Enclosures 
Compac Development Corp. 
Compac Development introduces the 

flat pac series of board mountable RFI/ 
EMI shielded enclosures which provides 
70 dB attenuation at 4 GHz. Compact 
Development Corp., Holbrook, N.Y. 
INFO/CARD #202. 

COM 
R.F. 
AMP 

PACT^** 
POWER 
LIFIER MODULES 

EPSCO offers a family of extremely 
compact power amplifier modules 
for UHF/VHF applications, com¬ 
biningwide bandwidth, high gain 
and high output power levels. In 
addition to standard wideband 
and narrowband models (available 
in Class A, AB or C operation), 
EPSCO provides custom designs 
to meet your specifications. 

TYPICAL MODULE PERFORMANCE 

tenuation values for 1 to 20 dB, a fre¬ 
quency range of DC-500 MHz and accur¬ 
acy of ±0.5 dB. Alan Industries, Inc., Col¬ 
umbus, Ind. INFO/CARD #206. 

Cables Get QPL Approval 
Applied Engineering Products 

Applied Engineering announces 93 
qualified part numbers in configurations 
for cable, receptacles, and PC board 
mountings under MIL-C-39012. Both gold 
and silver plating are available for SMB 
and SMC. Applied Engineering Pro¬ 
ducts, New Haven, Conn. Please circle 
INFO/CARD #205. 

Power Amplifier at 10 Watts 
Amplifier Research 

Amplifier Research introduces a 10 watt 
RF amplifier covering the frequency range 
of 10 kHz to 250 MHz. The amplifier is 
ideally suited for pulsed and non-sinu-
soidal waveforms, ultrasonics, NMR spec¬ 

Portable Signal Generator 
Marconi Instruments, Inc. 
The model 2022A is the newest addi¬ 

tion to the family of small and portable 
signal generators in the Marconi family. 
With a specified output flatness of ±0.5 

dB over the entire frequency range and 
low harmonically related signals typical¬ 
ly better than -35 dBc, the device pro¬ 
vides high performance at reasonable 
cost. Marconi Instruments, Inc., Allen¬ 
dale, N.J. INFO/CARD #201. 

RF Design 

Wideband Modules 
Freq. (MHz) Input Power Output Power 

(dBm) (dBm) min. 
2-32 +10 +43 
20-500 0 + 43 
500-1000 0 + 43 

Narrowband Modules 
Freq. (MHz) Input Power Output Power 

(dBm) (dBm) min. 
2-100 0 +46 
100-200 0 + 46 
225-400 0 +46 
600-800 0 + 43 

TO MEET YOUR SPECS 
Sizes start at 2" x 3" x 0.75." 

For more complete information 
and discussion of your high power 
RF amplifier needs, contact 
Epsco, RF Division, 31355 Agoura 
Road, Westlake Village, CA 91361. 
(818) 889-5200. Telex: 18-3378. 

See us at RF Technology Expo, 
Booths #500 & 501. 

INFO/CARD 66 
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rf expo products Continued 
2-18 GHz Digital Phase Modulator 
Premier Microwave Corporation 

Premier Microwave introduces the BP 
series of biphase modulators. These 
devices are digitally controlled and cover 
the 2 to 18 GHz frequency range with an 
insertion loss of 2 dB, SWR of 2, phase 
error of +20 degrees and amplitude rip¬ 
ple of 0.25 dB for the BP1000 model. Also 
being introduced is a SPST doubly ab-

sorbtive switch with 100 dB of isolation 
with a 1.5 dB insertion loss. The switch¬ 
ing speed is less than 100 ns and 
operates on TTL logic. Premier Micro¬ 
wave Corporation, Port Chester, N.Y. 
INFO/CARD #196. 

Millimeter Gunn Diodes 
Epsilon Lambda, Inc. 
Epsilon Lambda announces the 

capability to design and produce high 
power fixed frequency Gunn diode oscil¬ 
lators for millimeter wave applications. 
The devices operate from 55 GHz to 60 
GHz with an output power of 500 mW. 
Currently being developed are devices in 
the 90 GHz to 95 GHz range with power 
outputs of 120 mW. The devices are tailor-
made to customer specifications. Epsilon 
Lambda, Inc., Geneva, III. Please circle 
INFO/CARD #195. 

= SUPER STAR= 
SuperStar is todays best value in RF design software. I guarantee it! If, 
after trying SuperStar, you don't agree, return it within 30 days for a com¬ 
plete, no questions asked, refund. 

★ VERSATILE—SuperStar has both two-port and nodal 
capability. It has the elements needed—lumped, distributed and 
coupled—to design nearly all types of RF and microwave circuits. 

★ OPTIMIZATION—Not just random or gradient. SuperStar uses a 
pattern search with quadratic estimation and adaptive step size. 

★ EASY TO USE—Your circuit file is simple and easy to write, and it's 
automatically checked for errors. 

★ ACCURATE—SuperStar is thoroughly tested. Double precision 
is used for critical variables. The output range is + 179.9 dB. 

★ FAST—8087 inline code with IEEE number format storage plus 
assembly language routines make SuperStar super fast! 

Cesium Frequency Standard 
Austron, Inc. 
Model 2310 Disciplined Cesium Stan¬ 

dard utilizes a precision cesium physics 
package with circuitry to change the nat¬ 
ural resonant frequency of the oscillator. 

The 2310 also features an IEEE-488 two-
way communications bus. Austron, Inc., 
Austin, Texas. INFO/CARD #200. 

126 

$595.00* 

Sweeper Covers Millimeter Waves 
Micro-Now Instruments 
Micro-Now Instruments Company in¬ 

troduces the model 706 mm-wave 
sweeper. The instrument was originally 
developed for Gunn oscillators operating 

Requires an IBM PC/XT/AT or compatible with 384k, 8087 or 
80287, color graphics adapter, Black & White or 
color monitor and a parallel printer port. 

For free specifications and descriptive brochure, 
write or call— 

1-800-843-8063 

CIRCUIT BUSTERS, 
1750 Mountain Glen 
Stone Mountain, GA 30087 
(404) 923-9999 

MasterCard . 

Inc. 

*$69.00 additional if you don’t already have SideKick, by Borland 

in the 33-110 GHz range. The 706 includes 
digital display of signal and marker fre¬ 
quencies plus sweep duration, up to five 
preset frequencies, and sweep times from 
10 ms to 100 s Micro-Now Instruments 
Company, Skokie, III. INFO/CARD #199. 

Amplifier Modules are Broadband 
Advanced Microwave, Inc. 
AMI introduces the A-Pak series of solid 

state amplifiers designed for frequencies 
from 0.2 GHz through 18.0 GHz. The de¬ 
sign offers low noise with a selection of 
various gain levels. Consistent gains over 
temperature specification -or most models 
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is guaranteed over the temperature range 
from -54° to 85°. Advanced Microwave 
Inc., Camarillo, Calif. INFO/CARD #198. 

Combline Bandpass Filters 
Daden Associates 
Daden Associates introduces Daden 

Combline Filters in the CS series cover¬ 
ing the frequency range from 500 MHz to 
26.5 GHz with bandwidths from 2 percent 

Programmable Attenuators 
Alan Industries, Inc. 
Alan Industries introduces a series of 

programmable attenuators. Their ranges 
are 0-31 dB, DC-1250 MHz; 0 to 63 dB, DC 
to 1250 MHz, and 0-127 dB, DC to 1 GHz. 
VSWR at 500 MHz is 1.3:1 and a max¬ 
imum switchg speed of 6 ms. The prices 
ranges from $445 to $575. Alan In¬ 
dustries, Inc., Columbus, Ind. Please 
circle INFO/CARD #193. 

Miniature Microwave Relays 
FL Jennings 
A new line of miniature microwave 

relays rated at DC to 2.5 GHz with a 
VSWR of 1.20:1, an isolation near 40 dB 

heads guaranteed against burnout for life. 
The 4421 measures 300 mW to 1 kW with 
3 percent accuracy. Bird Electronics Cor¬ 
poration, Cleveland, Ohio. Please cir¬ 
cle INFO/CARD #190. 

Cascadable Amplifiers 
are Wideband 
Hewlett Packard 
HP announces a new family of wide¬ 

band automatic gain control amplifiers. 
The devices offer a gain control range of 
30 dB with gain flatness from 2-1900 MHz. 

to over 75 percent. Three to 22 sections 
are available for extremely tight stopband 
requirements. This compact rugged con¬ 
struction affords low insertion loss and low 
VSWR. Daden Associates, Laguna Hills, 
Calif. INFO/CARD #197. 

Radiation Hazard Test Set 
Narda Microwave Corp. 
Narda introduces a radiation hazard 

test set that is useful for RF hazard iden¬ 
tification, safety and compliance modifica¬ 
tion. Another new product is the battery 

powered electric and magnetic field meter 
in the 10 to 40 MHz frequency range. The 
Narda Microwave Corporation, Haup¬ 
pauge, N.Y. INFO/CARD #194. 

and insertion loss of .15 dB is introduced 
by FL Jennings. PCB terminals, flying 
leads and solder lugs connections are 
available. FL Industries, Inc., Jennings 
Division, San Jose, Calif. Please circle 
INFO/CARD #192. 

Lockable Ultra Low 
Phase-Noise Sources 
Communication Techniques, Inc. 
New series XSMP-low profile phased — 

locked microwave signal source product 
line utilizes an internal crystal oscillator 
in the 100 MHz region to produce ultra low 
noise performance up to 21 GHz. The out¬ 
put frequency does not have to be an in¬ 
teger multiple of the reference frequency. 
A list of options is available for this pro¬ 
duct. They include field changeable 
crystals, FM modulation, auxiliary out¬ 
puts and RF muting. Communication 
Techiques, Inc., Whippany, N.J. Please 
circle INFO/CARD #191. 

Precision RF Power Meter 
Bird Electronics Corporation 

Bird introduces the laboratory grade 
model 4421 RF power meter. This product 
measures forward/reflected power in watts 
or dBm, VSWR, max/min with wide range 

HP also introduces the HSMP-38XX 
series of PIN diodes, which are designed 
to be used in typical applications such as 
duplexers, switches, phase shifters, pulse 
and amplitude modulators, limiters, level¬ 
ing circuits and attenuators. Hewlett 
Packard, San Jose, Calif. Please circle 
INFO/CARD #189. 

New Ceramic Substrates 
Alpha Industries, Inc. 
Alpha Industries introduces the DMAT 

series of ceramic substrates. The mater¬ 
ials feature “O” porosity, are dense, and 
are laser cuttable with low power. Their 
dielectric constants are compatible with 
gallium arsenide technology. 

Also being unveiled is a CW motion and 
direction detector module. The transmit¬ 
ter operates in the frequency range from 
9.47-10.7 GHz. Alpha Industries, Inc., 
Woburn, Mass., and Adamstown, Md. 
INFO/CARD #188. 
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EUREKA! 
Thomson-Mostek introduces 

the gold standard. 



The world’s leading supplier of high-
reliability RF power transistors now brings you 
a new industry standard worth its weight in 
gold. Introducing the high-reliability RF silicon 
gold-metallized MOSFET. 

It's unlike any other MOSFET you’ve ever 
seen. Because each of our TMOS-replaceable 
MOSFETs is layered, not in aluminum, but in pure 
gold. Which means we can produce finer line 
geometries for higher frequency performance 
than ever before. Our directly TMOS-replaceable 
silicon RF MOSFET is the most reliable on the 
market. It features N-channel, enhancement 
mode and poly- silicon gate isolation technology. 
With its superior IMD characteristics, broad 
bandwidth and thermal stability, you get the ultra 
high-reliability you’ve come to associate with the 
name Thomson- Mostek. 

What’s more, with over 800 active RF and 
microwave transistors for both commercial and 
high-rel applications, we’re the industry’s leading 
supplier of internally matched RF transistors 
for Mobile, Microwave, DME, TACAN and radar 
equipment. In fact, with Thomson’s vast range of 
products for application frequencies from 2 MHz 
to 4.2 GHz -most customized to your specifi¬ 
cations -we can respond to virtually any appli¬ 
cation requirement. 

High-rel/military specs require gold-
metallization wherever possible. So if you’re look¬ 
ing for ultra high-reliability devices -including 
RF MOSFETs -from a supplier you can trust, look 
to the folks who are worth their weight in gold. 

We’re Thomson-Mostek. And we set the 
standard. 

MOSFET RF POWER 

FEATURES: 
GOLD METALLIZED 
FREQUENCY RANGE = 2 MHz TO 200 MHz 
TMOS™ REPLACEABLE 
SUPERIOR IMD CHARACTERISTICS 
BROAD BANDWIDTH 
THERMALLY STABLE 

PRODUCTS: 
TYPE: POUT(W): Vdd(V): Pg(dB): Idg(mA): PKG: Fo(MHz): 
SD1906 45W 28. 12. 25. 3804LFL 150. 
SD1908 80W 28. 10. 50. 5004LFL 150. 
SD1912 150W 28. 15.(TYP) 250. 5004LFL 30. 
SD1920 150W 50. 17.(TYP) 250. 5004LFL 30._ 

TMOS is a trademark of Motorola 

U.S. and Canadian 
Sales Offices 

Western Area: 

Santa Clara. CA 
408/970-8585 

Irvine. CA 
714/250-0455 

Woodland Hills. CA 
818/887-1010 

Seattle. WA 
206/632-0245 

Longmont. CO 
303/449-9000 

Scottsdale. AZ 
602/998-1580 

Tigard, OR 
503/620-5517 

Central Area: 

Carrollton, TX 
214/466-8844 

Bloomington. MN 
612/831-2322 

Schaumburg. IL 
312/397-6550 

Austin, TX 
512/451-4061 

Eastern Area: 

Burlington. MA 
617/273-3310 

Marlton, NJ 
609/596-9200 

Huntsville. AL 
205/830-9036 

Liverpool. NY 
315/457-2160 

Poughkeepsie, NY 
914/454-8813 

Dublin, OH 
614/761-0676 

Greensboro, NC 
919/292-8396 

Norcross. GA 
404/447-8386 

Canada: 

Montreal. Quebec 
514/288-4148 

Brampton, Ontario 
416/454-5252 

For all other 
countries: 

Thomson 
Semiconducteurs 

43 Avenue de l’Europe 
78140 Velizy -

Villacoublay. France 
(1)39 46 97 19 

Thanks to Thomson-Mostek’s exclusive tri-metal gold 
process, what you see here is no ordinary MOSFET. 

COMPONENTS 

MOSTEK 

RF & MICROWAVE PRODUCT MARKETING 
Thomson Components-Mostek Corporation 116 Commerce Drive I Montgomeryville, PA 18936-1002 

215/362-8500 / TWX 510-661-6548 / FAX 215-362-1293 

In addition to RF and microwave transistors. Thomson-Mostek manufactures MOS and bipolar devices for both commercial and military applications 
microcomponents, memories and linear circuits as well as Discrete, passive components and ASIC 

See us at RF Technology Expo, Booth #528. 
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ff expo products Continued 
Spectrum Analyzer is Portable 
Anritsu Corporation 

Anritsu features a portable 10 kHz 
to 2 GHz spectrum analyzer (model 
MS610B/J/J1) with an 80 dB dynamic 
range. The analyzer incorporates a coup¬ 
ling function for measurements to be 

made by setting the frequency, frequency 
span and reference level. This product is 
priced around $8,000. Anritsu Corpora¬ 
tion, Oakland, N.J. INFO/CARD #187. 

Chip Resistor Receives 
QPL Approval 
Barry Industries, Inc. 

Barry Industries will be featuring their 
TRX division’s chip resistors. These pro¬ 

Bidirectional Transfer 
Between IBM and HP 
Compact Software, Inc. 
Compact Software introduces com¬ 

puter aided design and synthesis pro¬ 
grams that allow bidirectional transfer of 
S parameters between IBM computers 
and the Hewlett Packard 8510 network 
analyzers. Also being introduced is a stan¬ 
dalone CIRCLES program which uses the 
properties of the Smith chart to aid the de¬ 
sign of matching networks, perform stabili¬ 
ty analysis, and optimize circuits. Com¬ 
pact Software, Inc., Paterson, N.J. 
INFO/CARD #184. 

