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Noise Com. 
The name to remember 

when you're prospecting for 
wireless communications 

test instruments. 

No one digs deeper to help 
your production line reach its goals. 

If you're manufacturing wireless 
subscriber or infrastructure products, we don't 

Our fading emulation 
is stronger than ever. 

When it comes to fading emulation, our 
Multipath 2600 is the one the competition 

have to tell you how big an issue testing can looks up to. Now we've increased its RF band-

be. Every second you save in running 
a test can yield big gains over a run 
of thousands of units per day. 

Cutting test time is just one of the 
reasons for taking a closer look at the 

innovative wireless test solutions 
from Noise Com. There are many more. 

Take our Mobile Phone Test Set. It's a 
high-speed automated system for production 
testing of CDMA mobile phones to IS-95 and 

IS-98. The test set boasts 
AWGN and fading 

generators, synthesized 
interference generators, 

and automatic power 
level control. If s all you 
need to completely 

characterize the transmit 
and receive performance 
of CDMA mobile phones 
at high speed...without 
sacrificing accuracy. 

width to 20 MHz, extended frequency 
range down to 30 MHz and delay 
range to more than 400 ps. We've also 
added Nakagami fading, and 
enhanced its fading library for 
CDMA, CDPD, DCS-1800, GSM, 
TDMA, and IMS. But we didn't 

stop there. The Multipath 2600 now directly 
displays output power and maintains power 
level, even if you modify the fading files. 

Our UFX-BER C/N generators have also 
been improved. We've added TDMA applica¬ 

tion software, 
and dramatically 
decreased test 

time while 
maintaining accuracy for CDMA applications. 

Noise Com. Your global partner for 
wireless, telecommunications and noise testing 
products. For details, contact Noise Com, 
E. 49 Midland Avenue, Paramus, NJ 07652. 
Tel: (201) 261-8797. Or fax us at (201) 261-8339. 

NOIS^ 
A WIRELESS TELECOM GROUP COMPANY 

information on: CDMA Test set circle #1 , MP 2600 circle #69, 
UFX-BER circle #70 
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DEMODULATORS 
1.15MHz to 1880MHz from $19.95 
I&Q Modulators and Demodulators . . . another smart offering from MiniCircuits 
that's pushing industry standards to new heights (and prices to new lows)! 

Infuse your cellular, radar and communication system project with the 
powerful new l&Q Modulator and Demodulator, surface mount and 
plug-in units. Units so reliable, the specified statistical data on 
performance holds up with rock-solid repeatability unit-to-unit. 
For high speed assembly operations, l&Q Modulators and 

Demodulators are available in tape and reel format, so you can bank 
on consistent assembly performance for production efficiency time 

after time . . . and with prices starting at just $19.95, these powerful and 
compact units truly are the next generation of value on the market today. 

So, call your Mini-Circuits distribution center at a number listed 
below for guaranteed one week shipment or, turn to our applications 

department with your special specs for custom units at catalog prices. 

We’re redefining what VALUE is all about! 

MIQA-10M 
MIQA-21M 
MIQA-70M 
MIQA-70ML 
MIQA-91M 
MIGA- 10OM 
MIQA-108M 
MIQA-195M 

MIQC-38M 
MIQC-88M 
MIQC-176M 
MIQC-895M 
MOC-1785M 
MIQC-1880M 

□ MIQY-70M 
□ MIQY-140M 

□ JCIQ-88M 
□ JOQ-176M 

MIQA-10D 
MIQA-21D 
MtQA-70D 

MIQC-38D 
MIQC-60WD 
MIQC-895D 

□ MQY-1.25D 
□ MIQY-70D 
□ MIQY-140D 

□ JOO- 1760 
□ JCIQ-895D 
□ JOO-1 785D 
□ JCIQ- 18800 

FREQ. 
(MHz) 

fL fU 
9 11 
20 23 
66 73 
66 73 
86 95 
95 105 
103 113 
185 205 

34 38 
52 88 
104 176 
868 895 
1710 1785 
1805 1880 

67 73 
137 143 

52 88 
104 176 

FREQ. 
¡MHz) 

34 
20 
868 

38 
60 

895 

1.15 
67 
137 

1.35 
73 
143 

104 
868 
1710 
1805 

176 
895 
1785 
1880 

□ NON-HERMETICALLY SEALED 

l/Q MODULATORS 
CONV. CARRIER SIDEBAND HARM. 
LOSS REJ. REJ. SUPPRESS 
_ (dB) (-dBc) (-dBc) (-dBc) Typ. 
x a Typ. Typ. 3xl/Q 5xl/Q 

5.8 0.20 41 40 58 68 
6.2 0.14 50 40 48 65 
6.2 0.10 38 38 48 58 
5.7 0.10 38 38 48 58 
5.5 0.10 38 38 48 58 
5.5 0.10 38 38 48 58 
5.5 0.10 38 38 48 58 
5.6 0.10 38 38 48 58 

5.6 0.10 48 37 54 65 
5.7 0.10 41 34 52 66 
5.5 0.10 38 36 47 70 
8.0 0.10 40 40 52 58 
9.0 0.30 35 35 40 65 
9.0 0.30 35 35 40 65 

5.8 0.20 40 36 47 60 
5.8 0.20 34 36 45 60 

Surface Mount Models 

5.6 0.1 40 35 45 65 
5.6 0.1 35 35 45 65 

l/Q DEMODULATORS 
CONV. AMR 
LOSS UNBAL. 

_ (dB) (dB) 
X a Typ. 

6.0 0.10 0.15 
6.1 0.15 0.15 
6.2 0.10 0.15 

PHASE HARM 
UNBAL. SUPPRESS 
(Deg.) (-dBc) Typ. 
Typ. 3xl/Q 5xi/Q 

1.0 50 65 
0.7 64 67 
0.7 56 58 

0.10 
0.10 
0.20 

0.10 
0.15 
0.15 

5.0 0.10 0.15 1.0 
5.5 0.25 0.10 0.5 
5.5 0.25 0.10 0.5 

Surface Mount Models 
5.5 0.1 0.15 2 
8.6 0.1 0.2 1 
8 0.2 0.2 2 
8 0.2 0.2 2 

MIQA case .4 x .8 x .4 in. MIQY case .8 x .8 x .4 in. 
MIQC case .8 x .8 x .4 in. JCIQ case .9 x .8 x .25 in. 

All Models Available in New 
J-LEAD Surface Mount Package. 

Consult Factory for Details. 

PRICE 
$ 

Qty. 
(1-9) 

49.95 
39 95 
39.95 
49.95 
49.95 
49.95 
49.95 
49.95 

49.95 
49.95 
54.95 
99.95 
99.95 
99.95 

19.95 
19.95 

49.95 
54.95 

PRICE 
$ 

Qty. 
(1-9) 

49.95 
49.95 
49.95 

49.95 
79.95 
99.95 

29.95 
19.95 
19.95 

54.95 
99.95 
99.95 
99.95 

Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 

Fer detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ..Let Our Experience Work For You. Fi56RevC 
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Very New Amplifiers... at a very affordable 
price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very 
small, yet incredibly powerful (+17.5dBm typ. output at 1dB 
compression). The SOIC-8 pin surface mount units operate 
directly from a +3V to +5V single DC supply with 18dB typ. 
gain and cover the popular 0.50-2.50GHz wireless band. 
These units are very easy to use because all capacitors are 
internal and RF/DC connections are separate, eliminating the 

2, 4, 5, 

need for both external coupling capacitors and an RF choke. You can buy these very 
new amplifiers for the low price of just $2.95 ea., qty. 1000. Development qty. 10, only 
$4.95ea.l So, call Mini-Circuits today for immediate off-the-shelf availability and 
guaranteed 1 week shipment. 

Mini-Circuits... we’re redefining what VALUE is all about! 

Freq.(GHz) .5-.8 .8-1.0 1.0-2.0 2.0-2.5 

Gain (dB) typ. 14.0 17.0 18.0 16.0 
Max. Output (dBm) 
@1dB Comp. typ. +18.0 +18.5 +17.5 +17.0 
I P3rd Order 
(dBm) typ. +27 +27 +27 +27 

VSWR Output typ. 1.5:1 1.7:1 1.7:1 1.5:1 
VSWR Input typ. 6.4:1 2.8:1 2.0:1 1.4:1 

DC Power.: +5.0V fa specified performance. 
Current,(mA): 85typ., 105 max. 
Thermal Resistance. Junction-to-case: 125° C/W 
Price ($) ea. : 2.95 (qty. 1000), 4.95 (qty.10). 

•All specs at 25°C (case temp. 35°). 
•Available in Tape and Reel. 
•Mill- at 150°C max. junction temp.: 3x107hrs.typ. 
'Case' is defined as mounting surface of leads. 

£□ Mini-Circuits8
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (71 8)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. 
INFO/CARD 3 
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featured technology 
32 Electrolytic Grounding 

Solves Failures for 
Alyeska Pipeline 
This article describes the electrical prob¬ 
lems encountered by the Alyeska Pipeline 
as a result of the poor grounding to its 
rocky surroundings, and how those prob¬ 
lems were solved using salt leaching. 

— Betty Robertson 

cover story 
34 Chipset is Designed for Low-Cost 

CT2 Cordless Telephones 
The members of a chipset developed by Temic Telefunken and Wavecom 
enable designers to produce a complete CT2 phone with the addition of 
just a controller, passive components, and circuit board. 

tutorial 
50 A Versatile, Wideband Crystal Oscillator 

This article describes the requirements of an oscillator designed to oper¬ 
ate with different crystals over a frequency range of 6 to 120 MHz. The 
design uses just one topology over its entire frequency range and 
requires the replacement of just a few components for each frequency. A 
quartz crystal tutorial is also included. 

— R. Partha and Shanthi Krishnakumar 
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work analyzer and a fast Fourier transform. — Rob Frohne, Ph.D. 
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the past two years. 

RF DESIGN (ISSN:0163-321X USPS: 453-490) is pub¬ 
lished monthly and semi-monthly in October. December 
1995. Vol. 18, No. 13. RF Design is a registered trademark 
of Argus Inc. Copyright 1995 by Argus Integrated Media, 
a division of Argus Inc., 6151 Powers Ferry Road, NW, 
Atlanta, GA 30339, (770) 955-2500. Editorial and adver¬ 
tising offices at 6300 S. Syracuse Way, Suite 650, Engle¬ 
wood, CO 80111, (303) 220-0600. Printed in USA. Sec¬ 
ond-Class Postage paid at Atlanta, GA and at additional 
mailing offices. Subscription office: RF Design, P.O. Box 
1077, Skokie, IL 60076. Subscriptions are $42 per year 
($72 for two years) in the United States; $62 (surface 
mail) or $102 (Air Mail) per year for foreign countries. 
Payment must be made in U.S. funds and accompany 
request. If available, single copies and back issues are 
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Werlatone 
DECADES AHEAD 

HIGH POWER 
DUAL DIRECTIONAL 

COUPLERS 

MULTI-OCTAVE 
BANDWIDTH 

TYPICAL 
SPECIFICATIONS 

FREQ. RANGE 
INS. LOSS . 
FLATNESS . 
DIRECTIVITY .. 
VSWR ML. 

80-1000 MHz 
0.1 db 
.+/-0.5db 
20 db min. 
. 1.2:1 max. 

MODEL C3240 

COUPLING . 40db nom. 
POWER CW . 200 watts 

MODEL C3271 

COUPLING . 50 db nom. 
POWER CW . 1500 watts 

BROADBAND HIGH POWER 
• DIRECTIONAL COUPLERS 

• POWER COMBINERS 

•HYBRID JUNCTIONS 

P.O. BOX 47 • ROUTE 22 • BREWSTER, N.Y. 10509 

914-279-6187 «FAX 914-279-7404 
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RF editorial 
International 
Affairs Have 
Big Effects on 
Our Business 

By Gary A. Breed 
Editor 

International politics, economics, 
and war are prominent in today’s 
news. But, somehow the distance 
makes it too easy for us to think that 
those events have only a minor effect 
on our lives. 
No way! International business and 

global economics are stronger forces 
than many of us realize. Here are few 
things to think about: 
A few companies I’ve talked with 

recently, both large and small, have 
noted that they would be out of busi¬ 
ness if not for international sales. A 
few of them claim that a full 40 per¬ 
cent of their business is sales to cus¬ 
tomers in other countries. Large or 
small, that is indeed enough business 
to make or break a company. 
A number of large companies that 

are growing rapidly in the U.S. are 
foreign-owned. They have come here 
for the creativity and productivity of 
our engineering and manufacturing 
professionals, and to establish plants 
here in the world’s single largest mar¬ 
ket. The best of these companies are 
truly development partners, not just 
siphoning off our brain power or meet¬ 
ing made-in-America requirements. 
On the other side of the coin are a 

few troubling observations: 
In a few years, our trade deficit with 

the People’s Republic of China will 
exceed what we have with Japan. In 

1999, Hong Kong returns to their pos¬ 
session, and the Taiwan situation may 
never be resolved. The cultural and 
political differences between the U.S. 
and China are far greater than the dif¬ 
ferences we have with Japan. 
In the mean time, Eastern Europe 

slowly is pulling itself together, but 
not without troubles in Georgia, Azer¬ 
baijan, Armenia and the Balkan states 
that formerly were Yugoslavia. 

I won’t even try to suggest what will 
happen with India, Pakistan, and all 
of Africa. Developments there have 
been under-reported here in the U.S. 
Keep your eyes and ears open. 
All of these things have a direct 

effect on us, not an indirect one. Many 
developing countries are implement¬ 
ing wireless communications in a big 
way because they don’t have a wired 
infrastructure in place. Other places 
are catching up so quickly economical¬ 
ly that they are changing the balance 
of economic power. 
Communication is finally approach¬ 

ing the kind of worldwide universality 
that was predicted 30 years ago. As 
part of that industry, we cannot help 
but see huge influences in our lives as 
a result of global development and 
technological growth. Communication 
is what brings worldwide events closer 
to us, affecting our work and the rest 
of our lives. 

See You in Dallas 
Plan now to attend the first of the RF Design Seminar Series, to be held Jan¬ 

uary 16-18, 1996 at the Sheraton Park Central Hotel in Dallas, Texas. Go to 
your supervisor and insist that your company will see great benefits from your 
enhanced knowledge of key RF engineering techniques. 
We intentionally scheduled our seminars for a region of the country that has 

not been supported by other educational providers. Yet, Texas and the entire 
lower Midwest region have been growing in importance in wireless technology 
and all electronics. 
See the announcement on page 61, or call our conference management group 

at (800) 828-0420 to get more information. 
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ver the last couple of years, we’ve seen EMC 
issues evolve from technical “what” questions 
to regulatory “when” statements. EMC is now, 

and at Kalmus we’re ;tddressing it head on.” 

“Our new Model 7100LC 100 watt RF power amplifier 
is a case in point. It has been designed specifically for 
EMC test applications. And, true to the Kalmus 
tradition of manufacturing highly functional, yet 
extremely cost competitive amplifiers, the 7100LC, we 
believe, is the smallest, lightest and least expensive 100 
watt RF amplifier for EMC testing on the market.” 

“Another very important way we’re addressing EMC is 
through our new affiliation with Thermo Voltek 
Corporation, a company focused upon all aspects of 
EMC. As a member of the Thermo Voltek 
family, we share their mission and can 
now offer our customers enhanced sales 
and service capabilities through Thermo 
Voltek ’s worldwide organization.” 

“As we move closer to global EMC 
regulations, Kalmus remains steadfast to 
its engineering heritage and is committed 
to producing reliable and cost effective RF 
amplifiers for EMC testing. Call Kalmus 
or your Thermo Voltek distributor for 
complete information.” 

Designed specifically 
for EMC testing, 
we believe Kalmus 
Model 7100LC is the smallest, lightest, and least expensive 100 
watt RF amplifier on the market. All functions can be remotely 
controlled via the optional Kalmus Model IF488, pictured 
(IEEE-488/RS-232 Interface), or hardwired. 

MODEL 71OOLC 
100 Watt Broadband RF Power Amplifier 

Straight 

About 

EMC 

Frank Kalmus 
Technical Director 
Frank Kalmus is the founder of Kalmus (formerly Kalmus 

Engineering Inc.), a division of Thermo Voltek Corporation. 

As Kalmus' principal design engineer, he has designed over 200 

RF amplifiers used for EM( ' test, medic al/MRI. general 

Frequency range: 80-1000 MHz 

Broadband 

MOS-FET circuitry 

Power output: 100 watt CW minimum 

Remote capability and outputs 

Remote functions: all front panel 

controls - AC, Gain, Output Limit, 

ALC Speed, Blanking, VSWR Protection 

+0.8 dB typical ALC gain flatness 

VSWR tolerance: infinite, without damage 

Protection: open, short, temperature, 

excessive drive power 

• Forward and Reflected Power meter 

• Automatic Level Control (ALC): output level may be set 

to a fixed level of ±1/2 dB, with input variation up to 

10 dB; selectable response time 

• Size: 48 cm x 48 cm x 17.8 cm 

AU Kalmus products are supported through Thermo Voltek’s 
exclusive worldwide network of service and calibration facilities. 
Please call Kalmus or an authorized Kalmus distributor for 
complete information on this model, as well as other EMC test 
systemsfor EFT, SURGE, ESD, and PQF. 1-800-344-3341 

Kalmus • 21820 - 87th S.E. • Woodinville, WA 98072 USA 
Tel: (206) 485-9000 • Fax: (206) 486-9657 

Distributor: 

KeyTek • 260 Fordham Road • Wilmington, MA 01887 USA 

(800) 753-9835 • Tel: (508) 658-0880 • Fax: (508) 657-4803 

Kalmus and KeyTek are divisions of Thermo Voltek Corporation and Thermo Electron Corporation. 
Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to 

change without notice. 

Thermo Voltek 
COMTEST BENELUX • COMTEST ITALIA • COMTEST UK • KALMUS • KEYTEK • VERIFIER • UVC 
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PROTOTYPE CIRCUIT BOARDS 
WITH THRU-HOLE PLATING..,. 
FABRICATED AT YOUR BENCH 

The LPKF Protomat 93S System with optional 
automated AutoContac thru-hole plating system 
fabricates complete boards in less than four hours. 
Fully programmable speed control provides superior 
results for a full range of board materials. 

Input Gerber, Excellon or HPGL files and produce Analog, 
Digital, RF and Microwave prototype circuit boards. 

Windows software with programmable 
insulation width, multiple tool rub out, 
and full tool management. 

Established 1973 

President — Argus Integrated Media 
Stephen Stoneburn 

Editorial and Advertising Offices 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 
(303) 220-0600 Fax: (303) 267-0234 

Vice President and Group Publisher 
David Premo 

Editor and Associate Publisher 
Gary A. Breed 

Technical Editor 
Andrew M. Kellett 

► Solderable thru-hole plating with 
conductive epoxy. 

► Tool speed to 60,000 RPM on FR-4, 
Doroid™, PTFE, G10 materials. 

► 

► 

Enviromentally safe - all mechanical, 
no etching chemicals 
Fast payback - typically 3 - 9 months. 

CALL TODAY 1-800-345-LPKF 
6190 S.W. Arctic Drive Beaverton, Or. 97005 

(1-800-345-5753) or FAX to: 1-503-643-3662 

drlKtr 
CAD/CAM 
SYSTEMS INC. 
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Consulting Editor 
Andy Przedpelski, The Shedd Group 

Editorial Review Board 
Madjid A. Belkerdid, Univ, of Central Florida 
Alex Burwasser, RF Products 
Dave Krautheimer, MITEQ, Inc. 
Ed Oxner, InterFET Corporation 
Raymond Sicotte, American Microwave Corp. 
Robert J. Zavrel, Jr., IBM 

Director of Editorial Development 
Robin Sherman 

Director of Editorial Administration 
Paula Stephens 

National Sales Manager 
Janell Count 

Account Executives 
Gordon Henderson 
Mike Henry 
Tisha Hill 
Cindy Solomonson 

Classified Advertising Manager 
Shannon Shuman 

Vice President — Special Advertising 
Drew DeSarle 

PRECISION CROs & DROs 
FOR TOUGH CUSTOMERS 

Vice President — Production and Promotion 
Cherryl Greenman 

Production Manager 
Jenny Black 

Reprints Manager 
Vivian Peterson 

• Guaranteed 
Performance 

• On-Time 
• Priced Right 

Pick the frequency! 

CROs from 400MHz to 3GHz 

DROs from 3GHz to 42GHz 

Vice President — Marketing Research Director 
Tina D’Aversa-Williams 

Vice President — Circulation 
Doug Florenzie 

Creative Director 
Brian Buxton 

Staff Artist 
Susumu Komatsu 

List Rental Manager 
Etta Davis 

DELPHI sources use MIC hybrids and surface mount devices to yield high 

performance in a small size. When internally phase locked, frequency stability of ±2 5 
PPM is achieved, with excellent phase noise and low microphonie susceptibility. 
Output power levels are available from +10 to +23 dBm or higher. Frequencies for 
CROs range from 400MHz to 3 GHz and DROs range from 3GHz to 42GHz. Phase 
locked units accommodate internal or external reference oscillators. 

Argus Integrated Media Corporate Offices 
6151 Powers Ferry Rd., N.W. 
Atlanta, GA 30339-2941 
Tel: (770) 955-2500 

Quick delivery of quality products begins with fast crystal procurement, continuo as 
process control, bar code tracking, and a strong stocking program. 

For more detailed information, call DELPHI 

at (714) 831-1771 or FAX (714) 831-0862 delphi 
JL Components, In«: 

a Division of Aura Systems, Irr:. 

DELPHI COMPONENTS, INC., 27721A La Paz Road, Laguna Niguel, CA 92677 

A 
ARGUS 

A Division of Argus Inc. 

President — Argus Inc. 
Scott Smith 

Vice President, Finance — Argus Inc. 
Wayne Otterbourg, C.P.A. 

Senior Vice President — Argus Inc. 
Arthur E. Sweum 

President — Argus Trade Shows 
Joe Randall 

WBPA 
V IMTtMunoui • 

Subscription inquiries: (708) 647-0756 
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We offer the most complete line of application specific 
and standard switches, attenuators and hybrids in the industry. 

IFW...The Power Leader 

For more information or for a free catalog, contact: 

JFW Industries, Inc. 
5134 Commerce Square Drive • Indianapolis, Indiana 46237 

Tele. (3 17) 887- 1340 Fax (3 17) 88 1 -6790 
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The Roadmap to 
Seamless RF Integration 

CUSTOM ANALOG OR 
DIGITAL CIRCUIT 

Fujitsu Microelectronics, a world leader in UHF bandpass 
SAW filter technology, introduces a master-slice, semi-custom 
LSI capability, ideal for integrating IF/RF front-end circuits. 
This “frame” based technology, a collection of RF building 
blocks defined at metallization, provides a migration path 
from our world-class standard RF technologies to a highly 
integrated monolithic solution. Allowing you to create 
semi-custom designs from our extensive family of cost-effective, 
RF technologies—including prescalers, super analog, PLL, 
and super PLL. 

Fujitsu’s advanced BiCMOS process produces high-speed 
digital functionality with unmatched analog performance, 

FUJITSU MICROELECTRONICS, INC., 3545 North First Street, San Jose, CA 95134. 



Building the One Chip Solution 

delivering up to 28 GHz fj in a highly integrated 
single-chip solution. Our advanced technology 
allows you to go from concept to silicon within 6 
months, without the high costs and risks associated 
with full-custom designs. 

Our unparalleled SAW filter technology compliments 
this new development for optimum design integration 
—reducing design cost, size, weight, and time to 
market. 

What’s more, you’ll get the comfort and stability of 
Fujitsu’s extensive history as a premiere manufacturer 
of state-of-the art RF solutions. Our complete line 

of standard products are tested rigorously to ensure 
design quality and performance—so that you get a 
solid foundation from which to build an integrated 
design solution. 

Get on the fast-track to seamless integration—call 
Fujitsu Microelectronics today at 1-800-642-7616. 

FUJITSU 
COMPUTERS, COMMUNICATIONS. MICROELECTRONICS 
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UE letters 
Send letters to: Editor, RF Design 
6300 S. Syracuse Way, Suite 650, 
Englewood, CO 80111. Letters may 
be edited for length and clarity. 

Poor Reception for Antenna Article 
Editor: 

I enjoy reading RF Design, but 
must take exception to some of the 
imprecision in your article, “Antenna 

Basics for Wireless Communications,” 
in the October 1995 issue. 

1. The loop responds to both electric 
and magnetic fields in its far-field 
and when in the far-field of a source. 
Only in the near-field does the loop 
behave differently. One often sees 
this misconception, that a loop 
responds differently to magnetic and 
to electric fields. 

2. A patch antenna is resonant 

Industry's Choice 
IEC-WI^3 

upto 10 VAn 

□CELE 

With a wide frequency range, 
higher power in the lower hand, 
and automated computer control 
capability, the CMX 5001 
amplifier from IFI offers the 
ability to perform 1EC-801-3 
testing to today's or tomorrow's 
standards-all from one package. 

IEC-801-3 
IEC-801-6 
SAE J1113 

Applications 

. MIL-STD-461/462 

. RTCA/DO-160 

. FDA MDS20 1-0004 

Specifications 
• Power from 0.01 - 220 MHz: 
• Power from 200 - 1000 MHz: 
• Gain: 
• Gain control range: 

500 Watts 
100 Watts 
up to 60 dB 
> 40 dB 

Features 
• Single input and output • IEEE-488 bus 
• Superior durability • Self-diagnostic circuitry 
• Completely air cooled • High load VSWR protection 

1-800-467-7705 
Voice: 516-467-8400 
731 Union Parkway 

Ronkonkoma, Long Island 
New York 11779-7414 

FAX: 516-467-8558 
Internet address: ifi@ifi.com 
America Online: IFI net 
World Wide Web: www.ifi.com 

Australia: 61-2-415-3944 Canada: 90-613-226-2365 England: 44-0-462-421234 France: 33-1-64-46-2 1- 10 
Germany: 49-6109-2788 Hongkong: 852-763-5123 India: 91-842-847924 Israel: 972-3-7526333 Italy: 39- 11-455 1388 

Japan: 81-03-3435^1814 Korea 82-02-501-4271 Netherlands: 31-0-5206-41 214 New Zealand: 64-4-237-8392 
Singapore: 65-7477234 Spain: .34-1-358-40-46 Sweden: 46-8-930280 Taiwan 886-2-6864758 

when the width is half-wave in the 
dielectric substrate, not half-wave in 
air as implied in the article. 

3. In Figure 7, where a monopole is 
fed with a quarter-wave sleeve, the 
performance is poor because the 
sleeve does not act as an effective 
balun. Experience has shown that 
there are considerable currents on 
the coax feed cable, and that ferrite 
beads or chokes are usually needed. 

4. The IEEE and industry in gener¬ 
al have well accepted definitions for 
directivity and gain. Directivity is 
indeed the peak concentration of ener¬ 
gy normalized to the isotropic value. 
But gain, unlike your definition, 
involves directivity diminished by 
conductive losses and by impedance 
mismatch. The conductive losses may 
be due to imperfect metals, dielectric 
substrates, etc. while the mismatch 
loss is just I r 12. The dissipative por¬ 
tion is unusually small except for loop 
antennas and sometimes for patch 
antennas, but the mismatch is almost 
always a significant factor, producing 
gain well below directivity. 

Robert C. Hansen, Ph.D. 
Tarzana, CA 

In response to Dr. Hansen’s points: 
1. Yes, the simplified explanation of 

loop antenna behavior should have 
noted that magnetic-field-only 
response is limited to the near-field. 

2. The patch antenna note did not 
imply that the half-wave dimension 
was in air. It simply noted that "L = 
1/2 wavelength." Wavelength is 
always determined by the dielectric 
constant of the medium. 

3. The information is correct, and 
serves as additional detail. 

4. Again, this information adds to 
that provided in the article, although 
I would differ on the statement of mis¬ 
match loss "almost always" being a 
significant factor. There are many 
antenna configurations in which mis¬ 
match loss is minimal. 
Our tutorials are directed to engi¬ 

neers with no experience, and are 
intended to introduce concepts in a very 
general manner. As such, the informa¬ 
tion may seem incomplete to an experi¬ 
enced engineer. Once a reader is aware 
of the issues regarding a particular 
area of engineering, he or she can aug¬ 
ment the "incomplete" information 
through further reading and study. 

Gary Breed, Editor 

14 INFO/CARD 10 December 1995 



Our new RF-IC lets you 
handle wireless standards 
with ease. 

Telefunken Semiconductors 
now offers the first RF-IC 
that can be used across 
different frequencies, 
from cordless phones to 
wireless LANs. 

TEMIC also offers RF chip sets as 
complete solutions for your 
receiver/transmitter designs 

Telefunken just made your job a lot 
easier. Because now, instead of 
specifying different RF-ICs for each 
bandwidth standard, you only need 
one — the Telefunken U2891 B 
Quadrature Up-Converter. The U2891B 

has an output frequency up to 
2.5 GHz and the modulating 
and mixing performance you 
need for digital cellular radio, 
wireless LAN, and wireless 
local loop applications. 

The U2891 B has a voltage 
range down to 2.7 V and 
consumes a scant 24 mA. So 
it’s the ideal IC for battery-
powered applications where 
you need to maximize 

SSO-24 package, the U2891B 
integrates quickly and easily into 
your designs. 

Telefunken can help you handle 
other designs, too. We’re a world 
leader in RF and mixed signal ICs for 
receiver and transmitter channels, 
including modulators, demodulators, 
mixers, and PLLs up to 2.5 GHz. 

For more information on the U2891B 
RF-IC, call 1-800-554-5565, ext. C71. 

efficiencies on those ever-shrinking 
PC boards. And with its standard 

Temic 
TELEFUNKEN Semiconductors 

TEMIC is a company of AEG Daimler-Benz Industrie. 2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995. 
Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor. 
TEMIC European and AsiVPacific Sales: UNITED KINGDOM: 01344-485757. GERMANY: 0130 857 320. FRANCE: I 30 60 71 87. 
ITALY: 02-332 121. SCANDINAVIA: 08 733 0090. SINGAPORE: 65-788 6668, ext 249. HONG KONG: 852 23789 789. JAPAN: 3-5562 3321. 
©1995 TEMIC. All rights reserved. 



The Giga-tronics 8540B is the World’s Best 
And Here’s the Proof. 

FXTFNMVF The Giga-tronics 8540B Series Universal Power Meters give you L I L11 J I T L for directly 
CAPABILITY 

measuring complex communications signals. You can measure the average power of AM, two-tone, pulse and 

digitally modulated signals. You can measure the average power during the pulse ‘on’ rst. 

You can measure the instantaneous peak power a pulse modulated signal, and the meter will compare the 

peak power with the average power and automatically give you the crest factor. And because all of the 

measurements are direct and accurate, the need for inherently inaccurate duty cycle calculations is eliminated. 

FAST responding sensors plus innovative digital signal processing achieve up to 200 

© 1995 Giga-tronics Incorporated 



Power Meter for Communications Testing. 

I Sensor Measurement Range 

Signal Measurement Range 
JDC/PDC/NADC -60 to +20 dBm 
GSM/DSC 1800 - 60 to +20 dBm 
CDMA -60 to -20 dBm 
Two-Tone - 60 to +20 dBm 
Pulse Modulation -60 to +20 dBm 
CW -70 to +20 dBm 

AM - 60 to +20 dBm 
FM -70to+20dBm 

And you can measure a variety of signals over a 

Range 
with a single sensor, thereby reducing measurement time, eliminating the 

cost of extra sensors, and simplifying your test system. 

The Giga-tronics 8540B Power Meter will increase your throughput, improve your yields, and give you the 

confidence in your measurements 

required for testing sophisticated 

communications systems. 

Call 800-726-GIGA (4442) 

or fax 510-328-4700 for more information or a demonstration. 

Giga-tronics 
Giga-tronics Incorporated ■ 4650 Norris Canyon Road ■ San Ramon, California 94583 ■ Telephone: 800-726-4442 or 510-328-4650 ■ Telefax: 510-328-4700 
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NEWPTI 
OSCILLATORS 
Prototype 

n Stock 

Competitive 
Pricing 

Now you can get 
selected models of PTI 
crystal oscillators from 
stock. 

OCXOs for ultra-high 
stability applications at 
10 MHz and TCXOs for 
high stability applica¬ 
tions at 10 MHz or 20 
MHz. Other frequencies 
available on special order. 

Call or fax us today 
with your specs for a 
prompt response. 
Ph (407) 298-2000 
Fax (407) 293-2979 

PTI 
Piezo Technology, Inc. 

2525 Shader Road • Orlando, Florida 32804 

RF calendar_ 
December 

10-13 IEEE International Electron Devices Meeting 
Washington, D.C. 

Information: Melissa Widerkehr, 101 Lakeforest 
Blvd., Gaithersburg, MD 20877, Tel.: (301) 527-0900. 
Fax: (301) 527-0994. 

11-15 20th International Conference on Infrared and 
Millimeter Waves 
Orlando, FL 

Information: Dr. Jim Wiltse, Georgia Tech Research Insti¬ 
tute, Georgia Institute of Technology, Atlanta, GA 30332-
0801. Tel: 404) 894-3494. Fax: (404) 894-9875. 

January 

17-19 RF Design Seminar Series 
Dallas, TX 

Information: Argus Trade Shows, 6151 Powers Ferry 
Road, N.W., Atlanta, GA 30339. Tel.: (800) 828-0420 or 
(770) 618-0499. Fax: (770) 618-0441. 

February 

12-1 6 Wireless Symposium & Exhibition 
Santa Clara, CA 

Information: Mary Begley, Pen ton Publishing, 611 Route 46 
West, Hasbrouck Heights, NJ 07604. Tel: (201) 393-6289. 

March 

3-7 IPC Printed Circuits Expo ‘96 
San Jose, CA 

Information: Institute for Interconnecting and Packaging 
Electronic Circuits (IPC), 2215 Sanders Road, Northbrook, 
IL 60062-6135. Tel: (708) 509-9700. Fax: (708) 509-9798. 

12-1 4 dspx 
San Jose, CA 

Information: Reed Exhibition Companies, 383 Main Avenue, 
Norwalk, CT 06851. Tel: (203) 840-5856. Fax: (203) 840-
9856. 

25-29 12th Annual Review of Progress in Applied Computa¬ 
tional Electromagnetics 
Monterey, CA 

Information: Richard W. Adler, ECE Dept./Code ECAB, 
Naval Postgraduate School, 833 Dyer Road, Room 437, Mon¬ 
terey, CA 93943. Tel: (408) 649-1111. Fax: (408) 649-0300. 
Email: rwa@mcimail.com 

April 

17-19 International Wireless Communications Expo 
(including the RF Design Seminar Series) 
Las Vegas, NV 

Information: Argus Trade Shows, 6151 Powers Ferry 
Road, N.W., Atlanta, GA 30339. Tel.: (800) 828-0420 or 
(770) 618-0499. Fax: (770) 618-0441. 
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Booth 

610 
Wireless Show 

CTIA Show Booth 

1514 

Specify NEC Power FETs — 
You'll see the difference overnight 

Lead times giving you ulcers? Get relief overnight. CEL stocks Power FETs, including those for your 
5.9 to 6.4 GHz C-Band VSAT designs, and we're ready to ship now. Available in 4 1/2, 9 and 18 Watt 
versions, these NEC devices are package compatible with other suppliers' parts, 
and more: They'll give you more power out, better linearity, higher efficiency, 
or all three. So when you need Power FETs, spec the parts with better specs, 
and get on-time delivery from onshore stock. For data sheets, call your local 
CEL Sales Office, call the CEL/Fax line, or circle the number below. 

Need Product Information East? 
Use CEL's Automated Fix Swtem! 

CEL 
800-390-

U S. and Canada Only 

Pout (SCL) lds @10V Vds

In Stock and More than equal to the job 

CEL California Eastern Laboratories NEC 
CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985 

San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307 Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 
Timon! im, MD (410) 453-6600 Middleton. MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682 
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TEMEX F 

TEMEX ELECTRONS 

QUARTZ & ELECTRC 

INC^ndi COMPOSANTS 

IQUE (CQÉ) i one of Europe's 

largest manufacturers of frequency control products 

with 35 years in the business, are combining forces 

to completely serv£ your frequency control needs. 



ANNOUNCING 
Effective Immediately 

TEMEX ELECTRONICS 
proudly offers: 

Rubidium Atomic Clocks 
High Frequency Fundamental Crystals 
Doubly Rotated SC Crystal Resonators 

Commercial I Precision Crystals 
Clock Oscillators (DIP) 
VCXO’S, OCXO’S, 

TCXO’S and DTCXO’S 
Monolithic Crystal Filters 
Discrete Crystal Filters 

L/C Filters 
Monolithic Crystal Filter Prototyping Kits 

TEMEX ELECTRONICS INC. 
3030 W. Deer Valley Rd. Phoenix, AZ 85027 
(602) 780-1 995 FAX (602) 780-2431 

IN EUROPE CONTACT: 
COMPOSANTS QUARTZ & ELECTRONIQUE 

B.P.16 - Rue Keller - Zone Industrielle 
10151 PONT - SAINTE - MARIE Cedex 

Tel. usine : 25.76.23.40 - Telex : 842 943 PIEZO 
Fax : 25.80.34.57 
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REcourses 
Analog & RF Printed Circuit Design 
February 14-16, 1996, Milwaukee, WI 

Information: Center for Continuing Engineering Education, 
University of Wisconsin-Milwaukee, 161 W. Wisconsin Ave., 
Suite 6000, Milwaukee, WI 53203. Tel: (414) 227-3159. 

Wireless Digital Communications 
February 26-March 1, 1996, Tempe, AZ 

Information: College of Engineering and Applied Sciences, 
Center for Professional Development, Arizona State Univer¬ 
sity, P.O. Box 877506, Tempe, AZ 85287. Tel: (602) 965-
1740. Fax: (602) 965-8653. 

Applied RF Techniques I 
January 15-19, 1996, Los Altos, CA 

RF and Wireless Made Simple 
January 22-23, 1996, Los Altos, CA 

Applied RF Techniques II 
January 29-February 2, 1996, Los Altos, CA 

Wireless RF System Design 
January 22-26, 1996, Los Altos, CA 

Information: Besser Associates, 4600 El Camino Real, Suite 
210, Los Altos, CA, 94022. Tel.: (415) 949-3300. Fax: (415) 
949-4400. E-mail: BesserCourse@delphi.com. World Wide 
Web : http ://www. bessercour se . com . 

