
New Chip Set 
Simplifies GSM Design 

Featured Technology 
Designing for 1.5 - 2.5 GHz 



New from Loral Microwave 

MIL-SPEC quality comes to 
commercial wireless. 

The same semiconductor products we designed 
to meet MIL-SPEC standards - TVARS, PINS, SRDs, 
multipliers and others - are now available for 
commercial wireless. Applications include PCNs, 
cellular base stations, antenna switching, LANS, 
WANS and others. 

Units come in SOT-23, MELF and EPSM (Enhanced 
Performance) surface mount packages. Prices are 
highly competitive with products designed to 
meet commercial specs. 

For more information, or to request samples, 
call or fax, Loral Microwave-FSI, 16 Maple Road, 
Chelmsford, MA 01824. Tel: (508) 256-4113. 
Fax: (508) 937-3748. 

SOT-23 to 1 GHz 
. Popular VHF/UHF PINS 
and Varactors 

• Ideal for pick-and-place 

CER MET (MELF) 
to 2.5 GHz 
• Excellent power handling 
• Low series inductance 
• Hermetically sealed ceramic 
package 

• Ideal for pick-and-place 

EPSM* to 5.0 GHz 
• Low series inductance 
• Available in SOT-23 footprint 
• Tough epoxy-on-alumina 

construction 
• Ideal for microstrip or 

pick-and-place 

LORAL 
Microwave-FSI 
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Time domain composite video wave form 
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Demodulated FM carrier 

GET THE TOTAL PICTURE 
WITH AN IFR SPECTRUM ANALYZER 

In addition to being a full-featured 22 GHz spectrum 
analyzer, the AN930 is a powerful measurement tool 
that can perform frequency or time domain analysis 
on the complex signals found in many modern 
communications systems. 

A 30 MHz resolution bandwidth filter combined with 
a powerful set of time domain measurement functions 
provides the AN930 with a unique ability to capture and 
analyze pulsed and digital transmissions that previously 
has been unavailable in any other spectrum analyzer. 

A built-in, sensitive FM/AM receiver with modulation 
measurement scales enables direct measurements of 
FM deviation or AM percent modulation. The accompa¬ 
nying high-quality audio output aids in identification 
of unknown or interfering signals. 

Other standard AN930 features include an automatic 
limits test function for unattended detection of random 
or intermittent signals, a built-in frequency counter for 
precise frequency measurements, RS-232 and IEEE-488 
interfaces, and operation from DC power sources. 

Optional features including a built-in 2.9 GHz tracking 
generator, quasi-peak detector, high stability time base, 
and a rechargeable battery pack add even greater 
flexibility for solving your unique measurement 
requirements. 

RENT DIRECTLY FROM IFR 
Call 316/522-4981, Ext. 207 for details 

Contact IFR or your local 
IFR representative for more 
information or to arrange for a 
demonstration of the AN930. 

IFR SYSTEMS, INC. 
CHAfUD WITH PH!Ot IN 

USB 10200 West York Street / Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/522-1360 

INFO/CARD 2 
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DEMODULATORS 
1.15MHz to 1880MHz from $19.95 
I&Q Modulators and Demodulators... another smart offering from 
Mini-Circuits 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 catalogue prices. 

We’re redefining what VALUE is all about! 

I/O MODULATORS 

MODEL NO 
MIQA-10M 
MIQA-21M 
MIQA-70M 
MIQA-70ML 
MIQA-91M 
MIQA-100M 
MIQA-108M 
MIQA-195M 
MIQC-88M 
MIQC-176M 
MIQC-895M 
MIQC-1785M 
MIQC-1880M 
MIQY-70M 
MIQY-1 40M 

MODEL NO 
MIQA-10D 
MIQA-21D 
MIQC-895D 
MIQY-1 25D 
MIQY-70D 
MIOY-140D 

FREO 
(MHz) 

CONV 
LOSS 
(dB) 

9 
20 
66 
66 
86 
95 
103 
185 
52 
104 
868 
1710 
1805 
67 
137 

23 
73 
73 
95 
105 
113 
205 
88 
176 
895 
1785 
1880 

73 
143 

FREQ 
(MHz) 

9 
20 

868 
115 
67 
137 

23 
895 
1 35 
73 
143 

NON-HERMETICALLY SEALED 
MIQA case 4 x .8 x 4 in. 
MIQY case .8 x .8 x 4 in. 
MIQC case .8 x 8 x 4 in. 
MIQS case 8 x .4 x 2 in 

58 
62 
62 
5.7 
5 5 
55 
55 
56 
57 
55 
80 
9.0 
90 
58 
58 

020 
014 
010 
010 
010 
010 
010 
010 
010 
010 
010 
0 30 
030 
0.20 
020 

CARRIER 
REJ 
(dBc) 
Typ 
41 
50 
38 
38 
38 
38 
38 
38 
41 
38 
40 
35 
35 
40 

SIDEBAND 
REJ 
(dBc) 
Typ 
40 
40 
38 
38 
38 
38 
38 
38 
34 
36 
40 
35 
35 
36 
36 

HARM 
SUPPRESS 
(dBc) Typ 

3x1/Q 
58 
48 
48 
48 
48 
48 
48 
48 
52 
47 
52 
40 
40 
47 
45 

5xl/Q 
68 
65 
58 
58 
58 
58 
58 
58 
66 
70 
58 
65 
65 
60 
60 

PRICE 
S 

QTY 
(1-9) 
4995 
39 95 
39 95 
4995 
4995 
49 95 
4995 
4995 
4995 
54 95 
99 95 
9995 
9995 
1995 
1995 

I/O DEMODULATORS 
CONV 
LOSS 
(dB) 

60 
61 

8.0 
50 
55 
5.5 

010 
015 
020 
010 
025 
025 

AMP 
UNBAL 
(dB) 
Typ 
015 
015 
015 
015 
010 
010 

PHASE 
UNBAL 
(Deg) 
Typ 

10 
0.7 
15 
10 
05 
05 

HARM 
SUPPRESS 
(dBc) Typ 

3xl/Q 
50 
64 

40 
59 
52 
47 

5xl/Q 
65 
67 

55 
67 
66 
70 

PRICE 
S 

QTY 
(1-9) 
49.95 
49 95 
9995 
2995 
19 95 
1995 

All Models Available in Surface Mount Package. 
Consult Factory for Details. 

£□ Mini-Circuits 
■ ■■ PO Box 350166 Brooklyn. New York 11235-0003 (7181934-4500 Fax (718) 332-4661 

For detailed specs on all Mm.-Circuits products refer lo • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTOR* • EEM • MINI-CIRCUITS 740-pg HANDBOOK 

CUSTOM PRODUCT NEEDS. Let Our Experience Work For You. 
INFO/CARD 3 1
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Daico’s standard IF/RF and Microwave products include 
switches from single-throw to forty-throw with insertion 
losses as low as 0.2dB and isolations as high as 120dB at 
5GHz, digitally controlled attentuators with up to 8 bits, 
phase shifters and voltage variable attenuators. These 
products serve as an impressive base for higher levels of 
integration. 
By using thin film hybrid technology, GaAs MMICs and diodes 
(Schottky or PIN) together with mixers, limiters, couplers and 
power dividers, as well as CMOS, TTL or ECL logic devices, 

we are able to offer increased reliability and substantially 
reduced size. High Density Integration also offers significant 
cost reduction when compared to using conventional discrete 
packaged devices. 
Please call us, we welcome the opportunity to discuss your 
particular application. 

DA1C0 INDUSTRIES, INC. 
2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220 

" Telephone 310/631-1 143 • FAX 310/631-8078 

WE ACCEPT VISA AND MASTERCARD 
INFO/CARD 4 
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RF design contents 
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cover story 
26 Transceiver Chip Simplifies 

GSM Cellular Design 
GSM and other digital cellular modes 
demand higher integration of RF functions 
than previous cellular standards. AT&T 
Microelectronics' W2020 integrates an RF 
receiver mixer, IF amplifier strip, quadrature 
demodulator, UHF synthesizer, two fixed-fre¬ 
quency oscillators and power consumption 
control circuits. — Reynolds E. Jenkins 

featured technology 
36 Designing a Low Cost GPS 

LNA Using theNE68519 
A low-cost, easily manufacturable low-noise 
amplifier for the L-band is presented in this 
article. RF techniques to deal with stability 
and low supply voltages are among the con¬ 
cerns dealt with here. — Terry Cummings 

tutorial 
54 Application Circuits for MMIC Amplifiers 

This collection of circuits using MMIC amplifier devices not only includes 
amplification functions, but oscillators, mixers and multipliers as well. 

— Gary A. Breed 

departments 
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14 Letters 
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20 News 
24 Industry Insight 
46 New Products 
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58 Using Design of Experiments to Optimize 
Filter Tuning 
The manufacturing yield of a filter can be increased by making two of its ele¬ 
ments adjustable. In this article, techniques from the design of experiments 
are introduced, to determine which two elements should be made adjustable 
for maximum yield. — Dan Pleasant 

66 Phase-Locked Loop Parameters and Filters 
Phase-locked loops are often required to have specified values for closed 
loop parameters such as damping factor and undamped natural frequency. 
However, the parameters used in loop filter design are open-loop gain and 
corner frequencies. This article presents formulas for both open and closed 
loop gain calculations. — Jack Porter 

70 Power Amplifier Design Using Quadrature 
Hybrids 
A 350 W, 70 MHz amplifier used for hyperthermia treatment of cancerous 
tumors is presented. The amplifier uses two quadrature hybrids to combine 
two class-A amplifiers. — Povl Raskmark 
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6. RF Design is a registered trademark of Argus Inc. Copy¬ 
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Way, Suite 650, Englewood, CO 80111, (303) 220-0600. 
Printed in USA. Second-Class Postage paid at Atlanta, GA 
and at additional mailing offices. Subscription office: RF 
Design, P.O. Box 1077, Skokie, IL 60076. Subscriptions are: 
$39 per year in the United States; $49 per year for foreign 
countries. Additional cost for first class mailing. Payment 
must be made in U.S. funds and accompany request. If 
available, single copies and back issues are $5.00 each (in 
the U.S.). This publication is available on microfilm/fiche 
from University Microfilms International, 300 Zeeb Road, 
Ann Arbor, Ml 48106 USA (313) 761-4700. Authorization to 
photocopy items for personal use is granted by RF Design. 
provided the base fee of $3 is paid directly to Copyright 
Clearance Center, 222 Rosewood Drive, Danvers. MA 
01923 and provided the number of copies is fewer than 100. 
For authorization, contact the Copyright Clearance Center at 
(508) 750-8400. The Transactional Reporting Service fee 
code is: 01 63-321 X/94/$3.00. For those seeking 100 or more 
more copies, please contact the magazine directly at (303) 
220-0600. 
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Werlatone 
DECADES AHEAD 

HIGH POWER 
DUAL DIRECTIONAL 

COUPLERS 

RI editorial 
An Update on 
Activities at 
RF Design 

MULTI-OCTAVE 
BANDWIDTH 

TYPICAL 
SPECIFICATIONS 

FREQ. RANGE . 80-1000 MHz 
INS. LOSS . 0.1 db 
FLATNESS . +/-0.5db 
DIRECTIVITY . 20 db min. 
VSWRML . 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 

By Gary A. Breed 
Editor 

Every once in a while, we like to take 
some time to inform you of activities in 
our own offices, not just in the RF indus¬ 
try at large. Recently, there have been 
sevrai things happening around here 
that warrant a status report. 

First on the report are some plans for 
a party! When our fifteenth birthday 
arrived last fall, we noted it without fan¬ 
fare. But that’s no way to mark a mile¬ 
stone, so we’re going to celebrate just 
before we turn sweet sixteen! The Octo¬ 
ber issue will include a review of RF 
Design’s growth and development since 
the publication of the first issue in 
November/December 1978. 
To remind everyone of the event, we 

have added a new emblem to our cover 
that proclaims our “15 Years of Wireless 
Leadership”. We’re proud of our history 
of covering of radio technology, which 
started long before “wireless" became 
today’s hot buzzword! 
Next is a change to our Product 

Report column. This column reports on 
marketplace and technology develop¬ 
ments, looking at a different product 
type each month. Through our editors, 
companies making those products have 
offered their perspectives. 
Now, those perspectives will come to 

you directly, without editorial interpreta¬ 
tion, in short reports authored by those 
companies. They are the specialists, 
and you will be able to compare their 
views side-by-side. Retitled as the Prod¬ 
uct Forum, the first new column appears 
next month in the July issue. (Our inde¬ 
pendent editorial analysis will continue 
in the Industry Insight column). 

We have had some changes worth 
noting in our staff assignments. I have 
been promoted to Associate Publisher, 
and although my 'esponsibilities as Edi¬ 
tor are pretty much unchanged, my role 
has grown in the areas of policy-making 
and fiscal responsibility. 
Although his title hasn’t changed, our 

Technical Editor, Andy Kellett, has been 
promoted in his level of responsibility, as 
well. Andy handles all new product infor¬ 
mation, and will be managing the 
process of selecting articles, including 
all communications with authors. 
Our advertising sales staff, after a 

rearrangement of territories several 
months ago, has been working especial¬ 
ly hard to bring new companies into our 
family of advertisers. These companies 
have products you need to know about, 
many addressing new RF applications. 
Watch for information on next fall’s RF 

Expo East — there are some new addi¬ 
tions being planned, and the technical 
program is coming together quickly. If 
you are interested in presenting a tech¬ 
nical paper or moderating a session, let 
me know; there are just a few spots left 
that we’d like to fill quickly. Also at RF 
Expo East, we wil have the formal pre¬ 
sentation of the Grand Prize in this 
year’s RF Design Awards Contest! 
Things are always busy in the RF 

business, whether you are designing 
products, answering customer ques¬ 
tions, or managing an engineering 
group. It’s no different in the technical 
publishing business either! We stay 
busy trying to get you the information to 
help get your job done right! 
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WHAT YOU’VEBEEN WAITING FOR! 

Technology of the Future 
Available Today 

WORLD’S FIRST 
14 Octave 250VI 

SOLID-STATE RF Amplifier 
MODEL 122FC 

RF POWER CONTROLLER 

Instantaneous bandwidth, no warm-up 

• Fully protected 

• No VSWR shutdown, drives mismatched loads 

• ALC gain leveling & power limit set 

All front panel controls available via remote connector 

• IEEE488 / RS232 interface capability 

• 19" rack mountable, weight 50 kg 

•US $19,950.00 

250 Watts CW 
.01 -220MHz 

The Worlds' Most Complete 
Line atREPower Amplifiers 

1-800-344-3341 
(206) 485-9000 to (206) 486-9657 

21820 87th S.E. • Woodinville, WA 98072 • USA 

Paris, France 
1-4645-0945 INFO/CARD 6 to 1-4645-2403 

More Than 200 Standard Models 
to Choose From 

’%' 



High Power RF 
Amplifiers and Power Generators 
Our specialty is producing quality 

high power RF amplifiers, power 
generators and transmitters in the 
frequency range of 1 MHz to 250 MHz 
and at power levels up to 5000 watts. 
We can detiver amplifiers from 

stock, custom build your design or 
design a product to your specifications. 

We manufacture from start to 
finish using modem CAD tools and 

CNC machinery. 
Whether you need one or OEM 

quantities, you'll get the lowest prices and 
tne fastest delivery in the industry. 

For more information, call toll-free 
800-647-1801 and ask for Steven Pan. 

RFdesign 
Established 1978 

President — Argus Business 
Jerrold France 

Editorial and Advertising Offices 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 801 1 i 
(303) 220-0600 Fax: (303) 773-9716 

Free Information 
Write or call Steven Pan ... 800-647-1801 

Vice President and Group Publisher 
David Premo (303) 220-0600 

Editor and Associate Publisher 
Gary A. Breed (303) 220-0600 

Technical Editor 
Andrew M. Kellett (303) 220-0600 

Assistant Editor 
Ann M. Trudeau (303) 220-0600 

This FET linear amplifier covers VLF to 
VHF with 200 watts continuous power output 
or 1500 watts output in pulse applications. 

200 Watt FET Linear Amplifier Module is 
ready-to-use. Can 
be combined to 
produce several 
kilowatts. 
Modules available 
for 2-30 MHz; 
30-120 MHz; 
120-250 MHz. 
Evaluate one today! 

The rugged Eimac* 3CX1500A7 tube in this HF 
amplifier delivers over 750 watts of continuous 
power or up to 4 KW of pulsed ouput power. 

We sell Eimac® tubes 
Call toll-free 800-647-1801 

AMERiTEON* 
... the high power RF specialists 
921 Louisville Road • Starkville, MS 39759 

(601) 323-821 1 • FAX: (601) 323-6551 
8 a.m. - 4:30 p.m. CST, Monday-Friday 

Prices and Specifications subject to change © 1994 Ameritron, Inc. 

Consulting Editor 
Andy Przedpelski, The Shedd Group 

Editorial Review Boa-d 
Madjid A. Belkerdid, University of Central Florida 
Alex Burwasser, HF Products 
Dave Krautheimer, MITO, Inc. 
Ed Oxner, InterFET Corporation 
Jeff Schoenwald, Rockwell International 
Raymond Sicotte, American Microwave Corp. 
Robert J. Zavrel, Jr., Metricom 

Corporate Editorial Director 
Robin Sherman (404)618-0267 
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Account Exectives 
Jessica Caid (303) 220-0600 
Mike Henry (703)257-1202 
Tisha Hill (303) 220-0600 
Jeff Peck (303)220-0600 
Dan Rowland (212) 613-9749 
Cindy Solomonson (303) 220-0600 

Classified Advertising Manager 
Michael Applegate (404)618-0217 

HF POWER AMPLIFIERS 
High Reliability, Commercial Quality 

Vice President — Production and Promotion 
Cherryl Greenman (404)618-0302 

Production Manager 
Jenny Tague (404)618-0401 

Reprints Manager 
Vivian Peterson (303) 220-0600 

♦ 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) 877-7979 

RADIO 
2050 South Bundy Drive 
Los Angeles, CA 90025 

Phone (310) 820-1234 
FAX 310-826-7790 
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Vice President — Marxeting Research Director 
Tina D’Aversa-Williams (404) 61 8-0337 

Creative Director 
Brian Buxton (404)618-0108 

Circulation Manager 
Shawn DeMario (404)618-0259 

List Rental Manager 
Etta Davis (404)618-0266 

Argus Business Corporate Offices 
6151 Powers Ferry Rd., N.W. 
Atlanta, GA 30339-294* 
Tel: (404) 955-2500 
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ARGUS 
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Arçus Inc. 

President — Argus Inc. 
Scott Smith (404) 618-0286 

Vice President. Finance — Argus Inc. 
Wayne Otterbourg. C.P.A. (404) €18-0153 

Senior Vice President — Argus Inc. 
Arthur E. Sweum (404) 618-0109 

President — Argus Trade Shows 
Dennis Corcoran (404) 618-0485 
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FlEHlink 
We fabricate the PTFE circuit and heat 
sink and bond them using PCI 1000. 
No more sweat soldering or epoxy gluing 
circuits to heat sinks. No more costly 
pre-bonded material to fabricate. Two 
circuits with different €r can be 
combined in one package. 

Lower Costs: Fabricated at higher speeds 
and yields. 

Hi jh Pre hue ncij 
With low PrepEKCi] 
Combine High Frequency With 
Low Frequency: The High frequency 
portion can be imbedded within the Low 
frequency portion, coplanar. Using 
plated thru holes, both frequencies can 
communicate. Interconnects between high 
and low frequency circuits are eliminated. 
Lower transmission loss. Smaller package 
size. Reduce assembly labor costs and 
parts count. 

3D Designs: Create circuits, pads, etc. on 
both sides. Access to the back side of 
the circuit. Bond inside cavities. 

Reliable Ground Vias: No plated holes 
through the heat sink. 

MIL-P-551 10 1) 

ClfEUI+S UI 

215 Park Street 

Bensenville. Illinois 60106 

Phone 708-860-3560 

Fax 708-860-5350 
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Gigatronic 

Synthesized 

RF Signal 

Generators 

Giga-tronics May Not Be The First Name 
You Think Of For RF Synthesizers, 
But It Should Be. 

Yes, Giga-tronics is a new name in 
RF synthesizers. 

But this new choice may be 

your best choice. 
Because an RF synthesizer 

from Giga-tronics is an incredible 
value. You get proven performance 

and reliability at a low price, 
backed by an experienced service 

organization. 
Here are the specifics. 

Performance. 
Check the charts. Giga-tronics 

signals for communications and 

radar testing. 

And the 6080A and 6082A 

give you the performance and 

capability to test sophisticated 
systems accurately and quickly. 

It’s easy to command the 

power and capability of each 
instrument from the front panel. 

And the low profile, standard 
rack size and IEEE-488 interface 

make each instrument ideal for 

ATE applications. 

Reliability. 
The John Fluke Manufacturing 

Company initially developed and 

introduced this line of synthe¬ 

sized RF signal generators. To 

date, thousands have performed 

offers four instruments, each with flawlessly in 
its own unique combination of 

performance and capability. 
The 606IA is ideal for 

accurate and affordable gen¬ 
eral purpose RF testing. 

The 6062A adds the 

modulation capability you 

need to generate complex 

the field. 

The 
instru¬ 
ments 
incorpo¬ 
rate self¬ 

testing, 

incc nnn nn io jo uuu yu 

□ 0 
□ (31 
□ (31 
□ 
□ □ 

BO 
BE 
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mm 
B0 
□ □ 

BEI 

Giga-tronics offers you a full line of RF synthesizers 

with proven performance and reliability at low prices. 

© 1994 Giga-tronics Incorporated 



internal diagnostics and modular 

design for easy fault isolation. 

Service. 
If a problem occurs, our technical 

support staff can often help you 

find and fix it over the phone. 
If you need to return an 

instrument for service, we can 

take care of it at our factory in 

California, or at one of our 
worldwide service centers. 
Experience. 
Granted, Giga-tronics may be a 
new name for RF synthesizers, 

but it’s a trusted name to 

microwave test professionals. 
Giga-tronics has a 14-year his¬ 

tory of building test and measure¬ 
ment gear for the most demand¬ 

ing requirements. We’ve shipped 

thousands of instruments for use 

Specifications Giga-tronics 

6061A 

Giga-tronics 
6062A 

Giga-tronics 

6080A 

Giga-tronics 
6082A 

Frequency 

Range 

Switching speed 

.01 to 1050 MHz 

<100 ms 

.1 to 2100 MHz 

<100 ms 

.01 to 1056 MHz 

<100 ms 

.1 to 21 12 MHz 

<100 ms 

Spectral Purity* 

Spurious 

Subharmonics 

<■60 dBc 

None 

<-54 dBc 

<-45 dBc 

<-100 dBc 

None 

<-94 dBc 

<-45 dBc 

Phase Noise* 

@ 20 kHz offset <-l 17 dBc/Hz <-110 dBc/Hz <-131 dBc/Hz <-125 dBc/Hz 

Residual FM* 

(Bandwidth) 

<12 Hz 

(.5 to 3 kHz) 

<24 Hz 

(.5 to 3 kHz) 

<1.5 Hz 

(.3 to 3 kHz) 

<3 Hz 

(.3 to 3 kHz) 

Output 

Range* 

Accuracy 

Reverse Power Protection 

+13 to -147 dBm 

±1 dB >127 dBm 

50 Watts/50 Vdc 

+ 13 to -147 dBm 

±1.5 dB >-127 dBm 

25 Watts/25 Vdc 

+ 17 to -140 dBm 

±1 dB >127 dBm 

50 Watts/50 Vdc 

+13 to -140 dBm 

±1 dB >-127 dBm 

25 Watts/25 Vdc 

Amplitude Modulation 

Depth 

Distortion @ 30% 

0-99.9% 

<3% 

0-99.9% 

<3% 

0-99.9% 

<1.5% 

0-99.9% 

<1.5% 

Frequency Modulation 

Max. Deviation* 

Distortion 

100 kHz 

<1% 

400 kHz 

<1% 

4 MHz 

<l%@50%Dev. 

8 MHz 

<l%@50%Dev. 

Phase Modulation 

Max. Deviation* 

NA 

40 Rad. 40/400 Rad. 80/800 Rad. 

Pulse Modulation 

On/off 

Rise/fall time 

Minimum Pulse Width 

NA 

>80 dB 

<15 ns 

<2 ps 

>40/60 dB 

< 15 ns (Typ 7.5 ns) 

<30 ns 

>80 dB 

<15 ns (Typ 7.5 ns) 

<30 ns 

Internal Modulation Source 

Level Range 

Waveforms 

Programmable 

400, 1000 Hz 

NA 

Sine 

Yes 

400. 1000 Hz 

NA 

Sine 

Yes 

0.1 Hz to 200 kHz 

0 to 4 Vpk 

Sine/Sq/Tri/Pulse 

Yes 

0.1 Hz to 200 kHz 

0 to 4 Vpk 

Sine/Sq/Tri/Pulse 

Yes 

Memory Locations (NVM) 50 Full Function 50 Full Function 50 Full Function 50 Full Function 

*Specifications for the 606 1A and 6080A are at I GHz. and specifications for the 6062A and 6082A are at 2 GHz. Phase noise is 
typical for the 606 1A and 6062A. 

in testing communications, radar 

and EW systems. 
Value. 
What makes a 

Giga-tronics RF 

Signal Generator 

such an incredible 

value is its blend of 

proven performance 

and reliability at a 
low price. 

Take a closer look 

at Giga-tronics. The new 
choice for RF synthesizers 

may be your best choice. 

Call us toll free at 800 726 

GIGA (4442). We’ll send you 

more information and arrange 

for a demonstration. 

Giga Ironía 

Giga-tronics Incorporated 

4650 Norris Canyon Road 
San Ramon, California 94583 

Telephone: 800 726 4442 or 
510 328 4650 

Telefax: 510 328 4700 

INFO/CARD 10 



ly letters 
Letters should be addressed to: 

Editor, RF Design, 6300 S. Syra¬ 
cuse Way, Suite 650, Englewood, 
CO 80111. Letters may be edited 
for length or clarity. 

Receiver Notes 
Editor: 
Nice job on your tutorial "Receiver 

Basics — Part 1 : Performance Parame¬ 
ters" [February RF Design], I'd like to 
add some comments. 

Basically, a receiver must produce the 
desired output for signals you want to 
receive, and no output for signals you 
don't want to receive. Furthermore, the 
reception of the desired signals, which 
are often weak ones, should not be 
degraded because some strong unde¬ 
sired signals are present at the receiver 
input. To the user, "hearing" an unwant¬ 
ed signal (or the noise caused by it) is 
"interference;" desensitization due to ti 
often isn't noticed, or if it is, fault is often 
assigned elsewhere. 
Phase noise in a local oscillator, 

whether crystal controlled or synthe¬ 
sized, is crucial to off-channel rejection. 

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 

The noise acts like "local oscillator injec¬ 
tion" into the mixer for adjacent chan¬ 
nels, High IF rejection does no good if 
there is a lot of phase noise in the oscil¬ 
lator or synthesizer. In this case, adja¬ 
cent channel rejection and oscillator 
phase noise are directly related. 
Note also that phase noise in a trans¬ 

mitter is a frequent cause of interference 
on other channels, and receivers are 
often wrongly blamed. Antenna loca¬ 
tions and properties are other factors in 
overall receiver performance. 
RF Design is my top magazine read¬ 

ing priority. Keep up the good work. 

Jack Streater 
Mentor Radio Company 

Spread Spectrum Clarification 
Readers: 

I made an incorrect statement in my 
tutorial "A First Introduction to Direct 
Sequence Spread Spectrum" [April RF 
Design], Direct sequence SS is inher¬ 
ently a below-the-noise system because 
of its coherent nature, and does not 
require a positive signal to noise ratio as 
I stated. I apologize for the error. 

I would like to thank Bob Dixon of 
Omnipoint Corporation and Chuck 
Phillips of Dunkirk, MD for gently point¬ 
ing out my fundamental error. Bob 
reminded me of a well-known direct 
sequence SS system, the Global Posi¬ 
tioning System, that operates with a sig¬ 
nal to noise ratio that is typically -29 dB. 

Part of my confusion arose from the 
fact that some current SS implementa¬ 
tions are not below-the-noise systems. 
Some of them trade processing gain for 
data rate capability. Other systems meet 
FCC criteria for "spread spectrum" in the 
unlicensed ISM bands, but they are not 
true SS techniques. These types of sys¬ 
tems do "require a total energy that is 
above the level of noise and other sig¬ 
nals," as stated in the article. 

Gary Breed 
Editor 

A Note on ECL for RF 
Editor: 

In the article on analog use of ECL by 
R.N. Mutagi [RF Design, April 1994], the 
author discusses several circuits for 
establishing a voltage level for linear 
operation (ECL threshold bias). A 
method not discussed in the article, 
used by RCA in the TRADEX and 
ALCOR radar systems, is shown in the 
figure below. It has proven to be simple, 
effective and reliable. 

The basic idea is to connect the 
inverting digital gate for 100% DC feed¬ 
back. This is obta ned with the two resis¬ 
tors connected from the inverting output 
to the input. This forces the circuit to 
remain at its linear region. The resistors 
shown are 1kQ, but can be adjusted to 
perform other functions such as trans¬ 
mission line termination. Due to the 
inverse feedback, the voltage level will 
automatically track the required thresh¬ 
old voltage despite thermal, aging and 
power supply effects. The bypass 
capacitor in the center ensures that 
there will be no AC feedback, thus 
allowing the gate to swing through its 
linear region to produce gain for any 
AC-coupled signal. The capacitor also 
prevents oscillation at the frequency 
where the delay is equivalent to 180 
degrees (although normally the feed¬ 
back resistors are too high for this to 
occur). This circuit has become stan¬ 
dard for developing a digital clock from a 
sine wave reference. 
This method should not be used with 

TTL logic, because the loss of input sig¬ 
nal would likely result in the output tran¬ 
sistors drawing excessive current. 

David Freedman 
Exetron 

Coupler Addition 
Editor: 
Your article "The RF Coupler: A 20th 

Century Workhorse" [Product Report, 
February RF Design] was right on the 
money. As the article points out, the 
industry now demands smaller, cheaper, 
more consistent, surface mount compat¬ 
ible couplers, particularly for commercial 
applications. EMC has introduced a line 
line of subminiature couplers based on a 
proprietary thick film process, covering 
cellular, GPS and PCN frequency 
bands. These thick film Lange couplers 
have integrated crossovers which elimi¬ 
nate the usual bond wires. They handle 
250 watts and are compatible with auto¬ 
mated assembly processes. 