Mixers for SMT 
Synergy Microwave Corporation 
Synergy introduces lumped-element 

mixers and power devices in surface 
mounted packaging. The mixers cover a 
range from 1 to 2500 MHz and L.O. 
powers from +7 dBm to +23 dBm. The 
power dividers offer a 20 dB isolation and 
a 1 dB insertion loss. 

Also being introduced are standard Bi¬ 
Phase Modulators covering frequencies 
of 800-2500 MHz and modulation fre¬ 
quencies up to 200 MHz. Synergy Micro¬ 
wave Corporation, Paterson, N.J. 
INFO/CARD #183. 

Ceramic Substrate for 
Microwave Circuits 
Kyocera International, Inc. 
Kyocera introduces the A493 ceramic 

substrate for the fine-line deposition of 
thin film microwave circuits. The substrate 

35-400 MHz VCOs 
Magnum Microwave 
Magnum Microwave voltage control 

oscillators that deliver a minimum of +10 
dBm with up to octave frequency cover¬ 
age. They employ thin film MIC construc¬ 
tion and are available in TO-8 or flatpack 
packages. Magnum Microwave Corpora¬ 
tion, Fremont, Calif. INFO/CARD #180. 

Cold Switching at 200 Watts 
Lorch Electronics 
An electronic switch rated at 200 W (800 

W peak), covering a frequency range of 
80 to 500 MHz, is introduced by Lorch 
Electronics. The insertion loss is typically 

ducts have just been QPL approved endet 
MIL R 55342. Barry Industries, Attle¬ 
boro, Mass. INFO/CARD #186. 

Signal Generator to 2.4 GHz 
Comstron Corporation 
Comstron introduces their 742A syn¬ 

thesized signal generator with coverage 
to 2.4 GHz. 

0.35 ddB (0.5 dB max.) with an isolation of 
40 dB and VSWR of 1.2:1. Lorch Elec¬ 
tronics, Englewood, N.J. Please circle 
INFO/CARD #179. 

UHF Amplifier Covers 1.5-500 MHz 
RF Power Labs, Inc. 
RF Power Labs introduces a new series 

of wideband amplifiers, model RF 2002, 
with a ±1 dB gain flatness from 1.5 to 500 
MHz, 33 dB gain and 2 W of linear power 
output. The amplifier design utilizes MOS¬ 
FET and SMT technology. The features 
include LCD power meter, fast RF blank¬ 
ing control and a built-in DC power sup¬ 
ply. RF Power Labs, Inc., Bothell, Wash. 
INFO/CARD #178. 

Power FETs are Broad Band 
Microwave Semiconductor Corp. 
Microwave Semiconductor introduces 

Also being introduced is the FS 2000 
frequency synthesizer. The features in¬ 
clude sub-microsecond switching and a 
frequency range of 10 MHz to 4 GHz. 
Comstron Corporation, Melville N.Y. 
INFO/CARD #185. 

is 99.6 percent aluminum and has an ultra 
smooth surface. Kyocera International, 
Inc., San Diego, Calif. Please circle 
INFO/CARD #182. 

Anti-Aliasing Filters 
TTE, Inc. 
TTE Incorporated introduces elliptical 

function low pass filters with any specified 
cut-off frequency from 1 kHz to 100 MHz. 
TTE, Inc., Los Angeles, Calif. Please 
circle INFO/CARD #181. 
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See our exhibit at the 
RF Expo '87 in Anaheim. 
Booth 311. 
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rf expo products Continued 
an internally input matched balanced pair 
of silicon FET power transistors for broad 
band applications. The transistors operate 
in the 225 to 400 MHz frequency range. 
The features include refractory/gold metal-
ization, VSWR capability of 3:1 and 
metal/ceramic hermetic packaging. 
Microwave Semiconductor Corp., Som¬ 
erset, N.J. INFO/CARD #176. 

GaAs FET Offers Low Noise 
California Eastern Laboratories 

California Eastern Laboratories in¬ 

troduces a low noise GaAs FET from 
NEC. The new devices achieve a noise 
figure of 1.0 dB at 12 GHz with 12 dB 
associated gain. The NE202 is priced at 
$120 for quantities of 500. California 
Eastern Laboratories, Santa Clara, 
Calif. INFO/CARD #177. 

IFF Tunable Oscillators 
Andersen Laboratories 
Andersen has introduced two new 

models to its SAW Hybrid Oscillator line. 
The devices operate at 1030 MHz and 
1090 MHz. The advantaged of these 
oscillators include tunability, spectral pur¬ 
ity, and low power consumption. The 
oscillators maintain a phase noise char¬ 
acteristic of -90 dBc at 1 kHz. Andersen 
Laboratories, Bloomfield, Conn. Please 
circle INFO/CARD #175. 

New Waveguide Coupler 
Aerowave, Inc. 
Aerowave’s newly created coupler 

design (series #02) enhances sensitivity 
and stability of detected signal response 
in network analyzers and reflectometer 
measurement systems or for signal samp¬ 
ling or injecting in design configurations. 

Aerowave, Inc., Medford, Mass. Please 
circle INFO/CARD #174. 

1 Cubic Inch Power Amplifier 
Microwave Modules and Devices 
MMD introduces a 2 kW pulsed power 

amplifier weighing 1 ounce and measur¬ 
ing 1 cubic inch. Microwave Modules 
and Devices, Mt. View, Calif. Please cir¬ 
cle INFO/CARD #173. 

Amplifier Modules are High Power 
TRW RF Devices 
TRW introduces a line of high power, 

class A amplifier modules with a fre¬ 
quency range from 800-1000 MHz, linear 
power from 3 to 25 W, and reverse polari-

132 

HIGH DYNAMIC RANGE 
■ High Guaranteed Performance 
■ Competitively Priced 
■ Custom Designs Available 

Choose from more than 20 standard models of High Dynamic Range 
RF Amplifiers. Here's just a partial list: 

Design & Manufacture 
of Quality Electronic Equipment 
Since 1969 

Model Frequency Gain N.F. 3rdl.P. 
PF841 2-32 MHz 16.0 dB 6.0 dB +47 dBm 
PF865 20-400 16.5 8.0 + 35 
PF749-1 146-174 16.5 4.5 + 35 
PF829 406-512 16.5 4.5 + 38 
PF797A 800-960 19.5 5.0 + 35 
PF833 806-920 26.5 2.8 + 34 
PF845 890-915 18.0 2.0 + 35 
PF849F 825-851 16.0 1.0 + 20 

Also available: more than 50 models of standard power dividers. 

Call or write today for a free catalog! 
(503) 757-1134 ■ FAX: (503) 757-7415 

JANEL LABORATORIES, »NC. 
33890 Eastgate Circle • Corvallis, OR 97333 
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ty protection. These devices are also 
available in other frequency ranges and 
output power levels. TRW RF Devices 
Div., Lawndale, Calif. INFO/CARD #172. 

Filter is Tunable 
Microlab/FXR 

Microlab introduces a tunable filter (BF-
A67) featuring a narrow band preselect fil¬ 

lines. Dow-Key Microwave Corporation, 
Carpinteria, Calif. INFO/CARD #130. 

HV Relay is Gas Filled: 
Kilovac Corp. 

Kilovac introduces the K61C gas filled 
high voltage relay. The switch will isolate 
or hot switch up to 35 kV. The device can 
carry a continuous current of 10 A. It is 

ter response, less than 2.0 dB insertion 
loss, and screwdriver adjustability. Micro¬ 
lab/FXR, Livingston, N.J. Please circle 
INFO/CARD #171. 

IEEE Bus Interface Controller: 
Dow-Key Microwave 
Dow-Key Microwave Corporation intro¬ 

duces the Model DK-688 IEEE Bus Inter¬ 
face Controller. This IEEE-488 Bus con¬ 
troller is designed to provide a low cost, 
high performance interface to any elec¬ 
tronic device with BCD Control or Data 

suited for hipot and cable insulation test¬ 
ing, military radar and sonar applications, 
capacitive discharge circuits, electrostatic 
discharge testing and microwave tube 
testing. Kilovac Corporation, Santa Bar¬ 
bara, Calif. INFO/CARD #129. 

Class A Power Amplifier: 
Epsco, Inc. 
The Epsco model AM0250D0015 is a 

miniature class A, linear high power amp¬ 
lifier with 15 W minimum at the 1 dB com¬ 
pression point across the 20-500 MHz fre¬ 
quency band. The amplifier has a mini¬ 
mum gain of 40 dB. Epsco, Inc., RF Div., 
Westlake Village, Calif. Please circle 
INFO/CARD #128. 

Flexible Cable Assembly: 
Huber & Suhner, Inc. 
Huber & Suhner introduces the Suco-

flex flexible microwave assembly, C.Grip 

Signals. Capabilities include the ability to 
drive or sense data on two 24-line bi-direc¬ 
tional binary data ports using standard 
TTL logic signal levels. These data lines 
can be configured as either eight bit BCD 
data ports or binary status/enable/inhibit 

solderless/non-crimp SMA connector and 
in-cable subminiature microwave attenua¬ 
tors. Huber & Suhner, Inc., Woburn, 
Mass. INFO/CARD #127. 

RF Design 

Does business 
stress cause 
high blood 
pressure? 

Stress on the job is a real 
problem for most of us. 
Many people think high-
pressure jobs cause high 
blood pressure. 

Scientists and doctors 
aren't sure if stress causes 
high blood pressure. But. one 
thing is for sure: anybody. 
no matter how they react to 
stress, can have high blood 
pressure. 

If you have high blood 
pressure, you can control 
it — with medication, weight 
control, less salt and 
whatever else your doctor 
tells you to do, every day. 

No matter what you do for 
a living, keep on living. 

High blood pressure. 
Treat it and live. 

National High Blood Pressure Education Program. 
National Heart, Lung, and Blood Institute. 

U.S Department of Health and Human Services 

133 



redesign feature_ 

The Engineer’s “Toolkit” 

Selection Conversion Formulas 

5 R, ± jx, « (i P2a) 

6 p/a _ z -z» _ R.±jx.-z, 
6 P-S Z + Z, R.ÍÍX. + Z, 

7 = 10'» 

8 Return Loss - -20 log 10P 

1 + P 
9 VSWR - YTTp" 

By Richard Bain 
E-Systems, ECI Division 

Did you ever forget which reference 
book or scrap of notepaper had that im¬ 
portant conversion factor for Rho to 
VSWR or signal-to-noise degradation for 
a given interference level? Here is a pro¬ 
gram with 14 conversions common to RF 
systems, design to take the “plug and 
chug’’ out of routine computations and 
eliminate the need to thumb through 
books looking for the formula. 

The program menu in Figure 1 shows 
the 14 different conversion routines. 

A useful feature of the program is the 
ability to reuse the results of a conversion 
in another conversion. The numbers 
beside each manu selection indicate the 
subroutines from which data will be ac¬ 
cepted by the selected subroutine. As an 
example, data of the form: return loss and 
angle can be converted to Rho and angle 
in (7), converted to Rs ±jXs in (5), then 
converted to either Rp, ±jXp in (11) or to 
Z(impedance) at angle theta in (13). The 
program issues a warning if the data type 
is not proper for the conversion selected. 
There are checks for division by zero 
where appropriate to prevent an error that 
would stop the program. 
Another feature that is useful is the 

ability to provide a formatted printout of 
the results of any of the last ten conver¬ 
sion selections. The formatted output can 
appear on the screen, be printed on the 
printer, or both. However, the output for 
the first four menu items is printed only 
to the screen but can be sent to the printer 
using the screen dump function on the 
keyboard. 
The structures of the first four sub¬ 

routine modules are similar to one 
another. The same holds true for the last 
ten subroutine modules. Therefore, only 
one module of each will be discussed. 
The formulas used in the last ten 
subroutines are shown in Table 1. The 
Basic code for the formulas used in the 
first four subroutines is shown in Figures 
2 and 3. 

System Analysis Selections 
The first four menu selections are 

especially useful for systems analysis 
work. Selection 1 asks for the present 
signal to noise ratio and the signal to in¬ 
terference ratio for the added signal then 
calculates the new noise ratio resulting 

from the addition. Selection 2 requests 
the present signal to noise ratio and the 
known amount of signal to noise ratio 
degradation and uses these to calculate 
the interference level needed to cause 
that amoung of degradation. Selection 3 
calculates the power or voltage sum of 
two powers in dBm. Selection 4 requests 
the known sum and one of the powers 
added to give that sum and asks if the 
sum was a power or voltage sum, then 
calculates the unknown power. 
The subroutine for menu selection 3 is 

shown in Figure 3. The program asks if 
the addition is a power or a voltage opera¬ 
tion. The power addition is used for the 
addition of two uncorrelated powers, such 
as a sine wave signal and noise, or two 
noise powers, whereas the voltage addi¬ 
tion is used when the two powers may be 
correlated and peak addition could occur. 
A different header is printed for the two 
cases. At the end of the power addition 
subroutine, the program gives the user 
three options. The first option allows the 
user to add another power to the sum just 
calculated. Both options print out under 
the same header. The third option directs 
the program back to the main menu. The 
other three of the four subroutines also 
have three options appearing at the end. 

Conversion Subroutine Example 
Figure 4 contains the listing for menu 

selection 6. The first few lines of the pro¬ 
gram check to see whether the data is to 
be supplied by the user, or its data from 
another subroutine. If the data is from 
another subroutine, the program checks 
to make sure that is is of the proper type 
by checking the value of the variable 
DATYPE. The value of this variable is set 
after the calculation of data in each 
subroutine. If the data type is not proper, 
the user is sent back to the main menu. 
Line 1990 checks for data from another 
subroutine; if the data is from another 
subroutine, calculations begin immediate¬ 
ly. If previous data are not used, the 
variable NUMB is set to 1. This variable 
keeps track of the array size generated 
during data input. Data input is terminated 
when zeros are input for data. The IF 
statement from lines 2040 to 2100 tests 
for the zero dat entry, and allows the FOR 
NEXT loop to begin execution if the data 
are zeroes. 

10 

11 

12 

13 

14 

Mismatch Loss ■ -10 log 10(1 - P2) 

R,2 + X,2 
R, 

(RP)XP2 
R>- Rp2 + Xp2

Z = VR,2 + X,2 

R, - (Z)cos(e) 
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_ R,w 
Rp2 + Xp2

0 = ARCTAN(XS/RS) 

X, - (Z)SIN(0) 

Zo — Characteristic impedance 
Rs ± jX, — Series resistance and reactance 
P/a — Voltage reflection coefficient magnitude and angle 
R p. jXp — Parallel resistance and reactance 
Z /Q — Impedance magnitude and angle 

Table 1. Conversion Equations 
5 to 14. 

In line 2120 of the subroutine the value 
of Rs is tested before each series of cal¬ 
culations; if the value of Rs is equal to Zo 
(50 ohms), a small increment is added to 
Rs to prevent division by zero n line 2180. 
Zo is set to 50 at the begining of the pro¬ 
gram, but this could certainly be made an 
optional selection for those who work with 
other impedances. Lines 2190 and 2200 
check for that familiar trigonometric prob¬ 
lem of: “what the heck quadrant are we 
in anyhow?” Since Rs+Z0 is always posi¬ 
tive, the check does not have to be per¬ 
formed for THETA2. Another check must 
be performed for the specific case of 
jXs=O and Rs=50 so the angle displayed 
will be 180 degrees and not 0 degrees. 
The problem does not occur for even very 
small jXs, only for jXs=O. After calcula¬ 
tion, the user may print the data, which 
is passed to the subprogram PRINTDAT. 
The variable FORM tells the subprogram 
whether the data requires a two-column 
format or a four-column format. 