Modern Digital Modulation Techniques 
December 4-8, 1995, Alexandria, VA 

New HF Communications Technology: Advanced 
Techniques 
December 4-8, 1995, Washington, DC 

Satellite Communications with Emphasis on Mobile 
Systems 
December 6-8, 1995, Alexandria, VA 

Modern Radar Technology: An Introduction 
January 22-24, 1996, Washington, DC 

Electromagnetic Interference and Compatibility (EMI/EMC): 
A Practical Approach to Testing and Problem Solving 
February 12-16, 1996, Washington, DC 

Hazardous RF Electromagnetic Radiation: Evaluation, 
Control, Effects, and Standards 
June 12-14, 1996, Washington, DC 
November 13-15, 1996, Washington, DC 

Information: The George Washington University, Continu¬ 
ing Engineering Education, Academic Center, Room T-308, 
801 22nd Street, N.W., Washington, DC 20052. Tel: (202) 
994-6106 or (800) 424-9773. Fax: (202) 872-0645. 

Antennas: Principles, Design and Measurements 
March 13-16, 1996, San Diego, CA 
May 14-17, 1996, St. Cloud (Orlando), FL 

Information: Kelly Brown, Northeast Consortium for Engi¬ 
neering Education, 1101 Massachusetts Ave., St. Cloud, FL 
34769. Tel: (407) 892-6146. Fax: (407) 892-0406. 

DSP Without Tears™ 
December 4-6, 1995, San Jose, CA 
January 8-10, 1996, Atlanta, GA 
February 12-14, 1996, Scottsdale, AZ 
March 6-8, 1996, Long Beach, CA 

Information: Z Domain Technologies, 325 Pine Isle Court, 
Alpharetta, GA 30302. Tel.: (800) 967-5034 or (404) 587-
4812. Fax: (404) 518-8368. E-Mail: dsp@mindspring.com 

RF and Wireless Engineering 
January 19-21, 1996, Dallas, TX 
April 24-26, 1996, Las Vegas, NV 

Practical High Frequency Filter Design 
January 19, 1996, Dallas, TX 
April 24, 1996, Las Vegas, NV 

Oscillator Design Principles 
January 20, 1996, Dallas, TX 
April 25, 1996, 1996, Las Vegas, NV 

Digital Modulation and Spread Spectrum for Wireless 
Communications 
January 19, 1996, Dallas, TX 
April 25, 1996, 

RF Power Transistors and Amplifiers 
January 20, 1996, Dallas, TX 
April 25, 1996, Las Vegas, NV 

Wireless Communications for Non-Engineers 
January 19-20, 1996, Dallas, TX 
April 23, 1996, Las Vegas, NV 

Information: RF Design Seminar Series, Argus Trade 
Shows, 6151 Powers Ferry Rd., N.W. Atlanta, GA 30339. 
Tel: (800) 828-0420. 

RF & Microwave Measurements & Applications 
January 8-11, 1996, Washington, DC 
January 29-February 1, 1996, Monterey, CA 

Error Correcting Codes with Applications for 
Communications Systems 
December 11-14, 1996, Washington, DC 
Electronic System Design for Testability 
January 22-23, 1996, Monterey, CA 

Information: University Consortium for Continuing Educa¬ 
tion, 16161 Ventura Blvd., M/S 752, Encino, CA 91436. Tel: 
(818) 995-6335. Fax: (818) 995-2932. 

Digital Wireless, Enabling Technologies 
December 11-18, 1995, San Jose, CA 

Information: EETutor, P.O. Box 20415, San Jose, CA 95160-
0415. Tel.: (408) 268-6891. Fax: (408) 927-6880. 

Short Course in Electromagnetic Interference Metrology 
January 22 & 23, 1996, Anaheim, CA 

Information: Edit Haakinson, NIST, 325 Broadway, Boul¬ 
der, CO 80303. Tel.: (303) 497-3321, Fax: (303) 497-6665, e-
mail: haakinso@micf.nist.gov 

Radar Signal Processing: Theory, Technology and 
Application 
January 31-February 2, 1996, Atlanta, GA 

Coherent Radar Performance Estimation 
February 5-8, 1996, Atlanta, GA 

Antenna Éngineering 
February 13-16, 1996, Atlanta, GA 

Principles of Pulse Doppler Radar: High, Medium and 
Low PRF 
February 13-15, 1996, Atlanta, GA 

Radar Cross Section Reduction 
March 26-29, 1996, Atlanta, GA 

Information: Continuing Education, Georgia Institute of 
Technology, Atlanta, GA 30332-0385. Tel: (404) 894-2547. 
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Street 
Smarts 

From Wall Street to MSAG®-Lite technology and a 
Rodeo Drive, two-way paging is 
finally a reality. And when it comes 
to the RFIC power amplifiers you 
need to get the job done, the word 
on the street is ITT. 

Our new 3.3 volt power 
amplifier is proof. It's designed 
especially for the 890 to 942 MHz 
ISM and paging frequency bands. 
Put it into your two-way pagers 
and it'll deliver 1.2 watts of RF 
power into an easily matched 50 
ohm load. 

There's more. It works smart. 

16-pin narrow body SOIC plastic 
package, you can pack more 
features in less space. 

Our power amplifiers know 
how to survive on the street. In 
fact, ITT guarantees both stability 
and ruggedness. And the low cost 
will surprise even the toughest 
Wall Street banker. 

So if you need a power 
amplifier with real street smarts, 
you're looking at it. To take a closer 
look, call us at 540-563-3949 or 
fax us at 540-563-8616. 

It operates on a single battery. 
And it's small. Thanks to ITT's 

ITT GTC 
7670 ENON DRIVE 
ROANOKE, VA 24019 

ITT GTC 
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RF news_ 
ITU Report Comments 
on Information Super¬ 
highways 
In 1994, the info-communications 

industry (computers, telecommunica¬ 
tions and audio-visual) represented 5.9 
percent of the global domestic product 
— US$ 1.43 trillion — with growth at 
twice the rate of the rest of the econo¬ 
my. As an important part of the world 
economy, this industry has been ana¬ 
lyzed in the World Telecommunication 
Development Report, issued by the 
International Telecommunication 
Union. The report observes that overall 
communications capacity has reached 
the point where supply exceeds the 
demands of traditional voice communi¬ 
cations, and new services such as mul¬ 
timedia are being rapidly developed for 
their revenue potential. With some cau¬ 
tion, the ITU summary says, “The 
truth is that no one really knows which 
multimedia services will prove popular 
and which will flop.” The report also 
views the Internet as an evolutionary 
step toward a larger global information 
infrastructure, a network made up of 
many regional or national networks. 
Another significant note is that the 
ability to use high capacity telecommu¬ 
nications is related to age, and as 
youthful users grow up familiar with 
advanced communication technology, 
the predictions of large-scale usage will 
be fulfilled. To obtain a copy of the 
report, contact the ITU Press Office at 
+41 22 730 5111, or consult an online 
version of the report at the Internet 
address: http://www.itu.ch/WTDR95 

Single-Mode Fiberoptic 
Market to Hit $3.1 Billion 
A report by KMI Corporation fore¬ 

casts compound 22 percent growth for 
single-mode optoelectronic devices, 
reaching a market size of $3.1 billion 
by the year 2000. Telecom, cable TV 
and other networks are driving the 
growth, according to KMI. 

ESD Association 
Approves New Standards 
The ESD Association, and ANSI 

accredited standards development 
organization, approved one revised 
standard, one draft standard, and one 
advisory document at its September 
meetings. The revised standard, ESD-
S4. 1-1995, Work Surfaces — Resistive 
Characterization, updates the existing 

worksurface standard by proposing a 
maximum resistance to a groundable 
point of IxlO9 ohms and a minimum 
resistance of IxlO6 ohms. The earlier 
document did not specify a minimum 
resistance, and included a maximum 
value of IxlO10 ohms. The new draft 
standard covers resistive characteriza¬ 
tion of seating, including chairs and 
stools, and the advisory document 
approved was ADV11.2-1995 — Tribo¬ 
electric Charge Accumulation Testing. 
The document provides end users with 
information to aid in understanding 
the phenomenon of triboelectric charg¬ 
ing, and reviews the procedures and 
problems associated with the various 
test methods often used to evaluate 
the phenomenon. The ESD Association 
can be reached at 7902 Turin Rd., 
Suite 4, Rome, NY 13440; tel: (315) 
339-6937; fax: (315) 339-6793. 

University of Nevada, 
Reno Develops EMC, 
Antenna Test Facility 
The University of Nevada, Reno has 

developed one of the largest university 
antenna anechoic chambers in the 
western U.S. The chamber is available 
to interested parties for antenna pat¬ 
tern and electromagnetic compatibility 
(EMC) pre-qualification measure¬ 
ments on either a lease or contract 
basis. The chamber is 15 x 30 x 11 
feet, manufactured by Ray-Proof with 
100 dB attenuation of ambient radia¬ 
tion. The laboratory is fully equipped 
with instrumentation for EMC and 
antenna measurements. Contact the 
Department of Electrical Engineering, 
University of Nevada, Reno, tel: (702) 
784-6927; fax: (702) 784-6627. 

Cellular Deal Brings 
Service to the Hearing-
Impaired 
Motorola and Phoenix Management 

have announced an agreement to mod¬ 
ify several Motorola cellular tele¬ 
phones for use with Phoenix’ 
HATIS™ (Hearing Aid Telephone 
Interconnect System). The HATIS 
device connects to the cellular tele¬ 
phone’s audio interface and couples to 
the user’s hearing aid with a t-coil. 
Phoenix Management is a Fountain, 
Colorado-based company founded by 
Jo Waldron, who is deaf, and Shirley 
Crouch, who is hard of hearing. The 
patent-pending HATIS device was 

developed out of Waldron's frustration 
with being unable to use telephones, 
including cellular. 

Coil Winding Exhibition 
Seeks Papers 
The Electrical Manufacturing & Coil 

Winding ‘96 Exhibition and Confer¬ 
ence has issued a call for papers. Pref¬ 
erence will be given to hands-on suc¬ 
cess stories. Topics may include adhe¬ 
sive bonding, automatic coil winding 
systems, balancing methods, coating 
and impregnating, cost-saving tips, 
computer-aided manufacturing, ISO-
9000 and other appropriate subjects. 
Abstracts should be submitted by Jan¬ 
uary 31, 1996 to: Charles E. Thurman, 
Electrical Manufacturing and Coil 
Winding Association, P.O. Box 278, 
Imperial Beach, CA 91933; tel: (619) 
575-4191; fax: (619) 575-5009. The 
conference will be held September 24-
26, 1996 in Rosemont, Illinois. 

IEPS Awards Education 
Grant to Florida Insti¬ 
tute of Technology 
The Education Committee of the 

International Electronics Packaging 
Society (IEPS) has announced that the 
Florida Institute of Technology is the 
recipient of of $5,000 Education Grant 
for 1995. The award was based on the 
merit of the submission by the insti¬ 
tute, and will enable a student to 
investigate the use of low-temperature 
SiN (silicon nitride) deposition for pas¬ 
sivation and protection of plastic elec¬ 
tronics packaging. The IEPS is a 
501(03 non-profit professional group 
dedicated to the education of those 
involved with both electrical and 
mechanical electronics packaging. 

Digital Video and Image 
Compression Markets 
to Boom 
BIS Strategic Decisions predicts that 

video and image compression technolo¬ 
gy will transform the way business 
and consumers convey information. 
Applications that currently are nearly 
zero in usage of compression will fuel 
the growth, according to BIS. Broad¬ 
casting, including video-on-demand, 
plus information and entertainment, 
will change the technology from a lab¬ 
oratory and still-image emphasis to 
mass markets. 
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Business Briefs 

Communications Instruments and Kilovac Merge — 
Communications Instruments Inc and Kilovac Corporation 
announce the merger of the two companies. The companies 
supply a wide range of standard and custom electro¬ 
mechanical, solid state, high voltage and hybrid relays. 

CEL Begins Automated FAX Information Service — 
California Eastern Laboratories now has an automated 
FAX system for instant access to NEC RF, microwave and 
NEPOC™ product data. CEL/Fax can be accessed in the 
U.S. and Canada at (800) 390-3232. 

EMC Integrity Opens Pre-Compliance Lab — EMC 
Integrity, a consulting firm assisting companies to meet 
global EMC requirements, has opened a pre-compliance 
testing facility in Longmont, Colorado. Contact facility 
manager Kevin Hight at (303) 776-7249. 

Boonton sets Alliance with GMME — Boonton Elec¬ 
tronics Corporation has established a strategic partnership 
with General de Mesurées de Maintenance Electronique 
S.A. (GMME), Europe’s leading test equipment manufac¬ 
turer. The partnership will create Boonton/Metrix, a distri¬ 
bution channel that will sell GMME equipment in the U.S. 

Sonnet Software Makes the Inc. 500 List — Sonnet 
Software, developer of microwave electromagnetic soft¬ 
ware, has been included in this year’s Inc. 500 list. The list 
includes the 500 fastest-growing privately-held companies. 

Compact Software U.K. Distribution Set — ECS Elec¬ 
tronic Software Components, the European Compact Soft¬ 
ware distributor, has announced that Rohde & Schwarz 
UK, Ltd. has assumed exclusive distributorship and sup¬ 
port center for the U.K. and Ireland. 

UL Installs two Anechoic Chambers for EMC Testing 
— Underwriters Laboratories Inc. has begun construction 
on two new anechoic chambers that will increase capabili¬ 
ties for UL’s EMC testing services. Both chambers allow 
testing from 26 MHz to 40 GHz. 

Hughes Assembly & Test Products Become Palomar 
Products — A new company, Palomar Products has been 
formed by the investor group the recently acquired Hughes 
Aircraft Company’s Technology Products Division. The 
operation provides automated manufacturing for the 
telecommunications, computer, medical and automotive 
industries 

Contracts 
LNR Delivers Earth Stations to 
Taiwan — LNR Communications, 
Inc. has delivered three SAFARI™ 
Digital Video Flyaway Earth Stations 
for use by a single broadcaster in Tai¬ 
wan. TVBS will use the units for spe¬ 
cial event and news coverage in Tai¬ 
wan and other Pacific Rim locations. 

VI Technology to Develop RF 
Metrology Software — Fourth State 
Technology has hired VI Technology to 
develop software for a new radio-fre¬ 
quency metrology system for use in 
plasma processing and wafer manufac¬ 
turing plants. The process control soft¬ 
ware will issue warnings and fault 
alarms on several channels. 

Maury Microwave Receives Auto¬ 
mated Tuner Development Con¬ 
tract — Lockheed-Martin and the 
U.S. Government have awarded 
Maury Microwave a $315,000 contract 
for development of a WR10 waveguide 
automated tuner system. The system 
will be used for automated power, 
intermodulation distortion, and noise 
characterization for devices at 94 GHz. 
The award was made as part of the 
Microwave and Analog Front End 
Technology program, a follow-up to 
the MIMIC program. 

TECHNOLOGIES LTD 

OVER THIRTY YEARS 

EXPERIENCE IN 

THE MANUFACTURE OF 

MONOLITHIC CRYSTAL FILTERS 

_ PACKAGE FILTERS_ 

CRYSTALS 

• PERFORMANCE • QUICK DELIVERY • PRECISION • RELIABILITY • 

• COMPETITIVE PRICING • SERVICE • 

• MADE IN THE USA • CUSTOM & STOCKING ORDERS • 

APPLICATIONS FOR REGIONAL REPS NOW BEING ACCEPTED 

28 MILLRACE DR • LYNCHBURG, VA 24502 • TEL 804-385-8300 • FAX 804-385-8100 
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An AH-Star Receiver! 

RFnews continued 

8 
Model 8901 

VME Slot Receiver 
From 30 to 2000MHz 

Check out these features: 
✓ Commercial off-the-shelf 

(COTS) 

Business Briefs continued 

MIDISCO Moves — The new address for MIDISCO is 1707-32 Veterans 
Memorial Highway, Islandia, NY 11722-1581. Tel. (516) 234-3505. Fax: (516) 
234-3913. 

National Semiconductor, Noise Cancellation Technologies Agree on 
License — Noise Cancellation Technologies, Inc. announces a Memorandum of 
Understanding with National Semiconductor that encompasses NCT’s exper¬ 
tise in active noise reduction. Under the MOU, National will license electronic 
technologies for potential use in high-end semiconductor applications. 

E/M Corporation Opens Expanded Facility — With an open house on 
November 16, E/M announced completion of a 7800 sq. ft. expansion of its facil¬ 
ity, including a new computer-controlled electroless plating line. The company 
provides copper and nickel plating for shielding and EMI control. 

Merix and Hewlett-Packard Finalize Acquisition — Merix Corporation 
announces finalization of its purchase of Hewlett-Packard’s Lovelend printed 
circuit board facility. 85 percent of the facility’s 290 employees accepted posi¬ 
tions with the new company. Merix was originally Tektronix Printed Circuit 
Board Division, and was spun off in 1994. 

Wide Band Systems Gets Detector Patent — A U.S. patent has been 
awarded to Wide Band Systems, Inc. for a Coherent Threshold Detector used in 
its microwave receivers. The threshold technique is based on an estimation of 
the instantaneous signal-to-noise ratios of received signals. 

V 30-2000 MHz in slot 
frequency ranges 

V 1 Hz resolution capability 

V switch frequency within 
200 microsecs 

RAISE YOUR STANDARDS 

✓ occupies a single industry 
standard VME slot 

V provides 80db of true 
dynamic range 

Tuning range: 
± 100 ppm min. 
(0.5 to 4.5 VDC) 

± 24 ppm (0 to 70°C) 

+5 V input 

V provides detection in both 
FM and AM modes 

V remote control via VMEbus 
or Comm Port 

V LF output compatible with 
A/D converters 

For further information contact: 

Edge Industries, Inc. 
1008 West Street Laurel, MD 20707 

OUR NEW VCXO DOES! 
OFC's newest family of VCXOs offers a 

superior combination of size and stability 
features. With excellent technical support, 
fast delivery and very competitive pricing, 
OFC is the standard in frequency control 
product design. For information on the 794 
VCXO, or to receive a copy of our latest 
product catalog and application notes, call 
717-486-3411 or fax us your request at 
717-486-5920. 
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phone (301) 953-2040 
or fax (301) 498-1595 

OAK Frequency Control Group* 

McCoy • Ovenaire • Spectrum • Croven • H.E.S. 

INFO/CARD 18 INFO/CARD 19 
December 1995 



You won't find a more powerful 
combination in the universe. 

Richardson Electronics brings RF Power Components’ 
high power, broadband resistors, terminations and 

hybrid couplers to the worldwide RF market. 

Hybrid Couplers: 
■ Surface mount 100 and 200 Watt 
■ High power handling capacity 
■ Octave and multioctave bandwidths 
■ Low insertion loss 
■ Low VSWR 

Resistors: 
■ Power handling from 3-800 W 
■ Values from 0.5 - 20,000 ohms 
■ Tolerance 5% and 1 % 
■ Low thermal resistance 
■ Low broadband VSWR 
■ All welded construction 
■ Designed to meet MIL-E-5400 
■ Surface mount chips 
■ Custom configurations available 

Electronics' R* 

selected them t b£ rF Pi,„er Con / 
. puul Davidsson, r 

is unsurpaj 

For immediate requirements, price and delivery 
information, call 1-800-RF POWER in the U.S. and 
1-800-348-5580 in Canada or contact the worldwide 
Richardson sales location nearest to you: 

To Receive a 
copy of the 
brochure please 
fax. call or 
circle this 
inquiry number. 

Richardson Electronics, Ltd. 

IS09002 Registered 
Hr Power 
Components Inc. 

(800) RF POWER in the U.S. 
More than 50 locations worldwide to serve you - U.S. Toll Free: (800) RF POWER/(800) 737-6937: Canada Toll Free (800) 
348-5580 Internet: http://www.rell.com. France: (1) 34.26.4000 Germany: Puchheim (089) 800 21 3-1, Hamburg (040) 555 
88 4-0 Italy: Sesto Fiorentino (Fl) (055) 420.10.30. Milano (02) 331 .04 220. Rome (06) 417.33.751 . Scandinavia: Sweden 
(0) 18 386900. Spain: Madrid (1) 528 37 00. Barcelona (3) 415 83 03 United Kingdom: Lincoln (01522) 542631. Slough 
(01753) 733010 Japan: (3) 3874-9933. Singapore: (65) 744-2128. Taiwan: 886-2-7269258. European Corporate 
Headquarters: Netherlands 020-6919148. Fax 020-6919378, U.S. Corporate Headquarters: LaFox, IL (708) 208-2200. Fax 
(708) 208-255«:- - — - “— ~~ 
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THE WORLD'S LARGEST SELECTION 

SPUTTERS 

2kHz- 10GHz $295
Choose from over 480 standard off-the-shelf models from 

2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering 

2kHz to 10GHz. Mini-Circuits will also supply your special needs suco as wider 

bandwidths, higher isolation, lower insertion loss, ard phase matched ports... all at catalog 

prices with rapid turnaround time. Models include surface mount, plug-in, flat-pack and 

standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as 

custom designs. Ultra-miniature surface mount units provide excellent solutions in 

cellular communications, cable systems and countless wireless appl cations. All units 

come with a 1year guarantee and “skinny" 4.5 sigma repeatability urit-to-unit and 

production run to production run. Catalog models are guaranteed to ship within one week. 

Mini-Circuits.. .we’re redefining what VALUE is all about! 



Mini-Circuits RF/1F Surface Mount Designer’s Guide features 
48 pages of the most up-to-date and complete product and 

specification information about Mini-Circuits surface mount 
components.The RF/1F Microwave Handbook is packed with 

740 pages of articles, selection guides and detailed 
specifications for Mini-Circuits components. 

Call, write or fax for your free Surface Mount Designer's 
Guide and Handbook today! 
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£□ Mini-Circuits’ 
■ ■ ■ ■ P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 

For detailed specs on all Min -Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS’ 740- pg. HANDBOOK. 
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BF industry insight_ 

New Systems, New Regs Spawn 
New Test Equipment Opportunities 

By Andy Kellett 
Technical Editor 

Three different U.S. PCS systems 
are about to be implemented using 
tens of thousands of base stations. At 
the same time, European EMC regula¬ 
tions are about to take effect, new tele¬ 
vision standards are being developed 
and a number of new wireless devices 
are being unleashed on a demanding 
market. The effect is to create a lot of 
work for RF test equipment manufac¬ 
turers. This report will look at how 
PCS requirements and new European 
EMC regulations are affecting RF test 
equipment manufacturers. 

Servicing a Forest of 
Base Stations 
While cellular systems have been 

around for more than a decade, the 
problems associated with operating 
micro-cellular system with a forest of 
base stations will be starkly outlined 
when PCS systems are installed. 
One problem is how to handle multi¬ 

path fading when so many base sta¬ 
tions are in close proximity. In the 
past it was possible to combat fading 
simply by upping the power of the 
affected base stations. However, as 
more base stations are installed, this 
strategy becomes less effective because 
higher power means more interference 
in adjoining cells. 
“One of the biggest set-asides in 

communications systems has been for 
fading margin,” says Bent Hessen 
Schmidt, V.P. of Marketing and Com¬ 
munications for Noise Com. “People 
realized they can do with a smaller 
fading margin if they design their sys¬ 
tems right,” says Hessen Schmidt. 
Several companies, including Noise 
Com, make fading simulators. 
Another problem is how to inexpen¬ 

sively maintain systems that contain 
thousands of transmitters. “We are 
concentrating on boosting the efficien¬ 
cy of service providers,” says Jan 
Whitacre, Marketing Communications 
Manager for Hewlett-Packard's 

Spokane Div. HP is currently trying to 
increase efficiency by automating test 
procedures in test sets, and in the 
future will help by enabling techni¬ 
cians to monitor the health of the net¬ 
work without having to visit each cell 
site, says Whitacre. 

Multiple Standards, 
Multiple Test Sets 
Test equipment manufacturers have 

their own challenges. To attack the 
U.S. PCS testing market, manufactur¬ 
ers have to deal with three separate 
systems. A version of Europe’s GSM 
digital cellular system is being adapt¬ 
ed for use at 1900 MHz, code division 
multiple access (CDMA) is being used 
in some areas, and IS-136, a 1900 
MHz version of the current digital cel¬ 
lular system, is also being built. 
Manufacturers are producing test 

sets for each of these systems. In addi¬ 
tion, different software is required for 
each test set for each manufacturer's 
base station. For example, Ericsson 
software must be loaded into an IS-
136 test set to test an Ericsson base 
station. Add to that, test sets made 
for the 800 MHz cellular systems and 
the test sets for communications sys¬ 
tems used overseas (Europe’s GSM 
and DECT and Japan’s Personal 
Handyphone System (PHS), among 
others) and you have scores of differ¬ 
ent test sets. 

Designing New Test Equipment 
Actually designing a test set for each 

standard is a burden that many test 
equipment manufacturers have chosen 
to bear so that they may take advan¬ 
tage of every part of the rapidly 
expanding test market. “If the U.S. 
settled on one standard, like Europe 
settled on one standard, it would have 
made things a lot easier for us, “ says 
Steve Wendel, Wireless Business 
Development Manager at Wavetek. 
“Our customers are following all three 

major [U.S. PCS] specs, so we are fol¬ 
lowing all three specs,” says Wendel. 
While many of the systems used ir_ 

one test set can be re-used in a 
design for a different test set, it is by 
no means a trivial design problem tc 
go between systems. Jim Hebert, 
Product Marketing Manager at Tek¬ 
tronix gives the example of going 
from a GSM test set to a CDMA test 
set. “They use the same mainframe, 
upconverter, and display system, but 
the link handler is brand new,” says 
Hebert. “It's a substantial new set of 
signalling; it's almost the same type 
of effort as it is to design the new 
phone.” 

European EMC Certification 
People have been scurrying to get 
European electro-magnetic compati¬ 
bility (EMC) certification before 
Europe-wide EMC regulations go into 
full-force on January 1, 1996. These 
regulations have prompted many 
manufacturers to buy “pre-compli-
ance” equipment - EMC equipment 
used to test equipment to make sure 
it will pass official (and expensive) 
EMC-certification-testing later on. 
Dick Rogers, Marketing Manager for 
Amplifier Research says his company 
has seen plenty of business in this 
area, however, most of it has been 
overseas. “The bulk of what we think 
the U.S.business will be is still out 
there,” says Rogers. 

Conclusion 
Test equipment manufactures have 

the opportunity to sell a lot of equip¬ 
ment to users who will have massive 
systems to maintain. If their equip¬ 
ment allows PCS service providers to 
simultaneously keep their systems 
running and keep service prices at a 
point where PCS is widely accepted by 
the public, test set makers will have 
had a part in maintaining the growth 
of this new market segment. RF 
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Electromagnetic Simulation 

Integrated 
Geometry 

Editor 

Current Density 
and 

Direction Plots 

Antenna 
Analysis 

Packaged 
Device Analysis 

Fast 
Accurate 

Easy-to-Use 

Graphic 
Plot 

Outputs 

Microwave Explorer offers 
superior Electromagnetic Simulation 
n both open and packaged environments! 
!ompact Software’s Microwave Explorer Electromagnetic Simulator provides superior simulation of EM coupling and 
ïdiation effects in RF and microwave circuits. Only Microwave Explorer allows designers to model both radiating 
tructures (antennas) and packaged devices using a single EM simulation tool! 

ticrowave Explorer uses the Method of Moments technique to provide accurate 3D analysis of planar circuits in a fraction 
f the time associated with traditional 3D techniques. Advanced simulation techniques require less memory and CPU 
me than conventional implementations. 

lectromagnetic analysis of complex structures has never been this fast or this easy! The integrated geometry editor 
icludes GDS II impod capability. To find out more about the unique capabilities of Microwave Explorer and to obtain the 
ame of the Compact Software Sales Representative for your area, please contact: 

North and South America 
Compact Software 
201 McLean Boulevard, Paterson, NJ 07504 
Phone: 201-881-1200 • Fax: 201-881-8361 

Asia-Pacific 
Compact Asia-Pacific Sales Center 
764 Dailey Avenue, San Jose, CA 95123 
Phone: 408-362-0363 • Fax: 408-362-0507 

Europe 
Compact Software 
@ Electronic Software Components GmbH 

Alpenstrasse 20, D-85614, Kirchseeon, Germany 
Phone: +49-8091-6845 • Fax: +49-8091 -4804 
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RF grounding_ 

Electrolytic Grounding Solves 
Failures for Alyeska Pipeline 

By Betty Robertson 
Lyncole Industries, Inc 

Low-resistance grounding is essen¬ 
tial for safety, stability, and EMI con¬ 
trol of electrical and electronic equip¬ 
ment. Our EMC topic for this issue is 
electrolytic grounding, which offers a 
solution for difficult grounding situa¬ 
tions in industrial plants, communica¬ 
tions facilities, and other electronic 
installations. 

Built into the side of a mountain, 
the facilities of an Alyeskan 

Pipeline Terminal were experiencing 
unexplainable equipment failures due 
to an inadequate grounding system. 
These “phantom failures” were occur¬ 
ring much too frequently and repre¬ 
sented a serious problem for the 
pipeline. 
The Pipeline is a transportation 

company that brings oil from Prudhoe 
Bay on the Arctic float, down to the 
harbor at Valdez. There, it is stored 
and transferred to tanker ships for 
transport to a final destination. With 
the potential for an ecological disaster, 
even though remote, the Pipeline was 
not willing to take any chances with 
continued equipment failures. 
“You certainly can’t afford to have 

equipment just going out on you for no 
reason at all when you’re trying to run 
a smooth operation,” says Fred Yawit, 
former Alyeskan Pipeline Manager. 
The facilities of the Alyeskan 

Pipeline are scattered over a mass of 
rock measuring three-quarters of a 
mile long and rising from its base at 
sea level to 600 feet on the mountain, 
where there are a number of massive 
tanks, each approximately 375 feet 
around and 35 feet high. Along with 
the oil tanks, the unique parcel of land 
houses its own power generation 
plant, ballast water, treatment plant, 
administrative control buildings, and 
maintenance facilities for equipment 
and vehicles. 
These facilities and the equipment 

Alyeskan Pipeline facilities are located on rock, where ordinary ground rods are 
ineffective, and the floating grounding grid was found to be unsatisfactory. 

housed in them needed to be grounded 
properly, but this is difficult in an area 
made of solid rock. The existing sys¬ 
tem, a floating grounding grid that 
tied everything together, was inade¬ 
quate. When an inspector found that 
potential ground readings were close 
to 1000 ohms (compared to the Nation¬ 
al Electric Code requirement of under 
25 ohms), Manager Yawit started to 
make inquiries. 
His research into electrical earth 

grounding eventually led him to Lyn¬ 
cole, manufacturer of the XIT ground¬ 
ing system, a self-maintaining, envi¬ 
ronmentally safe system. See the sec¬ 
tion, “How Electrolytic Grounding Sys¬ 
tems Work,” for details of the system’s 
construction and operation. 
The Pipeline Manager was particu¬ 

larly interested in the grounding sys¬ 
tem’s performance in cold weather. 
After being assured that their experi¬ 

ence in Canadian installations was 
satisfactory, 21 of the XIT rods were 
ordered. Installation proved difficult, 
with drilling occasionally reaching 
water, which meant that a new hole 
had to be drilled. Rods of different 
sizes were needed, and positions had 
to be adjusted to complete the installa¬ 
tion in the mountainside. 
The immediate effect was to bring 

the ground readings down to the NEC 
specifications. The system was moni¬ 
tored for two months to assure consis¬ 
tent performance. Readings remained 
around 15 ohms, and continued to be 
acceptable in the wintertime. 
The phantom failures, which were 

commonplace before the grounding 
improvements, ceased altogether. The 
Pipeline is now confident that their 
grounding problems are gone, and 
they can transport oil with greater 
confidence. 
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How Electrolytic Grounding 
Systems Work 
Many applications require very low 

resistance grounding — shielded 
rooms, instrument calibration labora¬ 
tories, semiconductor fabrication 
plants, hospitals, communications 
facilities, and many others. Low resis¬ 
tance ground improves protection from 
power surges, static charges, and 
other large-scale problems. It also 
reduces the small-signal problems of 
shield currents (ground loops) and 
electrolysis of metal-to-metal joints. 
One method for obtaining a ground 

with minimum resistance is electrolyt¬ 
ic grounding, using a system like Lyn-
cole’s patented XIT system. Figure 1 
shows how the system works in one 
particular installation method. A cop¬ 
per pipe is filled with natural earth 
salts, then capped at both ends. Air 
holes are drilled at the top, and weep 
holes at the bottom. Moisture from the 
air is absorbed by the salts, and the 
solution flows out the weep holes, 
forming a region of highly conductive 
ionized salt solution in the surround¬ 
ing earth. The use of natural metallic 
salts, and the slow rate of their release 
minimizes the environmental impact. 

The use of copper, a soft metal, 
requires that an installation hole be 
augered or drilled. The space around 
the rod is typically filled with compati¬ 
ble material, such as Bentonite, a vis¬ 
cous clay. The length of the rod can 
vary, depending on the application, 
but are usually similar to conventional 
ground rods (10-12 feet long). 

Life testing results extrapolate to a 
predicted service life of 25 years or 
more. Copper is more resistant to cor¬ 
rosion than most metals, and even as 
it corrodes, the remaining copper con¬ 
tinues to provide good conductivity, 
unlike copper-clad materials. Cad-
welded connections from the XIT sys¬ 
tem to the user’s equipment will maxi¬ 
mize reliability, as well. 
The use of this type of grounding can 

reduce ground resistance to 2 to 5 
ohms or less. The nature of the base 
soil (or rock) will determine how many 
rods are needed to obtain the desired 
performance. 
For more information on the Lyncole 

XIT grounding system, contact: Lyn¬ 
cole Industries, Inc., 3547 Voyager 
Street, Suite 104, Torrance, CA 90503. 
Tel: (310) 214-4000; Fax: (310) 214-
1114. RF 

SATCOM 
TCXO 

±0.1 PPM! 

Shown actual size 1.5” x 1.5" x .5" 

Oscillatek has designed a family 
of TCXO's for SATCOM and 
BASE STATION applications. 

Field proven with 
over 100,000 units produced! 

These TCXO's provide the excellent 
short-term stability and Alan 
Variance required for Satellite 
Communications. 

±1 x 10 9 /1 second Peak to Peak 
<1 x 10'10 at tau = 1 second 

Available specifications at 10 MHz: 
STABILITIES TO: +0.1 ppm 0 to 70°C 

±0.5 ppm 0 to 70°C STD 

+1.0 ppm -55 to 85°C 

AGING TO: < 0.2 ppm I year 

< 0.5 ppm / year std 

SINEWAVE or HCMOS 

STOCK TO 4 WEEKS FOR STD PARTS 

Oscillatek manufactures a complete 
line of crystal based oscillators. 

OSCILLATEK 
AI DOVER) TECHNOLOGIES COMPANY 

A typical electrolytic grounding installation below a building’s concrete floor. 
Expected life of the system is 25 years or more. 

620 NORTH LINDENWOOD 
OLATHE, KS 66062 
FAX (913) 829-3505 
PH. (913) 829-1777 
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RF cover story_ 

Chip Set is Designed for Low-Cost 
CT2 Cordless Telephones 

Temic Telefunken has introduced a 
new CT2 chip set, co-developed with 
the French company Wavecom. The 
ship set consists of four ICs that repre¬ 
sent the complete RF part of the tele¬ 
phone, plus an AMD Am79C4xx con¬ 
troller. Together with passive compo¬ 
nents, p.c. board and appropriate 
packaging, they create a complete tele¬ 
phone. 

In contrast to older analog standards like CTI, CT2 offers the advantages 
of digital transmission — high trans¬ 
mission quality and low susceptibility 
to eavesdropping. It is expected that 
DECT standard will dominate busi¬ 
ness applications, but the CT2 stan¬ 
dard will dominate in the private/resi-
dential market sector, where cordless 
telephones are already widely used. 
All four Temic ICs are provided in 

SSO or SO packages to save space. 
The GaAs front-end U7001BG inte¬ 
grates the antenna switch, low-noise 
amplifier and power amplifier. In the 
receive mode, this chip draws 4 mA, 
and while transmitting, it draws just 
39 mA since the power amplifier has 
an efficiency of 45 percent. 
The RX/TX U2760B is a bipolar sili¬ 

con chip. It includes mixers, VCOs, 
demodulator and RSSI circuits. Sim¬ 
ple external circuitry is a key feature, 
and its power consumption is 23 mA. 
The U2783B is a twin-PLL, a bipolar 

silicon chip operating at frequencies 
up to 1250 MHz and 400 MHz for each 
of the PLLs, respectively. Both can be 
operated with a single external refer¬ 
ence frequency. 
The final Temic device is the U3770 

I/Q modulator, a CMOS IC that also 
generates the system clock frequency. 
Completing the system is an 

Am794xxA CT2 PhoX™ Controller. 
This highly integrated, low-voltage 
chip implements the baseband and 
control functions of audio processing, 
protocol control, data formatting and 
peripheral functions. 

The CT2 chip set from Temic includes all RF functions, and offers a total cord¬ 
less telephone design solution with an AMD controller and Wavecom circuitry. 

System Design Options 
Because the chip set has been devel¬ 

oped as a complete system, CT2 prod¬ 
uct designers have two options. 
First, the engineers can develop 

their own design based on the Temic 
RF system solution. Samples and test 
boards for the parts are available for 
evaluation and development. In this 
case, the RF portion is a complete, 
adjustment-free subsystem, and the 
designers can develop the remainder 
of the system to suit their particular 
product requirements. 
The other option is to use the full 

know-how of Temic and Wavecom. 
Wavecom can provide the customer 
with a demonstration board (for the 

complete telephone) along with 
schematics, bill of material and soft¬ 
ware license. Wavecom can also sup¬ 
port the full product integration and 
transfer to production. In this case, 
the telephone manufacturer gets a 
complete phone with a standby time of 
more than 70 hours and talk time of 
about 7 hours, using a 500 mAh bat¬ 
tery. This is a low-voltage design, as 
well, requiring only a two-cell battery. 
A photo and block diagram of the 
demonstration board are shown in Fig¬ 
ures 1 and 2. 
Temic does not compete with its cus¬ 

tomers in the finished-product arena, 
and is committed to providing an easy-
to-build design solution. 
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Mixas 
UNPRECEDENTED 

IN VALUE. 
«425 

All Ceramic 2 to 1900MHz fro^T (qty. 10-49) 

JMS mixers mean unparalleled performance and reliability. Solder plated 
J leads provide improved reliability of the solder connection while 

significantly reducing thermal stress and leaching. All-welded 
internal construction withstands reflow temperatures up 

to 240°C for 5 minutes, and rugged construction enables 
JMS mixers to pass tough MIL-M-28837 shock and 

vibration tests. Additionally, the all-ceramic surface mount 
package has a cover pull strength of 20 pounds! Other quality 

features include 4.5 sigma repeatability unit-to unit, 
automated assembly for low-cost and fast, guaranteed 1 week 

shipment, tape and reel availability plus a 5 year Ultra-Rei™ 
guarantee. If value is a must...specify JMS mixers from Mini-Circuits. 

Mini-Circuits... we’re redefining what VALUE is all about! 

SPECIFICATIONS MIDBAND ( dB, typ.) 
LO FREQUENCY (MHz) Conv. Isolation $ea. 