David J. Markman 
EMC Technology, Inc. 
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WHAT DO TH€S€ PRODUCTS HAV€ IN COMMON? 
1 -2 GHz Frequency Synthesizer 

long Distance Technologies 
Adelaide, South Australia 

AF & Communications equipment 

î t Î 

930 MHz SRUI Oscillator 
RF Monolithics, Inc. 
Dallas, Texas 
SRW Devices and Assemblies 

275-300 MHz Loui-Noise VCO 
Glenayre 
Quincy, Illinois 
Paging equipment 

ï r IX« 5-80 MHz, 1.2 KU) Amplifier 
Crbtec engineering, Inc. 

Roulder, Colorado 
RF Amplifier Assemblies 

1270 MHz Combline Filter 
Scientific-Atlanta, Inc. 
Atlanta, Georgia 
Communications Systems 

THÍV UJ€R€ DESIGNED WITH SVSKM 32 SOFTWARE! 
Every day thousands of Eagleware customers worldwide use our state-of-the-art software to design state-of-the-art 
products. Join this elite group who look to Eagleware for a wide range of accurate and easy-to-use programs and 
direct factory support with no annual fees. 

YOU S€l€CT PROGRAMS RND OPERATING SYSTEMS 
=/WFILT€R= 

MICROSOFT, 
WINDOWS 

MICROSOFT. 
WINDOWSNT. 

OSCILIRTOR= 

MRTCH= 

=FILT€R= 

=SuperStar= 
HIGH-SPGGD SIMULATOR 

=SCH€MRX= 

System 32 programs run under DOS, Microsoft Windows and Windows NT. 
Windows programs are 32-bit for fast and robust multi-program operation. 
User created files in all operating systems are exchangable for sharing 

with coworkers and painless future upgrading. 

SAMi PRICCS INTERNATIONALLY 
DIRECT SALÍS & USÍA SUPPORT 

BV FRX, PHONE OR LETTER 

€AGL€WRß€=^= 
Eagleware Corporation 1750 Mountain Glen ; Stone Mtn, GA 30087 * USA 

TEL (404) 939-0156 * FAX (404) 939-0157 
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RF calendar 
June 

14-16 

RELIABILITY 
&ACCURACY. 19-24 

Precision Quartz 
CRYSTALS 

70 KHz to 200MHz. 
ICM is a major supplier 

to the commercial, 
communications, industrial, 
and O.E.M. crystal markets. 

Nepcon East ‘94 
Boston, MA 

Information: Michele Filippi, NEPCON East ‘94, Reed Exhibi¬ 
tion Companies, 999 Summer Street, P.O. Box 3833, Stam¬ 
ford, CT 06905-0833. Tel: (203) 352-8254. Fax: (203) 
964-0176. 

1994 IEEE AP-S International Symposium and URSI 
Radio Science Meeting 
Seattle, WA 

Information: Jan Kvamme, Conference Manager, UW Engi¬ 
neering Professional Programs, 3201 Fremont Avenue North, 
Seattle, WA 98103. Tel: (206) 543-5539. Fax: (206) 543-
2352. 

INTERNATIONAL CRYSTAL MFG. CO.. INC. 
10 N. Lee • P. O. Box 26330 

Oklahoma City, OK 73126-0330 
Phone (405) 236-3741 • FAX (405) 235-1904 

Toll Free Phone 1-800 725-1426 
24 Hour Toll Free FAX 1-800 322-9426 
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Low Cost Swept SWR 
RLB150 bridges can be used with spectrum 

analyzer/tracking generator or service monitor for 
swept SWR measurements. This technique sim¬ 
plifies tuning of antennas, cavities, duplexers, 
isolators and many other RF devices. They also 
can be used for cable insertion loss and imped¬ 
ance measurements. 

Eagle® bridges have high directivity, five watt 
power rating and built-in termination. 

June/July 

27-1 

July 

4-7 

6-8 

August 
9-12 

Conference on Precision Electromagnetic Measurements 
Boulder, CO 

Information: D.B. Sullivan, Time and Frequency Division, 
NIST, 325 Broadway, Boulder, CO 80303. Tel: (303) 497-
3772 or (303) 497-3295. 

HF Radio Systems and Techniques 
York, UK 

Information: HF ‘94 Secretariat, IEE Conference Services, 
Savoy Place, London WC2R OBL, UK. Tel: 44-071-344 
5478/5477. Fax: 44-071-497 3633. 

2nd International Conference on ADDA 
Cambridge, UK 

Information: ADDA ‘94 Secretariat, IEE Conference Services, 
Savoy Place, London WC2R OBL, United Kingdom. Tel: 071 
344 5478/5477. Fax: 071 497 3633. 

Model Freq MHz Price 
RLB150N3B 
RLB150N3C 
RLB150N5A 

5-1000 
5-1300 
5-3000 

$389.00 
$425.00 
$579.00 

FREE application note: “High Performance 
VSWR Measurements". Call and ask for it! 
Catalogue covers bridges, cable sets and other 
useful equipment. 

^nEKF 
P.O. Box 9446 (316) 265-2050 
Wichita. KS. 67277 Fax: (3 16) 265-2255 

25-28 

September 

27-29 

IREECON 1994 - International Electronics and Telecom¬ 
munications Exhibition 
Melbourne, Australia 

Information: TWI, International Exhibition Logistics, 3190 
Clearview Way, San Mateo, CA 94402 Tel: (415) 573-6900. 
Fax: (415) 573-1727. 

IEEE Electromagnetic Compatibility Symposium 
Chicago, IL 

Information: Thomas Braxton, Vice-Chair, AT&T Bell Labora¬ 
tories, Room 2B-217, 2000 N. Naperville, Road, Naperville, IL 
60566. Tel: (708) 979-1299. Fax: (708) 979-5755. 

16 
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16th Piezoelectric Devices Conference 
Kansas City, MO 

Information: Electronic Industries Association, 2001 Pennsyl¬ 
vania Avenue, N.W., Washington, DC 20006. Tel: (202) 
457-4930. Fax: (202) 457-4985. 
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Is this what 
BIPOLAR 
TECHNOLOGY 
has finally come 
DOWN TO? 

12 GHz fT Bipolars: 

one third the size of a SOT-23! 

Need performance, but short on real estate? 

Our new bipolars from NEC deliver up to 9 dB Gain and 1.5 dB 

Noise Figure at 1.9 GHz — in an ultra-super mini mold "19" 

package that’s just 1.6 X 0.8mm! 

These bipolars operate below 3V and at low current to reduce 

battery size and increase battery life for your wireless applications. 

Want the performance, but not quite ready for the miniature 

package? They’re also available in traditional SOT-23, 323, and 143 

style packages — and a new high performance 4 pin "18" package 

that delivers MAG of 13-OdB at 1V, 1 mA, 900 MHz. 

They're available now, on tape and reel, and priced to meet your 

needs. For Data Sheets and a copy of Automated Assembly of 

Miniature Parts, call your nearest CEL Sales Office or circle 

the number below. 

3.0 

0) 

O) 2.0 

0) œ 
o 

1.5 

1.0 

0.5 

0.0 

25 

20 

15 

10 

0.2 0.5 1.0 1.5 2.0 3.0 4.0 5.0 

Frequency GHz 

NEC 
NEC Bipolars are available 

in these packages 
(shown approx. 2X size) 

NEC 19* Pkg 
Ultra Super 
Mini Mold 

NEC '18' Pkg 
4 Pin Super 
Mini Mold 

NEC '30' Pkg NEC '33' Pkg 
SOT- 323 Style SOT-23 Style 

V) 
v> 
o 
o 
S' 
o 

0 

00 

NEC '39' Pkg 
SOT-143 Style 

California Eastern Laboratories SSSSSS 
CEL Headquarters. 4590 Patrick Henn Drive. Santa Clara. CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara, (408) 988-7846 □ Los Angeles, CA (310) 645-0985 

San Diego, CA (619) 450-43950 Bellevue, WA (206) 455-1 101a Richardson, TX (214) 437-5487aOlathe, KS (913) 780-13800Woodridge, IL (708) 241-3040 □ Cockeysville, MD (410) 667-1310 

Peabody, MA (508) 535-2885 □ Hackensack, NJ (201) 487-1155 O Palm Bay, FL (407) 727-8045 □ Snellville, GA (404) 978-4443 □ Nepean, Ontario, Canada (613) 726-0626 

© 1944 California Eastern Laboratories 
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RF courses 
Introduction to Electromagnetic Compatibility 
Design Practices 

July 7-8, 1994, Milwaukee, Wl 
Information: University of Wisconsin - Milwaukee, Non-Credit 
Registration Office, Drawer No. 491, Milwaukee, Wl 53293. 
Tel: (414) 227-3200 or (800) 638-1828. Fax: (414) 227-3146. 

NIST Time and Frequency Seminar - Level-1 
June 20-21, 1994, Boulder, CO 

NIST Time and Frequency Seminar - Level-ll 
June 22-24, 1994, Boulder, CO 

Information: Patsy Tomingas or Wendy Ortega, Division 847, 
NIST, 325 Broadway, Boulder, CO 80303. Tel: (303) 497-3276 
or (303) 497-3693. 

Microwave Antenna Measurements: 
Far-Field, Near-Field, Compact Ranges and 
Anechoic Chambers 

June 13-17, 1994, Northridge, CA 
Information: Shirley Lang, Center for Research & Services, 
School of Engineering & Computer Science, California State 
University, Northridge, CA 91330-8295. Tel: (818) 885-2146. 
Fax: (818) 885-2140. 

High-Frequency Modeling and Simulation Seminar 
June 15, 1994, Los Angeles, CA 
June 17, 1994, Phoenix, AZ 

Information: HP-EEsof, 5601 Lindero Canyon Road, Westlake 
Village, CA 91362. Tel: (800) 343-3763. 

Avionics & Weapons Systems Flight Test 
August 22-26, 1994, San Diego, CA 

Navstar/GPS: Design Applications 
August 1-3, 1994, Washington, DC 

High Speed & Microwave Devices & Applications 
October 24-27, 1994, Boston, MA 

Information: University Consortium for Continuing Education, 
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436. 
Tel: (818) 995-6335. Fax: (818) 995-2932. 

Design for Testability and for Built-in Test 
July 11-14, 1994, Los Angeles, CA 

Information: UCLA Extension, Engineering Short Courses, 
10995 LeConte Ave., Ste. 542 Design for Testability and for 
Built-in Test, Los Angeles, CA 90024. Tel: (310) 825-1047. 
Fax: (310) 206-2815. 

Applied RF 1 
August 22-26, 1994, Los Altos, CA 

Wireless Systems 
August 29-September 2, 1994, Los Altos, CA 

Information: Besser Associates, 4600 El Camino Real, Suite 
210, Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415) 
949-4400. 

PHOENIX, AZ 85027 (602)780-1905 FAZ (602)780-2431 

M6 temex 
SM3 
8 pole 
2i .4 mhz 

18 

TEMEX 
SM1 
4 pole 

45.0 mhz 
Quality Crafted 

Crystals 
Crystal Filters 
MC Filters 
Monolithics 
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RO3003 circuit board material 
puts the le^ back in wireless. 

Introducing RO3003 
from Rogers. 

High performance, 
low price. 

Reducing material cost 
in wireless applications used to 
mean sacrificing performance. 
Until now! 

RO3003 high frequency 
circuit material provides a 
temperature stable dielectric 
constant of 3.0,typical dissipa¬ 
tion factor of 0.0013 and a CTE 
that is matched to copper for 
excellent dimensional stability. 

And, RO3003 is priced 
competitively with the least 

expensive high frequency 
wireless materials. Rogers 
quality and price are tough 
to beat. 

Call or write for more 
RO3003 product data, samples 
or to speak with an Application 
Engineer concerning your 
next project. 

ROGERS 
Microwave and Circuit Materials Division 

Rogers Co poration • Microwave & Circuit Materials Division • 100 S. Roosevelt Avenue. Chandler. AZ 85226 • Tel: 602-961-1382 • Fax: 602-961-4533 
Rogers Japan Inc., Tokyo; Tel: 81-33-807-6430 FAX: 81-33-807-6319 • Rogers Mektron. N.V . Gent. Belgium. Tel +32 9 235 36 11 FAX: +32 9 235 36 58 

RO3003 is a registered trademark of Rogers Corporation. 
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RF news 
Space-based 
Imaging Radar 
Keeps Track of 
Environmental 
Trouble Spots 

Ball Corporation’s Spaceborne Imag¬ 
ing Radar-C/X-band Synthetic Aperture 
Radar was launched April 8, 1994, 
aboard the space shuttle Endeavour. 
The mission, first of two, was to study 
the damaging effects of pollution and 
agricultural practices on vegetation to 
learn how these changes may affect 
global weather patterns. Scientists are 
studying photos of 400 environmentally 
troubled spots including the Galapagos 
Islands, the Amazon River Basin, 
Hawaii, Mount Pinatubo, and Death Val¬ 
ley. The photos will be used as a base¬ 
line of Earth’s health. The radar, an 
international project with Italy, Germany 
and the United States, was designed for 
NASA’s Jet Propulsion Laborataory. It 
penetrates clouds, dense vegetation, ice 
and dry sand using frequencies in L-, C-
and X-Bands. 

This image is of Isla Isabella, Galapagos Islands, through the smoke of a huge fire 
threatening thousands of turtles, according to David Aguiar, Ball Corporation. On 
Endeavour’s 40th orbit the 47 by 37 mile area was scanned by the L-band radar in 
HH polarization from the Space borne Imaging Radar C/X-Band Synthetic Aperture 
Radar. 

IEEE Investigates Ambient Noise for 
PCS Standards - This research on var¬ 
ious PCS modulations will identify the 
maximum on-site field disturbance lev¬ 
els which would allow proper PCS oper¬ 
ation. The information will be used to 
base a standard measurement practice 
for measuring frequency, amplitude and 
bandwidth of radio noise environment. 
The project is called P1385 and titled 
“IEEE Recommended Practice for Mea¬ 
surement of Radio Disturbances in the 
Frequency Range of 800 MHz to 40 
GHz Capable of Interfering with PCS 
(Personal Communications Service) 
Systems”. The working group needs vol¬ 
unteers with expertise in PCS and EMC 
as it relates to RF ambient and analysis. 
The work will include documentation, 
analysis, and instrumentation. The 
meeting will be at Global Product Com¬ 
pliance Laboratory, AT&T Bell Laborato¬ 
ries, Holmdel, NJ 07733-3030 during the 
summer of 1994. Project Chairman is 
Dheena Moomgllan, Room No. 11B 
184. Tel: (908) 834-1806. Fax: (908) 
834-1030. 

IEDM Calls for Papers - The 1994 
IEEE International Electron Devices 
Meeting in San Francisco, CA, Decem¬ 
ber 11 -14th, at the San Francisco Hilton 

& Towers, has a call for papers in the 
following areas: Integrated Circuits, 
Quantum Electronics and Compound 
Semiconductor Devices, Device Tech¬ 
nology, CMOS Devices and Reliability, 
Solid State Devices, Modeling and Sim¬ 
ulation, Vacuum Electronics, and Detec¬ 
tors, Sensors & Displays. Abstract is 
due by July 1, 1994. For complete call 
for papers contact: Melissa Widerkehr, 
IEDM, 1545 18th Street NW, Suite 610, 
Washington, DC 20036 USA. Tel: (202) 
986-1137. 

U.S. 1994 R & D Funding - Battelle 
forecasts $164.5 billion for a 2.36 per¬ 
cent increase over the estimated $160.8 
billion actually spent by the National Sci¬ 
ence Foundation last year for R&D. The 
two primary sources are the federal gov¬ 
ernment ($69.8 billion) and private 
industry ($84.9 billion) for a total of 
$154.7 billion of which the primary per¬ 
former of R &D will be private industry 
($114.8 billion). Battelle expects contin¬ 
ued inflation to absorb the projected 
increase in total R&D. However, industry 
shows a diminished interest in actually 
performing basic research and now that 
academia, because of financial reasons, 
is willing to be partners with industry, 
most R&D will be done by them. This 

represents a cost saving to industry. 
Battelle expects no real increases in 
actual funding will be seen until 1995 
and the outlook for federal support is not 
optimistic. They state that those indus¬ 
tries most successful in using R&D will 
survive and grow. 

Georgia Tech Research News -
Researchers have produced low voltage 
magnetic microactuators that operate 
where more common electrostatic 
devices can’t be used. The iron core 
wrapped around integrated electrical 
windings can replace transistors for 
switching HF signals making voltage 
microconverters possible. Their fabrica¬ 
tion technologies allow these devices to 
be made fully integrated on a silicon 
chip surface which allows simultaneous 
production of multiple devices on the 
same substrate. The researchers are 
also working on a magnetic microactua¬ 
tor that would be switched by a pulse of 
current. The researchers altered stan¬ 
dard microelectronics processing tech¬ 
niques to produce thick layers of copper 
conductor for the winding and a thick 
plating of nickel-iron for the magnetic 
core. Magnetic microactuators can gen¬ 
erate more force than their electrostatic 
cousins, operate on lower voltages and 
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Richardson Cove 
Spectrum of M/A-COM s 

Availability 
From the new M/A-COM MED 
line of MMICs, mixers, 
hybrids and passive 
components to microwave 
and RF transistors and 
semiconductors, you’ll find 
the M/A-COM products you 
need in stock at Richardson 
Electronics. Call 1-800-348-
5580 to reach any of our 16 
North American sales 
locations for same-day 
shipment of M/A-COM 
products from our $1 million 
inventory. 

Product Knowledge 
For technical support on 
current designs or future 
applications for M/A-COM 
components, call 1-800-RF 
POWER to reach our team of 
engineers. WE SPEAK RF so 
your specific requirements 
are not lost in the 
translation. 

Value-Added Support 
We offer custom stocking 
programs, JIT and EDI 
capabilities in addition to 
special component testing 
and packaging. Call 1-800-RF 
Power and let our design 
staff assist with all your 
questions. 

If your requirements enter 
the spectrum for M/A-COM 
products, you’ll find 
Richardson Electronics 
operating at the frequency 
capable of meeting all your 
demands. 

Richardson 
nZ Electronics, Ltd. 
Corporate Headquarters 
40W267 Keslinger Hoad, 
LaFox, IL 60147 USA 
Fax (708) 208-2553 

7^1 
WE SPEAK RF! 
1-800-RF POWER 
(1-800-737-6937) in Canada 1-800-348-5580 
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continued 

EUR - USA - JPN 

International 
“emc-Mark” 
Equipment that combines North Amer¬ 

ican, European, and Japanese electro¬ 
magnetic compatibility (EMC) can be 
identified by the above logo. This logo 
means acceptability by Underwriters 

Laboratories Inc. (UL), TUV Product 
Service (Munich, Germany), VDE Test¬ 
ing and Certification Institute (Offen¬ 
bach, Germany), the United States Fed¬ 
eral Communications Commission. In 
the European Union, the EMC directive 
is midway through its transition period. 
Even in Japan, where EMC compliance 
is voluntary, the demand for member¬ 
ship in the Voluntary Control Council for 
Interference continues to grow. With this 
identification manufacturers can expect 
comprehensive test reports and product 
change test updates that cover all nec¬ 
essary EMC requirements, changing 
standards, and annual factory inspec¬ 
tions Manufacturers who are issued the 
International “emc-Mark” can combine 
relevant inspections into other UL, TUV 
Product Service, or VDE Testing and 
Certification Institute audit programs. 

are compatible with existing microelec¬ 
tronics that have high current and low 
voltages. The disadvantages are high 
resistive losses and they are larger than 
their electrostatic models (100 microns 
up to one millimeter) and they use more 
current. This research is sponsored by 
the National Science Foundation and by 
the Ford Motor Company. 

Multichip Module Design - A Georgia 
Tech Research Institute group cautions 
that a shortage of established design 
rules could create EMI in the new gener¬ 
ation of multichip modules (MCM) that 
involve high-density mixing of analog, 
digital and microwave devices. Georgia 
Tech analyzed the electromagnetic sus¬ 
ceptibility of some modules. The find¬ 
ings could be the basis for test proce¬ 
dures, simulations and design guide¬ 
lines to help minimize EMI problems and 
the expensive network process used 
when MCMs are not compatible. Their 
test showed that standard circuit simula¬ 
tion software could be used in analyzing 
EMI protection and the most resistive 
components. Supporting this effort, and 
to see if these MCMs are cheaper to 
manufacture and repair, is the Air force 
Office of Scientific Research and the Air 
Force Rome Laboratory System Tech¬ 
nology and Integration Branch. 

Digital Links Complete Networks -
After testing initial digital radio installa¬ 
tions Bell Atlantic Mobile (BAM) is offer¬ 
ing digital cellular service in Philadelphia 
and Pittsburgh, Pennsylvania that is 
compatible with current analog phones. 
The digital system paves the way for 
future improvements in call quality, net-

work accessibility, fraud protection, 
enhanced voice services, static-free 
calling,and increased privacy, Also new 
services such as receiving cellular mes¬ 
sages, message waiting indicator for 
BAM Messenger ™ voice mail, caller ID 
and battery sleep mode are available. 

New Office - Component Distributors 
Inc. who distribute RF/Microwave and 
high-tech components has announced a 
new office in Leesburg, VA. Contact per¬ 
son is Betsy Williammee, Tel: (703) 779-
4995. Fax: (703) 779-4996. 

New Division - Solid State Testing, 
Inc., has formed a new division called 
Burlington Microelectronics that will spe¬ 
cialize in circuits that are no longer 
available but need to be reverse-engi¬ 
neered to meet required electrical 
and/or mechanical parameters. New 
devices that are not yet available from 
normal sources can be custom 
designed, assembled and tested. They 
do this with monolithic circuits, hybrids, 
and multi-chip modules. The parent 
company started as a testing lab for dis¬ 
crete components and integrated cir¬ 
cuits 25 years ago then expanded as a 
procurement and manufacturing partner 
for its customers. 

Subsidiary Purchased - Electro-Mag¬ 
netic Processes, Inc., a subsidiary of 
Ferranti International has been pur¬ 
chased by an internal management 
group. The maker of antenna tracking 
systems will continue their operations at 
20360 Plummer St., Chatsworth, CA 
91311. Tel: (818) 882-6333. Fax: (818) 
709-4668. 

TELECOM 95 Call for Papers - TELE¬ 
COM 95 will be in Geneva, Switzerland, 
October 3-11, 1995, and will have an 
Exhibition and Book Fair, Strategies 
Summit, and Technology Summit. 
Abstracts are due by August 15, 1994. 
Contact: FORUM 95 Secretariat, Inter¬ 
national Telecommunication Union, 
Place des Nations. CH-1211 Geneve 20 
(Switzerland). Tel: +41 22 730 56 80. 
Fax: +41 22 730 64 44. Internet: forum-
cfp@itu.ch. 

FCC Gives Type Acceptance of 220 
MHz Linear Modulation - E.F. Johnson 
Company has received approval for its 
infrastructure and mobile subscriber 
equipment using linear modulation at 
220 MHz. This equipment utilizes 5 KHz 
bandwidths, compared to 25 KHz for 
current trunking systems. It provides five 
radio channels in the same bandwidth 
as one typical 800 MHz channel, with no 
loss of voice quality. In 1987 the FCC 
reallocated the 220-222 MHz frequen¬ 
cies as a narrow band for private land 
mobile use. The FCC has issued 3,900 
licenses for 220 MHz systems. 

High Speed Wireless LAN Proposal 
Approved - The IEEE 802.11 Standard 
Committee approved a high-speed 
physical layer (PHY) option for frequen¬ 
cy hopping spread spectrum wireless 
LANs based on a proposal submitted by 
Proxim, Inc. The proposal called for four 
level Gaussian Frequency Shift Keying 
(4GFSK) modulation to achieve high¬ 
speed data transmission in frequency 
hopping wireless LAN environments 
with a fallback to two-level GSFK 
(2GSFK) for communications with lower 
speed frequency hopping systems. This 
dual mode approach, which does not 
cause interference between higher and 
lower speed wireless environments, has 
been implemented in Proxim’s LAN2 
product family and are FCC approved. 
In evaluating potential high-speed PHY 
layer implementations, the 802.11 Com¬ 
mittee ratified a 2.0 Mbps/1 .0 Mbps dual 
data rate standard for both frequency 
hopping and direct sequence spread 
spectrum systems This decision follows 
the Carrier Sense Multiple Access with 
Collision Avoidance Media Access Con¬ 
trol layer foundation protocol approved 
at the last plenary meeting in November 
1993. With the specification of this new 
high-speed PHY layer modulation and 
data rate standard now decided, the 
path is cleared for the 802.11 Commit¬ 
tee to meet its target of completing a 
Draft Standard document by late 1994. 
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GORE-SHIELD™ form-in-place gaskets 
allow quick and inexpensive EMI/RFI seal 

Ideal for prototype 
and field repairs 

GORE-SHIELD strip gaskets provide an 
effective solution to quick, on-the-spot 
requirements forlow cost EMI/RFI shielding. 
They are excellent for retrofits, prototypes, 
high volume production, and even field repair 
of damaged gaskets. 

3^. 

GORE-SHIELD strip gaskets offerproven 
EMI performance plus environmental sealing 
in a single, user friendly package. The EMI 
strip gasket is easily formed in place which 
allows maximum design flexibility. This greatly 
simplifies flange designs by eliminating the 
requirement for grooves. They are available in 
a variety of widths and thicknesses, with or 
without conductive pressure sensitive adhesive, 
and are conveniently packaged on easy-to-use 
dispenser rolls. GORE-SHIELD strip material 
is made of chemically inert, expanded PTFE 
so it is soft and conformable. This 
conformability and exceptional inertness also 
provides a strong environmental seal to combat 
corrosion, and other chemical attack. Best of 

Thickness Widths 

.010" (0.25mm; 

.020" (0.5mm) 

.040" (1.0mm) 

.060" (1.5mm) 

.080" (2.0mm) 

.100" (2.5mm) 

.125'"(3.0mm) 

.125" (3.0mm) 

.250” (6.5mm) 

.375" (9.5mm) 

.500" (12.5mm) 
1.000" (25mm) 

•Other widths 
available 

all, GORE-SHIELD strip gaskets are available 
forsame day shipment. Call Richardson 
Electronics, Ltd., the country's leading RF and 
microwave specialty distributor. Take advantage 
of Richardson's extensive inventory of 
GORE-SHIELD strip gaskets and other RF 
and microwave components. To order from 
any of Richardson's 16 North American 
sales locations, all: 

1-800-RF POWER 
(I -800-737-6937) 

Canada 1-800-348-5580 
1994 Richardson Electronics, Ltd. 
40W267 Keslinger Road, LaFox, IL 60147 USA 
Tel: (708)208-2200. Fa> : ( 708) 208-2553 
GORE-SHIELD is a trademark of W. L. Gore & Associates, Inc. 

A Richardson 
Ns Electronics, Ltd. 
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industry insight_ 
RF Radiation Hazards 
By Andy Kellett 
Technical Editor 

How hazardous is RF radiation? There 
are probably more emergency room visits 
due to toothpick mishaps than RF acci¬ 
dents, and any link between RF and dis¬ 
ease (mostly cancer) is many many times 
weaker than, for instance, the link 
between fat intake and heart disease. But 
for RF engineers and others who are 
exposed to more than typical ambient RF 
fields, it is prudent to try to assess the 
risks. This report will review some RF 
exposure standards, examine the facts 
surrounding the concern about links 
between RF and cancer, and review 
some of the situations that are most likely 
to place someone in strong fields. 
Current RF exposure standards 

address the thermal effects of RF radia¬ 
tion. The same losses that occur in circuit 
elements at RF frequencies occur in 
human tissue, and those losses eventual¬ 
ly take the form of heat. 
The latest ANSI standard for RF radia¬ 

tion exposure, C95.1-1991, specifies 
maximum power densities, electric and 
magnetic field strengths, and contact cur¬ 
rents. A new feature of C95.1-1991 is the 
definition of separate limits for “controlled” 
and “uncontrolled’ exposures. Situations 
in which people intentionally expose 
themselves to RF radiation, are consid¬ 
ered controlled, whereas those situations 
where a person unwittingly is exposed to 
RF radiation are considered uncontrolled. 
Taking the limits for power density as 

an example, a person in a controlled envi¬ 
ronment can be exposed to 10 W/m2 from 
100 to 300 MHz, while a person in an 
uncontrolled environment can only be 
exposed to 2 W/m2 in the same frequency 
range. Above 300 MHz, both exposure 
limits ramp up to 100 W/m2, but the con¬ 
trolled environment limit reaches that den¬ 
sity at 3 GHz, while the uncontrolled limit 
does so only after reaching 15 GHz. After 
15 GHz both controlled and uncontrolled 
exposure must be no greater than 100 
W/m2. Below 100 MHz, C95.1-1991 spec¬ 
ifies exposure limits in terms of indepen¬ 
dent electric and magnetic field strengths. 
Whether it is due to the relatively new 

ANSI standard or not, manufacturers of 
field measurement equipment have 
noticed some changes in what their cus¬ 
tomers demand. Users of industrial RF 
equipment such as induction heaters are 
purchasing more monitoring equipment 
says Bob Johnson, Manager of Instru¬ 

ment Applications at Narda Microwave 
Corp. Other standards such as Sweden's 
video display terminal emissions standard 
are also driving sales says Burton Gran, 
President of Holaday Industries. 

RF and Cancer 
Epidemiologist Dr. David Savitz of the 

University of North Carolina School of 
Public Medicine says that a link between 
electromagnetic (EM) emissions and can¬ 
cer is certainly not dismissable, but not 
convincing either. Most of the epidemio¬ 
logical research regarding links between 
EM fields and cancer have been done for 
very low frequency signals such as the 60 
Hz radiation from power lines. To deter¬ 
mine what link exists between cancer and 
EM radiation at RF frequencies, the Sci¬ 
entific Advisory Group on Cellular Tele¬ 
phone Research has commissioned sev¬ 
eral studies. Among them is an epidemiol¬ 
ogy study under the direction of Dr. Ken¬ 
neth Rothman and Dr. Nancy Dreyer of 
Epidemiology Resources, Inc., that will 
study cellular users in several parts of the 
U.S. “This study is unique in that it is a 
very large cohort study,” says Dr. Dreyer. 

In cohort studies, a population of dis¬ 
ease-free subjects is selected, and as 
they naturally expose themselves to dif¬ 
ferent circumstances they are monitored 
for disease. Most prior studies were case 
control studies, in which researchers 
selected patients already stricken, and 
grouped them according to similar expo¬ 
sure circumstances. While cohort studies 
avoid biases in selection of patient group¬ 
ing, they also take much longer than case 
control studies. ‘This study is being done 
in the spirit of surveillance, which means it 
will likely continue for long time,” says 
Dreyer. 
Assuming there is a link, by what 

mechanism could RF cause cancer? RF 
fields do not have enough energy to ion¬ 
ize atoms, and by definition, athermal 
fields produce minuscule heating. 
A mechanism that casts RF radiation in 

the role of a cancer promoter has been 
suggested by Dr. W. Ross Adey. Adey 
points to research that has shown 
enhancement by RF and ELF fields of 
chemical cancer promoters that act at cell 
membranes. Based on studies in his 
group and at Oxford University, Adey sug¬ 
gests that RF radiation extends the life of 
free radicals set free in the course of all 

chemical reactions. This alters the rate 
and products of chemical reaction at the 
cell surface, interfering with intercellular 
communication and allowing mutated 
cells to begin uncontrolled growth. 