The program can be easily expanded 
to incorporate other familiar conversions, 
though it might be necessary to resort to 
sub-menus since more selections will not 
fit on the screen. The program has 
already been useful to me and certainly 
worth the time needed to develop it; I 
hope that it is of similar value to others. 
The program can be easily modified for 
various versions of BASIC used on dif¬ 
ferent computers. 
The author has developec the IBM PC 

version and a version for the HP200 
series with BASIC 3.0. Disk copies of both 
versions of the program are available 
directly from the author for $8.00 ($5.00 
for requests accompanied by a disk.) 
Send your requests to Richard Bain, 
6010-18th Ave. N., St. Petersburg, Fla. 
33710. The program listing follows on pp. 
136-141. H 
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80 PRINT MAIN MENU . . 
90 PRINT 
100 I 
110 'BY RICHARD BAIN 4/10/86 
120 PRINT ■ 1 = SNR DEGREDATION FOR A GIVEN LEVEL OF INTERFERENCE" 
130 PRINT " 2 = INTERFERENCE LEVEL FOR A GIVEN SNR DEGRADATION" 
140 PRINT “ 3 = POWER OR VOLTAGE SUM OF TWO POWERS IN DBM” 
150 PRINT " 4 « UNKNOWN POWER IN DBM GIVEN SUM & ONE POWER" 
160 PRINT " MENU ITEMS 5 TO 14 ACCEPT DATA FROM; MENU ITEMS" 
170 PRINT “ 5 = RHO ANGLE ALPHA TO Rs+/-JXs - (7)“ 
180 PRINT ■ 6 = Rs + /-JXs TO RHO ANGLE ALPHA - <12,14 1" 
190 PRINT " 7 • RETURN LOSS ANGLE ALPHA TO RHO ANGLE ALPHA" 
200 PRINT " 8 = RHO TO RETURN LOSS - (6)" 
210 PRINT " 9 = RHO TO VSWR - <6,7 >" 
220 PRINT "10 = RHO TO MISMATCH LOSS- (6,7)" 
230 PRINT "11 - Rs+/-JXs TO Rp.JXp - (5,14)" 
240 PRINT "12 = Rp,JXp TO Rs + /-JXs- (111" 
250 PRINT "13 = Rs+/-JXs TO 2 ANGLE THETA - <5,121" 
260 PRINT "14 ' Z ANGLE THETA TO Rs+Z-JXs- <131" 
270 INPUT "TYPE YOUR SELECTION, 1 TO 14", Elect_ 

Figure 1. Toolkit menu. 

460 PRINT "SNR DEGRADATION VS SIGNAL TO INTERFERENCE RATIO <STR>" 
510 Nsrabs^lß' (-Snr /10 ) ।NSRABS=NOISE TO SIGNAL RATIO 
520 Israbs“ 10" (-Sir /10 ) 'ISR= INTERFERENCE TO SIGNAL RATIO 
530 Newsnr«'-10*LGT( Nsrabs+Israbs ) 
540 Degrad“Snr-Newsnr 

100-500 MHz 
G50 PRINT "SIGNAL TO INTERFERENCEC SIR ) RATIO GIVEN SNR AND DEGRADATION" 
700 Nsrabs = 10 ‘<-Snr/ 10 ) 
710 Newsnr=Sni—Degrad 
720 Newnsrabs® 10" <-Newsnr/10 ) 
730 Israbs=-N5rabs+Newn3rab5 'INTERFERENCE TO SIGNAL RATIO 
740 Sirdb— 10*LGT< Israbs ) 'SIG TO INTERFERENCE RATIO IN DB 

The EPSCO Model 1370 is one 
member of a solid-state High 
Power Amplifier (HPA) family. 

Small, light, and highly 
reliable, these amplifiers cover 
a range of frequencies from 
1 to 1OOO MHz and output 
power up to 1000W (up to 
10KW in custom designs). 

1060 PRINT " CALCULATES POWER ADDED TO KNOWN POWER TO GIVE KNOWN SUM“ 
1220 P2dbw» 10»LGT ( 10‘ (Psumdbm/ 10 )-10 (Pldbm/10 ) ) 
1230 IF Which=2 THEN P2dbm-20*LGT (10"(Psumdbm/20 )- 10 (P1dbm/20 ) ) 

Figure 2. Formulas for menu selections 1, 2 and 4. 

820 Puradd: 'ADD TWO POWERS IN DBM 
830 PRINT "POWER OR VOLTAGE ADDITION OF TWO POWERS" 
840 PRINT 
850 INPUT "ENTER 1 FOR POWER ADDITION, 2 FOR VOLTAGE" ,P_or_v 
860 IF P_or_v=l THEN 
870 PRINT " Pl dBM P2 dBM Psun dBM (POWER ADDITION)" 

880 ELSE 
890 PRINT " Pl dBM P2 dBM Psum dBM (VOLTAGE ADDITION)“ 

900 END IF 
910 INPUT "ENTER FIRST POWER IN dBM", Pl 
920 INPUT "ENTER SECOND POWER IN dBM",P2 
930 Psum=10»LGT( 10 <Pl /10 ) + 10" <P2Z 10 ) ) 
940 IF P_or_v-2 THEN Psun-20«LGT( 10" <Pl Z20 >+10" <P2Z20 > ) 
950 Fmta IMAGE 2X ,S3D .2D ,6X ,S3D .2D ,SX ,S3D .2D 
960 PRINT USING Frit a ; Pl , P2 , Psum 
970 INPUT “1’SUM 2 NEW POWERS, 2-NEW POWER+OLD SUM, 3=MENU",0ues 
980 IF Ques=l THEN 910 
990 IF Ques-2 THEN 
1000 Pl=Psum 
1010 GOTO 920 
1020 END IF 
1030 IF Ques=3 THEN 70 
1040 RETURN 

EPSCO HPA'S FEATURE: 
A sophisticated combina¬ 

tion of analog, digital, mechani¬ 
cal and thermal engineering 
techniques. ..including 
advanced power combining... 
to harness the multiple power 
modules necessary to achieve 
the output power levels of 
which the HPA’s are capable. 

Self-contained, including 
power supply, most EPSCO 
HPA’s are packaged in stan¬ 
dard 574" EIA chassis and 
are designed to withstand 
demanding environments. 

TO MEET YOUR SPECS 
For more information, 

contact EPSCO, RF Division, 
31355 Agoura Road, Westlake 
Village, CA 91361. (818) 889-
5200. Telex: 18-3378. 

Figure 3. Subroutine for menu selection 3. 

About the Author 
Richard Bain is a senior design engineer for E-Systems, ECI Division, Box 12248, 
St. Petersburg, FL 33733. His current work is in the design and analysis of receiver 
systems. See us at RF Technology Expo, 

Booths #500 & 501. 

RF Design INFO/CARD 71 



10 'save toolkit 

20 DIM RHO ( 100). ALPHA! 100), RETLXI 100), RS (100), JXS(IOO), VSWR (100) ,THETft <100) 

30 DIM RP(IOO), JXP( 100), HEADER» (80), DAT1 (100 ,DATE! 100) ,DAT3 ( 100) ,DAU ( 100) 

40 DIM IMXD(IOO), SNR < 100) ,SI R( 100) ,NSRflBS ( 100) ,ISRABS(IOO), NEWSNR(IOO), XGRADIl 

00) 

50 Z0=50:KL06=4.34294:PI=3. 14159265» 

60 ' 

70 CLS 

80 PRINT "»«♦»♦**w**<»w««»MAIN 

90 PRINT 

100 ’ 

110 'BY RICHARD BAIN 10/24/86 

120 KEY ON 

130 PRINT " 1 = SNR XGREDATION FOR A GIVEN -EVEL OF INTERFERENCE" 

140 PRINT " 2 = INTERFERENCE LEVEL FOR A GIVEN SNR DEGRADATION" 

150 PRINT ' 3 = POWER OR VOLTAGE SUM OF TWO POWERS IN dBM* 

160 PRINT ■ 4 = UNKNOWN POWER IN dBM GIVEN SUM 1 ONE POWER" 

170 PRINT " MENU ITEMS 5 TO 14 ACCEPT DATA FROM: MENU ITEMS" 

180 PRINT " 5 = RHO ANGLE ALPHA TO Rs+/-JXs - (7)" 

190 PRINT ■ 6 = Rs»/-JXs TO RHO ANGLE ALPHA - (12, 14)-

200 PRINT * 7 = RETURN LOSS TO RHO (REFLECTION COEFFICIENT) " 

210 PRINT ■ 8 = RHO TO RETURN LOSS - (6) " 

220 PRINT ■ 9 = RHO TO VSWR - (6,7)' 

230 PRINT "10 = RHO TO MISMATCH LOSS - (6,7)" 

240 PRINT "11 = Rs+/-JXs TO Rp,JXp - (5,14)* 

250 PRINT "12 = Rp, JXp TO Rs+/-JXs - (11)" 

260 PRINT "13 = Rs+/-JXs TO 7 ANGLE THETA - (5,12)" 

270 PRINT "14 = Z ANGLE THETA TO Rs+/-JXs- (13)" 

280 INPUT "TYPE YOUR SELECTION, 1 TO 14"; ELECT 

290 aS:KEY OFF 

300 IF ELECT=1 THEN GOSUB 460 

310 IF ELECT=2 MN GOSUB 790 

320 IF ELECT=3 THEN GOSUB 1140 

330 IF ELECTS THEN GOSUB 1520 

340 IF ELECT=5 THEN GOSUB 1880 

350 IF aECT=6 THEN GOSUB 2410 

360 IF ELECT=7 THEN GOSUB 2980 

370 IF ELECTS THEN GOSUB 3330 

380 IF ELECTS THEN GOSUB 3720 

390 IF ELECT=10 THEN GOSUB 4080 

400 IF ELECT=11 THEN GOSUB 4460 

410 IF ELECT=12 THEN GOSUB 4890 

420 IF ELECT=13 THEN GOSUB 5320 

430 IF ELECT=14 THEN GOSUB 5770 

440 GOTO 120 

450 '♦♦**♦**♦» START OF SUBROUTINES ♦»♦*♦«*»»♦*♦♦♦»»♦*»»♦ 

460 'THIS SUB CALCULATES SNR DEGRADATION VS INTERFERING SIG LEVEL 

470 NUM=O 

480 PRINT "SNR DEGRADATION VS SIGNAL TO INTERFERENCE RATIO (SIR) " 

490 NUM=NUM+1 

500 INPUT "SIGNAL TO NOISE RATIO(dB)=? ",SNR(NUM) 

510 INPUT "SIGNAL TO INTERFERENCE RATO(dB)=? ",S1R(NUM) 

520 NSRABS(NUM)=10A (-SNR(NUM)/10) ’NSRABS=M)ISE TO SIGNAL RATIO 

530 ISRABS(NUM)=10A (-SIR(NUM)/10) ’ISRABS=INTERFERENCE TO SIGNAL RATIO 

540 XUSNR(NUM)=-4. 34294«LX(NSRABS(NUM)+ISRABS(NUM) ) 

550 DEGRAD (NUM) =SNR (NUM) -NEWSNR (NUM) 

560 INPUT "1 = NEW SET OF VALUES, 2 = PRINT RESULTS ", CHOOSE 

570 IF CHOOSE- 1 THEN GOTO 490 

580 as 

590 PRINT "SNR DEGRADATION VS SIGNAL TO INTERFERENCE RATIO (SIR)" 

600 PRINT 

610 PRINT " SNR dB SIR dB NEW SNR dB DEGRAD dB” 

620 FOR M=1 TO NUM 

630 PRINT USING " ♦»##.»#■ ¡SNR (M) ,SIR (MI ,NEWSNR (M) ,DEGRAD (M) 

640 NEXT M 

650 LOCATE 25, 1 

660 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP “,DUMPIT 

670 IF DUMPIT=2 THEN 740 

680 LPRINT "SNR DEGRADATION VS SIGNAL TO INTERFERENCE RATIO (SIR) " 

690 LPRINT 

700 LPRINT " SNR dB SIR dB NEW SNR dB DEGRAD dB" 

710 FOR M=1 TO NUM 

720 LPRINT USING " ♦»«.»*" ;SNR (M) ,SIR (M) ,NEWSNR (M) ,DEGRAD (M) 

730 NEXT M 

740 LOCATE 25, 1 

750 INPUT"PRESS ENTER TO RETURN TO MENU *; ANYKEY 

760 as 

770 ELECT=20 '<NU VAR SET OUT OF RANGE 

780 RETURN 

790 '»»«»»«»»»»» MENU ITEM 2 »*»»»••*»»»»♦»»»»»» 