MODEL (dBm) LO/RF IF Loss L-R L-l (qty. 1-9) 

JMS-1 +7 2-500 DC-500 5.75 45 45 4.95 
JMS-1 LH +10 2-500 DC-500 5.75 55 45 8.45 
JMS-1 MH +13 2-500 DC-500 5.75 60 45 9.45 
JMS-1H +17 2-500 DC-500 5.90 50 50 11.45 

JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45 
JMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45 
JMS-2LH +10 20-1000 DC-1000 6.5 48 35 9.45 
JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45 
JMS-2H +17 20-1000 DC-1000 7.0 50 47 12.45 

JMS-2W +7 5-1200 DC-500 6.8 60 48 7.95 
JMS-1 1X +7 5-1900 5-1000 6.7 35 37 4.25* 

Note: *10-49 qty. 

£□ Mini-Circuits 
■ ■ - ■ P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F205RevOrig 
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The U7001BG Front-End IC 
The U7001BG is a monolithic GaAs 

transmit/receive front end with a 
power amplifier, low-noise amplifier 
and an antenna switch. It is specifical¬ 
ly designed for operation over 839-952 
MHz with external matching. It is 
packaged in a SSO-20 plastic package. 
Features and specifications of the 
device include: 

• 3.6 V typical, 2.7 V min. power sup¬ 
ply voltage 

• nominal 50-ohm operating imped¬ 
ance at all RF ports 

• 30 dB (2.7 V) or 33 dB (3.6 V) typical 
power gain in power amplifier 

• 46% power added efficiency PA 
• Power down and gain control for the 
power amplifier 

• Optional high power (50 mw) with a 
5.0 V supply 

• 16 dB typical gain in the low-noise 
amplifier 

• —17 dBm low-noise amplifier third 
order intercept point 

• 2.0 dB max. noise figure for the low-
noise amplifier 

• Power down pin for the low-noise 
amplifier 

• 23 dB typical (20 dB min.) isolation 
in the antenna switch 

• 2 ps turn-on and 5 us turn-off times 

Figure 3 is a diagram of the U7001BG 
in a minimum component count appli¬ 
cation. 

The U2783B-FS Twin PLL 
The U2783B is a low power twin 

phase-locked loop IC. The two PLLs 
operate in the appropriate frequency 
ranges for the first local oscillator and 
the baseband up-conversion LO. 
Prescaler and power-down functions 
are included. In addition to CT2 appli¬ 
cations, the U2783B can be used for 
CTI, GSM, IS-54 and other systems. 
Features and specifications include: 

• Low current consumption: 10 mA 
with a 3 V supply 

• 2.7 V to 5.5 V supply range 
• Maximum input frequency: 1250 
MHz (PLL1), 400 MHz (PLL2) 

• Separate power down for each PLL 
• +64/65 prescaler for PLL1 
• +32/33 prescaler for PLL2 
• 3-wire serial bus 
• External reference input: 20-40 MHz 
sine wave, 100 mVrms AC-coupled 

• ESD protected according to MIL-
STD 833, method 3015 cl.2 

• Separate analog and digital grounds 

Figure 1. A demonstration board developed by Wavecom provides a complete 
working telephone for evaluation and development. 

The U2760B RX/TX IC 
Dual up-conversion, down-conver¬ 

sion, and demodulation are performed 
in the U2760B RX/TX integrated cir¬ 
cuit. This device typically converts the 
800 kHz baseband modulated signal to 
an IF of 254 MHz, which is then up-
converted to the final output frequen¬ 

cy of about 900 MHz. In the receive 
mode, the input from the low-noise 
amplifier is down-converted to the 254 
MHz IF, filtered and converted again 
to 800 kHz. A limiting IF amplifier 
includes RSSI circuitry, and is fol¬ 
lowed by a quadrature demodulator 
and data slicer. The recovered data 

Figure 2. Functional block diagram of the radio portion of the Wavecom CT2 
demonstration board. 
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Simply An Affordable 
2 GHz Spectrum Analyzer 

$10,975. Buys 5 - $2,195. Buys 1 
4ADE IN USA 80dB on Screen, 300KHz-10KHz R.B.W, 6 Digit Center Frequency Display 

RF DESIGN, RF SIGNAL ANALYSIS, SYSTEMS EVALUATION, EMI-RFI TESTING, RF PRODUCTION TESTING, 

INSTALLATION, MAINTENANCE, EVALUATION OF ALL RF SYSTEMS, AM, FM, TV, BROADCAST, CATV, 

MATV, LAND-MOBIL, MARINE, AIRCRAFT, AMATEUR RADIO, SECURITY SYSTEMS, SURVEILLANCE 

$10,975. BUYS 5 nota mis-print 
If $1OK is what you're use to spending 
for an Analyzer, we have a pleasant 
surprise $2,195. We are not claiming 
the SA1800D will do everything a $10K 
unit will, but the SA1800D will go a long 
ways & so will your money before you 
need to spend $1 OK for an Analyzer. 
80 dB ON SCREEN 
2\10dB/Div. Log scale - Displayed on a 
Bright 6" CRT, 300KHz-10KHz RBW 
-100 dBm Sensitivity, 6 digit 10KHz 
Resolution LCD Center Freq. Readout, 
1300 MHz In One Sweep 1-1 300MHz & 
700-2000MHZ, SA1300C 1-1300MHz 

EXCLUSIVE DISPERSION ZOOM 
Allows instant Zoom to zero MHz 
per/div. At any observed Center 
Frequency Signal from any of the 5 
preset Dispersion Scan Widths. 

ULTIMATE LOW COST ANALYZER 
With THOUSANDS SOLD Advantage 
can offer you Affordable Performance & 
Quality with the best performance to 
price ratio Analyzer on the market 
today. Increase your Productivity & 
Your Profits Today with an Advantage 
SA1800D 1-2000 MHz or SA1300C 
1-1 300MHz Spectrum Analyzer. 

TWO TOTALLY NEW MODELS 
The SA1800D & SA1300C Provides 
Total Flexibility and Ease of Operation. 
Full control over Resolution Band 
Widths, Frequency Span Widths. 
Vertical Position, Baseline Clipper, 
Sweep Speed, Video Filter, and 4 Input 
Attenuator settings. Available Options 
for both models are, Audio output, 
2GHz Noise Source Generator, 2GHz 
Tracking Generator with OdBm output. 

SAVE with ADVANTAGE PRODUCTS 
Call for detailed specifications & prices 
on our full line of RF Test Instruments. 
FC1300: .001 ppm 1.3GHz Frequency 
Counter only $599. 
SG500: 5-500 MHz RF Signal/Sweeper 
Generator with 120dB Attenuator $699. 

SA1800D 2GHz $2,195.00 
SA1300C 13GHz $1,795.00 
TG2000 - l-2000MHz - OdBm Output 
External Tracking Generator $695.00 

OPT. 2 Audio output Built-in Speaker $150.00 
OPT. 5 1GHz Noise Source Generator $150.00 

TAKE ADVANTAGE 
CALL 1-800-566-1818 
To: Order - For Information - Dealer Inquires 

Terms Check, COD, PO (OAQ, LC, Transfer, MC, VISA, 

MANUFACTURED BY ADVANTAGE INSTRUMENTS CORP. 
3579 Hwy. 50 East Carson City NV. 89701 Voice 702-885-0234 FAX 702-885-7600 

PRICES & SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE OR OBLIGATION. F.O.B. Carson City, NV. NV, RESIDENTS ADD SALES TAX. 
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stream is then sent to the 
baseband/controller IC. Features and 
specifications include: 

• 2. 7-3.3 V supply range 
• 3 mA current draw at 2.9 V 
• Integrated UHF and VHF VCOs 
• 10 dB noise figure in receive path 
• RX and TX power down 
• First IF filter used in both TX and 
RX modes 

• 100 dB gain limiting IF 
• Temperature compensated RSSI 
with 75 dB dynamic range 

• SSO-28 plastic package 
• VHF VCO frequency of 252.45 MHz 
• UHF VCO range of 610-698 MHz 

Figure 4 is a functional block diagram 
of the U2760B. 

The U3770M l/Q Modulator 
with Clock Circuitry 
This CMOS IC is designed specifical¬ 

ly to work with the components of this 
CTS chip set. The chip includes 0.8 or 
1.6 MHz quadrature modulated carri¬ 
er generation along with generation of 
an 18.432 MHz CMOS-level clock sig¬ 
nal. Specifications include: 

• Uses 12.8 MHz external reference 
frequency 

• 2. 7-3.3 V supply (6 V max) 
• 2 mA current consumption (3 V 
power supply) 

• 1 V input level 
• 30 dB LO and sideband suppression 
of modulated output 

• SO- 16 package or die form 

Figure 5 is a functional block diagram 
of the U3770M. 

Conclusion 
This new chip set and demonstration 

board offers a complete low-cost design 
solution for digital cordless tele¬ 
phones. Designed to work together, 
the Temic devices provide all required 
RF functions, and an AMD 
controller/baseband IC completes the 
system. Wavecom’s demonstration 
board offers the option of simply dupli¬ 
cating a proven design, modified only 
to fit the cordless phone manufactur¬ 
er’s chosen packaging style. 
For more information, readers 

should contact Temic, Attn: Perry Mis¬ 
try, 2201 Laurelwood Road, P.O. Box 
54941, Santa Clara, CA 95056-0951. 
Their telephone number is (408) 970-
5321; fax: (408) 970-3959. Or, readers 
may circle Info/Card #251. RF 

Figure 3. Minimum component application of the U7001BG front-end IC. 

MX 1/3 

VCO1 VCO2 GND in ref tank out data 

RSSI out 

QUAD 

DEMOD out 

COMP in 

COMP cap 
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Figure 4. Block diagram of the U2760B RX/TX IC. 

Figure 5. Block diagram of the U3770M l/Q modulator and clock IC. 
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Now you can get the high Q of an air 
core inductor. Plus the convenience 
and cost savings of a true surface mount 
component. 

Coilcraft 0906/1606 springs come 
in values from 1.65 to 12.54 nH with 
Qs at high frequencies that reach 200 

Wideband RF transformers 
are smallest available 
These surface mcunt wideband 

RF transformers feature exception¬ 
ally low insertion loss and high cur¬ 
rent ratings. Built on a standard 
1812 ferrite/ceramic body, their 
tops are encapsulated to protect 
the winding and provide a flat sur¬ 
face for pick and place equipment. 
These 1:1 and 2:1 transformers 

come in 9 models covering the fre¬ 
quency range from 350 kHz to 680 
MHz. Insertion loss is less than 1.5 
dB and DC current handling ranges 
from 200 up to 700 mA. 
Other turns ratios and ceramic 

body transformers for higher fre¬ 
quencies are also available. 

For more information, contact 
Coilcraft, 1102 Silver Lake Road, 
Cary, IL 6001 3. 708/639-6400. 

INFO/CARD 26 

New "micro spring" inductors. 
Highest Q. Smallest cube. 

Actual size. 
1.65 - 12.54 nH. 

200 Q at 1.8 GHz. 

and higher. Our 2% tolerance versions 
can help you eliminate circuit tuning 
altogether! 

They're tape and reel packaged 
and have a jacket with a flat top for 
auto insertion. We even tin the leads 
for reliable soldering. 

Order our $50 C108 Designer's 
Kit or call us for our complete RF and 
surface mount product catalogs. 

1102 Silver Lake Road, Cary IL 6001 3 
800/322-2645 FAX 708/639-1469 

INFO/CARD 28 

Surface mount LC filters 
are pretuned, tight tolerance 
These space-saving low pass fil¬ 

ters are pre-tuned, tight tolerance 
modules which serve a wide vari¬ 
ety of filtering requirements. 
They feature 3rd order Butterworth 

alignment, less than 0.3 dB inser¬ 
tion loss, 50 Q characteristic im¬ 
pedance, and a compact 181 2-size 
construction ideally suited for auto 
insertion and reflow soldering. 
There are six standard models 

with 3 dB cutoffs from 15 to 500 
MHz. All offer the benefits of an LC 
design: low insertion loss, high 
power handling, and controlled 
group delay. 

For more information, contact 
Coilcraft, 1102 Silver Lake Road, 
Cary, IL 6001 3. 708/639-6400. 

Introducing one of the world's 
smallest common mode EMI filters. 

Our M2022-A has an 1812-size 
ceramic body and provides more than 
20 dB attenuation from 30 to 500 MHz. 
Inductance is 4.2 pH per winding. 

Compared to equivalent toroidal 

We've cut your common mode 
EMI problems down to size. 

designs, this filter is much smaller 
and less expensive. 

DC current capacity is rated at 
500 mA, while maximum DCR is 
only 800 mOhms. Custom filters 
witn special combinations of imped¬ 
ance, frequency response and current 
handling are also available. 

For our complete EMI/RFI filter 
products catalog, call 800/322-2645. 

1102 Silver Lake Road, Cary IL 60013 

800/322-2645 FAX 708/639-1469 
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RF products 
RF Simulation Package 
Cadence Design Systems has 

developed an RF simulator, 
known as SpectreRF™. The 
new software has proven to be 
orders of magnitude faster for 
multi-frequency circuits than 
SPICE and is capable of han¬ 
dling circuits not addressed by 
existing microwave simulators. 
Cadence has applied for basic 
patents on the technology. 
SpectreRF is integrated with 
the company’s popular SPICE-
based simulator Spectre™ for 
IC and board-level design. 
SpectreRF can be used in a 
top-down design environment 
that takes design from initial 
concept and analog behavior 
modeling using an Analog 
Hardware Design Language 

(AHDL) through final silicon. 
SpectreRF easily simulates 
large circuits and nonlinear 
circuits and contains “time¬ 
domain” simulation algorithms 
based on “shooting-Newton 
methods.” The software also 
includes a Fourier analysis 
mode and noise analysis capa¬ 
bility. SpectreRF runs on 
UNIX platforms and is sold as 
an option to Spectre. It is avail¬ 
able now for RF IC design, and 
available in Q2 1996 for RF 
PCB and multichip module 
design. Pricing is set at 
$15,000 for a floating license. 
Spectre is priced at $30,000 for 
a floating license. 
Cadence Design Systems, Inc. 
INFO/CARD #250 

5 GHz Reed 
Relays 
A line of ultra-small surface 

mount reed relays featuring 
high switching speed and low 
insertion loss have been intro¬ 
duced by Coto Wabash. The 
Coto 9800 series surface mount 
reed relays can pass RF signals 
up to 5 GHz with less than 60 
ps rise times and less than 0.2 

3V RF and 
Baseband ICs 
Oki Semiconductor has intro¬ 

duced three GaAs RF and three 
Si baseband products offering 
3V capability for wireless com¬ 
munications, specifically, the 
fast-growing personal communi¬ 
cations services (PCS) market. 

Extended 
Communications 
Test Set 
Wavetek has introduced a 

quickly-installed option for its 
Stabilock 4032 test sets that 
extends the test set’s coverage 
to 2.3 GHz. Even older models 
of the 4032 and the widely-used 
Stabilock 4031 can be retrofit¬ 
ted. The option also increases 
the permissible bandwidth 
when modulating and demodu¬ 
lating signals. Carriers with 
bandwidth of up to 2 MHz can 
now be handled. The Stabilock 

Upgraded 
Oscillators 
Wenzel Associates has 

upgraded the standard 
Streamline AT series oscilla¬ 
tor. Phase noise performance is 
better than -130 dBc at 10 Hz 
offset from the carrier and bet¬ 
ter than -165 dBc at 1 kHz off¬ 

dB insertion loss at 1 GHz. 
These 1-Form-A devices mea¬ 
sure only 0.370 x 0.180 x 0.160 
inches and are available in 
gull-wing, “J” bend and axial 
lead packages. The relays have 
a 5 VDC coil with 150 ohm 
resistance. They switch volt¬ 
ages up to 100 VDC and cur¬ 
rent to 0.25 amps, with a con¬ 
tact rating of 3 watts. 
Coto Wabash 
INFO/CARD #249 

Oki’s 3V RF devices, which 
operate from 850 to 2,400 MHz, 
include two power amplifiers 
(KGF1606 and KGF1608/38) 
and one medium-power driver 
(KGF1262). The baseband prod¬ 
ucts include a CODEC 
(MSM7702), a modem IC 
(MSM7582) and an echo can¬ 
celler (MSM7602). The 1606 
power amplifier has power out¬ 
put greater than 31.5 dBm, and 
the 1608 power amplifier has 
power output greater than 33.5 
dBm. The 1262 driver produces 
more than 20 mW. The 
KGF1606 is priced at $10.74; 
the KGF1608 at $11.53, and the 
KGF1638 is $8.34 for quantities 
greater than 1,000 pieces. 
Oki Semiconductor 
INFO/CARD #248 
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4032 has capabilities and versa¬ 
tility beyond that of a Go/NoGo 
tester, it can also be used for in¬ 
depth analysis of signals. 
Wavetek, Wireless 
Communications Div. 
INFO/CARD #247 

set with a 5 MHz AT-cut crys¬ 
tal. The Streamline AT oscilla¬ 
tor improvements include pro¬ 
prietary low-noise exciter cir¬ 
cuit design and special crystal 
selection. Low-noise regulator 
design and careful handling of 
oven currents keep signal puri¬ 
ty high. Temperature stability 
is better than ±1 x 10-8 from 0 
to +50 °C. Package size is 2 x 2 
x 1 inches. Aging is 5 x 10-9 
per day. Supply voltage is +15 
VDC and steady-state power 
consumption is less than 2.2 W 
at +25 °C. 
Wenzel Associates, Inc. 
INFO/CARD #246 
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t only $9,500, 
some features on this RF network analyzer 

will surprise you. 

Large 
' two-channel display, \ 
pass/fail limit lines, and 
marker functions make 

. testing easy and J 
consistent. 

3.5-inch 
' disk drive exports ’ 
DOS data to a PC. Or, 
automate your testing 
k with built-in j 
X IBASIC. y 

If you thought you could never afford 
this kind of performance, think again. 
The HP 871 IB family of network ana¬ 
lyzers puts it well within your grasp. 

Starting at just $9,500, select from 
four models in your choice of 
scalar or vector, 1.3 or 3 GHz. Each 
complete system has an integrated 
synthesized source and test set. So 
you can tune and test your RF 
communications devices faster and 
more economically than ever before. 

To find out about ail the features the 

^Synthesized^ 
source has 1 Hz 
resolution — yet 
updates up to 
35 times per 

second. y 

f Tuned \ 
receivers 

provide over 
100 dB of 
dynamic 

k range, j 

But will really 
amaze you. 
©1995 Hewlett Packard Co. TMMID454. 1/RFD 

HP 871 IB network 
analyzer family 
has to offer, call 
HP DIRECT It’s 

1 the fast, easy 
I way to get all 
1 your questions 

1 answered. 
B With one sim-
B pie call, you 

can get quick 
product 
specifica-

^B lions 
^B technical 
mBB literature 

you may 
IBB^V need to make the right 

decision. Or if you want one-on-
one technical support, you can speak 
to an engineer who has firsthand 
experience with HP products. And, 
of course, if you’re ready 
to order, we 
can help you 
do that, too. 
So give us a 
call. You’ll be 
surprised how 
affordable HP 
performance 
can be. 
*In Canada, call 
1-800450-2271. Dept. 146. 

“Find out how you can 
get high performance 
for a low price. Call HP 
DIRECT at 
1-800-
W-Wl* a 
Ext. 9658.”^ 

There is a better way. 
fhpl HEWLETT® 

PACKARD 
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NEWmSMV41 

TEST 
EQUIPMENT 

With the frequency coverage of 
9 kHz... 1 GHz the SMV 41 
measuring receiver meets all 
specifications for EMI-measu-
rings of CISPR or VDE 0876. 

Manually operated, battery powered, 
measuring receiver. 

Self contained automatic measure¬ 
ment receiver. 

Fully IEEE remote controlled 
system measurement receiver. 

Full frequency coverage, 9 kHz ... 
1 GHz, enables all commercial 
interference measurement specifi¬ 
cations to be met. 

Multiple measured value and 
spectrumrepresentation on LC-
graphic display 

Memory card for ease of data- and 
software exchange 

Portable (14kg, 18 liters), measure¬ 
ments of CISPR and VDE standards. 

Built-in Battery Pack and Optical 
Serial Interfaces allows complete 
electrical isolation from mains and 
accessories. 

Comprehensive input and output 
functions with memory card and 
digitalinterfaces 

Fading Simulator 
Model SOFI 04 is a radio 

channel emulator, based on 
high-speed DSP technology, 
with 35 MHz bandwidth, up to 
312 paths, two channels, and 
one-hundred 2,700 MHz fre¬ 
quencies. Radio channel models 
may be based on real measure¬ 
ments or on realistic synthetic 
models generated using SOFI 
04 software. 
AxTrade Inc. 
INFO/CARD #242 

Microwave Test Set 
The 6200B series RF and 

microwave test sets (MTS) 
from Marconi Instruments fea¬ 
ture EEPROM-corrected 
scalar detectors, a built-in 
dynamic calibrator and a new 
oven-controlled crystal oscilla¬ 
tor, giving the 6200B high 
accuracy. The instrument 
incorporates a scalar network 
analyzer, synthesized sweep 
generator, power meter, fre¬ 
quency counter and voltage 
/current source. Five frequen¬ 
cy versions are available, from 
10 MHz to 2 GHz up to 10 
MHz to 46 GHz. 
Marconi Instruments, Inc. 
INFO/CARD #241 

Digital Cellular 
Test Module 
The MG0307A n/4 DQPSK 

Modulation unit from Anritsu 
Wiltron is the latest in a series 
of product enhancements for 
the MG3670B/MG3671A digi¬ 
tal modulation signal genera¬ 
tors. The module is designed to 
test wireless consumer premis¬ 
es equipment (WCPE), person¬ 
al handy-phone systems (PHS) 
and personal access communi¬ 
cations systems (PACS). Pric¬ 
ing is $5,200. 
Anritsu Wiltron Co. 
INFO/CARD #240 

CDMA Personality 
for Spectrum 
Analyzer 
Hewlett-Packard offers the 

HP 85725B CDMA measure¬ 
ments personality software with 
the HP 8590 E-Series spectrum 
analyzer. With the new soft¬ 
ware, the analyzer enables 
interactive troubleshooting and 
testing of out-of-band spurious 
signals as part of its complete 

set of customized, one-button 
CDMA measurements. All tests 
meet EIA/TIA/IS-95, -97, and -
98 CDMA standards. U.S. Price 
for the HP 85725B CDMA mea¬ 
surements personality is $3,000 
Hewlett-Packard Co. 
INFO/CARD #239 

GPS Clock 
The Model 100 GPS Clock™ 

from Absolute Time™ consists 
of a compact receiver, antenna 
module and a 25-meter cable. 
The clock provides highly 
accurate and stable 10 MHz 
and 1 pulse-per-second out¬ 
puts. Frequency accuracy is 
better than 5 x 10“ 12 over a 24-
hour period. The Model 100 is 
priced at $2,795. 
Absolute Time Corp. 
INFO/CARD #238 

Network Emulation 
Telecom Analysis Systems 

announces the Cellular-Ready 
Series II, which provides cellu¬ 
lar network and PSTN network 
emulation in one instrument. 
The telephone network emulator 
includes cellular audio processor 
module, PCM/ADPCM links 
module, and extended PCM/ 
AD PCM links module. Cellular-
Ready Series II allows the thor¬ 
ough testing of cellular modems 
in a laboratory setting. 
Telecom Analysis Systems 
INFO/CARD #237 

EMC/Lab Amplifiers 

MEB 
Messelektronik Berlin 
Landsberger Allee 399 

D-12681 Berlin 

Tel.: (+49.30) 9392 2135 

Fax: (+49.30) 9392 2134 

for more details contact: 

Antenna Research Ass.lnc. 

Beltsville MD 

Phone 301 937 8888 

Fax 301 937 2796 

15W Amplifier 
The GTC model GRF3038 is 

a solid-state, 15 W broadband 
amplifier module covering 25 
to 1000 MHz. This linear 
amplifier utilizes RF power-
MOSFET devices that provide 
high gain, wide dynamic range, 
good 3rd order intercept point 
and high saturation power 
level. The amplifier operates 
off a 28 to 32 VDC source. An 
optional internal ALC circuit 
keeps the output power con¬ 
stant over wide input power 
and frequency ranges. 
GTC RF 
INFO/CARD #245 

10W, 800 to 4,200 
MHz Amplifier 
Model 10S1G4 from Ampli¬ 

fier Research is a solid-state 
broadband microwave amplifi¬ 
er providing a minimum of 10 

watts at its maximum power 
output setting. The class A 
amplifier has instantaneous 
800 MHz to 4.2 GHz band¬ 
width. The broad bandwidth 
permits its use as an RF 
source for susceptibility and 
other testing of many cellular, 
PCS and other products. Gain 
is adjustable over a minimum 
of 10 dB with ±1.5 dB flatness. 
Typical third-order intermodu¬ 
lation intercept point is 48 
dBm. Price is $14,000. 
Amplifier Research 
INFO/CARD #244 

Dual-Power 
Amplifier 

IFI’s CMX 5001 is comprised 
of a 100 W sclid-state amplifi¬ 
er ranging from 200 to 1000 
MHz and a 500 W distributed 
tube amplifier ranging from 10 
kHz to 220 MHz. The air¬ 

cooled amplifier is designed to 
meet the demands of the evolv¬ 
ing IEC-801 test specification 
as well as MIL-STD-461. Gain 
control is greater than 40 dB. 
The amplifier has a single RF 
input and output. Self-diagnos¬ 
tic circuitry is standard for the 
CMX 5001, as well as high-
VSWR protection. 
Instruments For 
Industry, Inc. 
INFO/CARD #243 
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1 Uncover small signals close to carriers with 
-105 dBc/Hz internal 
phase noise. 

Four believable 
features of this 
RF spectrum analyzer. 

The HP 8590L spectrum analyzer 
family gives you the superior 
performance you probably 
expect from HP. At a price you 
probably don’t. 

With a frequency coverage from 
9 kHz to 1.8 GHz and a ±1 dB 
frequency response, you get the 
added confidence you need in 
amplitude measurements. Plus you 
get an easy-to-use interface, color 
print capability, and an optional 
built-in tracking generator. 

Discover just how easy it is to 
afford all this HP performance 
by calling HP DIRECT at 
1-800-452-4844, Ext. 1067’. 

The engineers of HP DIRECT 
will give you all the specifica¬ 
tions you need to choose the 
model that’s right for you. And 
you can learn more about our 
entire HP 8590L spectrum 
analyzer family. 

So give us a call. And 

“Find out how much per¬ 
formance you can get from 
this spectrum analyzer for 
such an unbelievable price. 
Call HP 
DIRECT 
at 1-800- & 
452-W4, \ ^f 
Ext. 1067. -aX.! 

Built-in frequency counter 
and ± 2 kHz accuracy 
eliminates signal drift and 

closely 

with 10 resolution 
bandwidth filters. 

discover the 
performance 
you can get 
for an 
unbelievable 
price. 

•In Canada, call 

l-800-27fr8661. Dept. 147. 

4 Measure signals directly with 145 dB amplitude 
measurement range. 

$8,900 

There is a better way. 

HEWLETT® 
PACKARD 
INFO/CARD32 

And one that’s 
unbelievable. 

OMKM HrwW Packard Co. TMMIIMM 1/RFD 



SUBSYSTEMS 

VSAT Broadband Receiver 
Stanford Telecom has introduced the 

STEL-9236A VSAT demodulator receiver 
assembly, the latest model in the STEL-9236 
board-level receiver series. The assembly is a 
less than 1.5 inches high by four inches wide 
by six inches long. The series includes a wide 
range of fixed data rate BPSK or QPSK 

demodulator assemblies suitable for opera¬ 
tion in the 19.2 to 2048 kbps range. 
Stanford Telecom 
INFO/CARD #236 

VXIbus-Format Receivers 
Racal Instruments introduces two high-

performance, single-slot VXIbus communica¬ 
tions receivers. The Model 2551 covers the 
frequency range 10 kHz to 30 MHz with 1 
Hz tuning resolution and 51 standard band¬ 
widths, while the 2561 covers 30 to 1,200 

HAVE IT Wâ» WAY 
Less $ & Size 

44 

FE-^ooua 
2" high X 3" wide x 4" deep 

FE-5650A 
1.4" high x 3" wide x 3" deep 

$1595* $1795* 

NOW FEI OFFERS BOTH SIZES 
OF COMMERCIAL RUBIDIUMS: 

• FITS EXISTING SOCKETS 

• SMALLER-SIZE APPLICATIONS 

• BOTH FOR LESS $$ 
Enjoy high-quality performance over a wide range of 

applications and environmental conditions with: 

• power consumption 
of <7.5 watts 

• frequency setting from 
1.0 Hz to 20 MHz 

warm-up time of <4 minutes 
outstanding accuracy 
resolution of 2 x 1012 

low phase noise 

• excellent harmonics 
• low spurious 

* 1000 Pieces 

Call or write today for complete specifications. 

FEI Communications Inc. 
A Subsidiary of Frequency Electronics, Inc. 

55 Charles Lindbergh Blvd., Mitchel Field, NY 1 1553 
516-794-4500 • FAX: 516-794-4340 
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MHz with 10 Hz tuning resolution and IE 
standard bandwidths. Both receivers pro¬ 
vide quadrature (I&Q) outputs and detec¬ 
tion modes of AM, FM, LSB, USB, ISB, and 
CW. The 2551 and 2561 start at $7,500. 
Racal Instruments, Inc. 
INFO/CARD #235 

Spread Spectrum 
Development Board 
Associated Professional Systems 

announces the release of its spread spec¬ 
trum development platform (SSDP). The 
SSDP is an IBM PC ISA-format board 
which can produce three independent lin¬ 
ear recursive sequence streams with 
lengths up to 4,394,967,295 bits long. Sev¬ 
eral RF daughter boards are available, and 
a Windows™ control program and C dri¬ 
vers are included. 
Associates Professional Systems 
INFO/CARD #234 

Power MOSFET Modulator 
Model 327 power MOSFET modulator for 

magnetron transmitters is designed to 
operate magnetrons up to 150 kW. The con-
tinuously-variable pulse width range is 
0.15 to 2.0 ps at pulse repetition frequen¬ 
cies up to 5 kHz. Pulse rise-time is 100 ns 
and fall time is 150 ns. IEEE-488 and RS-
232 remote control is available. 
Applied Systems Engineering, Inc. 
INFO/CARD #233 

Receiver Multicoupler 
Mu-Del model MDP-201200DB2 is a 

wide-band receiver multicoupler consisting 
of two independent removable half-racks, 1 
input, 10 outputs each. Operating frequen¬ 
cy is 20 to 1200 MHz. Each has 0±1.5 dB 
gain, VSWR input/output 1.5:1, noise figure 
< 9 dB, input level +3 dBm, and third-order 
intercept of +15 dBm. Minimum input to 
output isolation is 60 dB, and minimum 
output to output isolation is 60 dB. 
Mu-Del Electronics, Inc. 
INFO/CARD #232 

DISCRETE 
COMPONENTS 

High-Frequency Crystals 
KVG is expanding its product range to 

higher frequencies by introducing a line of 
quartz crystals using the inverted-mesa 
structure. Quartz crystals with fundamen-
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You never thought you needed the 

extra performance 
and expense of HP 
The HP 8648 RF signal generator series 

Wide frequency x, 
( coverage: from 100 kHz k to 1 GHz, 2 GHz y X. or 3.2 GHz. 

' Optionen^ 
high power up 
to +20 dBm. . 

.^''Remote'"'*. 
< interface provides^ 
access to 300 storage 
registers, up to 10 
sequences, as well as 
<RF and modulation . X. on/off. 

Like all of our signal generators, 
the HP 8648 series offers the 
superior performance you probably 
expect from HP, but thought you 
couldn’t afford. At $5,865, how¬ 
ever, can you really afford to do 
without it? 

The HP 8648 family gives you 
uncompromised performance, 
with clean +10 or +13 dBm output 
power, and a simple user interface 
that lets you tackle a variety of 
applications. And the HP 8648A 

offers an electronic 
attenuator 

that reduces 
\ the risk of 
\ 1 failure. 

To find out 
about all the 
features the 
HP 8648 

I signal gener-
ator family 

Two 
independen t X 

mobs for instan-
meous amplitude 
or frequency 

.adjustments. 

/ Superior level x. 
' accuracy: ±1 dBm for ' 
frequencies up to 2.5 GHz 
, and power levels as 
'— low as -127 dBm 

has to offer, 
call HP DIRECT. It’s the fast, easy 
way to get all your questions 
answered. With one simple call, 
you can get quick product specifi¬ 
cations or any technical literature 
you may need to make the right 
decision. Or, if you want one-on-
one technical support, you can 
speak to an engineer who has first¬ 
hand experience with HP products. 
And, of course, if you’re ready to 

How about 

performance? 

order, we can 
help you do 
that, too. 

So give us 
a call. And 
get higher 
performance. 
At a lower 
price. 
*ln Canada, call 
1-800-450-2271, Dept. 148. 

“Find out how affordable 
HP performance really 
can be. Call 1-800-
452-Wf, Ext. 9665, 
and I'll help 
you find 
the signal ’ ” Jr 
generator . • 
that’s 

you.’’ 

There is a better way. 
Ihpl HEWLETT® 

PACKARD 
©1995 Hewlett-Packard Co. TMMID454.3/RFD 
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tal frequencies up to 155 MHz are available 
in standard HC-52 housings. 
KVG North America, Inc. 
INFO/CARD #231 

Surface Mount Crystal 
New surface mount quartz crystals from 

Raltron have a 1.0mm profile height and 
are available in fundamental and overtone 
frequencies from 16 to 100 MHz. Model H-
10 crystals are rated at ±50 ppm at +25 °C. 
Maximum shunt capacitance is 7.0 pF. The 
crystals have a 0.1 mW drive level. Model 
H-10 crystals are priced at $1.50 each in 
lots of 1,000. 
Raltron Electronics Corp. 
INFO/CARD #230 

Low Capacitance, 
Precision Trimmer 
Voltronics announces a new line of multi¬ 

turn air trimmer capacitors that tune from 
0.1 to 1.0 pF. These products are designed 
for high resolution tuning at 900 to 2,000 
MHz. Two sizes are available, each 1/2-inch 
long. The KET1 is 0.23 inches in diameter 
and the ET1 is 0.3 inches in diameter. The 
parts are O-ring sealed to withstand 40 
p.s.i. Temperature coefficients are below 50 

ppm/°C. The ET1 is $3.46 for 1,000 pieces, 
and the KET1 is $4.25 for 1,000 pieces. 
Voltronics Corp. 
INFO/CARD #229 

SIGNAL SOURCES 

1700-1900 MHz VCO 
Z-Communications has introduced the 

V660ME02 surface mount VCO The VCO 
generates frequencies between 1700 and 
1900 MHz within 1.5 to 10.5 volts of con¬ 
trol voltage. Average gain is 60 MHz/V 
over the 200 MHz bandwidth. Phase noise 
typically is -95 dBc/Hz at 10 kHz offset 
from the carrier. The V660ME02 cperates 

Desktop Prototyping 

from a nominal +10 VDC while drawing 
less than 35 mA. 
Z-Communications, Inc. 
INFO/CARD #228 

VCXO Series 
M-tron’s MVS series consists of surface¬ 

mount voltage-controlled crystal clock 
oscillators is available in frequencies from 
1.5 to 25.0 MHz. The series features J-
leads for mechanical stability during ther¬ 
mal expansion and contraction. The lid is 
grounded for reduced electromagnetic 
interference. The MVS series operates 
from +5 VDC supplies. 
M-tron Industries, Inc. 
INFO/CARD #227 

SC-Cut ocxo 
Oak Frequency Control Group’s 4597S 

oven-controlled crystal oscillator (OCXO) has 

Quick Circuit Model 7000 
System For Engraving, Drilling, & Rotting 

Prototype Circuit Boards 

Easy Wks with files from your existing CAD package 

Quick Most boards can I» made in less than an hour 

Flexible Uses FR4, GIO, Durad™. PTFE. and Ceramics 

Versatile Produce Analog, Digital RE & Microwave boards 

Design Security Designs never leave your office 

Enuronmenially Safe No chemicals, no odors, no disposal problems 

DESIGNED AND MANUFACTURED IN THE UNITED STATES 
Call oi « BBS i' 770-455-8105 for the latest > asioy of oi k 

WINDOWS IwiAnoN Aim Driver software. 

SO YOU THINK YOU'VE 
BEEN BUSY... 

Check Out This List of New 
Products from 

Ace Antenna Company 

• 2-Way, 4-Way and 6-Way Power 
Dividers. 

• 6-Way Combiner 
• Directional Coupler 
• Band Pass Filter 
• If Switch 
• Duplexer 
• Coaxial Type Circulator 

Need More Information? 
Circle the Number, Call, 

Fax or E-Mail 
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T-Tech, Inc., 5591 -B New Peachtree Road, Atlanta, GA 30341 
’M: (no) 455-0676 to (770) 455-0970 Internet sales/« t-tech.com 
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ACE ANTENNA COMPANY 
PHONE (818) 718-1534 
FAX: (818) 718-2842 

E-MAIL: internet, aceusa@aol.com 
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Synergy Microwave Corporation, 
a recognized innovative leader, 

introduces its latest miniature SMT 
voltage controlled oscillator product line 

These small, 
frequency generating | 
modules occupy a 
volume of 0.5 X 0.5 X 0.2 
inches (L x W x H) and 
consume only 0.2 watts of power. 
Available in the frequency range of 200 
MHz to 3000 MHz, in octave and optimized 
bandwidths, these units deliver typical 
phase noise response of -95 dBc per Hz @ 
10 kHz offset. These devices are EMI/RFI 
shielded, moisture resistant and can withstand the 
automated assembly techniques used in high volume 
manufacturing. Other package styles and sizes are 
available, including plug-in, hermetic packages. 

Additional specifications and information are available 
from our Sales and Applications Engineering team. 