Hot Spots 
Whether in the thermal or athermal 

regime, RF engineers are more likely to 
encounter unusual RF radiation levels. 
What are the “hot spots” around which 
engineers should be careful? Jim Maginn 
of Amplifier Research points out that 
major sources of RF and microwave leak¬ 
age are waveguide flanges and bad cable 
connections. In a bad cable connection, 
the most radiation emanates not from the 
end of the cable, but from the cable, just 
before the connector notes Maginn. 
Another hot spot :hat RF engineers are 

likely to encounter is high power 
microstrip circuitry says Narda’s John¬ 
son. Working close to an energized 
microstrip circuit, to inspect a transistor 
for instance, can expose a person to 
high field intensities. 
Such seemingly obvious hot spots as 

powered radar and broadcast transmitters 
have been known to catch the unwary. 
Randy Ridley, Technical Editor for RF 
Design's sister publication Communica¬ 
tions, tells the story of how he and his col¬ 
leagues worked in jackets at the base of 
one tower, while a tower maintenance 
man climbed down from an adjacent FM 
broadcast tower drenched in sweat and 
complaining of the heat. It didn’t take long 
for the maintenance man to realize he 
had climbed an energized tower. 
Sometimes the largest danger in RF 

equipment are phenomena that are one 
step removed from RF phenomena. Elec¬ 
trons accelerated across potentials 
greater than a few thousand volts or more 
emit ultraviolet and x-ray radiation when 
they decelerate, as when electrons in a 
high power tube hit an anode. Some haz¬ 
ards are even twice removed, for 
instance, Amplifier Research’s Maginn 
described how a wrench was thrown into 
a wall by a steam explosion caused by a 
failed cooling system. 
Whether you work in high intensity 

fields or merely in the ambient RF envi¬ 
ronment, assesing the risks associated 
with RF depends or individual circumsat-
nce. However, it seems that very few peo¬ 
ple have much to fear from RF. RF 
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RADIATION MEASUREMENT MADE EASY 

INDUSTRIAL 
COMPLIANCE 
METER 
Model 8512 Meter is the 
lowest cost solution. 
Measures both electric 
and magnetic fields with 
a single probe. 10 to 
40 MHz. Covers most 
industrial equipment 
emitting non-ionizing 
radiation. 
• Industrial Equipment 
• Broadcast 
• Mil Communications 

For more information, call: 

(516) 231-1700 
Or write: 

435 Moreland Road 
Hauppauge, NY 11788 

LORAL 

INDUCED 
CURRENT 
METER 
Model 8850 Induced 
Current Meter measures 
3 kHz to 110 MHz. Oto 
1000 milli-amps and 
percent of standard ANSI 
measurement. 

Model 8858 Human 
Equivalent Antenna 
makes induced current 
measurements safe and 
repeatable. 

For more information, call: 

(516) 231-1700 
Or write: 

435 Moreland Road 
Hauppauge, NY 11788 

LORAL 
Microwave - Narda Microwave - Narda 

FULL SURVEY 
SYSTEM 
8700 Series System 
measures 3 kHz to 40 GHz 
with RMS average 
detection for electric and 
magnetic fields. Probes 
available as flat response 
or shaped to international 
standards. 

For more information, call: 

(516) 231-1700 
Or write: 

435 Moreland Road 
Hauppauge, NY 11788 

LOraZXL. 
Microwave-Narda 
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RF cover story_ 
Transceiver Chip Simplifies 
GSM Cellular Design 

By Reynolds E. Jenkins 
AT&T Microelectronics 

With the advent of digital cellular ser¬ 
vice, cellular phone designers face 
increasing pressure to create smaller, 
lighter and less costly models that pro¬ 
vide longer talk and standby times. Until 
recently, however, designers also faced 
the problem of meeting these goals 
using RF sections incorporating discrete 
components and very low levels of cir¬ 
cuit integration. New digital cellular stan¬ 
dards compounded the problem by 
requiring far more complex signal pro¬ 
cessing than that required in the analog 
standards. To meet both the demands 
of the marketplace and the requirements 
of the digital cellular telephone stan¬ 
dards, much higher levels of circuit inte¬ 
gration are required — in both the base¬ 
band circuits and the radio section. 

A digital cellular telephone’s transceiv¬ er function is an area of the RF sec¬ 
tion traditionally resistant to higher lev¬ 
els of integration. In designing its 
W2020 transceiver chip, AT&T Micro¬ 
electronics achieved an unprecedented 
level of transceiver circuit integration. 
The W2020 combines on a single sub¬ 
strate the RF receiver mixer, IF amplifier 
strip, quadrature demodulator, modula¬ 
tor, UHF synthesizer, two fixed-frequen¬ 
cy oscillators and control circuits that 
optimize power consumption. The addi¬ 
tion of a power amplifier, low noise 
amplifier (LNA) and filters are all that is 
required to complete the digital cellular 
telephone’s radio section. 
Although digital cellular telephones 

built for North American use follow the 
IS-54 standard, the GSM standard dom¬ 
inates world-wide digital cellular tele¬ 
phone service. Originally representing 
“Group Speciale Mobile”, the term GSM 
now refers to the standard being the 
“Global System for Mobile communica¬ 
tions.” Originally a European standard, 
over 40 countries representing a total of 
1.5 billion prospective users now accept 
it as their national digital cellular stan¬ 
dard. To date, 25 GSM networks cover¬ 
ing 17 counties have been deployed. In 

Figure 1. Photograph of the AT&T Microelectronics W2020 IC mounted 
on the EVB2020 evaluation board. 

Europe alone, the number of digital cel¬ 
lular subscribers has reached the 1.2 
million mark. By the end of this year, 
there should be more than 3 million sub¬ 
scribers worldwide. 
Designers of North American IS-54 

cellular telephones have several chip 
sets from which to choose but the levels 
of integrationrepresented by them is rel¬ 
atively low. However, this is more a 
result of the IS-54 requirement for dual 
analog/digital capability than it is a lack 
of technology on the part of the chip 
designer. For example, the IS-54 stan¬ 
dard requires that when the phone oper¬ 
ates in its analog mode, full duplex oper¬ 
ation be supported. The need to both 
transmit and receive simultaneously 
makes it virtually impossible to integrate 
both functions on the same chip 
because of the resulting need for isola¬ 
tion between them. The GSM standard 
does not suffer from this limitation 
because it specifies a digital service 
using time division multiple access 
(TDMA) in which the transmitter and 

receiver are never on at the same time. 
Without the need to consider the isola¬ 
tion between transmit and receive cir¬ 
cuits, very high levels of circuit integra¬ 
tion can be achieved. 

Similar to the digital portion of the IS-
54 standard, the GSM standard also 
makes use of TDMA and speech com¬ 
pression to increase channel capacity. 
GSM cellular telephones transmit in the 
890 MHZ to 915 MHz band and receive 
in the 935 MHz to 960 MHz band, very 
close to the bands assigned to cellular 
service in North America. It should be 
noted that the 25 MHz transmit and 
receive bands were recently expanded 
by an additional 10 MHz with the new 
spectrum referred to as extended GSM 
(EGSM). The GSM standard specifies 
Gaussian minimum shift keying (GMSK) 
modulation with a 200 kHz channel 
spacing. Although the standard specifies 
five different transmitter power classes, 
ranging from 0.8 W to 20 W, the most 
commonly used in handportable tele¬ 
phones is Class IV at 2.0 watts. 
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The Standard for Performance 
For over fifteen years engineers and 

OEMs alike have relied on PTS 
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 

resolution. They are available with 
switching times from lytsec, 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 dirough 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 GP1B 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, vrs 3 -10 
($500, Model PTS 1000) 

PROGRAMMED TEST SOURCES. INC. 
9 Beaver Brook Road, Littleton, MA 01460 

Tel: 508 486-3008 Fax: 508 486-4495 
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Figure 2. Functional diagram of the W2020 transceiver IC. 

Receiver Architecture 
The first decision to be made was the 

architecture of the receiver. There are 
three accepted choices for a receiver 
design — direct down conversion, single 
IF solution and dual IF solution. 
For direct down conversion to function 

properly, the input signal must fall into a 
relatively narrow range of amplitudes. 
However, the GSM standard requires 
the receiver to accept input signals of 
much greater instantaneous dynamic 
range than can be handled by direct 
down conversion techniques. Also, 
since in a direct conversion architecture 
the mixer is driven by a local oscillator at 
the received frequency, leakage from 
the mixer to the antenna can be a prob¬ 
lem. For these and other reasons, direct 
down conversion is not a practical 
choice for a GSM cellular telephone. 
This limits the choice of receiver archi¬ 
tecture to single and dual IF solutions. 
Because of the many tradeoffs that 

must be considered, choosing between 
a single and a dual IF solution can be 
very difficult and depends to a great 
extent on the receiver’s design goals. 
For a battery powered cellular tele¬ 
phone, cost and power consumption are 
critical concerns. A dual IF solution 
requires a second mixer and IF strip, 
which adds to the cost of materials and 
total receiver power consumption. Also, 
a single IF solution generates fewer 
spurious signals that can prove difficult 
to contain in a single-chip transceiver 
solution. Admittedly, the kind of high 
performance SAW filter required in a 

single IF solution does cost more than 
the lower performance filters that can be 
used in a dual IF solution. However, it 
still costs less than the pair of filters that 
would be required for a dual IF solution. 
These factors clearly point towards the 
use of a single IF solution receiver archi¬ 
tecture in a GSM cellular telephone. 
With only a single intermediate fre¬ 

quency, its choice plays a large part in 
the ultimate success of the design. Its 
selection depends, in part, on economic 
concerns and, in part, on performance. 
Choosing a relatively high IF implies dif¬ 
ficulties with packaging and isolation 
between circuits implemented in the 
same substrate. These problems point 
toward an IF of less than 100 MHz. 
Another consideration is the cost of 

the IF bandpass filter. This filter, which 
must significantly attenuate blocking sig¬ 
nals near the intermediate carrier, must 
have steep-sided bandpass characteris¬ 
tics. Only SAW filters can economically 
provide the needed performance. 
Choosing a non-standard intermediate 
frequency implies the use of a custom 
SAW filter, which means higher cost and 
single sourcing. However, most major 
SAW filter manufacturers offer 71 MHz 
filters as standard models. Thus, by 
choosing 71 MHz as the IF, packaging 
and isolation problems are minimized 
and high performance SAW filters can 
be obtained from several sources, 
ensuring lowest cost and highest avail¬ 
ability. 
Signals received by the GSM tele¬ 

phone’s antenna flow into the receiver 

circuits through a LNA and RF filter. 
Consideration was given to including the 
LNA in the W2020 transceiver to simpli¬ 
fy the overall telephone design. Howev¬ 
er, doing so would also require addition¬ 
al I/O pins for connections to external 
inductors, capacitors and ground con¬ 
nections. It would also require an inter¬ 
face to the RF filter between the amplifi¬ 
er and RF mixer. Providing these I/O 
pins would not be possible if the W2020 
was to be packaged in the 64-pin TQFP 
originally envisioned. The only practical 
solution is to use a discrete LNA. Fortu¬ 
nately, there are many low-cost discrete 
devices that can be used very effectively 
in a GSM telephone. The required RF 
filtering can be achieved with a combi¬ 
nation of dielectric and SAW filters. 

Transceiver Design 
Decisions made during the design 

process were based on several factors, 
but two of the more important were the 
need to provideoptimum performance 
and to operate well on a 2.7 V supply. A 
block diagram of the resulting GSM 
transceiver is provided in Figure 1. 
Incoming signals received at the tele¬ 
phone’s antenna are amplified by an 
LNA and passed through a filter to the 
RF mixer, which is a single balanced 
design. Though a double-balanced 
mixer might provide marginally better 
performance, it cannot readily be imple¬ 
mented in an integrated circuit intended 
to operate at 2.7 V. 
A UHF phase-locked loop synthesizer 

drives the mixer at a frequency 71 MHz 
above the received frequency. With the 
exception of the varactor, resonator and 
loop filter, the synthesizer is completely 
integrated into the W2020 transceiver. 
All of the counters used to set the chan¬ 
nel frequency and to divide the refer¬ 
ence frequency are realized using ECL 
techniques. This reduces power supply 
noise to levels low enough to permit the 
synthesizer to be integrated into the 
W2020 substrate. The varactor could 
not be implemented on-chip because 
the bipolar process used is not well suit¬ 
ed for high-Q varactors. The loop filter 
components and the resonator are pas¬ 
sive and cannot economically be imple¬ 
mented in the bipolar substrate. 

Digital cellular telephony uses quadra¬ 
ture modulation to carry the information 
being transmitted. On receive, the base¬ 
band circuits require an in-phase “I” and 
a quadrature “Q” signal, which is phase 
shifted precisely 90° from the I signal. 
To provide the baseband circuits with 
the I and Q signals they require, the 
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Richardson Electronics is Your 
Global Partner in RF Technology 
Offering solutions to customer problems for 
more than 40 years, Richardson Electronics, 
Ltd. has grown into one of the world’s 
premier suppliers of RF devices. 

ÿ 

New Products 1993 

This Month’s Feature Power 
Components Inc. 

Model Frequency Amplitude Phase Power Isolation Max. Insertion 
Range 
(MHz) 

Balance Balance Watts 
(dB) Max. DEG. (CW) 

• Technical Expertise 

RFP-88- 108-90-200 
RFP-88- 108-90-400 
RFP-88- 108-90-800 

RFP-101-501-90-200 

• Experience 

• Inventory 

RFP-101 

RFP-251 
RFP-251 

RFP-201 
RFP-201 

501-90-400 

102-90-200 
102-90-400 

401-90-200 
401-90-400 

• Market Knowledge 

• Supplier Literature 

RFP-201 -401 -90-800 

RFP-401 -102-90-200 
RFP-401 -102-90-400 
RFP-401 -102-90-800 

RFP-501 -102-90-200 
RFP-501 -102-90-400 
RFP-501 -102-90-800 

RFP-1 02-202-90-200 
RFP-1 02-202-90-400 

RFP-202-402-90-200 

88-108 
88-108 
88-108 

100-500 
100-500 

250-1000 
250-1000 

200-400 
200-400 
200-400 

400-1000 
400-1000 
400-1000 

500-1000 
500-1000 
500-1000 

1000-2000 
1000-2000 

2000-4000 

±0.3 
±0.3 
±0.3 

±0.6 
±0.6 

±0.5 
±0.6 

±0.5 
±0.5 
±0.5 

±0.5 
±0.5 
±0.5 

±0.5 
±0.5 
±0.5 

±0.5 
±0.5 

±0.5 

Max. 

±1.5 
±1.5 
±1.5 

±1.5 
±1.5 

±1.5 
±1.5 

±1.5 
±1.5 
±1.5 

±1.5 
±1.5 
±1.5 

±1.5 
±1.5 
±1.5 

±1.5 
±1.5 

±1.5 

200 
400 
800 

200 
400 

200 
400 

200 
400 
800 

200 
400 
800 

200 
400 
800 

200 
400 

200 

(dB) VSMR Loss 
Min. (dB) 

Max. 

23.0 
23.0 
23.0 

20.0 
20.0 

20.0 
20.0 

23.0 
23.0 
23.0 

25.0 
20.0 
20.0 

25.0 
20.0 
20.0 

20.0 
20.0 

18.0 

1.15:1 
1.15:1 
1.15:1 

1.15:1 
1.15:1 

1.15:1 
1.15:1 

1.15:1 
1.15:1 
1.15:1 

1.20:1 
1.20:1 
1.25:1 

1.20:1 
1.25:1 
1.25:1 

1.20:1 
1.20:1 

1.25:1 

0.3 
0 3 
0.2 

0.5 
0.5 
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Catch emissions problems at 
board level, where compliance 

fixes are least costly. 

Now you can quickly get a color 
image of the electromagnetic 

performance of your printed-circuit 
board or subassembly before final 
compliance testing. Spatial and 
spectral displays generated by the 
EMSCAN PCB emissions scanner 
show you which frequencies and 
which areas of the board under test 
are guilty. These scans are stored 
for later comparison after design 
alterations, to check whether offend¬ 
ing emissions are now down to 
acceptable levels. 
Just plug your receiver or spec¬ 

trum analyzer, and your computer 
with IEEE-488 interface, into the 
EMSCAN scanner, and a matrix of 
1280 H-field probes maps the area 
of your test board (up to 9" x 12") for 
high, medium, and low-emissions 
spots within the lO-to-750-MHz 
frequency range. Or you can see a 
spectral display showing the overall 
condition of the board across the 
spectrum. You may then choose a 

nmPLiFien 
RCscnncH 

frequency of particular interest for 
intensive spatial examination. 

After the development stage, 
you can use EMSCAN as a quality¬ 
control tool, checking completed 
boards against a “good” scan before 
they go into assembly. This is the 
point where production compliance 
becomes virtually assured. 
The software operates under 

“Windows” to make early diagnosis 
easy, even for those who are new to 
compliance testing. It can run on 
several PCs and workstations, and 
is readily ported to other environ¬ 
ments for analysis. 
You should learn all about this 

qualitative and quantitative measure 
of emissions for use during product 
development—where design correc¬ 
tions are least costly. To start, call 
toll-free (1-800-933-8181) to speak 
with an applications engineer and 
arrange to see a demonstration in 
your office or plant. 

160 School House Road 
Souderton, PA 18964-9990 USA 
215-723-8181 • Fax 215-723-5688 

For engineering assistance, sales, and service throughout Europe, call 
EMV • Munich, 89-612-8054 • London, 908-566-556 • Paris, 1-64-61-63-29 

transceiver’s receive section includes a 
quadrature demodulator and local oscil¬ 
lator. The demodulator implemented in 
the W2020 transceiver uses a divide-by-
four strategy to generate the required 
phase shift. Unlike the divide-by-two 
strategy commonly used, dividing by 
four provides a 90c phase shift indepen¬ 
dent of duty cycle. Dividing by four 
requires a local oscillator frequency four 
times the IF, which in this implementa¬ 
tion equals 284 MHz. The 71 MHz IF 
generated in the RF mixer passes 
through the IF SAW filter into the quad¬ 
rature demodulator, which directly down 
converts the IF signal into baseband I 
and Q signals. 
Among the specifications in the GSM 

standard is a requirement that the 
receiver section operate properly with 
input signals ranging from -102 dBm to 
-15 dBm. The standard also requires 
the cellular telephone to report the 
received signal strength to the base sta¬ 
tion. Measurement of the received sig¬ 
nal strength is performed in the base¬ 
band, which continuously monitors the 
amplitude of the I and Q signals 
received from the demodulator and the 
ACG setting. 
To prevent saturation when the 

received signal is at the upper end of 
input amplitude range, an AGO circuit 
adjusts the gain of the IF amplifier to 
maintain its output within the desired 
range. The actual gain setting is deter¬ 
mined by the baseband, which digitally 
controls the AGO in 4 dB increments 
over a four-wire bus. Overall, the system 
provides 60 dB of dynamic IF amplifier 
gain control range. 
Also included in the receiver is an 

overload detection circuit. An overload 
detector built into the AGC circuit pro¬ 
vides a logic signal through an output 
pin when the received signal is so 
strong that the AGC circuit cannot ade¬ 
quately reduce the gain. The signal pro¬ 
vided by the overload detector is fed to 
the baseband for processing. If the tele¬ 
phone designer chooses to exploit the 
overload detector signal, the baseband 
can be programmed to reduce the gain 
of the receiver's LN A when necessary to 
maintain the appropriate receive path 
signal levels. 

During transmit, tne baseband circuits 
provide I and Q signals, which are 
applied to a quadrature modulator inte¬ 
grated into the W2020 transceiver chip. 
The modulator uses a direct modulation 
technique to reduce the filtering require¬ 
ments in the transmit path. Direct modu¬ 
lation also eliminates an up conversion 
mixer, reducing bill of materials costs 
and power consumption. Moreover, 
small adjustments in the output’s center 
frequency can be made in the baseband 
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in-building 
solutions that 
solve thorny 
RF coverage 
problems. 
Ortel’s new Radio on Fiber™ tech¬ 
nology gives cellular operators 
tremendous design freedom. Linear 
fiber optics lets you expand cover¬ 
age into difficult areas, increase 
capacity, subdiv de cells, simplify 
in-building coverage. Easily 
addresses PCN requirements. 

Radio on Fiber™ is format inde¬ 
pendent (TDMA, CDMA, analog, 
dual mode), with very low noise 
and distortion. The smart solution. 

Options. Options. More options. 
We have created a broad range of 
products to help you design equip¬ 
ment that meets your customer’s 
requirements. Ortel gives you more 
to work with: Exceptional linearity, 
high dynamic range, convenient 
direct RF modulation, single fiber 
solutions, and more. Here are options 
to make your job easier, options that 

let you deliver creative solutions that 
cost your customers less. 

Have it your way. 

Read our background information 
and comprehensive Product Use 
and Selection Guide. Talk to us 
about your requirements. The solu¬ 
tions are ready for you. 

Call us today toll-free at 
(800) 362-3891. 

Fiber Optics for Wireless 
Communications 
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DESIGN SOLUTIONS 
FOR THE RF INDUSTRY 

The best of RF technology, quality, and 
design comes from Silicon Valley Power 
Amplifiers, a leading manufacturer of high-
performance amplifiers and components. 

AMPLIFIERS 

Part Number Power Output 
Watts 

Gain 
dB 

Frequency 
Range MHz 

V-1000 1000 60 100-200 

U-1OOO 1000 60 225-450 

C-5OO 500 60 100-500 Figure 3. Block diagram of the EVB2020 evaluation board. 

MODULES 
Part Number Power Output 

Watts 

Gain 
dB 

Frequency 

Range MHz 

10-150-4 4 36 10-150 

10-100-25 25 40 10-100 

10-100-100 100 40 10-100 

80-220-300A 300 60 80-220 

220-500-300A 300 60 220-550 

100-500-25 25 30 100-500 

100-500-100 100 40 100-500 

100-500-150 150 10 100-500 

This high-quality hardware is backed by: 
• Excellent sendee • Customized design 
* Fast response • Expert technical support 
« In-stock delivery • Standard/special parts 

For a free catalogue describing our 
complete range of power amplifiers 

and modules, 
call 408.986.9700 today! 

11 Silicon Valley 
— P O W ER JJLI AMPLIFIERS 

The R F People 

1530 O'Brien Drive A Menlo Park, CA 94025 

408.986.9700 A Fax 408.986.1438 

circuits, which permits the relaxation of 
the reference frequency precision. 
Some external filtering is required to 
avoid noise in the receiver, with imple¬ 
mentation left to the telephone designer. 
Transmit channels are offset from the 

corresponding receive channels by 45 
MHz. Ordinarily, a transceiver would 
contain separate synthesizers for the 
transmit and receive channels. Instead, 
the W2020 transceiver contains just one 
channel-selecting UHF synthesizer, 
which is locked to a frequency equal to 
the sum of the received frequency plus 
the 71 MHz IF. The transmitter’s carrier 
frequency results from mixing the UHF 
synthesizer’s output with a 117 MHz off¬ 
set oscillator. 
The offset oscillator's frequency is 1 

MHz above the desired offset frequency, 
which is equal to the 71 MHz IF plus the 
45 MHz transmit-receive separation (a 
total of 116 MHz). However, the deci¬ 
sion was made to use a 117 MHz local 
oscillator because that frequency could 
be generated in a more elegant and cost 
effective circuit than could 116 MHz. 
Moreover, the frequency agility of the 
UHF synthesizer allows it to shift 1 MHz 
during the interval when the telephone is 
switching between transmit and receive. 

Like the UHF synthesizer itself, with 
the exception of the varactor and pas¬ 
sive filter and resonator, the offset oscil¬ 
lator is implemented on-chip. Moreover, 
the offset oscillator draws power only 
during transmit, which means that it can¬ 
not generate spurious signals when the 
telephone is receiving. It also reduces 
power consumption — an important 
consideration in a battery powered 

portable telephone 
It should be noted that thought was 

given to simply shifting the UHF synthe¬ 
sizer down 116 MHz to directly produce 
the required transmit frequency. Howev¬ 
er, analysis showed that the synthesizer 
could not reliably shift back and forth 
116 MHz in the allotted time when oper¬ 
ating at 2.7 V. Also, the presence of an 
offset mixer isolates the UHF synthesiz¬ 
er from the modulator, thereby reducing 
pulling on the synthesizer. 
Another feature built into the W2020 

transceiver chip is a transmitter gain 
control circuit that permits the drive to 
the power amplifier to be adjusted 
dynamically. The power amplifier’s drive 
is controlled through the application of 
an externally generated control current. 
This arrangement affords the telephone 
designer considerable flexibility in imple¬ 
menting the control circuit. 

Evaluation Board 
In an era when product life cycles con¬ 

tinue to decrease, bringing a product to 
market as quickly as possible is critically 
important to that product’s success. 
Even with the latest in design aids, there 
are still bottlenecks in the product devel¬ 
opment cycle that can significantly 
lengthen the process. Fabricating a pro¬ 
totype printed circuit board, for example, 
can require several weeks when the 
product is as complex as a cellular tele¬ 
phone. 
Recognizing the need to shorten 

development time, AT&T created the 
EVB2020 evaluation board, shown in 
Figure 2, which provides an immediate 
vehicle that designers can use to ana-
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lyze the W2020’s performance. The 
evaluation board provides a realistic 
system-level operating environment and 
includes many of the filters, matching 
networks and other external compo¬ 
nents required to implement a function¬ 
ing radio. Using the board, a designer 
can evaluate the chip’s performance as 
a stand-alone circuit or the interaction 
between the chip and the baseband. 

The evaluation board’s block diagram 
is shown in Figure 3. The external net¬ 
works XNET1 and XNET2 are passive 
interface networks that impedance 
match the RF mixer’s output to the SAW 
filter input, and the SAW filter’s output to 
the IF amplifier’s input. 

Isolation between the SAW filter’s 
input and output nodes is critical if the 
desired filtering is to be achieved. Both 

Working Together 
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the W2020’s internal layout and its 
pinout assignments support the required 
level of isolation. Here the RF mixer out¬ 
put and IF amplifier input are located 
across one corner of the W2020’s pack¬ 
age. This allows the SAW filter to be 
mounted close to the W2020’s package. 
Even so, the designer must still provide 
a printed circuit board layout that main¬ 
tains high levels of isolation at critical 
nodes such as these. The SAW filter’s 
input to output isolation, for example, 
can be enhanced by surrounding it with 
the printed circuit board’s ground plane. 
By so doing, the isolation between the 
XNET1 and XNET2 components can be 
significantly improved. 
The RX and TX filters and resonators 

shown in Figure 3 consist of varactor 
diodes with tuning provided by passive 
LC networks and loop filters implement¬ 
ed with RC networks. The UHF tune 
resonator consists of varactor diode and 
either a printed microstrip inductor or 
ceramic resonator and capacitor. The 
UHF loop filter consists of an RC net¬ 
work. The use of small surface mount 
components is critical in these applica¬ 
tions because it allows the resonator 
components to be placed very close to 
the W2020’s VCO inputs. Keeping these 
close to the W2020 minimizes the para¬ 
sitic capacitance to ground and the 
inductance of the printed circuit board's 
copper traces. Keeping the parasitic 
reactances to a minimum affords the 
UHF synthesizer a tuning range wide 
enough to eliminate the need for fre¬ 
quency trimming during assembly. 

In any RF design, care must be taken 
to eliminate ,as much as possible, signal 
leakage paths. A common trouble spots, 
for example, are IF and RF local oscilla¬ 
tor synthesizers. Because the counters 
and prescalers are digital, their signals 
are rich in higher order harmonics that 
can find sneak paths into other circuits. 
However, since the IF and RF synthesis 
is performed on-chip in the W2020, the 
associated harmonics are contained 
within the chip and, therefore, do not 
radiate to other circuits on the printed 
circuit board. 
Keeping the IF and RF synthesizers 

on-chip reduces, but does not eliminate, 
potential interference to other circuits 
from signals produced by the synthesiz¬ 
ers. For example, the synthesizer’s PLL 
phase comparator signals must come 
off-chip to the external loop filter compo¬ 
nents. These components form net¬ 
works that filter and integrate the phase 
comparator signals, thereby significantly 
reducing their harmonic content. To be 
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fully effective, however, these compo¬ 
nents must be located as close as pos¬ 
sible to the phase comparator I/O pins. 
The recommended positioning of these 
components is demonstrated on the 
EVB2020. Another off-chip component 
is the synthesizer’s tuning resonator but 
since it serves as the VCO’s tank circuit 
it produces a nearly-pure sine wave with 
very little harmonic content. 

Isolation between the transmitter out¬ 
put and receiver input is not ordinarily a 
design concern. Because GSM uses 
TDMA to increase channel capacity, the 
transmit and receive functions occur in 
different time slots and are, therefore, 
not active at the same time. 
Because of the complexity of a GSM 

cellular telephone, the use of a multilay¬ 
er printed circuit board is essential. An 
added benefit of using a multilayer 
board is that isolation between base¬ 
band and radio signals can be 
enhanced through careful placement of 
ground traces between various signal 
lines. In the EVB2020, for example, all 
the RF signal lines reside on the top 

layer with most of the external imped¬ 
ance matching network, oscillator and 
filter components mounted on the top 
surface. The board’s bottom layer is 
used to carry all the digital I/O signals 
between the radio and baseband sec¬ 
tions. The bottom layer also carries the I 
and Q signals, but these are isolated 
from the digital lines by the board’s 
ground plane. 
The EVB2020 includes 50 ohm 

microstrip lines for the transmit and 
receive RF and IF signals. Microstrip 
lines are also provided that permit the 
on-chip oscillators to be overdriven by 
an external signal generator. Matching 
networks provided for the RF mixer 
input and output as well as the transmit¬ 
ter output permit the use of standard 50 
ohm laboratory equipment. 
The W2020 transceiver provides an 

ideal foundation for the radio section of 
a power-efficient GSM cellular tele¬ 
phone. Most of the critical design chal¬ 
lenges ordinarily faced by an RF design¬ 
er have already been overcome in the 
circuit implementation. The proven 

design and performance of the chip 
reduces engineering costs and helps 
shorten time to market. 
Additional information on this chip set 

can be obtained by contacting the 
author at the address below, or by cir¬ 
cling Info/Card #101. RF 
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RF featured technology_ 

Designing a Low Cost GPS LNA 
Using the NE68519 
By Terry Cummings 
California Eastern Labs 

This article is intended to demonstrate 
the NE68519 in a low cost GPS LNA. The 
NE685 is a low cost NEC silicon bipolar 
transistor which has an fT of 12 GHz and 
yields a typical NF of 1.5 dB at 2 GHz 
when biased at 3V and 3mA. The pur¬ 
pose of this note is to show how one can 
design a simple L band LNA for low volt¬ 
age power supply conditions. The design 
approach will be discussed. While this 
design may not yield the optimum design 
solution for all GPS applications, it does 
introduce the reader to a few important 
RF and microwave techniques that can 
be applied to GPS as well as other appli¬ 
cations. 