800 NUM=O 

810 PRINT "SIGNAL TO INTERFERENCE RATIO (SIR) GIVEN SNR AND DEGRADATION" 

820 NUM=NUM+1 

830 INPUT "ENTER KNOWN SIGNAL TO NOISE RATIO ".SNR (NUM) 

840 INPUT "ENTER KNOWN DEGRADATION IN dB ", DEGRAD (NUM) 

850 NSRABS=10A (-SNR(NUM)/10) 

860 NEWSNR(NUM)=SNR(NUM)-DEGRAD(NUM) 

870 NEWNSRABS=IO" (-NEWSNR(NUM) /IO) 

880 ISRABS=-NSRABS+NEWNSRABS 

890 SIRDB(NUM)=-KLOG*LOG(ISRABS) 

900 INPUT"! = NEW SET OF VALUES, 2 = PRINT RESULTS ", CHOOSE 

910 IF CHOOSER THEN GOTO 820 

920 as 
930 PRINT"SIGNAL TO INTERFERENCE RATIO (SIR) GIVEN SNR AND DEGRADATION“ 

940 PRINT 

950 PRINT" SNR dB DEGRAD dB NEW SNR dB SIR dB" 

960 PRINT 

970 FOR M=1 TO NUM 

980 PRINT USING" ♦»»».«#"; SNR (M) ,DEGRAD (M) ,NEWSNR(M) ,SI RDB (M) 

990 NEXT M 

1000 LOCATE 25, 1 

1010 INPUT”! = DUMP TO PRINTER, 2 = NO DUMP ",DUMPIT 

1020 IF DUMPIT=2 THEN 1090 

1030 LPRINT'SIGNAL TO INTERFERENCE RATIO (SIR) GIVEN SNR AND DEGRADATION" 

1040 LPRINT 

1050 LPRINT" SNR dB DEGRAD dB NEW SNR dB SIR dB" 

1060 FOR MM TO NUM 

1070 LPRINT USING" +»«*.#•”; SNR (M) , DEGRAD (M) , NEWSNR (M) . SIRDB (M) 

1080 NEXT M 

1090 LXATE 25, 1 

1100 INPUT"PRESS ENTER TO RETURN TO MENU ", ANYKEY 

mo as 
1120 ELECT=20 

1130 RETURN 

1140 ’♦**»*»«*»»«»»« MENU ITEM 3 »»♦♦*»♦♦»»»»*••»♦*«♦»« 

1150 NUM=O 

1160 PRINT" POWER OR VXTAGE SUM OF TWO POWERS IN dB«" 

1170 PRINT 

1180 INPUT"ENTER 1 FOR POWER ADDITION, 2 FOR VOLTAGE ADDITION *,P.OR.V 

1190 NUM=NUMtl 

1200 PRINT 

1210 INPUT”ENTER FIRST POWER IN dB« ",P1 (NUM) 

1220 INPUT"ENTER SECOND POWER IN dB« ",P2(NUM) 

1230 PSUM(NUM)=KL0G»L0G(lOA (Pl(NUM)/10)+10A (P2(NUM)/10)) 'POWER ADDITION 

1240 IF P.0R.V=2 THEN PSUM (NUM) =2*KL0G»L06(10^ (Pl (NUM) /20) ♦10A(Pe(NUM> /20> ) 

1250 INPUT"! = ADD ANOTHER POWER TO SUM, 2 = CONTINUE ", WHICH 

1255 'NOTE THAT Pl AND P2 WILL NOT BE CORRECT ON PRINTOUT FOR ABOVE STEP 

1260 IF HHICH=1 THEN Pl (NUM) =PSUM(NUM> : GOTO 1220 

1270 INPUT"! = NEU SET OF VALUES, 2 = PRINT RESULTS ", CHOOSE 

1280 IF CHOOSE=1 THEN 1190 

1290 as 

1300 IF P. OR. V=1 THEN PRINT" POWER ADDITION OF TWO POWERS Ik dB«" 

1310 IF P. OR. V=2 THEN PRINT” VOLTAGE ADDITON OF TWO POWERS IN dB«"' 

1320 PRINT 

1330 PRINT" Pl dB« P2 dB« Psu» dB»* 

1340 PRINT 

1350 FOR M=1 TO NUM 

1360 PRINT USING " +««».»»” ;P1 (Ml ,P2 (M) ,PSUM (M) 

1370 NEXT M 

1380 LXATE 25, 1 

1390 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP ".DUMPIT 

1400 IF DUMPIT=2 THEN 1470 

1410 IF P. OR. Vs ! THEN LPRINT" Pl dBm P2 dB« Psu» dB« (POWER SUM)’ 

1420 IF P. OR. V=2 THEN LPRINT" Pl dB« P2 dB« Psu« dB» (VOLTAGE SUM) " 

'ADXD COMMENT 

1430 LPRINT 

1440 FOR M=1 TO NUM 

1450 LPRINT USING " +»»».»«" ;P1 (M) ,P2 (M) ,PSUM (M) 

1460 NEXT M 

1470 LXATE 25, 1 

1480 INPUT"PRESS ENTER TO RETURN TO MENU ", ANYKEY 

1490 as 

1500 ELECT=20 

1510 RETURN 

1520 '*»»*»♦**♦»«♦«* MENU ITEM 4 »»»»»♦»♦«»»»♦»»»»»*«♦♦ 

1530 PRINT" UNKNOWN POWER ADXD TO KNOWN POWER TO GIVE KNOWN SUM (dB«)* 

1540 NUM=O 
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1550 PRINT 

1560 INPUT'ENTER 1 FOR POWER SUBTRACTION, 2 FOR VOLTAGE ",P.OR.V 

1570 NUN=NUM+1 

1580 INPUT ‘ENTER KNOWN POWER (Pl) IN dB« ”,P1(NUM) 

1590 INPUT'ENTER KNOWN SUN (Psu«) IN dB« ",PSUM(NUM) 

1600 IF Pl (NUN) )PSUM(NUM) THEN PRINT"Psu» NUST BE ) Pl! ”:INPUT”PUSH ENTER TO CO 

NTINUE",ANYCHAR:GOTO 1580 

1610 PeiNUNl^OGKOGdtriPSUHINUNl/lOl-KrtPKNUNI/lO)) 'POWER DIFFERENCE 

1620 IF P.0R.V=2 THEN PEINUNÍ^fKLOGUOGI^lPSUNíNUNI/BOI-^IPKNUHt/ZO)) 

1630 INPUT-1 = NEW SET OF VALUES, 2 = PRINT RESULTS "¡CHOOSE 

1640 IF CHOOSE=1 THEN 1570 

1650 CLS 

1660 PRINT" UNKNOWN POWER ADDED TO KNOWN POWER TO GIVE A KNOWN SUH (dB«l " 

1670 IF P. OR. V=1 THEN PRINT" POWER SUBTRACTION” 

1680 IF P. OR. V=2 THEN PRINT" VOLTAGE SUBTRACTION" 

1690 PRINT 

1700 PRINT" Psua dB» Pl dB« Punknown dB»" 

1710 FOR M=1 TO NUN 

1720 PRINT USING " +W«. «#" ;PSUM (M) ,Pl (M),P2(M) 

1730 NEXT M 

1740 LOCATE 25, 1 

1750 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP ".DUMPIT 

1760 IF DUMPIT=2 THEN 1850 

1770 LPRINT“ UNKNOWN POWER ADDED TO KNOWN POWER TO GIVE A KNOWN SUM (dB«) " 

1780 IF P.OR. V=1 THEN LPRINT" POWER SUBTRACTION" 

1790 IF P. OR. V=2 THEN LPRINT" VOLTAGE SUBTRACTION” 

1800 LPRINT 

1810 LPRINT" Psu« dB« Pl dB« Punknown dB»" 

1820 FOR M=1 TO NUM 

1830 LPRINT USING " MM.M";PSUM(M),P1(M),P2(M) 

1840 NEXT M 

1850 LOCATE 25, 1 

1860 INPUT“PRESS ENTER TO RETURN TO MENU ", ANYKEY 

1870 CLS:ELECT=20: RETURN 

1880 MENU ITEM 5 

1890 ’ 

1900 PRINT" CONVERTS RHO ANGLE ALPHA TO Rs+/-JXs" 

1910 PRINT" (RHO IS REFLECTION COEFFICIENT)” 

1920 PRINT 

1930 PRINT”PLEASE INDICATE IF THE DATA TO BE USED IS MENU SELECTION 7" 

1940 PRINT"THAT IS TO BE CONVERTED OR IF NEW DATA IS BEING ENTERED. " 

1950 INPUT "TYPE 1 TO ENTER NEW DATA. 2 TO USE OLD DATA ”, WHICH 

1960 IF WHICH=2 AND DATYPE07 THEN PRINT"WRONG DATA TYPE, PRESS CONTINUE FOR MEN 

U":STOP:GOTO 120 

1970 as 

1980 IF WHICH=2 THEN 2060 

1990 NUM=1 'NOTE THAT NUM IS IMPORTED FROM MENU ITEM 7 IF OLD DATA USED 

2000 PRINT 

2010 PRINT-TO END INPUT: ENTER 0,0 FOR DATA” 

2020 INPUT’ENTER RHO, ANGLE ", RHO (NUM), ALPHA (NUM) 

2030 IF RHO(NUM)=O AND ALPHA(NUM)=O THEN NUM=NUM-1:GOTO 2060 

2040 NUM=NUM+1 

2050 60T0 2020 

2060 FOR N=1 TO NUM 

2070 A=l+RH0(N)»C0S(ALPHA(N)»PI/180) 

2080 Ol-RHO(N) *COS (ALPHA (N) «PI/ 180) 

2090 B=RHO(N> »SIN (ALPHA (N> *PI/180> 

2100 D= (0*2+8*21*. 5 

2110 e=ic*2+b*2)*.5 
2120 K=D/E 

2130 ANG=(ATN(B/A)-ATN(-B/C) ) 

2140 RS(N)=ZO*K»COS(ANG) 

2150 JXS(N)=ZO*K*SIN(ANG) 

2160 NEXT N 

2170 DATYPE=5 

2180 as 

2190 PRINT” RHO ANGLE ALPHA CONVERTED TO Rs+/-JXs" 

2200 PRINT 

2210 PRINT" RHO ALPHA Deg. Rs 0h«s JXs Oh«s” 

2220 FOR N=1 TO NUM 

2230 PRINT USING" +M#.M";RHO(N),ALPHA(N>; 

2240 PRINT USING" M.H»*™:RS(N), JXS(N) 

2250 NEXT N 

2260 LOCATE 25, 1 

2270 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP", DUMPIT 

2280 IF DUMP IT=2 THEN 2360 

2310 LPRINT" RHO ALPHA Deg. Rs Oh«s JXs Oh»s" 

2320 FOR N=1 TO NUM 

Come 
where the 
power 

is. 

RF Design 

Broadband capability from some very 
powerful amplifiers. Power from one 
watt to ten kilowatts. Frequencies 
from 10 kHz to 1 GHz. Gain that's flat 
and reliable. 

For example, our Model 2000L, 
shown above, delivers 2000 watts 
minimum cw saturated power over a 
bandwidth of 10 kHz to 220 MHz. In 
pulse mode you can almost double 
that rated output. 
We rate most of our amplifiers by 

minimum power—users can be cer¬ 
tain that their 10-watt or 2000-watt 
amplifier will always deliver at least 
its rated output at any point in its 
frequency band. 
AR amplifiers are unconditionally 

stable, immune even to worst-case 
load mismatch without damage or 
shutdown. The full bandwidth is in¬ 
stantly available—there's no need 
for tuning or bandswitching. 
Send for our booklet, “Your guide 

to broadband power amplifiers." 

RRIPLIFIBR 
RESBRRCH 

160 School House Road 
Souderton, PA 18964-9990 USA 

Phone 215-723-8181 
TWX 510-661-6094 

8288 

See us at RF Technology Expo, 
Booths #424 & 426. 
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2330 LPRINT USING" +*»».»»";RH0(N>,RLPHA(N) i 

2340 LPRINT USING" *♦. »»»“'"" :RS(N), JXS(N) 

2350 NEXT N 

2360 LOCATE 25, 1 

2370 INPUT "PRESS ENTER TO RETURN TO MENU", ANYKEY 

2380 CLS 

2390 aECT=20 

2400 RETURN 

2410 ' «hhhhhw*»**«***» MENU ITEM 6 *♦♦*♦*♦♦♦♦♦****♦♦♦*♦♦♦ 
2420 ' 

2430 PRINT" CONVERTS Rs+/-JXs TO RHO ANGLE ALPHA" 

2440 PRINT 

2450 PRINT"PLEASE INDICATE IF OLD DATA IS BEING USED, DR" 

2460 PRINT’IF NEW DATA WILL BE ENTERED" 

2470 INPUT "TYPE 1 TO ENTER NEW DATA, 2 TO USE OLD DATA ", WHICH 

2480 IF WHICH=2 AND DATYPE012 AND DATYPE014 THEN PRINT"MRONG DATA TYPE, PRESS 

CONTINUE FOR MENU":ST0P:60T0 120 

2490 CLS 

2500 IF WHICH=2 THEN 2580 

2510 NUM=! 

2520 PRINT 

2530 PRINT'TO END INPUT: ENTER 0,0 FOR DATA" 

2540 INPUT'ENTER Rs, JXs IN OHMS. WITH SIGN ", RS (NUM) , JXS (NUM) 

2550 IF RS(NUM>=0 AND JXS(NUM)=O THEN NUM=NUI>-1 :GOTO 2580 

2560 NUM=NUM+1 

2570 GOTO 2540 

2580 FOR N=1 TO NUM 

2590 IF RS(N)=ZO THEN RS(N)=ZD+. 001 

2600 A^iRsiNi-zorz+jxsiNrzr.s 

2610 B=((RS(N)+Z0)"2+JXS(N) A2)*.5 

2620 RHO(N)=A/B ’MAGNITUDE OF RHO 

2630 COSANG 1=JXS(N) /A 

2640 SINANG1=(RS(N)—ZO) /A 

2650 THETA1=ATN (JXS (N) /(RS (N) -ZO) H180/PI ’CALC ARCTAN 4 CONVERT TO DEGREES 

2660 IF COSANGi (0 AND SINANG1 (0 THEN THETA1=THETR1-18O 

2670 IF COSANGDO AND SINANGKO THEN THETA1=THETA1+18O 

2680 'ABOVE 2 STEPS PUT ANGLE IN PROPER QUAD MN T 

2690 T)£TA2=ATN(JXS(N)/(RS(N)+Z0))»180/Pl 

2700 ALPHA(N)=THETA1-T)£TA2 

2710 IF JXS(N)=O AND RS(N) (50 THEN ALPHA(N)=180 'CORRECTS ANAMOLY 8 JXS(N)=O 

2720 NEXT N 

2730 DATYPE=6 

2740 CLS 

2750 PRINT" Rs+/-JXs CONVERTED TO RHO ANGLE ALPHA" 

2760 PRINT 

2770 PRINT" Rs ohns JXs ohns RHO ALPHA deg. ” 

2780 FOR N=1 TO NUM 

2790 PRINT USING" H. «HTAAA";RS(N) , JXS (N) ; 

2800 PRINT USING" .#»»»"; RHO (N); 

2810 PRINT USING" <■#»#. »";ALPHA(N) 

2820 NEXT N 

2830 LOCATE 25, 1 

2840 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP'.DUMPIT 

2850 IF DUMPIT=2 THEN 2940 

2880 LPRINT" Rs ohns JXs ohes RHO ALPHA deg. " 

2885 LPRINT 

2890 FOR N=1 TO NUM 

2900 LPRINT USING" +». i»»^" ; RS (N) , JXS (N) ; 

2910 LPRINT USING" .»»»»"; RHO (N) ; 

2920 LPRINT USING" ♦#M.#';ALPHA(N) 

2930 NEXT N 

2940 LOCATE 25, 1 

2950 INPUT"PRESS ENTER TO RETURN TO MENU ", ANYKEY 

2960 CLS:ELECT=20:RETURN 

2970 ' 

2980 'HWHfH(HIHHH) MENU ITEM 7 HHHHHHtHH»♦»♦«♦»«»» 

2990 ’ 

3000 PRINT" RETURN LOSS IN dB CONVERTED TO RHO" 

3010 PRINT" (RHO IS REFLECTION COEFFICIENT)" 

3020 PRINT 

3030 NUM=! 

3040 PRINT’ENTER 0 FOR DATA TO END INPUT" 

3050 INPUT"ENTER RETURN LOSS IN dB (POSITIVE VALUE) ", RETLOSS(NUM) 

3060 IF RETLOSS (NUM) =0 THEN NUM=NUM-1:GOTO 3100 

3070 NUM=NUM+1 

3080 GOTO 3050 

3090 CLS 

3100 FOR N=1 TO NUM 

3110 RH0(N)=10A (-RETL0SS(N)/20) 

lïËO NEXT N 

3130 DATYPE=7:CLS 

3140 PRINT" RET LOSS dB RHO" 

3150 PRINT 

3160 FOR N=1 TO NUM 

3170 PRINT USING" t»».««";RETLOSS(N)î 

3180 PRINT USING" ». ##»AAAA";RHO(N) 

3190 NEXT N 

3200 LOCATE 25, 1 

3210 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP'.DUMPIT 

3220 IF DUMPIT=2 THEN 3290 

3230 LPRINT" RET LOSS dB RHO" 

3240 LPRINT 

3250 FOR N=1 TO NUM 

3260 LPRINT USING" ♦»#.#»"; RETLOSS (N); 

3270 LPRINT USING" ». ###AAAA";RHO (N) 

3280 NEXT N 

3290 LOCATE 25, 1 

3300 INPUT"PRESS ENTER TO RETURN TO MENU ", ANYKEY 

3310 CLS:ELECT=20: RETURN 

3320 'NEXT SUB 

3330 ’»«♦»»«»♦♦»•»<»*»»» MENU ITEM 8 ♦•»•»♦*♦»»♦»»»*»»»«♦»♦♦»» 

3340 ' 

3350 PRINT“ RHO CONVERTED TO RETURN LOSS IN dB" 

3360 PRINT 

3370 PRINT" PLEASE INDICATE IF OLD DATA WILL BE USED" 

3380 PRINT" OR IF NEW DATA WILL BE ENTERED" 

3390 INPUT“TYPE 1 TO ENTER NEW DATA, 2 TO USE OLD DATA ", WHICH 

3400 IF WHICH=2 AND DATYPE 06 THEN PRINT"WRONG DATA TYPE, PRESS CONTINUE FOR MEN 

U":STOP:GOTO 120 

3410 CLS: IF WHICH=2 THEN 3470 

3420 NUM=1 ¡PRINT 

3430 PRINT'TO END INPUT: ENTER 0 FOR DATA" 

3440 INPUT'ENTER RHO (REFL COEF) ",RHO(NUM) 

3450 IF RHO (NUM) =0 THEN NUM=NUM-1:GOTO 3470 

3460 NUM=NUM+!:60T0 3440 

3470 FOR N=1 TO NUM 

3480 RETL0SS(N)=-2*KL0G*L0G(RH0(N>) 

3490 NEXT N 

3500 DATYPE=8:CLS 

3510 PRINT" RHO CONVERTED TO RETURN LOSS IN dB" 

3520 PRINT 

3530 PRINT" RHO RETLOSS dB“ 

3540 PRINT 

3550 FOR N=1 TO NUM 

3560 PRINT USING“ ».»#«AAAA ";RHO(N)î 

3570 PRINT USING” +»». «#«";RETLOSS(N) 

3580 NEXT N 

3590 LOCATE 25, 1 

3600 INPUT”! = DUMP TO PRINTER, 2 = NO DUMP ",DUMPIT 

3610 IF DUMPIT=2 THEN 1850 

3640 LPRINT" RHO RETLOSS dB“ 

3650 LPRINT 

3660 FOR N=1 TO NUM 

3670 LPRINT USING" ». »##AAA * “; RHO (N) ; 

3680 LPRINT USING" +♦».«»«"; RETLOSS (N) 

3690 NEXT N 

3700 LOCATE 25, 1:INPUT“PRESS ENTER TO RETURN TO MENU ", ANYKEY 

3710 CLS:ELECT=20:RETURN 

3720 '♦♦♦*♦«♦♦♦*«♦»*♦♦«*♦♦*«»« MENU ITEM 9 »♦»»»**♦♦♦»»»»*»*»»»»»» 

3730 ' 