201 McLean Boulevard, Paterson, NJ 07504 

RECOMMENDED IR REFLOW 
SOLDER TEMPERATURE PROFILE 
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200 - X \-
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WE CORPORATOR 



a footprint measuring only 30.3 x 30.3 mm, 
and its height is only 10.2 mm. The oscillator 
is available from 10 to 25 MHz. Using an SC-
cut crystal, the 4597S meets its temperature 
stability spec of ±7 x 10-9 over 0 to +70 °C. It 
operates from a +5 V supply with steady¬ 
state power consumption of 1 W. Phase noise 
at 100 Hz offset is -140 dBc/Hz. 
Oak Frequency Control Group 
INFO/CARD #226 

SIGNAL PROCESSING 
COMPONENTS 

Digital Wireless 
SAW IF Filters 
The PX-series surface acoustic wave 

(SAW) IF filters from RF Monolithics are 
designed for many digital wireless applica¬ 

tions. The PX1002 has a center frequency 
of 86.85 MHz, and the PX1004 has a center 
frequency of 82.20 MHz. These filters fea¬ 
ture a minimum insertion loss of 4 dB, min¬ 
imum 3 dB-bandwidth of 30 kHz, and 65 
dB image-rejection at -910 kHz. The filters 
cost $12.50 each in 1,000-piece quantities. 
RF Monolithics, Inc. 
INFO/CARD #225 

Power Splitter/Combiner 
Mini-Circuits has introduced a 2-way, 0° 

power splitter/combiner designed for high-
power applications in the 1500 to 2000 
MHz PCN band. The ZN2PD-1900W can 
handle up to 10 W input with maximum 
internal power dissipation of l/8th W (as a 
combiner). The 50-ohm device typically dis¬ 
plays 0.2 dB insertion loss (beyond the 3 dB 
splitting loss). Amplitude and phase bal¬ 
ance are typically better than 0.3 dB and 
3°, respectively. In quantities less than ten, 
ZN2PD-1900W is $64.95 each. 
Mini-Circuits 
INFO/CARD #224 

Electromechanical Switches 
Model SEM129 is a SP2T switch; model 

XSEM329 is a transfer switch. Both switch¬ 
es from Loral Microwave-Narda operate 

from DC to 1 GHz and come equipped with 
24V failsafe activation, indicator circuits, 
and BNC connectors. 
Loral Microwave-Narda 
INFO/CARD #223 

Power Dividers/Combiners 
Technical Research and Manufacturing 

offers two new power divider/combiners. 
DMM 3089C is a 3-way power divider/com-
biner which operates over 800 to 980 MHz. 
Maximum insertion loss beyond splitter¬ 
loss is 0.4 dB. DMM 2089C is a 2-way 
power divider/combiner operating over 800 
to 980 MHz. Maximum insertion loss 
beyond splitter-loss is 0.2 dB. 
Technical Research and 
Manufacturing, Inc. 
INFO/CARD #222 

Quadrature Hybrid 
Sage Laboratories announces the avail¬ 

ability of the FH4826 3dB quadrature 
hybrid, designed for use in a space environ¬ 
ment. The hybrid covers 1760 to 2300 MHz 
and has maximum VSWR of 1.25:1. Cou¬ 
pling is 3 dB +0.2 and insertion loss is better 
than 0.2 dB. Peak power rating is 150 W, 15 
W average. Model FH4826 measures 1.57 x 
0.50 x 0.38 inches plus SMA connectors. 
Sage Laboratories, Inc. 
INFO/CARD #221 

GPS Receiving Multicoupler 
AML Communications offers a range of 

GPS receiving multicouplers. Model 
AMC1216-16N with 16 outputs offers 10 dB 
of gain and operates on 110 VAC. Features 
include bias-tee injection of the DC power to 
operate a mast-head low-noise amplifier 
and DC loading of each output to simulate 
the mast-head amplifier current-draw. 
AML Communications 
INFO/CARD #220 

SEMICONDUCTORS 

PLL Frequency Multiplier 
Connor-Winfield introduces a phase-

locked-loop (PLL) based clock multiplier IC, 
available packaged and as dice. The PLL 
IC accepts a low-frequency crystal oscilla¬ 
tor input and outputs a high-frequency 
PECL-level signal. Three devices are avail¬ 
able to cover the frequency range frcm 115 
MHz to 820 MHz. Power consumption is 
500 mW, and jitter is less than 10 ps rms. 
Prices start at $22.30 each. 
Connor-Winfield Corp. 
INFO/CARD #219 

Reflective Switches 
Daico Industries introduces three GaAs 

switches: DS0710RN (reflective SPST), 
DS0702RN (reflective SP2T) and the 
DS0702HR (high-power, reflective SP2T). 
All three switches operate from DC to 2,500 

MHz and have 33 dB isolation at the 1,000 
MHz. The high-power DS0702HR has a 1 
dB compression point of 33 dBm. All three 
switches are packaged in plastic SO8 sur¬ 
face-mount packages. The DS0702RN is 
currently only $1.79 in quantities of 2,500 
to 9,999 pieces. 
Daico Industries, Inc. 
INFO/CARD #218 

DSP for Two-Way Messaging 
AT&T offers the POMP™ DSP1615. 

designed for two-way N-PCS messaging 
devices. The IC operates in the 2.4 to 3.6 
V range and contains a codec, memory, 
clock generation and controller peripher¬ 
als. The A/D converter is rated at 38.4 
kilo-samples per second. On-board memo¬ 
ry consists of 48 kbytes of ROM and 4 
kbytes of SRAM. Target pricing for ROM-
coded TQFP production volumes is under 
$16 each in 100k quantities. 
AT&T Microelectronics 
INFO/CARD #217 

Low-Noise 350 MHz 
Op Amps 
Maxim Integrate dProducts introduces 

the MAX4106/MAX4107, 350 MHz, ±5V, 
wideband, voltage-feedback op amps. The 
op-amps have noise performance of 0.75 
nV/^Hz while delivering a 350 MHz 
(MAX4106) and 300 MHz (MAX4107) band¬ 
width. The MAX4106 is compensated for 
closed-loop gains of 5 V/V or greater, while 
the MAX4107 is stable in closed-loop gains 
of 10 V/V. Prices start at $3.88. 
Maxim Integrated Products 
INFO/CARD #216 

16-bit Fixed-Point DSPs 
The ADSP-21csp01 is the first in a new 

family of 16-bit fixed point DSPs from Ana¬ 
log Devices. A new 16-bit fixed-point core 
powers the 21csp family of concurrent sig¬ 
nal processors. The ADSP-21csp01 inte¬ 
grates a highly-parallel, 50-MIPS DSP 
core, a parallel DMA port, a parallel memo¬ 
ry port, and two multi-channel serial ports. 
The DSP core is capable of executing 550 
million operations per second. The 10,000 
unit price is $33.00. 
Analog Devices, Inc. 
INFO/CARD #215 

DECT Processor 
VLSI Technology has introduced a 

processor, the VP23030, that supports all 
12 DECT channels and implements all the 
baseband digital processing needed for 
DECT systems. The device is optimized for 
infrastructure applications such as PBX, 
wireless local loop, and public-access Tele¬ 
point. The VP23030 features a robust soft¬ 
ware-programmable radio interface with 
the ability to operate with a wide range of 
industry-standard microcontrollers. 
VLSI Technology, Inc. 
INFO/CARD #214 
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The Standard for Performance 
For over fifteen years engineers and 

OEMs alike have relied on FT'S 
frequency synthesizers for unmatched 
stability, speed and spectral purity. 
These direct analog and direct digital 
synthesizers meet the most challenging 
systems development requirements... 
ATE systems, satcom, wireless, medical 
imaging, secure communications, and 
more. You’ll also find them in 
production environments, where they 
play a key role in quality assurance. 

Our synthesizer models cover the 
100 KHz to 1 GHz band with 0.1 Hz 

Free offer 
while supplies 

last 

resolution. They are available with 
switching times from l|isec, spurious 
outputs as low as -75 dBc and 
outstanding phase noise characteristics 
(SSB phase noise at 1GHz, 1 KHz offset, 
-110dBc/Hz). 

The Standard for Reliability 
PTS synthesizers were designed 

from the outset to deliver the best 
reliability in the business. We adhere to 
conservative derating practices, keep 
power consumption and internal heat 
buildup to an absolute minimum and 
subject finished systems to rigorous 
temperature cycling and electrical 
testing. The result: a field-proven 
25,000 hr MTBF. Since 1985 we’ve 
offered a full 2 year warranty and a 
flat-rate repair fee of just $350 for 
years 3 through 10. 

It’s time you had the best of both 
worlds. The best performance-price 
and the best reliability. Call today for 

more information and we’ll also send 
you a free copy of the RF Design 
Frequency Synthesis Handbook. 

Features and Options 
•BCD or GPIB remote control 

•DDS with phase-continuous switching 
•OCXO, TCXO or external 
frequency standard 

•Resolution to 0.1 Hz 

•Digital phase rotation 
•Output power to + 13dBm 

•Proven 25,000 hr MTBF 

•2 yr warranty 

•$350 repair fee, yrs 3 -10 
($500, Model PTS 1000) 
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UEoscillators_ 

A Versatile Wideband 
Crystal Oscillator 

By R. Partha and Shanthi Krishnakumar 
ITI Limited 

From a manufacturing as well as a 
design point of view, a crystal-oscillator 
circuit that can generate a stable fre¬ 
quency over a wide frequency band 
without changing its configuration and 
with minimum change in components is 
always welcome. In this article we pre¬ 
sent the analysis of a circuit that pro¬ 
vides stable oscillation from 6 to 120 
MHz merely by replacing the resonating 
crystal element and a few components. 

Two requirements must be met to 
produce an oscillator that operates 

over a wide frequency range. One — 
the circuit should generate a negative 
resistance over that frequency range, 
and two - the negative resistance cir¬ 
cuit should be properly matched to the 
resonator over the entire frequency 
range. Even in such a wideband oscil¬ 
lator circuit, it will always be necces-
sary to select a different crystal for 
each frequency needed. Also, ordinaril-
ly, one also has to change frequency¬ 
dependent L and C components when 
changing frequency. 
The Colpitis, Clapp, Butler, Pierce 

and a few other configurations have 
become so standard that the design 
of crystal oscillators consists of 
selecting the suitable configuration 
for the frequency range of interest. 
However, an analytical derivation is 
not readily available for these cir¬ 
cuits, nor is any single configuration 
applicable for an entire range of VHF 
frequency applications. 
The main purpose of this article is to 

undertake an analytical exercise to 
obtain the input impedance character¬ 
istics of the crystal oscillator circuit 
facing the crystal unit, so that the per¬ 
formance of the circuit can be estimat¬ 
ed. Specifically, we set out to calculate 
the negative resistance of the circuit 
under consideration and the condition 
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Figure 1. Crystal impedance versus 
frequency showing series resonance 
point and parallel resonance region. 

for resonator matching for various fre¬ 
quencies across the VHF band. 

Basic Principle 
Crystals are designed to resonate at 

either a series resonant frequency fr, or 
a parallel resonant frequency fa, which 
is slightly higher than f. (Figure 1). 
Alternately, by altering the capacitive 
load for the parallel resonant circuit, 
the crystal may be operated at some 

Figure 2. Crystal and the one-port neg¬ 
ative resistance model used to simu¬ 
late the rest of the oscillator circuit. 

frequency between fa and fr, i.e., fL. In 
an ordinary crystal oscillator circuit, 
the crystal is operated within that fre¬ 
quency range in which it exhibits an 
inductive reactance. Facing the crystal 
unit, the input impedance of the oscil¬ 
lator circuit can be represented by the 
series circuit composed of an equiva¬ 
lent capacitance CL and a negative 
resistance -R as shown in Figure 2. 
The crystal resonator may be repre-

Figure 3. Crystal oscillator which operates from 6 to 120 MHz by changing only 
C2 and L. 
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SPECIFICATIONS 

SURFACE- -IN FROM 

Model 

Expose Mini-Circuits' TUF-mixers to 250°C for five minutes, or to the extreme shock 
nd vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to 
100°C... they’ll survive without any change in specs. They are mighty tough mixers! 
Available with LO drive levels from +7 to +17dBm, performance features include very 

iw conversion loss flat over the entire band, high isolation (L-R, L-l), and well-matched 
SWR at all ports. 
All-welded internal and external construction is used to assemble and package the 

UF-unit in its tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly. 
TUF-Ultra-Rel’“ mixers are guaranteed for five years and boast unprecedented 

skinny” sigma (<5) unit-to-unit repeatability as shown in the Table. 
Tough, tiny, and with tight repeatability... Mini-Circuits’ Ultra-Rei'“ TUF-mixers with a 

ve-year guarantee, priced from $3.95... available only from Mini-Circuits. 

ULTRA REL MIXERS 
5-YR. GUARANTEE 

with extra long life due to unique HP monolithic 
diode construction, 300°C high temp storage. 1000 cycles 
thermal shock, vibration, acceleration, and mechanical 
shock exceeding MIL requirements. 

actual sze 

TUF-3 
TUF-3LH 
TUF-3MH 
TUF-3H 
TUF-1 
TUF-1 LH 
TUF-1 MH 
TUF-1 H 
TUF-2 
TUF-2LH 
TUF-2MH 
TUF-2H 

TUF-5 
TUF-5LH 
TUF-5MH 
TUF-5H 

TUF-860 
TUF-860LH 
TUF-860MH 
TUF-860H 
TUF-1 1A 
TUF-1 1ALH 
TUF-1 1AMH 
TUF-1 1 AH 

LO 
Power 
(dBm) 

7 
10 
13 
17 
7 

10 
13 
17 
7 

10 
13 
17 

7 
10 
13 
17 
7 

10 
13 

Freq. 
LO/RF 
(MHz) 

015-400 

2-600 

50-1000 

20-1500 

860-1050 

■ Conv. Loss 
_(dB) 

7 
10 
13 
17 

1400-1900 

X 
498 
4.8 
5.0 
5.0 
582 
60 
6,3 
5.9 
5.73 
5.2 
6.0 
6.2 
6.58 
6.9 
7.0 
7.5 
6.2 
6.3 
6.8 
6.8 
6.83 
7.0 
7.4 
7.3 

6 

0.34 
0.37 
0,33 
033 
0.19 
0.1 7 
0.12 
0.18 
030 
0.3 
0.25 
0.22 
040 
0.27 
025 
0.17 
0.37 
0.27 
032 
0.31 
0.30 
020 
020 
028 

Isol. 
L-R 
(dB) 
46 
51 
46 
50 
42 
50 
50 
50 
47 
44 
47 
47 

42 
42 
41 
50 
35 
35 
35 
38 
33 
36 
33 
35 

Price,$ 
Ea 

10 qty 
5.95 
7.95 
8.95 

10.95 
3.95 
5.95 
6.95 
8.95 
495 
6.95 
7.95 
9.95 
8.95 

10.95 
11 95 
13.95 
8.95 

10.95 
11 95 
13.95 
14.95 
16.95 
17 95 
19.95 

*To_ specify surface-mount models, add SM after P/N shown. 
■ X = Average conversion loss at upper end of midband (fu/2) 
6 - Sigma or standard deviation 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 

ir detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS’ 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. 
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Specially designed for susceptibility 
testing, each of our new broadband 
microwave amplifiers lets you sweep 
through broader test bandwidths in 
high load-VSWR conditions than you 
ever could before. And to do so with¬ 
out shutdown or interruption. 

Solid-state power amplifiers 
with two-octave bandwidth. 
Our three new solid-state microwave 
amplifiers (1-, 5-, and 10-watts mini¬ 
mum) give you more than two full 
octaves of sweep capability, from 
800 MHz to 4.2 GHz, and will not fold 
back or shut down, even when driving 
into dead shorts, open circuits, and 
worst-case VSWR. You save an ampli¬ 
fier change with every full sweep of 
the bandwidth. 

TWT power amplifiers 
that refuse to shut down. 
Our four new high-power microwave 
amplifiers use a 250-watt TWT to 
assure 200 watts minimum at the out¬ 
put connector. They automatically pre-

sweep, 
now to 
18 GHz. 

Uninterrupted 
sweep testing over the 

broadest bandwidths ever. 
Amplifier Research 
comes to microwave. 

vent shutdown by limiting output 
power during extreme VSWR condi¬ 
tions, and resume full output when the 
VSWR subsides. Unlike competitive 
TWT power amplifiers, they let you 
sweep through their full bandwidths 
(1-2 GHz, 2-4 GHz, 4-8 GHz, and 

8-18 GHz) without interruption. Other 
features of these amplifiers include 
extensive TWT protection, a multi¬ 
function digital display with menu-
selectable forward and reverse power 
metering, gain control, and IEEE-488 
interface. 

Our applications engineers 
await your call. 
For more than 25 years we’ve been 
taking your calls on broadband rf test¬ 
ing. Now we look forward also to dis¬ 
cussing microwaves with you. 
Call us. 1-800-933-8181. 

For engineering assistance, sales, 
and service throughout Europe, 
call EMV: Munich, 89-612-8054; 
London, 01908-566556; 
Paris 1-64-61-63-29. 

nmpuFicn’ 
Rcscnnui ! 

160 School House Road 
Souderton, PA 18964-9990 USA 
TEL 215-723-8181 • FAX 215-723-5688 
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sented by a set of equivalent series cir¬ 
cuit parameters comprising of a resis¬ 
tance and an inductive reactance. 

Oscillator Circuit 
The circuit shown in Figure 3 oscil¬ 

lates over the band of 6 MHz to 120 
MHz, requiring only change in values 
of L and C2. Crystals available at our 
facility were selected so as to cover the 
entire frequency band of interest. Par¬ 
ticularly, the circuit was tested for 
crystal frequencies at 120.0 MHz, 104 
MHz, 73.0 MHz, 45.454 MHz, 34.29 
MHz, 20.0 MHz, 12.0 MHz and 6.40 
MHz. We shall presently examine the 
negative resistance and reactance 
(“load capacitance”) offered by the cir¬ 
cuit at all these frequencies. We pro¬ 
ceed by first reducing the circuit to the 
right of A-A’ (Figure 4) to a one-port 
model in a step-by-step process. 

Two-Port Reduction 
A two-port black box can be 

described by its Y parameters given by 
yu = su + Ap y« = S12. +Jbi2> y2i = 
821 + Jb21’ and y22 — 822 + Jb22' 

yu = gn + jbii (1)

yi2 “ 812 + Jb12 

y2i = 821 + ib2i 

y 22 ” 822 + Jb22 

Any other convenient small-signal 
parameters (Z,H,ABCD) can also be 
used, since these parameters can be 
converted from one type to another. A 
transistor operated ir. its linear region 
can be described by a set of small-sig¬ 
nal parameters. The bipolar 2N918 was 
used in the circuit whose y parameters 
for our requirement of operating fre¬ 
quencies is well categorised. The oscil¬ 
lator's AC equivalent circuit is shown 
in Figure 4. 
We shall review some basic two-port 

operations: 
Shunt connections - If an admit¬ 

tance Y1 and Y2 (Figure 5) is connect¬ 
ed at the input or output of a two-port 
network (represented by its y parame¬ 
ters - yn , y12 , y-p y22 ), the overall y 
parameters are determined as 

[Y] = 
yu + Yi 

y2i 

y 12 

y 22 + Y2 
(2) 

Ultra-broadband E and H field monitor • Four-channel capability. 
Five E-field probes available. Two standard isotropic probes cover 10 kHz 
to 1000 MHz or 80 MHz to 40 GHz, 1-300 V/m. Special-application 
probes have sensitivity down to 0. 15 V/m or up to 3000 V/m. Two H-field 
probes provide sensitivity down to 15 mA/m from 5 to 300 MHz and 
down to 0. 15 A/m from 300 kHz to 30 MHz respectively. 

PCB emissions scanner • Identifies frequency and location of 
emissions (10 MHz to 1.5 GHz) on powered-up and active printed circuit 
boards. Expedites correction of high-emission problems using before/after 
comparisons. Excellent precompliance test device for computers, wireless 
devices, and other products whose success depends on rapid product-to-
market cycles. Helps establish minimum solutions to achieve compliance, 
reducing product price. 

Antennas • 10 kHz to 18 GHz of coverage, includes high-gain 
horns, log-periodic, cavity exciting, E-field generators, and broadband 
transmission line. 

Dual directional couplers • 13 models up to 15 kW CW, 10 kHz to 
18 GHz, matched to Amplifier Research amplifiers and antennas for 
measuring forward and reflected power. 

Broadband fiberoptic data links • Modular plug-in analog 
systems for acquiring and measuring interference data, simulating EUT, 
and displaying results, de to 1 GHz. Used extensively in automotive 
susceptibility testing. 

Fiberoptic CCTV systems • Watch performance of EUT under 
hostile EMI and/or EMP shielded-room conditions. Interference-free 
viewing, de to 40 GHz, up to 200 V/m. Remote-control shielded camera. 
Color or b&w. 

TEM cells • Half again the bandwidth of comparable-size chambers: 
to 750 MHz for 15-cm EUT, to 375 MHz for 30-cm EUT. 

Broadband low-noise preamplifier • Increases the dynamic range 
and sensitivity of systems with high noise figures. 10 kHz to 1 GHz, 
30 dB gain (minimum), noise figure of 3.5 dB typical. 

Broadband leveling and control preamplifier • For constant-field 
rf susceptibility testing requiring automatic power-output control; for 
NMR spectroscopy requiring pulsing, blanking, rf delay and pedestal 
output; and for other complex rf testing applications. Provides 40 db of 
automatic gain control from 10 kHz to 1 GHz. Accepts monitor input 
voltage of any polarity (positive, negative, differential). 

1-800-933-8181 
Call toll-free and one of our applications engineers will answer the phone. 

Series connections - Impedances Zl, 
Z2, Z3 connected in series (Figure 6) 
with a two port network (represented 
by its z parameters zn , z12 , z2P z22 ) 
can be taken inside the black-box and 
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where gie . g , gfe , g are the real components of the y para¬ 
meters of 2N918 at the chosen frequency and bie, bre , bfe and 
b constitute the imaginary (susceptance) components. 
Step 2: We now convert these y parameters to z parame¬ 

ters in order to add the series impedance of R3 I IC2 

[Z ldevice+C3+<R3IIC2) 

ie + Jx ie 

F fe + JXfe 

(7) 

Figure 4. Grouping of series and shunt elements to arrive 
at an AC equivalent circuit for the crystal oscillator. 

R3 
1+ jœC2R3 

R3 
1+ j(ûC2R3 

r 

OP + jx„p oc •/ ot 

R3 
1+ jœC2R3 

R3 
1+ jmC2R3 

the overall z parameters will become 

[Z] = 
zu + Z! + Z3 

Z21 + Z 3 

z12 + Z 3 

z22 + Z 2 + Z3 _ 

(3) 

When a two-port is terminated at its output by an imped¬ 
ance ZL, the input impedance is readily calculated as 

Zin = 
Az + znZL

z22 + Z L 

(4) 

Step 3: Next, we convert the Z parameters to Y parame¬ 
ters. The admittance of RI I IR2 at the input of the black 
box and that of L and C4 at the output is added to the yn 
and y22 elements of the Y matrix. 
Step 4: We again reconvert to Z matrix and add the reac¬ 

tance of Cl to the imaginary part of zn of the new Z matrix. 
Step 5: Again reconvert to Y matrix and accomodate the 

susceptance of CO inside the matrix. The circuit now 
reduces to that shown in Figure 7. 
Step 6: For the load to the right of Z-Z', the input imped-

anceis calculated as 

where, Az = z11z22 - z12z21 , ZL is the complex load imped¬ 
ance. Or, when the two-port is in terms of its y parameters: 

z _ l + y22ZL 
yn -AyZL

(8) 

where the y parameters are those of the final Y matrix. 
z _ l + y22ZL 

yn + AyZL

where Ay = yny22 - yi2y2r

<5) 

Circuit Reduction 
We proceed in the following manner to reduce the circuit 

to a single black - box configuration flanked at its output -
port by a complex load and by the crystal at its input port. 
Step 1: The capacitor C3 which is placed in shunt across 

the collector and emitter (Figure 4) has to be absorbed into 
the active device two-port black box. For this operation the 
capacitive susceptance of C3 needs to be added to the imagi¬ 
nary component of y22-

[Y]device+C3 (6) 

Negative Resistance 
A program was developed to reduce the oscillator circuit 

to the simplified form illustrated in Figure 7 and then cal¬ 
culate its input impedance. L and C2 values were chosen 
by trial for different frequencies and the input impedance 
calculated for capacitive variation provided by the tuning 
capacitors C4 and CO. All other component values remain 
unaltered with frequency. The y parameters of the bipolar 
2N918 for different frequencies are given in Table 1. 
In Table 2, the values of L and C2 selected for different 

oscillation frequencies are listed. 
The data input to the program consists of the relevant 

frequency-dependent y parameters, the values of L and 
C2, the operating frequency, and the values of C4 and CO. 
All other component values are retained unchanged. 
A load of 3.3 pF capacitance in series with a 10k resis¬ 

tance was taken for calculating the input impedance seen 
looking into 1-1' (Figure 3). In Table 3, data of input 
impedance versus C4 and CO values calculated for differ-

Figure 5. Result of adding shunt ele¬ 
ments, reflected in Y-parameters. 

Figure 6. Result of adding series ele¬ 
ments, reflected in Z-parameters. 

Figure 7. Two-port model of crystal 
oscillator 
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Your Key to 
High-Frequency 

Test freq. gie bie gre bre gfe bfe goe boe 
(MHz) mmho mmho mmho mmho 

5 1.45 1.0 -0.01 -0.08 95 -20 0.09 0.22 
10 1.45 1.0 -0.01 -0.08 95 -20 0.09 0.22 
20 2.5 1.5 -0.02 -0.1 80 -28 0.1 0.3 
35 2.5 2.3 -0.02 -0.3 65 -33 0.1 0.5 
45 3.0 3.0 -0.02 -0.4 57 -35 0.15 0.7 
70 3.5 4.5 -0.03 -0.5 46 -38 0.2 1.0 
100 4.8 5.2 -0.04 -0.8 38 -40 0.35 1.3 
120 5.0 6.0 -0.C4 -0.9 30 -40 0.4 1.6 

Table 1. Complex admittance (Y-parameters) for the bipolar 2N918 transistor 
at various frequencies. 
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• Instrument Driver Library -
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to control instruments from Anritsu 
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Test Development 
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test development environment 
- Graphical programming decreases 

test development time 
• LabWindows'/CVI - Interactive C 
development software 
- Integrated ANSI C programming 

tools 
• Features 
- Easy GPIB, VXI, and serial 

instrument control 
- Numerical analysis and data 

visualization 
- Built-in graphical user interface 

Production Test Automation 
• Test Executive - Test sequencing 
and report generation 

• SQL Toolkit - Database connectivity 
• SPC Toolkit - Monitor results and 
improve quality 

For more information on 
these products and a FREE 
catalogue, call (800) 433-3488. 
(U.S. and Canada) 

ent frequencies is available. 
The oscillator circuit under consid¬ 

eration falls into the “negative resis¬ 
tance” class. Conditions for oscilla¬ 
tion are found by evaluating the 
impedance at circuit plane 1-1'. The 
threshold of oscillation occurs when 
the impedance sum at plane 1-1' is 
zero. In effect the two conditions for 
oscillation are: 

1. The effective resistance of the 
crystal at resonance + resistive com¬ 
ponent of input impedance of the cir¬ 
cuit facing the crystal unit = 0. 

2. The reactance of the crystal + 
reactive component of input imped¬ 
ance of the circuit = 0. 

Typical values of resistance of a 
crystal (for a given crystal type) may 
vary from about 60 ohms for VHF 
crystals to about 500 k ohms for 
audio-frequency crystals. For reliable 
oscillations, the negative resistance 
looking into the oscillator circuit 
must easily exceed the maximum 
specified resistance of the crystal. 
The load capacitance specified for a 

parallel mode operation ranges from 
10 pF to 90 pF. Typically, most crys¬ 
tals are specified to operate with 30 
pF or 32 pF load capacitance. There¬ 
fore, a design criteria is that the 
input capacitance of the circuit facing 
the crystal unit should approximate-

Co 
pF 
C4 = lpF 

Rin 
Q pF 

C4 = 2pF 
Rin Cin

Q pF 

C4 = 3pF 

Rin 
Q pF 

04 = 4pF 
Rin Cin

Q pF 

C4 = 5pF 

Rin Cin 
Q pF 

C4 = 6pF 

Rin 
Q pF 

C4 - 7pF 

Rin 
Q pF 

C4 = 8pF 

Rm ^in 
Q pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-346.8 32.2 
-325.7 33.0 
-306.3 33.8 
-288.5 34.6 
-272.1 35.5 
-256.9 36.3 
-242.9 37.2 
-229.9 38.1 
-217.9 38.9 
-206.8 39.8 
-196.4 40.7 
-186.8 41.6 

-351.8 32.5 
-330.6 33.3 
-311.1 34.1 
-293.1 34.9 
-276.6 35.7 
-261.3 36.6 
-247.2 37.4 
-234.1 38.3 
-221.9 39.1 
-210.6 40.0 
-200.1 40.9 
-190.4 41.8 

-356.7 32.8 
-335.4 33.6 
-315.7 34.4 
-297.7 35.2 
-281.0 36.0 
-265.6 36.8 
-251.3 37.7 
-238.1 38.5 
-225.8 39.4 
-214.4 40.3 
-203.8 41.1 
-193.9 42.0 

-361.4 33.2 
-340.1 33.9 
-320.3 34.7 
-302.2 35.5 
-285.4 36.3 
-269.8 37.1 
-255.5 37.9 
-242.1 38.8 
-229.7 39.6 
-218.2 40.5 
-207.5 41.4 
-197.5 42.3 

-366.1 33.5 
-344.6 34.2 
-324.8 35.0 
-306.5 35.8 
-289.7 36.6 
-274.1 37.4 
-259.5 38.2 
-246.1 39.1 
-233.6 39.9 
-221.9 40.8 
-211.1 41.6 
-201.0 42.5 

-370.5 33.8 
-349.0 34.6 
-329.2 35.4 
-310.8 36.1 
-293.9 36.9 
-278.1 37.7 
-263.6 38.5 
-250.0 39.4 
-237.4 40.2 
-225.6 41.0 
-214.7 41.9 
-204.5 42.8 

-374.8 34.0 
-353.3 35.0 
-333.4 35.7 
-315.0 36.5 
-298.0 37.2 
-282.2 38.1 
-267.5 38.8 
-253.8 39.7 
-241.2 40.5 
-229.3 41.3 
-218.3 42.2 
-207.9 43.0 

-378.9 34.6 
-357.4 35.3 
-337.5 36.1 
-319.1 36.8 
-302.0 37.6 
-286.1 38.4 
-271.4 39.2 
-257.6 40.0 
-244.8 40.8 
-232.9 41.6 
-221.8 42.5 
-211.4 43.3 
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Co 
pF 

ct = lpF 

R,„ cto

Q pF 

C4 = 2pF 

Rin 
Q pF 

C4 - 3pF 

R.„ cm
a pF 

C4 = 4pF 

Rin Cin

G pF 

C4 = 5pF 

Rin Cin 
Q pF 

C4 = 6pF 

Rin 
Q pF 

C4 = 7pF 

Rin ^in 
Q pF 

C4 = 8pF 

Rin Cin 
Q pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-249.5 23.7 
-229.1 24.5 
-210.8 25.3 
-194.6 26.1 
-180.0 26.9 
-166.8 27.8 
-155.0 28.7 
-144.3 29.5 
-134.6 30.4 
-125.8 31.3 
-117.8 32.2 
-110.5 33.1 

-255.7 24.3 
-235.2 25.1 
-216.9 25.8 
-200.5 26.6 
-185.8 27.5 
-172.5 28.3 
-160.5 29.2 
-149.6 30.0 
-139.7 30.9 
-130.7 31.8 
-122.5 32.7 
-115.0 33.6 

-261.2 24.9 
-240.9 25.6 
-222.6 26.4 
-206.1 27.2 
-191.3 28.0 
-177.9 28.8 
-165.7 29.7 
-154.7 30.5 
-144.7 31.4 
-135.5 32.2 
-127.2 33.2 
-119.5 34.1 

-266.1 25.6 
-245.9 26.3 
-227.7 27.1 
-211.3 27.8 
-196.4 28.6 
-182.9 29.4 
-170.7 30.3 
-159.6 31.1 
-149.4 31.9 
-140.1 32.8 
-131.6 33.7 
-123.8 34.5 

-270.3 26.4 
-250.4 27.1 
-232.4 27.8 
-216.0 28.5 
-201.2 29.3 
-187.7 30.1 
-175.4 30.9 
-164.2 31.7 
-153.9 32.5 
-144.5 33.4 
-135.9 34.2 
-128.0 35.1 

-273.8 27.2 
-254.2 27.8 
-236.4 28.5 
-220.2 29.3 
-205.5 30.0 
-192.1 30.8 
-179.7 31.6 
-168.5 32.4 
-158.2 33.2 
-148.7 34.0 
-140.1 34.8 
-132.0 35.7 

-276.5 28.1 
-257.4 28.7 
-239.9 29.4 
-223.9 30.1 
-209.3 30.8 
-195.9 31.5 
-183.7 32.3 
-172.5 33.1 
-162.2 33.9 
-152.7 34.7 
-143.9 35.5 
-135.8 36.4 

-278.5 29.1 
-259.8 29.7 
-242.7 30.3 
-227.0 30.9 
-212.6 31.7 
-199.4 32.4 
-187.3 33.1 
-176.1 33.9 
-165.8 34.7 
-156.3 35.4 
-147.6 36.3 
-139.5 37.1 

Table 3. Impedance seen by crystal looking into the rest of the wideband 
oscillator circuit at various values of CO and C4. Each table is for a seperate 
operating frequency. From top to bottom, 6.4 MHz, 12.0 MHz. 

INFO/CARD 43 

56 December 1995 



How can you design 
RF hardware 

on a Macintosh? 
freq. L C2 
MHz pH pF 

6.4 5.6 4700 
12.0 3.4 4700 
20.0 1.98 470 
34.29 0.78 470 
45.454 0.78 47 
73.0 0.39 47 
104.0 0.16 47 
120.0 0.1 47 

Table 2. Component values for crys¬ 
tal oscillator at different frequencies. 

ly equal the specified crystal load 
capacitance. This implies that the 
crystal will operate in its inductive 
reactance region and resonate with 
the load capacitance. 

Results 
We see from the data shown in 

Table 3 that at all frequencies of 
interest, the negative resistance is 
greater than the 60 ohm maximum 
resistance of the VHF crystal when 
input (load) capacitance is in the 
vicinity of 30 pF. Reliable oscillations 
were verified at all these frequencies. 
The power output of the crystal oscil¬ 
lator measured at various frequencies 
was between -0.5 dBm to +3.4 dBm. 
There was a tendency for the circuit 
to oscillate at the second harmonic for 
crystal frequencies of 6.4 MHz and 
12.0 MHz. This problem was over¬ 
come by increasing the capacitance of 
C5 from 3.3 pF to 68 pF at these fre¬ 
quencies. 
The main purpose of providing the 

capacitor CO across the crystal is to 
vary by a few ppm the frequency of 

Co 
pF 

C4 = IpF 

Rin 
Q pF 

C4 = 2pF 

Rin Cin

Q pF 

C4 = 3pF 

Rin Cin 
Q pF 

C4 = 4pF 

Rin ^in 
Q pF 

C4 = 5pF 

Rin 
Q pF 

C4 = 6pF 

Rin 
Q pF 

C4 = 7pF 

Rin C in 
Q pF 

C4 = 8pF 

Rin 
Q pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-544.1 18.1 
-486.5 17.7 
-434.1 17.6 
-387.3 17.7 
-345.8 18.0 
-309.3 18.4 
-277.4 18.9 
-249.4 19.4 
-224.9 20.1 
-203.5 20.7 
-184.6 21.4 
-168.1 22.2 

-555.2 19.4 
-499.7 18.7 
-448.5 18.4 
-401.9 18.4 
-360.3 18.5 
-323.3 18.8 
-290.7 19.3 
-261.9 193 
-236.6 203 
-214.3 203 
-194.6 21.5 
-177.3 22.3 

-564.3 20.9 
-511.7 19.9 
-462.1 19.4 
-416.4 19.2 
-374.9 19.2 
-337.6 19.4 
-304.4 19.7 
-274.9 20.2 
-248.8 20.7 
-225.8 21.3 
-205.3 21.9 
-187.2 22.5 

-570.9 22.8 
-521.9 21.4 
-474.6 20.6 
-430.2 20.2 
-389.3 20.0 
-352.1 20.1 
-318.6 20.3 
-288.6 20.7 
-261.8 21.1 
-237.9 21.6 
-216.8 22.2 
-197.9 22.8 

-574.5 25.4 
-529.7 23.4 
-485.4 22.2 
-442.9 21.5 
-403.1 21.1 
-366.4 21.0 
-332.8 21.1 
-302.5 21.3 
-275.3 21.6 
-250.8 22.1 
-228.9 22.6 
-209.3 23.2 

-574.6 28.7 
-534.6 25.9 
-494.0 24.2 
-454.1 23.1 
-415.9 22.5 
-380.2 22.1 
-347.0 22.0 
-316.7 22.1 
-289.1 22.4 
-264.2 22.7 
-241.7 23.1 
-221.5 23.6 

-570.8 33.3 
-536.1 29.3 
-499.8 26.8 
-463.1 25.2 
-427.3 24.2 
-393.0 23.6 
-360.7 23.3 
-330.8 23.2 
-303.2 23.3 
-278.0 23.5 
-255.1 23.8 
-234.3 24.2 

-562.7 39.6 
-533.6 34.0 
-502.1 30.4 
-469.3 28.1 
-436.4 26.5 
-404.2 25.5 
-373.4 24.9 
-344.3 24.6 
-317.1 24.4 
-292.0 24.5 
-268.9 24.7 
-247.7 24.9 

Co 
pF 
C4 = IpF 

Rin 
ß pF 

C4 = 2pF 

Rin C in 
Q pF 

C4 = 3pF 

Rin Cin

Q pF 

C4 = 4pF 

Rin ^in 
Q pF 

C4 = 5pF 

Rin 
Q pF 

C4 = 6pF 

Rin Cin 
Q pF 

C4 = 7pF 

Rin Cin 
Q pF 

C4 = 8pF 

Rin Cin 
Q pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-184.6 33.7 
-173.9 33.0 
-163.7 32.5 
-153.9 32.2 
-144.6 32.1 
-135.9 32.2 
-127.7 32.3 
-120.0 32.5 
-112.8 32.8 
-106.2 33.2 
-99.9 33.6 
-94.1 34.1 

-182.2 36.5 
-172.4 35.5 
-162.9 34 9 
-153.8 34 4 
-145.2 34 2 
-136.9 34 0 
-129.1 34 1 
-121.7 34 2 
-114.7 34 3 
-108.3 34.6 
-102.2 34.9 
-96.5 35.3 

-178.9 39.8 
-170.1 38.6 
-161.5 37.7 
-153.1 37.0 
-145.1 36.6 
-137.3 36.3 
-129.9 36.1 
-122.9 36.1 
-116.3 36.2 
-110.0 36.4 
-104.1 36.6 
-98.6 36.9 

-174.8 43.8 
-167.0 42.2 
-159.2 41.0 
-151.6 40.1 
-144.2 39.4 
-137.1 38.9 
-130.2 38.6 
-123.6 38.5 
-117.3 38.4 
-111.4 38.5 
-105.7 38.6 
-100.4 38.8 

-169.8 48.6 
-162.9 46.6 
-156.1 45.1 
-149.2 43.8 
-142.6 42.9 
-136.1 42.2 
-129.7 41.7 
-123.6 41.3 
-117.8 41.1 
-112.2 41.0 
-106.8 41.0 
-101.7 41.1 

-163.9 54.4 
-158.0 51.9 
-152.0 49.9 
-146.0 48.3 
-140.1 47.1 
-134.2 46.1 
-128.5 45.3 
-123.0 44.8 
-117.6 44.4 
-112.4 44.1 
-107.4 44.0 
-102.6 43.9 

-157.2 61.5 
-152.2 58.4 
-147.0 55.9 
-141.8 53.8 
-136.6 52.2 
-131.5 50.9 
-126.5 49.8 
-121.5 49.0 
-116.6 48.4 
-111.9 47.9 
-107.3 47.6 
-102.9 47.3 

-149.6 70.2 
-145.4 66.4 
-141.1 63.3 
-136.7 60.7 
-132.3 58.6 
-127.8 56.8 
-123.4 55.4 
-119.1 54.3 
-114.7 53.3 
-110.5 52.6 
-106.4 52.1 
-102.4 51.6 

Co 
pF 
C4 = IpF 

Rin Cin 
Q pF 

C4 = 2pF 

Rin Ci, 
Q pF 

C4 = 3pF 

Rin Cin 
Q pF 

C4 - 4pF 

Rin Ci„ 
Q pF 

C4 = 5pF 

Rin Cin

Q pF 

C4 = 6pF 

Rin Cin 
Q pF 

C4 = 7pF 

Rin Cin 
Q pF 

C4 = 8pF 

Rin G., 
Q pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-1107.1 ♦ 
-1220.8 70.2 
-1067.8 8.3 
-792.8 5.8 
-555.6 5.6 
-390.9 5.9 
-282.2 6.6 
-210.0 7.3 
-160.7 8.1 
-126.1 9.0 
-101.1 9.9 
-82.5 10.8 

-962.9 • 
-1151.0 * 
-1123.7 14.1 
-902.9 6.3 
-654.6 5.3 
-463.7 53 
-333.2 6.4 
-245.8 7.1 
-186.4 7.3 
-145.0 8.6 
-115.3 9.5 
-93.4 10.4 

-807.3 * 
-1023.5 * 
-1117.9 98.8 
-1003.2 9.8 
-775.3 6.5 
-561.9 6.1 
-404.4 6.3 
-296.2 6.8 
-222.4 7.5 
-171.2 8.3 
-134.8 9.1 
-108.3 10.0 

-653.2 * 
-855.1 * 
-1025.9 ♦ 
-1050.1 25.3 
-902.7 8.7 
-690.9 6.6 
-505.8 6.3 
-369.9 6.6 
-275.2 7.2 
-209.4 7.9 
-163.0 8.7 
-129.5 9.5 

-511.5 * 
-673.0 ♦ 
-855.7 • 
-989.8 • 
-984.1 20.2 
-838.8 8.8 
-647.6 6.9 
-481.0 6.7 
-356.8 6.9 
-268.6 7.5 
-206.3 8.2 
-161.8 8.9 

-386.9 ♦ 
-501.8 ♦ 
-649.3 ♦ 
-811.9 • 
-932.1 * 
-935.4 24.4 
-815.6 9.8 
-645.1 7.5 
-488.3 7.0 
-366.9 7.2 
-278.5 7.7 
-215.0 8.3 

-282.9 ♦ 
-356.4 » 
-454.3 * 
-579.7 * 
-723.6 * 
-849.3 * 
-895.2 79.1 
-828.7 13.5 
-688.4 8.7 
-537.3 7.5 
-409.9 7.4 
-313.1 7.7 

-198.4 • 
-240.8 • 
-296.6 • 
-370.2 * 
-465.8 • 
-583.8 * 
-711.9 ♦ 
-814.7 * 
-842.3 50.4 
-775.1 13.5 
-648.2 9.1 
-512.2 7.9 

Table 3 continued. From top to bottom, 20.0 MHz, 34.29 MHz, 45.454 MHz. 
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Quartz Crystal Specifications 

Many textbooks have tutorial material on piezoelectricity 
and the theory of quartz crystal operation. Rather than 
duplicate that well-researched material, this note covers 
something rarely found in textbooks — how to specify a 
quartz crystal. 