The amplifier is a single stage design 
that yields a 1.8 to 1.9 dB NF and 

10.5 dB gain at 1575 MHz. A second 
LNA will be presented with a ceramic fil¬ 
ter at the input resulting in a NF around 
2.6 dB and 10 dB of gain. Bias conditions 
are 3V and 3mA for power consumption 
per dB that is one quarter that of com¬ 
monly used GaAs MMICs for this applica¬ 
tion. Low cost and small size are consid¬ 
ered throughout this design using com¬ 
monly available SMT components. 
The entire design was initially done on 

CAD, using EEsof’s non-ideal elements 
section-by-section in the “Tune” mode. 
This approach yielded a solution that was 
extremely close to the desired solution. 
Noise and gain circles are not considered 
since a narrowband design approach 
was used to achieve best noise match to 
the device. Stability circles are discussed 
and studied through CAD and not 
derived. 

Distributed lines were used to avoid 
costly SMT inductors. A 14 mil FR4 sub¬ 
strate was chosen for cost considerations 
and its ability to be laminated to a multi¬ 
layer board as used in the DSP sections 
of a typical GPS receiver. Minimum trace 
width was set to 10 mils for easy PCB 
processing and the entire amplifier occu¬ 
pied a space which was less than a 1/2 x 
1/2 inch. The single stage LNA used a 
minimum number of 0603 SMT capaci¬ 
tors and resistors for repeatability and 
minimal size. 

Characteristics of LNAs 
An LNA is a design that minimizes the 

NF of the system by matching the device 
to its noise matching impedance, or Gopt. 
Gopt occurs at an impedance where the 
noise of the device is terminated. 

All devices exhibit noise energy. To 
minimize this noise as seen from the out¬ 
put port, one must match the input load to 
the conjugate noise impedance of the 
device. Otherwise the noise will be reflect¬ 
ed back from the load to the device and 
amplified. 
While this gives a minimum noise fig¬ 

ure, it often results in slightly reduced gain 
as well as possibly increasing the poten¬ 
tial for instabilities. Noise match often 
comes close to Sn conjugate (S,/) 
under non-feedback conditions. As a 
result, the input impedance to the amplifi¬ 
er will not be matched to 50 ohms. 
ropt , as presented in data sheets, is the 

actual measured load at which the mini¬ 
mum noise figure is found. The output 
load is rarely given since it can be easily 
derived through a simple equation. The 
reduced form of this transform is given in 
equation 1. 

, s22-rOptA 

rL

A = 5^822 - S12S21 

A further complication on LNA design is 
that the input load of the amplifier is usu¬ 
ally less than ideal. It is either connected 
to an antenna, which can change its 
impedance with its changing environment, 
and/or to a filter which by the very physics 
of a reflective network will have a horrible 
match out of band. These mismatches 
could cause the device to become unsta¬ 
ble out of band and in some cases in 
band. As the gain of the device increases, 
the difficulties in yielding a stable design 
become increasingly more challenging. 
To avoid overloading the LNA, an input 

filter is commonly used. Since the device 
is not matched to S11*, the input of the 
LNA will not be 50 ohms. This can cause 
distortions in the pass band of a filter 
when connected to the input of the LNA, 

Figure 1. Sn of ceramic filter. 

Figure 2. Input stability circles for 
NE68519 loaded in 50 ohms. 

as filters are intended to operated in their 
characteristic impedance, typically 50 
ohms. Fortunately the NE685’s optimum 
noise match and S11* are not too far 
apart. As a result, the filter passband is 
only slightly distorted. 

Input structure 
The LNA uses a simple input structure 

that provides a noise match at 1575 MHz 
at the expense of gain flatness and 
improved stability. The first step of the 
design is to plot the stability circles of the 
device as a function of r t. While plotting 
the circles, keep in mind the out-of-band 
gain response of the device and its impact 
on S1V

In our case, a ceramic filter’s imped¬ 
ance plot is a cardioid rotated about 45 
degrees clockwise when measured at the 
leads of the filter. Note that the input 
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Very New Amplifiers.. .at a very affordable dc 
price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very T1 

small, yet incredibly powerful (+17.5dBm typ. output at 1dB |n o X, o Out 

compression). The SOIC-8 pin surface mount units operate 3 [/f 6 
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IP 3rd Order 
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VSWR Input typ. 6.4:1 2.8:1 2.0:1 1.4:1 

DC Power.: +5.0V for 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. 
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impedance will start out high at low fre¬ 
quency and then go to its terminated 
impedance of 50 ohms during resonance 
at 1575 MHz then continue to rotate 
clockwise as frequency goes up. We plot¬ 
ted just past 2 GHz since our initial stabili¬ 
ty study showed that the problem areas 
were below 2 GHz. Since these filters are 
coaxial resonators, one would expect that 
the locus would continue to rotate around 
with a radius of near 1 until a weak sec¬ 
ond resonance occurs at 3f0. This is well 
above the device’s unstable region in our 
configuration so we can assume an ideal 
filter situation which in our case will be 
worst case. 

Next we considered the NE685's stabil¬ 
ity regions for the input. A stability plot of 
the NE685 was made to determine what 
impedances would potentially cause 
instability. As you can see from Figure 2, 
the circles enter the Smith Chart counter 
clockwise from right to left as frequency 
increases. At first it appears that the 
unstable region starts out at high imped¬ 
ances for low frequencies. Careful exami¬ 
nation shows that the unstable region fol¬ 
lows a relative low resistance contour. 
These circles show that we want to avoid 
an inductive reactance as frequency goes 
down. 
This is fortunate since the filter’s input 

impedance maps in the opposite direc¬ 
tion. We must be careful with the input 
matching topology since we do not want 
to transform either the 50 ohm input or the 
filter into this unstable region. With this in 
mind we can choose a topology using 
basic filter concepts that will provide the 
desired matching as well as avoid trans¬ 
forming out of band areas in the unstable 
region. 

If we were not so fortunate and were 
forced to accept the filter’s undesired out 
of band impedance response, we could 
approach the problem in several ways. 
The most common method uses a resis¬ 
tor to create a lossy network on the oppo¬ 

site port to absorb the negative resistance 
caused by the input match. However this 
method will not only stabilize the design, 
but can degrade the overall performance 
of the amplifier. 
A more selective approach uses a 

selective lossy filter: a simple LCR that 
resonates at the conditionally unstable 
region. This technique will only work if the 
Q of the resonator relative to the pass¬ 
band of the amplifier is appropriate. 
Choosing a topology can be affected by 

the bias network limitations. We know 
already a shunt L could cause problems 
since it becomes a low impedance at low 
frequencies. Since the base bias current 
is small, we can pretty much ignore the 
reactive effects of the bias circuit by using 
fairly large resistor values. 

We can now consider the match for 
the input. In this case we desire to obtain 
a noise match and not S11*. We also 
want to choose reactive elements that 
transform out of band impedances away 
from the stability circles. Many powerful 
tools are useful for this process. For 
example, using the ‘Tune mode” in popu¬ 
lar software packages such as EEsof’s 
Touchstone, one can watch what hap¬ 
pens to the match by trying out various 
element topologies and their values. 
A bipolar transistor is naturally a low 

pass element and therefore requires a DC 
block at the input. To offset the high gain 
at lower frequencies a high pass element 
is needed. A capacitor can provide this 
and at the same time will provide the nec¬ 
essary DC blocking. Fortunately the value 
of the required capacitor is in a practical 
range. When using a capacitor under 10 
pF, consider that its tolerance will be 
around ±0.5 pF. As a result, too small of a 
capacitor might make this element too 
sensitive relative to its tolerance. Howev¬ 
er, a smaller value of capacitance has the 
advantage of avoiding low impedance 
transformations at lower frequencies. On 
the other hand, too large of a capacitor 

will cause undesired low frequency gain. 
A compromise value of 5.6 pF was cho¬ 
sen for this series element, which results 
in a normalized impedance of 0.36j. 

In order to show the result of our first 
matching element, both on a Smith Chart 
and mathematically, we also simplified the 
network as a one port circuit. This one 
port network was created by absorbing 
the 50 ohm input load with a 5.6 pF 
capacitor. The math of this process was 
easily done on Mathcad using ideal ele¬ 
ments and is given as follows: 

I) Starting out with a 50 ohm load and a 
5.6 pF capacitor in a 46.06 ohm system: 
Zq=46.06 Q, f=1575 MHz, R=50 Q 

1 j2nf • 5.6x1 0"12

= 50-j18.056 fí 

= -=1 = 1. 086 - jO. 392 Q 
Z0

= Zl ~Z° = 0. 189Z - 67. 045° 
Z1 +Z0

The next element we chose was anoth¬ 
er series element that would be charted to 
provide a starting point for the next trans¬ 
formation as well as lowering the imped¬ 
ance of the network for minimizing pad 
parasitics for resistive bias elements. 
By first having a small, low impedance 

transformation, one can minimize the 
effects of component placement as well 
as reduce the effects of relative high 
impedance shunt element values which 
supply bias at this point. Using CAD soft¬ 
ware, it is easy to flip from one transmis¬ 
sion line impedance to another. 
The model we used for this method was 

a one port network. By using a one port 
network, one can attempt to choose ele¬ 
ment values which result in an output 
match that follows the desired noise 
match of the transistor. After trying vari-

Figure 3. Final mapping of Z1 to Z3 normalized to 50 
ohms. 

Figure 4. Z trajectory on a Smith Chart for L and an 
80 ohm transmission line. 
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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 
and 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 +17d8m, performance features include very 
low conversion loss flat over the entire band, high isolation (L-R, L-l), and well-matched 
VSWR at all ports. 

All-welded internal and external construction is used to assemble and package the 
TUF-unit in its tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly. 

TUF-Ultra-Rer mixers are guaranteed for five years and boast unprecedented 
“skinny” sigma (Ö) unit-to-unit repeatability as shown in the Table. 

Tough, tiny, and with tight repeatability . . . Mini-Circuits’ Ultra-RelT" TUF-mixers with a 
five-year guarantee, priced from $3.95 ... available only from Mini-Circuits. 

ULTRMEL 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 

TUF-3 
TUF-3LH 
TUF-3MH 
TUF-3H 

TUF-1 
TUF-1LH 
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 
17 

7 
10 
13 
17 

Freq. 
LO/RF 
(MHz) 

0.15-400 

2-600 

50-1000 

20-1500 

860-1050 

1400-1900 

actual size finding new ways 
setting higher standards 

■ Conv. Loss 
JdB) 
X 

498 
48 
5.0 
5.0 

5.82 
60 
63 
5.9 

5.73 
5.2 
60 
6.2 

658 
6.9 
7.0 
7.5 

6.2 
6.3 
68 
6.8 

683 
7.0 
7.4 
7.3 

ô 
034 
0.37 
0.33 
0.33 

0.19 
0.17 
012 
018 

0.30 
0.3 
0.25 
0.22 

0.40 
0.27 
0.25 
0.17 

037 
0.27 
0.32 
0.31 

0.30 
0.20 
0.20 
0.28 

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 

595 
795 
8.95 

10.95 

3.95 
5.95 
6.95 
895 

495 
6.95 
7.95 
9.95 

8.95 
10.95 
11 95 
13.95 

895 
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 Wt »carl AMEBCAN ÍXPRtSS ANO VISA 
■ ■ ■ " P.O. Box 350166, Brooklyn.New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
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TESLA 
Award Winning 
Communications 

Simulation 

You have no idea how much 
effort this package has saved 

— A.C. Brookfield, CT me. 

ê(Maowai/esfê 

Microwaves & RF and Spread 
Spectrum Scene have each 
awarded TESLA top honors for its 
contributions to RF engineering. 
What makes TESLA so special? 
It's simple and easy to use, yet it 
has the power you need. Does 
full nonlinear, mixed analog & 
digital simulation. Built-in spec¬ 
trum analysis shows you the 
results.You get the best tech sup¬ 
port in the business and a 30-day 
trial. At $695 it's a steal! Ask 
about TESLA's powerful options. 
Why not see for yourself? Call: 

800-631-1113 
U.S. and Canada 

Inti: 404-751 -9785 Fax404-664-581 7 
TESOFTInc. PO Box 305, Roswell GA 30077 

ous values for transmission line widths 
and lengths, an impedance of 46 ohms 
(about 29 mils wide) turned out to be 
ideal. The length of the line resulted in 
about 16 degrees of electrical length 
(approx. 175 mils long) which is plenty of 
length to provide enough room for three 
0603 SMT pads. 
There is another subtle reason for hav¬ 

ing a slightly longer transmission line ele¬ 
ment here. Needless to say, neither CAD, 
resistors nor capacitors are ideal, nor is 
tuning the length of a short series element 
easy. As a result, the 5.6 pF capacitor 
was originally configured to slide up and 
down this short length of line in a trom¬ 
bone fashion allowing for some tunability. 

To see the effects of the 46 ohm trans¬ 
mission line one must re-normalize the 
Smith Chart’s impedance to 46 Í2 then 
move 16X2 degrees clockwise. To find 
the resulting impedance in a 50 Q system 
one must then re-normalize back to 50 Q. 

ii) After the 5.6 pF capacitor, a 46 ohm 
transmission line is added which is electri¬ 
cally 16.26 degrees long. 

7 7 Z^jZotanB (3) 
Z2=Z° Zo + jZ^anO 

= 40. 41 3-j1 5. 626 Q 

Z2-46 = — = °- 877 - j°- 339 “ 
Z0

iii) Mapping this impedance in 46 ohms. 

r = ̂ 2^® =0.189Z-99.42° (4) 
2-46 Z2 + 46 

The next element is yet another series 
element to achieve our final noise match 
impedance. Conceptually, an inductor 
was originally chosen to achieve the final 
value of Z3. But inductors have draw¬ 
backs, so a high impedance line was cho¬ 
sen instead. The limitation of the line’s 
impedance was the minimum line width of 
10 mils which we felt could be easily 
achieved in production. As a result, this 
works out to be about 80 ohms. The 
same procedure as used previously 
resulted in a length of 60 electrical 
degrees. 

iv) The following element is a 80 ohm 
transmission line which is electrically 
60.05 degrees long. Z2 will be trans¬ 
formed through this line to Z3. 

vi) To locate the impedances Z2 and 
Z3 on the Smith Chart from the previous 
derivations, one must find the correspond¬ 
ing reflection coefficients in an 80 Í2 sys¬ 
tem. 

r2 so =^^ = 0.352 -151. 06° 
2 80 Z2+80 (6) 

r3-80 =1^ = 0.35/89.486= 

Note that the differences in the angle of 
G2-80 and G3-80 is twice the electrical 
length of the 60 degree transmission line. 
Using the Smith Chart, Zg can be easily 
located by a 120 degree clockwise rota¬ 
tion from Z2 using a constant radius of 
0.189. 
To finally see where Z3 winds up in 50 

ohms, we must re-map to a 50 ohm sys¬ 
tem. This final resut should equal ropr 

vi) Re-mapping Zg in 50 ohms. 

Z3_50 =|j = 1.26 + j1.0Q 

Z3 - 50 
r 3-50-rOpt - Z3 + 50

= 0. 418/51.546° 

(7) 

40 INFO/CARD 33 

7 7 Z2+jZotan0 
Z.Q — Z.n - --

Zq + jZ2 tan 0 

= 63.01 +¡50.015 Q 

Z3_8o = — = 0. 791 - jO. 628 Í2 
Zo 

(5) 

As you can see there is a difference 
between our mathematical Topt and the 
CAD value/data sheet value of 0.49 Z 
49.2°. This difference comes from the 
variations between an ideal theoretical 
transmission line model verses a non 
ideal model which we choose using CAD. 
Since the math der vation was done after 
the design for illustration, one also gets an 
idea how much errer can be induced from 
assuming ideal conditions. 
Had we chosen an inductor, it would 

had a value of around 6 to 7 nH. From 
this value the parasitics must be subtract¬ 
ed to achieve the final value of a compo¬ 
nent itself such as a SMT inductor. Con¬ 
sidering an estimated 2 nH per pad would 
result in a part of 3 nH. Though this part is 
available, its tolerance, ±10% plus the 
changes in parasitics perhaps ±1 nH for 
solder volume and part placement varia¬ 
tions per pad would most likely result in 
an unacceptable tolerance for this match¬ 
ing element. 

Printed inductors or transmission lines 
are free as compared to SMT inductors 
which typically cost 10 to 25 times as 
much as resistors or capacitors in volume. 
Printing an inductor is easy and results in 
highly repeatable results, however it may 
not be practical. Printed inductors usually 
exhibit poor Q due to the lossy dielectric, 
and, if a ground plane exists, they are no 
more than a high imoedance transmission 
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MIXERS 
UNPRECEDENTED 

IN VALUE. 

in excess QÍ20 lb£ __ _ ULTRA"REE“ MIXERS 
5 YEAR GUARANTEE 

SURFACE MOUNT 
board area.25 xTO” 

tape and reel available 

SOLDER PLATE 
OVER NICKEL METALIZARON 
improves solder reflow reliability 

and eliminates leaching 

actual size 

RUGGED CONSTRUCTION 
passes MIL-M-28837 

shock and vibration tests 

ALL-WELDED 
INTERNAL CONSTRUCTION 

withstands up to 240°C for 5 minutes 

ALL-CERAMIC 5 to 3000MHz J39L 
Now yoL can buy very low-cost, high-performance 

commercial mixers with the ruggedness and reliability 
required for military applications. That’s value! 

...Only from Mini-Circuits. 

Model LO Freq. (MHz) 
(dBm) LO.RF IF 

Midband, dB 
Conv. Isol 
Loss L-R L-l 

finding new ways 
setting higher standards 

RMS-1 1X 
RMS-11 F 
RMS-30 
RMS-25MH 

+7 

+13 

5-1900 5-1000 7.1 
350-2000 DC-400 5.5 
200-3000 DC-1000 6.5 

5-2500 5-1500 7.5 

29 
31 
26 
32 

31 
30 
22 
32 

$ea. 
(10-49) 
3.95 
4.95 
6.95 
7 95 

C3 Mini-Circuits 
PO Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
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line. As shown, a high impedance trans¬ 
mission line can replace an inductor to 
some degree, but inductors and high 
impedance transmission lines have a dif¬ 
ferent trajectory on the Smith Chart as 
shown in Figure 4. High impedance trans¬ 
mission lines can be made to look more 
like printed inductors in cases where the 
backside of the PCB is suspended away 
from a grounded chassis. This is accom¬ 
plished by removing the backside ground 
plane of the PCB directly under the print¬ 
ed inductor. In our case, even though the 
ground plane could be removed around 
this element on a multi-laminate board, 
we could not afford the risk of digital noise 
coupling into the input of the LNA from cir¬ 
cuitry on the opposite side. 
Had we used an inductor instead, the 

final result of Z3 would be: 

XL =jlm(Z3-Z2) = ¡65.641 O (8) 
V 

L = —^ = 6.637 nH 
2 rtf 

Z3L = XL +Z2 = 40.413 + ¡50.015 Q 

r3L_50 = Z3L ~50 = O.493Z71.90
Z3L + 50 

Output Structure 
The first problem in this circuit is the low 

bias of 3V. Due to the 3 mA current, we 
must use a resistor that is less than 200 
Q. Unless the shunt resistor can be 
placed in a low impedance point of the 
network, undesirable loss in gain and RF 
power as well as degraded NF will result. 
The obvious element to use is either an 
inductor or transmission line placed in 
shunt with the collector which can be 
appropriately terminated for RF yet still 
allow for collector bias. This element also 
has the added advantage of being a high 
pass element to improve gain flatness 
which was sacrificed at the input. 
The next concern is what load imped¬ 

ance to match. Remember matching to 
the conjugate of S22 is only valid if the 
input is conjugately matched. Since S12 is 
non-zero, whatever load is presented to 
the input will cause the output load to 
change. To predict this change, one can 
use equation 9 and the following S-para-
meters, interpolated from the data sheet: 

8^=0.288 Z-133.24°, 
S21 =3.305 Z68.19”, 
S12 = 0.137 Z 35.05°, 
S22 = 0.526 Z-62.475", along with 
Topt=0.49Z49.2° 

q _ c , S12S21Tq (9) 
& 22new - ö 22 + T— o r ' 

1 - 1* 0 

= 0.342Z-79.53° 

42 

Figure 5. Output stability circles 
with input match to ropt

To match the output of the transistor, 
we took the conjugate of this impedance. 
The following is a comparison of the origi¬ 
nal S22 , S22 prime, and EEsof’s opti¬ 
mized result as well as the conjugate of 
the previously calculated r4 for an ideal 
transmission line. 

822 of device: 0.526 Z -62.475 
New S22 caused by S12 : 0.342 Z -79.563 
Optimized result:: 0.364 Z -81 .534 
r4*: 0.386 Z -77.34 

The next concern is stability, especially 
if a filter is going to be used at the input. 
In our case, the output port can potential¬ 
ly give difficulties since the input is very 
restricted by its match. Should we enter a 
conditionally stable region at the input 
port at any frequency, the output port will 
see a reflection coefficient greater than 1. 
Likewise we must consider the condition¬ 
ally stable region for the output port 
which may cause the input port to yield 
negative resistance. 
As shown in our stability analysis, we 

have a little more freedom for the output 
port. Our only concern is that there will be 
areas of negative resistance presented at 
the output port. Whether this poses a 
problem or not will depend on how the 
output load is terminated. 

Our first element was again a 5.6 pF 
capacitor. On the output section, bias is 
not supplied by any SMT components, so 
no intermediate transformation was used. 

i) Starting out with a 50 ohm load and a 
5.6 pF capacitor in a 80 ohm system. 

Zo=79.62 Q, f=1574 MHz, R=50 Q 

= 50- ¡18.056 Q 

Z80 =^ = 0.628 + ¡0.227 Q 
zo 

Ti-ao = Zl ~ -° = 0.265Z39. 297° 
180 Z1 + ZO
Since DC current is present on the out¬ 

put matching section, a series element 

was used to match Z1 to Z2. This element 
consists of a high impedance transmis¬ 
sion line that will transform Z1 to a point 
where a shunt transmission line at Zj can 
achieve the final match at Z4. 

ii) After the 5.6 pF capacitor, a 79.62 
ohm transmission line is added which is 
electrically 55.54 degrees long. 

7 _7 Z^jZotanS (11) 
Z2 ’Z° Zo+jZ^anO 

= 59. 892 + ¡32. 439 Q 

Z2_46 = — = 0. 752 + jO. 407 Í2 
Zo

iii) Re-mapping this impedance in 50 
ohms. 

Z2-50 = |^ = 1. 193 + ¡0.649 Q (12) 

r2 s0 = = 0.296Z56. 595° 
2-50 Z2 + 50 

iv) Since shunt elements are best 
described as admittances instead of 
impedances on a Smith Chart we will 
consider Y3 instead of Z3. The next ele¬ 
ment, Y3, is a shunt, short circuit, 80 ohm 
transmission line that is 70.54 electrical 
degrees long. This admittance will even¬ 
tually be in parallel with Z2 resulting in a 
load, Z4, to the collector of the transistor. 

Y3 = (Zojtan0)-1 = -¡4.438 mmohs (13) 
y 

Y3_80 = — = Y3Z3 = -¡0.353 mmohs 
Y3 

iv) Next we take shunt element Y3 and 
connect it in parallel with 
Z2 to find the load the collector will see. 

z.-t2— <’4> 
r  + Y3
¿2 

= 43. 423 + ¡38. 445 Q 

v) And finally re-mapping Z4 to 50 
ohms. 

Z4_50 = — = 0.868 + ¡0.769 Q (15) 
50 
7 _ CA 

^4-50 = 4 = 0.386 Z77.340
4 50 Z4+50 

The one major crawback with using 
shunt elements is that an additional DC 
block series capacitor is required. This 
drawback is associated with stray reso¬ 
nances caused by either the capacitor 
itself resonating with another elements in 
the circuit or bias network, or insufficient 
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DO YOU KNOW WHO WE ARE? 

Figure 6. Final mapping of Z1 to 
Z4 normalized to 50 ohms. 

We’ve been in the quartz 
crystal, oscillator and filter 
business for more than 50 
years. .. and we’re probably 
the best kept secret around. 

Whether you have frequency 
generating, conditioning or 
packaging applications, we can 
fill most of your needs. 

CRYSTALS 

collector isolation *rom the supply line at 
low frequencies. In some cases, design¬ 
ers use two capacitors in parallel, one of 
a small value, a few oF or so, the other 
value much larger, around 0.1 pF. While 
this often works, in sane cases, as here, 
the larger capacitor has sufficient induc¬ 
tance to parallel resonate a 5.6 pF capac¬ 
itor causing the shorted stub termination 
to become an open circuit at 1575 MHz. 
This resulted in a 10 dB notch in the 
passband of the LNA. 
This was resolved ty replacing the par¬ 

allel combination foi a pi network and 
using a different va ue capacitor from 
before. The 5.5 pF was substituted by a 
22 pF and the larger capacitor was 
replaced with a 1200 pF. Both capacitors 
were separated by a 10 Q resistor which 
de-Q’ed any resonances which may 
occur in between the capacitors. The 
simple pi network worked well and no 
bias problems were noted after that. 

Measured Results 
The measured performance of the 

LNA was very close to what was predict¬ 
ed. The LNA’s noise performance could 
only be improved by about 0.1 dB from 
our first iteration. 

To confirm that the base of the tran¬ 
sistor was seeing our intended noise 
match, the input network was tested by 
removing the device and connecting a 
micro coax at the NE68519’s base pad. 
The coax and its connector were careful¬ 
ly de-embedded by a simple port exten¬ 
sion on the HP8510 The measurement 
showed that the network had closely 
made the intended inpedance transfor¬ 
mation from 50 ohms to ^opf 
The total measured noise figure of the 

LNA, including connectors, is about 1.9 

Figure 7. First iteration of LNA 
circuit. 
dB, which is not unrealistic considering 
that the minimum noise figure of the 
device itself is around 1.5 dB. Had we 
used higher quality capacitors, some 
improvement may have been possible. 
This was of little concern since the LNA 
was eventually going to be connected to 
a DC isolated ceramic filter which will 
absorb the capacitor. 
The next measurement is output return 

loss. Here we can look for ways to 
improve the high end roll off and to 
check for potential instabilities. First it 
was noted that S22 was around 11 dB at 
1575 MHz, which in theory is a 0.278 dB 
mismatch loss. 

Return Loss, RL = 11 dB 
RL 

p = 10-20 =0.278 (16 > 

MismatchLossdB = —10log(1 — p2) 

= 0.348 dB 

By extending the series element about 
50 mils in between the output and the 
collector, the match was improved to 20 

Figure 8. Gain and noise figure 
performance of LNA. 

RF Design 

Choose from a variety of blanks or 
packaged crystals designed for low 
frequencies; high frequency funda¬ 
mental crystal oscillators or wide 
bandwidth filter applications. Also 
available are standard and precision 
AT’s up to 250 MHz. 

OSCILLATORS 

If your application 
is in communica¬ 
tions or instrumen¬ 
tation our complete 
line of Clocks, 
VCXO's, TCXO’s 
and OCXO’s will give you the highest 
performance at the lowest total cost. 

PACKAGING 

As a user of our own glass-to-metal 
sealed packages, we understand your 
requirements for hermeticity, 
solderability and the need to meet 
MIL-STD testing. We know what our 
industry requires. 

For more information on our products 
or a catalog, call us at 717-243-5929. 
FAX 717-243-0079. 

bl REEVES-HOFFMAN 
=■ DIVISION DYNAMICS CORPORATION OF AMERICA 

“ ~ 400 W. NORTH STREET 

CARLISLE, PA 17013 USA 

WE’RE THE BEST KEPT 
SECRETAROUND 
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Figure 9. Measuring stability 
using a sliding short. 

dB. This extension effected the frequen¬ 
cy response between 1.4 to 2 GHz 
resulting in a high end flatness improve¬ 
ment of 0.25 dB, close to our original 
estimate of 0.283 dB. 

Stability is our next concern. By plac¬ 
ing a sliding short at the input of the LNA 
one can easily see the regions of load 
and frequency where S22 becomes 
greater than 1. As estimated by our 
Touchstone model, a potential problem 
area could lie around 0.8 to 1.2 GHz. 
This could be a problem with a ceramic 
filter so our second iteration included a 
lossy resonator to correct for this poten¬ 
tial problem. 

Through our sliding short measure¬ 
ments, we found that a load with a return 
loss greater than 2 dB at the input would 
not cause S22 to become greater than 1. 
This was accomplished by inserting a 1 
dB pad in between the sliding short and 
the LNA and watching what happens to 
the magnitude of S22 . With out a pad, a 
return loss of near 0 dB will result in S22 
having a return gain of around 2 dB. 
With the pad in place, the return loss 
drops slightly below 0 dB. We can esti¬ 
mate that a return loss of around 1 to 1.5 
dB at some phase angles will cause S22 
to become greater than 1 around 0.8 to 
1.2 GHz, agreeing with our CAD results. 
Our next concern was the linearity of 

the amplifier. Our measured P1db was 
2.45 dBm which closely matched our fol¬ 
lowing estimated result. We estimated 
that the P1db and input intercept point 
from the following rules of thumb: 

Estimated P1dB: 
VCE=2.5V, lc=3mA, Typ. Efficiency=25% 

Figure 10. Gain and noise figure 
response of LNA with ceramic fil¬ 
ter. 