3740 PRINT" RHO CONVERTED TO VSWR (RHO NOT IN dB)" 

3750 PRINT 

3760 PRINT" PLEASE INDICATE IF OLD DATA WILL BE USED" 

3770 PRINT" OR IF NEW DATA WILL BE ENTERED" 

3780 INPUT"TYPE 1 TO ENTER NEW DATA, 2 TO USE OLD DATA ".WHICH 

3790 IF WH1CH=2 AND DATYPE06 AND DATYPE07 THEN PRINT“WRONG DATf TYPE. PRESS CO 

NTINUE FOR MENU":STOP:GOTO 120 

3800 IF WHICH=2 THEN 3860 

3810 NUM=1:PRINT 

3820 PRINT"TO END INPUT: ENTER 0 FOR DATA" 

3830 INPUT'ENTER RHO (REFL COEF) ", RHO (NUM) 

3840 IF RHO(NUM)=O THEN NUM=NUM-1 ¡GOTO 3860 

3850 NUM=NUM+1:GOTO 3830 

3860 FOR N=1 TO NUM 

3870 VSUR(N)=(1+RHO(N))/(1-RHO(N>) 

3880 NEXT N 

3890 DATYPE=9:CLS 

3900 PRINT" RHO CONVERTED TO VSWR" 
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3910 PRINT 

3920 PRINT" RHO VSWR" 

3930 FOR N=1 TO NUM 

3940 PRINT USING” ».I»«" ¡RHO (N) i 

3950 PRINT USING" H.I»";VSWR(N) 

3960 NEXT N 

3970 LOCOTE 25, 1 

3980 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP ",DUMPIT 

3990 IF DUMPIT=2 THEN 4050 

4000 LPRINT" RHO VSWR" 

4010 FOR N=1 TO NUM 

4020 LPRINT USING” RHO <N) ; 

4030 LPRINT USING” H.#»";VSWR(N) 

4040 NEXT N 

4050 LOCOTE 25, 1 :INPUT"PRESS ENTER TO RETURN TO MENU ", ANYKEY 

4060 CLS:ELECT=20:RETURN 

4070 ’ 

4080 ' HHHHtlHHHHtH» MENU ITEM 10 *♦♦♦*♦•*•»»*»»«•♦»*♦•»« 

4090 ' 

4100 PRINT" RHO CONVERTED TO MISMATCH LOSS IN dB" 

4110 PRINT 

4120 PRINT" PLEASE INDICATE IF OLD DOTA HILL BE USED" 

4130 PRINT" OR IF NEW DATA WILL BE ENTERED" 

4140 1NPUT"TYPE 1 TO ENTER NEW DOTA, 2 TO USE OLD DATA ", WHICH 

4150 IF WHICH=2 AND DATYPE06 AND DATYPEO 7 THEN PRINT“WRONG DATA TYPE, PRESS 0 

ONTINUE FOR MENU": STOP: 6OT0 120 

4160 CLS: IF WHICH=2 THEN 4220 

4170 NUM=1:PRINT 

4180 PRINT"TO END INPUT: ENTER 0 FOR DATA" 

4190 INPUT“ENTER RHO (REFL COEF) ", RHO(NUM) 

4200 IF RHO(NUM)=O THEN NUM=NUM-1 :GOTO 4220 

4210 NUM=NUM+l:60T0 4190 

4220 FOR N=1 TO NUM 

4230 MML0SS(N)=-KL0G*L0G(l-RH0(N) A2) 'MISMATCH LOSS IN dB 

4240 NEXT N 

4250 DATYPE=10:CLS 

4260 PRINT” RHO CONVERTED TO MISMATCH LOSS IN dB" 

4270 PRINT 

Get on 
TARGET. 
1 MHz - 18 GHz 
Components 
from Avantek 

HIGH Q INDUCTORS 
WITH IRON POWDER TOROIDS 

AVANTEK microwave products 
serve all major segments of the 
defense electronics community: 
missiles, radar, ECM, ESM, 
navigation, telecommunications 
as well as a wide range of com¬ 
mercial applications. AVANTEK 
distributes state-of-the-art signal 
processing components from 
1 MHz to 18 GHz based on 
their industry leading semicon¬ 
ductor technology. AVANTEK, 
the vertically integrated micro¬ 
wave defense and telecom¬ 
munications company bringing 
you microwave components of 
superior performance. 
Amplifiers, switches, oscillators, 
mixers, limiters, attenuators 
and transistors — in stock at 
PENSTOCK. 

From Stock 

MICROMETALS 

PEH5TOCK 
INCORPORATED 
RF/MICROWAVE DISTRIBUTION 

705 Fremont Ave., Los Altos, CA 94022 

IRON POWDER CORES Los Altos, California 
(415) 948-6552 

Seattle, Washington 
(206) 467-7022 

Portland, Oregon 
(503) 244-3091 

Palatine, Illinois 
(312) 934-3700 

1190 N. Hawk Circle, Anaheim, California 92807 USA . (714) 630-7420 . TWX 910-591 -1690 
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4280 PRINT" RHO MISMATCH LOSS dB“ 

4290 PRINT 

4300 FOR N=1 TO NUM 

4310 PRINT USING" «.»•••*; RHO (N> ; 

4320 PRINT USING" ♦«.»#»" ¡WLOSSIN) 

4330 NEXT N 

4340 LOCATE 25, 1 

4350 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP '.DUMPIT 

4360 IF DUMP IT=2 TÆN 4430 

4370 LPRINT" RHO MISMATCH LOSS dB" 

4380 LPRINT 

4390 FOR N=1 TO NUM 

4400 LPRINT USING" RHO (N) ; 

4410 LPRINT USING" ♦«.»«" ;MMLOSS(N) 

4420 NEXT N 

4430 LOCATE 25. 1:INPUT"PRESS ENTER TO RETURN TO MENU ".ANYKEY 

4440 CLS :ELECT=20: RETURN 

4450 ’ 

4460 MENU ITEM 11 »»»♦»«♦»»♦♦♦♦«♦«♦♦♦♦♦»♦ 

4470 ’ 

4480 PRINT" CONVERTS Rs»/-JXs TO Rp, JXp (ALL IN OHMS)" 

4490 PRINT 

4500 PRINT'PLEASE INDICATE IF OLD DATA IS BEING USED, OR" 

4510 PRINT’IF NEU DATA BILL BE ENTERED" 

4520 INPUT’TYPE 1 TO ENTER NEU DATA, 2 TO USE OLD DATA ",UHICH 

4530 IF UHICH=2 AND DATYPE05 AND DATYPE014 THEN PRINT’URONG DATA TYPE, PRESS C 

ONTINUE FOR <NU": STOP: 60T0 120 

4540 CLS 

4550 IF UHICH=2 T)£N 4630 

4560 NUM=1 

4570 PRINT 

4580 PRINT-TO END INPUT: ENTER 0,0 FOR DATA" 

4590 INPUT'ENTER Rs.JXs IN OHMS. UITH SIGN ", RS (NUM) , JXS(NUM) 

4600 IF RS(NUM)=O AND JXS(NUM)=O THEN NUM=NUM-I :60T0 4630 

4610 NUM=NUM+1 

4620 GOTO 4590 

4630 FOR N=1 TO NUM 

4640 IF RS(N)=O THEN RS(N)=. 000001 

4650 IF JXS(N)=O THEN JXS (N) =. 000001 

4660 JXP (N) =(RS (N) A2+JXS (N) A2) /JXS (N) 

4670 RP(N)=(RS(N) A2+JXS(N) A2)/RS(N) 

4680 NEXT N 

4690 DATYPE=11:CLS 

4700 PRINT" Rs+/-JXs CONVERTED TO Rp, JXp" 

4710 PRINT 

4720 PRINT" Rs ohas JXs ohas Rp ohms JXp ohms" 

4730 PRINT 

4740 FOR N=1 TO NUM 

4750 PRINT USING" RS (N) . JXS <N) . RP (N) . JXP <N) 

4760 NEXT N 

4770 LOCATE 25, 1 

4780 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP", DUMPIT 

4790 IF DUMPIT=2 THEN 4850 

4800 LPRINT" Rs ohas JXs ohas Rp ohas JXp ohms" 

4810 LPRINT 

4820 FOR N=1 TO NUM 

4830 LPRINT USING" +i. H»AAAA": RS (N) , J<S(N) . RP (N) , JXP (N) 

4840 NEXT N 

4850 LOCATE 25, 1 

4860 INPVT"PRESS ENTER TO RETURN TO MENU ", ANYKEY 

4870 CLS:ELECT=20:RETURN 

4880 ' 

4890 ' hhh»hhhhhhhh (LNU ITEM 12 »<♦♦»♦♦««♦«»♦♦♦»♦♦*<♦♦ 
4900 ’ 

4910 PRINT" CONVERTS Rp, JXp TO RS+/-JXS (ALL IN OHMS)" 

4920 PRINT 

4930 PRINT’PLEASE INDICATE IF OLD DATA IS BEING USED, OR" 

4940 PRINT’IF NEU DATA WILL BE ENTERED" 

4950 INPUT’TYPE 1 TO ENTER NEU DATA, 2 TO USE OLD DATA ", WHICH 

4960 IF UHICH=2 AND DATYPE011 THEN PRINT' URONG DATA TYPE, PRESS CONTINUE FOR ME 

NU’:STOP:GOTO 120 

4970 CLS 

4980 IF UHICH=2 THEN 5060 

4990 NUM=1 

5000 PRINT 

5010 PRINT"TO END INPUT: ENTER 0,0 FOR DA*A" 

5020 INPUT’ENTER Rp, JXp IN OHMS. UITH SIGN ", RP (NUM) ,JXP (NUN) 

5030 IF RP(NUH)=O AND JXP(NUM)=O THEN NUM=NUM-1:GOTO 5060 

5040 NUM=NUM+1 

5050 GOTO 5020 

5060 FOR N=1 TO NUM 

5070 IF RP(N)=O THEN RP(N> =. 000001 

5080 IF JXP(N)=O THEN JXP (N)=. 000001 

5090 RS (N) =RP (N) *JXP (N) A2/ (RP (N) A2+JXP (N) A2) 

5100 JXS(N)=RP(N) A2»JXP(N)/(RP(N) A2+JXP(N) A2) 

5110 NEXT N 

5120 DATYPE=12:CLS 

5130 PRINT" Rp, JXp CONVERTED TO Rs+/-JXs" 

5140 PRINT 

5150 PRINT" Rp ohas JXp ohas Rs ohas JXs ohas" 

5160 PRINT 

5170 FOR N=1 TO NUM 

5180 PRINT USING" fl. »«#AAAA";RP (N) , JXP (N) , RS (N) , JXS (N) 

5190 NEXT N 

5200 LOCATE 25, 1 

5210 INPUT"! = DUMP TO PRINTER. 2 = NO DUMP", DUMPIT 

5220 IF DUMP IT=2 THEN 5280 

5230 LPRINT" Rp ohas JXp ohms Rs ohas JXs ohas" 

5240 LPRINT 

5250 FOR M=1 TO NUM 

5260 LPRINT USING" +#. »«AAAA";RP (N) , JXP (N) , RS (N) ,JXS (N) 

5270 NEXT N 

5280 LXATE 25, 1 

5290 INPUT “PRESS ENTER TO RETURN TO MENU ", ANYKEY 

5300 CLS :ELECT=20: RETURN 

5310 ' 

5320 ’»*»♦»»*♦»*»♦♦♦«»»»«♦» MENU ITEM 13 »»«♦»»♦»♦♦»*•♦«»»♦»»<»» 

5330 ’ 

5340 PRINT" CONVERTS Rs+/-JXs TO I (OHMS) ANGLE THETA (DEG.)" 

5350 PRINT 

5360 PRINT"PLEASE INDICATE IF OLD DATA IS BEING USED, OR" 

5370 PRINT’IF NEU DATA HILL BE ENTERED’ 

5380 INPUT’TYPE 1 TO ENTER NEU DATA, 2 TO USE OLD DATA ",UHICH 

5390 IF UHICH=2 AND DATYPE05 AND DATYPE012 THEN PRINT'URONG DATA TYPE, PRESS C 

ONTINUE FOR MENU”:STOP:GOTO 120 

5400 CLS 

5410 IF UHICH=2 THEN 5490 

5420 NUM=1 

5430 PRINT 

5440 PRINT’TO END INPUT: ENTER 0,0 FOR DATA" 

5450 INPUT’ENTER Rs,JXs IN OHMS. UITH SIGN ’.RS(NUM), JXS(NUM) 

5460 IF RS(NUM)=O AND JXS(NUM)=O THEN NUM=NUM-1:GOTO 5490 

5470 NUM=NUM+1 

5480 GOTO 5450 

5490 FOR N=1 TO NUM 

5500 IF RS(N)=O THEN RS (N) =. 000001 

5510 IF JXS(N)=O THEN JXS (N) =. 000001 

5520 THETA(N)=ATN(JXS(N) /RS(N) UU80/PI 

5530 Z(N)=(RS(N) A2+JXS(N) A2) A.5 

5540 NEXT N 

5550 DATYPE=13:CLS 

5560 PRINT” Rs+/-JXs CONVERTED TO Z ANGLE THETA" 

5570 PRINT 

5580 PRINT" Rs ohas JXs ohas Z ohas THETA deg. “ 

5590 PRINT 

5600 FOR N=1 TO NUM 

5610 PRINT USING" +».»MAAAA ";RS(N), JXS(N), Z(N) ï 

5620 PRINT USING" ♦###.##“; THETA (N) 

5630 NEXT N 

5640 LOCATE 25, 1 

5650 INPUT"! = DUMP TO PRINTER, 2 = NO DUMP", DUMPIT 

5660 IF DUMPIT=2 THEN 5730 

5670 LPRINT" Rs ohas JXs ohms Z ohms THETA deg. " 

5680 LPRINT 

5690 FOR N=1 TO NUM 

5700 LPRINT USING" +1. H»AAAA"; RS (N) . JXS(N) ,I(N) ; 

5710 LPRINT USING" +IH.H”;THETA (N) 

5720 NEXT N 

5730 LOCATE 25, 1 

5740 INPUT’PRESS ENTER TO RETURN TO MENU ", ANYKEY 

5750 CLS:ELECT=20:RETURN 

5760 ’ 

5770 '»«♦»♦♦♦»♦♦»«»»♦♦♦♦♦♦* MENU ITEM 14 »»»•♦♦»»»»♦»»»»♦»♦»«»»»» 

5780 ’ 

5790 PRINT" CONVERTS Z (OHMS) ANGLE THETA (DEG.) TO RsV-JXs (OHMS)" 

5800 PRINT 
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5810 PRINT-PLEftSE INDICATE IF OLD DATA IS BEING USED, DR" 

5820 PRINT- IF NEW DATA WILL BE ENTERED" 

5830 INPUT-TYPE 1 TO ENTER NEW DATA, 2 TO USE OLD DATA ".WHICH 

5840 IF WHICH=2 AND DATYPE05 AND DATYPE012 THEN PRINT'WRONG DATA TYPE, PRESS C 

ONTINUE FOR MENU”:ST0P:60T0 120 

5850 CLS 

5860 IF WHICH=2 THEN 5940 

5870 NUM=1 

5880 PRINT 

5890 PRINT-TO END INPUT: ENTER 0,0 FOR DATA" 

5900 INPUT“ENTER 2 IN OHMS, THETA IN DEGREES ", Z (NUM) , THETA (NUM) 

5910 IF Z(NUM)=O AND THETA (NUM) =0 THEN NUM=NUM-1:6OTO 5940 

5920 NUM=NLIM<-1 

5930 GOTO 5900 

5940 FOR N=1 TO NUM 

5950 JXS(N)=Z(N)*SIN(PI«THETA(N)/180l 

5960 RS(N)=Z(N)*C0S(PI»THETA(N>/180) 

5970 NEXT N 

5980 DATYPE=14:CLS 

5990 PRINT" 2 ANGLE THETA CONVERTED TO Rs+/-JX5" 

6000 PRINT 

6010 PRINT" 2 oh«s THETA deg. Rs oh«s JXs ohms" 

6020 PRINT 

6030 FOR N=1 TO NUM 

6040 PRINT USING" ♦». #MAAAA " : 2 (N) , THETA (N) , RS (N) , JXS(N) 

6050 NEXT N 

6060 LOCATE 25, 1 

6070 INPUT”! = DUMP TO PRINTER, 2 = NO DUMP",DUMPIT 

6080 IF DUNPIT=2 THEN 6140 

6090 LPRINT“ 2 ohas THETA deg. Rs ohns JXs oh«s” 

6100 LPRINT 

6110 FOR N=1 TO NUM 

6120 LPRINT USING' *».###' A"";2(N).THETA(N),RS(N). JXS(N) 

6130 NEXT N 

6140 LOCATE 25, 1 

6150 INPUT"PRESS ENTER TO RETURN TO MENU ".ANYKEY 

6160 CLS ¡ELECT=20: RETURN 

6170 END 

In Stock from. 