There are four main parameters that control the charac¬ 
teristics of a crystal, as noted in the equivalent circuit 

for Figure A. These parameters are: 

• Cj The motional capacitance 
• Lj The motional inductance 
• Rj The equivalent series resistance (ESR) 
• Co The parallel capacitance resulting from the elec¬ 

trodes and crystal packaging 
• CL External load capacitance of the circuit 

Cj and Lj are interdependent, since they determine the 
resonant frequency of the crystal. If we know one of the 
parameters, we can readily compute the other if we know 
the series resonant frequency. 
Rj is the resistance determined by the motional (piezo¬ 

electric) behavior of the crystal. If it is too high, the crystal 
may not start oscillation. High ESR can mean poor crystal 
design, a defective crystal, or contamination in the manu¬ 
facturing. Typical ESR ranges for AT-cut crystals at vari¬ 
ous frequencies and modes are noted in Table 1. 

It is important to note that, although these are “equiva¬ 
lent” values, not actual resistors, capacitors and inductors, 
they behave exactly like those components in a circuit. 
Simulation of circuit behavior using computer modeling is 
readily accomplished using these values. 
Co is a physical capacitor, created by the electrodes plat¬ 

ed onto the crystal surface, along with some additional 
capacitance from the package. Generally, larger Co con¬ 
tributes to better pullability, which may be important in a 
phase-locked oscillator. Typical AT-cut crystals have Co of 
7 pF or less. High pullability requirements may include a 
specification for 9 or 10 pF. Too large a value, however, 
may amplify spurious responses and even cause the crys¬ 
tal to jump to a different mode. This jump is most likely to 
occur at oscillation start-up. 

If it is important to obtain a crystal with the minimum 
effects from oscillator circuit parameters, Co might be 
specified as low as 2 or 3 pF. The reduced external control 
over frequency also means greater stability in the pres¬ 
ence of changes due to temperature or component varia¬ 
tions. Small Co can also improve circuit stability by reduc¬ 
ing the potential for unwanted oscillations caused by Co 
resonating with stray inductance. 
For stability and pullability, C1 is also a factor. The ratio 

of C^Cj is a better indicator that Co alone in determining 
crystal “stiffness” in frequency. 
Finally, CL is the load capacitance of the user’s circuit. 

The crystal must operate at the right frequency in the 
intended circuit, so this value needs to be included in the 
crystal purchase specification. Either the crystal manufac¬ 
turer must make the device using the customer-supplied 

Figure A. Equivalent circuit of a quartz crystal, showing 
the four crystal parameters plus the load capacitance. 

value of CL, or the customer must adapt the circuit to 
accommodate a crystal with a standard value of CL. 
Mechanical and environmental specifications are also 

needed to select or purchase the desired crystal. Mechani¬ 
cal parameters include such things as case type, hermetic 
packaging, and physical dimensions. The case might be a 
standard HC-6/U or HC-49/U, or it might be a ceramic or 
plastic surface-mount package. The mechanical specifica¬ 
tions must be consistent with the electrical parameters; 
e.g., does the specified case use electrodes that permit the 
required Co? 
Environmental requirements are similar. Vibration, 

shock, and solderability are among the things that might 
be included in a crystal specification. Can they be achieved 
with the desired packaging? What testing is required to 
assure performance as required? 

Summary 
Crystal specifications can be summarized as follows: 

• Frequency 
• Fundamental or overtone mode 
• Package 
• Frequency at ambient, and over temperature range 
• Load capacitance or series resonance 
• Maximum ESR 
• Maximum or specific Co
• Drive level, test level and maximum 
• Aging requirements 
• Storage temperature 
• Environmental specifications 

HC-fi/U holder, 1-10 MHz ESR decreases with frequency 
from 500Q to 5O<2 or less 

HC-49/U holder, 4-25 MHz ESR decreases with frequency 
from 150Q to 20Q or less 

HC-49/U holder, 3rd overtone ESR in the range of 6012 
HC-49/U holder, 5th overtone ESR in the range of 75Q 
HC-49/U holder, 7th overtone ESR in the range of 125Q 

Table 1. Typical ESR values for AT-cut crystals in stan¬ 
dard metal packages. 
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VOLTAGE CONTROLLED 

25 to 1025MHz (+7dBm output) From 
It’s a fact! With Mini-Circuits new POS family of shielded, laser sealed 

voltage controlled oscillators, you pay less but get more... top notch 
quality, superior performance and value pricing. 
Features include wide-band models with near octave bandwidth and linear 

tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets. 
Excellent harmonic suppression, typically more than 25dB. RF power 
output typically +7dBm, excellent for driving level 7 mixers. Miniature size, 
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed 
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-19 17 11.95 
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-23 18 11.95 
-23 18 11.95 
-24 18 11.95 
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the oscillator. The effect of CO on 
input (load) capacitance (Table 3) is 
to be broadly interpreted bearing in 
mind the fact that a transistor (to the 
extent possible) tends to automatical¬ 
ly adjust its operating impedance to 
sustain oscillations. Hence the effect 
of CO variation on input impedance 
will not be as drastic as it appears 
from the calculated data. 

Conclusion 
At the very least, the article pro¬ 

vides an insight into the require¬ 
ments for oscillations. The analysis 
provided takes away the “conformal” 
approach to crystal oscillator design. 
It also provides a good starting point 
for choice of range of components 
(L,C) values for over a decade change 

of frequency. 
It is possible to study the contribu¬ 

tion of individual circuit elements to 
the generation of negative resistance 
in the circuit. It was found that the 
value of C2 (which forms the series 
feedback element) plays a major role 
in determining the magnitude of neg¬ 
ative resistance. For certain combi¬ 
nations of L, C2, C4 and CO, the 
input reactance is inductive (predom¬ 
inantly for 45.454 MHz and 73.0 
MHz). This is a condition that vio¬ 
lates the oscillation criteria. This can 
be overcome to some extent by reduc¬ 
ing the value of R3 (taking care to 
minimize the effect on DC quiescent 
conditions). 
At any particular frequency of 

interest, one can select component 

Co 
pF 
C4 = IpF 

Rin 

ß pF 

C4 = 2pF 

»in 
□ pF 

C4 = 3pF 

Rin Cin

ß pF 

C4 = 4pF 

Rin C* 
ß pF 

J4 « 6pF 

Rin 
2 pF 

C4 = 6pF 

Rin 
Q pF 

C4 = 7pF 

Rin ^in 
ß pF 

C4 = 8pF 

Rin Cin 
ß pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-383.4 * 
-422.1 ♦ 
-432.5 102.4 
-409.8 21.2 
-362.9 13.2 
-306.7 10.8 
-252.6 9.9 
-206.1 9.8 
-168.3 10.1 
-138.2 10.5 
-114.6 11.1 
-95.9 11.8 

-338.0 • 
-388.9 ♦ 
-423.1 * 
-427.8 60.9 
-400.6 19.1 
-351.8 12.7 
-296.0 10.6 
-243.5 9.9 
-198.8 9.9 
-162.5 10.2 
-133.7 10.6 
-111.0 11.2 

-281.5 ♦ 
-335.6 * 
-387.1 ♦ 
-422.7 • 
-429.0 67.2 
-403.0 19.5 
-354.5 12.8 
-298.4 10.6 
-245.3 9.9 
-200.0 9.8 
-163.3 10.1 
-134.1 10.6 

-217.1 • 
-264.4 * 
-319.0 ♦ 
-375.1 * 
-420.5 ♦ 
-439.3 733.3 
-423.2 24.3 
-378.4 13.7 
-320.7 10.8 
-263.6 9.8 
-213.9 9.6 
-173.5 9.8 

-150.6 ♦ 
-183.7 * 
-225.9 * 
-278.5 * 
-340.2 ♦ 
403.5 • 
452.2 * 
466.6 88.5 
439.0 18.2 
-381.5 11.5 
-314.8 9.5 
-253.1 9.0 

-88.3 • 
-105.7 ♦ 
-128.4 • 
-158.6 • 
-199.1 ♦ 
-253.5 ♦ 
-324.7 ♦ 
-411.1 ♦ 
-497.4 • 
-549.3 ♦ 
-534.5 19.9 
-461.0 10.0 

-35.2 * 
-40.6 * 
-47.3 ♦ 
-55.9 ♦ 
-67.4 ♦ 
-82.9 ♦ 
-104.8 * 
-136.7 * 
-185.5 ♦ 
-263.8 • 
-395.1 * 
-610.7 ♦ 

5.9 * 
7.1 ♦ 
8.6 ♦ 
10.4 ♦ 
12.7 ♦ 
15.6 ♦ 
19.3 ♦ 
24.2 * 
30.9 ♦ 
40.2 ♦ 
53.5 * 
73.5 * 

values (C1,C5,R3,C3 etc.) for opti¬ 
mum performance by ensuring: 

1. The negative resistance is 
greater than the equivalent crystal 
resistance. 

2. The input capacitance is near 
the crystal load capacitance value of 
30 pF 

3. Variation in input reactance for 
a small change in CO is not drastic 
(which is not the case in Table 3 at 
some frequencies). 
The analysis does not provide for 

estimating the power output of the 
crystal oscillator. 
Many design topologies of crystal 

oscillators whose performance is 
assured are available. However, the 
topology of the circuit analysed repre¬ 
sents a versatile arrangement whose 
performance over a wide range of fre¬ 
quencies gives good results and con¬ 
forms to theoretical expectations. 

Reference 
1. M.E, Frerking, Crystal oscillator 

design and temperature compensation, 
Van Nostrand, 1978. 

Co 
pF 
C4 = IpF 

Rin Cin 
ß pF 

C4 = 2pF 
Rin Cta

ß pF 

C4 = 3pF 

Rin 
ß pF 

C4 = 4pF 

Rin Cta 

ß pF 

C4 = 5pF 

Rin Ci» 
ß pF 

C4 = 6pF 

Rin C¡n 
Q pF 

C4 = 7pF 
Rin Ci,, 
ß pF 

C4 = 8pF 

Rin 
ß pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-196.8 59.2 
-187.6 31.0 
-173.8 22.3 
-157.4 18.4 
-140.3 16.5 
-123.8 15.5 
-108.6 15.2 
-95.1 15.1 
-83.3 15.3 
-73.2 15.6 
-64.5 16.1 
-57.0 16.7 

-194.3 213.9 
-189.8 48.9 
-179.8 29.0 
-166.1 21.8 
-150.3 18.4 
-134.1 16.7 
-118.6 15.9 
-104.3 15.5 
-91.7 15.5 
-80.6 15.7 
-71.0 16.1 
-62.7 16.5 

-188.1 * 
-188.9 155. 
-184.1 47.0 
-174.3 29.0 
-161.1 22.2 
-146.1 18.9 
-130.7 17.2 
-115.9 16.3 
-102.4 15.9 
-90.2 15.9 
-79.6 16.1 
-70.3 16.4 

-176.9 ♦ 
-183.3 * 
-184.6 204.: 
-180.5 52.1 
-171.7 31.3 
-159.5 23.5 
-145.4 19.8 
-130.7 17.8 
-116.4 16.8 
-103.2 16.4 
-91.2 16.3 
-80.6 16.4 

-159.4 ♦ 
-170.6 • 
-178.3 * 
-181.5 • 
-179.5 74.4 
-172.8 37.7 
-162.2 26.5 
-149.2 21.5 
-135.1 18.9 
-121.0 17.5 
-107.6 16.8 
-95.4 16.5 

-134.9 • 
-148.6 ♦ 
-161.4 ♦ 
-172.0 ♦ 
-178.8 ♦ 
-181.0 429.2 
-178.1 61.5 
-170.5 34.5 
-159.3 25.2 
-146.0 20.8 
-131.9 18.5 
-117.9 17.3 

-103.8 • 
-116.9 ♦ 
-131.2 • 
-146.0 ♦ 
-160.4 * 
-172.9 * 
-182.2 * 
-186.7 ♦ 
-185.6 83.8 
-179.1 38.3 
-168.1 26.1 
-154.3 20.8 

-68.4 ♦ 
-77.8 ♦ 
-88.8 ♦ 
-101.7 * 
-116.6 * 
-133.4 • 
-151.8 * 
-170.6 * 
-188.2 * 
-202.1 ♦ 
-209.8 ♦ 
-209.6 84.0 

Co 
pF 
C4 = IpF 

Rin Cin

ß pF 

C4 = 2pF 

Rin 
ß pF 

C4 = 3pF 

Rin C^ 
a pF 

C4 = 4pF 

Rin 
ß pF 

C4 = 5pF 

Rin Ci,, 
ß pF 

C4 = 6pF 

Rin 
ß pF 

C4 - 7pF 

Rin C^ 
Q pF 

C4 = 8pF 

Rin Cin 
ß pF 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-116.7 25.5 
-107.3 22.4 
-97.7 20.6 
-88.4 19.5 
-79.7 19.1 
-71.7 18.8 
-64.5 18.9 
-58.0 19.1 
-52.3 19.5 
-47.2 19.9 
-42.7 20.0 
-38.7 21.0 

-118.8 29.4 
-110.3 24.9 
-101.3 22.3 
-92.3 20.8 
-83.7 19.9 
-75.6 19.5 
-68.2 19.4 
-61.5 19.4 
-55.5 19.7 
-50.2 20.0 
-45.4 20.5 
-41.2 21.0 

-120.5 36.0 
-113.3 28.8 
-105.1 24.9 
-96.6 22.6 
-88.2 21.2 
-80.1 20.4 
-72.5 20.1 
-65.6 19.9 
-59.4 20.1 
-53.7 20.3 
-48.7 20.6 
-44.2 21.1 

-121.7 48.8 
-116.1 35.7 
-109.1 29.1 
-101.3 25.4 
-93.3 23.2 
-85.3 21.8 
-77.7 21.1 
-70.6 20.6 
-64.1 20.5 
-58.1 20.6 
-52.7 20.8 
-47.9 21.2 

-121.8 84.1 
-118.1 50.2 
-112.8 36.9 
-106.3 30.2 
-99.0 26.4 
-91.4 24.1 
-83.9 22.6 
-76.6 21.8 
-69.8 21.3 
-63.5 21.2 
-57.8 21.2 
-52.6 21.4 

-120.3 525.9 
-119.1 99 0 
-115.9 56 0 
-111.1 40.3 
-105.2 32.4 
-98.4 28.0 
-91.3 25.3 
-84.1 23.6 
-77.1 22.6 
-70.5 22.0 
-64.3 21.7 
-58.6 21.7 

-116.3 • 
-117.8 ♦ 
-117.4 160.1 
-115.2 71.8 
-111.3 47.6 
-106.1 36.6 
-100.0 30.7 
-93.3 27.2 
-86.4 25.0 
-79.6 23.6 
-73.0 22.8 
-66.7 22.3 

-108.5 ♦ 
-112.8 ♦ 
-115.7 ♦ 
-116.9 ♦ 
-116.3 135.7 
-113.8 57.1 
-109.8 45.8 
-104.6 35.9 
-98.4 30.3 
-91.8 27.0 
-85.0 24.9 
-78.2 23.6 

Table 3 continued. Impedance seen by crystal looking into the rest of the wide¬ 
band oscillator circuit at various values of CO and C4. Each table is for a seper-
ate operating frequency. From top to bottom, 73 MHz, 104.0 MHz, 120.0 MHz. 
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RF measurements 

Using a Vector Network Analyzer 
to Make Time-Domain Transmission 
and Reflection Measurements 

By Rob Frohne, Ph.D. 
Walla Walla College 

Time-domain reflection and trans¬ 
mission (TDR / TDT) techniques are 
useful for determining exactly where in 
a transmission line reflections are 
occurring, especially in broadband 
transmission systems with multiple 
reflections [1,2]. Usually a time domain 
reflectometer or the combination of a 
digital oscilloscope [3] and a pulse gen¬ 
erator is used to make these measure¬ 
ments. This paper explains how to 
transform frequency domain data col¬ 
lected with a vector network analyzer 
to obtain this time domain information. 
I also present actual results obtained 
with a Hewlett-Packard HP 4195A vec¬ 
tor network analyzer. 

A time domain reflectometer usually consists of a pulse generator [4] 
and a storage oscilloscope. They are 
connected to the source end of the 
transmission system under test as seen 
in Figure 1. The pulse generator sends 
a pulse of unit amplitude down the line; 
any change in impedance of the trans¬ 
mission line encountered by the pulse 
creates a reflected voltage that travels 
back toward the source. The sum of 
both voltages is monitored on the oscil¬ 
loscope. The time measured on the 
oscilloscope between the original pulse 
and the reflection is the time it takes a 
signal to traverse twice the distance to 
where the reflection occurred. If the 
signal velocity in the line is known, it is 
easy to determine the distance to the 
cause of the reflection. 
This distance is the signal velocity 

multiplied by half the time difference 
between the incident voltage pulse 
and the reflected voltage as measured 
on the oscilloscope. If the incident 
pulse is subtracted from the function 

Figure 1. Typical setup for performing time-domain measurements on a trans¬ 
mission system using a pulse generator and oscilloscope. 

displayed on the oscilloscope, the 
result is the time-domain reflection 
coefficient. It is also the inverse Fouri¬ 
er transform of the complex reflection 
coefficient (Su ) normally displayed on 
a vector network analyzer. Time¬ 
domain transmission measurements 
are made in a similar way. For these 
measurements the oscilloscope is 
placed at the load end of the transmis¬ 
sion line instead of the source end. 
The quantity measured on the oscil¬ 

loscope is called the time domain 
transmission coefficient, and it is the 
inverse Fourier transform of the com¬ 
plex transmission coefficient (S21 ) 
which can be also measured with a 
vector network analyzer. The method 
of this paper works equally well with 
either TDR or TDT measurements; 
however, the primary emphasis is on 
TDR measurements, and all experi¬ 
mental measurements presented are 
TDR measurements. 
The method described here uses the 

inverse fast Fourier transform (IFFT) 
to obtain the time domain transmission 

or reflection coefficients from the mea¬ 
sured complex frequency domain trans¬ 
mission or reflection coefficients. The 
data is transferred from the vector net¬ 
work analyzer using GPIB, or any con¬ 
venient method, to a computer having 
software to do an IFFT on the data and 
display the result. See Appendix B for a 
method of computing the IFFT using 
an FFT subroutine. 
There are so many different vector 

network analyzers and software pack¬ 
ages with these capabilities that I will 
not describe our data acquisition and 
computing environment here other 
than to say I used a Hewlett Packard 
HP 4195A vector network analyzer 
and a PC compatible computer run¬ 
ning MATLAB. 
The fast Fourier transform (FFT) 

and the IFFT are fast algorithms for 
computing the discrete Fourier (DFT) 
and inverse discrete Fourier trans¬ 
forms (IDFT). The DFT and IDFT are 
numerical methods for approximating 
the Fourier transform and inverse 
Fourier transform. To interpret 
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Figure 2. Reflection observed from open circuit at far end 
of a 6.43 meter transmission line. 
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Figure 3. Reflection observed from short circuit at far end 
of a 6.43 meter transmission line. 

results obtained by applying the IFFT 
to the data, the nature of these dis¬ 
crete approximations must be account¬ 
ed for. I discuss these theoretical 
notions below. Finally, I present some 
sample experimental results obtained 
from our setup. 

Computing and Interpreting Time 
Domain Transmission and Reflec¬ 
tion Coefficients 
One half the reciprocal of the highest 

measurement frequency, fh, is the 
smallest time increment discernable 
with this method. 

This time, T, is the time interval 
between points on the plot of the time 
domain reflection or transmission coef¬ 
ficient. The total amount of time 
viewed is this time increment, T, mul¬ 
tiplied by 2M-2, where M is the num¬ 
ber of positive frequency data points 
taken. To increase the observation 
time, increase M. It is recommended 

that M be made large enough so that 
all significant reflections arrive back at 
the source within (2M-2)T seconds. 
This avoids aliasing which causes 
reflections occurring later than 
(2M-2)T to appear as if they really 
occurred before (2M-2)T. If the polar 
plot of the complex frequency domain 
data appears very smooth, aliasing 
probably is not a problem. 
An important point to bear in mind 

when interpreting the results from the 
IFFT is that this numerical approxi¬ 
mation assumes that both time and 
frequency domain functions are peri¬ 
odic. The period of the time domain 
data is (2M-2)T seconds. Think of the 
time domain data obtained by this 
method as coming from a generator 
sending out a pulse every (2M-2)T sec¬ 
onds. The result of this periodicity in 
the frequency domain is that negative 
frequency components come directly 
after positive frequency components as 
shown in Table 1. 
Yet another thing to be aware of is 

leakage, also known as sidelobes. 

Leakage is the name given to the IFFT 
data that spills over into adjacent time 
intervals. It is due to truncation of the 
frequency domain function (chopping 
it off at the highest frequency measur¬ 
able on the vector network analyzer) 
and may sometimes be reduced by 
applying a Hanning or Hamming win¬ 
dow function to the data [5]; however, 
I found that these window functions 
seriously shifted the results away from 
theoretical predictions. 
For example, short circuit and open 

circuit terminations look very similar 
after applying either the Hanning or 
Hamming window functions to each. 
In addition, these window functions 
did very little to decrease the leakage. 
Therefore, windowing of the data 
before taking the IFFT is not recom¬ 
mended. One place leakage is appar¬ 
ent is at the end of a sample. The 
reflection, from an imperfect imped¬ 
ance match at the source end of the 
transmission system under test, leaks 
into the previous period, making it 
appear that there is a reflection arriv-
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Figure 4. Reflection observed from a capacitively terminat¬ 
ed (470 pF), 6.43 meter transmission line. 

Figure 5. Reflections from 6.43 m and 10.3 m pieces of RG-
58/U connected via a BNC connector and terminated in 50 Q. 
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ing at 2MT seconds even if there actu¬ 
ally is none. This is evident in all of 
the sample experimental results (Fig¬ 
ures 2 to 5). 
Since the time domain reflection and 

transmission coefficients are both real 
quantities, one can deduce from the 
positive frequency components of the 
complex reflection or transmission coef¬ 
ficients what the negative frequency 
components must be. The mathemati¬ 
cal details are given in Appendix A. 
The result, 

H(-n) = H*(n) (2) 

leads to this simple procedure. 
Set the start frequency of the network 

analyzer sweep to DC and the stop fre¬ 
quency to fh. The frequency range of 
many network analyzers doesn’t extend 
to DC. I used the 10 Hz frequency 
result, deleting the imaginary part of 
the data. You may need to employ your 
own ingenuity. 
Most FFT/IFFT algorithms require 

the number of data points to be a 
power of two (2m where m is a non¬ 
negative integer). To meet this 
requirement, collect an odd number, 
M = (2m +1), of data points. Insure 
that the first and last data points are 
entirely real numbers by deleting any 
imaginary parts. Take the complex 
conjugate of each of the M data points 
from the analyzer, reverse the order of 
this sequence of data, delete the first 
and last numbers and append it to the 
end of the original data sequence of M 
data points from the network analyz¬ 
er to yield 2M-2 = 2m+1 total points. 
This is the data on which to perform 

the IFFT. For example, see Table 1. 
The network analyzer gives the posi¬ 
tive frequency data (above the double 
line); the data for negative frequencies 
(below the double line) is derived from 
the positive frequency data as 
described above. The result of the IFFT 
is then plotted to make its interpreta¬ 
tion easier. 

Experimental Results 
Reflection measurements were done 

with terminations for which I knew 
the theoretical reflection coefficients. 
They were the open circuit, the short 
circuit, the capacitive load, the 
matched load and others. The HP 
4195A I used has an upper frequency 
limit of 500 MHz. This upper fre¬ 
quency limit results in a time resolu¬ 
tion of one nanosecond and a spacial 
resolution of the velocity factor of the 

cable multiplied by 15 centimeters, 
which is about 10 centimeters in RG-
58/u. I set M to 401 for the following 
tests. (The IDFT algorithm in MAT¬ 
LAB didn’t require the number of 
points to be a power of two, even 
though this is commonly the case, and 
the computations would have been 
faster if I had chosen it so.) The 
observation time was 800 nanosec¬ 
onds. No window functions were used. 

Open Circuit Termination 
A piece of RG-58/U, 6.43 meters 

long, with 50 ohm male BNC connec¬ 
tors on either end was connected to 
the network analyzer. The load end 
was left open-circuited. The results of 
the analysis are shown in Figure 2. 
The boundary condition at an open 
circuit requires that the current be 
zero making the voltage reflection 
coefficient equal to one. Cable loss 
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and leakage are reasons for the pulse 
being 0.6 instead of one. The ringing 
is a result of leakage or a high fre¬ 
quency resonance or both. Knowing 
the termination helps identify it as 
leakage in this case; in others it 
might not be so easy. A quick calcula¬ 
tion shows the signal velocity in the 
cable to be 0.65 the speed of light in a 
vacuum, which is close to the 0.66 
number specified by the manufactur¬ 
er. Note that there is a small second 
reflection coming from the first reflec¬ 
tion bouncing off the source and then 
off the load again. 

Short Circuit 
The load end of the same cable was 

connected to a BNC barrel which was 
in turn connected to a BNC short cir¬ 
cuit. See Figure 3 for the results of 
this experiment. The boundary condi¬ 
tion at a short circuit requires the 
voltage to be zero. This makes the 
reflection coefficient —1. Again cable 
loss, leakage, and the second reflec¬ 
tion are evident. The velocity factor 
can be calculated easily from this 
measurement also, and it agrees with 
that obtained from the open circuit 
termination measurement. 

Appendix A 
Computing the Negative Frequency 
Components of Reflection and 
Transmission Coefficients 

Capacitive Termination 
A 470 picofarad capacitor was used 

as the load termination for the 6.43 
meter cable. The results are shown in 
Figure 4. Originally the capacitor is 
uncharged and appears like a short 
circuit causing the initial -1 reflec¬ 
tion. The capacitor is charged by both 
the incident and reflected current 
pulses simultaneously at the instant 
the incident pulse arrives. It subse¬ 
quently discharges into the transmis¬ 
sion line yielding the exponential 
decay. Note that this exponential 
decay has a time constant of about 
Z0C as expected. Care was taken in 
this measurement to make the leads 
short on the capacitor. With standard 
one-inch leads on the capacitor, high-
frequency resonance behavior was 
very prevalent and looked similar to 
the leakage of the short- and open-cir¬ 
cuit terminations. 

BNC Connectors 
An effort was made to determine 

how small a disturbance in the imped¬ 
ance of the line could be detected. 
BNC connectors were selected as dis¬ 
turbances. The 6.43 meter cable was 
connected to a 10.30 meter piece or 
RG-58/U with a barrel connector. This 
second cable was terminated in a 50-
ohm load made up of a barrel connect¬ 
ed to a standard male 50-ohm BNC 
termination. The small disturbances 
from this splice and from the 50-ohm 
termination are easily seen in Figure The DFT, H(n), of h(k) may be 

written in terms of its even and odd 
parts: 

N-1 i2itnk 

H(n)=£h(k)e N (A1)

k=0 

líh f 2itnk ) = y h(k)cos —— 
k=o \ N y 

■ • Í 27tnk i -i y h(k)sin 
k=0 \ N ; 

= He(n) + iH0(n) 

where He(n) is the even part of 
H(n) and Ho(n) is the odd part of 
H(n). Since h(k) is a real function 

H(-n) = He(n) + iH0(-n) (A2) 
= He(n)-iH0(n) 

= H*(n) 

where H* (n) is the complex conju¬ 
gate of H(n). 

Appendix B 
Computing the IFFT using an FFT 
Subroutine 

This procedure is based on the 
relations: 

N _j i2nnk (Bl) 

h(k) = éS H(n)e N

N  n=0 

N _x i27mk 

h’fkUï H*(n)e N (B2) 
N  n=0 

Since h(k) is real 
The complex conjugate of the 

time sequence, h*(k), is recog¬ 
nized as 1/N times the DFT of the 
sequence H*(n). So to form the 
IFFT of a sequence H(n) whose 
IFFT, h(k), is real, take the com¬ 
plex conjugate of the sequence 
H(n), divide by N and then perform 
the FFT of H*(n)/N to get h(k_ . 

5. This demonstrates that the method 
is a practical way of investigating even 
very small reflections. It is also a testi¬ 
mony to the accuracy of the HP 4195A. 

Conclusions 
I have described a practical way to 

use a vector network analyzer and 
computer to make accurate TDR/TDT 
measurements. I have explained the 
IFFT technique used and included 
some hirsts on interpreting the results. 
I have presented sample measure¬ 
ments that illustrate the kind of 
results which may be obtained using 
the HP 4195A as well as some of the 
effects coming from the IFFT. 
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Frequency Synthesis, Robert Howald, 
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January 1995, p. 74. 
PLL With Additional Speed-Up Charge 
Pump, Bogdan Sadowski, January 1995, 
p. 83. 

Crystal Oscillator Compensation in a 
DDS/PLL Application, Francois Methot, 
January 1995, p. 88. 

Use Programmable Logic Devices to 
Enhance Phase-Locked Oscillator Perfor¬ 
mance, Larry Martin, October 1995, p. 30. 

Calculation of PLL Synthesizer Division 
Ratios to Optimize Close-In Phase 
Noise, R.S. Schneiderman, November 
1995, p. 62. 

General Purpose Software 
Software for Lumped Element Design, M. 

Saroja, February 1994, p. 60. 
RF Amplifier and Oscillator Design Using 

the UCFCAD Tools, Michael Rohery, 
Sam Richie, and Madjid Belkerdid, May 
1994, p. 78. 

Next Generation EM Simulator Provides 
Open and Packaged Environment Analy¬ 
sis, Peter Petre, Krishamoorthy Kotta-
palli, Ali Sadigh, and Todd Westerhoff, 
February 1995, p. 38. 

CircleX Program Analyzes S Parameter 

Data, Chris Buckingham, March 1995, p. 
64. 

Simulator Package Models a Spread Spec¬ 
trum System (Part 1), Stephen Kratzet, 
April 1995, p. 44. 

Linear Circuit Analysis Program Uses 
Two-Port Method, Dale Henkes, April 
1995, p. 66. 

Simulator Package Models a Spread Spec¬ 
trum System, Stephen Kratzet, May 
1995, p. 7. 

Program Aids Design of Coaxial and Wave¬ 
guide Oscillators, Roy C. Monzello, June 
1995, p. 62. 

Program Calculates Cascaded RF System 
Specifications, Brad Avants, July 1995, 
p. 74. 

Circuit Envelope Simulator Analyzes High-
Frequency Modulated Signals, Andy 
Howard, September 1995, p. 36. 

High Speed Analog 
& Digital Circuits 
Use Emitter Coupled Logic in Your RF Appli¬ 

cations, R.N. Mutagi, April 1994, p. 26. 
Digital IF Processing, Clay Olmstead and 
Mike Petrowski, September 1994, p. 30. 

Ultra Wide Band Analog Signal Processor 

Products, William W. Cheng, September 
1994, p. 42. 

Notes on High-Speed Digital Signals, Gary 
A. Breed, December 1994, p. 70. 

DSP Implementation of GFSK, GMSK and 
FQPSK Modulated Wireless Systems, 
Hongying Yan, Michael Soderstrand, 
Jorg Borowski and Kamilo Feher, June 
1995, p. 26. 

A PIN Switch and Attenuator Building 
Block, R.E. Ham, November 1995, p. 56. 

Industry Insight 
Why DSP Could Be the Key to Your Next 
RF Design, Andy Kellett, January 1994, 
p. 22. 

Fast Si, New Design Tools and Portability 
Demands Bring ASICs to RF, Andy Kel¬ 
lett, February 1994, p. 22. 

High Volumes, Accurate Designs Obtained 
with Advanced Test, Andy Kellett, 
March 1994, p. 28. 

Dealing with Signal Degradation, Andy 
Kellett, April 1994, p. 22. 

Miniaturization: Getting More for Less, 
Andy Kellett, May 1994, p. 32. 

RF Radiation Hazards, Andy Kellett, June 
1994, p. 24. 

Introducing RO4003. 
A new breed of high frequency circuit board material that 

fabricates like epoxy glass, but performs like PTFE. 

Technologies, Inc 

RF DESIGN CONSULTANTS 
TO THE 

WIRELESS INDUSTRY 
Expertise in: 
- RF Amplifier & System Design 
in Analog and Digital Technologies 

- Amplifier Linearization Techniques 
- Cellular, PCS/PCN &. Wireless 

The right properties. 
The right price. 

RO4003 laminate is rigid and 
tough like epoxy glass, with low 
Z axis expansion. Its low loss 
tangent makes it ideal for high 
frequency designs. At less than 
$8 per square foot in medium 
volume, 1 oz. ED 2 sides for 
0.020", you can afford to upgrade 
the performance of your design. 

From the right company. 
For 25 years, Rogers has been 

developing high frequency circuit 
materials for a wide range of 
applications. 

Call an Applications Engineer 
at (602) 961-1382, or send for data 
and free samples. 

ROGERS 
ISO 9002 Registered 

Local Loop Development 
- RF Booster, Repeater Systems 
- RF Passive Component Design 

Latest RF Software Tools 

h|raC«l»«¡«. IMS. tacita«.^ 
E-Mail: 00074S3197@mcimail.com 

6«, «eigorn W .132) 9 235 34 11 BIX: .(321 9 235 34 58 • tag tog H .(821 23 771 4092 BIX: .(82) 27 847 «9 
lokyo: Tel: .(81 ! 33 807 4430 FIX: .(81) 33 807 4319 • IO4OO3 is i kaM li (togas Corporation. 

Over 100 Years of Experience 
Quick. Turn Prototypes 

Cost/Size Reduction 
TDMA/CDMA Experience 

TRL Technologies 
2155 Stonington Ave. (Suite 218) 

Hoffman Estates, IL 60195 

TEL: 708-519-9690 
FAX: 708-519-9691 
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Antenna Technology Takes on the Chal¬ 
lenge of Wireless Applications, Gary A. 
Breed, July 1994, p. 24. 

RF Issues Help Fill FCC Dockets, Andy 
Kellett, August 1994, p. 26. 

Government and Industry Labs Advance 
RF Metrology, Andy Kellett, September 
1994, p. 28. 

Finding Marketshare Offshore, Andy Kel¬ 
lett, October 1994, p. 25. 

RF at Home on Cable, Andy Kellett, Nove-
meber 1994, p. 28. 

RF Distributors and Reps - Expertise is 
Part of the Bargain, Andy Kellett, 
December 1994, p. 24. 

PCS - Hardware Engineers Ready to Expe¬ 
rience Deja Vu, Andy Kellett, January 
1995, p. 34. 

Radio Engineering Education, Andy Kel¬ 
lett, February 1995, p. 24. 

Market Demanding Real Usefulness of RF-
Linked Data Devices, Andy Kellett, 
March 1995, p. 28. 

Antennas See Bigger Markets, Better 

FREQUENCY PRODUCTS 
ELECTRO DYNAMICS CRYSTAL CORP. 