P1dB =10log^^ 
100 1000 

= 2.73 dBm 

(17) 

Estimated input intercept point (IIP3): 
P1dB=2.73dBm Gain=10.5dB 

HP3=PidB + 10 -Gain (18) 
= 2.73 dBm 

Second Iteration 
Our next iteration involved the incorpo¬ 

ration of a ceramic filter and the ability to 
incorporate a series output LCR res¬ 
onator for stability. The results of these 
modifications without the LCR resonator 
are shown in Figure 11. 
The first step was to try to remove the 

input capacitor, C1, and absorb this 
capacitance by the parasitic capacitance 
of the resonator. Even though these 
capacitances are not equal, the degrada¬ 
tion of NF due to the match vs. the loss 
sustained by the capacitor will make this 
a worthwhile compromise, even without 
retuning the input. The filter (Toko: 4DFA-
1575B-12) in this case is expected to 
have a typical loss of 0.7 dB and a maxi¬ 
mum of 1.2 dB which will directly add to 
the noise figure. 
As mentioned before, there was a con¬ 

cern of S22 becoming greater than one 
below 1575 MHz with the input ceramic 
filter. As one can see from the measured 
data, this is in fact true around 800 MHz 
and 1.4 GHz. Even though the reflection 
coefficient is greater than 1 at these fre¬ 
quencies, the device was stable in 50 
ohms. Due to the application of this LNA, 
our biggest concern was at 800 MHz 
since the following stage will most likely 
have a reasonable match at 1.4 GHz but 
an unknown match at 800 MHz. 
The simplest way to solve this problem 

is with a resistive loss at the output which 
will negate the effects of -R caused by 
the active device. Resistive loss will also 
reduce gain at 1575 MHz, which is unde¬ 

sired. The obvious approach is to apply a 
simple lossy filter which will only add loss 
at 800 MHz. The problem with this 
approach is the Q of the resonator. 
Adding too much loss will deteriorate the 
Q to the point were the pass band suf¬ 
fers. Insufficient loss will not remove the 
effects of negative resistance. This sim¬ 
ple approach worked well at 800 MHz, 
but would be difficult if not impossible at 
1.4 GHz since it is hard to get enough 
loss at high enough selectivity to avoid 
severely degrading the passband perfor¬ 
mance. 
This selective resistor approach can be 

implemented in two ways -either in shunt 
or series. In our case, for simplicity and 
minimum loss to the desired passband, 
we chose a shunt LCR topology at the 
output. A unique implementation of this 
solution is a simple chip resistor that is 
only connected on one end. An uncon¬ 
nected chip resistor to a UHF amplifier is 
usually just that; an unconnected resistor, 
but at X band it makes a very nice lossy 
shunt resonant transmission line. 
The inductor was replaced with a vari¬ 

able transmission line. The L/C ratio is 
determine from the desired selectivity of 
the resonator by try ng different values on 
CAD. The entire process can be initially 
tried on CAD, but the final adjustment, L 
& R, must be done empirically. The reso¬ 
nance is adjusted by changing the trans¬ 
mission line length while measuring the 
dip in S22 . The resistance is chosen by 
compromising the loss at 1575 MHz vers¬ 
es the required resistance to make S22 
equal to zero at 800 MHz. 
Our final values were R=20 Q, C=1 pF 

and a 10 mil wide transmission line 
around 800 mils long. The goal was to 
keep S22 below 0 dB at 800 MHz as well 
as improve S22 at 1.4 GHz. The cost to 
our performance was 0.5 dB loss in gain 
at 1575 MHz. Though this is not very 
much loss in general, 0.5 dB was not 
insignificant at 10 dB gain. As it turned 
out, the device was stable without our 
stability resonator in 50 ohms as well as 
in our desired load which had a S1 1 as 
high as +3 dB at some frequencies. 

Summary 
We have discussed in detail one exam¬ 

ple of how to design a simple narrow 
band LNA as well as some of the con¬ 
cerns one must have during the design 
process. Effort was made to make the 
design approach practical by using com¬ 
mon CAD design tools in balance with 
standard bench techniques as well as 
considering real production concerns. 
Each circuit element was analyzed using 
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gain. Even though the NE685 is a silicon 
bipolar transistor, it is an outstanding 
device at L band under very low bias lev¬ 
els. Considering cost, stability, biasing or 
matching impedance at UHF, bipolars 
are typically much easier to use than 
GaAs FETs. Though GaAs FETs can 
have a significant performance advan¬ 
tage over silicon, the NE685 is still a 
viable solution for GPS as well as many 
other applications through S band. RF 
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Figure 11. S22 with and without 
stability network. 
basic transmission line theory. The val¬ 
ues for these models were derived from 
the final optimized CAD results in order to 
compare how the non-ideal models from 
CAD differ from the ideal transmission 
line elements. 

In practice, 10 dB of gain is not suffi¬ 
cient to mask the high noise figure of 
today’s low cost MMIC frequency con¬ 
verters. A typical GPS system NF is 
around 3 dB or less, requiring the LNA to 
have a typical gain of about 20 dB at the 
achieved NF or better. The LNA present¬ 
ed is easily cascaded to achieve this 
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RF products_ 
Antenna Design Software 
NEC.OPT from Paragon Tech¬ 

nology is a complete antenna 
design software system which 
combines optimization software 
with the power of the popular 
Numerical Electromagnetics 
Code (NEC). Antenna character¬ 
istics such as geometry, loading, 
networks, excitation and frequen¬ 
cies can be specified and opti¬ 
mized for far field pattern, near 
field pattern, impedance, VSWR 
and currents on any specified 
part of the structure. Other para¬ 
meters such as antenna environ¬ 
ment and structure grounding 
can also be included in the 
antenna model. Data averages, 
minimums, maximums and maxi¬ 
mum deviations can be found, 

and variables within the model 
can be controlled by the optimiz¬ 
er, by a function, or can be 
stepped over a range of values. 
The optimizer can be directed to 
find global or local minima and 
maxima, to use constrained opti¬ 
mization paths, and to have max¬ 
imum function call limits. Other 
capabilities include optional out¬ 
put of intermediate data, inde¬ 
pendent weighting for each goal, 
an input file generation utility to 
simplify input file creation, and 
post processor to convert output 
data to a standard format. 
NEC.OPT runs on 386 PCs and 
above and lists for $950. 
Paragon Technology, Inc. 
INFO/CARD #205 

PHEMT LNA 
MMIC 
Hewlett-Packard is releasing 

what it believes is the first com¬ 
mercially available GaAs psuedo-
morphic high-electron mobility 
transistor (PHEMT) low-noise 
amplifier integrated circuit. The 
MGA-86576 extends the avail¬ 
ability of a simple, self-biased 
gain stage to applications through 
8 GHz. It provides 23 dB gain 
and 1.6 dB noise figure at 4 GHz, 
while operating from a single 5 V 
power source, requiring only 16 
mA. The MGA-86576 requires 

Path Loss 
Measurement 
Chesapeake Microwave Tech¬ 

nologies has introduced the Path-
Traxx TM system, designed for 
measuring the relative signal 
strength and path loss between 
elements within wireless commu¬ 
nications networks. The Path-
Traxx system incorporates a self-
calibrating, microprocessor¬ 
based architecture that makes 
the system easy to use. It pro¬ 

Microstrip Mixers 
Magnum Microwave is offering 

a series of communications-band 
mixers built on “drop-in” 
microstrip carriers. The MC33, 
34, 36 and 37MS-1 and the 
MC33, 34, 36 and 37MS-3, are 
targeted at upconverter applica¬ 
tions for the 5.8 to 6.5 GHz band. 
The IF frequency range covered 
by these units is DC to 1.5 GHz, 
with typical conversion loss of 5 
dB. LO drive required is +7, +10, 
+13 or +17 dBm nominal, 
depending on the model select¬ 
ed, with corresponding third order 
intercepts of +11, +14, +18 and 
+21 dBm respectively. The -1 

Power Amplifiers 
The B-Series amplifier chassis 

provides a perfect environment 
for Silicon Valley Power Ampli¬ 

only an RF choke, output block¬ 
ing capacitor, and a series input 
inductor to replace a typical dis¬ 
crete design. Applications include 
GPS receivers, PCS, 2.4 - 5.7 
GHz spread-spectrum, and satel¬ 
lite systems operating at 1.5 to 4 
GHz. The device is in stock and 
is priced at $8.00 each in quanti¬ 
ties between 1 and 499. 
Hewlett-Packard Co. 
INFO/CARD #206 

vides coverage in the 864 to 936 
MHz band, with other frequency 
bands available on request. The 
system can be tuned in 100 kHz 
steps to avoid interferers. The 
transmitter and receiver have 
back-lit LCD displays showing 
path loss measurements, battery 
status and other operating para¬ 
meters. An RS-232 port also 
allows connection to a computer 
for data capture. Both transmitter 
and receiver measure 12x4x5 
inches and weigh 5.5 lbs. The 
system includes antennas, Nicad 
battery packs and chargers, and 
a durable carrying case. 
Chesapeake Microwave 
Technologies, Inc. 
INFO/CARD #207 

units measure 0.8 x 0.59 x 0.15 
inches, while the -3 units are 0.6 
x 0.32 x 0.115 inches. Similar 
mixers are available for down¬ 
conversion applications (3.6 to 
4.3 GHz) and for other satcom 
bands. 
Magnum Microwave Corp. 
INFO/CARD #208 

fiers’ modules. The seven inch-
high by 19 inch rack mounted 
chassis provides power and con¬ 
trol to single and combined 
broadband amplifier modules 
which cover 5 MHz to 500 MHz. 
Linear, class AB power outputs 
from 4 W to 1000 W can be sup¬ 
plied by single modules or combi¬ 
nations of modules. By use of a 
directional coupler and AGC cir¬ 
cuitry, leveling to ±0.25 dB can 
be maintained over the rated fre¬ 
quency range. Additionally, pro¬ 
tection is provided by gently 
reducing output load as VSWR 
increases. All combinations utilize 
Lambda switched-mode power 
supplies, giving wide AC supply 
voltage and frequency options. 
The amplifier units are designed 
for conduction cooling, but can be 
supplied with an integral convec¬ 
tion-cooled heat sink. Remote 
control is standard, with all 
metered functions available as a 
separate analog line together 
with ON/STANDBY control and 
indication. RS-232 and IEEE 
interfaces are available as an 
option. 
Silicon Valley Power Amplifiers 
INFO/CARD #209 
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Product Spotlight: Filters 
Switchable Filters 
KW Microwave introduces a 

new series of integrated switch¬ 
able filters covering frequencies 
from 100 MHz to 18 GHz. The 
switches are either PIN diode or 
GaAs FET switches. The filters 
are lumped, combline and sus¬ 
pended stripline designs. The 
switch filters are available in 
plug-in, drop-in and connector-
ized versions. 
KW Microwave Corp. 
INFO/CARD #210 

Switched-Capacitor 
Filters 
Maxim Integrated Products 

announces the MAX291Z 
MAX295 (Butterworth) and 
MAX292/MAX296 (Bessel) 8th-
order, lowpass, switched-capac-
itor filters. The filter’s corner fre¬ 
quency is set by the frequency 
of a clock signal, with clock to 
corner frequency ratio being 
100:1 for the MAX291/292 and 
50:1 for the MAX295/296. The 
MAX291/292 has a 0.1 Hz to 25 
kHz corner frequency range, 
while the MAX295/296 has a 
0.1 Hz to 50 kHz range. Prices 
start at $2.95. 
Maxim Integrated Products 
INFO/CARD #211 

70 MHz LC Filter 
Piezo Technology has 

expanded its standard 70.0 

MHz LC filter product line. 
Model 7997 offers exceptional 
passband flatness with a 1 dB 
bandwidth of ±20.5 MHz. The 
stopband extends out to 2.0 
GHz with 70 dB of attenuation. 
The unit is housed in a 1.5 x 
0.4 x 0.4 inch package with 50 
ohm input and output imped¬ 
ance and a 1.5:1 VSWR. 
Piezo Technology, Inc. 
INFO/CARD #212 

SAW Bandpass 
Filters 
OKI Semiconductor has 

announced the availablility of 
surface acoustic wave (SAW) fil¬ 
ters in the 750 MHz to 2 GHz 
range. Packaged in 12-pin, sur¬ 

face mount packages, the filters' 
footprint is 4.8 x 4.8 mm, with a 
thickness < 2 mm. Insertion loss 
is less than 4.5 dB at most fre¬ 
quencies. Production quantities 
are currently available. Unit 
prices range from $3.94 to $5.44 
in 1000-piece lots. 
OKI Semiconductor 
INFO/CARD #213 

AMPLIFIERS 

Base Station PA 
M/A-COM recently announced 

a new 2 W, class A power amplifi¬ 
er for PCN and spread spectrum 
base station transmitters. This 
1700 to 2200 MHz amplifier pro¬ 
vides output power of 33 dBm (1 
dB compression point) and 34 
dBm (psat) with a gain of 32-38 
dB. IMD is -38 dBc. The amplifi¬ 
er, part number CPA-131-PAA, 
covers all established PCN chan¬ 
nels in a single unit. 
M/A-COM, Inc. 
INFO/CARD #214 

30 kW Amplifier 
Microwave Power Devices has 

developed a 30,000 W continuous 
wave, solid-state power amplifier, 
module number 1050-34/14123. 
This amplifier will be used for sus¬ 

ceptibility test and analysis. The 
amplifier operates class AB linear 
anywhere in the 100 to 500 MHz 
band. It supports CW/FM/ 
AM/phase and pulse modulation 
formats. Harmonics are 35 dBc, 
control and status is via IEEE-488 
GPIB. 
Microwave Power Devices, Inc. 
INFO/CARD #215 

L-Band PA 
Power Systems Technology 

announces the design and avail¬ 
ability of its L-band solid state 
power amplifier model CHCD 
178198-500/3350 that is suitable 
for use in a satellite ground-based 
telemetry tracking and control 
system. The amplifier operates 
class C, has an RF power output 
of 500 W and covers 1750 to 
1850 MHz. The amplifier operates 
with an RF input of -5 dBm full 
power output and can be con¬ 
trolled and monitored remotely via 

RF Design 

MICROWAVE 
TUNING ELEMENTS 

Metallic Tuning Elements 
• 2 to 33 GHz 
• For waveguide filters, attenuators 
Dielectric tuning elements 
• Alumina, quartz, sapphire 
• 8 to 100 GHz 
• For IMPATT, Gunn devices 
Dielectric resonator tuners 
•2 to 18 GHz 
• For filters, oscillators 
LC tuning elements 
• 5 to 11 GHz 
• High Q wideband tuning 
Resistive tuning elements 
•1 to 18 GHz 
• Trim amplifier, oscillator power 
For more information, ask for 
Bulletin SG-670. 

SPRAGUE 
GOODmon 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385» Fax 516-746-1396 
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Sprague-Goodman 

Airtrim 
Air Dielectric 

Multiturn Trimmers 
•Q (min): 5000 at 100 MHz 
• Nine mounting styles including 

surface mount 
• Designed to meet MIL-C-14409D 
• Operating temp: -65°C to +125°C 
• Standard cap ranges: 0.35 to 3.5 pF, 

0.6 to 6 pF, and 0.8 to 10 pF 
• Multiturn resolution 
• Extremely stable over temperature, 

frequency, voltage, etc. 
• Rated voltage: 250 VDC 
• Self-resonant frequency: >5 GHz 
• Insulation resistance: >106 Mi2 
Phone, fax or write today for 
Engineering Bulletin SG-660. 

SPRAGUE 
Gooomon 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax 516-746-1396 
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New From ST Olektron 

File Options Window Help 

Low Cost Surface Mount Devices_ 

CDB-9010 
RF Mixer 

D3-3220 
Directional Coupler 

SM-IS-2103 GaAs MMIC 
SPDT Switch 

CDB-144 GaAs IC 
Mixer/Preamplifier 

CDB-2109 Double 
Balanced Mixer 

ST Olektron supports the designs that are shaping 
today’s communication systems. In addition to these 
five exciting products, we will be introducing 
dozens more in the coming months. Call us, 
or circle the reader card number for more 
information. Don’t delay, as a bonus 
we’ll be sending a FREE mouse pad to 
the first 500 engineers that respond. 
So call us today! 

-- .- OLEKTRON CORP. 
a subsidiary of Signal Technology Corporation 

28 Tozer Road 
Beverly, MA 01915-5579 
Tel. 508.922.0019 ext. 614 
Fax 508.927.9328 
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RH products continued 
an RS232 interface. 
Power Systems Technology 
INFO/CARD #216 

SIGNAL 
SOURCES 

Fast Warm-Up OCXO 
Frequency Electronics has 

developed a commercial OCXO, 
model FE101A. Measuring 1.27 x 
1.33 x 1.33 inches, the FE101A is 
a rugged, compact, ult'a-stable, 
subminiature crystal oscillator 
that warms up in less than two 
minutes to 1x10-7 . Other specifi¬ 
cations include temperature sta¬ 
bility of 5x10-8 (-50° C), and 1.75 
W power consumption. 
Frequency Electronics, Inc. 
INFO/CARD #217 

Microcomputer 
Controlled Oscillator 
The MCXO (Microcomputer 

Controlled Crystal Oscillator) 
uses a high-stability, third over¬ 
tone, SC-cut crystal and micro¬ 
computer-controlled compensa¬ 
tions instead of an oven to 
acheive +3x1 0-8 ppm stability. 
Maximum power consumption is 
75 mW. Standard output frequen¬ 
cies are 10.000 MHz, *-.000 kHz 
and 1 pulse per second. The 
commercial version sells from 
$559 each in quantities of 500. 
Q-Tech Corporation 
INFO/CARD #218 

SIGNAL 
PROCESSING 
COMPONENTS 

Fast Switch 
The VMSM 0110-106 litra-broad-
band nonreflective “active" switch 
exhibits 6 dB insertion gain across 
0.1 to 10 GHz, with rise/fall times 
of 100/150 ps and video to RF iso¬ 
lation of 18 dB min. This unit will 

find use as a high speed modula¬ 
tor, switch, or voltage variable 
attenuator. The VMSM 0110-106 
measures 1.0 x 0.99 x 0.40 inches. 
Veritech Microwave, Inc. 
INFO/CARD #219 

Attenuators 
A family of power, base-mount¬ 

ed, conductively cooled attenua¬ 
tors, available in 20, 50 and 100 
W models, has been introduced 
by Component General. The units 
are designed to be bolted directly 
to a ground plane. In addition, 
gold plated beryllium copper tabs 
are provided for circuit connec¬ 
tion. Attenuation values from 1 to 
20 dB are available. Power rat¬ 
ings are based on maximum base 
temperature of 85° C. The attenu¬ 
ators are available form stock. 
Component General, Inc. 
INFO/CARD #220 

High Power Circula¬ 
tors and Isolators 

Multi-junction 800 to 960 MHz 
circulators and isolators from 
UTE Microwave handle 500 W 
CW when properly heat sinked. 
Isolators with internal termina¬ 
tions absorb up to 150 W reverse 
power. The units are available for 
broadband operation or for opti¬ 
mized bands, where typical loss 
is 0.15 dB and isolation of 25 dB 
per junction can be achieved. 
Size is 5-7/8 x 2-1/4 x 1-1/4 inch¬ 
es for the triple junction unit. 
UTE Microwave, Inc. 
INFO/CARD #221 

Cable Equalizer 
Inmet's miniature cable equal¬ 

izer compensates for cable loss 
in coaxial runs or delay lines. The 
units are custom-built for broad¬ 
band applications. The typical 
negative slope response can be 
held within a 1 dB window for 3 
dB to 30 dB attenuation values. 
Typical VSWR is 1.50:1. SMA, 
Type N, 2.9mm or solderable 
connectors can be selected. 
Inmet Corp. 
INFO/CARD #222 

Circulator 
McManus Microwave’s model 

106 circulator operates from 140 
to 175 MHz and has maximum 
insertion loss of 0.8 dB. Minimum 
isolation is 18 dB and maximum 
VSWR is 1.30:1. The model 106 
can handle 10 W CW and uses 
three SMA female connectors. 
The unit measures 1.0 inch 

subminiature 

OCXOs 
□ European CO-O8 
package available 
(35.3mm x 26.9mm x 19.4mm) 

□ Fast warm-up 
□ Ultra-stable 
□ Aging: lxlO-7/year 
to 2xlO 8/year 
at 5 MHz 

□ Vectron reliable 
MODEL CO-737 C0-738S 

Aging 1 x10’/day 
3x107yr 

1X10 7/ÿr 
5x1 0‘8/ÿr opt. 
2x1 0'8/Vr@5MHz 

0/50’C 
-20/+70°C 

±5x10 9
±1x10 8

±5x1 O10 

±2x10 9

Warm-up (3x10 ') 10 minutes 3 minutes 

Freq. Range 32kHz-50MHz 32kHz-32MHz 

Input/Output 15Volts/7dBm into 50Q 
or 15V/5V HCMOS 

To order a Free catalog, or for complete 
engineering assistance, call: 
(203) 853-4433 

Fax: (203) 849-1423 

The. Crystal Oscillator Company 

VECTRON LABORATORIES, INC. 
P.O. Box 5160. Norwalk, CT 06856-5160. 
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Bf1 products continued 
square by 0.4 inches high and 
weighs 1 oz. 
McManus Microwave 
INFO/CARD #223 

SUBSYSTEMS 

Patch Antenna 
Antenna Research Associates 

is introducing a wideband, high 
gain microstrip patch antenna for 
applications from 3.0 to 3.5 GHz. 
The antenna is designed for 16% 
bandwidth with a 2.0:1 VSWR 

ence received by the base station 
antenna. Installation requires no 
modification to the existing base 
station antenna system or receiver. 
No switching paths are are intro¬ 
duced into the antenna system 
and the ASP will contribute less 
than 1 dB insertion loss. 
Marconi Instruments 
INFO/CARD #226 

SEMI¬ 
CONDUCTORS 

Gilbert Cell 
Transistor Array 
A 5 GHz (power gain BW prod¬ 

uct) silicon Gilbert cell transistor 
array IC for radio frequency mixer 
and amplifier applications up to 
2.5 GHz in wireless communica¬ 
tions systems is now available 
from Harris Semiconductor for 
$2.66 (in quantities of 1000). The 
IC, called the HFA3101 is a direct 
pin replacement for the industry’s 
only Si Gilbert cell transistor 
array, NEC’s UPA1 01. 
Harris Semiconductor 
INFO/CARD #230 

mance of RF signals, but is also 
useful for other applications such 
as a fast phase comparator, a 
synchron demodulator in PLL cir¬ 
cuits, or an RF pulse code 
mod/demod. Its key specifications 
include: 280 MHz bandwidth, 2.2 
ns propagation delay, 1700 V/MUs 
slew rate, 4 nV/VHZ noise, and 
600 mW maximum power dissipa¬ 
tion. The SHC615 is available in a 
single 14-pin plastic DIP or SOIC 
package and in die form. It is 
priced from $7.95 in 100s. 
Burr-Brown Corp. 
INFO/CARD #233 

and offers gain of 8.0 dB over the 
band. Typical half-power beam¬ 
width for this antenna is 60° x 40°. 
The hermetically sealed assembly 
can be used as a feed for reflector 
antennas. The antenna is 3.5 
inches in diameter, 0.3 inches 
high, and weighs less than 3 oz. 
Antenna Research Associates 
INFO/CARD #224 

Base Station 
Modules 
Frequency Products has intro¬ 

duced a series of modules, the 
CR-910 dual conversion receiver, 
CR-920 transmitter driver, and 
CR-930 frequency synthesizer, 
that perform major RF functions 
in a cellular base station. The 
CR-910 has -45 dBc IMD3 at 
-20 dBm, with IF output at 21.4 
MHz at -10 dBm. The CR-920 
transmitter driver has IMD3 of 
-45 dBc at -10 dBm. The CR-
930 synthesizer can be tuned in 
25 kHz steps from 700 to 1030 
MHz, with spurious at -50 dBc. 
Frequency Products, Inc. 
INFO/CARD #225 

Antenna Signal 
Processor 
The Marconi CMA-2032 anten¬ 

na signal processor (ASP) protects 
radio base stations from co-chan-
nel and adjacent channel interfer¬ 
ence. The ASP uses an indepen¬ 
dent input to sample interference. 
Internal signal processing then 
dynamically cancels the interfer¬ 

2.4 GHz PA MMIC 
The TAE-1020 from Teledyne 

Electronic Technologies is a GaAs 
power amplifier MMIC operating in 
the 2.4 GHz ISM band. The ampli¬ 
fier operates from ±3 to ±5 V and 
has 20 dB small signal gain. Mini¬ 
mum linear output power is 24 
dBm, and minimum saturated out¬ 
put power is 25.5 dBm. The TAE-
1020 comes in a 16-lead surface¬ 
mount plastic package. 
Teledyne Electronic 
Technologies 
INFO/CARD #227 

1900 MHz PA MMIC 
Developed for 1900 MHz 

DECT handheld applications, the 
PM2102, 16-pin plastic SOIC 

TEST 
EQUIPMENT 
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GaAsFET Bias IC 
Maxim introduces the MAX850-

MAX853, a new family that com¬ 
bines a charge pump voltage 
inverter and a low-noise linear 
regulator in a single space-sav¬ 
ing, 8-pin surface mount pack¬ 
age. Needing only miniature 
capacitors to generate a -4.1V 
output, they supply 5 mA with 
less than 2 mVpp ripple. The out¬ 
put is also adjustable from -0.5 to 
-9 V. Prices start at $1.65 for 
quantities of 1000 and up. 
Maxim Integrated Products 
INFO/CARD #228 

Baseband Receive 
Port 
Analog Devices’ AD7013 is a 

complete digital baseband receive 
port for digital cellular handsets or 
base-stations. It captures, digi¬ 
tizes, and filters I and Q signals, 
using two 15-bit sigma-delta 
ADCs. The device can be used 
for either TIA IS-54 or AMPS 
standards by selecting the appro¬ 
priate digital filter response. The 
AD7013 also includes three DACs 
(two 8-bit and one 10-bit) to per¬ 
form RF control functions such as 
AGC and frequency control. The 
device costs $6.30 in 1000s. 
Analog Devices, Inc. 
INFO/CARD #229 

GaAs MMIC provides +27.5 dBm 
Pout at 3.0 V bias with 50% effi¬ 
ciency. The Pacific Monolithics 
technology utilized in this device 
was recently granted a U.S. 
Patent. Production quantities are 
available now, as is a demo 
board and complete application 
note (App Note 2294A). Pricing is 
under $4.00. 
Pacific Monolithics, Inc. 
INFO/CARD #231 

LNA MMIC 
DAICO Industries introduces a 

GaAs MMIC low noise amplifier 
designated model #P35-4170. 
Operating frequency is 2 to 3 
GHz with DC power consumption 
of +9 mA from a +3 V supply. 
They provide a low 2.9 dB noise 
figure and high 17 dB power gain. 
They require no external compo¬ 
nents, only a 3 V power supply. 
Input return loss is 10 dB, with 
output return loss of 6 dB. The 
part is configured in a small plas¬ 
tic package. 
DAICO Industries, Inc. 
INFO/CARD #232 

DC Restoration 
Burr-Brown’s SHC615 is a 

unique DC restoration device 
designed to stabilize the perfor¬ 

Multipath Channel 
Simulator 
The SOFI 03 AR is a wideband 

multipath mobile radio channel 
simulator for use in the bands of 
the GSM mobile radio system. Its 
frequency range is 890 to 915 
MHz and 935 to 960 MHz, with 
maximum VSWR of 2.0. Several 
GSM profiles are already pro¬ 
grammed into the controller soft¬ 
ware, with CDMA profiles current¬ 
ly in deve opment. The three path 
version sells for $37,000. 
Sofimation OY 
AxTrade Inc. 
INFO/CARD #234 

Communications 
Service Monitor 
Tektronix has introduced the 

Rhode & Schwarz CMS 54, a 
comprehensive communications 
service monitor for mobile radio 
transceivers and base station 
equipment operating from 0.4 to 
1000 MHz. The CMS 54 com¬ 
bines a spectrum analyzer, adja¬ 
cent-channel power meter, har¬ 
monics meter, and the ability to 
measure frequency and power 
transients in a single unit. The 
CMS 54 is available to order now 
for delivery in eight weeks and is 
priced at $13,9000. 
Rohde & Schwarz 
Tektronix 
INFO/CARD #235 

Cellular Test System 
Wavetek has announced the 

release of a digital/analog cellular 
test system, the model 3600D. 
The 3600D’s programming flexibil¬ 
ity allows as little or as much auto-
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Marconi s 6200 Family of Microwave Test 
Sets have been making microwave scalar 
measurements to 46 GHz and providing 
high-speed, high-resolution fault location 
for coax lines & waveguide runs. 
Now a powerful & economical new addition 
to the family, the 6210 Reflection Analyzer 
is here. It uses the highly accurate “6-port 
coupler” technique to measure phase and 
amplitude characteristics of network 
inputs (Sn). The Test Set thus provides 
accurate return-loss measurements, vector 

measurements, and time domain measure¬ 
ments. The frequency range of the Model 
6210 starts at 250 MHz and extends to 
26.5 GHz (or as limited by the host 6200 
Series Microwave Test Set). 
The Reflection Analyzer is housed in an 
add-on adaptor that fits below the 6200 
Series Microwave Test Set thereby retaining 
its compact profile for portable and field 
use. This adaptor technique also provides 
an easy upgrade route for users of the 
6200 Test Set now and at any time in the 
future. All existing features of the 6200 
Series Test Set are retained. 
Key features of the 6210 include: 
• Higher accuracy and wider range 
reflection measurements as compared 
to the RF bridge technique. 

• Both vector and time domain analysis so 
that the causes of reflections can be 
diagnosed. Especially useful with fault 
location. 

• Smith Chart presentation for easier 
impedance matching adjustments. 

• Simultaneous time domain and frequency 
domain measurements for full character¬ 
ization of an input port. 

For more information or to arrange a 
demonstration contact: 

Marconi Instruments, Inc. 
3 Pearl Court 
Allendale, NJ 07401 
1-800-233-2955 
201-934-9050 

Microwave Reflection 
Analysis Made Easy. 



Reproducís continued 
948 Years Experience! 
When reliability and accuracy count, call us. 948 
years of combined employee crystal experience 
and 43 years of service to businesses like 
yours translates into our dedication to 
the quality products and customer satis¬ 
faction that you deserve. 

• ENGINEERING AND DESIGN SUPPORT 

• EXPERIENCED SALES STAFF 

• CRYSTAL ANALYSIS 

• EXPEDITE SERVICE 

• CUSTOM CRYSTALS TO YOUR SPECS 

• MICRO-BALANCED/LAB CRYSTALS 

• SOON TO BE ISO 9001 CERTIFIED 

LIFETIME CRYSTAL GUARANTEE 

Call or FAXf or more information about Crystals, 
Elements, Oscillators and Accessories. 

mated testing as desired. Non¬ 
standard modulation tests can be 
implemented using the two inter¬ 
nal 10 Hz to 100 kHz generators. 
A parallel printer port, RS-232 ser¬ 
ial port and 1.44 MB PC-compati¬ 
ble disk drive allow for data trans¬ 
fer and instrument control. An 
IEEE-488 interface is optional. 
Wavetek Communications Div. 
INFO/CARD #236 

When Quality Counts. .. 
INTERNATIONAL CRYSTAL MANUFACTURING. CO., INC. 