Penstock distributes 
for these companies: 

Hi-Power RF 
AMPLIFIERS, TRANSMITTERS, POWER GENERATORS 

10-10,000 WATTS! / 2-500 MHz Frequency Range! 

HENRY RADIO 
HAS THE PRODUCT 

YOU NEED. 
(If we don’t have it, we’ll make it.) 

APPLICATIONS: 
NMR, Nuclear Magnetic Resonance 
PLASMA Generation 
MEDICAL Applications 
NUCLEAR Magnetic Imaging 
COMMUNICATIONS Applications 

AVANTEK 
□ Amplifiers 
□ Attenuators 
□ Mixers 
□ Oscillators 
□ Transistors 
□ Control Devices 
COMLINEAR 
□ Operational 

Amplifiers 
□ Linear Amplifiers 
□ 940 Flash Track 
INMET 
□ Attenuators 
PALCO 
□ Adapters 
□ Connectors 
□ Cable 

Assemblies 
WAVETEK 
□ Programmable 

Attenuators 
□ Turret Attenuators 
□ Fixed Attenuators 

HUBER & SUHNER 
Adapters 

□ Cable Assemblies 
I ' Connectors 
□ Subassemblies 
MINI CIRCUITS 
□ Amplifiers 
□ Attenuators 
□ Frequency 

Doublers 
□ Limiters- Mixers 
□ Phase Detectors 
□ Power Splitters 
□ Combiners 

Switches 
□ Transformers 
TELEDYNE 
MICROWAVE 
□ Isolators 
□ Switches 
AMPHENOL GLD 
□ RF Connectors 
□ 2.4 mm Conn. 

The New, Dynamic 

2050 S Bundy Drive. Los Angeles. CA 90025 
TOLL FREE: 1-800-421-6631 

In California call (213) 820-1234 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

STATE ZIP CODE 

COUNTRY 

TELEPHONE 

□ Please send the catalogs checked. 
□ Please have a sales engineer call. 
□ I have immediate need. 
□ I want a free coffee cup. 

/ PENSTOCK 
INCORPORATED 
RFIMICROWAVC DISTRIBUTION 

105 Fremont Ave., Los Altos, CA 94022 

Los Altos, California Portland, Oregon 
(415) 948-6552 (503) 244-3091 

Seattle, Washington Palatine. Illinois 
(206) 467-7022 (312) 934-3700 
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rf products_ 

Telefunken Introduces UHF and 
Microwave Prescalers 

Telefunken introduces a prescaler with 
an operating frequency range from 1.5 to 
5 GHz and a scaling factor of 2. The lower 
GHz frequencies can be divided by ratios 
from 2 to 4096. The divider functions as 
a regenerative analog divide-by-two pre¬ 
scaler. It contains a mixer, amplifier, and 
low pass filter. The filtered output signal 
is fed back to one of the two mixer inputs, 
the other mixer input being the app ied 
signal. Noise appearing on the halved fre¬ 
quency activates the regenerative ac:ion 
when the circuit is turned on. After cor¬ 
rect phasing is obtained, the divider locks 
up to a stable mode of operation. The 
device features either ECL or TTL out¬ 
puts. Other features of the prescaler in¬ 
clude non self-oscillation, low power con¬ 
sumption (typically 250 mW), few external 
components for complete utilization and 
it is available in DIP 8 packaging. High in¬ 
put sensitivity makes this prescaler suit¬ 
able as companion devices to phased 

locked loop (PLL) ICs in GHz tuning 
systems. The device operates on a sup¬ 
ply voltage from 4.5 V to 5.5. V with a 
typical supply current of 50 mA. The oper¬ 
ating temperature range is -25 to 70°C. 
It is designed for optimum performance 

with the specified input frequency range. 
To avoid possible damage to the pre¬ 
scaler, it should be handled as a MOS 
device. In quantities of 100 the device is 
priced at $1.23. Telefunken Electronic, 
Somerville, N.J. INFO/CARD #169. 

DMOS FET for RF Applicators 
The SD2100 is a DMOS FET that 

Siliconix plans to offer as a low-cost alter¬ 
native to GaAs products for applications 
under 1 GHz. It offers wide dynamic range 
and switching speeds as fast as 1 ns. Its 
features include high-frequency gain, low 
distortion, low capacitance (2.5 pF maxi¬ 
mum) and low power consumption (75 
mW typical). The device cost is $3.00/each 
in 1,000-piece quantities. Siliconix, Inc., 
Santa Clara, Calif. INFO/CARD #168. 

GaAs Prescaler Runs at 3 GHz 
A new gallium arsenide 3 GHz divide-

by-4 prescaler has been developed by 
Anadigics, Inc. Key specifications for the 
ADV 3040 include -130 dBc/Hz phase 

noise, 50 ohm input matching, and ECL 
compatible output levels over a 0.8 to 3.0 
GHz operating frequency range. Also, the 
device operates over the military temp¬ 
erature range (-55 to +125°C). The ADV 
3040 has a single-ended input, 1.5:1 in¬ 
put VSWR, and is a GaAs monolithic chip. 
Anadigics, Inc., Warren, N.J. Please cir¬ 
cle INFO/CARD #167. 

SMT Inductors 
Delevan introduces the series 0820 

SMT components which are approximate¬ 

ly 25 percent smaller than the 1330/1331 
series inductors. They are available in an 
inductance range from .10 to 1000 uH with 
a standard tolerance of ±10 percent and 
are molded with flame retardant epoxy 
with high temperature internal soldered 
joints to provide maximum stability dur¬ 
ing any subsequent operation. Delevan 
Division, American Precision Indus¬ 
tries, East Aurora, N.Y. Please circle 
INFO/CARD #166. 

DMOS FET Replaces JFETs 
SD2100DE is a D-MOS FET which is 

compatible with industry standard JFETs. 
Its gain/bandwidth product exceeds 1 
GHZ while the operating bandwidth is 400 
MHz. The device provides a performance 
bridge between conventional silicon FETs 
and GaAs, while retaining the cost advan¬ 
tages of silicon. The SD2100DE is priced 
at $1.15 in 100+ quantities. Topaz 
Semiconductor, San Jose, Calif. Please 
circle INFO/CARD #165. 

Broadband Microwave Amplifiers 
JCA announces a series of broadband 

microwave amplifiers that cover from 0.5 
GHz to 8.0 GHz. Typical bands are 0.5 to 
4 GHz, 1 to 6 GHz and 2 to 8 GHZ. Gain 
of the amplifiers are from 20 to 30 dB with 
noise figures as low as 3 dB. The ampli¬ 
fiers are available in miniature and drop-
in packages with removeable SMA con¬ 
nectors. JCA Technology, Inc., Newbury 
Park, Calif. INFO/CARD #164. 

VDE Approved Power Entry Filters 
Curtis power entry filters feature multi¬ 

ple voltage select, power switches, and 
fusing options. They provide design flex¬ 
ibility and reduced cost over standard 
models. The filters also provide greater 
differential-mode attenuation for both 
general and switch mode power supply 
applications. Curtis Industries, Inc., 
Milwaukee, Wis. INFO/CARD #153. 
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A leader in RF power amplifier design and manufacturing for 
over 15 years. Wideband amplifiers from 30 Hz-500 MHz/.5 watts 
to 5000 watts. 

RF POWER LABS 

• NMR/MRI 
RFI/EMI Testing 

• Linear Accelerators 
• Laser Modulation 
• Communications 

V 

■ 

Cascade Building 22125 17th Avanue S.E. #11 
See us at RF Technology Expo. Booth #336. 

FREE CATALOG 



products Continued 

New Broadband HF Amplifier 
A broadband feedforward amplifier 

covering the frequency range from .4 MHz 
to 80 MHz has been introduced by Wi-
Comm Electronics Inc. This unit employs 
a field proven feedforward linearization 
technique to achieve distortion perfor¬ 
mance equivalent to a 100 W linear power 
amplifier. The third order and second 
order intercept points are typically 62 dBm 

Shielded rooms 
with a roomful 

of benefits 

and 95 dBm. Noise figure is 6 dB and 
VSWR is better than 1.5:1. Wi-Comm 
Electronics, Inc., Massena, N.Y. Please 
circle INFO/CARD #162. 

300 MHz D/A Converter 
A new D/A converter introduced by 

Analog Devices offers high 300 MHz word 
rates and low 45 pV-s glitch impulse. The 
high word rate makes the AD9703 appli¬ 
cable in 2K pixel x 2K pixel displays; the 
low glitch impulse reduces distortion in 
displayed images. The AD9703 can be 
used in standard D/A applications such as 
waveform generation, video reconstruc¬ 
tion and automatic test equipment. The 
AD9703 incorporates on-chip blanking, 
composite sync, 10 percent brightness, 
and reference white control signals. 
These internal synchronization and con¬ 
trol logic capabilitiles combined with an 
on-chip voltage reference eliminate the 
need for external circuits. Analog 
Devices, Norwood, Mass. Please circle 
INFO/CARD #161. 

SMT Crystals 
Q-Tech introduces a new line of surface 

mount crystals in two standard 480 mil 
square 40 pad leadless chip carrier (LCC) 
packages: the QT64XA and the QT64XB. 
The devices operate in a frequency range 

144 

LECTROSHIELD’ 
Clamp-Together Rooms — Shielding 
Effectiveness to 100 dB+. 
• 1.0 KHz to 10 GHz attenuation for 
MIL STD 285, NSA 65 6, FCC and VDE 
testing, MIL STD 461/2/3, etc. 

• Prefabricated, modular. 

• 48 standard room sizes ... 8' x 8' to 24' x 48' 
(interior), standard interior heights to 8', 10' 
and 12', plus custom sizes. 

• Easily assembled and dismantled. 

• High reliability electrical and structural. 

• Meets stringent building and safety codes, 
including Seismic Code Zone IV. 

Nationwide re| 

All-Welded Rooms — Shielding 
nessto 120 dB- 140 dB+. 
• Meets TEMPEST and other secure 

Effective-

requirements. 

• Ideal for EMP hardening. 

• Free standing; total structural and seam 
integrity. 

• Patented sliding doors exceed MIL STD 285 
and NSA 65 5. 

• MIG welding throughout. 

• TEMPEST shielded security vaults. 

• Standard and customized sizes. 

• Maximum fire protection. 

• Complete design and turn key facilities. 

Plus ... shielded anechoic chambers, chambers 
for Nuclear Magnetic Resonance (NMR) imaging 
systems, and a complete line of RFI/EMI filters 
and filter panels. 

LMI has the shielding solution for you. 
Write or call the LMI Application Engineering 
Department. 

LECTROMAGNETICS, INC., 6056 West Jefferson Blvd., Los Angeles, CA 90016 
(213) 870-9383, Toll Free (800) 325-9814-U.S.A. • (800) 325-9815-CA 

INFO/CARD 78 

from 5 MHz to 125 MHz. Q-Tech Corpora¬ 
tion, Los Angeles, Calif. Please circle 
INFO/CARD #160. 

Microwave Counters are Low Cost 
STS Instruments Corp, announces a 

series of high performance microwave 
counters. The models 3030-3 GHz and 
3080-8 GHz feature -45 dBm and -35 
dBm sensitivity and data acquisition 

speeds of less than 60 ms, 10 digit LED 
readout, power meter, +30 dBm damage 
levels and operate off either AC or DC 
power. The units are priced between 
$2200 and $2900. STS Instrument Cor¬ 
poration, Oakland, Calif. Please circle 
INFO/CARD #159. 
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Triplexer Handles UHF, 
ENG and ITFS Bands 
Microwave Filter Co. introduces the 

model 5264 triplexer which combines or 
splits three separates bands: 0 to 500 
MHz UHF, ENG band for 1900-2110 MHz 
and the 2450-2600 MHz ITFS microwave 
TV band. The three bands combine to (or 
split from) the common connector. The 
device is used in pairs to eliminate the use 
of three separate tower transmission lines. 

Trimmer Capacitors 
from HF through 

Microwave. 

Sprague^Goodman 
has ’em all. 

If you’re looking for quality, variety, and easy 
availability, call (516) 746-1385 today. 

SPRAGUE 
Gooompn 

One unit combines the UHF radio, ENG 
receiver and the ITFS receiver in the 
equipment room while a second tower 
mounted unit splits each band to its 
separate antenna. The unit is priced at 
$1450. Microwave Filter Company, Inc., 
East Syracuse, N.Y. INFO/CARD #158. 

Sequence Generator/Scrambler 
The model 100 sequence generator/ 

scrambler is a high speed self-starting 
sequence generator or data scrambler 
which operates at clock frequencies from 
10 MHz to 600 MHz. The sequence gen¬ 
erator is a source of data for testing high 
speed coax, fiber optic or satellite digital 
communication links. In the sequence 
generator mode, the model 100 generates 
a periodic 31 bit maximal length pseudo¬ 
random data pattern along with a syn¬ 
chronous clock trigger signal. As a 
scrambler, the input data is randomized 
by a five stage register circuit and 
recovered by the model 200 self-syn¬ 
chronizing descrambler. The unit is priced 
at $2500. Broadband Communications 
Product, Melbourne, Fla. Please circle 
INFO/CARD #155. 

GaAs MMIC Amplifier Chip 
Celeritek’s new model CMM-2 is a 

monolithic gallium arsenide amplifier that 
covers 2 to 6 GHz with 10 dB typical gain 
and consumes 125 mW of DC power. Typi¬ 
cal gain flatness is +0.5 dB over full band¬ 
width. The CMM-2 provides a 10.5 dB gain 
and the associated noise figure is less 
than 7 dB with the power output at the 1 

The First and Last Name in Trimmer Capacitors 
Sprague-Goodman Electronics, Inc. /An Affiliate of the Sprague Electric Company 

134 Fulton Avenue, Garden City Park, NY11040-5395/516-746-1385/TWX: 51 0-600-241 5/TLX: 14-4533 

See us at RF Technology Expo, Booth #547. INFO/CARD 79 

dB compression point being greater than 
+0.8 dBm. The unit is priced under $450. 
Celeritek, San Jose, Calif. Please cir¬ 
cle INFO/CARD #154. 

VCO for Pulse Compression Radars 
The model VTS392001 features flat 

power output and ultra linear, high modu-
lation/tuning speed. Tuning a 3.7 to 4.2 
GHz range, power out is +13 dBm ±0.5 
dB and tuning is linear to ±2 MHz of a 
best straight line. The MIC RF module 
contains a single ended bipolar VCO, a 
FET RF amplifier, a low pass RF filter, and 
a proportional DC heater. Westec Com¬ 
munications, Inc., Scottsdale, Ariz. 
INFO/CARD #163. 

Universal Prototyping Kit 
GigaBit Logic introduces a universal 

prototyping kit for quick prototyping and 
testing. The kit is designed for systems 
up to 3 GHz with 100 ps edges. Included 
with the package are SMA connectors, 
capacitors and mini-coax for interconnect 
wiring. GigaBit Logic, Newbury Park, 
Calif. INFO/CARD #156. 

Drop-In Lowpass Filter 
Sierra Microwave introduces a drop-in 

lowpass filter (model SM-1029) which 
allows microstrip or stripline integration. 
The unit has a cutoff frequency of 2.0 GHz 
with an insertion loss of 1.5 dB and a 

VSWR of 1.5:1. In quantities of 1 to 9, the 
filter is priced at $185. Sierra Microwave 
Technology, Rancho Cordova, Calif. 
INFO/CARD #150. 