Crystals 
• Microprocessor 
• Military Spec/QPL 
• Communication 
• Custom Crystals 

Oscillators 
• Hybrid Clock 
• TCXO 
• VCXO 
• Custom Oscillators 

9075 Cody Overland Park KS 66214 
Phone (800) EDC-XTAL Fax (913) 888-1260 
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RETURN LOSS BRIDGES 
FEATURES: 

5 watt power 
High directivity 
RF reflected port 
Replaceable pins 
Internal reference 
Rugged construction 

Return loss bridges from Eagle cover from .04 MHz to 3.0 GHz. A 
robust five watt power rating, unmatched in the industry, allows for 
versatile measurements. Optional replaceable center pins allow 
quick and economical repair of damaged connectors. Why pay more 
forbridges with fewer features than EAGLE? 

FREE APPLICATION NOTE: High Performance VSWR Measurements 

Mode s Availab e 
NUMBER FREQ RANGE DIRECT O/S Ratio PRICE 
RLB150B1 
RLB150N3B 
RLB150N5A 

.04-150 MHz 
5-1000 MHz 
5-3000 MHz 

>45 dB 
>45 dB 
>40 dB 

<0.5 dB 
<0.5 dB 
<1.0 dB 

$279.00 
$389.00 
$595.00 

^nGiF VOICE: (520) 204-2597 
FAX: (520) 204-2568 

PO Box 40 10 Sedona, AZ, 86340 

Design Tools, Andy Kellett, April 1995, 
p. 22. 

Cost Pressures Squeeze More Functions onto 
RF Chips, Andy Kellett, May 1995, p. 26. 

Manufacturers Track Markets with Agile 
Manufacturing Techniques, Andy Kel¬ 
lett, June 1995, p. 22. 

When Does It Make Sense to Build or Buy 
a Sub-Assembly, Andy Kellett, July-
1995, p. 24. 

High-End Test Equipment Reflects New 
Communications Activity, Andy Kellett, 
August 1995, p. 28. 

Labs Focus on Commercial Applications, 
Andy Kellett, September 1995, p. 24. 

More Radios in Consumers’ Shopping Bas¬ 
kets, Andy Kellett, October 1995, p. 29. 

Employers Seek RF Engineers with Specif¬ 
ic Job Skills, Gary A. Breed, November 
1995, p. 24. 

New Systems, New Regs Spawn New Test 
Equipment Opportunities, Andy Kellett, 
December 1995, p. 30. 

Integrated Circuits - General 
Transceiver Chip Simplifies GSM Cellular 

Design, Reynolds E. Jenkins, June 1994, 
p. 26. 

BiCMOS Process Offers Power, Performance 
and Cost Advanatages, Michael M. Sers 
and Bill Mack, August 1994, p. 30. 

Manufacturing Techniques 
Printed Circuit Board Considerations for 
Low Cosr Design, Gary A. Breed, Sep¬ 
tember 1994, p. 62. 

Initial Guidelines for Layout of Printed Cir¬ 
cuit Boards, Gary A. Breed, September 
1995, p. 54. 

An EMI Noise Reduction Technique, Kevin 
P. Slattery and James Garrison, October 
1995, p. 76. 

Miscellaneous Articles 
RF Expo West Program and Short Courses 

Schedule, February 1994, p. 67. 
Products on Display at RF Expo West, 
March 1994, p. 122. 

RF Design Wraps Up a 15-Year Anniver¬ 
sary Celebration, October 1994, p. 27. 

Orlando Show Features Timely Presenta¬ 
tions, New RF Products, November 1994, 
p.71. 

A GaAs FET Power Supply, G.W. Vath, 
January 1995, p. 36. 

RF Expo West Preview Section, January 
1995, p. 62. 

A Layman's Guide to RF, February 1995, 
p. 34. 

The IEEE 802.11 Standard Enables WLAN 
Market Growth, Gary A. Breed, May 
1995, p. 82. 

Low Dropout Current Source Protects Sili¬ 
con MMICs and Transistors, John V. 
Bellantoni, August 1995, p. 40. 

Electrolytic Grounding Solves Failures for 
Alyeska Pipeline, Betty Robertson, 
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December 1995, p. 32. 

Mixers, Multipliers and Dividers 
Designing Punch-Througn Varactor Diode 
Frequency Multipliers, Paul H. 
Williams, November 1994, p. 86. 

Image Reject and Image Canceling Mixers, 
Louis Pandula, April 1995, p. 60. 

Modulation/Demodulation 
Simulating a QPSK Modem, Don Miller, 

February 1994, p. 34. 
A First Introduction to Direct Sequence 

Spread Spectrum, Gary A. Breed, April 
1994, p. 48. 

A First Introduction to Frequency Hopping 
Spread Spectrum, Gary A. Breed, May 
1994, p. 64. 

Class-S High-Efficiency Amplitude Modula¬ 
tor, Frederick H Raab Ph.D. and Daniel 
J. Rupp, May 1994, p. 70. 

Open Loop Modulation of VCOs for Cord¬ 
less Telecommunications, Daniel E. 
Fague, July 1994, p. 26. 

A Fast Envelope Detector, Dominic J. Ciar-
dullo, July 1994, p. 34. 

An AM Detector Compatible with SSB-SC, 
Chase P. Hearn, July 1994, p. 44. 

A Direct Quadrature Modulator IC for 0.9 
to 2.5 GHz Wireless Systems, William H. 
Pratt, August 1994, p. 54. 

An Analog Phase/Frequency Comparator 
and BPSK Carrier Demodulator, Richard 
W.D. Booth, November 1994, p. 32. 

Oscillator Design 
The Series Resonant Oscillator, Albert 

Benjaminson, January 1995, p. 91. 
Analysis and Optimization of Oscillators 

for Low Phase Noise and Low Power 
Consumption, Ulrich L. Rohde and Chao-
Ren Chang, March 1995, p. 70. 

SPICE Techniques for Analyzing Quartz 
Crystal Oscillators, T. Kien Truong, Sep¬ 
tember 1995, p. 26. 

A Design Method for Coaxial-Resonator 
Oscillators, Danny Polidi, October 1995, 
p. 66. 

VCO Design Using Coaxial Resonators, Ed 
Henicle, Novemebr 1995, p. 50. 

A Versatile, Wideband Crystal Oscillator, 
R. Partha and Shanthi Krishnakumar, 
December 1995, p. 50. 

Phase Shifters/Matching 
Networks 
NPOLE Helps Design Phase-Shift Net¬ 

works, R. Dehoney, April 1994, p. 52. 
A New CAD Method for Narrowband 

Matching Circuits, Mihai Albulet, May 
1994, p. 52. 

Broadband Impedance Matching Methods, 
Thomas R. Cuthbert, Jr. Ph.D., August 
1994, p. 64. 

Broadband Impedance Matching - Fast 
and Simple, Thomas R. Cuthbert, Jr., 
Ph.D., November 1994, p. 38. 

RF Design 

Impedance Matching with a Smith Chart® 
Program for the Macintosh, Steve Sal¬ 
vage, January 1995, p. 44. 

Broadband Transmission Line Transformer 
Family Matches a Wide Range of Imped¬ 
ances - Part 2, Donald A. McClure, May 
1995, p. 40. 

Program Synthesizes Antenna Matching 
Networks for Maximum Bandwidth, 
Robert J. Dehoney, May 1995, p. 74. 

A Collection of Impedance-Matching-Network 
Design Equations and Programs, Antonio 

L. Eguizabal, November 1995, p. 88. 

Product Forum 
Crystal Filters, July 1994, p. 61. 
Spectrum Analyzers Gain Flexibility, 
August 1994, p. 77. 

Custom ICs and ASICs Provide Wireless 
Design Solutions, September 1994, p. 88. 

RFICs Exploding in Marketplace, October 
1994, p. 74. 

PC Based Instruments Gaining Ground, 
November 1994, p. 102. 

High Stability Ovenized Oscillator 
The SC10 10 MHz quartz oscillator uses an SC cut crystal to provide an 
extremely low aging rate, high thermal stability and very low phase noise. 
For the most critical frequency and timing applications, the SC10 is the 

ultimate solution. 

Grade 

Aging 

Thermal Stability (0-50° C) 

Phase Noise: 10 Hz 
100 Hz 
1kHz 

Operating Range 

Allan Variance (1 second) 

J 
<1x10'9/day 

<±2x10'9
<-120 dBc/Hz 
<-150 dBc/Hz 
<-155 dBc/Hz 
O°to5O°C 

<1x10'11

K 
<5x10’’°/day 

<±1x10‘9

<-125 dBc/Hz 
<-150 dBc/Hz 
<-155 dBc/Hz 
-10°to+60°C 

<5x10'12

A 
<2x10'10/day 

<±5x1O'10

<-130 dBc/Hz 
<-150 dBc/Hz 
<-155 dBc/Hz 
-2O°to+7O°C 

<2x1O’12

• SMD construction 
• Electronic and mechanical 
frequency tuning 

• +15 or +24 VDC operation 

• Pin, SMA, SMB or SMC 
connectors 

• Size: 2” X 2” X 4” 

• $250 base price for J grade 

(quantity of 100) 

STANFORD RESEARCH SYSTEMS 
1290-D Reamwood Avenue, Sunnyvale, CA 940&9 
TEL: (40Ô) 744-9040 FAX: (40Ô) 744-9049 
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Frequency Synthesizers Moving Up in the 
Wireless Marketplace, December 1994, 
p. 84. 

TCXO Market Grows as TCXOs Shrink, 
January 1995, p. 95. 

RF Power Amplifiers Move from Defense 
into Commercial Markets, February 
1995, p. 66. 

CAD/CAE Software Accelerates, Simplifies 
RF Design, March 1995, p. 80. 

RF Connectors see Changing Needs, April 
1995, p. 72. 

Continuing Education Serves a Changing 
RF Industry, May 1995, p. 116. 

Market Growth Calls for Versatile and 
Customized RF Signal Generators, June 
1995, p. 86. 

Developing Applications Drive Capacitor 
Market, July 1995, p. 82. 

Products Featured at RF Expo East, 
August 1995, p. 104. 

Robust Power Transistor Market Riding 
Wave of Emerging Communications Sys¬ 
tems, September 1995, p. 80. 

RF Filters Shrink While Market Grows, 
October 1995, p. 80. 

Customers Want Easy-To-Use RF Spec¬ 
trum Analyzers, November 1995, p. 108. 

Large-Volume Sales Prove GaAs RFICs Have 
Finally Arrived, December 1995, p. 74. 

Product Report 
Power Transistor Manufacturers Aim for 
New Markets, Gary A. Breed, January 
1994, p. 77. 

The RF Coupler: A 20th Century Work¬ 
horse, Ann Marie Trudeau, February 
1994, p. 69. 

Coaxial Cable Industry Copes with 
Changes, Ann Marie Trudeau, March 
1994, p. 129. 

Shielding Products Makers Wait for Elec¬ 
tronics Industry to Focus, Ann Marie 
Trudeau, April 1994, p. 58. 

Communications Test Equipment Copes 
with Myriad of Standards, Ann Marie 
Trudeau, May 1994, p. 85. 

RF CAD/CAE Companies Try a Variety of 
Approaches, Ann Marie Trudeau, June 
1994, p. 76. 

RF Systems 
Program Calculates Cascaded System 
Parameters, Raymond P. Meixner, 
August 1994, p. 72. 

A Low Cost Doppler Detector, Milton Luiz 

Gomez and Adirson Mauro da Silva, Jr , 
December 1994, p. 26. 

Test and Measurement 
Multipath Fading Emulation for Wireless 

Communications, Bent Hessen-Schmidt, 
January 1994, p. 42. 

The Flux-Gate Magnetometer: A Very Sen¬ 
sitive ELF Magnetic Detector, Peter Viz-
muller, January 1994, p. 24. 

Using RF Channel Simulators to Test New 
Wireless designs, Karl Fielhauer, Janu¬ 
ary 1994, p. 56. 

Portable Network Analyzers Troubleshoot 
Wireless Systems, Ken Harvey, April 
1994, p. 38. 

Novel Design for RF Power Meter, Larry 
Candell and Jeff Shultz, August 1994, 
p. 78. 

Quick Measurement of Unloaded Q Using a 
Network Analyzer, Ajay Asija and Ananad 
Gundavajhala, October 1994, p. 48. 

Dual Resonance Measurements Evaluate 
Unknown Coils, John Dunn, October 
1994, p. 54. 

Improve Measurement Accuracy With 
Bandwidth Related Factors in Spectrum 
Analysis, Morris Engleson, October 

High Quality ATTENUATORS 
ACCURACY, PERFORMANCE, LOW COST, DELIVERY... 

Manual Step Attenuators 

839 Manual Step Attenuator 

837 5012 DC-1500MHz 0-102.5dB 5dB Steps 
839 5012 DC-2000MHz 0-101dB IdB Steps 

1/839 5012 DC-lOOOMHz 0-22. IdB IdB Steps 
847 7512 DC-lOOOMHz 0-102.5dB 5dB Steps 
849 7512 DC-1500MHz 0-101dB IdB Steps 

1/849 7512 DC-500MHz 0-22. IdB IdB Steps 
860 5012 DC- 1500MHz 0-132dB IdB Steps 
865 60012 DC- 1 MHz 0-132dB IdB Steps 

72 

4550 Programmable Attenuator 

Programmable Attenuators 
4540 5012 DC-500MHZ 0-130dB lOdB Steps 
4550 5012 DC-500MHZ 0-127dB IdB Steps 

1/4550 5012 DC-500MHZ 0-16.5dB . IdB Steps 
4560 5012 DC-500MHz 0-3 IdB IdB Steps 
4580 5012 DC-500MHZ 0-63dB IdB Steps 

For price list and FREE catalog, contact: 

hay Elemetrics Corp. 
■■ 2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA 

TEL: (2011 628-6200 • FAX: (201) 628-6363 
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1994, p. 62. 
CAE Modeling of a Broadband Magnetic 

Field Sensor, Greg B. Gadja, Art 
Thansandote, and Dave W. Lecuyer, 
November 1994, p. 90. 

Low-Cost RF Network Analyzers Reduce 
Cost of Device Test, Susan Fisher, Janu¬ 
ary 1995, p. 53. 

Bridge Method for Measuring Intermodula¬ 
tion Distortion, Nina Krikorian, March 
1995, p. 30. 

Distortion Measurements Using the Spec¬ 
trum Analyzer, Morris Engelson, March 
1995, p. 38. 

Measurement Sweep Times During Con¬ 
ducted Emissions Testing, K.P. Slattery, 
May 1995, p. 86. 

Inexpensive Spectrum Analyzer IF Uses 
Switchable Filtering, David Tomanek, 
June 1995, p. 72. 

Synthesizer Reaches 3200 MHz for ATE 
and Communications, PTS' Engineering 
Staff, July 1995, p. 42. 

An Inexpensive and Easy to Fabricate Wide¬ 
band EMI Sniffer Probe, Frank Moriarty 
and Steve Petix, July 1995, p. 80. 

Test Setups for Measuring Intermodulation 
Distortion, Gary A. Breed, August 1995, 

p. 60. 
Phase Noise Measurements for Under 

$250, W.A. Suter, September 1995, p. 60. 
Oscillator Loaded-Q Measurement, Stanis¬ 

law Alechno, November 1995, p. 106. 
Using a Vector Network Analyzer to Make 
Time-Domain Transmission and Reflec¬ 
tion Measurements, Rob Frohne, Ph.D., 
December 1995, p. 62. 

Transmission Lines/Couplers 
Broadband Transmission Line Trans¬ 

former Family Matches a Wide Range of 
Impedances, Donald A. McClure, Febru¬ 
ary, p. 62. 

A Transformed Feedback Attenuator, Carl 
Zatl, March 1994, p. 94. 

Simulating Coupled Transmission Lines 
with Super-Spice, Krishnamoorthy Kot-
tapalli, May 1994, p. 42. 

Transmission Line Fundamentals, Andy 
Kellett, July 1994, p. 56. 

Transmitters/Receivers 
Receiver Basics - Part 1: Performance 

Parameters, Gary A. Breed, February 
1994, p. 48. 

Receiver Basics - Part 2: Fundamental 

Receiver Architectures, Gary A. Breed, 
March 1994, p. 84. 

An Algorithm For Combined Receiver Sam¬ 
ple Timing and Frequency Offset Esti¬ 
mation, K. Anvari, March 1994, p. 30. 

RF Receiver For a Bistatic Radar, Ramir 
De Porrata-Doria i Yague, Antoni Elias 
Fuste, and Javier Fernandez de Muni¬ 
ain, March 1994, p. 106. 

New UHF Receiver Architecture Achieves 
High Sensitivity and Very Low Power 
Consumption, Darrell L. Ash, December 
1994, p. 32. 

A Low Cost CDMA Transmitter Using the 
AX602 ASIC, Microcontroller and Mini¬ 
mal RF Circuitry, David J. Beal and Ger¬ 
ald J. Hill, February 1995, p. 26. 

A Low-Cost Return Path CATV Transmitter 
ASIC, Bill Xenakis, March 1995, p. 46. 

Using Wide Dynamic Range Converters for 
Wide Band Radios, Brad Brannon, May 
1995, p. 50. 

Designing an AM Receiver for Low Power 
Wireless Systems, Jim Wang, July 
1995, p. 28. 

System-Level Simulation Techniques for 
Competitive receiver Designs, Greg 
Stone, November 1995, p. 94. 

RF Design 

We make flawless printed circuit 
board prototypes for low and 
high frequency applications. 

f “ When I see it, 
' I’ll believe it” J 

WANNA SEE IT? 
CALL 1-800-279-5572 

Multi-layers, Quick-Turn or Exotics. 
Don't skip the prototype process when you 
need printed circuit boards on PTFE, 
Teflon, Duroid or GX laminates. 

SOUTHWEST CIRCUITS specializes in 
prototyping circuit boards for all 
MICROWAVE and WIRELESS applications. 
Our proprietary technologies and processes 
give us an edge over ordinary printed 
circuit board fabricators. 

AC & DC 

HELMHOLTZ COILS 

Shown: 
Biaxial 
Coil Set 

Engineered to 
economically meet 
your application 
requirements for 
high uniformity 
single or multi-axis 
electromagnetic 
field generation 
from the Nanotesla 
level (1 Nanotesla -
.00001 Gauss) to 
the Tesla level. 

Either just coils or 
a complete turn-key 
system, can be 

Make us prove it. Call Now. 
offered. 

TYPICAL APPLICATIONS 
• EMI/EMC Testing 
• Instrument Calibration 
• Magnetic Characterization 
• Susceptibility Measurements 

WALKER 
SCIENTIFIC INC. 

Rockdale Street 
Worcester. MA 01606 U.S.A. 

Tel: (508) 852-3674 / 853-3232 
Toll Free: 1-800-962-4638 

FAX (508) 856-9931 
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ffFproduct forum_ 

Large-Volume Sales Prove 
GaAs RFICs Have Finally Arrived 

This month’s Product Forum covers 
the GaAs integrated circuit market. 
Several manufacturers offer their opin¬ 
ion regarding the market and technolo¬ 
gy trends affecting this market seg¬ 
ment. 

ITT GTC RF IC Products 
ITT GTC serves the rapidly growing 

wireless industry through RF IC 
product sales to OEMs and wafer 
sales to Alpha Industries and RF 
Micro Devices. Since we shipped our 
first RF wafer in March 1990 and our 
first RF IC products were introduced 
in February 1994, this product line 
has become our largest source of 
sales. We have responded to this 
growing demand by increasing our 
capacity in September 1995 via a 
$400,000 expansion to our clean room 
and implementing a four-shift, 24 
hour a day, seven day a week contin¬ 
uous operation in our wafer fab. 
ITT GTC predicts RF ICs will 

become more popular as designs of 
hand held consumer products find that 
their time to market can be reduced by 
eliminating the efforts needed to 
design and stabilize discrete circuit 
implementations. Our RF IC power 
amplifier products offer significant 
savings over hybrid modules and have 
been selected in many cost reduction 
redesigns 

Anadigics 
The market for GaAs ICs is fast 

approaching $1B and is expected to 
grow to nearly $2B by the year 2000. 
GaAs ICs are no longer the technology 
of the future and are widely used 
today in satellite and cable TV, cellu¬ 
lar, GPS, and telecom/datacom fiber¬ 
optic links. ANADIGICS is actively 
supplying high volumes (>1.5M per 
month) of GaAs ICs to most of these 
markets. 
The continued growth of the wire-

less-terminals markets, coupled with 
the trend towards lower voltage, high¬ 
er frequencies small size/increased 
portability, and digital standards 

Housed in plastic packaging and 
selling for under $5.00 each, GaAs 
ICs like this 1 W power amplifier from 
TriQuint Semiconductor are being 
designed into wireless devices des¬ 
tined for the cost-conscious con¬ 
sumer market. 

should provide tremendous growth 
opportunities for GaAs ICs since these 
all play to the strengths of GaAs ICs. 
ANADIGICS is already a proven sup¬ 
plier of GaAs ICs to the cellular phone 
market, having already shipped more 
than 2 million ICs. 
Today, GaAs IC manufacturers are 

fully aware of the need to make their 
products cost effective and user 
friendly. ANADIGICS has recently 
released a single-supply GSM power¬ 
amplifier IC which provides the ease-
of-use of a hybrid power-module, but 
with better performance, and at a 
price which is competitive with low-
cost discrete solutions. 

Oki Semiconductor 
The Personal Communications Ser¬ 

vices (PCS) market will hit the ground 
running in 1996. PCS will increase the 
demand for high-performance, power¬ 
efficient GaAs RF products in 1996. 
Moreover, Oki Semiconductor expects 
output of PCS handheld units to reach 
30,000 units per month by the end of 
the first quarter, 1996. The market for 
PCS applications will consume more 
than 20 million GaAs RF components 

by 1997. Oki expects these trends to 
continue through the remainder of the 
decade. 
Growth of the PCS market will be 

driven by a need for longer talk times 
and longer standby times for end 
users, and increased miniaturization. 
High-efficiency, high-performance, 
low-power, low-cost and high-integra¬ 
tion are inherent in Oki’s design and 
manufacturing philosophy. 
Oki recently introduced the first 

complete 3V solutions for PCS. Its new 
KGF1606 and KGF1608 power ampli¬ 
fiers, and its KGF1262 driver amplifi¬ 
er, operating from 850 MHz to 2.4 
GHz, represent the latest additions to 
Oki’s existing high-performance, high¬ 
ly integrated 3V GaAs RF solutions for 
PCS. Oki will follow up these initial 
3V product offerings with several new 
power-efficient products throughout 
1996 and beyond. 

TriQuint Semiconductor 
Wireless markets are growing wild¬ 

ly. Wireless telephones, both mobile 
and cordless, are changing people’s 
expectations about how they live their 
lives. If so, a whole new industry is 
developing, with its own business 
cycles, just as did computers, televi¬ 
sion, and even the telephone itself. It 
is quite likely that the next down-turn 
in the “electronics industry” will not 
affect wireless telephone suppliers. 
Commercial GaAs has both perfor¬ 

mance and price to supply RFICs for 
LNAs, mixers, and PAs. Many engi¬ 
neers wisely use a technology in its 
natural place, without listening to the 
“technology ideologues”. TriQuint has 
“commercialized” GaAs: low cost, in 
plastic, reliable and repeatable. 
TriQuint supplies to wireless tele¬ 

phony in two ways: 1. with catalog 
products optimized for those frequency 
ranges, and 2. with manufacturing and 
manufacturing engineering services for 
people wanting to design their own 
RFICs. In both cases, TriQuint is a vol¬ 
ume supplier - production-oriented 
and commercial. RF 

74 December 1995 



GaAs 

SWITCHES 
$030 

DG2GHz Immediate Delivery from (1000 qty.) 

Finally! A line of SPDT absorptive, reflective and transfer switches that 
appeals to your technical side, and business side as well! It’s 

Mini-Circuits GaAs switches.. .providing outstanding performance 
features such as very high isolation (up to 60dB), superfast 3nsec 

switching speed and excellent compatibility with surface mount 
soldering techniques. Additionally, the entire series is built 

extremely tough and is immediately available from stock with a 
1 week shipment guarantee. At only $2.95 (qty. 10), this 

top-of-the-line vaue is priced with your bottom line in mind! 
To order; call or Fax Mini-Circuits with your requirements today. 

Mini-Circuits...we’re redefining what VALUE is all about! 

Model No. 

MSW-2-20 
(Reflective) 
MSWA-2-20 
(Absorptive) 
MSWT-4-20 
(Transfer) 

Freq. 
(GHz) 

DC-2.0 

DC-2.0 

DC-2.0 

Insertion 
Loss ® 
dB (max.) 

1.8TX® 
2.0 RX @ 

1dB 
Comp. ® 
dBm (typ.) 

In-Out 
Iso. ® 
dB (typ.) 

+24 

+27 

+28 TX® 
+27 RX@ 

Price 
Sea. 

(qty.10) 

2.95 

3.45 

3.95 J 

® Midband, 500-1000MHz ©Transmit ©Receive 

All Units: SOIC 8pin Package 
Actual Size 

Antenna 

TRANSFER 

£□ Mini-Circuits* 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (71 8)332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCTS DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. f174 Rev a 
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IN STOCK REDESIGN SEMINAR SERIES 

100W 100MHz to 500MHz 40dB GAIN 

Other modules available 
4W to 700W 

5MHz to 500MHz 

CALL 1-800-986-9700 

FAX 1-408-986-1438 

TT1 Silicon Valley 
- -1 P O W ER 

AMPLIFIERS 
The RF People 

529 B FORMAN DR., CAMPBELL, CA 95008 
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CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 
2215 Faraday Avenue, Suite A 

Carlsbad, California 92008 
TEL (619)4384420 
FAX (619)4384759 

Call for Papers 
RF Design Seminar Series 

April 24-26, 1996 — Las Vegas, Nevada 

Papers are invited for the second RF Design Seminar Series event, 
to be held in conjunction with the giant International Wireless Com¬ 
munications Expo (IWCE). If you have been looking for an opportuni¬ 
ty to attend the premier mobile radio, cellular and PCS trade show, 
and you have a valuable engineering contribution for our program 
(especially in the area of mobile communications] this is the place! 

Suggested Topics 
Technical presentations on any RF topic are encouraged, with spe¬ 
cial attention given to papers on recent engineering developments 
in components and techniques for applications of current interest: 

Cellular • PCS • ESMR, 
WLAN • unlicensed systems, 

RFID • IVHS • LEO 
Digital Modulation • Antennas & Propagation 

Communications System Design 

Proposals should indicate whether the paper will require one-half 
hour or one hour for presentation, including a question-and-answer 
period. Papers may cover engineering design or analysis, testing, 
development case histories, or tutorial material. 

Presenter Benefits 
All speakers and poster session participants receive free admission 
to the technical papers program, exhibits and a copy of the Pro¬ 
ceedings. In addition, all presenters will be given discounts on class 
fees for the short courses offered at this event. Your contribution 
to the program is appreciated! 

Send a one or two paragraph abstract by January 8, 1996 to: 

Gary Breed, Editor 
RF Design 

6300 S. Syracuse Way 
Suite 650 

Englewood, CO 80111 
Tel: (303) 220-0600 
Fax: (303) 267-0234 

Future Seminar: 
Wakefield, MA — October 21-23, 1996 

The RF Design Seminar Series — A Unique Learning Environment for RF Engineers 

INFO/CARD 59 
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OSCILLATEK 
AI DOVER) TECHNOLOGIES COMPANY 

620 N. Lindenwood Drive • Olathe, Kansas 66062 
FAX (913) 829-3505 • Phone (913) 829-1777 

10.0 MHz SATCOM/BASE STATION TCXO’s 
Stabilities to ±0.1 PPM! ±1 x 10'9/second Peak to Peak 

Oscillatek has introduced an entire family of 10 MHz TCXO’s designed to bridge the gap between OCXO’s 
and TCXO’s. These parts have been optimized for excellent short-term stability and LOW AGING. With over 
100,(XX) units produced and units in constant production we can offer LOW PRICE and QUICK DELIVERY. 

6024-XX 6099 -XX 
STABILITY OPTIONS 

-01 0° to +70°C 
-02 0° to +70°C 
-03 0° to +70°C 
-04 -40° to +85°C 
-05 -55° to +85°C 
-XX 

10.0 MHz SINEWAVE 
6099-XX 
±0.2 PPM 
±0.5 PPM 
±1.0 PPM 
±1.0 PPM 
±1.5 PPM 

6024 - XX 
±0.1 PPM 
±0.3 PPM 
±0.5 PPM 
±1.0 PPM 
±1.0 PPM 

CALL FOR OTHER OPTIONS 

ALAN VARIANCE: 

-01 
-02 thru -05 

±1 x 10 '° at tau = 1 second 
±2 x 10 ° at tau = 1 second 

AGING: 

6024-XX 

-01 thru -02 

-03 thru -05 

<0.2 PPM/year 
<1 .0 PPM/10 years 
<0.5 PPM/year 
<2.0 PPM/10 years 

< 0.25 PPM/year 
<1.5 PPM/10 years 
< 0.5 PPM/year 
<2.5 PPM/10years 

PHASE NOISE: 

6099-XX 

1 = OUTPUT 
2 = + 12 VDC 
3 = CASE 
4 = CASE 
5 = GND. CASE 

Pin Dia. = .030 
+12.0 VDC ±5% Input 

-100 dBc at 10 Hz 
-130 dBc 100 Hz 
-150 dBc 1.0 KHz 
-155 dBc >10.0 KHz 

+6.5 to +10 dBm Output into 50Q 

6079 -XX 10.0 MHz HCMOS 

STABILITY OPTIONS AGING/YEAR 

6079 -01 0° to +70°C ±0.2 PPM 
6079 -02 0° to +70°C ±0.5 PPM 
6079 -03 0° to +70°C ±1 .0 PPM 
6079 -04 -40° to +85°C ±1 .0 PPM 
6079-05 -55° to +85°C ±1.0 PPM 
6079 -XX CALL FOR OTHER OPTIONS 

10 YEARS 

±1.5 PPM 
±1.5 PPM 
±2.0 PPM 
±2.5 PPM 
±2.5 PPM 

SHORT TERM and ALAN VARIANCE PER ABOVE 

+12.0 VDC ± 5% INPUT HCMOS 15mA Max 

VOLTAGE TRIM +0.5 to +4.5 VDC Positive Slope 

Pin Dia. = .030 

OSCILLATEK WELCOMES YOUR CUSTOM SPECIFICATIONS 
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TELECOM PRODUCTS, FUJITSU MICROELECTRONICS, INC. FUJITSU 

jxPOWER! 
PRESCALER ABOVE IGHz 

Single Modulus - w/LAN - 2.4GHz MB506 

Single Modulus - 1.6GHz MB505-16 

Dual Modulus - 2.3GHz MB508 

Dual Modulus - 1.6GHz MB507 

Dual Modulus - 2.7GHz MB510 

Dual Modulus - 2.0GHz MB517 

PRESCALER BELOW .5GHz 

Dual Modulus MB504 

Dual Modulus, Low Current MB504L 

Dual Modulus, Low Voltage MB504LV 

IGHz SUPER ANALOG DEVICES 
GSM, CT-2, AMPS, CDPD, UHF TUNER 

Prescaler & VCO MB551 

Mixer MB531 

Double Functions : LNA/Mixer 

: Dual AMPs 

MB54501 

MB54502 

High Power Amp MB54503 

l/Q Modulator MB54609 

Demodulator MB537 

lGHz-2GHz SUPER ANALOG DEVICES PCN/PCS 

Low Noise Amp MB539 

l/Q Modulator MB54619A 

2.5GHz SUPER PLL (Single Chip PLL & Prescalei 

Single Divider MB1508 

MB1518 

Small Package (SSOP) MB1515 

Low Current MB1517 

MB15E06 

1GHz PRESCALER 
AMPS, CT-2, GSM, CDPD, ARDIS, MOBITEX, W/LAN 

2.0GHZ SUPER PLL (Single Chip PLL &Prescalei 

Single Modulus MB511 

Dual Modulus, Low Current MB501L 

Dual Modulus, Low Voltage MB501LV 

Dual Modulus, Super Low Current MB501SL 

Dual Modulus, Power Saving MB509 

Super Low Current & Analog Switch MB1507 

Small Package (SSOP) MB1506 

Preferred New Designs 

For Digital Radio Systems MB1517 

Low Current MB1517 

MB15E05 
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ELECOM PRODUCTS, FUJITSU MICROELECTRONICS, INC. FUJITSU 

5GHZ SUPER PLL (Single Chip PLL & Prescaler) SAW Filters continued 

-ow Current & Wide Operating Voltage MB1504 
MB1504L 
MB1504H 

Super Low Current & Analog Switch MB1505 

Dual PLLs & Wide Operating Voltage MB15A19 
MB1519 
MB1514 
MB 1509 

GHZ SUPER PLL (Single Chip PLL & Prescaler) 
.MPS, CT-2, GSM, CDPD, ARDIS, MOBITEX 

Low Current & Wide Operating Voltage MB1501 
MB1501L 
MB1501H 

Super Low Current & Analog Switch MB1502 
MB1502H 
MB1503 

Dual PLLs & Wide Operating Voltage MB1510 

Small Package (SSOP) MB1511 
MB1512 

’referred New Designs 

For Digital Radio Systems MB1516A 
MB15A16 

For General Purpose MB15A01 
MB15A02 

Dual PLLs MB15B01 
MB15B03 
MB15B11 
MB15B13 

JAW Filters 

Part Number Standard Use 

F5CB-836M50-G201 AMPS-1 36/1 S-95 Tx 

F5CB-881 M50-G201 AMPS-1 36/1 S-95 Rx 

F5CB-881 M50-G211 AMPS-1 36/1 S-95 Rx 

F5CB-888M50-G201 ETACS Tx 

F5CB-933M50-G202 ETACS Rx 

F5CB-933M50-G212 ETACS Rx 

F5CB-902M50-G201 NMT/GSM Tx 

F5CB-947M50G-201 NMT/GSM Rx 

F5CB-947M50-G211 NMT/GSM Rx 

F5CB-911 M50-G201 NTACS Tx 

Part Number Standard Use 

F5CB-933M50-G201 NTT Tx 

F5CB-878M50-G201 NTT Rx 

F5CB-836M50-L2AA AMPS/IS-136/IS-95 Tx 

F5CB-836M50-L2AZ AMPS/IS-136/IS-95 Tx 

F5CB-888M50G201 AMPS/IS-136/IS-95 Tx 

F5CB-902M50G201 AMPS/IS-136/IS-95 Rx 

F5CC-933M50-L2BA NTT Tx 

F5CC-878M50-L2CA NTT Rx 

F5CC-888M50-L2CA ETACS Tx 

F5CC-933M50-L2CB ETACS Rx 

F5CC-911 M50-L2DA NTACS Tx 

F5CC-856M00-L2DB NTACS Rx 

F5CC-902M50-L2EA NMT/GSM Tx 

F5CC-902M50-L2EZ NMT/GSM Tx 

F5CC-947M50-L2EB NMT/GSM Rx 

F5CC-947M50-L2EY NMT/GSM Rx 

F5CC-947M50-L2EX NMT/GSM Rx 

F5CC-897M50-L2KA E-GSM Tx 

F5CC-942M50-L2KB E-GSM Rx 

F5CC-942M50-L2KY E-GSM Rx 

F5CC-950M00-L2FA PDC Tx 

F5CC-820M00-L2FB PDC Rx 

F5CC-915M00-L2JA 900 MHz ISM Tx/Rx 

F5CC-915M00-L2JZ 900 MHz ISM Tx/Rx 

F5CC-935M00-L2LA 2-Way Pager Tx/Rx 

F6CC-1G4410-L2ZA PDC 1.5GHz Tx 

F6CC-1G4890-L2ZB PDC 1.5GHz Rx 

F6CC-1G6190-L2ZN PDC 1.5GHz Lo 

F5CE-1G7475-L2YA DCS 1800 Tx 

F6CE-1G8425-L2YB DCS 1800 Rx 

F6CE-1G8800-L2XA PCS(US) Tx 

F6CE-1G9600-L2XB PCS(US) Rx 

F6CE-2G4500-L2WA WLAN(US) 

Fujitsu Microelectronics, Inc. 

3545 North First Street, San Jose, CA 95 134-1804 
Literature Requests: 1-800-642-7616 
Technical Support: 1-800-866-8608 
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DragonWave 7 Key Features 
Powerful features won't save you time, unless they're easy to use. 

Circuits 

Integrated Reports 

It’s as easy as choosing a symbol from the palette and clicking in the window. 
Interconnections are made by dragging from one node to another. 
Arbitrarily complex topologies with up to 99 external nodes — unlimited internal nodes. 
Supports full Macintosh interface: cut, copy, paste, clear, and undo. Even option-drag. 
Rotate groups of elements and retain all interconnections. 
Set parameters for more than one element at a time. 
Name each element; then show names and parameters on schematic. 
Any circuit can be a subcircu t — with user-defined parameters! 
Open multiple circuits. Five levels of zooming. Mix in text and pictures. More..._ 

gõ] 
Reports contain text, pictures, schematics, tables, and plots — exceptional data sheets 
All calculations update automatically when you modify the circuits 
Save reports and open them as templates: substitute new circuits for originals 
Each object in the report remains fully editable 
Tables and plots can: 
show complicated expressions combining calculations from different circuits 
show calculations as a function of any one OR TWO user-defined variables 
show calculations with different sweeps. Sweeps can be log or linear 
be tuned (i.e. leave a copy graph or column each time you change a parameter) 
store their formats as data sheets which can be reused with different circuits 

EDS 
Decoupler Report 

Columns: Tuning - 1 dB - on Width - 1 in Decimals - 3 

IE 

Data Libraries 
Create data elements with 1 to 32 ports 
Data can be a function of any variable or equation 
Store data in intuitive, nested-folder libraries 
Convert between grounded port configurations 

Plots 
Smith charts, XY plots, and polar plots 
Zoom in by dragging a rectangle 
Shows coordinates of cursor 
Autoscale to show all graphs 
Smith chart shows admittance circles 

Calculations 
Full nodal noise analysis. Matrix reduction for maximum speed 
Each part of a circuit is recalculated ONLY when necessary — save up to 99% on time 
Calculates S, Y, Z, spot noise, stability, group delay, VSWR, input impedances, ... 
Or make your own using DragonWave's output equations 
Robust gradient and random optimizers 
Optimize any number of variables, elements, substrates 
Goals can be any calculation, including output equations over sweeps of any variable 

Element Parameters 
Element and substrate parameters can be constants, variables or expressions 
Includes library of real and complex functions 
Use our data function to look up parameters as a function of any value_ 

Element Libraries 
Complete library of lumped and distributed models 
Microstrip and stripline discontinuities and coupled lines 
Waveguide, coplanar waveguide, coaxial cable 
Voltage-current converters, transformers 
Wire and ribbon, coupled coils 
1 to 32 port data elements 
Convert transmission lines from one kind to another 
Create your own elements with ElementBuilder™ 

Nedrud Data Systems 
220 Versailles Drive 

Melbourne Beach, FL 32951-3434 

Tel/Fax: (407) 984-1405 

DragonWave is a trademark of Nedrud Data Systems • Macintosh is a trademark of Apple Computer. Inc. 
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Iff marketplace 
Classified display ads are available at $125 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 1-800-443-4969, ask for Shannon Shuman. Or fax your ad 
copy for a rate quote to (770) 618-0342. 