PHONE 24-HOUR FAX 

1-800-725-1426 • 1-800-322-9426 
P.O. BOX 26330 • OKLAHOMA CITY, OK 73126 
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Arbitrary Function 
Generator 
The LeCroy WaveStation 400 

series has 100 ps waveform fea¬ 
ture placement, a fast 400 MHz 
maximum clock rate per channel, 
and up to 1 MB of waveform play¬ 

back memory. In both the single 
channel l_W410 and dual channel 
LW420 combine state-of-the-art 
DSP technology and precision 
reconstruction filtering techniques. 
A smoothing function minimizes 
discontinuities caused by editing. 
The LW410 costs $13,945, while 
the LW 420 costs $18,950. 
LeCroy 
INFO/CARD #237 

Improved Power 
Meter 
Boonton Electronics has 

enhanced its 4400 peak power 
meter by incorporating new soft¬ 
ware that allows measurement of 
long term average power between 
markers, peak power hold 
between markers, and peak to 
average power ratio between 
markers. Other benefits include 
disk support for storing and recall¬ 
ing up to 99 instrument setups on 
a DOS compatible disk. The 4400 
performs power domain analysis 
from 30 MHz to 40 GHz. 
Boonton Electronics Corp. 
INFO/CARD #238 

“ " for Today's Needs 
& Todhorrow's CháÜengejs... 

STETCÖ offers a wide range of RF Devices 
for many different electronic design 
applications. 

CO IM IM ECTORS^ 
Custom Standard D-Sub 

ALL PRODUCTS 
SHOWN ACTUAL SIZE 
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JH1P COILS 
p z IÍH to 10.000 nH di 

Ceramii 

008 Ceramid; 
Low Profile 

1008 Ferrite 

0805 Ceramic 

1206 Surface Mount 
.Tuned Circuit 

For solutions to your 
various RF design problems, 

you can rely on STETCO — specialists 
in RF technology — today & tpmorrow... 

I mm J ■ 3344 SCHEIRHDRN • FRANKLIN PARK * ILLINOIS BOT31 
—J I I TEL. 708-671-4208 • FAX 708-671-5270 
the haztron electronics group 800-251-4558 
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Increasing 
your production 
line efficiency 
requires your 
technicians 
to learn one 
important 
skill. 

New! 
HP 8648C 
provides 
3.2 GHz for 
less than 
$9,500. 

The HP 8647A Signal 
Generator: a new level of 
productivity at the touch 
of a button. 
Lowering manufacturing costs 
couldn’t be simpler. 
Start with one of the lowest 
priced (under $5,000) and most 
reliable synthesized signal 
generators in its dass. Then put 
it at your technici an’s fingertips 
with a remote interface that 
makes testing as easy as pushing 
a button. 

A button that sets up and runs 
measurement sequences with a 
single push. Using a simple user 
interface that lets you get employ¬ 
ees up and testing wit h a minimum 
of training. 
Yet the HP 8647A brings more 
performance to the production 
line. The 250 kHz-1 GHz range and 
clean +10 dBm output lets you 
tackle more applications. Separate 
manual frequency and amplitude 
control knobs make dialing in 
signals as easy as tuning a car 
radio. And the reliability of an 

electronic attenuator virtually 
eliminates the most common 
cause of failures. 
Call HP DIRECT at 
1-800-452-4844, Ext. 8030* 
today for a FREE data sheet and 
brochure on the HP 8647A Signal 
Generator. 
You’ll find there’s not a lot to learn. 
♦In ('añada call 1-800-387-3867. Dept. 485. 

There is a better way. 

Ihnf HEWLETT® 
PACKARD 
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RF tutorial_ 

Application Circuits for 
MMIC Amplifiers 

By Gary A. Breed 
Editor 

Here is small collection of circuits 
using MMIC amplifiers. In addition to 
amplification, these simple “building 
blocks" can be also be used to make 
simple, inexpensive oscillators, mixers 
and multipliers. 

An amplifier gain block impedance-
matched to 50 ohms at the input 

and output is about as simple as an RF 
component can get. Fabricated in silicon 
or GaAs, these products are available 
from several major manufacturers. The 
circuits illustrated in this article show 
biasing and internal descriptions for the 
common Darlington amplifiers imple¬ 
mented using silicon bipolar technology. 
Most of these applications (but not all) 
can be accomplished with GaAs 
devices, as well. The information given 
here is provided as a general reference 
only — consult the manufacturer’s data 
for power supply and biasing information 
for each model of MMIC amplifier, 
whether silicon or GaAs. 

Figure 1 shows a simplified internal 
circuit diagram of a “garden variety” sili¬ 
con MMIC amplifier. This Darlington 
configuration is used in most of the 
available versions. Linearity and imped¬ 
ance matching are achieved using feed¬ 
back. Rp provides parallel feedback, 
while Rs controls series feedback. Rb1 

and Rb2 set the DC bias level for the two 
transistor bases. 
Variable specifications include fre¬ 

quency range, power handling capabili¬ 
ty, noise figure, and power consumption. 
Some models are available with feed¬ 
back optimized for highest gain or low¬ 
est noise figure, and give up a well-
matched input in exchange. These 
devices require input matching to obtain 
specified performance, but usually the 
network required is simpler than would 
be needed for a discrete transistor. 

Application Circuits 
The simplest application is as an 

amplifier in a 50 ohm system. Figure 2 
shows how easily these components 

Figure 2. The simplest implemen¬ 
tation of a MMIC amplifier. 
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Figure 1. basic diagram of a Dar¬ 
lington amplifier, as used in most 
silicon MMIC amplifiers. 

can be applied. The MMIC amplifier, 
input and output DC blocking capacitors, 
and a decoupling choke to the power 
supply represent the minimum number 
of components. 

If the available power supply voltage 
is higher than the ratings of the MMIC 
(typically in the 5 volt range), a voltage 
dropping resistor may be added (Rcb ) to 
establish the collector bias at the proper 
voltage, as shown in Figure 3. In some 
cases, where Rcb is much larger than 50 
ohms or where some mismatch is 
acceptable, the RF choke may be elimi¬ 
nated as a cost saving measure. 
Nearly all MMIC amplifiers are 

designed for direct cascading (Figure 4). 
For example, two amplifiers with 13 dB 
gain can be cascaded to obtain 26 dB 

Figure 3. Addition of a series 
dropping resistor allows opera¬ 
tion at higher supply voltages. 

gain, with little additional cost and com¬ 
plexity. However, when cascading 
amplifiers, layout becomes important, as 
the system gain will create an oscillator 
if adequate input to output isolation is 
not maintained. Broadband gains to 60 
dB can readily be achieved in this con¬ 
figuration. 

Figure 4. Most MMIC amplifiers can be cascaded, with DC blocking as 
the only interstage connection requirement. 
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DC-2000MHz 

In plastic and ceramic packages, for low-cost solu¬ 
tions to dozens of application requirements, select Mini¬ 
Circuits' flatpack or surface-mount wideband monolithic 
amplifiers. For example, cascade three MAR-2 monolithic 
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz 
amplifier for less than $4.50. Design values and circuit 
board layout available on request. 

99« Unit price $ (25 qty) 

It’s just as easy to create an amplifier that meets 
other specific needs whether it be low noise, high gain, 
or medium power. Select from Mini-Circuits’ wide 
assortment of models (see Chart), sketch a simple inter¬ 
connect layout, and the design is done. Each model 
is characterized with S parameter data included in our 
740-page RF/IF Designers’ Handbook. 

All Mini-Circuits' amplifiers feature tight unit-to-unit 
repeatability, high reiability, 
and reel packaging, off-
the-shelf availability, with 
prices starting at 99 cents. 

Mini-Circuits' monoithic 
amplifiers...for innovative 
do-it-yourself problem 
solvers. 

a one-year guarantee, tape 

Models above shown actual size 

PLASTIC ++VAM-3 +VAM-6 ++VAM-7 
SURFACE-MOUNT 145 1 29 1.75 

add suffix SM MAR-1 MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8 
to model no. 1.04 1 40 1.50 1.60 1.34 1 80 1.75 
(ex. MAR-ISM) MAV-1 +MAV-2 + MAV-3 MAV-4 MAV-11 

1.15 1 45 1.55 1.65 2.15 
CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8 
SURFACE-MOUNT 4 95 4.95 495 4.95 4 95 4.95 4.95 
PLASTIC MAV-1 + MAV-2 + MAV-3 ♦ MAV-4 MAV-11 
FLAT-PACK 1.10 1.40 1.50 1.60 2.10 

MAR-1 MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8 
0 99 1.35 1 45 1.55 1 29 1.75 1.70 

Freq. MHz, DC to 1000 2000 2000 1000 2000 2000 1000 1000 

Gain, dB at 100MHz 18.5 12.5 12.5 8.3 20 13.5 32.5 12.7 

Output Pwr +dBm 1.5 4.5 10.0 12.5 2.0 5.5 12.5 17.5 

NF, dB 5.5 6.5 6.0 6.5 3.0 5.0 3.3 3.6 

Notes: * Frequency range DC-1500MHz ++ Gain 1/2 dB less than shown 

designer's amplifier kits 
DAK-2: 5 of each MAR-model (35 pcs), only $5995 
DAK-2SM: 5 of each MAR-SM model (35 pcs) only $61 95 
DAK-3: 3 of each MAR, MAR-SM, MAV-1 1. MAV-1 1SM 
(48 PCSI $74 95 

designer’s chip capacitor kit 
KCAP-1: 50 of 17 values, 10pf to 01^ (850 pc), $9995 

chip coupling capacitors at 12C each 
(50 min.) 
Stze (mils) Value 
80 X 50 10. 22. 47. 68. 100. 220, 470 680 pf 
80 X 50 1000. 2200. 4700. 6800, 10.000 pf 
120 x 60 .022. .047. .068. 1Mf 

Typical Circuit Arrangement 
Rbias 
—W-» vcc 

COLOR DOT 

finding new ways ... 
setting higher standards IN 

RFC (optional) 

^block 
-II— • OUT 

Q Mini-Circuits WE ACCEPT AMERICAN EXPRESS ANO VISA 
R O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 

Distribution Centers NORTH AMERICA 800-654-7949 • 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

For detailed specs on all Mir i-Circuits products refer to • THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK. 
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Figure 5. A simple mixer using a 
MMIC amplifier. 

Figure 8. Quadrature combining, practical in microstrip, can be used to 
obtain a medium power output from several MMIC amplifiers. 

Figure 6. With sufficient drive, a 
MMIC can be an efficient frequen¬ 
cy multiplier. 

Figure 7. Basic oscillator circuit 
using a MMIC amplifier. 

Nonlinear Circuits 
Mixers, multipliers and oscillators can 

be constructed using MMIC amplifiers. 
Figure 5 shows a mixer circuit, with both 
the RF and local oscillator applied to the 
MMIC input terminal. This configuration 
provides no RF/LO isolation, of course, 
relying on the preselector filter for RF 
port isolation. Operation of this mixer is 
similar to a simple single-transistor cir¬ 
cuit often used (in the past) in inexpen¬ 
sive consumer radios. Performance is 
modest at best, but with unarguable 
simplicity. 
Figure 6 shows the simplicity of a 

MMIC frequency multiplier. The drive 
level must reach saturation of the input 
transistor, or sufficient harmonic energy 

may not be generated. The gain of the 
amplifier makes it possible to build low 
loss 3x and 5x multipliers. 
MMIC oscillators provide an interest¬ 

ing design exercise. They provide the 
necessary gain to maintain a gain of 
greater than one, including circuit losses 
and energy extracted at the output. 
Amplitude control can be achieved in 
either of two ways: saturation of the 
amplifier, or an external limiter. 
The simplest oscillator uses a trans¬ 

mission line between the input and out¬ 
put terminals, with oscillation occurring 
at the frequency where the phase shift 
of the amplifier and transmission line 
combined is 360 degrees. At lower fre¬ 
quencies, the transmission line can be 
replaced with a LC network that pro¬ 
vides the necessary phase shift. 

At low frequencies (below 100 MHz or 
so), MMICs maintain close to 180 
degree phase shift, but at higher fre¬ 
quencies, the phase shift changes. Con¬ 
sult the data sheets or obtain experi¬ 
mental results to confirm the phase shift 
at the desired frequency. 
One more application not illustrated is 

a squaring circuit to make digital-com¬ 
patible signals from a sine wave input. If 
the input is driven into hard saturation, a 
pretty good square wave will be created. 
The output can be DC-coupled with 
selection of the proper dropping (pull-
up) resistor. Alternatively, the output can 
be AC-coupled, with high-impedance 
bias to hold the digital input at the mid¬ 
point of the logic family’s voltage swing. 

All nonlinear applications of MMICs 
require attention to collector (or drain) 

biasing. Since the circuit is driven into 
saturation in most of these applications, 
the specified current rating can be 
exceeded. Rcb must be carefully chosen 
to provide current limiting, or the power 
supply must provide constant current. 
Note that GaAs MMICs are more difficult 
to use in nonlinear applications since 
they have higher linearity and do not 
saturate as easily as silicon devices. 

Combined Amplifiers 
MMIC amplifiers rarely provide more 

than +13 dBm (20 mW) power output. A 
few models offer higher power, but at 
higher cost and sometimes at the 
expense of bandwidth. Combining 
amplifiers to obtain medium power (+20 
dBm or more, combining amplifiers may 
be an inexpensive design choice. 
At low frequencies, MMICs may sim¬ 

ply be connected in parallel to obtain 
higher power. Broadband transformers 
can restore the system to 50 ohms. 
However, linearity usually suffers, since 
the amplifiers are not precisely matched. 
The quadrature combining scheme of 

Figure 8 is another option, where the 
low cost of microstrip can be utilized, 
and relatively narrow bandwidth is 
required, on G10 or FR-4 type p.c. 
board material, the 1/4À lines can be 
very short, the characteristic impedance 
of the lines can be adjusted to accom¬ 
modate nearly any number of amplifiers, 
with 2 to 4 being the most common. 
This short note illustrates some of the 

uses that “universal building block” 
MMIC amplifiers can provide with sim¬ 
plicity and economy. RF 
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Low cost high performance wireless LNAs 
M/A-COM’s family of low cost, low 
current (5 mA - 8 mA) LNAs (low 
noise amplifiers) offers the best perfor¬ 
mance-to-cost ratio in the industry. 
Two frequency ranges (1.5 - 1.6 GHz 
and 1.7 - 2.0 GHz) are available. Low 
noise figures (1.65 - 1.90 dB) and high 
gain (to 21 dB) make these devices 
ideal for wireless applications including 
portable communications (PCS, PCN. 
PBX, PHP, and PDC) and receiver front 
ends for GPS. LNAs operating in the 
2.4 - 2.5 GHz range for wireless LAN 
and ISM applications are scheduled for 
release this spring. 

Part Number Frequency Market Noise Gain Ip3 Price 
Application Figure Input @ 10,000 

Qty 

MAAM 12032 1.7 -2.0 GHz 

MAAM 12031 1.7-2.0GHZ 

MAAM 12022 1.5- 1.6 GHz 

MAAM 12021 1.5- 1.6 GHz 

PCS, PCN, 1.8 dB 
PBX, PHP 

PCS, PCN, 1.75 dB 
PBX, PHP 

GPS, PDC 1.85 dB 

GPS, PDC 1.65 dB 

13 dB OdBm $3.65 

20 dB -IdBm $3.83 

14 dB -IdBm $3.65 

21 dB -2 dBm $3.83 

Prices subject to change. For more information or to order, call 1 -800-366-2266. 

• Low Noise Figure 
• High Gain 
• 3-5 Volt Operation 
• Low Current 
• Unconditionally Stable 
• Matched Input/Output 
• Low Cost 
• Plastic Package 

Now, To See All The Advanced Features 
Of Our Wireless Components, 

You'll Have To Take A Goser Look. 

Place nose here. 

Typical performance ¡ 
Intermodulation versus bias 

FREQUENCY (GHz) 

TO ORDER CALL: 
1-800-366-2266 

TO RECEIVE A DATA SHEET 
BY FAX, CALL 1-80C-M/A-COM44 
AND ASK FOR DOCUMENT 5200 

M/A-COM, Inc. 

It's easy to see why M/A-COM is one 
of the world's leading manufacturers of 
wireless components. 

Of course, we're experts at making 
ever smaller, lighter components that con¬ 
sume less power. But that' s just one of the 
reasons you should be working with us. 

There's also our wide range of solu¬ 
tions. Everything from GaAs and silicon 
MMICs to transceiver chip sets. Which 
means that no matter what type of wire¬ 
less portable product you are producing¬ 
handsets, PDAs, computers, bar code 
scanners, whatever- chances are, we've 
got the components that can help you 

get to the market faster. 
Another advantage to 

PCMCIA-mountable antennas and 
surmount components 

for wireless data 
transmission. 
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doing business with M/A-COM 
is our experience with both 
analog and digital technology. 
What's more, our in-depth 
knowledge of RF and microwave 
technologies is vital to helping 
our customers get products 
right the first time. And you'll 
be pleased to find that M/A-COM Components 
components are always priced very tor cellular 

. , 1 1 handsets, 
competitively. pcNand 

To see how our tiny components 
could make a big contribution to 

private radio 
networks. 

your success, call M/A-COM today at 
1-800-366-2266, or the distributor nearest 
you. In Europe, +44 (0344) 869 595. 
In Asia, +81 (03)3226-1671. 



RF manufacturing_ 

Using Design of Experiments to 
Optimize Filter Tuning Steps 
by Dan Pleasant 
Hewlett-Packard Company 

Computer-aided engineering (CAE) 
software continues to reach new levels of 
sophistication, enabling designers to 
tackle new classes of design problems. 
This article describes how two features of 
CAE software can be used in a novel 
fashion to solve an old problem — the 
design of tunable high-Q filters for high 
manufacturing yield — using Design of 
Experiments and post-production tuning 
yield analysis. 

Design of Experiments (DOE) is a 
capability that has only recently been 

added to CAE software. Since most 
high-frequency design engineers are not 
familiar with DOE or its capabilities, a 
brief introduction is in order. 
DOE has been used for many years in 

manufacturing to enhance the reliability 
of processes in fields as diverse as auto¬ 
motives and pharmaceuticals. For any 
manufacturing process, there are para¬ 
meters that can be controlled and others 
that cannot. Any of these parameters can 
affect the manufacturing yield. DOE is a 
systematic technique for finding the para¬ 
meters that have the greatest effect on 
the process (and therefore the manufac¬ 
turing yield), and finding ways to enhance 
the process and the reliability of the prod¬ 
uct. For high-frequency circuit designers, 
the parameters of the manufacturing 
process are usually circuit component 
values, although other parameters such 
as temperature are often also important. 
A complete description of the DOE 

technique would be quite lengthy and 
well beyond the scope of a short article. 
For high-frequency designers, though, 
here is a brief description of DOE: 
Imagine a simple circuit such as the 

one shown in Figure 1. There are three 
parameters in this circuit: two resistor val¬ 
ues, and one capacitor value. 
Suppose the values of the resistors can 

vary in manufacturing from 24 to 26 
ohms, and the value of the capacitor can 
vary from 0.9 to 1.1 pF. Using the DOE 
technique, this circuit can be simulated 
by the computer using the high and low 
values for each parameter for all possible 
combinations of parameter values. This 

Figure 1. Simple lowpass filter 
example. 

circuit would then would be simulated a 
total of eight times, with parameter values 
as shown in the following table: 
This table defines an “experiment” in 

the terminology of DOE. Using the results 
of these eight simulations, the circuit’s 
sensitivity to each component value can 
be seen. Furthermore, interactions 
among the three components can be 
estimated. All of this information is useful 
to circuit designers, and can be used to 
enhance manufacturing yields, as will be 
demonstrated later. 
Because it uses all possible combina¬ 

tions of parameter values, the experiment 
defined in this example is called a 
“full-factorial” experiment. Often, the 
designer knows that some interactions 
are not important and do not significantly 
affect the circuit’s performance. Then, 
some parts of the experiment (corre¬ 
sponding to rows in the table above) can 
be eliminated. This is important because 
full-factorial experiments can become 
computationally expensive for circuits 
with many parameters. 

Post-Production Tuning Yield 
Post-production tuning yield is, quite 

simply, a combination of circuit optimiza¬ 
tion and Monte Carlo analysis for the 
design of circuits that include tunable 
components. 
For circuits that do not use tunable 

components, Monte Carlo analysis calcu¬ 
lates manufacturing yields by simulating 
the circuit many times (hundreds, or even 
thousands of times), statistically varying 
each parameter for each simulation. 
Eventually, the computer will gather 
enough information about the circuit to 

R1 R2 C1 
Simulation #1 24 24 0.9 pF 
Simulation #2 24 24 1.1 pF 
Simulation #3 24 26 0.9 pF 
Simulation #4 24 26 1.1 pF 
Simulation #5 26 24 0.9 pF 
Simulation #6 26 24 1.1 pF 
Simulation #7 26 26 0.9 pF 
Simulation #8 26 26 1.1 pF 

Table 1. Parameter values. 

estimate its manufacturing yield (within a 
user-specified uncertainty interval). 
Post-production tuning yield extends 

the concept of Monte Carlo analysis to 
cover the case of circuits that contain tun¬ 
able components. At each Monte Carlo 
iteration, the computer statistically varies 
the circuit parameters. Then it performs 
an optimization on the circuit. In fact, the 
computer may perform several optimiza¬ 
tions on the circuit, with each optimization 
tuning different components to mimic the 
actions of manufacturing personnel. The 
Monte Carlo iteration is not finished until 
the optimization is finished, resulting in a 
yield-after-tuning simulation. 

Tunable Filter Design for 
High Yield 
Used together, DOE and post-produc¬ 

tion tuning yield analysis can be used to 
design high-Q, manually tuned filters. Fil¬ 
ter tuning has always been considered 
something of a black art, because of two 
difficult-to-solve problems: determining 
which filter components to tune, and in 
what order to tune them. The following 
example illustrates one way to solve both 
problems. 

Figure 2 shows a simple lumped-ele¬ 
ment design for a Chebyshev lowpass fil¬ 
ter of order 15. The component values for 
this circuit were caculated in the classic 
fashion, which means that they were 
found in a filter cookbook and simply 
typed into the computer. 
The specifications for this filter are 

straightforward. The filter must have less 
than 3.6 dB of loss up to 4.75 MHz, and 
must have at least 36 dB of loss at 5 
MHz and above. To allow for some mar-
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Figure 2. Perfect 15th order, Chebychev lowpass filter. 
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gin, the filter is designed for 3 dB of rip¬ 
ple. The 15-pole filter design is dictated 
by the need for a sharp dropoff in the 
stopband response. 
When simulated, this filter exhibits 

excellent 3-dB Chebyshev response, as 
shown in Figure 3. This plot shows the fil¬ 
ter's response assuming that all compo¬ 
nents are perfect. 
Unfortunately, the designer is under 

pressure to use low cost components 
and to make the manufacturing process 
as simple and as inexpensive as possi¬ 
ble. The designer is certain that real fil¬ 
ters will not exhibit a perfect Chebyshev 
response, and sone of the components 
must be tuned on the assembly line. This 
circuit is to be built using surface-mount 
technology (SMT) components wherever 
possible, and there are really very few 
tunable SMT inductors available at a low 
price. Some of the capacitors, therefore, 
must be tunable. The problem is to deter¬ 
mine which capacitors should be tunable, 
and how to tune them. 

First, a yield calculation is made on the 
“ideal” circuit. This is a straightforward 
Monte Carlo simulation, without any tun¬ 
able components. Using published toler¬ 
ances for good SMT components, the 
simulator predicts a yield of only 42% for 
this circuit. Roughly half of the filters will 
fail because of the passband specifica¬ 
tion, half because cf the stopband specifi¬ 
cation. 
The next step in the design is to 

choose tunable components and, using 
post-production tuning yield analysis, cal¬ 
culate the yield of the tunable filter. If 
designers do not have CAE software with 
DOE, and if they are not proficient with 
mathematics, a possible next step would 
be to choose a capacitor or two at ran¬ 
dom, find the yield after tuning those 
capacitors, and repeat until a good solu¬ 
tion was found. Figure 4 shows a modi¬ 
fied filter circuit with the last two capaci¬ 
tors defined to be variable. 
The circuit in Figure 4 was analyzed 
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Figure 4. Lowpass filter with randomly selected tunable capacitors. 
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under the following manufacturing rules: 
First, the capacitor on the far right was 
adjusted to obtain acceptable passband 
performance (if possible). Then, the other 
capacitor was adjusted for best stopband 
performance. It was assumed that this 
second adjustment would derate the 
passband performance, so the first 
adjustment was repeated, followed by a 
repeat of the second adjustment. All 
other components in the filter were varied 
at random by the Monte Carlo analysis. 
Given the tunable circuit in Figure 4, 

the calculated manufacturing yield was 
62%, an increase of 20% over the 
untuned original circuit. In fact, this is not 
a bad result if one considers that the tun¬ 
able capacitors, as well as the tuning pro¬ 
cedure, were chosen entirely at random. 
Now, two other capacitors can be cho¬ 
sen, the experiment repeated, and a new 
yield calculated. This can be repeated 
until the designer is either satisfied with 
the yield, or gets tired of the whole exer¬ 
cise and decides to go home. 

Selecting Tuning Elements 
Using DOE 
Using the DOE capability, the designer 

can find the most logical tuning elements, 
and the best order n which to tune them, 
in a single step. For this filter, a full-facto¬ 
rial DOE analysis was run. Since the 
capacitors are the only elements that 
potentially can be tuned, every capacitor 
was allowed to vary in the DOE analysis, 
and every inductor was held constant at 
the nominal value. Since there are eight 
capacitors, this results in 28, or 256, total 
simulations of the circuit. (The computer 
automatically executes all 256 simula¬ 
tions with no user intervention.) This is a 
simple circuit, and 256 simulations is well 
within the range of possibility using even 
a modestly equipped computer worksta¬ 
tion, and takes only a few minutes on a 
more powerful workstation. 

After the DOE analysis is completed, 
the software presents several different 
data displays for interpreting the data. 
Perhaps the most useful display is the 
Pareto chart. The Pareto chart for this 
analysis is shown in Figure 5. 
Although the Pareto chart looks some¬ 

thing like a histogram, it is actually noth¬ 
ing of the sort. Each “bar'1 in the Pareto 
chart illustrates the relative sensitivity of a 
circuit response to a parameter, or to the 
interdependence of two parameters. The 
Pareto chart in Figure 5 shows the sensi¬ 
tivities of two different circuit response 
values: the passband loss (ripple), and 
the stopband loss (rejection). 

In Figure 5, note that the bars labeled 
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Figure 5. Pareto chart showing sensitivity of rejection and ripple to low-
pass filter elements. 
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Figure 6. Lowpass filter with tunable capacitors selected using DOE. 

A through H are taller than the others; AB 
through GH are nearly zero. Bars A 
through H represent the sensitivity of the 
filter to the capacitor values. There are 
two bars for each letter. One bar repre¬ 
sents the sensitivity of the ripple to each 
capacitor, and the other represents the 
sensitivity of the rejection. 
The bars marked AB through GH rep¬ 

resent the sensitivity of the circuit to inter¬ 
dependencies of the capacitors. For 
instance, the AB bar represents the cir¬ 
cuit’s sensitivity to the product of the val¬ 

ues of capacitors A and B. These interde¬ 
pendencies are all small, making the 
analysis of this circuit rather easy. Note 
that these interdependencies become 
much more significant if the capacitor val¬ 
ues are allowed to change over a wider 
range, so high-quality capacitors are 
important. 
An examination of the plot shows that 

the bars marked “E” have a large effect 
on the filter’s rejection, but a small effect 
on ripple. The bars marked “G” have the 
largest effect on ripple, but they also 

have a large effect on rejection. There¬ 
fore, it is reasonable to tune this filter in 
the following way: 

1. Tune the “G” capacitor (which is the 
next-to-last capacitor on the right in the 
circuit diagram) for best ripple. This will 
have an effect on rejection as well, but 
that can be ignored at this step. 

2. Tune the “E” capacitor for best rejec¬ 
tion. This tuning step will probably bring 
the filter into compliance, as it will have 
only a small effect on the ripple. 

3. To ensure the best filter perfor¬ 
mance, repeat steps 1 and 2. 

Figure 6 displays the new filter circuit 
with the appropriate capacitors set up for 
tuning. 
Using post-production tuning yield 

analysis, this circuit can be analyzed 
according to the tuning rules suggested 
by the DOE analysis. For this example, 
the circuit’s yield becomes 72%, up from 
42% with no tuning and 62% with ran¬ 
domly chosen tuning with no increase in 
manufacturing cost or complexity. Obvi¬ 
ously, higher yields can be obtained by 
either tightening tolerances or making 
more components tunable. 
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Conclusion 
Using two new features of high-fre¬ 

quency CAE software, Design of Experi¬ 
ments and post-production tuning yield 
analysis, designers can approach difficult 
problems in new ways. The new features, 
used singly and in combination, are pow¬ 
erful tools for designing high-yield circuits 
down to the last detail of tuning on the 
manufacturing line. This example has 
shown how to apply these new tools to 
the design of high-Q filters. Designers will 
doubtless find other creative uses for 
them as well. RF 

About the Author 
Dan Pleasant 

is an application 
engineer with 
Hewlett-
Packard’s HP -
EEsof operation 
in Santa Rosa, 
California. He 
received his 

BSEE from the University of Col¬ 
orado in 1979 and his MSEE from 
Stanford University in 1981. He had 
been with the MIT Lincoln Laboratory 
, Lexington, Massachusetts, prior to 
joining Hewlett-Packard in 1989. He 
can be reached at Hewlett-Packard 
Co., HP-EEsof, 1400 Fountaingrove 
Parkway, Santa Rosa, CA 95403. 

64 

INFO/CARD 52 

June 1994 



-20 

-30 

-40 

-50 

-60 

-70 

-80 

-90 

-100 

-110 

-120 

-130 

-140 

-151 

-160 

veo veo veo veo VC
O
 V
C
O
 V
C
O
 V
C
O
 V
C
O
 V
C
O
 

COMPACT SOFTWARE 
in dBc/Hz 

PLL - Design Kit 
SSB Phase Noise plot 

VCO Noise and Closed Loop Noise 

-170 
1. Hz 1 MHz 10 MHz 

Oynergy's new product line of Voltage Controlled Oscillators covers 
the spectrum of 400 MHz to 1800 MHz. These low cost, high quality 
modules exhibit extremely low phase noise characteristics along with 
linear transfer characteristics. These new Voltage Variable Oscillators 
can be supplied in surface mount or plug-in package styles. 