Function Generator Offers 
Cost/Performance 
The new Krohn-Hite model 2100 syn¬ 

thesized function pulse generator is an 
IEEE-488 programmable instrument with 
a frequency range of 0.01 Hz to 31.16 MHz 
and a frequency accuracy of 0.00005 per¬ 
cent with 7 digits of resolution. The main 
output provides a range of 10 uV to 30 V 
p-p open circuit, with a resolution of 31/2 
digits and is settable in either AC peak of 
RMS over the entire range. Modes of 
operation include continuous, gate, trig¬ 
ger burst, trigger pulse, lin/log sweep and 
VC. The model 2100 is priced at $3800. 
Krohn-Hite Corporation, Avon, Mass. 
INFO/CARD #152. 

Video Detector Diodes 
Custom Components introduces a 

series of high reliability detector diodes 
designed for military and aerospace en¬ 
vironments. These back diodes are char¬ 
acterized for video detectors up to 26 
GHz. They feature high zero bias sen¬ 
sitivity (typically 1100 mV/mW) and low 
video resistance (typically 135 ohms). 
Custom Components, Lebanon, N.J. 
INFO/CARD #151. 
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rf software 
MORE MOS 
F ET POWER 
From Intech 

Chebyshev Filter Design Program 
RF Notes No. 3 Volume 3, is the fifth 

in a series of design aid programs for 
radio frequency/analog design. RF Notes 
No. 3 Vol. 3 will aid in the design of 
lowpass, highpass, bandpass and band¬ 
reject Chebyshev response filters to the 
7th order. The program is fully menu 
driven, and very easy to use. Inputs are 
in graphical (response curve) form, and 
the outputs are in schematic diagram 
form with circuit constants included. The 
price is $220, color/monochrome select¬ 
able. For IBM PC and compatibles; 
PC/MS DOS 2.1 ,256K and color graphics 
card required. Etron RF Enterprises, 
Diamond Bar, Calif. INFO/CARD #149. 

Interactive Simulation Program 
TUTSIM, the interactive simulation pro¬ 

gram for modeling continuous dynamic 
systems on a microcomputer, handles 
linear and non-linear functions with ease. 
With TUTSIM. the Realtime I/O option, 
and the User Defined Block option the 
user will be able to take advantage of 73 
linear and non-linear functions. In addi¬ 
tion, the user will be able to write custom 

functions with the DeSmet “C” develop¬ 
ment package supplied as part of the 
User Defined Block optiuon and use them 
as an extension of the TUTSIM program. 
Applied I, Palo Alto, Calif. Please cir¬ 
cle INFO/CARD #148. 

Program Matches 
Complex Impedances 
Analop Engineering introduces, Net-

syn-ll, a complex impedance matching fil¬ 
ter synthesis program for designing ampli¬ 
fier input, output or interstage matching 
networks. It allows the user to specify a 
topology up to 12 elements to absorb the 
parasitic elements of the connecting amp¬ 
lifier stages. The user can choose to do 
exact lumped or exact distributed syn¬ 
thesis. The program will synthesize exact 
equal ripple flat or sloped passband re¬ 
sponse with arbitrary slopes in either 
direction with user specified minimum in¬ 
sertion loss. The program will output cir¬ 
cuit files that can be run by Analop, 
Touchstone, or Super-Compact. The Net-
syn-ll synthesis program is priced at $499. 
Analop Engineering, Milpitas, Calif. 
INFO/CARD #147. 

146 

Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 
The “Generation Gap" is filled with the "new” EXPEDITOR, the 
microprocessor based R.F. AnaDigit System. 
The EXPEDITOR power computer. . .you make the demands, it fills 
the requirements. 
• Programmable forward AND reflected 
power ranges. 

• Can be used with the elements you 
now have. 

• Compatible with all Coaxial Dynamics 
line sizes and power ranges. 

• 18 scales from 100 mW to 50 kW. 
Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 

COAXIAL 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability. . .A Part of Every Product 

COM 1000: 1000W AVG. Power 
NOW 1.5 to 50 MHz with PS 248 
Dual Switching AC Power 
Supply. 

The family of unconditionally 
stable power MOS FET linear 
amplifiers from Intech is growing. 
With hundreds of high power 
amplifiers delivered in the 1st 
year, Intech is emerging as the 
leader in the new MOS FET 
technology. Combining the 
linearity and low order distortion 
of Class “A” with the high 
efficiency of “AB” & “C" designs, 
they can withstand severe load 
mismatches without spurious 
oscillation or failure. They are 
capable of high speed, high 
power pulsing with excellent 
gating for ultra low residual noise, 
and are frequency agile over their 
1.5 to 50 MHz band. They are 
ideal for N.M.R. Imaging, and 
Spectroscopy, RFI/EMI testing, 
H.F. Transmitters, Linear 
accelerators, Plasma equipment, 
and Diathermy. We are currently 
producing custom MOS FET 
amplifiers from .5 MHz to 200 
MHz at power levels of 500W, 
1KW, and 5KW (pulse). 

Please contact Ted Stevenson, 
phone (408) 727-0500, TWX 
910-338-0254 to discuss your 
state-of-the-art amplifier 
requirements or write him at: 

iu intech INC 
282 Brokaw Road 
Santa Clara, CA 95050 

Come see us at the RF Technology Expo, Booth #317. 

INFO/CARD 81 

INFO/CARD 82 
Come see us at the RF Technology Expo, 

Booth #254. 



rf literature 

Test and Data Equipment Guide is Available 
This guide provides information on 5,000 manufacturer’s 

models of electronic test and measurement and data processing 
equipment. It contains specifications, descriptions, photos and 
other technical data on a broad variety of product categories. 
The products listed and described are analyzers, CAE/CAD 
equipment, microprocessor development systems, counters, 
desktop controllers, generators, meters, oscilloscopes, recorders, 
signal modifiers, telecommunications devices, and data proces¬ 
sing equipment. The guide is available free of charge. United 
States Instrument Rentals, San Mateo, Calif. Please circle 
INFO/CARD #145. 

Coaxial Products Catalog 
The catalog contains a full line of coaxial adapters, coaxial 

connectors, coaxial attenuators, coaxial terminations and coax¬ 
ial cable assemblies. Cable assemblies featured are both flexi¬ 
ble and semi-rigid. Also featured are twinax connectors, twinax 
adapters and a full line of hex crimp tools. Pasternack Enter¬ 
prises, Irvine, Calif. INFO/CARD #144. 

Frequency Synthesizers Brochure 
A 14-page brochure describes a series of 25 swept frequency 

synthesizers covering the 10 MHz to 40 GHz range. Features 
described include pulse modulation with a built-in, programmable 
pulse generator, 15 ms frequency switching speed, less than -60 
dB harmonics, and up to 40 mW output power. Also described i 
are characteristics, such as simultaneous FM, AM and pulse 

Microwave 
Superchip 
Capacitors 
ForSMT*. 
and Automatic 
Insertion 
-Hr Surface Mount Technology 

Performance Plus in 
Absorber Materials. 
Advanced ElectroMagnetics, Inc. has been a leader in the microwave 
absorber material industry for some time by putting winning solu¬ 
tions to work for companies like Hewlett-Packard, IBM, Boeing and 
many others. 

Through continuing research and technical exper¬ 
tise, Advanced ElectroMagnetics, Inc. has emerged 
as the leading source for: 

• Broadband Absorbers including Walkway, 
Pyramidal, Convoluted and Wedge designs 
ranging from 2" to 8'. 

• Low Frequency Absorbers. 
• Millimeter Wave Absorbers. 

prehensive program of design, research 
and manufacturing capabilities, AEMI 
wants to be your leading source in ab¬ 
sorber technology. Call or write for com¬ 
plete details. 

• Absorbing Wall Modules. 
• Tuned Frequency Absorbers. 
• Special projects and consultation. 

Off the shelf or custom designed, these 
materials feature the properties you need 
most—high performance plus depend¬ 
ability and reasonable costs. With a com¬ 

Advanced 
7 Electromagnetics, Inc 

Mf RO. BOX W • SANTEE, CA SSO71 -061 S, USA 
U [619] 449-3492 

FROM THE LEADER 
IN RF CAPACITOR 
TECHNOLOGY 
ATCs 100 Series UHF Microwave 
porcelain capacitors offer outstand¬ 
ing performance under extremes of 
voltage, frequency, time and temperature; 
in short, the best in the industry. They re ideä 
for the most demanding design applications 
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. 

amencan 
technical 
ceramics 

CORP. 
one norden lane 

huntington station, n.y. 11746-2102 
516-271-9600 

twx 510-226-6993 
telex 221201 

fax 516-271-9615 

RF Design INFO/CARD 83 INFO/CARD 98 
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rf literature Continued 

PRECISION CRYSTAL 
OSCILLATORS 

SERIES 8000 

STANDARD FREQUENCY 5.0 MHz 
AGING RATE _ MODEL ER8001 1 x 10- 9/day 

MODEL ER8003 1 x 10- 1°/day 
MODELER8005 5 x 10- 11/day 

PHASE NOISE _ SSB 1 Hz BW at 10 Hz offset 
MODEL ER8001 ... 124 db 
MODEL ER8003 ... 135 db 

INPUT VOLTAGE _12 VDC ± 10% STANDARD 
OUTPUT _ SINE-WAVE 1VRMS INTO 50 

ohm LOAD 
SIZE _ MODEL ER8001 and 

MODEL ER8003 
2” x 2” x 4” H 
MODEL ER8005 
2.25” x 2.25” x 4.25” H 

OPTIONS _ MANY OPTIONS ARE AVAIL¬ 
ABLE TO INTERFACE WITH 
YOUR REQUIREMENTS 

ELECTRONIC RESEARCH COMPANY SERIES 8000 
PRECISION OVENIZED CRYSTAL OSCILLATORS 
ARE THE ULTIMATE CHOICE WHERE PROVEN 
RELIABILITY AND FREQUENCY STABILITY IS RE¬ 
QUIRED. THESE OSCILLATORS ARE IDEAL FOR 
APPLICATIONS WHERE A PRECISION TIME BASE 
IS TO BE MULTIPLIED OR SYNTHESIZED RE¬ 
QUIRING A LOW PHASE NOISE SOURCE. ALL 
ELECTRONIC RESEARCH COMPANY’S OSCIL¬ 
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC¬ 
TURED BY ERC FOR MAXIMUM CONTROL ON 
ALL PARAMETERS TO INSURE PERFORMANCE 
SPECIFICATIONS. IF YOUR APPLICATION RE¬ 
QUIRES SUPERIOR OSCILLATOR PERFORMANCE 
CALL US OR WRITE FOR OUR COMPLIMENTARY 
CATALOGUE. 

For information and prices, send your specifications to: 

FREQUENCY CONTROL PRODUCTS 
electronic research company 
7618 Wedd, Overland Park, Kansas 66204 
TWX:(910) 749-6477 
Telephone: (913) 631-6700 

modulation, low SSB phase noise, and superb EMC perfor¬ 
mance, that make these instruments particularly well suited to 
EW/ECM, radar, and communications applications. Wiltron Com¬ 
pany, Morgan Hill, Calif. INFO/CARD #142. 

Electronics Assembly Sourcebook 
The 112-page sourebook contains complete specification and 

ordering information on hundreds of products including compon¬ 
ent inserting machines, lead-formers, thru-hole soldering devices, 
wire processing equipment, PCB storage racks and fixtures, 
magnifiers, tools and inspection devices. Separate sections are 
dedicated to surface mount technology and static control devices. 
Black-and-white photos accompany product descriptions, and 
pricing for quantity purchases are included. Henry Mann, Inc., 
Huntington Valley, Pa. INFO/CARD #141. 

HP Vectra PC Software Catalog 
More than 245 technical-software vendors and 600 tested and 

vendor-verified software products are listed in the new HP Vec¬ 
tra PC Technical Software Catalog from Hewlett-Packard Com¬ 
pany. Applications software in the catalog ranges from analog¬ 
circuit design to technical word processing. There also are listings 
for accessories such as light pens, image processors and voice 
cards. Software vendors contributing to the catalog range from 
small firms to corporate giants. Hewlett-Packard Company, Palo 
Alto, Calif. INFO/CARD #140. 

Monolithic Capacitors as Transmission Lines 
A new brochure describes the results of network analyzer 

measurements (HP-8510) of ultra-high Q porcelain chip 
capacitors and shows that the devices have the characteristics 
of open circuited transmission lines. MIL Spec approved CDR12 
and CDR14 capacitors, ranging in capacitance values from 4.7 
to 1,000 pF were tested. A simple model of the periodically loaded 
line provides a dispersion relation that accounts for the distribu¬ 
tion of resonant frequencies. The suppression with respect to 
the microstrip is explained in terms of a uniform line model with 
distributed excitation. Dielectric Laboratories, Inc., Cazenovia, 
N.Y. INFO/CARD #139. 

Multi-Channel Filter Catalog 
A short form catalog of dual and multi-channel signal proces¬ 

sing filters covers product technology, features, specifications 
and applications for both benchtop and programmable in¬ 
struments. It features filter types and methodology, applications 
for band limiting, digital signal processing, acoustic studies and 
distortion measurements. Wavetek San Diego, San Diego, Calif. 
INFO/CARD #138. 

Buyers Guide for Electrical Contractors 
Anixter Bros., Inc. has published a buyers guide entitled “New 

Buyers Guide of Products & Services for Electrical Contractors.” 
This guide features the wide range of electrical/electronic and 
communications wire and cable, telecommunications products, 
and “feeding the job” services Anixter offers. Anixter Bros., Inc., 
Skokie, III. INFO/CARD #137. 

ESD Protection Test Handbook 
KeyTek Instrument Corp, announces the availability of its ex¬ 

panded Second Edition of the Electrostatic Discharge (ESD) Pro¬ 
tection Test Handbook. Described are the basic ESD 
phenomena, various test specification, design alternatives, and 
test methods. Sections are included describing recently 
acknowledged effects such as hand capacitance for fast rising 
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currents, and the importance of approach speed in accurately 
simulating human ESD. KeyTek Instrument Corp., Wilmington, 
Mass. INFO/CARD #136. 

SMA Connector Catalog 
Catalog 82-689 from AMP Incorporated reviews aspects of 

SMA coaxial connectors. The 16-page catalog provides electrical, 
mechanical, and environmental characteristics of SMA connec¬ 
tors for both flexible and semirigid cable. Connectors for flexi¬ 
ble cable includes both military-qualified and commercial series. 
The catalog also features application tooling, including a cable 
preparation machine, hand and semiautomatic termination tools, 
and a phase match test connector kit. AMP Inc., Harrisburg, 
Pa. INFO/CARD #135. 

cuse, N.Y. INFO/CARD #126. 

RCS and Antenna Measurements Brochure 
Flam & Russell, Inc. has published a brochure highlighting 

the ADAM (Automated Digital Analysis and Measurement)/8003 
System. The system uses the Hewlett Packard 8510 network 
analyzer, its associated signal source and a positioner program¬ 
mer to provide a fully-integrated radar cross section and antenna 
measurement capability. ADAM/8003 provides broadband cover¬ 
age, from .045 to 26.5 GHz, expandable to 110 GHz. Complemen¬ 
ting its architecture is a menu-driven software package written 
in Fortran 77 and including on-line user help and extensive error 
trapping to minimize learning time. Flam & Russell, Inc., Hor¬ 
sham, Pa. INFO/CARD # 125. 

Flight Test Systems Catalog 
Aydin Vector's new catalog delineates a variety of telemetry 

and data acquisition systems, instrumentation and support com¬ 
ponents designed for various missile, aircraft and standoff 
weapon systems, flight test applications. Instruments detailed in¬ 
clude Vector’s micro-miniature 900 Series Data Acquisition 
System, and the ADAS-7000 Airborne Data Acqusition System. 
RF transmitters and receivers suitable for hi-rel and severe en¬ 
vironment applications augment the flight test instrumentation 
line up. These include synthesized broadband multifrequency 
video transmitters and receivers, synthesized US Band airborne 
Command/Control receivers, Flight Termination receivers/de-
coders and accessories such as power amplifiers. Aydin Vec¬ 
tor Division, Newtown, Pa. INFO/CARD #134. 

Guidelines for Capacitor Selection 
Dielectric Laboratories introduces a new Engineering Bulletin 

0013, which provides guidelines for the selection of capacitors 
for four typical applications. These guidelines are based on 
measurements of insertion and return loss and were obtained 
with the HP-8510 network analyzer using monolithic High-Q 
porcelain capacitors. The applications are: DC blocking, con¬ 
nected in series in a broadband amplifier; bypassing RF signals, 
mounted in the shunt connection; low loss reactive circuit ele¬ 
ment in a filter; and DC blocking or by-passing capacitors are 
required to operate over a very broad band. Dielectric 
Laboratories, Inc., Cazenovia, N.Y. INFO/CARD #124. 