RF ENGINEER_ 
Tegal Corporation is worldwide leader in the development 

and manufacture of plasma etch *ystems for the semicon¬ 

ductor industry and winner of Semiconductor Internation¬ 

al’s 1994 Editor’s Choice for Best Product Tegal is locat¬ 

ed just north of San Francisco in beautiful Petaluma, CA. 

This position is responsible for ail aspects of the RF Sys¬ 

tem - including design, development modification imped¬ 

ance metering and evaluation of jarts and compo¬ 

nents. 

Qualified candidates will have a BSEE degree with 3-5 

years equipment/circuitry experience. Previous related RF 

communications or semiconductor industry experience 

preferred. Demonstrated competence in all functional 

areas is a must 

Tegal offers an excellent working conditions. This is an 

excellent opportunity for the right candidate to join a 

challenging, progressive and innovative company. For 

consideration, please send your resume along with salary 

history to: Tegal Corporation, Attn: PJL, P.O. Box 6020, 

Petaluma. CA 94953-6020. Fax (707)765-93 11. Weare 

an Equal Opportunity Employer. 

COMMUNICATIONS 
RF DESIGN 

Executive and Technical Openings 
Throughout the United States 

Lanni Johnson, CPC 

OF ALBUQUERQUE, INC. 

505-262-1871 
FAX 505-268-4954 

Excel of Albuquerque, Inc. 
excelalb@ix.netcom.com 
1700 Louisiana NE, Suite 210 

Albuquerque, New Mexico 87110 

- lOWA^/MIOWEST -
MIDWEST OPENINGS 
RI COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 
B.SVM.S., 2 to 8+ years experience, base band to 3.0 GHz. in any of 
the following: Receivers. Transmitters. Power Amplifiers, Synthe¬ 
sizers. Spread Spectrum. RF AS1C/MMIC Design. Modems. Com¬ 
munications DSP. Desire strong analytical skills and experience in 
RF circuit simulation using RF CAE tools. Multiple openings with 
top commercial companies in attractive Midwest locations. Reply 
with assured confidentiality to: 

DON GALLAGHER MSEE 
Gallagher & Associates 

1145 Linn Ridge RD. MT. Vernon. IA 52314 
Phone: 319-895-8042 Fax: 319-895-6455 

RI Inginrvnng Rerun mg for MidweM Client» Since IW7 

YOUR FUTURE STARTS NOW! 

KEY CAREER OPPORTUNITIES FOR QUALIFIED 
R.F. ENGINEERS, NETWORK ENGINEERS 

SYSTEMS ENGINEERS, TECHNICAL MANAGERS 

MIXTEC GROUP 

LEADERS IN EXECUTIVE SEARCH 
Phone:(619)773-0717 • Fax:(619)862-9207 

The Continuous Electron Beam Accelerator Facility 

RF ENGINEER 
(Position #AR 3120) 

Cellular Engineers: Design/Develop RF and analog circuits for high capacity cellular systems. Requires minimum of 2 
years experience in any of the follovung DSP. ASIC Design. CAE Development. Digital Modulation, Digital Mobile Communi¬ 
cations, Channel Equalizers, Transm tter-Receiver-Synthesizer or Audio Design, Digital Signal Processing. 

Wireless Engineers 
RF Design Engineers: Design of Si RF-ICs tor wireless communication applications (AMPS DAMPS. GSM, DECT. POS) 
Si RF-IXC design experience in the 400-2400 Mhz: fast RF PLL synthesizer design experience; RF 
receiver/transmitter/design expenence using Si bipolar and MOS technologies 

RF Small Signal and RF Power l MP System Engineers: Requires detailed technical knowledge of cellular and PCS 
systems with expenence designing IF XMTRS and RCVRS Need 5+ years' related experience in RF 

Design Engineer Communications Cs: Requires B.S.E.E. (MS.E E. preferred) and 5* years experience Individual will be 
responsible for leading the design and characterization of high frequency transceiver ICs for wireless communications 
applications. Design includes circuí integration of baseband, converter and RF/IF circuitry. 

MMIC Engineer: Develop L/S band GAA's MMIC power amplifiers for commercial wireless 
communications Requires: M.S or BSEE. +2 years experience with GAA's MMIC design, sim¬ 
ulation packaging and test.. 

RF Eng neer: Design RF portions of digital video home terminals (set top boxes) in new Video 
Entertarment Systems now under development. The engineer will be responsible for the 
design jf the RF receivers (tunersytransmrtters The engineer will join a growing team develop¬ 

ing a ine of low-cost, high volume terminal for a variety of interactive video services 5-900 Mhz 

RF MODEM ENGINEER: Requires BSEE/MSEE and 8+ years' experience with responsi¬ 
bility for the design of cable modems Experience with QPSK and 64 QAM modems. 

digital modulators and demodulators, high-volume consumer products 

¿áá I D COMMUNICATIONS & I I ■■ EXECUTIVE SEARCH 

871 Turnpike St. • North Andover. MA 08145 

We specialize h the placement of wireless, RF, microwave communications. 

FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627 

The Continuous Electron Beam Accelerator Facility is seeking a senior electrical engi¬ 

neer for a position in the Radio Frequency group. The group is responsible for the 

design and maintenance of the linear accelerator RF control system that includes low 

power receiver technology and high power transmitter technology. The person will 

be responsible for the design, development and implementation of various subsys¬ 

tems of the RF system. Designs may include RF and microwave systems for both 

control and diagnostics. Incumbent will develop system specifications based on 
requirements, documentation. CEBAF and industry standards. Individual will provide 

job direction to junior engineers and technicians and communicate with accelerator 

physicists and other engineers to improve performance of the RF system. Individual 

will work to insure that designs and requirements comply within the guidelines of the 

CEBAF EH&S policies. Other duties may include test and measurement of the RF 

system, design of portable RF pulser, upgrade of existing RF control components, 

design of RF control system for an FEL driver, and design of receivers for accelerator 

diagnostics. 

The minimum qualifications for this position are: BS Degree in Electrical Engineering 

(MS preferred) and 5 to 15 years of applicable experience and or an equivalent com¬ 

bination of education, experience and specific training. Incumbent must have a thor¬ 

ough background in RF and microwaves and have a working knowledge in at least 

two of the following areas: control systems, receiver design signal processing or 

high voltage. In addition, the individual must be able to communicate on a high level 

with accelerator physicists and engineers. Individual should be able to demonstrate 

continuous technical growth through, education, publications or patents. 

The salary range for this position is $48,600 - $96,400. We are located near Colonial 

Williamsburg and the Chesapeake Bay. For prompt consideration, please send 

resume and salary history to: CEBAF, ATTN: Employment Manager, 12000 Jefferson 

Avenue, Newport News, VA 23606. Please specify position number and job title 
when applying. 

Proud to Be An Equal Opportunity, Affirmative Action Employer 
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Career Opportunities 

WIRELESS ENGINEERING OPPORTUNITIES 
with MOBILE SYSTEMS INTERNATIONAL 

Mobile Systems International (MSI) currently has engineering positions open for RF and Network engineers. MSI is a world class company 
with a reputation for providing high quality advanced consulting support to telecommunications, PCS/PCN. ESMR. Cellular, and Paging 
operators, as well as other wireless system operators worldwide. MSI offers a wide range of services covering CDMA, GSM, 1S-54 
TDMA, AMPS, MIRS, Paging, and other wireless technologies. Typical services provided to our customers include: 

Radio, Signaling, and Network System Planning and Design 
Technology and Vendor Selection 
New Technology Integration 
Strategic and Management Consultancy 

System Dimensioning 
System Design Audits 
System Performance Monitoring 
Technical Training 

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but to also work with a group of highly 
qualified and experienced engineers. At MSI our engineering team takes pride in holding themselves to the highest engineering standards. 
Applicants should possess a BSEE or MSEE degree with a minimum of 1 year experience in the wireless engineering industry, and must be 
innovative as well as highly detail and results oriented. Excellent presentation and technical writing skills are also required. Other useful 
skills include knowledge of DOS and UNIX operating systems, microwave engineering, networking of wireless communications systems 
including GSM, IS-4 1 and SS7, development of RF propagation models, traffic engineering, and knowledge of antenna and receiver design 
principles. Travel may be required. 

We at MSI are committed to further expanding our RF and Network engineering consultancy by the addition of experienced, well qualified 
wireless engineers. Engineers are needed in our Chicago, Dallas, Atlanta and Washington DC offices as well as other customer locations 
throughout North and South America and Asia. If you are a highly motivated engineer who meets the above mentioned qualifications MSI 
is the career move you are seeking. Please send your resume in strictest confidence to the address below. MSI is an equal opportunity 
employer. 

Mobile Systems International 
Personnel Department 
One Lincoln Centre, Ste 200 • Oakbrook Terrace, IL 60181 

Fax: (708)261-3028 

R.F. ENGINEERS: NATIONWIDE ENGINEERING 

R.F./CELLULAR/WIRELESS/PCN/PCS 
CDMA/TDMA/SPREAD SPECTRUM/VSAT 
MANAGEMENT POSITIONS AVAILABLE 

Respond to: CTH, Ltd. 
440 Harlem Av. - Glenview, II. 60025 

Ph. 708/657-0102 Fax 708/657-0061 
email <cth@ais.net 

X\í*vetek 

RF Design is 
THE PLACE 

to REACH PRIME 
PROSPECTS -

more than 40,000 readers who 
are design and R&D engineers, 

engineering managers and 
corporate staff in the military, 
aerospace, communications and 

electronics industries. 

For rates and closing dates, call 
Shannon Shuman at (770) 618-0217 

or fax to (770) 618-0342. 

Wavetek CATV/Communications Division, a division of Wavetek Corporation, is a world leader 
in communication test equipment offering state-of-the-art test equipment for new and evolving 
markets. These high profile positions are excellent opportunities for energetic, enthusiastic 
and self-confident individuals whc desire to contribute to a highly motivated team in an 
entrepreneurial environment. 

RF/SBJIOR RF ENGINEER 
Will perform RF circuit and system design simulation up to 1 GHZ including PLL’s, mixers, 
VCO’s. modulators, demodulators, amplifiers and AGC systems. Strong communications theory 
background desired. Requires minimum BSEE (MSEE preferred) with experience in complex RF 
circuit and svstem design. Minimum of 5 years hands-on design experience or equivalent. 

SENIOR LEVEL DIGITAL/SOFTWARE ENGINEER 
Will perform system architecture design, digital design, and software design in embedded/real 
time systems. C language and Motorola processor experience desired. BSEE or MSEE and 
minimum 3 vears experience. 

SOFTWARE ENGINEER 
Will perform system design and structured software design in embedded/real time systems. C 
language and Motorola processor experience desired. BSEE or MSEE and minimum 3 years 
experience. 

MANUFACTURING ENGINEERING MANAGER 
Will lead a team of engineers dedicated to developing and maintaining manufacturing processes 
in a high mix, low volume environment. Requires BS degree in EE or ME (EE preferred) or 
equivalent and 5 years experience in an electronics manufacturing environment including SMT 
experience and team management. 
In addition to providing a challenging and rewarding experience. Wavetek offers a competitive 
salary and benefit package. Qualified candidates may send resume to: Wavetek, 5808 
Churchman Bypass, Indianapolis. IN 46203 or fax to: 317-788-5999, Attn: H.R. 

Wavetek is an Equal Oppottunity/Affinnative Action Employer._ 
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BEEB ES 

SENIOR RF 
DESIGNER 

At Motorola, our ideas puí h the limits of 
global communications, Ps what we're good 
at. Our wireless commun cations interests 
span software and hardware, devices and 
systems. For you, this means an opportunity 
to shore a vision unlike any in our industry. 
Currently, we are seeking a Senior RF 
Designer to be a resident expert in Radio 
design, and to lead a small group of RF 
designers. 

Successful candidates wil have o BSEE, MS a 
plus, and 10+ years' experience as a Senior 
Engineer involved in new product develop¬ 
ment. You must be experienced in UHF, 800, 
and 900 Mhz transmitter and receiver design 
and be familiar with miniaturization and 
modern reflow process opabilities. Design 
experience must include very low current 
drain receivers, ZIF, duo conversion, Froc N, 
and PEL circuits. 

Motorola offers a competitive salary, a 
comprehensive healthcare package and an 
excellent array of benefits. Please send your 
resume and cover letter to: Motorola Inc., 
Human Resources, RF1 195, 19807 Northcreek 
Parkway N., Bothell, WA 98011. No phone 
calls pleose. Equal Opportunity Employer. 

AT&T BELL LABORATORIES 

RF ENGINEERS 
SYSTEMS ENGINEERING AND PERFORMANCE ANALYSIS 

MOTOROLA 
Wireless Data Group 

Help us create an 
“any service, anytime, 
anywhere” world 

AT&T Bell Laboratories is the world’s premier industrial research and development 
entity. Our unparalleled record of scientific breakthroughs has created technology 

products and services that have transformed the way people work and live. 

We work closely with AT&T’s many product business units to ensure that breakthroughs 
move into the marketplace at lightening speed and that each new product and service reflects 
leading edge technology. Our current work in the wireless area includes PCS networks and 
pocket-sized “smart” devices that will provide global “anywhere, anytime” communications 

over the next generation. We are committed to maintaining our leadership position in 
wireless technologies - and anticipate tremendous growth in this sector of our business. 

AT&T’s Network Wireless Systems organization is aggressively seeking RF Engineers for 
challenging positions in its AMPS Systems Engineering Department in Whippany, NJ. As a 
member of team of gifted professionals, you will plan, design and support the RF system 

engineering aspect of wireless radio networks. Assignments will include working directly with 
customers to ascertain specific requirements; carrying out characterization and performance 
evaluation studies of TDMA, CDMA, microcell and PCS wireless systems; analyzing the 

performance of experiments and trial data; guiding and providing input to system 
requirements; and RF design/engineering. 

Positions require an MS or PhD in Electrical Engineering or the equivalent and a strong 
background in communications system analysis including practical understanding of system 
level margins and tradeoffs. RF cellular engineering experience is highly desirable. Selected 
candidates will work in a team environment and interface with customers to ensure the 

successfill deployment of wireless networks and optimized performance. 

For consideration, send your resume to: 
AT&T Bell Laboratories, Employment Manager 

Dept. 843/5649/95, 600 Mountain Avenue 
RO. Box 636, Murray Hill, NJ 07974 

An equal opportunity employer 

=AT&T 

G 

PCS/PCN/CELLULAR/CDPD 
RF/HW/SW/FW/DSP 
Terminals/Systems 

ITZPfiTRICK & HSSOCIRTE5 

® 16540 East Ashbrook Dr. • Fountain Hills, AZ 85268-2832 
E-Mail: FITZPAT@ix.netcom.com 

FAX: (602) 956-7644 

(800) 443-4969 

RF Design 

SUNBELT OPPORTUNITIES 

• BSEE Director RF Wireless Comm. Product Design . to 9OK 
• BSEE Section Head RF Wireless Comm. Product Design. to 75K 
• BSEE Group Leader RF Wireless Comm. Product Design . to 65K 
• BSEE SR RF Design - Receive/Synthesize/VCO, or Power Amplifier.to 60K 
• BSEE RF/Microwave Antenna Systems Test Engineer. to 70K 
• BSEE RF Product Support Engineer. to 55K 
• BSEE SR Mechanical Design/Packaging Engineer . .to 60K 
• BSEE SR Component Engineer RF or Digital SMT Design . to 60K 

^-o-r-t-u-n-e 
PERSONNEL CONSULTANTS OF RALEIGH, INC. 
P.O. Box 98388R • Raleigh, NC 27624-8388 
Phone: 919-848-9929 • Fax: 919-848-1062 

< Stan Deckelbaum 
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Discover the 
IDEAL PLACE TO TAKE 

YOUR CAREER. 

One of the most exciting career challenges can be found in one of the most rewarding 
places. Itron, an innovator in the design and development of advanced data acquisition, 
management and communication systems, is enjoying the kind of consistent success that 
creates excellent career opportunities for motivated professionals. 

We have opportunities available at our Manufacturing and Design Center in Minneapolis, 
MN and Waseca, MN and our corporate headquarters in Spokane, WA 

PROJECT MANAGER - Minneapolis, MN 
You will lead the development team implementing new ancVor derivative designs of RF 
modules, schedule, budget and monitor performance of the development and insure design 
reviews are held and product development process is followed. Requires a BSEE/ME or 
equivalent, 7+ years relevant experience, and knowledge of Microsoft Project. Demonstrated 
project leadership skills, strong technical knowledge of RF microprocessors, and ASIC 
design or equipment design experience necessary. Excellent communication and supervi¬ 
sory skills a must. 

ANTENNA ENGINEER - Minneapolis, MN 
You will design, develop and characterize antennas for high volume, RF Data Acquisition 
modules Requires a BSEE and 5+ years experience in antenna engineering. Knowledge of 
portable electronics antennas with a value added emphasis is preferred. Experience in 
antenna characterization, FCC site certification and near field measurements is desired. 

RF/MICROWAVE ENGINEER - Waseca, MN - Spokane, WA 
You will be responsible for maintenance of the current high volume module line and work 
with manufacturing in determining greatest impact projects. Requires a BSEE. and 3+ 
years experience in RF/Microwave design. Experience in sustaining engineering w th 
knowledge of EESOF simulation tools, high volume design experience and application 
of statistics to design is preferred 

RF/MICROWAVE ENGINEERS - Minneapolis, MN 
You will design and develop discrete and integrated RF sections interfacing to equip¬ 
ment technology which includes microprocessors, ASICs, sensor devices and antennas 
Requires a BSEE or equivalent, and 3+ years experience in RF/Microwave desist. 
Knowledge of PLEs, synthesizers, VOCs etc. desired. Knowledge of ESSOFsimulation 
tools, high volume design experience and application of statistics to design is pre¬ 
ferred. 

RF/MICROWAVE TEST ENGINEER - Minneapolis, MN 
You will developand refine automated RF/Microwave test methodologies for product 
characterization, production test, system test and FCC Certification. Requires a BSEE, 
5+ years experience in RF/Microwave test, and strong knowledge of RF test equip¬ 
ment. Knowledge of Labview or HP Vee preferred, experience in FCC certification 
testing desired 

FIRMWARE ENGINEER - Minneapolis, MN 
You will develop embedded code for RF transmitters, transreceivers and system 
analysis. Requires a BSEE. and 5+ years experience in embedded firmware devel¬ 
opment. Experience in 80C51, COPPS88, 286 and C++ preferred. 

QUALITY ENGINEERS - Spokane, WA and Waseca, MN 
Requires a BSEE or equivalent science/engineering degree and a thorough under¬ 
standing of digital and analog electronics, electronic components and their associ¬ 
ated manufacturing process and Statistical Data Analysis Techniques. Certified 
Quality Engineering Certificate and experience with design for manufacturing nec¬ 
essary. RF experience desired. 

In return for your contributions, we provide a competitive compensation and bene¬ 
fits package Please mail, fax or email your resume to Carole V. Moore, Itron Inc, 
2818 N. Sullivan Road, Spokane, WA 99216. FAX: (509)891-3355. E-mail: 
resume@itron.com Principals only. Equal Opportunity Employer. 

For more information on Itron, please visit our Homepage at: http7Avww.itron.com 

84 

American Nucle¬ 

onics,a small pro¬ 
gressive, wholly 
owned subsidiary of 

AIL Systems, Inc. has 

consistently provided 
the military with ad¬ 

vanced RF Inter-ference 
Cancellation hardware and 

subsystems for 30 years. Our 

continued success in the mili¬ 
tary market has now expanded 

into the commercial market 

SR RF DESIGN ENGINEER 

BS degree with minimum of 5 years 

experience. A solid background in RF 
design and analog is required to deter¬ 
mine optimum design to fit customer 

requirements. Responsible for specifications, 
design and development of interference can¬ 
cellation hardware. Broad knowledge of 

VHF/UHF RF circuits, PLL and closed loop 
systems are a necessity. Analytical capability is a 
plus. 

A salary and benefit package designed to attract 

top quality candidates is offered. Please submit 
resumes to: 

Ms. CA Falco 

Human Resources Department 

American Nucleonics Corporation 
695 Hampshire Road 

Westlake Village, CA 91359 

EOE/M/FA//D 

Not All High-Tech 
People Qualify 
To Be On An 
Argus List. 

Rent the circulation file of 
this publication for your 

direct mail needs. For our 
complete catalog, call Kristin 

at (770)618-0479. 
ARGUS 
BUSINESS LISTS 

December 1995 



We’re Reaching 
Higher Everyday 

In the rapidly-evolving world of telecommunications, Motorola 

Cellular continues to introduce pioneering product innovations. 

For more than two decades, we have been revolutionizing the wire¬ 
less world by aggressively redefining the direction of personal com¬ 

munications. In the process, we have achieved impressive growth and a 

solid record of measurable accomplishments. 

Through extensive investments in research, development and talent, we 
have established ourselves as leaders in wireless semiconductor, communications 
and radio-frequency technologies. Now, as we lead the industry into the 21st 

century, we’re offering the following outstanding opportunities. 

RF Engineers 
Integrated Circuit 

Design Engineers 

Process Engineers 

Software Engineers 

Manufacturing Engineers 

• Test Engineers 

Design Engineers 

Electrical Engineers 

Systems Engineers 

Cellular Field Engineers 

Marketing Product Managers 

Motorola provides an excellent salary, comprehensive benefits, 401(K), profit sharing and room for 

advancement. Mail or fax resume to: Motorola Cellular, Dept. PGN-RFD, 1501 W. Shure Drive, 

Arlington Heights, IL 60004. Fax: 708-632-3873. Motorola’s philosophy has always been “Dedication 

to Quality and Leadership Technology”. Motorola is an equal opportunity/affirmative action employ¬ 

er. We welcome and encourage diversity in our workforce. 

MOTOROLA 
Cellular 
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Engineer 

TECHNOLOGY RULES 
Iln ten short years, QUALCOMM has grown from a core of eight scientific and technical luminaries to over 

3,000 high achievers today. This surge of success has powered QUALCOMM to a leadership position in 

wireless digital communications. Our innovations made CDMA spread-spectrum technology 
commercially viable, and we are now applying it to everything from PCS digital cellular telephone systems 

to global satellite communications. 

In QUALCOMM’S flexible work environment, you have daily opportunities to solve problems and explore new 
approaches. For high growth potential in career, education and fulfillment, come to QUALCOMM. 

RF ENGINEERS 
Immediate design positions are available at 800 MHz, 1.6 GHz, 2 GHz, 2.4 GHz, 4 GHz, 6 GHz, and 
12 GHz. Positions are also available in RF and analog ASIC development. Most positions require a 4-year 
degree, or equivalent, and RF design experience. Opportunities for RF Engineers are also 
available in our development office located in Boulder. CO. 

RF TEST ENGINEERS 
Develop test methods, equipment and procedures for volume production of wireless communications 
products, including cellular phone subscriber and base station equipment. Provide technical leadership 

in the transition of products from design to volume production. Requires a BSEE and 5+ years’ 
related experience. 

VLSI PRODUCT AND TEST ENGINEERS 
Use your technical expertise to help bring new ASIC designs fabricated at external foundries into 
production. These digital, radio frequency and mixed signal ASICs are used in wireless digital 
communication systems. Requires a BSEE or equivalent. Experience in device testing and performance 

evaluation, fabrication processing, and ATE or analog mixed signal testing is preferred. Good 
interpersonal skills a plus. 

For more information: 

• Phone: 619-658-JOBS 

• E-mail: jobs@qualcomm.com 

• Web: http:ZAvww.qualcomm.com/ 

Please consider sending us your 

resume: 

• Fax:619-658-2110 

• E-mail: resumes@qualcomm.com 

E-mailed resumes should be in ASCII text format. Be sure to mention Code RFD49 and the job title in all 

submittals. We prefer fax or E-mail, but we still accept resumes mailed to: QUALCOMM, Human 

Resources, P.O. Box 919013, San Diego, CA 92191-9013. 

Qualcomm 
N CORPORATED 

QUALCOMM is an Equal Opportunity Employer 
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THE REASONS TO JOIN US ARE 

CLEAR. 
The reason why Ericsson is a world leader in the communications business is clear: com¬ 
munications is all we do. Our sole focus is on designing and implementing the fastest, 
most reliable communications systems in the world. Our vision is pursued by a team of 
technical professionals with the insight to see what our global customers need and the 
talents to respond with innovative solutions, foin us, and it'll quickly become clear that 
you've made the right career decision. 

Our Lynchburg, Virginia location offers proximity to the ocean, the mountains 
and Smith Mountain Lake, as well as easy access to major cities, like Baltimore, 
Washington, DC and the Raleigh-Durham area. As a beautiful, growing town, 
Lynchburg is the perfect location for leading-edge communication technology. 

RF Design Engineers 

(Positions available in receiver, synthesizer, VCO and power amplifier design.) 
Will design comme-cial RF communication systems in the DC-1 GHz range for 
digital products. M ast have excellent analytical skills and simulation/CAD tools. 
Knowledge of transceiver design in land mobile and/or cellular products is required 
Familiarity with linear modulation and TDMA is preferred. Requires 5+ years' expe¬ 
rience. BSÉE required; MSEE desired. 

Systems and Networks Engineer-Simulcast 

Provide leadership and individual contribution for design, development, test and 
documentation of hardware for simulcast development team. Requires 
BS/MS/EE/CE and 5+ years' experience in a product/large communication systems 
development environment of Mobile Radio and Simulcast. Digital/ Analog design, 
microprocessors, FPGA (ACTEL.XILINX), serial communication protocols, inter¬ 
faces, implementations, RS-232, RS-485, TCP/IP, SNMP, Tl. Familiarity with DSP, C, 
C++, Assembly. 

Engineer 

Microwave Components 
Aerospace/Defense/Commercial 

Merrimac is a leader in the engineering and 
manufacturing of state-of-the-art passive 
microwave components for aerospace, hi-rel, 
defense and commercial applications covering 
DC-65GHz. Our diversified product line 
includes l&Q Modulators/Demodulators, mixers, 
phase shifters, couplers, dividers, modulators 
and microwave subsystems. 

Lumped Element Design 
We have a new opening for an engineer with 3 
or more years’ experience in lumped element 
circuits within a range of DC-18GHz. This posi¬ 
tion requires a theoretical background in compo¬ 
nent design, as well as hands on experience in 
optimization and production support. The suc¬ 
cessful candidate should have a BSE E. 

Stripline Components 
We are looking for an engineer with 3 or more 
years' experience in stripline component design 
to add to our growing RF engineering group. 
This position requires a background in design 
and development of components operating up 
to 40 Ghz. BSEE preferred. 

Merrimac is a dynamic, growth-oriented compa¬ 
ny which offers comprehensive benefits includ¬ 
ing Profit Sharing, 401 K, Tuition Reimburse¬ 
ment and competitive salaries. For confidential 
consideration, mail or fax resume, including 
salary requirements, to: 

David Palumbo 
Human Resources Manager 

Fax 201-575-0531 
Merrimac Industries 

41 Fairfield Place 
W. Caldwell. NJ 07006 

An Equal Opportunity Employer 

Audio Switching Hardware Development 

Conceive, develop, design and test hardware systems or processes to control the next 
generation of digital radio/dispatch products. Requires BS/MS/EE and 4+ years' 
experience in hardware development, digital/ microprocessor design, FPGA's, fault 
tolerant design, Tl. El, ISDN, digitizing audio and TDMA bus experience. 

DSP Design Engineer 

RF Design 
Marketplace 
wants you! 

Design and develop DSP algorithms and code for digital communication for trunked 
mobile radio systems. Apply software and analytical design techniques to several 
types of technical challenges. Requires BS/MS/EE and 5+ years' of DSP, program¬ 
ming proficiency in C, C++ and assembly, strong knowledge of PC’s, IC networks 
and programs (Windows, Word), UNIX and TMS320 familiarity. Must have broad 
knowledge of DSP design and development theories with knowledge of practical 
applications. 

Software Development Engineers 

Will design, code and test real-time embedded controller software. BSEE/CS/CE and 
4+ years' experience developing structured, embedded real-time software and at 
least 2 years in C and C++. Familiarity with real-time operating systems and commu¬ 
nications protocols. Must work well in a team environment 

In addition to an excellent salary and benefits package, we provide the opportunity 
to work in our state-of-the-art engineering design facility. For immediate considera¬ 
tion, please call our Hotline at (800) 923-3227 or forward resume and cover letter 
indicating position of interest to: Employment Manager; Ericsson Inc., Mountain 
View Rd., Room *2657, Lynchburg, VA 24502; or fax to (804) 948-1490. Taxed resumes 
will receive rapid response. Principals only—please no agency referrals. An Equal 
Opportunity Employer/ Affirmative Action Employer, M/F/HDCP. 

RF Design 

ERICSSON 
For The High Tech-Knowledgable 

TO GET THE MOST FROM 
YOUR ADVERTISING 
DOLLAR, THE TIME TO 

ACT IS NOW! 
Call 

l-(800) 443-4969 
FOR MORE DETAILS. 
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Career Opportunities 
■ s-

Products & 
Services 

ELECTRONIC 
COMPONENTS 
Whether you order 1 part or 
all 55,278...MOUSER stocks 

and...ships same day!! 

CALL... (800) 992-9943 
for your 
FREE 

CATALOG 
958 North Main St. 

Mansfield, TX 76063 

MOUSER 
ELECTRONICS 
Sales & Stocking Locations Nationwide 
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Prepare For The Ride Of 
A Lifetime. 
As the digital information revolution unfolds, we 
will find new and innovative ways to communi¬ 
cate. General Instrument Communications 
Division is a world leader in the vital technolo¬ 
gies necessary to develop the broadband deliv¬ 
ery infrastructure of the future. We currently 

have the following career opportunities: 

ANALOG/RF DESIGN ENGINEER 
Requires BSEE/MSEE and 8+ years of RF/analog circuit and system 
design experience. In addition, position requires strong analytical and 
simulation capabilities, knowledge of CAE tools, modem/communica-
tion system modelling, PLLs, communications theory and detailed hard¬ 
ware design experience from DC to 2Ghz. Knowledge of video and con¬ 
sumer product design are preferred. (Code: KHSRF) 

RF/MODEM ENGINEER 
Requires BSEE/MSEE with 8+ years of experience responsible for 
design of cable modems. Must also have experience with QPSK and 64 
QAM modems, digital modulators and demodulators, high-volume con¬ 
sumer products, RF design (0 to 750 Mhz), noise/gain analysis, and 
test. (Code: KRMRF) 

See us on the Worldwide Web at: http://www.gi.com 

Please send your resume with salary history/requirements, indicating 
Code, to: General Instrument, Attn: HR Dept., Code_, 6262 Lusk 
Blvd., San Diego, CA 92121; E-mail: jobs@gi.com Equal Opportunity 
Employer. Principals Only, Please. 

RF Systems, Inc. 

Quick Turnaround Design/Manufacture of 
• Digital Radios, RF Modems 
• Frequency Synthesized Voice/Data Links 
• Low Cost DBS Frequency Converters 
• Wireless Part 15 Communication Products 
• Military and Commercial Systems 

P.O. Box 1184 Monument, CO 80132 
Tel: (719) 488-8535 • Fax: (719) 488-8546 • e-mail: szubiel@aol.com 

• STD. 5 AND 10 MHZ OCXO 
• TCXO • VCXO • TC-VCXO 
• VCO’s • CLOCK OSCILLATORS 
• CUSTOMIZED CRYSTAL FILTERS 
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ 

•L/C FILTERS 
•STANDARD IF FREQUENCY CRYSTALS 
• SURFACE MOUNT AND LEADED 
PACKAGE 

@ General Instrument 

Call or Fax requirements. 
16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

December 1995 



Products & 
Services 

Recruitment 

PROBLEM 
Fully Integrated Product 

Design Facility, Microwave, RF, I 
Analog, Digital, and Mechanical Design 

Fast Response-Exceptional Results 

Geotek Design Services 
18512 Carrot St. • Suite 108 • Spring, TX 77379 

Ph: (713) 376-4606 
Fax:(713) 251-3860 

SCTE 
Sustaining 
Member 

roehlich & Co. 
cutive search 

ngineering Positions Available: 

PCS RF NETWORK ENGINEERS TO MID S70 s 
PCS ANTENNA ENGINEERS TO S80's 

PARABOLIC RF & MECHANICAL ENGINEERS TO $70s 
P/ease fax resume in confidence to 

916-549-4168 
RANDALL F. CHAMBERS & ASSOCIATES 

“Wireless Recruiting Professionals" 
PO Box 723, Bella Vista, CA 96008 ’ Tel 916-549-5331 

RF Design 

Caff: 
(800) 443-4969 

for more 
information 

Senior RF Design, 
Test • Digital • Analog 
Market Development 
Software Applications 
Fiber Optic Electrical 

Applications • Reliability 
Manufacturing • Sales 

Call or write. Fees paid. 

P.O. Box 339 Weatherford, TX 76086 
(800) 742-4947 • Fax: (817) 594-1337 

E-Mail: 72774.3617@compuserve.com 

COMMUNICATIONS ENGINEERS 
Our clients are hiring RF engineers with the 
following skills: 
Wireless Telecomm, Cellular, Mobile, Telephony, 
NPCS, spread spectrum, DSP, AMPS, SMR, 
GSM. CDPD, TDMA. CDMA. WLAN, WPBX, 
Transmitters, Receivers, modulators, demodula¬ 
tors, low noise amps, mixers, oscillators, filters, 
DOS, synthesizers, 900/1 900 MHz. 

Never a fee to applicants. 
Positions available nationwide. 

ix Send email, fax, or call Randy Brei today! 
Brel &. Associates, Inc. 

P.O. Box 445 Marion, IA 52302-0445 
(319)377-9196 FAX (3 19)377-92 19 

RBREKãNETINS.NET 
http://www.NETINS.NET/showcase/RDBREI/ 

E valúale multiple converuo«» using an incredibly mturtrvr graphical interface 

Perform spurious anahsis ca the Spur Web’* screen - get die »bole picture 
Fend the filter equivalent noise BW in the edit window shown 
A comprehensively indexed test boo*, style user s guide presents equations and 
theory behind system design I »tensive on-line help screens 
Determine frequency respvwive on the Ciraph screen (zoom scale wmouve) and 
specify up to five stages on the Planning screen (using stage « I/O parameters) 

Waypoint 
Software . 
5 MD Manor Court 

*(Midland Park, CO 80863 
(719)687-5458 

IWwpowSW^aetcoml 

■  RF Literature/Product Showcase ■■ 

LOW COST 
ALLIANT TECHSYSTEMS 

HIGH PERFORMANCE 
ENHANCED AIRBORNE MULTIPLEXER (A-TEAM) 

MODEL 7895 

FREQUENCY SOURCES 
CRYSTAL OSCILLATOR-MULTIPLIER 

• Simultaneous operofion of two UHF SATCOM transceiver on one 
antenna 

/ MODEL FSA -$195 00 .01 ghztoi.oghz 
/ MODEL USA - $245.00 i.oghzto i schi 
/ MODEL SSA - $295 00 i.igh¡to4.2Bhz 

• Transparent operation without communicotion dégradation 
• Low noise receive preamplifier 
• Linear 10 dB power gain per noncoherent corner 

RF OUTPUT: +8dBm min., at any spot frequency 
in above ranges 

FREQ. STABILITY: +30ppm. -20'c to +60c 
B+: + 12 to + 16 VDC 

U/ifmonnn K3!^° Co“rt ' ^oorparit, CA 93021 
WlllliallbU (805) 523-2390 FAX (805) 523-0065 

Contact Alliant Techsystems for innovative solutions to your commercial and 

military RF diplexer requirements Techaren« Inc. 

ALLIANT TECHSYSTEMS 
Advanced Technology Applications 
3430 Sunset Avenue, Suite 1A 
Wunumosso, NJ 07712 
(908)922-4111 or 
ereed@otk.com 

Redesign 

Realize the Potential! 

Contact: 
Shannon Shuman 
Tel: (800) 443-4969 
Fax: (770) 618-0342 

INFO/CARD 75 INFO/CARD 76 
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B RF Literature/Product Showcase 
RF POWER AMPLIFIERS 

1 MHz-2GHz 1W-1KW 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 

RF/Microwave 

Still Only $695! 

RF POWER AMPLIFIERS 

651 Via Alondra, #712 
Camarillo, CA 90312 USA 

TEL: (805) 388-8454 
FAX: (805) 389-5393 

Mixed RF and digital simulation with fast 
spectrum analysis. Test performance with¬ 
out breadboarding! Simple, powerful and 
reliable. Satisfaction guaranteed. Call now: 

800-631-1113 
TESOFT Inc. 770-751-9785 Fax770-664-581 7 

PO Box 305 Roswell GA 30077 

• CRO, DRO, LC Microstrip 
Designs. 

• Free Running or Phase 
Locked. 

• Designs Matched to Your 
Requirements. 

• Cost Effective, High Quality 
Custom Design and 
Development. 

• Fax or Send Requirements 
for Quick Response. 

• Signal Microwave Electronics 
• 4764 Rayford Street 
* Jacksonville, Florida 32254 
• Phone: (904) 384-7023 
i Fax: (904) 389-9144 

1 
(I 
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INFO/CARD 77 INFO/CARD 78 INFO/CARD 79 

ProtoCell RF Prototyping System 

In today's business environment, 
"First to Market" is the key to 
success.... 

ALLOW FOR A MARGIN OF SAFETY 

ProtoCell is a unique, modular 
prototyping system designed for rapid 
fabrication and characterization of RF 
signal processing circuits. 

Now with more than 
60 PCBs covering 
over 95% of the 
passive RF 
component market, 
a growing line of 
PCBs for active 
monolithic devices, 
and a new line of

enclosures, ProtoCell is the Innovative 
tool you need to win the race to market. 

Innovative Technology 
■ _ 5118 Premiere Avenue Lakewood, CA 

Phone/Fax: (310)925-0326 

INFO/CARD 80 

The filter design tool 
that does it all. ..for less. 

- Lumped. Distributed and 

Hybrid Circuits 
- Mechanical Dimensions for 

Distributed Circuits 
- Pole Placed Transfer Functions 
_ Much More 

$995 Complete 
Domestic Shipping Included 

jnunum FILTROID 
Free Evaluation 
Version Available 

GeeSof 

Amber Technologies, Inc. 
(508) 369-0515 

FAX (508)371-9692 

INFO/CARD 83 

SINGLE LAYER PARALLEL PLATE 
CHIP CAPACITORS 

Tecdia’s uniquely designed and crafted safety 
margin around the top electrode: 

prevents shorts 
increases DWV 
insures reliability 

TtCülA 
2672 Bayshore Parkway. Ste. 702 
Mountain View, CA 94043 
Tel: (415) 967-2828 Fax: (415) 967-8428 
Outside California Call Toll Free 1-800-TECDIA1 

NAPTECH buys, sells, rents & leases quality 
reconditioned Test Equipment by 

* HP ‘ Tekatronix * Fluke * Wavetek * etc. 
Call or fax us your wish list for 

•O'scopes ' Meters * Counters * Generators * Analyzers * e! 
Remember we also Buy your surplus test equipment. 