Additional specifications and information Is available from the Synergy 
Microwave Sales and Applications Department by contacting: 

Synergy Microwave Corporation 
201 McLean Boulevard, Paterson, N.J. 07504 
Phone (201) 881-8800 or FAX (201) 881-8361 

MXCROXVAVR CORPORATION 
INFO/CARD 53 



RF phase-locked loops 

Phase-Locked Loop Parameters 
and Filters 
By Jack Porter 

Phase-locked loops are often required 
to have specified values for closed-loop 
parameters such as damping factor and 
undamped natural frequency or noise 
bandwidth. However, the parameters 
used in loop filter design are open-loop 
gain and corner frequencies; calculating 
values for these is thus the first step in 
designing such filters. 

Table 1 defines symbols used in Table 
2, which contains formulas for open-

and closed-loop gain and equations 
showing the relationships among the 
parameters in these formulas. Figure 1 is 
a typical open-loop gain plot with some of 
these parameters noted on it. 
A loop with a single corner frequency is 

completely specified by choosing values 
for any two of the parameters appearing 
in the equations in Table 2; values for all 
of the remaining ones can then be calcu¬ 
lated. 
An additional corner frequency, desig¬ 

nated F3 in Figure 1, is often used to 
attenuate noise outside the loop band¬ 
width. This may represent a single-pole 
filter used to attenuate phase detector 
switching noise or an anti-aliasing filter 
when a digital loop filter is used. With the 
additional corner frequency the loop is no 
longer second-order, thus parameters 
such as Ç and œn are no longer defined. 
However, closed-loop bandwidth can still 
be calculated using the equations in the 
last part of Table 2. Since the loop phase 
margin has been reduced, the band¬ 
widths calculated using these equations 
are always greater than those of the 

Open loop gain: 

A0=ÿ(T2S + 1) 

2Ç<ons + <on2 

s2

Closed loop gain 

A KaT2s + Ka 

0 s2+KaT2s + Ka 

2fons + con2

s2 + 2Çœns + <on2

io0 = 2nF0

<o2 = 2nF2 = 1/T2

“h =2kBh
Bl=Bn /2 

2Çœn = KaT2

“O = KaT2

Ka = “n2 = “0“2 

. “nT 2 1 !.. t ? = -J^=2V“oT2

Figure 1. Typical PLL open-loop 
gain plot. 
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1+KaV 
ai-. Bn = “n 

“h =“i 

= œn exp 

WH4 -(2 + KaT22)KaœH2-Ka2 =0 

For loop with additional corner 
frequency F3: 

^(T2s + 1) 

A ° (T3S + 1) 

co3 = 2nF3 =1/T3

Ac = 

Bn = 

_ KaT2s + Ka 

T3s3 +s2 +KaT2s + K, 

1 + KaT22

2(T2-T3) 

T 3^^h6 + 0 - 2KaT 2T 3 )o>H4

-(2 + KaT22)KaœH2-Ka2 =0 

Table 2. Open- and closed-loop gain formulas and related parameters . 

basic loop. 
The equations in Table 2 can be used 

in designing any type of loop filter, digital, 
active analog or, with some approxima¬ 
tions, passive. The single-op amp active 
filter, various forms of which are shown in 
Figure 2, is simple and widely used. 
Figure 2 also contains the equations 

Ac(s) : Closed-loop gain 
A0(s) : Open-loop gain 
Bh : Closed-loop half-power (-3 dB) BW (Hz) 
Bl : Closed-loop noise BW (Hz) 
Bn : Closed-loop 2-sided (equivalent i-f) noise 

BW (Hz) 
Fo : Nominal open-loop unity-gain BW (Hz) 
F2 : 2nd-order loop filter comer frequency (Hz) 
F3 : Optional additional corner frequency (Hz) 
Ka : Open-loop gain constant (sec-2), numeri¬ 

cally equal to the open loop gain at <o=1 
KDd : Phase detector sensitivity (volts/rad) 
Kvco : VCO sensitivity (Hz/volt) 
Nm : Frequency multiplier ratio 
Nd : Frequency divider ratio 
T, : Loop filter gain constant (sec), numerically 

equal to the reciprocal of the loop filter gain 
at o>=1 

Ç : Closed-loop damping factor 
o>n : Closed-loop undamped natural frequency 

(rad/sec) 

Table 1. Definitions of symbols 
used in Table 2. 

used in designing these filters. Definitions 
of the symbols used in these equations 
can be found in Taole 1. Figure 2-1 is the 
basic loop filter; the remaining three fil¬ 
ters represent various ways of imple¬ 
menting the corner at F3. When these fil¬ 
ters are used, a value must be selected 
for F3 or T3 in addition to the two parame-

r2=t2/c, r2=t2/c, 
R,=T(/C, C2=C,T3/(T2-T3) 

R,=T, /(C,+C2) 

Figure 2. Various active PLL loop 
filters. 
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ters required for the basic filter. 
It isn’t difficult to solve most of the 

equations in Table 2 and Figure 2 using a 
scientific calculator. (The last equation in 
Table 2-2 may present a problem.) In the 
distant past they were solved quite easily 
with a slide rule. Nevertheless, it’s still 
easier to use the True Basic program 
PLLS, which performs all of these calcu¬ 
lations. 
Any one of six different combinations of 

the two required input parameter values 
may be chosen: Ç & œn, Ç & BL, Ç & BH, 
Fo & F2, Bh & T2 or Ka & T2. The last two 
combinations are used mainly for analyz¬ 
ing existing loops when T2 can be 
obtained from the schematic and Ka can 
be calculated or BH measured. When the 
two values have been chosen all of the 
others are calculated. 
The loop filter component values are 

calculated next, based on specified val-
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Closed Loop 
Gain Phase 
(dB) (deg) 

26.3158 Hz 

Loop Error 
Gain Phase 
(dB) (deg) 

0 .10 +60.13 -176.6 +0.01 -0.0 -0.12 +176.6 

1 .13 +56.26 -175.7 +0.01 -0.0 -56.25 +175.7 

2 .16 +51.99 -174.5 +0.02 -0.0 -51.97 +174.5 

3 .20 +48.14 -173.2 +0.03 -0.0 -48.11 +173.2 

4 .25 +44.30 -171.5 +0.05 -0.1 -44.25 +171.5 

5 .32 +40.08 -169.2 +0.08 -0.1 -39.99 +169.1 

6 .40 +36.30 -166.6 +0.13 -0.2 -36.17 +166.4 

7 .50 +32.56 -163.5 +0.20 -0.4 -32.36 +163.1 

8 .64 +28.52 -159.2 +0.31 -0.8 -28.21 + 158.5 

9 .80 +24.97 -154.8 +0.45 -1.5 -24.51 +153.3 

10 1.00 +21.55 -149.7 +0.64 -2.6 -20.91 +147.1 

11 1.25 +18.32 -144.1 +0.87 -4.5 -17.45 +139.6 

12 1.60 +14.97 -137.7 +1.15 -7.9 -13.82 +129.9 

13 2.00 +12.17 -132.1 +1.36 -12.3 -10.81 +119.8 

14 2.50 +9.57 -127.0 +1.48 -18.4 -8.09 +108.6 

15 3.20 +6.89 -122.2 +1.41 -26.8 -5.48 +95.4 

16 4.00 +4.61 -118.9 +1.09 -35.7 -3.52 +83.1 

17 5.00 +2.41 -116.6 +0.48 -45.7 -1.93 +70.9 

18 6.40 +0.04 -115.3 -0.56 -57.4 -0.61 +57.9 

19 8.00 -2.08 -115.4 -1.84 -68.4 +0.24 +47.0 

20 10.00 -4.22 -116.5 -3.41 -79.3 +0.81 +37.2 

21 12.50 -6.41 -118.7 -5.28 -90.1 +1.14 +28.5 

22 16.00 -8.94 -122.4 -7.66 •101.9 +1.28 +20.5 

23 20.00 -11.36 -126.7 -10.11 -112.2 +1.25 +14.5 

24 25.00 -13.95 -131.8 -12.83 -122.0 + 1.12 +9.8 

25 52.00 -17Ö5 -138.0 •16.14 -132.0 +0.91 +6.0 

26 40.00 -20.07 -143.8 -19.36 -140.1 +0.71 +3.6 

27 50.00 -23.30 -149.3 -22.78 -147.2 +0.52 +2.1 

28 64.00 -27.07 -155.0 -26.72 -153.9 +0.35 +1.1 
29 80.00 -30.63 -159.4 -30.38 -158.8 +0.24 +0.6 

30 100.00 -34.28 -163.3 -34.12 -162.9 +0.16 +0.3 

* Designed to Meet Your Needs: 

• Consistent performance - 100% Factory Tested 
• Robust operation without Moding, Dropout or 
Subharmonic Pumping over full temperature range 

• Kv optimized for PLL gain normalization 
• Available NOW! 

Ask About Our Synergistic Line of 
DDSsz DACs, and Wideband PLLs. 

Qualcomm 
_» VLSI Products 

10555 Sorrento Valley Road 
San Diego, CA 92121 USA 

TEL: 619-597-5005 
FAX: 619-452-9096 

Table 3. Example PLL frequency 
response. 
ues for Kpd and Kvco . If the loop includes 
frequency multipliers or dividers, this ratio 
must also be specified. (The divider ratio 
is the reciprocal of the multiplier ratio). In 
loops which include both, e.g. phase-
locked receivers, the multiplier ratio is not 
necessarily an integer. The filter type and 
values for C, and F3, if applicable, are 
then chosen. After the component values 
have been determined the loop band¬ 
widths are automatically recalculated. 

Finally, the open and closed loop gain 
can be tabulated and plotted. Table 3 
shows the printed program output corre¬ 
sponding to the open-loop gain plot in 
Figure 1. 
PLLS is available from the RF Design 

Software Service. See page 78 for order¬ 
ing information RF 

About the Author 
Jack Porter is retired from Cubic 

Corporation in San Diego and previ¬ 
ously worked at Genral Dynamics. 
He has a BS degree in physics from 
Michigan State and an MSEE from 
San Diego State. He can be reached 
at 2481 Root St., San Diego, CA 
92123 or by e-mail at CompuServe 
ID no. 75279,1265. 
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No Oscillation With Any Load. 

Cl = 100pF/m 

Our C-Load" Op Amp Family Handles More Than 10,000pF. 
Finally, op amps designed to operate with real 

world capacitive loads. LTC’s C-Load family of 
op amps solves the problem of capacitive load 
induced oscillations. Our C-Load op amps slow 
down when capacitively loaded, while other op 
amps oscillate. 

Driving coax, twisted pair and other difficult 
loads take no extra care when C-Load op amps 
are used. C-Loai op amps are stable when 
driving loads of over 10,000pF, more than most 
applications require. 

Capacitive load driving capability isn’t limited 
to any one type of amplifier. LTC’s family of 
C-Load op amps include devices from the 7pA, FET-
input LT 1457 to the 70MHz, 1000V/psec LT 1363. 

The LT1206 with its 250mA minimum output cur¬ 
rent has enough drive to slew lO.OOOpF at 50V/ps. 
Precision instrumentation applications? The LTC1152 
rail-to-rail input ind rail-to-rail output zero drift op 
amp provides IOjV max offset as 
well as C-Load criving. 

Part # Max V)s Max In Min Ioltt Bandwidth Slew Rate 

LT1097* 

LT11S2 

LT1206 

LT1220 

LT1224» 

LT1354* 

LT1357» 

LT1360* 

LT1363* 

LT1457 

60MV 

10pV 

10mV 

1.0mV 

2.0mV 

SOOpV 

600p V 

1.0mV 

1.5mV 

XOOpV 

350pA 

lOOpA 

5pA 

300nA 

«pA 

300nA 

SOOnA 

IpA 

2pA 

75pA 

5.7mA 

4mA 

250mA 

24mA 

24mA 

30mA 

30mA 

40mA 

70mA 

10mA 

700kHz 

IMHz 

60MHz 

45MHz 

45MHz 

12MHz 

25MHz 

50MHz 

75MHz 

1.7MHz 

0.2V/J1S 

IV/ps 

900V/MS 

250V/ps 

400V/ps 

400V/MS 

600V7ms 

800V/MS 

lOOOV/ps 

4V/ps 

* Duals and Quads are available. 

Specifications for the table shown are low cost grades 
in plastic DIP. Prices for our C-Load op amps start as 
low as $1.05 for the LT1097CN8. For details, contact 
Linear Technology Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035/408-432-1900. For literature 
only, call 1-800-4-LINEAR. 

C-Load is a trademark of Linear technology Corporation. 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN. 
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l^F amplifiers 

Power Amplifier Design Using 
Quadrature Hybrids 
By Povl Raskmark 
Aalborg University 

Cancer treatment using heat (hyper¬ 
thermia) has been investigated for sev¬ 
eral years; deep seated tumors may be 
heated using RF power and a phased 
array system. In the Danish Hyperther¬ 
mia Foundation system, a four applica¬ 
tor array (1) is used. The system is 
phase locked near 70 MHz, with a four 
channel power amplifier controlled by a 
signal generator. 

The most important design goals for 
the RF power amplifiers were linear 

operation at 70 MHz, output power of 
350 watts, 50 ohm output impedance, 
and good reliability and low cost. 
The frequency and power design 

goals are based primarily on theoretical 
Figure 2. Circuit diagram for a 200 Watt push-pull power amplifier. 

considerations and practical experience 
with the applicator array. A low output 
VSWR is an advantage when a given 
array excitation voltage is desired since 
the interaction between the applicators 
will be less significant (2). 

500-watt Gemini package intended for 
push-pull operation are available from 
various companies. The TP1940 from 
Motorola (4) seems to have good perfor¬ 
mance combined with low price. It is 
around this transistor that the balanced 

Design Considerations 
Linear operation with low output 

VSWR implies a class A amplifier, but 
that would certainly not be a low cost 
solution. A single class B amplifier 
would not posses a low output VSWR 

power amplifier and the block diagram 
of Figure 1 are designed. 
The input signal from the signal gener¬ 

ator is amplified by a 10 watt class A-B 
preamplifier. At the output, a 5th order 
Cauer- Chebyshev lowpass filter is 
added to attenuate the 2nd and 3rd har-

input signal at one port into two signals 
with 90 degree phase shift when the 
remaining isolaticn port is matched. If 
the two output ports are connected to 
loads with reflections Ta and Tb, the 
input reflection coefficient r¡ may be 
found: 

r( = i/2(ra-rb) (i) 

across the entire dynamic operating 
range. A design which combines two 
amplifiers using quadrature hybrids may 
be a good choice because it offers linear 
operation and good output match at a 

monies. A directional coupler follows the 
filter. These three circuits will not be 
described further. 

To achieve input matching for the bal¬ 
anced amplifier, it is therefore sufficient 
if the two amplifiers are identical. Output 
matching is ach eved in exactly the 

The Quadrature Hybrid 

Figure 1. Principle of a 350 Watt quadrature combined power amplifier. 

same way. 
Quadrature hybrids in this frequency 

and power range are commercially 
available; however, branch line couplers 
are easily fabricated using printed circuit 
techniques (5). To achieve reasonable 
dimensions, the coupler is made in 
stripline using PTFE (Ultralam 2000) for 
the 50 ohm lines, and epoxy glass (G-
10) for the 35.4 ohm lines. The two sets 
of stripline are stacked and the ground 
planes solderec together and then 
mounted on a heat sink to avoid high 
temperatures in the PCB. The input 
hybrid could be made much smaller 
using lumped elements, but the stripline 
technique is very easy to make in large 
quantities. 
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ANNOUNCING 

ATC THIN FILM PRODUCTS 
AND SERVICES 

ATC brings a new standard of responsiveness and quality to thin film technology products and services. Custom 
metalization and patterned substrates are offered to address a broad spectrum of deposition and hybrid circuit fabrication 
requirements. Custom metalization consists of sputtered and electroplated coatings made to specifications. Products may 
include via holes and odd shaped substrates in a wide choice of ceramics and dielectric materials. Three-target, batch 
sputtering systems with load-locks are utilized for producing the most consistent film quality. Etched or pattern-plated 
substrates are also made to specifications. Designs may include metalized or solid via holes, cross overs and air bridges. 

ATC’s experienced engineering staff is available to provide assistance in choosing the proper substrates and metalization 
systems at the inception of a project. They will also assist in troubleshooting a customer’s process if difficulties are 
encountered. The traditional ATC Quality Assurance Program will meet most existing military and aerospace 
requirements. MIL-STD-883 is used as a guide for 100% visual inspection in our in-process procedures. MIL-STD-105D 
Level II sampling is used for final QA Inspection. 

THIN FILM PROCESSES AND SERVICES 
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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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Relax! Q-bit has solutions to your surface mount problems ... 
Q-bit offers a broad line of surface mount amplifiers in a 
variety of packages. The amplifier specifications shown 

below represent some of our current products. 
Please call Q-bit with your specific requirements. 

Guaranteed Specs 25CC 
O  0.625" Flatpack 

Q-bit Frequency Gain Compression VSWR NF Isolation 3rd/2nd DC Power 
Model MHz dB dBm Ratio dB dB dBm Volts/mA 

QBH-210 5-500 15.0 9.0 1.5:1 3.0 25.0 23/33 15.0/29 
QBH-215 10-500 12.3 26.0 1.5:1 7.8 25.0 35/42 15.0/165 
QBH-217 5-100 16.5 4.5 1.5:1 1.5 35.0 17/24 15.0/11 
QBH-231 15-700 146 16.0 1.7:1 6.5 27.0 29/39 15.0/44 
QBH-233 5-500 10.5 15.0 1.5:1 4.2 25.0 29/45 15.0/61 
QBH-236 10-200 20.0 21.0 1.5:1 4.0 26.0 35/45 15.0/70 
QBH-238 5-150 15.5 21.0 1.6:1 3.5 26.0 37/49 15.0/99 
QBH-254 200-1200 12.8 8.0 2.0:1 2.6 23.0 21/31 15.0/23 
QBH-261 10-150 13.3 27.0 2.0:1 3.5 16.0 45/55 15.0/175 
QBH-271 10-150 13.5 27.0 1.5:1 6.5 27.0 39/45 15.0/105 
QBH-277 10-300 16.0 12.0 1.5:1 2.6 30.0 22/32 5.0/26 
QBH-280 5-150 29.0 19.0 16:1 3.8 50.0 32/42 15.0/59 
QBH-284 5-100 19.8 24.0 1.5:1 4.0 27.0 38/48 15.0/82 
QBH-287 10-1500 13.5 20.0 1.5:1 6.0 13.5 32/42 15.0/100 

R1, R2: 1k, 1/4 W 
R3, R4, R5: 15 ohms, 1 W 
P1: 1k 

C1,C7: 500 pF (ATC) 
C2, C3: 82 pF (ATC) 
C4: 1 nF (UNELCO) & 3 x 100 pF 
(ATC) in parallel 
C5, C6: 47 nF, 100 V 
C8: 100 _F, 63 V 

L1: 10 turn, 1.2mm enameled Cu wire 
4mm inside diameter 

T1: 1:9 input transformer, 25 ohm 
semirigid coax, 0.9 mm outside diame¬ 
ter (Suhner EZ-34-35 or equivalent). 
Two pieces 53 mm and two pieces 35 
mm total length, approx. 6mm of outer 
conductor and 3 mm of insulator 
removed from each end. The four 
transmission lines are soldered togeth¬ 
er along the outer conductor (as 
shown in Figure 3), loaded with 4C6 
ferrite, and then the inner conductors 
connected. T2: 1:9 output transformer, 
each line in Figure 2 represents two 50 
ohm semirigid cables in parallel. Cable 
is 1.2 mm outside diameter (Suhner 
type EZ-47-TP-M-17 or equivalent). 
Four pieces 45 mm and four pieces 65 
mm total length, otherwise as T1 but 
without ferrite. 

Guaranteed Specs 25°C 
O 0.450" SMD (SMTO-8) 

Q-bit Frequency Gain Compression VSWR NF Isolation 3rd/2nd DC Power 
Model MHz dB dBm Ratio dB dB dBm Volts/mA 

QBH-5119 10-500 15.0 12.0 1.5:1 3.0 22.0 26/36 15.0/33 
QBH-5122 10-500 17.0 20.0 1.8:1 4.2 22.0 30/38 15.0/65 
QBH-5147 20-1100 13.5 9.0 1 6:1 3.7 21.0 22/32 15.0/27 
QBH-5237 10-200 12.7 22.0 1.8:1 4.5 15.0 38/50 15.0/97 
QBH-5255 5-250 14.8 22.0 1.6:1 5.5 16.0 37/48 15.0/94 
QBH-5271 10-150 13.2 26.0 1.7:1 6.0 15.0 39/48 15.0/148 
QBH-5284 10-100 19.8 22.0 1.5:1 4.0 21.0 38/48 15.0/82 
QBH-5407 50-2000 10.0 27.0 2.0:1 6.0 20.0 39/50 15/225 
QBH-5804 10-100 20.0 24.0 1.5:1 4.0 27.0 38/48 15/82 
QBH-5811 200-1200 12.8 8.0 2.0:1 2.6 23.0 21/31 15.0/23 
QBH-5817 10-1500 13.5 20.0 1.5:1 6.0 13.5 32/42 15.0/100 
QBH-5819 2-1000 15.5 18.0 2.0:1 6.0 16.0 30/42 15.0/84 
QBH-5857 10-200 8.1 11.0 2.0:1 2.0 10.0 25/38 15.0/15 
QBH-5870 10-200 7.9 20.0 1.5:1 2.9 10.0 36/49 15.0/31 

MIL-STD-1772 Qualified £ 

Q-bit Corporation 
2575 Pacific Avenue NE Palm Bay, Florida 32905 

Main S' 407/727-1838 • Toll Free Sales S' 800/226-1772 • FAX « 407/727-3729 
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Table 1. Power amplifier compo¬ 
nents. 

A Single Power Amplifier 
Taking filter and coupler losses into 

account, the necessary output from 
each of the two single power amplifiers 
must be 200 watts, well below the maxi¬ 
mum capability of the TP1940. The 
approximate possible power from the 
push-pull amplifier may be found know¬ 
ing the supply volage (Vds ), the drain¬ 
source on-voltage (Vdson ), and the load 
resistance (R|): 

Po = 2(Vds-Vdson)2/R, (2) 

The transistor, operating with a 50 V 
supply and a 1:4 output transformer, 
delivers approximately 325 watts output 
power. Reducing the supply voltages to 
40 V may give the wanted output power; 
this is a good operating point with a very 
high efficiency. Unfortunately, only a 28 
V supply was available for the complete 
system. The output transformer was 
changed to 1:9, resulting in a lower 
overall efficiency, but achieving the 
desired output power. Lowering the sup¬ 
ply voltages also improves ruggedness 
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MINIATURE 
1 1 11 * 1 ! * I 1 * ■ 

I i 

SYNTHESIZERS 

Size shown 2/3 actual 

Figure 3. Photo of complete balanced amplifier. 

(2), because a large mismatch will not 
cause a break down. 
The reduced stress with lower voltage 

should improve reliability, although in 
this case it may be debatable, since the 
dissipated power in the transistor only 
decreases slightly compared to full 
power operation at 50 V. 
When combining with quadrature 

hybrids each amplifier may still see a 
large mismatch, and so stability must be 
a consideration when designing the 
amplifiers. A theoretical approach is not 
possible because of lack of data, how¬ 
ever, experiments with a single amplifier 

with no stabilization circuits showed 
good stability. However, this inherent 
stability can be improved using resis¬ 
tors, either as feedback, or as in this 
case, as a load directly on the gates. 
The input and output matching circuits 

use a simple and effective transformer 
circuit (4), combining transformer and 
balun. To avoid instability, the input 
transformer is loaded with ferrite cores 
to achieve a relatively high common 
mode impedance at low frequencies. 
There is no need for ferrite cores in the 
output transformer because of the nar¬ 
row frequency range. Note that the out-

• 50-1200 MHz Coverage In Bands 
• Compact EMI Sealed Package 
1.5" X 2.0" X 0.625" Enclosure 

• Low Power Consumption 
<100 mW Most Models 

• Internal TCXO: 
2 PPM 10 MHz Standard 
Other Stabilities Available 

• Wide Frequency Tuning Range 
Up to 2:1 

• Simple Three-Line Control 
PC Driver Software and 
Application Notes Supplied 

• Low Phase Noise 
<-115dBc/Hz@100 kHz 

• High Level Buffered Output 
+5 dBm 12 dB 

• Frequency Steps Available: 
5 kHz to 100 kHz 

• Evaluation Units 
Start at $470.00 
Production Prices 
Less Than $100.00 

Custom Designs Available 

Figure 4. Gain and phase characteristics for the amplifier. 

ENGINEERING, INC. 
4747 Devitt Drive • Cincinnati, OH 45246 

Call Toll Free 1-800-341 -NOVA 
In Ohio (513) 860-3456 
Fax (513) 860-3535 

INTERNET: sales @ novaengr.com 
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HP 4195A Network and Spectrum 

Figure 5. Passive load pull measurements using 
HP4195A. 

Figure 6. Tuner using two quadrature hybrids. 

put tuning capacitor is divided into two 
capacitors, slightly improving the operat¬ 
ing balance. 
DC bias is made with a simple resis¬ 

tive circuit without temperature compen¬ 
sation, and the idle current is adjusted to 
only 0.1 A. The complete push-pull 
amplifier circuit is shown in Figure 2. 
Two amplifiers, together with the 
hybrids, etc., are mounted on a 10mm 
thick copper bar, distributing the heat to 
a forced-air-cooled heat sink as shown 
in Figure 3. The isolation resistor is a 
250 watt type PPT975-250-3 50N from 
KDI, although a lower power type may 
be used. 

Experimental Results 
Measurement of gain and phase 

characteristics from the complete ampli¬ 
fier (including preamplifier) is shown in 
Figure 4. The gain decreases with high¬ 
er power levels to approximately 2 dB 
down at 350 watts. More surprising, 
however, is the phase shift which is 
more than 40 degrees over the power 
dynamic range. At the output, harmonics 
are more than 60 dB below the carrier. 
Output impedance is measured using 

the passive load pull technique (6) and 
the test setup shown in Figure 5. The 
combined network and spectrum analyz¬ 
er HP4195A is programmed to shift 
between measuring and displaying the 
impedance and actual delivered power. 
For a given power level, the tuner is 

Power(W) 75 200 350 

To 0.30Z110a0.17/210° 0. 16/150° 

Table 2. Measured output reflec¬ 
tion coefficient at three power 
levels. 

adjusted to deliver maximum power, and 
the output impedance is directly given 
as the complex conjugate of the load 
impedance in the reference plane. 
The directional coupler must have a 

high directivity in order to avoid errors. 
When tuning manually, it is convenient 
to have a tuner where reflection ampli¬ 
tude and phase can be set easily. It is 
common to use a quadrature hybrid as 
a phase shifter, but it can also be used 
as a tuner, with two different lossless 
loads on two ports (0 and 90 degree 
ports) and a load on a third (isolation 
port). Equation 1 shows that the input¬ 
reflection- coefficient’s magnitude and 
angle may be adjusted by changing 
each output-ref lection-coefficient’s 
angle alone. This adjustment can be 
tricky. In Figure 6, one hybrid shifts 
magnitude only, using two variable 
capacitors in antiparallel. If one capaci¬ 
tor increases the reflection coefficient 
angle, the other one must decrease it. 
The angle range should be symmetric 
around -90 degrees so only the magni¬ 
tude is shifted. In the phase shifter, the 
two variable capacitors are in parallel. 
The prototype tuner covers VSWR up to 
1:3 at all angles. Table 2 shows the pro¬ 
totype balanced amplifier’s measured 
output impedance as a function of 
power level. 

Conclusion 
A power amplifier designed to oper¬ 

ate at 70 MHz in a phased array hyper¬ 
thermia system is described, which fea¬ 
tures ruggedness and low cost. The 
amplifier is tested for stability, and the 
output impedance is measured using a 
passive load pull technique, where an 
easy-to-adjust tuner based on two 

quadrature hybrids is used. The overall 
amplifier efficiency could be improved 
using 40 volt supply and a 1:4 output 
transformer in each push-pull amplifier. 
Four complete amplifiers have been 
built, and they have almost the same 
gain and phase characteristics, primari¬ 
ly due to the broadband matching 
design. RF 
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XO5009 
ocxo 

10 MHz in stock 
Available from 3-50 MHz 
1.5 X 1.5 X 0.5 inches (Ixwxh) 
Test equipment & synthesizer 
applications 

XO3022 
High Performance TCXO 

Available from 16-75 MHz 
Ruggedized for shock & vibration 
1.25 X 1.0 X 0.2 inches (Ixwxh) 
Communication & portable GPS 
applications 

XO5015 
OCXO 

10 MHz in stock 
Available from 3-50 MHz 
1.45 X 1.08 X 1.03 inches (Ixwxh) 
Synthesizer & communication 
applications 

PIEZO TECHNOLOGY, INC. 
2525 Shader Road, Orlando, FL 32804 - PH (407) 298-2000 / FAX (407) 293-2979 
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RF product report_ 

RF CAD/CAE Companies 
Try a Variety of Approaches 
By Ann Marie Trudeau 
Assistant Editor 

The RF engineering field has 
expressed its requirements for 
CAD/CAE software by requesting soft¬ 
ware that provides flexibility, speed, 
accuracy, and easy to use interfacing. It 
is critical that engineers have the soft¬ 
ware reliability that allows them to speed 
to market a product that will actually per¬ 
form as designed, which can cut back 
on the time-consuming task of building 
prototypes. Some CAD/CAE software 
companies have a narrow RF focus 
while others feel that they can also 
address many areas in the RF field. 
Two antenna software design compa¬ 

nies have seen the need for programs 
that fit between those used by the ama¬ 
teur radio community and expensive 
software that costs in the tens of thou¬ 
sands dollars. Their programs aid the 
engineer who needs to design an anten¬ 
na, build it and have it work the first time 
according to design. Brian Beezely has 
based two of his four antenna programs 
on the mathematics of MININEC, a pub¬ 
lic domain program he has refined for 
easier use. Other programs use special¬ 
ized models or are derived from the 
Numerical Electromagnetics Code 
(NEC). Paragon Technology, Inc.'s Vice 
President Todd Erdley said that his 
company has developed an intuitive 
antenna design and analysis program 
based on NEC, called NEC-OPT which 
offers optimization to the designer who 
is aware of basic concepts but is not 
well versed in RF antenna design. 

Simulation Methods and Models 
SPICE is a well known and powerful 

program that is preferred for some appli¬ 
cations by the RF community. Its time¬ 
domain basis is very useful, but vendors 
don’t provide designers with enough RF 
simulation models. "RF is a very 
expanding market and very few SPICE 
vendors are going after this market,” 
Charles Hymowitz, Vice President of 
Product Development for Intusoft, said. 
Their SPICE program includes a special 
RF device library. 
The inter-relationship of simulator 

models and designing is paramount to 
developing high performance products. 
An engineer designs a product for lower 
performance level if a model is not accu¬ 
rate. With more accurate models the 
designer has the option of producing a 
higher performance product. This also 
increases the likelihood that it will work 
correctly in the first prototype, saving 
time and money in development. 