Reconditioned Test Equipment Catalog 
Accutest Instruments, Inc.’s 20-page electronic test equipment 

catalog features both new and custom-reconditioned items. All 
custom-reconditioned equipment is thoroughly checked and 
precision-calibrated. Test equipment offered includes: RF & 
microwave instruments calibration devices, oscilloscopes, 
counters and DVMs. Accutest Instruments, Inc., Paramus, N.J. 
INFO/CARD #133. 

Precision Trimmer Capacitor Catalog 
Voltronics Corporation has issued a catalog of its expanded I 

line of precision trimmer capacitors. The trimmers have dielec¬ 
trics of glass, quartz, air, Teflon and sapphire. They offer multiturn 
resolution and high stability. Most have non-rotating pistons and 
are internally sealed. Maximum capacitance is from 1.2 to 250 
pF. High frequency surface mount parts are listed. The catalog 
specifies more than 109 MIL-C-14409D styles. Prototype kits are 
listed at less than half price. Voltronics Corporation, East 
Hanover, N.J. INFO/CARD #132. 

1987 EMI Catalog 
Filter Concepts’ catalog details a power line of EMI filters. It 

features 18 different series of EMI filters, to cover the spectrum 
of EMI suppression requirements. Filter Concepts, Inc., Santa 
Ana, Calif. INFO/CARD #143. 

Brochure Describes “Drop-in” Couplers 
Anaren Microweave has published a brochure describing its 

entire line of miniature “drop-in” hybrid couplers. It lists 73 models 
of 90° standard and high power couplers. Frequencies range from 
30 MHz to 8 GHz in octave and multi-octave bandwidths. Also 
offered are 4-way combiner/dividers and power handling curves 
showing power handling capability change as the frequency < 
changes for a given coupler. Anaren Microwave, Inc., E. Syra-

Trim-Tronics’ air dielectric tubular trimmers offer High Q and a 
wide variety of capacitance ranges. Our unique rotor design 
provides smooth, uniform torque and excellent rotor-to-bush¬ 
ing contact resulting in low contact resistance. All metal 
surfaces are gold plated as a standard feature of our products. 
Capacitance range 3pF to 16pF 
Q > 5,000 at 200 MHz 
Contact resistance <.001 Ohms 

Operating temperature range 
-65° C to +125“C 
Wide selection of mounting styles 

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS 

-TFRONICZS INEZ 
67 Albany Street. Cazenovia. New York 13035 

■¡¡¡■I Tel: (315) 655-9528 TWX: 710-541-1530 
Outside USA and Canada contact Alfred Tronser, GmbH, Phone 49 07 082/3007 
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opportunities 

RF/ANALOG ENGINEER 
XETRON, Cincinnati’s High Tech leader is expanding at the rate 
of 35% compound growth per year. Due to our continued growth, 
we have an immediate need for an RF/Analog Engineer. 

BSEE with 4+ years of design experience required. Will be involved 
in the design, development and manufacturing of HF/VHF/UHF/ 
Microwave receiver and transmitter equipment. Candidates should 
have design experience with tuneable filters, VCO’s synthesizers, 
demodulators and modulators (PSK, QAM, etc.), IF circuitry and 
audio circuitry. 

Xetron offers an excellent compensation and benefits package. 
Please send your resume including salary history in confidence or 
call collect: 

X€TROn 

Design/Systems 
Engineers 

Corporation 

40 W. Crescentville Road 
Cincinnati, OH 45246 

Attn: Ernie Prater 
513/671-5220 

An Equal Opportunity Employer 
U.S. CITIZENSHIP REQUIRED 

• Openings nationwide, including 
FLA, TX, CO, CA, AZ. .. 

• 2-20 years experience 
• Salaries $35-$90K in following 

areas: 

RF/Microwave 
Analog/Dig. 
Antenna/Radar 
Signal Processing 
Communications 
Satellite 
Ga As 

Call (317) 297-4445, or send resume to: 

EE Search 
2029 Stoneham Dr., Ste. A 
Indianapolis, Ind. 46260 

SENIOR EMI 
TEMPEST ENGINEER 

Magnavox Electronic Systems Company, (MESC), a leading manufacturer of elec¬ 
tronic systems for defense and industrial applications has an immediate opportunity for 
an EMI Tempest Engineer with expertise in all design and test phases for EMI, 
TEMPEST and EMP products An advanced degree or equivalent and 8 years ex¬ 
perience as an EM Engineer working in MIL-STD-461/462/463 and NACSEM 5100 and 
5112 is required. 

Responsible for all test plans, reports and control plans as well as technical and cost pro¬ 
posals supporting EMI and TEMPEST, this senior team member provides staff consulta¬ 
tion on advanced technology and systems susceptibility analysis and assists in software 
development for automatic test systems 

The selected candidate will be motivated in a dynamic, progressive department and live 
in Fort Wayne. Indiana, a top-flight community where the cost of living is well below the 
national norm 

Join the Leader 
in 

RF POWER 
ETO is a leader in RF power for 
communications, science, and 
medicine. We supply more high 
power, microprocessor-controlled 
RF amplifiers for Magnetic Reso¬ 
nance Imaging and medical MR 
spectroscopy than all other 
manufacturers combined. 

Our growth has created several 
career opportunities for EE’s with 
experience in linear RF power 
amplifier design. 

Magnavox offers a competitive compensation and benefits plan including a generous 
and supportive relocation package Qualified candidates are encouraged to send 
resume or call for prompt and confidentia consideration to: Bill Blake, Magnavox 
Electronic Systems Company, Department RF 187, 1313 Production Road, Fort 
Wayne, Indiana 46808, (219) 429-7772. An Equal Opportunity Employer M/F/H. U.S. 
Citizenship is required 

Sr. RF Engineers — BSEE or equivalent; advanced degree 
desirable. Experience (5+ years) in HF/VHF broadband solid state 
100W to 1kW power amplifier design. Background in 1-20kW power 
tube amplifier design is useful but not essential. 

Outstanding compensation package includes profit sharing, life 
and health insurance, and a location in the banana belt of the 
southern Colorado Rockies. 

For your convenience we will be interviewing at RF Technology 
Expo 87. Call us at (303) 275-1613, or see us at Booth 556 for an 
appointment. For prompt consideration send your resume in con¬ 
fidence to: 

Magnavox 
Electronic Systems Company 

A Subsidiary of 
Magnavox Government & industrial Electrones Co 

Ehrhorn Technological Operations, Inc. 
Attention: Steve Christensen 
P.O. Box 888 
Canon City, Colorado 81212 



"Ideas Won't Keep...” 
"Something must be done about them." Alfred North 
Whitehead, Philosopher and Mathematician 
At Northrop DSD, we value the potential born with each new 
idea. As a DSD engineer, you’ll have the chance to pursue 
new and unique ideas while tackling some of the most 
challenging projects in avionics electronic countermeasures. 
You’ll have the opportunity to work with a team of progressive 
thinkers, recognized as experts within the industry. And, you’ll 
get the satisfaction of seeing key projects through, from 
concept to reality. 
We have the following positions available: 

ADVANCED SYSTEMS ENGINEERS 
Threat Analysis/EW Techniques Development 
BSEE or equivalent. Experience with radar/missile threat 
analysis; IR guided missile threat analysis; radar/missile/ 
ECM/IRCM hardware testing/evaluation; monopulse 
countermeasure analysis; IRST/FLIR system analysis and 
vulnerability assessment. 

RF Systems Design and Analysis 
BSEE or equivalent. Experience in angle of arrival receiver 
design for interferometric systems; multipath signal processing 
concept development; advanced EW systems, RF, IF, video & 
digital signal processing development. 

Threat Modeling and Simulation 
BSEE or equivalent. Experience in ECM/active IRCM digital 
computer modeling/simulation; integrated EW system operation 
analysis and performance assessment; real time hardware-in-
the-loop IRCM simulation. 

Systems Engineers-Project Development 
BSEE or equivalent. Analyze hardware/software tradeoffs; 
develop simulations/modeling for electromagnetic signal 
analysis; solve EMI, EMC and EMP related problems. 
Requires background in requirements definition and functional 
operation of complex hardware/software systems. 

ELECTRONICS ENGINEERS 
Antenna Design Engineers 
BSEE or Physics or equivalent, MS desirable. Requires 
knowledge of phased arrays, monopulse D.F. systems and 
millimeter wave techniques. 
Sr. Project Engineer: Receiver Technology 
Experience (12+ years) with receivers including project 
management and staff supervision. Knowledge of broadband 
receivers, video processing, digital signal processing, high 
speed log amps, filters, signal characterization, microwave 
integrated circuits, hybrids, and surface mount technology 
required. 

Advanced Technology Engineers 

MICROWAVE: Active and/or passive microwave and millimeter 
wave integrated circuit design for components and integrated 
subsystems. Prior computer-aided design experience required. 
RECEIVERS: Conceptual design, fabrication, and test of 
receiver systems for ECM/Elint applications. Familiarity with 
systems architecture, signal processing, channelized, set-on, 
and micro-scan techniques desirable. 

Qualified candidates are invited to send resume with salary 
requirements to: Supervisor staffing, Northrop 
Corporation, Defense Systems Division, 
600 Hicks Road, Rolling Meadows, IL 60008. 
An equal opportunity employer M/F/V/H. 
U.S. Citizenship Required. 

NORTHROP 
Defense Systems Division 
Electronics Systems Group 

Northrop DSD: where the individual thrives ... on achievement. 
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RF ENGINEER 
WITH BSEE 

MANUFACTURING 
MANAGER 
Iowa 

RF RECRUITERS 
• RF MICROWAVE DESIGN 

• SIGNAL PROCESSING 
• TEST 

• SOFTWARE 
• POWER SUPPLIES 

• RADAR/ANTENNA DESIGN 
MONTHLY COMMUNICATIONS WITH OVER 1,000 COMPANIES 
OUR 21ST YEAR OF SPECIALIZED NATIONAL RECRUITING 

RUSS KENDALL 
TECHNICAL CONSULTANT 

1370 Ontario St. Ste 1514, Cleveland, OH 44113 
(9-5) 216/523-1115 (eve, Sat.) 216/933-6767 

Manufacturer of RF products is seeking a BSEE to 
manage a medium-sized electronics assembly plant in 
Burlington. Iowa. Must have 5 yrs. minimum 
manufacturing managerial experience with in-depth 
knowledge of: 

• Automated surface-mount equipment and 
techniques 

• Assembly and testing of RF/microwave products 
• Statistical process control 

Report to VP of Manufacturing. 

Phone or send resume to Judy Sandell, Winegard 
Company, P.O. Box 1007, Burlington, IA 52601 

(319) 753-0121 

WINEGARD ^ 

Kathi Walsh 
Classified Advertising Manager 

t^fdesign 
A Cardiff Publication 

6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 
(303) 220-0600 
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Toko coils and filters 
attack RF design problems 

beforeJbey come 

Plagued 
by parasitic 
oscillations, spurs, 
harmonics and 
feedback? The problem
may not be your design, but the 
coils and filters you selected. Toko 
is the world's largest manufacturer 
of quality small coils and filters, with 

a selection so large, 
you’re sure to find the 
right components 

to neutralize your 
rf design problems. 

SUBMINIATURE 
ADJUSTABLE 
AND FIXED 

Toko has what you need, so 
you won’t need to compromise... 
subminiature adjustable coils 
and transformers, molded coils, 
radial fixed coils and fixed coils 
with axial leads. Toko high-Q coils 
are engineered in sizes from 
5mm to 15mm, and inductance 
ranges from .02 p.H to 500 mH. 

CHIP AND 
ADJUSTABLE SMD 

Need to reduce the 
size of your products or 
automate production? 
Toko solves these problems with a 
wide range of surface mountable 
coils and LC, ceramic and helical 
filters in fixed and adjustable con¬ 
figurations. Packaged for automatic 
insertion and available for reflow or 
solder dipping. 

CUSTOM MODULES 
Toko hybrid mod¬ 
ules ore a great 
way to simplify 
design and 

production tasks. 
With short lead time, 

Toko can develop compact 
custom modules utilizing a variety 
of components, surface mounted 
on a ceramic substrate. One 
module replaces dozens 
of components. 

For i-f or tuned rf 
circuitry. Toko filters 
simplify attenuation of 
out-of-band signals, while cleanly 
passing your desired signal. Ultra¬ 
miniature ceramic and LC filters at 
popular i-f frequencies fit tight 
spaces and tight budgets. With 
frequencies up to 1.2 GHz Toko 
helical filters are the right choice for 
communications 
transceivers. 

ACTIVE FILTERS 
If you're advanc¬ 
ing the state-of-
the-art in digital 
audio or PCM 
products you'll 
appreciate Toko 
active filters. Especially 
designed for small size and low distor¬ 
tion, they’re also very cost-effective. 

For more information on: 
Subminiatures, Circle 87 
Chip/SMD, Circle 88 

Isn't it time to tame the design monsters 
before they bite back. ..call or write 
Toko today for a free coil and filter 
catalog or a quote on your needs. 
No matter what Toko coils and filters 
you choose, you can be assured of 
exceptionally high quality control at 
economical prices. 

Quality and workmanship that add 
value and performance to your 
product. 

KiTOKO 
TOKO AMERICA,INC. 
(CORPORATE HEADQUARTERS) 
1250 Feehanvllle Drive 
Mt. Prospect, Il 60056 
(312) 297-0070, Telex: 724372, FAX (Gill): 
(312) 699-7864 

(Western Branch) 10080 N Wolte Rd., SW3-361. 
Cupertino, CA 95014 
(408) 996-7575, FAX (Gill): (408) 996-7280 

(Eastern Branch) 6 Corporate Park Drive, 
Suite 307, White Plains, NY 10604 
(914) 694-5618, FAX (Gill): (914) 694-6280 

(Southeastern Branch) Executive Plaza, 
555 Sparkman Drive, Suite 820-C. 
Huntsville, AL 35816 
(205) 830-0952. FAX (Gill): (205) 830-5399 

Custom Modules, Circle 89 
RF & l-F Filters, Circle 90 
Active Filters, Circle 91 



Two Ways To Design 
Take your blinders off. .. 

use a Watkins-Johnson RF Components Catalog 

Cascadable Hybrid Amplifiers, 2 to 6000 MHz 
• Wideband GaAs FET Feedback Technology 
• Miniature Flatpack Amplifers, 2 to 4200 MHz 
• SMA Connector Amplifiers, 2 to 6000 MHz 
• Integrated Components 
• Signal Limiters 
• Voltage-Controlled Attenuators 

Mixers, Hybrids, Transformers and Switches 
• Frequency Mixers, DC to 26 GHz 
• Dual Mixers, 2 to 18 GHz 
• Frequency Doublers, 10 MHz to 18 GHz 
• Image-Reject Mixers, 5 to 18 GHz 
• MIL-M-28837 QPL Mixers 

Send for our new 1987 short-form RF Components catalog. Contact the Watkins-Johnson sales office in your area, 
or telephone Components Applications Engineering in Palo Alto, California, at ___ 
(415) 493-4141, ext. 2637. 

uudl WATKINS-JOHNSON 

Watkins-Johnson—U.S.A:»California. Palo Alto(415)493-4141:Orange (714)634-1811 »Florida. Fort Walton Beach (904)863-4191 »Georgia. Atlanta(4O4)458-99O7»lllinois, Palatine (312)991 -0291 • 
Maryland. Gaithersburg (301 ) 948-7550 • Massachusetts. Lexington (61 7) 861 -1 580 • New York. Smithtown (516) 724-0952 • Texas. Dallas (214) 247-1 761 »United Kingdom: Dedworth Rd . Oakley Green 

Windsor. Berkshire SL4 4LH • Tel: (0753) 869241 • Cable: WJLIKW-WINOSOR • Telex: 847578 »Italy: Piazza G. Marconi 25, 001 44 Roma-EUR • Tel: 592 45 54 or 591 2515 • Cable: WU ROM I• Telex: 61 2278 

See us at RF Technology Expo, Booths #413, 415 & 417. 
INFO/CARD 92 