NAPTECH 
P.O. Box 30 

12312 Hwy. 175 
Cobb, Ca. 95426 

Phone: 707-928-1961 Fax: 707-928-1 963 

INFO/CARD 81 INFO/CARD 82 

TCXO’s IN NO TIME” 

H v Q 's 0 Series” TCXO 
Frequency: 8 MHz. to 30 MHz. 
Available Outputs: Clipped Sinewave; TTL; HCMOS 
Supply Voltage: 5 vdc 
Stability: ±0.5ppm 0"to50°C 

±2.0ppm -40°C to +85°C 
'other stability options avai able 

Various voltage control options available 

Dimensions: Length 0.8* 
Width 0.8" 
Height 0.4' 

Typical Delivery: Stock to 6 weeks ARO 

Hy-Q International (USA), Inc. 
1438 Cox Avenue • Erlanger, Kentucky 41 01 8 
Phone: 606-283-5000 • Fax: 606-283-0883 

RF Design 

Calk 

(800) 443-4969 

for more 

information 
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¡^design 
The Buyers' Guide is a convenient guide to suppliers 
of products and services available for design and 
development engineers. Buyers’ Guide listings are 
sold on an annual basis at the rates shown. 

DISCRETE COMPONENTS 

Regular Listing 

Additional Line 
Bold Listing 

Additional Line 
T’Ad 
Drop Out In White 

CAPACITORS 
Vacuum 
Surcom Associates. Inc., 2215 Ftraday Ave.. Suite A. Carlsbad, CA 92008 . (619) 438-4420 

Variable 
COMET North America, 11 Beider Ave., Norwalk, CT 06850 . (203) 852-1231 

CRYSTALS/RESONATORS 

Custom Crystals 
60KHz - 200MHz 

Oscillators and Elements 

Sales and Service: 1-800-725-1426 

American KSS Inc. 
Quartz Crystal 

Products 

Per Issue Total/Year All orders must be prepaid. You can forward 
$22.00 $264.00 your check or charge your ad to: 
$19.00 
$25.00 

$228.00 
$300.00 3B €5 

$21.00 

$200.00 
$25.00 

$252.00 
$2,400.00 

$300.00 

For information on closing dates and details on a 
special Introductory Offer, call 1-800-443-4969. 

Ask for your yellow page representative. 

MODULAR COMPONENTS 

AMPLIFIERS 
Broadband 
Dressler HF Technik GmbH, 

Werther Str. 14-16, D-52224, Stolberg, Germany . +49-2402-71091 Fax: (-71095) 

RF Power 
Silicon Valley Power Amplifiers. 529 Forman Dr. # B, Campbell. CA 95008 . (800) 986-9700 

FILTERS 
Delta Microwave Inc., 840 Vira Alondra. Camarillo. CA 93012 . (805)987-6892 

Crystal 
Reeves-Holtman, 400 W. North St., Carlisle, PA 17013. (717) 243-5929 

RF Microwave 
Microwave Circuits, Inc.. 6856 Eastern Ave.. NW. Washington, D.C. 20012 . (800)642-2587 
Saw 
Phonon Corp., 7 Herman Dr., P0 Box 549, Simsbury, CT 06070 . (203) 651-0211 

SAW Componeots & Subsystems . Fax (203) 651-8618 

Corporate Office 
3295 Scott Blvd., Suite 100 
Santa Clara, CA 95054 
Tel: (408) 986-9577 
Fax: (408) 986-1717 

Eastern Regional Office 
401 E. Louther St. 
Carlisle, PA 17013 
Tel: (717) 243-6008 
Fax: (717) 243-4343 

Southern Regional Office 
5696 Peachtree Parkway 
Norcross, GA 30092 
Tel: (770) 263-3768 
Fax: (770) 263-3769 

RFM 444. Stem. bo-

RF Monolithics, Inc. ™ 
SAW-based RF Components and Modules for the Low-Power 

Wireless, High-Frequency Timing, and Telecommunications Markets 
Transmitters • Receivers • Resonators • Oscillators • Clocks • Filters 

Call, write, or fax for a free product data book. 

►J REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your AT Crystal requirements, including High 
Frequency Fundamental Oscillator Crystals up to 
155.52 MHz and Filter Crystals to 150 MHz HFF. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

CRYSTAL OSCILLATORS 
■ ACMOS TTL to 200 MHz 
■ HCMOS TTL to 80 MHz 

kilLPEY-FISHER^J 
A SUBSIDIARY OF ztMTK 

■ ECL to 630 MHz FUNDAMENTAL Crystals to 350 MHz 
■ VCXOs to 200 MHz 
■ SMD to 300 MHz 800-982-5737(ext. 244) 

Valpey-Fisher Corporation -75 South Street •Hopkinton, MA 01748 Fax: 508-497-6377 

Oak Frequency Control Group, 

100 Watts St.. P0 Box 8, Mt. Holly Springs. PA 17065 . (717)486-3411 

OSCILLATORS 

| J REEVES-HOFFMAN 
= _ DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Oscillator requirements, Clocks, 
TCXO’s, VCXO's, OCXO’s, Hybrid & Discrete. 

400 W. North St.. Carlisle. PA 17013, Tel: 717-243-5929, Fax: 717-243-0079_ 

Valpey-Fisher Corp. . 75 South St., Hopkinton. MA 01748 . (508) 435-6831 Fax (508) 435-5289 

Crystal 
Oak Frequency Control Group, 

100 Watts SI., P0 Box B, Mt. Holly Springs, PA 17065 . (717) 486-3411 

Saronix, 151 Laura Ln., Palo Alto, CA 94303 . (415) 856-6900 (800) 227-8974 

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 . (512) 450-1400 

Microwave 
Electronic Surveillance Co., Inc.. 33328 Howe Ln.. Creswell. OR 97426 . (503) 895-5071 

Phase Locked 
Mode Space Digital 

235 Circle Drive. State College, PA 16801 . (814)466-3327 FAX:(814)466-6577 

DIODES 
Loral Semiconductor Division, 75 Technology Dr., Lowell. MA 01851 ...(508) 256-4113 ext. 3311 

Varactor 
Knox Semiconductor, Inc. 

13 Quarry Rd., P.O. Box 609, Rockport, ME 04856. (207) 236-6076 Fax(207) 236-9558 

SYSTEM SUBASSEMBLIES 

INTEGRATED CIRCUITS/MCM 
California Eastern Laboratories, 

4590 Patrick Henry Dr., Santa Clara, CA 95054-1817 . (408) 988-3500 Fax (400) 988-0279 

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763. (516) 732-3448 

RF, Analog & Mixed-Signal ASICs 
Full-Custom Designed ICs: Bipolar, CMOS, BiCMOS 

Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switched Cap Circuits 

PRINTED CIRCUIT BOARDS 
Harmon Electronics, Inc.. 601 N. Main. Warrensburg. M0 64093 . (816)747-2236 

CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572 
• PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS 

• ALL POPULAR MICROWAVE LAMINATES: PTFE -TEFLON - DUROID - GX 

• MULTI-LAYERS - QUICK TURN - EXOTICS 

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713 

TEL (602) 745-851 5 FAX (602) 747-8334 MODEM (602) 747-51 08 

RETRANSMISSION COMPONENTS 

RTG Inc TEL (3 10) 534-3016 • FAX: (3 10) 534-3728 
P.O. Box 3986, Torrance, CA 905 10 • E-MAIL sales@rtg.com 

ANTENNAS 
Sinclair Technologies. Inc., Oriskang Dr., Tonawanda, NY 14150 . (800)288-2763 
Syndetix Inc., 2820 N. Telshor Blvd., Las Cruces, NM 88011 . (505) 522-8762 
Custom Antenna Design, High Power, Including Flight Certified . Fax (505) 521-1619 
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RF TRANSMISSION COMPONENTS RETRANSMISSION COMPONENTS 

ATTENUATORS 
Coaxial 
SV Microwave, 3301 Electronics Way, West Palm Beach, FL ..(407) 840-1800 Fax (407) 844-8551 

VACUUM TUBES 

CABLE ASSEMBLIES 
SRC Cables, 5590 Skylane Blvd., Santa Rosa, CA 95403 . (707)573-1900 
Storm Products. Advanced Tech Group, 116 Shore Drive, Hinsdale, IL 60521 . (708) 323-91 21 

C&M Corporation"*?sÄ. Wauregan, CT 06387 . (203) 774-4812 

FILTER ASSEMBLIES 

RUSSIAN POWER TUBES 
RUSSIAN MICROWAVE TUBES 
Quality Engineering and Manufacturing 

Svetlana 
ELECTRON DEVICES 

Tel: (800) 578-3852 • Fax: (415) 233-0439 
3000 Alpine Road • Portola Valley. CA 94028 

For your Crystal Filter requirements from 1 KHz to 
150 MHz Fundamentals and up utilizing Overtone 
Crystals. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

MATERIALS AND HARDWARE 

CRYSTAL BLANKS 
Reeves-Hoffman 400 W. North St., Carlisle, PA 17013 . (717) 243-5929 

PACKAGING/CRYSTAL HOLDERS 
Crystal Holders 
United Glass to Metal Sealinq, Inc, 11A Executive Park Or., North Billerica, MA 01862... (508)670-6494 

INDUCTORS AND CHOKES 
Kintronic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618 ...(615)878-3141 Fax (615)878-4224 

ISOLATORS/CIRCULATORS 

— AEROTEK COMPANY LIMITED 
• = Manufacturers of Circulators and Isolators 

Coaxial and Drop-in types, 400 MHz-18 GHz 
\^H"TOP QUALITY, REASONABLE PRICE" 

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand. 
AEROTEK Tel: (662) 31 1-4448, 332-5035 Fax: (662) 332-5034 

Componente/Hvbrid Packages 
Reeves-Hoffman 400 W. North St, Carlisle, PA 17013. (717)243-5929 

PC BOARDS 
Laminates, Po yester Copper Clad 
Glasteel Industrial Laminates, P.O. Box 910, Collierville, TN 38027. (901) 853-5070 

TEST EQUIPMENT 

Racal Instrument», 4 Goodyear St., Irvine, CA 92718. (800) 722-2528 
Instrument Repa r Labs, Inc., 2100 W. 6th Ave., Broomfield, CO 80020 . (800) 345-6140 

Airtron Corp., 200 E. Hanover Ave., Morris Plains, NJ 07950 . (201)539-5500 

MICROWAVE CONNECTORS 
Applied Engineering Products. P.O. Box 510. New Haven, CT 06513 . (203)776-2813 
Coaxial Connectors. Inc., 1500 N.W. 62nd St.,Ste.5O1 , Ft. Lauderdale, FL 33309. (305)772-2664 
Southwest Microwave. Inc., 2922 S. Roosevelt SI., Tempe, AZ 85282 . (800) 587-5995 

PRECISION 

RF TEST & MEASUREMENT EQUIPMENT 
COAXIAL DYNAMICS, INC., 
15210 Ind. Pkwy.. Cleveland, OH 44135 . (216) 267-2233 Fax (216) 267-3142 

SPECTRUM ANALYZERS 
DC TO LIGHT, PD. Box 7140, Bozeman, MT 59771 . (406) 586-5399 Fax (406) 586-6556 

SERVICES 

ANTENNA DESIGN & MEASUREMENT 
Kintronic Labs, 144 Pleasant Grove Rd.. Bluff City, TN 37618. .(615) 878-3141 Fax (615) 878-4224 

TELEPLEX, INC. - ALFORD DIVISION 
4801 INDUSTRIAL PKWY. - INDIANAPOLIS. INDIANA - 46226-4200 (317) 80S 8800 

•-PRECISION COAX &W/GSLOTTED LINES 30MHZ. TO 40 GHZ. 
• LOW V.S.W.R. INTERSERIES COAX ADAPTERS 6 1/8” TO 2.40mm. 
• HIGH POWER - LOW LOSS BIAS TEES 20 AMPS THRU 3.0 GHZ. 
• CONSTANT IMPEDANCE LINE STRETCHERS LOW LOSS TO 18 GHZ. 
• ADJUSTABLE COAX TUNERS MATCH S.W.R. > 14:1 , VHP TO 36 GHZ. 
• ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-ITFS-VOR-MIL. 

RF CONNECTORS 
Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 
Specialty Connector Company. 
2100 Earlywood. Franklin, ÍN 46131. 

. 8O0-M0LEX78 

(317) 738-2800 Fax:(317) 738-2858 

CONSULTANTS 
Goldman Research, 12705 Monfort, Dallas, TX 75230 . (214) 788-1122 
RF Design & Modeling - Spice, EÉsof, Wireless . WNJU80A@PRODIGY.COM 

EMC/EMI TESTING 
TUV Rheinland of North America, Inc., 
12 Commerce Toad, Newtown, CT 06470 . (203) 426-0888 Fax (203) 270-8883 

EQUIPMENT CALIBRATION 
Instrument Repair Labs. Inc., 2100 W. 6th Ave., Broomfield, CO 80020 . (800) 345-6140 

OEM PRODUCTS 
Locus, Inc., 1842 Hollman St, Madison Wl 53704 . (608) 244-0500 

SURGE & TRANSIENT PROTECTORS TELEMETRY SYSTEMS & ENGINEERING 
Telemetry Technologies, Inc., 3307 West SI.. Rosenberg, TX 77471 . (713) 344-9000 

Lightning Suppressors ■ D.C. - 26 GHz 
Coaxial • Powerline • Digital SOFTWARE & SYSTEMS, CAD/CAE 

FISCHER CUSTOM COMMUNICATIONS, INC. • (310)891-0635 | 

Polyphaser Corp., P.O. Box 9000, Minden, NV 89423 . (800) 325-7170, (702) 782-25" 1 

SWITCHES 
Electromechanical 
Dow-Key Microwave Corp., 1667 Walter St., Ventura, CA 93003 . (805) 650-0260 
Matrix Systems corp., 5177 N. Douglas Fir Rd., Calabasas. CA 91302 . (818) 222-2301 
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542. (501 ) 856-2685 

SYNTHESIZERS 
Novatech Instruments, 
1530 Eastlake Ave. E„ #303, Seattle, WA 98102 

SOFTWARE 
Circuit Simulation 
COMET North America, 89 Taylor Ave., Norwalk, CT 06854. (203) 852-1231 
Design Automation, Inc., 4 Tyler Rd., Lexington. MA 02173 . (617) 862-8998 Fax (617) 862-3769 
IngSoft Ltd. — the providers of the RF Designer® Solution . (416) 730-9611 
312 Dunview Ave., North York, ON M2N-4H9, Canada; bbs: 226-9820 . Fax: 733-3884 

Waypoint Software, 1950 Bavaria Drive, #317, Colorado Springs, CO 80918. (719) 598-9592 

SYSTEM SIMULATION 
Tesoft, Inc., 205 Crossing Creek CL, Roswell. GA 30076 . (800) 631-1113 
Makers of TESLA Com Simulator . Fax (770) 664-5817 Inti (770) 751-9785 

. (206)322-1562 Fax (206) 328-6904 

TELEMETRY 

f/vc TEL (702) 345-2705 
V Verdi, Nevada USA " FAX (702) 345-2484 

Will customize to your requirements: 
Transmitters & Receivers 
Telemetry • Video • Digital • Command • Beacon 

Command Encoders & Decoders Since 1978 

VACUUM CAPACITORS 
COMET North America, 11 Belden Ave., Norwalk, CT 06850 (203) 852-1231 

Redesign 
To place your yellow page ad - Call 1-800-443-4969. 

Ask for your yellow page representative. 
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_ ELECTRONIC COMPONENTS AND EQUIPMENT ELECTRONIC COMPONENTS AND EQUIPMENT 
EMI SUPPRESSION COMPONENTS 
:MI/RFI Filters 
ttroN Corp., P.O. Box 743 Skokie, IL 60076. (708) 679-7180 

iantek, 9765 Marconi Or., #205. San Diego. CA 92173 . (619) 661-8119 

:errite Beads. Rods. Forms 
:air-Rite Products Corp., P.O. Box J, Wallkil, NY 12589. (800) 836-0427 

:SD AND SURGE CONTROL COMPONENTS 
.iohtnino Arrestors 
ischer Custom Communications. 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 

¡able and connectors 
;onnectors And Adapters 
1DC Telecommunications, 4900 W. 78th St., Minneapolis. MN 55435 . (800) 366-3891 X3000 

)ptical Fibers And Connectors 
iDC Telecommunications. 4900 W. 78th St.. Minneapolis. MN 55435 . (800) 366-3891 X3000 

EMC TEST EQUIPMENT -EMISSIONS 
Absorbers 
advanced Electromagnetics. Inc., P.O. Box 711719, Santee. CA. 92072- 1719 . (619) 449-9492 

Aicrosorb Technologies, Inc., 14A Airpcrt Dr. Hopedale. MA 01747 . (508)634-1900 

tantec. P.O. Box 1546. Austin, TX 787E7. (512) 835-4684 

knechoic Chambers 
advanced Electromagnetics. Inc., P.O. Box 711719, Santee, CA. 92072- 1719 . (619) 449-9492 

tantee, P.O. Box 1546, Austin, TX 787E7. (512) 835-4684 

tntennas 
intenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705. (301) 937-8888 

MCO. P.O. Box 1546. Austin, TX. 78767. (512) 835-4684 

tntennas Above 30 MHz 
mlenna Research Associates. Inc., 11317 Fredrick Ave., Beltsville. MD 20705. (301) 937-8888 

MCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

tntennas Masts 
mtenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705 . (301)937-8888 

iurrent Probes 
ischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 

on Physics Corp., 111ndustrial Way, Atkinson NH 0381 1 . (603) 893-6687 

:errite Absorber Tiles 
lantec. P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

ÍTEM Cells 
mtenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MO 20705 . (301) 937-8888 

inejmpedance 
MCO. P.O. Box 1546. Austin. TX. 78767. (512) 835-4684 

¡ne impedance Stabilization Networks 
MCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

ischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 

lantec. P.O. Box 1546, Austin. TX 78767. (512) 835-4684 

tear Field Probes 
MCO, P.O. Box 1546. Austin, TX. 78767. (512) 835-4684 

ihielding Effectiveness Testers 
MCO, P.O. Box 1546. Austin, TX. 78767. (512) 835-4684 

EMC TEST EQUIPMENT - SUSCEPTIBILITY 
tntennas 
ntenna Research Associates. Inc.. 11317 Fredrick Ave., Beltsville. MD 20705. (301) 937-8888 

MCO. P.O. Box 1546. Austin, TX. 787E7. (512) 835-4684 

¿FieldProbes 
MCO, P.O. Box 1546, Austin, TX. 787E7. (512) 835-4684 

EMC TEST EQUIPMENT - SUSCEPTIBILITY 
GTEM Cells 
Antenna Research Associates. Inc.. 11317 Fredrick Ave.. Beltsville. MD 20705 . (301) 937-8888 

EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Sheilded Fiber Optic Links 
Antenna Research Associates. Inc., 11317 Fredrick Ave., Beltsville, MD 20705 . (301) 937-8888 

ESD TEST EQUIPMENT 
ESP Event Detectors 
TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY. 14103 . (800) FOR-TREK 

Surface & Volume Resistivity Meters 
TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY. 14103 . (800) FOR-TREK 

MATERIALS, HARDWARE AND PACKAGING 

SHIELDING MATERIALS 
Conductive Adhesives 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 

Conductive Fiber/Fabric 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Ferrite Absorber Tiles 
Fair-Rite Products Corp., P.O. Box J, Wallkil, NY 12589. (800) 836-0427 

Gasketing Materials 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Laminates 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 

Sheildinq Foils and Tapes 
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 

Tripods 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

Turntables 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

SHIELD ROOMS AND CHAMBERS 
Shielded Rooms EMI/RFI/Maonetic 
Rantec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 

ESD PACKAGING 
Antistatic and Conductive Polyurethanes 
Pad-Tastics, Inc., P.O. Box 50479, Cicero, IL 60650 . (708) 780-8402 FAX (708) 780-1636 

ESD ENVIRONMENTAL CONTROL 
Antistatic or Conductive Flooring 

nnm® ESD Safe Rubber Flooring for Work Areas . 
IIUIU 1-800-332-NORA 
— Nora Rubber Flooring 

TEST LABORATORIES AND CONSULTANTS 

TEST LABORATORIES 
TUV Product Service. Inc., 1775 Old Hwy. 8. New Brighton, MN 551 12. (800) 472-7999 

CONSULTANTS 
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN 55108 . (612)330-3728 

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp. 

EMC Introducing the Yellow Page Directory Section 

To place your yellow page ad — Call 1-800-443-4969. 

Ask for your yellow page representative. 
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I Reliability 
Custom Crystals 

70 KHz - 200 MHz 

RF Design 
Software 

Programs from RF Design 
provided on disk for your convenience 

94 

Elements, 
Oscillators & 

Accessories 

Lifetime 
Warranty 

November Disk — RFD-1 195 
"A Collection of Impedance-Matching-

Network Design Equations and Programs" 
by Antonio Eguizabal. Program calculates 
values for 12 different matching topologies, 
including Pi, Tee, L, tapped capacitor, 
gamma, and others (written in Turbo Pas¬ 
cal, provided in directly executable form, 
runs on any PC) 

SINCE 
. 1951 INTERNATIONAL CRYSTAL 

MANUFACTURING CO, INC 

P.O. Box 26330, 10 North Lee 
Oklahoma City, OK 73 126-0330 

Customer Service 
& Sales 
1-800-725-1426 
Fax 
1-800-322-9426 

September Disk — RFD-0995 
"Phase Noise Measurement for Under 

$250" by Bill Suter. Wave analysis soft¬ 
ware used with the signal acquisition hard¬ 
ware described in the article. Takes output 
of A/D converter, applies a Hanning win¬ 
dow and performs a FFT. Displays the sys¬ 
tem noise from 1 kHz to 100 khlz. (Quick 
C, source code and compiled, executable 
version. Important — see notes on program 
usage in article) 

INFO/CARD 64 

HF POWER AMPLIFIERS 
High Reliability, Commercial Quality 

♦ 1.8 to 30 MHz 
♦ 1500 to 10,000 Watts 

HENRY HF Power Amplifiers 
have been the reliability 
standard for 30 years. 

Thousands are in use at 
commercial, government, 
and military installations 

around the world. 

If you require trouble-free, 
24-hour-per-day, year-round 
operation, call or write today 
for prices and specifications. 

TOLL-FREE (800) 877-7970 

RRDIO 
2050 South Bundy Drive 
Los Angeles, CA 90025 

Phone (310) 820-1234 
FAX 310-826-7790 

INFO/CARD 67 

Also Available: 

Index of RF Design Articles: 
1978-1995 

Disk RFD-INDEX — $25.00 (U.S.) 

Amplifier and Oscillator 
Design Program 

RFCAD — $99.00 (U.S.) 

Monthly program disks: 
$25.00 (U.S.) 

$30.00 (foreign) 

Yearly Disk Sets and 
Annual Subscriptions Available: 

Call for Information 

Call or Write for a Catalog 

All orders must be pre-paid by check, 
money order, or major charge card. 

All checks must be in U.S. dollars and 
payable to a bank located in the U.S. 

Prices include shipping. 

RF Design Software 
Argus Direct Marketing Dept. 

6151 Powers Ferry Rd., N.W. 

Atlanta, GA 30339-2941 

Tel: (404) 618-0398 

Fax: (404) 618-0347 
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RF literature 
Coaxial Connector Catalog 
A new catalog that features a broad line 

of 7/16 RF coaxial connectors for wireless 
communications applications is being 
offered by Tru-Connector Corp. The catalog 
features a full line of standard connectors 
in straight, right-angle, and between-series 
configurations that fit a host of popular 
cables from 0.041-inch to 0.685-inch dielec¬ 
tric diameters. Plugs, jacks, panel recepta¬ 
cles, and a wide variety of combination 
heads and adapters are included. 
Tru-Connector Corp. 
INFO/CARD #212 

Switch Matrix Catalog 
A 28-page color catalog from ST Olektron 

Systems outlines new switch matrix tech¬ 
nology and other related components for 
switching RF, microwave and digital sig¬ 
nals. These full fan-out, non-blocking 
switch matrices will allow users to connect 
a selected input to multiple outputs simul¬ 
taneously without signal degradation. 
ST Olektron Systems 
INFO/CARD #211 

Telecom ASICs and 
Assemblies 
A new short form catalog is available 

from the Telecom Products Group of Stan¬ 
ford Telecom. The catalog provides techni¬ 
cal information on the Telecom Products 
Group’s entire portfolio of ASICs and 
board-level assemblies for demodulation 
and spread spectrum, frequency synthesis 
and forward error correction. The catalog is 
available free-of-charge. 
Stanford Telecommunications, Inc. 
INFO/CARD #210 

Software Company On-Line 
Compact Software has opened its own 

World Wide Web site. The Web site is a 
dedicated facility maintained by Compact, 
available 24-hours a day through a high-
performance telecommunications link. The 
site offers basic corporate background and 
product information for Compact’s line of 
RF and microwave CAD products. Com¬ 
pact’s website is located at: 
http://www.comsoft.com. 
Compact Software, Inc. 
INFO/CARD #209 

Crystal Oscillator Catalog 
Q-Tech Corporation’s 40-page catalog 

features a number of high-reliability hybrid 
products offered in standard DIP, TO, flat 
pack, and LCC packages. Products include 
standard hybrid crystal-controlled clock 
oscillators with TTL and CMOS outputs 
from 0.01 Hz to 160 MHz and ECL outputs 
from 1 to 200 MHz. Other products include 
Microcomputer-controlled hybrid sources, 
VCXOs, sine wave sources, and micro¬ 
processor drivers. 
Q-TECH Corp. 
INFO/CARD #208 

Crystal & Oscillator Catalog 
CTS Frequency Controls offers a 36-page 

catalog that lists CTS’s lines of crystals, 
clock oscillators, and precision oscillators. 
The catalog also contains an introduction to 
CTS’s manufacturing capabilities and con¬ 
tains a number of application notes. A list 
of sales offices is also included. 
CTS Frequency Controls 
INFO/CARD #207 

Cable Assemblies Brochure 
MICRO-COAX has released its latest 

UTiFLEX™ flexible cable assemblies 
brochure, which features the company’s 
expanded family of flexible microwave 
cable assemblies. The 26-page brochure 
provides detailed charts, specifications, and 
photographs of the UTiFLEX cable assem¬ 
blies, which include low-loss, ultra-low-loss, 
power, high-flexlife, high-isolation and 
miniature cable types. 
MICRO-COAX 
INFO/CARD #206 

Cable/Connector 
Cross Reference 
RF Industries’ new easy-to-use cable-to-

connector cross reference matches Belden, 
Alpha, and Times Microwave cables to a 
wide variety of RF Industries connectors. 
The cross reference is organized first by cable 
groups and second by the types of RF connec¬ 
tors available for these groups. The connec¬ 
tors are then divided into subgroups by type. 
RF Industries, Ltd. 
INFO/CARD #205 

Electronic Cables Catalog 
Belden Wire & Cable announces the 

availability of its New Generation Electron¬ 
ic Cables Catalog. The extensive lineup of 
multi-conductor, paired and coaxial cables 
shown in the 28-page publication have been 
re-engineered to deliver a large, economical 
and up-to-date selection of low voltage, 
electronic cables. 
Belden Wire & Cable Co. 
INFO/CARD #204 

Antenna Monitor Data 
Noise Com has released a data sheet on its 

ANVIL™ antenna VSWR and interference 
level monitor. The four-page data sheet 
details the applications, features, and specifi¬ 
cations of the ANVIL monitor, which deter¬ 
mines antenna problems. Charts and dia¬ 
grams aid in the descriptions of the monitor’s 
advanced technology features and functions. 
Noise Com, Inc. 
INFO/CARD #203 

Cable and Connector Guide 
Nemal Electronics has published a new 

edition of its Cable and Connector Selection 
Guide. The 48-page guide contains detailed 
technical specifications and illustrations of 
more than 1,000 cable, connector, and inter¬ 

connect products. The guide also includes 
comprehensive performance data on a wide 
range of both commercial and military coaxi¬ 
al cables together with charts for quick selec¬ 
tion of appropriate connectors and tooling. 
Nemal Electronics International, Inc. 
INFO/CARD #202 

Radio Handbook 
The 1996 ARRL Handbook from the 

American Radio Relay League includes 
new projects, updated information, and for 
the first time, software. The 3.5-inch, 1.44 
MB IBM compatible diskette includes an 
RF supplier database, a number of design 
programs, various utility programs, and 
the software side of several projects in the 
handbook. Retail price of the 1996 ARRL 
Handbook is $38.00. 
American Radio Relay League 
INFO/CARD #201 

System Simulation 
Newsletter 
Elanix offers SystemView Times, a 

newsletter providing product information, 
application tips and seminar information 
for users and potential users of the system 
simulation software, SystemView. The 
newsletter is offered free-of-charge. 
Elanix, Inc. 
INFO/CARD #200 

Annual Standards Report 
The American National Standards Insti¬ 

tute (ANSI) offers its 1994 annual report. 
The report focuses on ANSI’s revised 
strategic plan and on a number of new and 
significantly expanded programs. The 
report also includes financial information 
and a list of members. 
American National 
Standards Institute 
INFO/CARD #199 

Spectrum Probe App Notes 
Smith Design offers a 20-page pamphlet 

describing applications for the 255 and 107 
Spectrum Probes™. The 0.12 to 2.5 MHz 255 
Spectrum Probe and the 2.5 to 100 MHz 107 
Spectrum Probe provide spectral analysis 
when used with an oscilloscope. The pam¬ 
phlet describes the use of the IA5 and IA7 
current measurement accessories for various 
current measurements and describes how 
the Spectrum Probe can be used for various 
servicing and EMI-tracking applications. 
Smith Design 
INFO/CARD #198 

Noise Product Catalog 
Micronetics Wireless’ 24-page catalog 

contains specifications for their lines of 
noise modules, noise standards and noise 
instruments. A brief tutorial about noise is 
also included. 
Micronetics Wireless 
INFO/CARD #197 
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RE software 
Schematic Editor 
Ivex Design International has 

announced a newly revised version of Win-
Draft Schematics for Windows. Win Draft 
1.2 now has True Type fonts as well as the 
ability to “copy” and “paste” from Win-
Draft to other applications. The new ver¬ 
sion also has the added ability to store 
component attributes in the library parts. 
This enables the user to build up libraries 
containing all the necessary information 
such as module footprint name, internal 
stock number, alternative part, SMD mod¬ 
ule name, etc. WinDraft is an ideal front¬ 
end for WinBoard PCB layout, also from 
Ivex. WinDraft sells for $495 and is avail¬ 
able immediately. 
Ivex Design International 
INFO/CARD #195 

Electronic Reference Utility 
CyberCircuit is a Windows program that 

allows you to quickly find application cir¬ 
cuits and other reference information. The 
program uses a powerful search engine to 
find hundreds of analog and digital circuits, 
formulas, tables, dimensions, pinouts and 
other information. All schematics are 
redrawn, not scanned. CyberCircuit is 
works under Windows 3.1 or greater and is 
available to the first 2,000 customers for 
$39.95 plus $4.95 S&H. 
PTM 
INFO/CARD #194 

Analog Simulation 
Avista Design Systems announces Avista 

Spectre/XL for Microsoft Windows 95. 
Avista Spectre/XL embeds circuit simula¬ 
tion inside Microsoft Excel. Avista Spec-
tre/XL’s combination of immediate access to 
all circuit values, and instant what-if 
analysis gives analog designers a uniquely 
flexible tool for evaluating, developing and 
optimizing circuit designs. The Windows 95 
release of Spectre/XL runs up to 100 per¬ 
cent faster than the 16-bit Windows 3.1 
version, and it supports translation of 
existing SPICE netlists to the Spectre for¬ 
mat. Avista Spectre/XL for Windows 95 is 
priced at $795. The program requires 
Microsoft Excel 7.0 for Windows 95. 
Avista Design Systems 
INFO/CARD #193 

Super-Spice for Windows 
Compact Software has begun customer 

shipments of its Super-Spice 1.1 simulator 
for PCs running Microsoft Windows. Super¬ 
Spice addresses high-frequency design 
applications by combining microwave-qual¬ 
ity active device models with accurate mod¬ 
els of passive distributed devices. Super¬ 
Spice provides accurate simulation up to 10 
GHz. Integrated with Super-Spice is Com¬ 
pact’s Serenade schematic editor, which 
graphically captures designs for simula¬ 
tion. U.S. pricing begins at $4,995. 
Compact Software 
INFO/CARD #192 

Not All High-Tech People 
Qualify To Be On 
An Argus List 

Rent the circulation file of this publication for your 
direct mail needs. For our complete catalog, call 

Katherine at (770) 618-0290 or fax 
(770)618-0347. 

ARGUS 

Finally. An inexpensive way to 
promote your products and services. 

That’s right. Now you can take advantage of a powerful, yet inexpensive way 
to promote your company. We can reprint any article, ad or section of this 

magazine and customize it to your specific needs! 

✓ Increase your company’s visibility 

✓ Enhance your corporate image 

✓ Position yourself as an expert in the field 

How can you use reprints 
as a solid marketing tool? 
• Direct mail pieces 
• Sales presentation aids and 
leave-behinds 

• Promotional material at trade shows 
• New product announcements 
• Internal/stockholder education 

Take advantage of this cost-effective marketing opportunity by calling 
Vivian Peterson at 303-220-0600. Minimum order 100. 
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LAS VEGAS CONVENTION CENTER 

LAS VEGAS, NEVADA USA 

Keep up with the latest in wireless, cellular, PCS, RF and satellite technology at the 
International Wireless Communications Expo, featuring^ RF Technology Pavilion. 

Explore more than 350 leading suppliers showcasing emerging products and ser¬ 
vices and an education program delivering timely insights into the wireless appli¬ 
cations of today and the future. 

NEW FOR IWCE ’96 

RF Technology Pavilion — featuring an area of more than 6,000 net square 
feet on the IWCE exhibit floor of RF components. Visit this one-stop shopping 
source to view and compare the suppliers who facilitate the growing role RF plays 
in the world of wireless applications. 

RF Technology Track — up-to-the minute technical presentations to keep 
both new and seasoned RF engineers in tune with this rapidly changing industry. 
Special courses and tutorials focusing on radio technology will be presented in 
addition to IWCE’s more than 25 industry programs. 

Make plans now to be in Las Vegas for the most comprehensive industry event cover¬ 
ing every inch of RF applications and their impact on the fast-paced wireless market! 

For more information, contact the 
International Wireless Communications Expo 

Argus Trade Shows 
6151 Powers Ferry Road, NW 

Atlanta, GA 30339 
770/618-0499 • FAX: 770/618-0441 
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with GENESYS, a suite of programs for synthesizing microwave filters 
amplifiers, oscillators, active filters, matching networks and L-C filters 

for your Touchstone, Spice and =SuperStar= simulator. 
EXAMPLE GEN ESYS SCREEN 

MICROWAVE FILTERS 
End coupled 
Edge coupled 
Hairpin 
Stepped-Z 
Combline 
Interdigital 
Elliptic lowpass 
Elliptic bandpass 
Sub lowpass 
Stub bandpass 
Stub bandstop 
Edge bandstop 

OSCILLATORS 
L-C series mode 
L-C Colpitts 
L-C Clapp 
T-line and L-C VCO 
VCO with xformer 
Cavity bipolar and hybrid 
Dielectric resonator 
Terminal SAW bipolar 
Port SAW hybrid 
Port SAW MOSFET 
Pierce and Colpitts crystal 
Driscoll crystal 
Butler overtone 
Overtone with multiplier 

MATCHING NETWORKS 
L-C pi and L 
L-C tee 
T-line quarter wave 
T-line single/double stub 
General order bandpass 
L-C pseudo lowpass 
T-line pseudo lowpass 
T-line stepped-Z 
Custom with R' s and xformers 

LUMPED FILTERS 
Conventional all-pole 
Conventional elliptic 
Top-C coupled 
Top-L coupled 
Shunt-C coupled 
Tubular 
Blinchikoff flat delay 
Zig-zag 
Eagleware symmetric 

ACTIVE FILTERS 
G IC transform 
Single feedback 
Multiple feedback 
Low sensitivity 
State variable (biquad) 
VCVS 
Dual amplifier 

GENESYS includes free technical support, 
no annual fees and a money-back guarantee 
GENESYS is available for 

Touchstone is a product of HP/EEsof 
GENESYS and =SuperStar= are products 
of Eagleware 

X ffl 
Microsoft . Microsoft . 
WINDOWS. WINDOWSNT. 

€RGL€UJnR€ = 
Eagleware Corporation * 1750 Mountain Glen * Stone Mtn, GA 30087 * USA 

TEL (770) 939-0156 * FAX (770) 939-0157 
SRMC PRICCS INTERNATIONALLY 
direct soies & user support 
BV FRX. PHONE OR LETTER 
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Fast tock limes 
PLLatinum. 

.Latinum™: the industry's highest performing PLLs. 
'e could spend hours talking about our amazing single and 

lal PLLs, but we’ll make this quick— our FastLock" technology 

tables improved lock times with no added noise or changes 

loop feed. The PLLatinum product family performs over the 

idest frequency range in the industry (510MHz to 2500MHz). 

id very low power consumption extends battery life. So call 

800-324-4443, Ext. 605’ for a free sample and a product 

ilection guide. Because isn't it time you went PLLatinum? 
LMX2332A switching from 865MHz to 915MHz 

(the GSM band) in less than 350gs 

LMX1501A LMX1511 LMX23W15 LMX2320 LMX2325 LMX2330A LMX2331A LMX2332A LMX2335 LMX2336 LMX2337 

: Input-Main PLL 

: Input-Aux PLL 

1.1GHz 11GHz 1.2GHz 2.0GHz 2.5GHz 2.5GHz 

510MHz 

2.3GHz 

513MHz 

1.2GHz 

510MHz 

1.1GHz 

1.1GHz 

2.0GHz 

1.1GHz 

550MHz 

550MHz 

(typ) @3V 

jwerdown (typ) 

6mA 

N/A 

6mA 

N/A 

6mA 

30pA 

10mA 

30pA 

11mA 

30pA 

15mA 

1pA 

14mA 

■mA 
8mA 

1pA 

9mA 

1pA 

11mA 

1pA 

9mA 

1 p A 

National S e nt ¡conductor 

Europe call +43 IO) 180 532 78 32 (English) or +43 IO) 180 530 85 85 (German); in Japan ca’1 81-43-233-2300; in Southeast Asia call 852-2737-1600 

©1995 National Semiconductor Corporation. PLLatinum and FastLock are trademarks of National Semiconductor Corporation All rights reserved. 
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