President David Kennedy of Optotek 
also notes the importance of models, 
pointing out that they have 172 tested 
simulation models in their MMICAD pro¬ 
gram. 

Testing and Data 
Manufacturers' data sheets don't 

reflect the correct RF data at higher 
power rates because most manufactur¬ 
ers don't spend the time to do large-sig¬ 
nal modeling testing of their devices. Dr. 
Ulrich Rohde, President of Compact 
Software, said. Compact provides a fully 
tested model library which adds to man¬ 
ufacturers’ data. 
Another software company that is 

committed to testing is Eagleware Cor¬ 
poration. President Randy Rhea said 
that they get involved with their users' 
activities by building and testing the 
product using feedback to evaluate their 
algorithms and models for accuracy. 

PC Use Increases 
Nearly all the companies noted in this 

report provide products for the PC plat-
fors, and some it is their primary focus. 
Using the PC to address tasks basic 

to RF, Les Besser of Besser Associates 
has focused on narrow and broad band 
low noise RF amplifiers with the EEZ-
Match and EZ-Chart programs. His self 
explanatory programs allow designers 
one key stroke or mouse operation 
which eliminates having to read the 
manuals. “It’s a niche market but it’s 
very efficient and effective in that market 
segment,” Besser said. 
Using the PC to focus on layout for RF 

circuits CAD Design Services has devel¬ 
oped a program to be used within Auto¬ 

CAD. The program is called Electronic 
Packing Design and engineers have 
access to automated systems which 
provide a net list check, parts creation, 
and produces a negative ground plane, 
according to John Sovinsky, President. 
New processors like Intel’s Pentium 

chip gives PCs the power to handle very 
complex RF programs. Because PCs 
can now handle the wide range and var¬ 
ious types of electronic systems that 
HP-EEsof analyzes, Jeremy Bunting, 
Product Manager System, Design Tools, 
said that they will be releasing a pro¬ 
gram using Microsoft’s upcoming Chica¬ 
go (Windows 4). “We just haven’t 
released it yet,” Bunting said. 
Dick Webb of Webb Laboratories said 

that they are releasing SYSCAD-6 
which is for frequency domain based 
systems or receiver design. SYSCAD 
supports DOS now and will soon be 
available for Windows 4. Webb said that 
they feel they are continuing the right 
market approach and new releases 
won’t change the company's course. 
James Rautio, founder and chief sci¬ 

entist of Sonnet Software said that their 
software technique is based on FFTs, 
and has recently been ported from UNIX 
to the PC. This previously has been best 
applied to predominately rectangular cir¬ 
cuits. Now the technique has been 
extended to include arbitrary subsection 
size and limitless circuit geometry. Sub¬ 
sections of circuits can bend and fold to 
match the outline of the circuit. This can 
result in extremely fast electromagnetic 
analysis of circuits with arbitrary angles 
and curves. They just do analysis 
because Rautio felt that in order to be 
successful in the electromagnetic area 
you have to be a small company and be 
very focused on electromagnetics. 

Summary 
It seems that CAD/CAE software 

providers are trying to put as much as 
they can into their programs to give 
engineers as much flexability and accu¬ 
racy as is available, to design today’s 
higher performance products. RF 
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Make the move to 

SysCad 6. 
Receiver and system designers reap 
immediate benefits from the unique 
power and functionality of SysCad 6. 
New features include compatibility 
with the HP/EEsof OmniSys block 
description standard; swept power, 
swept frequency, unequal two-tone 
and intra-system excitation and 
analysis modes; and the all-new 
UniSpur spurious analysis engine. 
Amazingly affordable, SysCad 6 
belongs in every engineering 
department! 

UniSpur 
Available only via SysCad 6, UniSpur 
provides complete characterization of 
frequency conversion systems with one, 
two or three mixing processes. Unlike 
other spurious analysis offerings, 
UniSpur performs comprehensive 
analysis of exciting and receiving 
systems. Typical spurious analysis 
programs predict spurious outputs for 
user specified inputs. UniSpur adds the 
unique ability to solve for problem 
system input frequencies. For receiving 
and transmitting systems with N mixing 
processes, UniSpur solves for and 
classifies all 2N families of spurs, 
including all 2N1 classes of coincident 
products. 

UniSpur incorporates the effects of 
preselection, IF and output filtering, IF 
gain, mixer characteristics and signal 
level. SysCad with UniSpur - the 
singular analysis environment of choice! 
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SYSCAD Features 

• Building Blocks 

Lumped, distributed, active, 

antenna and link elements; 

small and large signal 

s-parameter data, 

consistent with HP/EEsof 

OmniSys® block 

description standards. 

• Excitation Modes 

Swept input frequency 

Swept input power 

Unequal two-tone 

• Output Modes 

Signal power, gain, phase, 

delay, compression, C/No 

vs. frequency 

Signal power, phase, delay, 

compression, C/No vs. 
input power 

Stage-by-stage signal 

power, compression, C/No

• Hardware Requirements 

IBM-PC, VGA, harddrive 

640k RAM, DOS 3. 1 or later 

PostScript, LaserJet or dot 

matrix printer for 

bit-mapped graphics 

HP or Houston plotter optional 

Still just $995! 

Webb Laboratories 
13731 W. Capitol Drive ’Suite 260 

Brookfield, Wl 53005 
TEL: 414’367’6825 FAX: 414’367’6824 



The Industry Standard Filter Design Software. 

SÍFILSYN 
- - - -

RF Design Software 
Programs from RF Design provided on disk for your convenience 

The Most 
Powerful 

and 
General 

Filter 
Design 

Program 

Passive LC 

Crystal 

Microwave 

Active RC 

June Program Disk — RFD-0694 
"Phase-Locked Loop Parameters and Filters" by Jack 
Porter. Program provides design and analysis of PLL 
active loop filters. (True Basic, compiled version and 
source code). 

Switched Capacitor 

HR and FIR Digital Filters 

...is still unsurpassed by any 
other filter-design program 
in existence. 

• ► New Version 3.0 is now available with New 
Features. New Manual and New LOW Prices. 

The program that provides 
more options, more accuracy, 
more implementations and more 
efficient solutions-S/FILSYN 

For information, 
brochures & prices 415/325-4373 
PGS ASSOCIATES, INC. fax415<325-7278 

Monthly program disks: 
$25.00 (US/Canada) $30.00 (foreign) 

Yearly disk sets available for 1989 through 1993: 
Order #RFD-(year)-SET 

$120.00 (US/Canada) $135.00 (foreign) 

Special! All five years' sets (1989-1993) at a package price: 
$500.00 (US/Canada) $575.00 (foreign) 

Annual Subscriptions — get every program for a year: 
$1 70.00 (US/Canada) $220.00 (foreign) 

All orders must be pre-paid by check, money order, or major 
charge card. All checks must be in US 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., NW 
Atlanta, GA 30339-2941 

Tel: (404) 618-0219 
Fax: (404) 618-0347 
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High Quality ATTENUATORS 
ACCURACY, PERFORMANCE, LOW COST, DELIVERY... 

Manual Step Attenuators 

839 Manual Step Attenuator 

837 500 DC- 1500MHz 0-102.5dB ,5dB Steps 

839 500 DC-2000MHz 0-101dB IdB Steps 

1/839 500 DC-lOOOMHz 0-22. IdB IdB Steps 

847 750 DC-lOOOMHz 0-102.5dB 5dB Steps 

849 750 DC- 1500MHz 0-101dB IdB Steps 

1/849 750 DC-500MHZ 0-22. IdB .'..dB Steps 
860 500 DC- 1500MHz 0-132dB ‘.dB Steps 
865 6000 DC- 1 MHz 0-132dB IdB Steps 

Programmable Attenuators 
4540 500 DC-500MHZ 0-130dB lOdB Steps 
4550 500 DC-500MHZ 0-127dB IdB Steps 

1/4550 500 DC-500MHZ 0-16.5dB IdB Steps 
4560 500 DC-500MHZ 0-3 IdB IdB Steps 

4580 500 DC-500MHz 0-63dB IdB Steps 

For price list and FREE catalog, contact: 

4550 Programmable Attenuator KAY Kay Elemetrics Corp. 12 Maple Ave., PO Box 2025, Pine Brook, NJ 07058-2025 USA 
TEL: (201) 227-2000 • FAX: (201) 227-7760 
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JyF marketplace 
Classified display ads are available at $115 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 1-800-443-4969, ask for Carmen Hughes. Or fax your ad 
copy for a rate quote to (404) 618-0342. 

- IOWaI^MIOWEST-
RF/MICROWAVE — » WIRELESS 
WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST! 

My clients need top-notch RF Design Engineers and Managers. 
3 to 10+ years experience. HF to 3.0 GHz. Receivers. Transmit¬ 
ters. Power Amplifiers. Synthesizers. Spread Spectrum. 
ASIC/MMIC Design. Modems. Communications DSP. 

DON GALLAGHER MSEE 

Phone: 319-895-8042 Fax: 319-895-6455 
1145 LINN RIDGE RD. MT. VERNON. IA 52314 
40 YEARS GF RF ENGINEERING. MANAGEMENT. AND PLACEMENT OF ENGINEERS 

Request for Proposal 

Request for Proposal 
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- Electronic Serial Number (ESN) Reader -
Spy Supply, Inc., a major supplier of surveillance and counter¬ 
surveillance devices to the Federal Government, is soliciting proposals 
for a cellular ESN reader. The device must be capable of intercepting 
and storing ESN's, (Electronic Serial Numbers), MIN (Mobile ID 
Number), Station Class Mark (SCM) and the number dialed. 

Interested firms may obtain a complete copy 
_ of the proposal by calling (617) 327-7272. 

SPY SUPPLY, INC. 
1212 Boylston St., #120 • Chestnut Hill, MA 02167 

Voice: (617) 327-7272 « Fax:(617)928-1514 

RF POWER CONSULTING 
Engineer with over 20 years of experience in high power 

HF-VHF designs is available for consultation. 
(Recently retired from a major semiconductor manufacturer). 

Specialties: MOSFETs, amplifiers (classes A-D), power combiners, RF 
transformers, filters, PC lay-outs, directional couplers, ETC 

Modern RF lab is available at the premises. 
H.O. Granberg 

Phone: 602-943-0401 Fax: 602-944-5019 
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Leading Manufacturer of crystal filters/LC 
filters/TCXO/VCXO/VCO/VCTCXO/Clock 
Oscillators and crystals looking for aggressive 
representation So. California, Northwest, Mid¬ 
west , So. Midwest and Mid-Atlantic states. 

Call or Fax Kirti Shah at (602) 971-3301. 

INFO/CARD 73 

BIG SALES 
small packages. 
Ask about our special 

advertising packages in 
RF Design Marketplace. 

Carmen Hughes 
Phone: (800) 443-4969 
Fax: (404) 618-0342 

RF Design INFO/CARD 74 



Philips Semiconductors is dedicated to the manufacture 
of world-class IC products. We stand by our commit¬ 
ment to continuous quality improvement and customer 
satisfaction. Join us in the following opportunities. 

PRODUCT MARKETING 
MANAGER 

In this key position, you will define new board level 
wireless products and be responsible for their successful 
promotion. You will be responsible for advertising, 
tradeshows, field training, customer presentations, cus¬ 
tomer interface, pricing, and forecasting. You should 
have a BS/MSEE or equivalent, an MBA is preferred. 
Your background should include 7 + years’ experience in 
marketing OEM data communications products. 

RF SYSTEM ENGINEER/ 
INTEGRATOR 

You will oversee all aspects of this new program from 
architectural definition through final product integration 
to ensure full compliance with FCC and industry stan¬ 
dards and with customer requirements. You must have a 
BS/MSEE or equivalent with experience in technical 
systems integration/program management of complex 
system oriented products involving integration of hard¬ 
ware and software. Knowledge of RF, LAN and CDPD 
is important. 

BASEBAND/MODEM 
ENGINEER 

Take responsibility for system design and debugging of 
baseband modulator/demodulator and radio control cir¬ 
cuitry on board level wireless data products in this chal¬ 
lenging role. This will involve implementation of wireless 
data modem circuits using Philips IC technology and 
working with other Engineers in integration of a com¬ 
plete solution. You need 5+ years' experience in modem 
and digital modulator/demodulator design using state-
of-the-art components and design simulation tools. 
Working knowledge of cellular or wireless LANs a plus. 

RF SYSTEM DESIGNER 
This challenging position will be responsible for system 
design and debugging of RF circuitry on board level 
wireless data products. This will involve implementation 
of transmitter and receiver circuits using Philips RF IC 
technology and working with other Engineers in the inte¬ 
gration of a complete solution. A minimum of 5 years of 
experience in UHF/microwave circuit design using state-
of-the-art components and design tools is required. A 
background in cellular or wireless LAN design and FCC 
type acceptance a plus. 

In addition we are looking for: 
• RF Product Marketing Engineer 
• RF Applications Engineer 

Philips Semiconductors offers competitive compensation 
and a comprehensive benefits package. Please send your 
resume to: Philips Semiconductors, Professional Staffing 
Dept. RF, MS 07, 81 1 East Arques Ave., Sunnyvale, CA 
94088-3409, or fax to (408) 991-2656. We believe in 
maintaining a safe work environment for all employees 
and require pre-employment drug and alcohol testing. 
Philips Semiconductors is a division of Philips Electron¬ 
ics North America Corporation, and an Equal Opportu¬ 
nity Employer. Principals only, no phone calls, please. 

Semiconductors PHILIPS 

RF BROADBAND DESIGN 

Our rapidly growing RF Systems Divi¬ 
sion requires a hands on project engi¬ 
neer with 5 to 10 years broadband 
amplifier experience. We offer an 
excellent salary & benefit package and 
great work location in Silicon Valley. 

FAX or mail resumes to: 
Intech, 2270 Martin Ave., Santa 
Clara, CA 95050; FAX: (408) 988-
— 2702; Phone: (408) 727-0500. — 
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Cellular Engineers: Design/develop Rf and analog circuits for high capacity cel¬ 
lular systems. Requires minimum of 2 years experience in any of the following: 
DSP, ASIC Design. Cae Development. Digital Modulation, Digital Mobile Com¬ 
munications, Channel Equalizers, Transmitter-Receiver Synthesizer or Audio 
Design, Digital Signal Processing. 

...YOUR CAREER 
Cellular Amplifier Design: Design and development of HBT MMIC power ampli¬ 
fiers for portable cellular phone applications. Exoenence in design and characteriza¬ 
tion of microwave GaAs integrated circuits using advanced solid-state devices such 
as heterojunction bipolar transistors (HBTs) and field-effect transistors (MESFETs, 
HEMTs. HFETs). 

Product Marketing Manager: Our client, a well known microwave irm, seeks an experienced profes¬ 
sional to perform classical marketing functions for a product line i.e., develop short and long term 
business plan, determine marketplace, etc. Excellent compensation package along with executive 
benefits. 

MMIC Design Manager: Management of an engineering group responsible for the development 
of non-linear GaAs MMIC products: Responsible for the management of both R4D projects for 
standard components as well as writing, meeting with customers, conducting design reviews, 
motivating employees, budgeting and bidding jobs to fixed prices. The group has successfully 
completed contracts with products such as mixers, converters, oscillators and frequency multi¬ 
pliers. These products range in operating frequencies from 200 MHz to 18 GHz. 

RF/Synthesizer Design: Positions available for candidates expenenced in the design and develop¬ 
ment of communication receiver/transmitter systems and subsystems. Experience in RF synthesizer 
design. RF circuitry, low power circuit design and GaAs/Silicon MMIC design is desirable. At least a 
BS degree in Engineering is required. 

RFIC Design: MS or PhD in Electrical Engineering with minimum 5 years related experience pre¬ 
ferred. The candidate should have a good knowledge and expe'ience in Linear Bipolar High Fre¬ 
quency IC design and measurement techniques in design IC's like Amplifiers. Mixers. Oscillators, 
VCO's. Prescalers. Synthesizers. Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or BiC¬ 
MOS technologies. 

MMIC Design Engineer: Develop L/S band GaAs MMIC power amplifiers for 
commercial wireless communications. Requires: M.S. or BSEE, +2 years expe¬ 
rience with GaAs MMIC design, simulation, packaging and test. 

RF Design Engineer: Responsible for the design of analog and RF 
systems and circuits for consumer and commercial digital wireless 
products. Five to ten years experience in RF systems analysis and 
design. Experience with low-cost techniques for frequency synthesiz-

‘ s, power amplifiers, up/down converters and baseband circuits 
for digital communications systems. Must be able to derive RF 
systems and module requirements to meet overall performance 
and cost goals. Familiarity wl:h time division duplex or CDMA 
a plus. 

ÀMICRO COMMUNICATIONS EXECUTIVE SEARCH 

800 Turnpike St. • North Andover. MA 08145 
kVe specialize in the placement of communications both nationally and internationally. 
FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 508-685-2272 
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FAX : 508-794-5627 

NOLAN LABORATORIES, INC. 
Consulting, Design, Test and Manufacture 

FOR 

RF, Microwave, Antennas, 

Electromagnetics, EMI/RFI, 

Bioelectromagnetic Sensors 

Design and Support for Manufacturability 

James A. Nolan, MSEE PO Box 567 
President Conifer, CO 80433-0567 

(303) 838-0057 
INFO/CARD 78 



Products & Services 

PCFILT 
L-C and transmission 
line filter design and 
analysis for your 
PC compatible 

• 7 years in development. 
• Internal analysis and optimization. 
• Pole placers or lowpass reference scaling. 
ALK Engineering • Practical and flexible. 
1310 Emerson Ave. 
Salisbury, Maryland 21801 
(410) 546-5573 Fax (410) 860-9069 
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ANALOG & RF MODELS 
SPICE models from DC to 10 GHZ 
Full non-linear models including: 

RF pin diodes, class C, opto, & logic. 
We also do measurements and consulting. 

Give us a call at (602) 575-5323 
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DIGITAL C,L METERS 
Precsion instruments 0.0001 pF/0. 0001 p.H resol. 
0.2% basic accuracy. Display 4/ 4 1/2 dig. LED. 
Freq. 1 MHz / 10MHz. Prices start at $410.00. 

DIGITAL PHASE METERS 
20Hz to 20MHZ, any waveshapes, autogain 
(no adjustments) Resol. 0.01 deg. Price $550.00. 

TBE ELECTRONICS ph (607) 659-3030 fax (607) 659-3650 
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RSG-10 
SIGNAL GENERATOR 

The $2495 profit generator 
Quality crafted in the USA 

Finally, a synthesized signal generator that’s 
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen¬ 
erator you can afford, the signal generator that’s designed to do what a signal generator is 
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz. 

For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli¬ 
gent microprocessor controlled/programmable memory, for example, can store up to 20 of 
your most commonly used test set-ups. And unlike other units, just one touch of the memory 
exchange button is all it takes to quickly shift from one test set-up to another. You get more 
work done, easier and faster. 

At $2495, the Ramsey RSG-10 is your profit generator. 

COMTRONIX SYSTEMS, INC. 
CUSTOMIZED 

SOLID STATE*HIGH POWERED* VHF/UHF 

AMPLIFIERS 
DESIGNED AND BUILT TO YOUR SPECIFICATIONS 

UP TO 200 WATTS 
HIGHEST QUALITY/BEST PRICES 

CAIL OR SEND FOR INFORMATION TEL413/785-1313 FAX 413/739- 1352 
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O.E.M. Electronic Products 

• Computerized • RF Systems 
• Spread Spectrum Communications 
• Custom, RF/Digital ASICs • 14 Year History 
• Harris and Hitachi Authorized Design Center 
• Complete, Fulltime Professional Staff 

by: LOCUS, Inc 
1842 Hoffman St, Madison, Wl 53704 
TEL 608/244-0500 FAX 608/244-0528 
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NOVA RF Systems, Inc. 
The Complete RF/Microwave Solution 

— RF/Microwave Systems 
— Custom Design/Consulting 
— Simulation Software 

7* — Synthesizers (PLL/DDS) 
— Complete Lab/Machine Shop 
— TDMA/CDMA/Spread Spectrum 

International Inquiries Welcome 
1740 Pine Valley Dr. Vienna, VA 22182 

(703) 255-2353 
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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 FREQUENCYCRYSTALS 
SURFACE MOUNT AND LEADED 
PACKAGE 

Call or Fax requirements. 
16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

CAL CRYSTAL LAB,, INOC01ILCL0K, INC 

Need Clock Oscillators or Crystals? Call 1-800-333-9825 • 714-991-1580 
Quartz Crystals 50Khz to 200Mhz_ 

TTL Clock Oscillators 250Khz to 70Mhz_ 
HCMOS Clock Oscillators 3.5Mhz to 50Mhz_ 

Tri-State, Half Size and Surface Mount also available on request 
Fast Service • 3 weeks or less 

Special frequencies our specialty 

1142 N. Gilbert, Anaheim, CA 92801 • FAX 714-491-9825 
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RF literature 
Magazine’s Premiere Issue 
M/A-COM has released a direct marketing 

magazine on M/A-COM products called 
LOUD & Clear which will come out in March, 
June and October every year. It will include 
feature columns with the RF engineer in 
mind. They also are announcing a new Micro¬ 
electronics Product Catalog which provides 
specifications, application notes and outline 
drawings for their complete line of standard, 
active and passive devices, components and 
assemblies. 
M/A-COM 
INFO/CARD #249 

Gilbert Cell Mixer Note 
Compact Software has an application note 

covering the design of bipolar Gilbert cell mix¬ 
ers using Compact’s Microwave Harmonica 
nonlinear analysis program. Gilbert cells 
modulate or de-modulate RF signals and can 
be designed to have low current consumption 
while providing excellent conversion gain and 
good distortion characteristics, especially 
useful for battery operated equipment. This 
note describes nonlinear analysis at all 
stages of the design process, from the bias 
circuit through multi-tone analysis. 
Compact Software 
INFO/CARD #248 

Short-Form Catalog 
Murata Electronics’ short form catalog 

shows their complete line of passive electron¬ 
ic components that include potentiometers, 
piezo alarms, resistor networks, posistors, 
piezoelectric ceramic filters and resonators, 
oscillators, custom circuit modules and 
micowave-related products. 
Murata Electronics 
INFO/CARD #247 

Wireless Data Handbook 
Philips Semiconductors' new 1994 

RF/Wireless Handbook incorporates specific 
application information as well as design 
shortcuts for engineers. The 1100 page 
handbook provides technical information on 
Philips’ RF wireless integrated circuits. 
Philips Semiconductors 
INFO/CARD #246 

Low Power Components 
RF Monolithics, Inc. offers a 10-page guide 

and catalog for low-power UHF components 
based on quartz surface acoustic wave 
(SAW) technology operating in the range of 
224 to 928 MHz. The guide illustrates appli¬ 
cations and worldwide frequency regulations. 
RF Monolithics, Inc. 
INFO/CARD #245 

RF advertising index 
ADVERTISER . PAGE # ... READER SVC It 
ALK Engineering . 81 . 79 
American Technical Ceramics..71 . 56 
Ameritron . 10. 7 
Amplifier Research . 30. 27 
Analog and RF Models. 81 . 80 
Arrowsmith Shelburne. 60. 48 
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Compact Software . 61 . 49 
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KR Electronics . 64. 52 
K.S. Electronics . 79, 81 . 73, 86 
KVG North America . 34. 55 
Linear Technology . 69. 69 
Locus, Inc. 81 . 84 
Loral Microwave - FSI . 2. 1 
Loral Microwave - Narda. 25. 20. 21, 22 
M/A Com (3 Divisions) . 57, 86 . 46. 64 
Marconi Instruments, Ltd. 51 . 42 

ADVERTISER . PAGE # ....READER SVC # 
Micro Communications 
Executive Search . 80. 77 

Mini Circuits ...4-5, 37, 39, 41, 55. 3, 31, 32, 34, 45 
Noble Publishing . 34A 
Nolan Laboratories, Inc. 80. 78 
Nova Engineering . 73. 35 
Nova RF Systems, Inc. 81 . 85 
Optotek Limited . 62. 50 
Ortel. 31 . 66 
Penstock, Inc. 59. 47 
Philips Semiconductors. 33, 80 . 29, 75 
Piezo Technology . 75. 59 
Pole Zero . 45. 37 
Polycircuits. 11 . 9 
Power Systems Technology. 85. 63 
Programmed Test Sources. 27. 23 
Q-Bit Corp. 72. 58 
Qualcomm . 68. 30 
Raltron Electronics Corp. 35. 26 
Ramsey Electronics . 81 . 82 
Reeves-Hoffman . 43. 36 
Richardson Electronics..21, 23, 29. 18,19, 24 
Rogers Corporation . 19. 17 
Silicon Valley Power Amps . 32. 28 
Sprague Goodman Electronics..47 . 38, 39 
Spy Supply . 79. 71 
St. Olektron Corp. 48. 40 
Stetco, Inc. 52. 43 
Surcom Associates. 14. 11 
Synergy Microwave . 65. 53 
TBE Electronics. 81 . 81 
Temex Electronics . 18. 16 
Tesoft, Inc. 40. 33 
Vectron Labs, Inc. 49. 41 
Webb Laboratoies. 77. 60 
Werlatone, Inc. 8. 5 
Z-Domain Technologies, Inc. 79. 74 

RF software 
Amplifier Design Tool 
EZ-Chart™ is a low cost program to assist 

amplifier designers, available from Besser 
Associates. Without reading extensive manu¬ 
als, the intuitive pull-down menus guide the 
novice through the design process. The pro¬ 
gram operates under DOS or as a non-Win-
dows application. (EZ-Chart is a trademark of 
Aciran Software Systems). 
Besser Associates 
INFO/CARD #244 

Filter CAD Package 
PCFILT from ALK Engineering is a passive 

L-C and transmission line filter design and 
analysis package. Customers receive the 
software and security key, a 100-page users 
manual, 1 year support and updates. A demo 
version is available. 
ALK Engineering 
INFO/CARD #243 

RF Cell Library 
The Semiconductor Products Center of 

Hughes Aircraft Company has introduced its 
first applications specific ASIC cell library for 
RF communications components and sys¬ 
tems designers. The library works with Hugh¬ 
es’ Crescendo™ design system for integrated 
design of RF identification tags, electronic lot 
travelers, security systems and other RF 
applications. Features include FM modulator, 
PLL, class AB driver, RF amplifier, Gilbert 
cell, Manchester encoder and pseudo-ran¬ 
dom number generator designs. 
Hughes Aircraft Company 
INFO/CARD #242 

DSP Software Adds Real-
Time DSP Board Support 

Hyperception, Inc. announces an enhance¬ 
ment to their Hypersignal for Windows Block 
Diagram simulation software. These 
enhancements allcw DSP algorithms to be 
run and tested in real-time on standard DSP 
boards. Drivers are available for several 
industry-standard products. 
Hyperception, Inc. 
INFO/CARD #241 

Software Updates 
Cedars Software has updated their STRAN 

string analysis program to version 5.0, and 
have released two new programs, CPN and 
STAT, which provide solutions to phase noise 
problems. CPN and STAT implement equa¬ 
tions presented ir the book, Phase Noise 
Analysis in RADAR Systems Using Personal 
Computers. 
Cedars Software 
INFO/CARD #240 

Math Package 
Scientist™ is a new package dedicated to 

experimental data fitting and simulation, using 
numeric and symbolic techniques. 
MicroMath Scientific Software 
INFO/CARD #239 
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Class A Linear Power Amplifiers For Advanced Performance 
Plus Super Solid State Reliability: 30,000 Hrs. MTBF 

■ Modular Maintainability 
■ Reduced Spares 

Inventory 

■ IEEE 488 Bus (option) 

■ Automatic 
Circuit Protection 

■ Built-In 
Thermal Protection 

These new generation Series AR rack-mount instruments are truly the state-of-the-art 
in Class A linear power amplifiers for RF/microwave applications. The Model 

AR1 929-1 00, for example, delivers 100 watts over an instantaneous bandwidth of 
1-2GHz. Design and performance features include excellent linearity, wide dynamic 

range and a 50dB gain rating. Other AR models offer power outputs from 2 to 100 watts 
and frequency ranges from 1-500MHz to 1-2GHz. All models include a built-in power 

supply, forced-air cooling, and completely modularized design for maximum 
maintainability - common, pre-aligned spare modules allow easy field replacement plus 
reduced spares inventory. They are ideal TWT replacements, for applications such as 
EMI/RFI susceptibility testing, frequency-agile multi-carrier ECM/EW jammers, fast rise 

time pulse amplifiers, and broadband sweep generator boosters. 
Write or call for complete tech information - ask for Product Data 101 0B - or to 

inquire about any of our other product areas: Class AB, C, narrow band and pulsed; 
powers up to 10KW; frequencies up to 4,000 MHz. 

pst 
A SUBSIDIARY OF COMTECH 
TELECOMMUNICA RONS CORP. 

POWER SYSTEMS TECHNOLOGY INC. 
105 BAYLIS ROAD, MELVILLE, NY 11747 
TEL. 516-777-8900 • FAX 516-777-8877 
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In the race to the marketplace, 
if s easy to spot people using our 

wireless data transmission solutions. 

In today's intensely competitive wireless you with data and voice transmission, we're 
environment, the race goes to the swift (and the also ready to take you into the 
smart). That's why so many smart companies 
are turning to M/A-COM to help make their 
wireless applications a reality. 
After all, we've been leaders « a, A 

and innovators in RF, 
microwave and millimeter |M| 
wave technology for more 
than 40 years. 

Successful companies have 
learned that M/A-COM has 

realm of integrated data, voice 
and video applications. 

/ So if you're looking for 
I more than a supplier, if you're 
looking for a strategic partner that 

PCMCIA-
mountable 
antennas ant 

proven, cost-effec¬ 
tive solutions that 
work today—across 

the spectrum. 

High performance 
low-cost discretes, 
MMICs and RF 

chip sets. 

You'll find our products are already hard 

will help you with product 
development, innovative 
solutions and high-volume 
low-cost manufacturing, look 

to M/A-COM. We'll give you such 
a competitive advantage, it'll 
almost be unfair. 
To learn more, call us at 

1-800-366-2266. In Europe, +44 (0344) 

surmount 
components for 

wireless data 
transmission. 

at work around the world in both LANs and 
WANs. Connecting everything from pen-based 
computers to bar code scanners to personal 
communicators. And while today we're helping 

869 595. In Asia, +81 (03) 3226-1671. 
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From ICs to inter¬ 
connect solutions, 
we make wireless 
data a reality. 




